MULTI - STAGE. VACUUM DI STI LLI NG COOLI NG AND FREEZI NG PROCESSES AND
APPARATUSES FOR SOLUTI ON SEPARATI ON AND SEAWATER DESALI NATI ON FI ELD OF THE

| NVENTI ON The present invention relates to nmulti-stage vacuum distilling,
cooling, and freezing processes for solution separation and seawater
desal i nation, andnore particularly to nulti-stage vacuumdistilling,

cooling, and freezing processes for solution separation and seawater
desalination in which a vacuum environnent is provided in a vacuum zed
vessel obtained throESP a drain-to-vacuum process and a degassed sol ution

is caused to flowWPMIuSTASE iVARUUN BISDIBLERCE eboRING a&bdﬁ%#ngm

interface to evaporate, cool, and freeze the degassed sol ution.

present invention PROGESSHSANB ABP&MQUaEBSEeRmeﬁmleMAmf&? AND
aforesaid processes. BACKGROUND OF THE | NVENTI ON Sol ution separating

t echni ques have been widely enpl GFSNATEREDESALENA®TokNC! udi ng genera
distillation, concentration of nedical |iquid, and desalination of 1

seawat er. Wen a large quantity of solution is separated through heating,

a considerabl y .hi gh anbunt of energy woul d
FIELD OF THE INVENTION

The present invention relates to multi-stage vacuum
distilling, cooling, and freezing processes for
solutionseparationandseawaterdesalination,andmore
particularlytomulti-stagevacuumdistilling,cooling,
and freezing processes for solution separation and
seawater desalination in which a vacuum environment
is provided in a vacuumized vessel obtained through
a drain-to-vacuum pfocess and a degassed solution is
caused to flow through a liquid~gas interface or a
liquid-solid interface to evaporate, cool, and freeze
the degassed solution. The present invention also
relates to apparatuses for implementing the aforesaid

Processes.
BACKGROUND OF THE INVENTION
. Solution separating techniques have been widely

employedinmanyfields,includinggeneraldistillation,

concentration of medical liquid, and desalination of



be uneconom cally consuned. For exanple, in the desalination of seawater,
is, the seawater, is directly heated to evaporate water

the solution, that

contained in the seawater. Vapors of water are then drawn with a vacuum
| arge anobunt of energy is consunmed. Moreover, the salt

punp. To do so, a

content of

seawat er continuously increases in the course of

separating

water fromthe seawater. Thus, it is necessary and highly uneconomcally

to consunme nore

seawat er. Further,

efficiency to

energy to conplete the separation of water fromthe

various types of salt crystalline are produced in the

process of heatingse@xfdieer. at high tenperature to result in the problem
of scaling, which in turn results in a condenser with largely reduced

produce only limted anount of water from separation of

seawater and failure in fulfilling the high demand for water. It is

therefore tried by
sol ution separation and

distilling,

vacuu
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| seawater desalination through nmulti-stage vacuum
mheadiing andameiderabeezhight amothitTigriadhg, dranhacks

exi sted in the conventional nethod for separating water from seawater.

be uneconomically consumed. For example, in the
desalination of seawater, the solution, that is, the
seawater, is directly heated to evaporate water
contained in the seawater. Vapors of water are then
drawn with a vacuum pump. To do so, a large amount of
energy is consumed. Moreover, the salt content of
seawater continuously increases in the course of
separating water from the seawater. Thus, it is
necessary and highly uneconomically to consume more
energy to complete the separation of water from the

seawater.

Further,varioustypesofsaltcrystallineareproduced
in the process of heating seawater at high temperature
toresultintheproblemofscaling,whichinturnresults
in a condenser with largely reduced efficiency to
produce only limited amount of water from separation
of seawater and failure in fulfilling the high demand

for water.

It is therefore tried by the inventor to develop

for



SUMMARY COF THE | NVENTION A first object of the present invention is to
achieve a desired solute concentration. To achieve this object wthout
consunm ng too nuch energy and within a |lower tenperature range, a

nmul ti-stage vacuumdistilling systemis enployed. In the system the

drai n-to-vacuum process inplenmented using a degassed liquid to produce
vacuuns in evaporating vessels (because air pressure in the evaporating
vessels is negligible). Since expanded ranges of tenperature and pressure
can be used in vacuumdistillation, nore stages of vacuum distillation
are allowable. |n PHRECHSESSaNchapphiratused0Bskasib 14 eTBRr 8épALadishiddd Ng
process, solution transfer, and recycling of hot circulating solution are
perforned to separ §f8%ated udesatimdiei srepataicachh anth IECOYEL a0 a i@l Of
heat energy for repeated use. Tenperatures f or vacuum di sti?l ation at

nul tipl e stages afiés$étld@sondiraguon adeinpes ahnae Wadienereb kg hyy 3
circulating solution, so that separation of a degassed solution isS

achi eved in the foPhBinmbe ithe dpawbackin edi stell ahi @he lddniviing: (WR)1 NOT €
solution can be separated with one unit of energy, and the

| ow-t enper at ure coRethPfafes snataring schbegetirbn stAgat@Ut i on
separation can be subjected to vacuum

SUMMARY OF THE INVENTION

A first object of the Present invention is to achieve
adesiredsolute concentratién - Toachieve thisobject
without consuming too much energy and within a lower
temperature range, a multi-stage vacuum distilling
systemis employed. In the system, thedrain-to-vacuum
pProcess implemented us;i.ng a degassed liquid to produce
vacuums in evaporating vessels (because air pressure
in the evaporating vessels is negligiblé) . Since
expanded ranges of temperature and Pressure can be used
in vacuum distillation, more stages of vacuum
distillation are allowable. In-the Present invention,
constant temperature distilling process, solution
transfer, and recycling of hot circulating solution
are performed to separate a solution to be separated
and recover most part of heat energy for ‘repeated use.
Temperatures for vacuunm distillationat multiple stages

are set depending on a temperature gradient of the hot



freezing and drying for further solute concentration.

Anot her object of the

present invention is to reduce costs for seawater desalination. Since the

tenperature and pressure ranges used in the present

to facilitate increase of stages of vacuumdistill at
water is increased. Meanwhile, since the evaporation
about seven tines as high as the condensation heat f
enpl oynment of freezing would consune |ess energy tha

i nvention are expanded

ion, the yield of pure
heat for water is

or water, the

n heating to produce

t he sanme anount

vacuum freezing t
nolten ice crysta
circulating solu
mul ti -stage vacuu
vacuum di still ati
hot 4 circul ating
vacuum di still ati
can be repeatedly

seawat er, requi r ed liow-tteemprst4tustagencaate@thEer Nk i d,s

| ast or the | owes

of pure water. The present invention enploys nmnulti-stage

0 ProThitating s SINELBhYI S LHAICE eapat er and
s to effectively reduce the te é?%?gfg'%gﬁhg?gassed

t isorl wh Sohargedhile ddte indshe O o LRVES 0€.+ .9f
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nraf)%re
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sol ution recovers evaporation heat from the stages

ofspagatbad t omitth t OPne Sanlifat JPst cpaLt.of eper gy
utilized. The | owtenperature solu?iongyfhagﬁﬁé, Fﬁ%

t stage of a
the solution separation can be subjected to vacuum

freezing and drying for further solute concentration.

Another object of the pPresent invention is to reduce
costs for seawater desalination. Since the
.temperature. and pressure ranges used in the present
invention are expanded to facilitate increase of stages
of vacuum distillation, the Yield of pure water is
increased. Meanwhile, since the evaporation heat for
water is about seven times as high as the condensation
heat for water, the employment of freezing would consume
less energy than heating to produce the same amount
of 1$ure water. The present invention employs
multi—stage vacuum freezing to produce low-temperature
concentrated seawater and molten ice crystals to
effectively reduce the temperature of hot circulating
solution discharged at the last or lowest stage of
multi-stage vacuumdistillation, This in turn enables
increased stages of vacuum distillation and yield of

—

pPure water. Finally, the low-temperature hot

SRl g from the



mul ti-stage vacuum cool i ng process, and the ice crystals produced in the
mul ti-stage vacuumfreezing is nolten with vapors produced in the

mul ti-stage distilling and cooling processes. That is, the present
invention conbines nulti-stage vacuumdistilling, nulti-stage vacuum
cooling, and nulti-stage vacuum freezing processes to effectively reduce
costs for seawater desalination. A further object of the present invention
is to reduce the land cost for constructing a seawater desalination

plant. In the nulti-stage vacuumdistilling, cooling, and freezing

processes accor di ngireullt e sesl uti BHERbcSRe risN@ vALY 4105,y GG PLOCESS
is inplemented to produce vacuuns in conduits, evaporating vessels,

condensers, and fr@bbiagagesseE8vhaﬁhwda§shﬂllﬁ%ioﬁpﬁﬁbﬁﬁHé@%o@ngoh@%&ng a
degassed sol ution, vapors, or condensate flown therethrough. The !

drai n-to-vacuum pesocédati sudsiisefaph h&eHBHEiéﬁ%é&fncXECWéﬂéyﬂéﬁ4§§f¥5
that the pressure of atnosphere supports the columm of liquid’n the tube.
In the apparat usesusflikedpr eTart 1owRtelipedhtde sbilhtlioseeqaq s Lhingd, and
all subsequent stages of evaporating vessels or freezing vessels are
stacked over one ameeRetefr,onetiop rical hat tREN Kei 35 £ QY€ Tva dPud T KASE &
hei ght difference between these vessels
is supplied from the last or the lowest stage of a
multi-stage wvacuum cooling process, and the ice
crystals produced in the multi-stage vacuum freezing
is molten with vapors pProduced in the multi-stage
distillingandcoolingprocesses. That is, the present
invention combines multi—stage vacuum distilling,
multi-stage vacuum cooling, and multi-stage vacuum

freezing processes to effectively reduce costs for

seawater desalination.

A further object of the present invention is to reduce
the land cost for constructing a seawater desalination
plant. In the multi-stage vacuum distilling, cooling,
and freezing processes according to the present
invention, the drain-to-vacuum process is implemented
to produce vacuums in conduits, evaporating vessels,
condensers, and freezing vessels included in the
apparatuses and having a degassed solution, vapors,
or condensate flown therethrough. The drain.‘—to—vacuum

Process is based on the Torricellian vacuunm principle



and their common | ower vessel and parts thereof. This stacked tower-Iike
structure enables reduction of land area required to construct a seawater

separation plant, also reduces energy required to produce vacuuns. The
tower-like nmulti-stage vacuumdistilling, cooling, and freezing
apparatuses enable the hot circulating solution, the solution to be

separated (i.e. the seawater), and the condensate to continuously flow,
which in turn mnimzes the use of punps and the occurrence of scal es and
corrosion in the apparatuses. To achieve the above and ot her objects, the

mul ti-stage vacuurhditsthlel i £90PLi 88, [ rqQgesses for

sol ution separation and sea\ﬁ;%esr desal ?ng'ﬁagﬁiﬁggéo?gpﬁé’ ﬁ:os tehee pcroelslg‘}ﬂ

invention are inpl efEniqadidihthatiwe.i - $hags Xﬁé&yg]tqis%tsicl}. itﬂgrpslyesit?e{g@
- eez

mul ti-stage vacuum cooling system and a nulti-stage vacuum

system After the ﬂrnkréhtib&getﬂafﬁi%tgis%tciolr1|cf,nﬁm§¥i§t%’Hci §1§estubts°ecg‘hge[nufi.

initial state thereof, 6 constant tenperature distilling process,

transfer, and recyskaggsobfhorapbraktialy P8ssRh Ut L PN AL L5 n??.r‘{i?é%@fls Qe
separate a specific solution. Tenperatures for vacuum ar's?iYTatTon 4

mil tiples tages aseaskedaneer dintahd therCHPEH HY Eo é?@ic?:ﬂtlicicfe LheJt

circulating solution, so that separation of a degasse
to increase a height difference between these vessels
and their common lower vessel and parts thereof. This
stacked tower-like structure enables reduction of land
area required to construct a seawater separationplant,
also reduces energy required to produce vacuums. The
tower-likemulti-stage vacuum distilling, cooling, and
freezing apparatuses enable the hot circulating
solution, the solution to be separated (i.e; the
seawater), and the condensate to continuously flow,

which in turn minimizes the use of pumps and the

occurrence of scales and corrosion in the apparatuses.

To achieve the above and other objects, the muiti—stage
vacuum distilling, cooling, and freezing prodes ses for
solution separation and seawater desalination
according to the present invention are implemented with
‘amulti-stage vacuum distilling system, a multi-stage
vacuum cooling systém, and a multi-stage vacuum
freezing syétem. After the nmulti-stage vacuum

distilling system is set to an initial state thereof,

on



solution is achieved in the formof nulti-stage vacuum distillation. Wen
the hot circulating solution is discharged fromthe |ast or the | owest
stage, its tenperature nust be reduced. The hot circulating solution then
flows frombottomto top to pass through condensers included in different
stages one by one and recovers evaporation heat. Therefore, the hot
circulating solution is gradually heated when it flows upward, and nost
part of heat energy is recovered for using repeatedly. To increase the
nunber of stages of nulti-stage vacuumdistillation, and to increase the

amount of sol uti oncsepéralll etemphrenareni dioti eNehgy pideesanoe A, usabl e
tenperature of the hot circulating solution is expanded. In other words,
the lower the tenpErasfirs oRncherdmeringubnthdy sokuhiaridicsehangsd,, from
the | ast stage of vacuumdistillation is, the nore stages can be included
in the nulti-stage2¥acuparfdised | &bl oBephaatd Mdl t kpeladdq VagyiRtion .
distilling system having nore stages of distillation, the solution to be
separated nust havéeRReratnresfeetatenped 56 ti P14 01 68A4GHRu 1 BEp i 8TRRILALUT €
of the hot circulating solution discharged fromthe |ast stage andt hereby

mai ntai ns a bal ance®e t3rY Meicoydingdeat terperavtaper §hhaneado £orleRst i ON.
For this purpose, nulti-stage vacuum cooling and nulti-stage vacuum
circulating solution, so that separation of a degassed
solution is achieved in the form of multi-stage vacuum
distillation. When the hot circulating solution is
discharged from the last or the lowest stage, its
temperature must be reduced. The hot circulating
solution then flows from bottom to top to pass through
condensers included in different stages one by one and
recovers evaporation heat. Therefore, the hot
circulating solution is gradually heated when it flows
upward, and most part of heat energy is recovered for
using repeatedly. ‘To increase the number of stages of
multi-stage vacuum distillation, and to increase the
amount of solution separable with one unit of energy,
the range of usable tex;iperature of the hot circulating
solution is expanded. In other words, the lower the
temperature of the hot circulating solution discharged
from the last stage of vacuum distillation is, the more
stages can be included in the multi-stage vacuum
distillat?'.on. For a multi-stage vacuum distilling

system havingmore stages of distillation ; the solution



freezing may be utilized to assist in the nulti-stage vacuumdistillation.
To do this, the multi-stage vacuum cooling and freezing systens are set to
their initial state, and constant tenperature distilling process,
solution transfer, and a drain-to-vacuum and freezing process are

i npl emented to achi eve solution separation through freezing. In the

mul ti-stage vacuum cooling process, a vacuum evaporation cooling. effect
is utilized to reduce the tenperature of solution being separated, so that
the latter could be used as the |lowtenperature solution in the

mul ti-stage vacuumtof beesepar ptodaststoh &a¥ord Pen &P S0t r dl Tl Oéﬂ-‘aptg.i &
the multi-stage vacuum freezi ng process, “~condensati on heat redquire o

nelt ice crystals &omeseduoe tthe vapaperap@@UCed ivhdMuh &L - U vacuum
distilling and cooling processes. The | owtenperature conc%%%lea}c&g

sol ution and nolt €aludd cor yhitsaitea predUELEmi Bhbhe 28y Eit:a?ﬂeag“ﬁ G
freezing process may be used to lower the tenperature o thedhot ¥

circul ati ng sol uti Balgitedmsr geal dlaltdi-ddst thbagg 10f é%iiﬁ&t agR NAsyuUm
distillation. Therefore, the present invention conbines the” nulti-stage

vacuum di stilling, ¥8BPFAgiand &ndezéowdeNsaeesaes tPoRCHIENE pusQddd on
separation, seawater desalination, and solute concentration.
multi-stage vacuum cooling and multi-stage vacuum
freezing may be utilized to assist in the multi-stage
vacuum distillation. To do this, the multi-stage
vacuum cooling and freezing systems are set to their
initial state, and constant temperature distilling
process, solution transfer, and a drain-to-vacuum and
freezing process are implemented to achieve solution
separation through freezing. In the multi-stage
vacuum cooling process, @ vacuum evaporation cooling
effectisutilized to reduce the temperature of solution
being separated, so that the latter could be used as
the low-temperature solution in the multi-stage vacuum
freezing process to save the cost of Pre-cooling. 1In
thg multi-stage vacuum freezing process, condensation
heat required tomelt ice crystals comes from the vapors
produced in multi-stage vacuum distilling and cooling
Processes. The low-temperature concentrated solution
and molten ice crystals produced in the multi-stage

vacuum freezing process may be used to lower the

temperature of the hot circulating solution discharged



In inplenmenting the drain-to-vacuum process to produce vacuuns in
conduits., evaporating vessels, freezing vessels, and condensers included
in the apparatuses of the present invention and having the degassed
solution, the vapors or the condensate flown therethrough, the air
pressure in these areas is negligible. In the constant tenperature
distilling process that enploys the principle that boiling point of
liquid increases with increased pressure, it is possible to use the
tenperature gradient of the hot circulating solution in different stages,

so that the constamttherwiatwﬁgiosﬁiddjmgﬁg%c{ﬁ%é‘?ﬁ@s viq_q_ati#;%%pg

formof nulti-stage vacuumdistillation having Tisti I"on temnpe

and saturated vapoThprefsues tiwd de@@@ﬂ%ff{H@éﬁ%§§ tocgg %e%taQSﬁé and
increased heat transfer area andnore condensate. In %e constant

t enper at ure distiIhhmgipsaagsavéduhﬁmﬁiQEiﬁﬂkﬁgingooighgtggglg?négkéiset
temperature flows fromupper to |ower stages to continuously and. g

sequential ly pass ﬁrbhessghIﬂdn&dhgaseuyayggyggsgéb;pgtgxgpo%%g or
vessel s at different stages one by one and thereby provides’ evaporation

heat to evaporate dhsalégasdes, ldité®nutdhesnthg+hat gircul ating sol ution
is discharged at the last or the |owest stage, its
In implementing the drain-to-vacuum process to produce
vacuums in conduits, evaporating vessels, freezing
vessels, and condensers included in the apparatuses
of the present iﬁvention and having the degassed
solution, the vapo£$ or the condengate flown
therethrough, the air Pressure in these areas is
negligible. In the constant temperature distilling
pProcess that employs the principle that boiling point
of liquid increases with increased Pressure, it is
possible to use the temperature gradient of the hot
circulating solution in different stages, so that the
constant tempe;ature distilling process is achieved
in the form of multi-stage vacuum distillation having
distillation temperature and saturated vapor pressure
that decrease from upper to lower stages, and increased
heat transfer areaandmore condensate. In the constant
temperature distilling process, the hot circulating
solution having a setlfemperature flows from upper to

lower stages to continuously and sequentially pass



tenperature nust be reduced. The hot circulating solution then flows from
bottomto top to continuously pass through condensers included in
different stages one by one and recovers evaporation heat for vapors to
condense to liquid. This causes the tenperature of the hot circulating
solution to gradually increase when the hot circulating solution flows
upward to the higher stages, and nost part of heat energy may be used
repeatedly. The hot circulating solution finally flows back to a hot
circulating solution heater and is heated to a set tenperature to conplete
one cycle of the whirbugdt ajequad+gasli shickkZhicals DHE {1k A oviPIHAL

vapor pressure difference caused by a tenperature difference between the

evapor ating vessel veaselshetcohiitnseénal seagsSige by aBAES aROAHELHRY
t he evaporating vessel keep flowng toward the condenser. So |ong as the

condenser has a tepperatese evapuerathom hdat 06 &hapeYrare dhidGapssklg the
condenser woul d continuously condense the vapors to liquid. The
condensate and vapeepdutéget.her Whenw ithie0 hbe coilensLEidd adoidbeiHextid over
stage, which has |ower tenperature and saturated vapor pressure, for
further reducti on dbdfchemgedat ate s dasdensat itd TbRec@Ndepsg & iiks
finally collected in a vacuum vessel that is al ways
temperature must be reduced. The hot circulating
solution then flows from bottom to top to continuously
pPass through condensers included in different stages
one by one and recovers evaporation heat for vapors
to condense to liquid. This causes the temperature of
the hot circulating solution to gradually increase when
the hot circulating solution flows upward to the higher
stages, and most part of heat energy may be used
repeatedly. The hot circulating solution finally
flows back to a hot circulating solution heater and
is heated to a set temperature to complete one cycle
of the multi-stage vacuum distillation. Due to a
saturated vapor pressure difference caused by a
temperature difference between the evaporating vessel
and the condenser at each stage, vapors produced by
the evaporating vessel keep flowing toward the
condenser. So long as the condenser has a temperature
lower than that of the evaporating vessel, the condenser

would continuously condense the vapors to liquid. The

condensate and vapors together flow into the condenser

10



kept in a predetermned | ow tenperature. In this way, the balanced thernal
cycling between evaporation and condensation can be maintained. The
degassed solution flows fromtop to bottomto continuously pass through

t he evaporating vessel-s at different stages one by one, and a
concentrated solution discharged at the last or the | owest stage can be
subjected to vacuumfreezing and drying for further solute concentration.
The nul ti-stage vacuum cool i ng process enploys the principle of vacuum
evaporation cooling to reduce the tenperature of solution, so that the

produced cool ed satuthermery hewdsedtaged WAWCHERRE dLWeSs $QLULQR /L the
mul ti-stage freezing process. By inplenenting the constant tefperature

distilling processanéiheadegaseetl vayad#itg 28 Sl r& 00FLLEFRSRALY & ol QWS Sy om
top to bottom to continuously pass threugh the evaporating vessels at al

stages one by one,ofintenpereftarre grrdlusdhde£99tsonWhednbt <bHhaws sdewnvar d
through the nmultiple stages. As a result, vapors produced in the

mul ti-stage vacuunfic@bIYngopﬂ@aﬂssim&ybﬁ-ﬂﬁ@ﬁhﬁovagkéliGﬁa%rl§t%h%ays
produced 11 in the multi-stage vacuum freezing process. The |owtenpérature
sol ution required k¥ePtHer anpredesbagd neal Low t&@eEEAGueBNESTA RS hay,
mul ti-stage vacuum cooling process. The inplenentation of
the balanced thermal cycling between evaporation and
condensation can bemaintained. The degassed solution
flows from top to bottom to continuously pass through
the evaporating vessels at different stages one by one,
and a concentrated solution discharged at the last or

the lowest stage can be subjected to vacuum freezing

and drying for further solute concentration.:

The multi-stage vacuum cooling process employs the
principle of vacuum evaporation cooling to reduce the
temperature of solutilén, so that the produced cooled
solution may be used as a low—temperature solution in
themulti-stage freezing process. By implementing the
constant temperature distilling process ; the degassed
solution of room temperature flows from top to bottom
to continuously pass through the evaporating vessels
at all stages one by one, and therefore gradually cools
when it flows downward through the multiple stages.
As a result, vapors produced in the multi-stage vacuum

coolingprocessmaybeused tomelt ice crystals produced

11



solution transfer and drain-to-vacuum and freezing process and the rel ease
of heat fromthe condensers cause production of ice crystals in the
freezing vessels. The |owtenperature concentrated solution and nolten

ice crystals discharged in the nulti-stage vacuum freezing process may be
used to lower the tenperature of the hot circul ating solution discharged
at the last or the |owest stage of vacuumdistillation, and to stabilize
the tenperature of the vacuum vessel for recovering the condensate, so
that the balanced thermal cycling between the evaporation and the
condensation can be thenmailited:s e wWha &eumY 8REES iRGOJUGRLIN the

mul ti-stage vacuumdistilling and cooling systems may be guided into the
freezing vessels in the nmulti-stage vacuumfreezing systemto nelt the ice
crystals. The produced |owtenperature concentrated solution and nolten
ice crystals are tHem cdidvwectetparshuracusslyesse! S refha fd | 0WhNY @fe
advant ages of using the nmulti-stage 12 vacuum freezing, distilling, and
cool i ng processes MebléthErgeovapynadirddwi hfieiomls ekbncinayn12nd JuagfLase
the yield of condensate: 1. The |owtenperature concentrated solution and
nol ten ice crystal%aprBducedolangheprgldeissst ageThe implementation of
solution transfer and drain-to-vacuum and freezing
Process and the release of heat from the condensers
causeproductionoficecrystalsinthefreezingvessels.
The low-temperature concentrated solution and molten
ice crystals discharged in the multi-stage vacuum
freezing process may be used to lower the temperature
of the hot circulating solution discharged at the last
or the lowest stage of vacuum distillation, and to
stabilize the temperature of the vacuum vessel for
recovering the condensate, so that the balanced thermal
cycling between the evaporation and the condensation
can be maintained. Meanwhile, vapors produced in the
multi-stage vacuum distilling and cooling systems may
be guided into the freezing vessels in the multi-stage
vacuum freezing system to melt the ice crystals. The
produced low-temperature concentrated solution and

molten ice crystals are then collected with wvacuum

vessels.

The following are advantages of using the multi-stage

12



vacuum freezing system may be used to reduce the tenperature of the hot
circulating solution discharged at the |ast stage of the nulti-stage
vacuumdistilling system and to maintain the tenperature of the vacuum
vessels for collecting the condensate; and the range of usable tenperature
for the hot circulating solution is expanded to enable increased stages
for the nulti-stage vacuum distillation and increased yield of condensate.
2. The | owtenperature degassed solution required in the nulti-stage
vacuum freezing systemcones from the solution discharged at the | ast

stage of the mul tlvaﬁ:ﬁﬁ@ﬁﬂ%élﬂﬂhgooul%l%gtﬁn %ngnggﬁ lrrg trgrrg%e:gs cost
re 3

for pre-cooling. 3. The condensat i on heat req

vacuum freezi ng sysbegrathe iebudditads ene’ ¥i5d Ah$1 ¢ ae va s
produced in the nulti-stage vacuum 13 distilling an %35%{ sys Em- £

Wth the conbined bkt yistlae & assndegdigtibl!ing, cooling, and freeZI ng
processes and systens, it is possible to use a common | ower vessel and

parts thereof for producing vacuuns. Therefore, in the present invention,
mul ti-stage vacuum distilling, cooling, and freezing processes are used
1. The low-temperature concentrated solution and

molten ice crystals produced in the multi-stage
vacuum freezing system may be used to reduce the
temperature of the hot circulating solution
discharged at the last stage of the multi-stage
vacuum distilling system, and to maintain the
temperature of the vacuum vessels for collecting the
condensate; and the range of usable temperature for
the hot circulating solution is expanded to enable
increased stages for the multi-stage vacuum

distillation and increased yield of condensate.

2. The low-temperature degassed solution required in
the multi-stage vacuum freezing system comes from
the solution discharged at the last stage of the
multi-stage vacuum cooling system to enable

minimized cost for Pre-cooling.

3. The condensation heat required in the multi-stage
vacuumfreezingsystemtomelttheiceérystalscomes

from the vapors produced in the multi-stage vacuum

13



together to achi eve the solution separation, seawater desalination, and
sol ute concentration. BRI EF DESCRI PTI ON OF THE DRAW NGS The structure and
the technical nmeans adopted by the present invention to achieve the above
and ot her objects can be best understood by referring to the foll ow ng
detail ed description of the preferred enbodi rents and the acconpanying
drawi ngs, wherein Fig. 1 is a schematic view of a constant tenperature
distillation unit for vacuumdistillation for inplenenting a constant

tenperature distilling process according to the present invention; 14 Fig.
2 is a schematic viewdabtalmildd -0 oy RENYM dhghi! i ng system for
i npl ementing a multi-stage vacuum distilling %r ocess according to the

present invention; and Fig. 3 is a schematic view of a multi-stage vacuum
cooling systemand a nulti-stage vacuum freezing systemfor inplenenting

nul ti-stage vacuumicoBithgtaed donfizidW mpl O£ESEL5.2G LN%;tQq ;e present
i nvention. DETAI LED DESCRI PTI ON OF THE PREFERRED %ﬁ/BO%IQ%l/Ekhglﬂq;elalrslélfge’f er

to Fig. 1 that is a schelibig; ah@VESéedingOopsballsbENPREALPLEALStiL a1 on
unit for vacuum !
Possible to use a common lower vessel and parts

thereof for Producing vacuums.

' Therefore,lethepresentinvention,multi—stagevacuum
distilling, cooling, and freezing processes are used
together to achieve the solution separation, seawater

desalination, and solute concentration.
BRIEF DESCRIPTION OF THE DRAWINGS

The structure and the technical means adopted by the
presentinventiontoachievetheaboveandotherobjects
can be be;t understood by referring to the following

detai»led description of the preferred embodiments and

the accompanying drawings, wherein

Fig. 1 is a schematic view of a constant temperature
distillation wunit for vacuum distillation for
implementin911constanttemperaturedistillingprocess

according to the present invention;
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distillation 2 for inplenenting a constant tenperature distilling process
according to the present invention. The constant tenperature distilling
process is devel oped based on the principles that the boiling point of a
liquid increases with the increased pressure, and that the tenperature
di fference between two vacuum environnments results in the difference in
saturated vapor pressure therebetween. In this process, the constant
tenperature distillation unit for vacuum distillation 2 is used to cause a
degassed solution in a vacuum zed evaporating vessel to constantly boil 15
and evaporate at aFder tZnperat scbewattieutvidangtng ma1$atdhialged WARATn
pressure of the evaporating vessel, so that a balanced thermal cycling
bet ween evapor at i o s&id ldaveiens aemdiv chnp bemaRitihai N1ed1 tAS ssBGWR 4 dlnf 9-
1, the constant tenperature distillation unit for vacuumdistillation 2
mai nly includes afigfdddhimd pyovesseic@irdanglvthegptadéng inddlMe 22, a
condenser 4, a liquid-gas interface 211, a condensing tube a, a plurality
of conduits b, c, 8df g, h, i, j, k, and 1, and a plurality of control
val ves 23, 24, 25, 26, 27, 28, 29, and 30. The evaporating vessel 21 is
connected to the condenser 4 via the condensing tube a, so that vapors
pr oduced . )
Flg.31saschematicviewofamulti—stagevacuumcooling
system and a multi-stage vacuum freezing system for
implementing multi-stage vacuum cooling and freezing

bProcesses according to the present invention.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

Please refer to Fig. 1 that is a schematic view of a
constant temperature distillation unit for vacuum
distillation 2 for implementing a constant temperature
distillingprocessaccordingix>thepresentinvention.
The constant temperature distilling process is
developedbasedontheprinciplesthattheboilingpoint
of a liquid increases with the increased pressure, and
that the temperature difference between two vacuum
environments results in the difference in saturated
vapor pressure therebetween. In this process, the
constant temperature distillation unit for vacuum
distillation 2 is used to cause a degassed solution

in a vacuumized evaporating vessel to constantly boil
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in the evaporating vessel 21 are guided into the condenser 4. The flow
regul ating valve 22 is located at a predeterm ned point on the condensing
tube a. When the evaporating vessel 21 is under the saturated vapor
pressure at the set tenperature for vacuumdistillation, the flow

regul ating valve 22 is adapted to control the vapors produced by the
evaporating vessel 21 for them to enter the condenser 4 via the condensing
tube a, 16 so as to maintain the saturated vapor pressure of the
evaporating vessel 21. Hot circul ating solution, which recovers evaporation

heat, is caused toahdowviaplorael Hrita o;e{;hgeﬁgggggﬁgg wgt io%tc%ql%g{gtisq% and
n

h, respectively, at a predetermned flowrate to absor e evap

heat of vapors predsetdrbyetiheapyaporabsigeVssSdle 21 YL pe
heat ed. The vapors entered into the condenser 4 are t%%e%%ﬁeféroens Shsed to

produce condensat esphetat s balaakky gheehangssel fng HASHLT \é%%?:%lraaci%r}mdbe
col l ected. Meanwhil e, degassed solution having a set tenperature 1S cCaused

to flow into the esBgorandegseasisel &dn VHE n&QRUWiLagi, and j, respectively,
and control valves 23, 24 thereof at a predeterm ned flow rate. The
|l i-quid-gas interface 211 is located in the
As shown in Figqg. 1, the constant temperature
distillation unit for vacuum distillation 2 mainly
includes an evaporating vessel 21, a flow regulating
valve 22, a condenser 4, a liquid-gas interface 211,
a condensing tube a, a Plurality of conduits b, c, e,

- £, g, h, i, j, k, and 1, and a plurality of control

valves 23, 24, 25, 26, 27, 28, 29, and 30.

The evaporating vessel 21 is connected to the condenser
4 via the condensing tube a, so that vapors produced

in the evaporating vessel 21 are guided into the

condenser 4.

The flow regulating valve 22 is located at a
Predetermined point on the condensing tube a. When the
evaporating vessel 21 is under the saturated vapor
pPressure at the set temperature for vacuum distillation,
the flow regulating valve 22 is adapted to control the
vapors produced by the evaporating vessel 21 for them

to enter the condenser 4 via the condensing tube a,

16



evaporating vessel 21. Hot circulating solution, which provides
evaporation heat, is caused to flowinto and out of the |iquid-gas
interface 211 via conduits b and c, respectively, at a predeternined flow
rate. The liquid-gas interface 211 provides heat transfer to evaporate

t he degassed solution inside the evaporating vessel 21. Since the 17
evapor ation-heat-providing hot circulating solution has a tenperature

hi gher than that of the evaporation-heat-recovering hot circul ating
solution, the evaporating vessel 21 has a working tenperature higher than

t hat of the conden§era4.tqheaiehpEnathéesadﬁi&&é&nGgpbgpg@ggsgpg of th
evaporating vessel 21 and the condenser 4 results in a difference in 1 he

saturated vapor pPE¥E3PErethietgvesrssdkn2ldriving the vapors produced by the
evaporating vessel 21 to flow toward the condenser 4 and thereby nmaintain
a bal anced thermal circul ati on between evaporation and condensi ng. The
conduit i and the control valve 23 thereof are connected to another
constant tenperat uf@tdrsrerlatiog sedittifor, wadeurdicshiddsabivapdaaled at
an upper stage, oy to a heater for heating the degassed solution. The
conduit j and the B8Atrols\erveeditontlenfimte aonnact oF the 2eeldaelser
constant tenperature distillation unit for
via conduits gandh, respectively, at a predetermined

flow rate to absorb the evaporation heat of vapors

produced by the evaporating vessel 21 and therefore

be heated. The vVapors entered into the condenser 4 are

therefore condensed to produce condensate that is

finallydischarged to a vacuum vessel 8 andbe collected.

Meanwhile, degassed solution having a set temperature
is caused to flow into the evaporating vessel 21 via
conduits i and j, respectively, and control valves 23,

24 thereof at a Predetermined flow rate.

The 1liquid-gas interface 211 is located in the
evaporating vessel 21. Hot circulating solution,
which provides evaporation heat, is caused to flow into
and out of the liquid~gas interface 211 via conduits
b and ¢, respectively, at a predetermined flow rate.
The liquid-~gas interface 211 Provides heat transfer
to evaporate the degassed solution inside  the

evaporating vessel 21. Since the
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vacuum di stillation located at a |ower stage, or to a vacuumvessel 9. The
conduit j and the control valve 24 thereof have the sane functions as that
and the control valve 23 thereof but to guide the
degassed solution into the constant tenperature distillation unit for
vacuumdi stillation |located at the |ower stage. 18 The conduit e and the
control valve 25 thereof are connected to a constant tenperature

of the conduit i

distillation unit

f or

vacuum di stillation | ocated at an upper stage. In

the event there is not a constant tenperature distillation unit for vacuum
di stillation | ocat &Y3RCT i eppeeastrgoviding drduidi il ifg SODLEDbn

val ve 25 thereof
dr ai n-t o- vacuum pr

Bess

used to discharge gas in inplenenting the
s. aThEmprrgr tufeandidteconthan vatvet 26 dehergeé are

connected to a constant tenperature distillation unit for vacuum
distillation | ocat 8¥2RC*2 HRRThe2higteeprverd nghbovacimeuyesial foldtiton,

conduit f and the
of the conduit e
and condensate int

distillation 1|oca

i

rol valve 26 thereof have the sanme functions as that
EYERG Y bR vEe§EeR52ihbreofa motrkimg Cfteéngss & dMeuv@pOr S

g.tﬁg constant tenperature distillation unit for vacuum
aghgr than thet Sfake condenser 4. The temperature

difference between the evaporating vessel 21 and the
condenser 4 results in a difference in the saturated
vapor pressure between them, driving the vapors
pProduced by the evaporating vessel 21 to flow toward
the condenser 4 and thereby maintain a balanced thermal

circulation between evaporation and condensing.

The conduit i and the control valve 23 thereof are
connectedtoanotherconstanttemperaturedistillation
unit for vacuumdistillation located at an upper stage,
or to a heater for heating the degassed solution. The
conduit j and the control valve 24 thereof are connected
to another constant temperature distillation unit for
vacuum distillation located at a lower stage, or to
a vacuum vessel 9. The conduit j and the control valve
24 thereof have the same functions as that of the conduit
i and the control valve 23 thereof but to guide the
degassed solution into the constant temperature

distillation unit for vacuum distillation located at

the lower stagé.
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The conduits b and h are connected to a constant tenperature distillation
unit for vacuumdistillation at an upper stage or to a heater for heating
the hot ~circulating solution. The conduits ¢ and g are connected to a
constant tenperature distillation unit 19 for vacuumdistillation at a

| ower stage or to a heat exchanger. The control valves 27 and 30 are
provided to prevent the degassed solution fromflow ng back into the
evaporating vessel 21 and the condenser 4 when a vacuum is produced in a
constant tenperature distillation unit for vacuumdistillation |ocated at
an adj acent higher or |ower stage. Therefore, the control valves 27 and
30 are closed to seal the evaporating vessel 21 after the evaporating
vessel 21 is vacuur"ﬁhfedz‘?’rﬁ“bhghet Raddrdia-¢or YaGLUNRDIEC @FS . t HAS SOV N
Fig. 1, the constant tenperature distillation unit for vacuumdistillation
is set to an initCAPRGHIE teereRpndYanbptenpatahgrehdi s € Bl Al 6naciim
process using a degassed |liquid (please refer to Singapore Patent
Application No. 200252Y38uBP dighilhationt latasediet araappsr atLget oduced
in the conduits a,.e, f, i and_j, the evaporating vessel 21, and the
condenser 4 througli®fhi ENPle d¥GFssed ot o, constant temperature

distillation unit for vacuum distillation located at
an upper stage, the conduit e and the control valve
25 thereof are used to discharge gas in implementing

the drain-to-vacuum Process.

The conduit f and the control valve 26 thereof are
connected to a constant temperature distillation unit
for vacuum distillation located at a lower stage or
to the vacuum vessel 8. The conduit f and the control
valve 26 thereof have the same functions as that of
the conduit e and the control valve 25 thereof but to
guide the vapors and condensate into the constant
temperature distillation unit for vacuum distillation

located at the lower stage.

The conduits b and h are connected to a constant
temperature distillation unit for vacuum distillation
at an upper stage or to a heater for heating the hot
circulating solution. The conduits ¢ and g are

connected to a constant temperature distillation unit
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vapors, or condensate flow. A |ower vessel 3 and parts thereof are
connected to the conduits j and f via the conduits k and 1 and their
respective control valves 27, 28 and 29, 30. Wth a suitable height

di fference 20 between the | ower vessel 3 and the constant tenperature
distillation unit for vacuumdistillation 2, the drain-to-vacuum process
is inplemented to produce vacuuns in the above-nentioned nenbers. Wen the
control valves 24, 26 are closed, the evaporating vessel 21, the condenser
4, and the conduits a, e, f, i, j, k, and 1 are filled with the degassed

liquid. Then, the fhtasiuum|diest 2Blaioar 8tCd Ashebr theaddtdr IR 2 REgESUr e
of the I ower vessel 3 is adjusted, and the drain-to-vacuum process is
started. Finally, ta%cHangeryegul ating valve 22 and the control valves 27,
30 are closed, and the vacuum zed evaporating vessel 21 is filled with
t he degassed solution to a predetermned |level and set to the tenperature
for vacuumdistillation. It is to be noted the tenperature for vacuum
distillation set i Qe@tsaboralvey 2@ssed 20 dse |mpwevidbantbhgrevent
tenperatures of the degassed solution and the hot circulating solution
flown into the evagdeatFRgacesdelsodutind tfheon | §lbdigas backr fians 2¢he
respectively. In the event the degassed liquid and the degassed. sol ution
evaporating vessel 21 and the condenser 4 when a vacuum
isproducedexaconstanttemperaturedistillationunit
for vacuum distillation located at an adjacent higher
or lower stage. Therefore, the control valves 27 and
30 are closed to seal the evaporating vessel 21 after
the evaporating vessel 21 is vacuumized through the

drain-to-vacuum process.

As. shown in Fig. 1, the constant temperature
dis#illation unit for vacuum distillation is set to
an initial state thereof by implementing the
drain—to-vacuumprocessusingadegassedliquid(please
refe:toSingaporePatentApplicationNo.200202736—5).
In the initial state, vacuums are produced in the
conduits a, e, £, i and j, the evaporating vessel 21,
andthecondenser4thfoughwhichthedegassedsolution,
vapors, or condensate flow. A lower vessel 3 and parts
thereof are connected to the conduits J and f via the
conduits k and 1 and their respective control valves

27, 28 and 29, 30. With a suitable height difference
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are the sane type of liquid, the evaporating vessel 21 may be partially
vacuum zed during the drain-to-vacuum process. \Wen the constant
tenperature distilling process is 21 inplenmented with a suitable Iiquid-gas
interface 211, the anmount of produci bl e vapors depends on the flows of

t he degassed solution and the hot circulating solution, and a difference
between a flowin and a flow out tenperature of each of the tw types of
solutions. As can be seen fromFig. 1, when the degassed solution and the
hot circulating solution continuously flow into and out of the evaporating

vessel 21 and the Hetynseh ghe loverfvees@lB an@BRCELNEkYn ti fenpEVRPREAL i NY
vessel 21 would continuously produce vapors. Wen a saturated vapor

pressure at the teddertdtikretben dort vaewunvaeshnl |latdwimiscisached {fet he
evaporating vessel 21, the flow regulating valve 22 is opened for the
vapors produced by dtiedreveporatung pesseds21ik0 i umétedt he copdenser 4.
Wien the condenser 4 continuously condenses the vapors flown thereinto to
liquid, it is nece¥a&uumsy #mi rithed nabheeemapatiahicdy momssek . 21 wiem ehabl €
saturated vapor pressure through the flow regulating valve 22, and the
latter is adjustedcoadFeoddvalves 25e26lowe olibstanptictwaporh tihg vegassed
21, the condenser 4, and the conduits a, e, £, i, 3,
k, and 1 are filled with the degassed liquid. Then,
the control valves 23, 25 are closed, the internal
Pressure of the lower vessel 3 is adjusted, and the
drain-to-vacuum process is started. Finally, the flow
regulating valve 22 and the control valves 27, 30 are
closed, and the vacuumized evaporating vessel 21 is
filled with the degassed solution to a predetérmined
level and set to the temperature for vacuumdistillation.
Itistobenotedthetemperatureforvacuumdistillation
set for the evaporating vessel 21 is lower than the
temperatures of the degassed solution and the hot
circulating solution flown into the evaporating vessel
21 and the liquid-gas interface 211, respectively. 1In
the event the degassed liquid and the degassed solution
are the same type of liquid, the evaporating vessel

21 may be partially vacuumized during the

drain-to-vacuum process.

When the constant temperature distilling process is
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solution or the hot circulating solution. Wen the flowout tenperature of
t he degassed solution or the hot circulating solution is |Iower than the
tenperature for vacuumdistillation, the flow regulating valve 22 is
adjusted to decrease the flow rate of vapors 22 discharged fromthe
evaporating vessel 21; and when the flow out tenperature of the degassed
solution or the hot circulating solution is higher than the tenperature
for vacuumdistillation, the flow regulating valve 22 is adjusted to
increase the flow rate of vapors discharged fromthe evaporating vessel

21. Wien the |iqui dnpdeneneed acetR hlsangdabhe sgadﬂht§ag, infe¥kdc W% £h the
hot circulating solution providing evaporation heat flows I nto and ouf of

the |iquid-gas inttéref 2wt cff @ramdud s e t R ELHSE ndEMPET LU ) ows
distillation unit for vacuumdistillation 2 is turne into a constant

t enper at ure distHI%ﬁiéh?umqusﬁedvaoﬂmmﬂﬂxﬂ£ﬂ&-ﬁHétﬂBﬁ‘Eg%buii%%pg
degassed solution wuses its own tenperature as a heat source. \Wen the
degassed sol ution &Pdpdigires,andsat difffleatanc itSe thoaer 80 £ QWi L8y &
vacuum evaporation cooling effect. The constant tenperature distillation
unit for vacuum cédPMngutaytempesn tizeanct nekicdl &f atfet ewsamgpas tdiat
solutions. Ascanbe seen from Fig. 1, when the degassed
solution and the hot circulating solution continuously
flow into and out of the evaporating vessel 21 and the
liquid—gas interface 211, respectively, the
evaporating vessel 21 would continuouslyproduce vapors.
When a saturated vVapor pressure at the temperature set
for vacuum distillation is reached in the evaporating
vessel 21, the flow regulating valve 22 is opened for
the vapors produced by the evaporating vessel 21 to
flow into the condenser 4. When the condenser 4
continuously condenses the vapors flown thereinto to
liquid, it is necessary to maintain the evaporating
vessel 21 at a stable saturated vaéo:_: pPressure through
the flow regulating valve 22 » and the latter is adjusted
depending on the flow-out temperature of the degassed
solution or the hot circulating solution. When the
flow-out temperature of the degassed solution or the
hot circulating solution is lower than the temperature

for vacuum distillation, the flow regulating valve 22

is adjusted to decrease the flow rate of vapors
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of the constant tenperature distillation unit for vacuumdistillation. In
the course of vacuumdistillation or vacuumcooling, air remained in the
degassed sol ution would 23 conti nuously accurulate in the conduits a, e, f,
i and |, the evaporating vessel 21, and the condenser 4, through which

t he degassed sol ution, the vapors, or the condensate flow. In the event
the accunul ated air produces a pressure that is sufficient to affect the
tenperature for vacuumdistilling the degassed solution, it is necessary
to set the constant _tenperature distillation unit for vacuumdistillation
or vacuum coolingq&??hﬁ???@tfapmstbeeem;ﬁdraﬁﬂﬂgydé&hémgﬁﬁgegndsghgkiom
so that the unit resunes its original degree of vacuum Thus, a highly
degassed sol ution iPUSHU"O4H trrrenstnget hE thardegissanl SFEALLBY or
necessary procedurqgifgr setting the constant tenperature distillation

a

unit to the initial® et priucBlpsing teokigiod tiat hiigha:SChesR | Enyi ew
of a nulti-stage vacuumdistilling systemfor inplenenting a nulti-stage
vacuum di stilling proRsd@titt®r dffg t ¥aquum présehiliavenni,on.thds SHO¥R,

the nulti-stage vacuu Q%stilling system 1 of the present invention
mai nl'y incl udes fOI’re-gt“El?a TtV G pherts adjtstedity increase the flow
rate of vapors discharged from the evaporating vessel

21.

When the liquid-gas interface 211 and the conduits b,
c via which the hot circulating solution providing
evaporation heat flow§ into and out of the liquid~gas
interface 211 are omitted, the constant temperature
~distillation unit for vacuum distillation 2 is turned
into a constant temperature distillation wunit for
vacuum cooling. In this case, the degassed solution
uses its own temperature as a heat source. When the
degassed solution evaporates, its temperature is
lowered to provide a vacuum evaporation cooling effect.
The constant temperature distillatién unit for vacuum
cooling may be set to an initial state the same as that

of the constant temperature distillation unit for

vacuum distillation.

;n the course of vacuum distillation or vacuum cooling,

air remained in the degassed solution would
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of constant tenperature distillation units for vacuum distillation 2, and
post -treat nent equi pnment. The fore-treatnent equipnment includes a degassed
24 solution heater 12 for heating a purified and degassed solution to a
set tenperature, and a hot circulating solution heater 13 for heating a
hot circulating solution to a set tenperature. The constant tenperature
distillation units for vacuum distillation 2 are sequentially stacked one
by one into a tower-like multi-stage structure. The first stage, or the
hi ghest stage, is stacked over the second stage; the second stage is
stacked over the tiflantistumgeslartcuhel hastistagecbaduies Quest $t 3ggnqThe
in-flow conduit b of each constant tenperature distillation unit' 2 1s
connected at a distlal sl evapbeatungf lvave cemd2ii | 6ndOkhd RIGRRM SO Upit 2,
that is, a unit 2 at a higher stage. Al the constant tenperature :
distillation unit&hrough hissinetbaedayghbisest 3% uHAGHMidiStddpb g, System
use a common | ower vessel 3 and parts thereof to produce vacuuns. The
post - treat ment equithfefendaasadesfiapuuntuctiselesrent 8Rd Scé@hutaltkaciing
condensat e and concentrated solution, respectively, a first heat exchanger
51 for |owering t RECOMARS & Pressfunterethmt is rafAidignt to affect the
temperature for vacuum distilling the degassed solution,
it is necessary to set the constant temperature
distillation unit for vacuunm distillation or wvacuunm
cooling to the initial state again using the degassed
solution, so that the unit resumes its original degree
of vacuum. Thus, a highly degassed solution is useful
in decreasing the times of implementing necessary

procedures for setting the constant temperature

distillation unit to the initial state.

Please refer to Fig. 2 ﬁhat is a schematic view of a
multi-stage vacuum disfilling system for implementing
a multi-stage vacuum distilling process according to
the present invention. As shown, the multi-stage
vacuum distilling system 1 of the pPresent invention
mainly includes fore~treatment equipment, a plurality
of constant temperature distillation units for vacuum

distillation 2, and pPost-treatment equipment.

The fore-treatment equipment includes a degassed
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solution discharged at the | ast stage, a second heat exchanger 52 for
keepi ng the vacuum vessel 8 for 25 collecting the condensate at a set
tenperature, a conmon |ower vessel 3 and parts thereof for all the

constant tenperature distillation units for vacuumdistillation

2, and a

circulation punp 53 for the hot circulating solution. As can be seen from

Fig. 2, the nulti-stage vacuum distilling system1l is set to an initial

state by setting

vacuumdistillation 2 one by one fromlower to upper

all the constant tenperature distillation units for

state; setting a terdartiten deagraadilenfonfhédeihgta purGiald BEASH &4 & 984
according to a liquid-gas equilibriumcurve of the degassed sol ution

then setting the té&mdartitan etd or seacuumpatisStiutéatand 2thSOWL S @0ting
according to the tenperature gradient of the hot circulating solution:

Since the tenperaf@latfign vheaderdi 53 Ificat | headeageasehot! UM rPPLEI LS

| ower stages, the saturated vapor pressure at the vacuumdistilling

tenperature at dif Feldhicn e adeetetsmpetrmtmrenper to | ower stages. As
shown, in the solution transfer in the nmulti-stage

stages to an initial

and

vacuum di still ation of

the present invention, the degassed solution heated to a set tenperature

is caused

The constant temperature distillation units for vacuum
distillation 2 are sequentially stacked one by one into
a tower-like multi-stage structure. The first stage,
or the bighest stage, is stacked over the second stage;
the second stage is stacked over the third stage; and
the last stage is the lowest stage. Thein-flowconduit
b of each constant temperature distillation unit 2 is
connected at a distal end to the out-flow conduit c
of a preceding unit 2, that is, a unit 2 at a higher
stage. All the constant temperature distillation
units 2 in the same one multi-stage vacuum distilling

system use a common lower vessel 3 and parts thereof

to produce vacuums.

The post-treatment equipment includes vacuum vessels
8 and 9 for collecting condensate and concentratéd
solution, respectively, a first heat exchanger 51 for
lowering the temperature of the hot circulating
solution discharged at the last stage, a second heat

exchanger 52 for keeping the vacuum vessel 8 for
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to continuously flow into the evaporating vessel 21 26 at each stage from
upper to |l ower stages at a constant flow rate. Wen the degassed sol ution
evaporates at each stage, a concentration thereof gradually increases
fromupper to | ower stages, or crystalline precipitate is fornmed therein.
The concentrated solution discharged at the |ast stage is collected in the
vacuum vessel 9. The collected concentrated solution my be subjected to
further solute concentration using vacuum freezing and drying process. In
the event there is «crystalline precipitate in the evaporating vessel 21,
the crystalline is $?kkectipgdihmiconfiebshtrcat hese legapsed taokytd 8Bmhbaws
into the evaporating vessel 21 at the next |ower stage. The crystalline is
collected in a vac SesEessehghiand giarih Idainessk @uk alheerbychgBERRRRd i N
t he degassed sol ution would continuously accunmulate in the constant
tenperature di sti|feRPIR2 LAFe slifsdri Mertiom dinsittid £ at ivaruiim h€0i BDa tagaunt
of the accunulated air is sufficient to affect the vacuumdistilling
tenperature of the dedR3 & Cistrukabhontirempohst fior tkepksatdd fculating
distillation units for vacuumdistillation 2, particularly those at the
first and the secorﬁfls‘i%’g%‘}-shoul d be set to the initial state again using
t he degassed solution, so that the :

As can be seen from Fig. 2, the multi-stage vacuum
distillingsystem1 is set to an initial stateby setting
all the constant temperature distillation units for
vacuum distillation 2 one by one from lower to upper
stages to an initial state; setting a temperature
gradient of the hot circulating solution according to
aliquid-gas equilibrium curve of the degassed solution;
and then setting the temperature for vacuum
distillation at each stage accoréing to the temperature
gradient of the hot circulating solution. Since the
temperature for vacuum distillation decreases from
upper to lower stages, the saturated vapor pressure
at the vacuum distilling temperature at different stage

decreases from upper to lower stages.

As shown, in the solution transfer in the multi-stage
vacuum distillation of the Present invention, the
degassed solution heated to a set temperature is caused

to continuously flow into the evaporating vessel 21
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constant tenperature distillation units resune to the required degree of
vacuum Thus, a highly degassed 27 solution is useful in mnimzing the
times of setting the constant tenperature distillation units 2 to the
initial state. In recycling the hot circulating solution in the

mul ti-stage vacuumdistilling process of the present invention, the hot
circulating solution heated to a set tenperature is caused to continuously
flowinto and out of the liquid-gas interface 211 at each stage from
upper to | ower stages at a predetermned flowrate to provide the degassed

sol ution with requiatedactvapagat £ 98mhesber CEHISI ik £ RE JIPELAL W&, Of -4 Pe

hot circulating solution to decrease fromupper to | ower stages. e heat

exchanger 51 | ower £lidwe datiger ahdme thef déyaéHKd(EJIa%f%ﬁeréﬁ%%%%QQ a
di scharged at the last stage, and the circulation punp 53 works tor the

hot circul ating selsh stage, aoniiaentshyibhakd AUOr §2d4a4l 1y ndeases
condenser 4 at each stage fromlower to upper stagesS to absorb evaporation

heat and t hereby cé‘w@mspperva@arcsvetmst&@d@]sagﬁrﬁ;@@@ipgné Iil,eré&_rg)_,_egﬂéure
of the hot circulating solution to increase fromlower to upper = stages.

The hot circul ati ngssolfigtringd f | tlaetgihl ows Thackcbackhe hgaler dolutibrder
to recycle nost part
discharged at the last stage is collected in the vacuum
vessel 9. The collected concentrated solution may be
subjected to further solute concentration using vacuum
freezing and drying process. In the event there is
crystalline precipitate in the evaporating vessel 21,
the crystalline is first filtered off before the
degassed solution flows into the evaporating vessel
21 at the next lower stage. The crystalline is
collected in a vacuum vessel. Again, air dissolved and
thereby remained in the degassed solution would
continuously accumulate in the constant temperature
distillation units for vacuum distillation 2. When an
amount of the accumulated air is sufficient to affect
the vacuum distilling temperature of the degassed
solution, the constant temperature distillation units
for vacuum distillation 2, particularly those at the
first and the second stage, should be set to the initial
state again using the degassed solution, so that the

constant temperature distillation units resume to the

required degree of vacuum. Thus, a highly degassed
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of heat energy for repeated use, the hot circulating solution is cycled in
the followi ng manner: (A) being 28 heated to a set tenperature; (B) being
used to provide evaporation heat, so that the tenperature thereof
decreases from upper to |l ower stages; (C) being cooled to a |ower
tenperature; and (D) being used to recover evaporation heat, so that the
tenperature thereof increases fromlower to upper stages. In the event the
hot circul ating solution discharged at the |ast stage has a tenperature

| ower than the roomtenperature, the nmulti-stage vacuumdistilling process
maybe associ ated \vddlutidhiistageryac i i freezi ng_processes,
soyt hat the tenperature of the hot %?%cwuﬁgﬁﬁglglzrs}%}%&??n CIRSP ggpf%ﬁéfﬁﬁ

with | owtenperat urthec @t 42t eemsQL HEH 0 20d 5 ICenGiRsbal s
produced in the multi-stage vacuumﬁcool i ng angt rg%%qﬁél blfl&(%séegf’ H’? in

the event the hot dimictia#l i fgagel ution discharged at the |ast stage has a
g 9 J
tenperature higher than the roomtenperature, a liquid of roomtenperature
is used to |lower the tenperature of the hot circulating solution. The
p g

tenperature gradient of the hot circulating solution providing the

evaporation heat ignsetecgelandi NghéOHMe &i AL P2935400 14 PLLYMGUr Ve, Of

t he 5
multi-stage vacuum distilling process of the pPresent
invention, the hot circulating solution heated to a
set temperature is caused to continuously flow into
and out of the liquid-~gas interface 211 at each stage
from upper to lower stages at a predetermined flow rate
to provide the degassed solution with required
evaporation heat, causing the temperature of the hot
circulating solution to decrease from upper to lower
stages. The heat exchanger 51 lowers the temperature
of the hot circulating solution discharged at the last
stage, and the circulation pump 53 works for the hot
circulating solution to continuously flow into and out
of the condenser 4 at each stage from lower to upper
stages to absorb evaporation heat and thereby condenses
vapors to condensate, causing the temperature of the
hotcirculating solution to increase from lower to upper
stages. The hot circulating solution finally flows
back to the heater 13. In order to recycle most part

of heat energy for repeated use, the hot circulating

solution is cycled in the following manner: (A) being

28



degassed solution, and the vacuumdistilling tenperature at each stage is
set according to the 29 tenperature gradient of the hot circulating
solution providing the evaporation heat. Since tenperature ranges for
different stages do not overlap with one another, the tenperature curve
formed by the hot circulating solution flow ng through each vacuum
distilling stage is a trapezoidal curve show ng the tenperature gradient
of the hot circulating solution. Please refer to Fig. 3 that is a schematic
view of a nulti-stage vacuum cooling system6 and a nulti-stage vacuum

freezing system 7 bemtietedd ageébetedsratabbenesy i) H:Qe‘dsiégi?ré’w?frcﬁé'm
cooling and freezing processes according to the present Invention. e

mul ti-stage vacuumese@drrgiaon headzi Ngo PLEGRSSESe kRhpeQlaliti AN érf&ﬁééfi on
produce condensate through freezing and nelting. The processes al so

function as subsi diesmnegreos f33es uppeltho Mbwd r Hialfe ¥ AWY e dhgtddd ALd ON,
so that the range of usable tenperature of the hot circulating solution is

expanded and the $Lagetowtryienprrditsirid;l ahdonp§aBelag ASEQE8Gdover
upgrade the yield of condensate and the thernmal efficiency of the whole
system Lowtenper &V@Peraduien i bradi, schar grdtattHdietbapbraiage Afhdfeos
mul ti-stage .
increases from lower to upper stages. In the event the
hot circulating solution discharged at the last stage
has a temperature lower than the room temperature, the
multi-stage vacuum distillingprocessmaybe associated
withmulti-stage vacuunm coolingand freezingprocesses,
so that the temperature of the hot circulating solution
may be lowered with low-temperature concentrated
solution and molten ice crystals produced in the
nulti-stage vacuum cooling and freezing processes. Or p
in the event the hot circulating solution discharged
at the last stage has a temperature higher than the

room temperature, a liquid of room temperature is used

to lower the temperafure of the hot circulating

solution.

The temperature gradient of the hot circulating
solution providing the evaporation heat is set
according to the liquid-gas equilibrium curve of the
degassed solution, and the vacuum distilling

temperature at each stage is set according to the
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vacuum cool ing system may be guided to the first stage 30 of the

mul ti-stage vacuum freezing systemto save the energy that is otherw se
needed for pre-cooling. Through performng the solution transfer, the
constant tenperature distilling process, and a drain-to-vacuum and
freezing process, the degassed solution is caused to produce ice crystals.
The concentration of the degassed solution increases during the vacuum
freezing process fromupper to | ower stages while its tenperature
decreases from upper to |l ower stages. As shown in Fig. 3, the multi-stage

vacuum cool i ng systempeiatnoteldpsadi @htréf i tie Ho€ Uit a t EXPI S I fon
distillation units for vacuum cooling 61 sequentially stacked one by one

to forma tower-|ipeomildingt thie esiaptaidtion Theatn- f kaWceonduigs HfuLach
constant tenperature distillation unit for vacuumcooling 61 'is connected

at a distal end toresgessgendidigf detehtostagarddiot o) Ad¥RGEd NG WHd 61,
that is, a unit 61 at a higher stage. The degassed solution uses its own

tenperaturetc)proeee&hﬁnklvheumampemmtﬁfeomdﬂvb yoemadd aopl itRg. Ho£ 00m
tenperature degassed solution is caused to continuously flow into and out
of evaporating veséslcylgtling diolfdrient $legdnd r eArbagh t&abRt tviBwin a
predeternlned flowrate. By |nplenent|ng

distilling stage is a trapezoidal curve showing the

temperature gradient of the hot circulating solution.

Please refer to Fig. 3 that is a schematic view of a
multi-stage vacuum cooi‘ing system 6 and a multi-stage
vacuum freezing system 7 combined together for
implementing multi-stage vacuum cooling and freezing

pProcesses according to the present invention.

The multi-stage vacuum cooling and freezing processes
for solution separation produce condensate through
freezing and melting. The processes also function as
subsidiary processes to the multi-stage vacuunm
distillation, so that the range of usable temperature
of the hot circulating solution is expanded and the
stages of vacuum distillation can be increased to
upgrade the yield of condensate and the thérmal
efficiency of the whole system. Low-temperature
$olution dischargedat the last stage of the multi-stage

vacuum cooling system may be guided to the first stage

30



the constant tenperature distilling process, the 31 tenperature of the
degassed sol ution decreases from upper to |ower stages while its
concentration does not significantly change. The degassed sol ution

di scharged at the last stage of the nulti-stage cooling system has a
tenperature close to the freezing tenperature thereof. A common | ower
vessel 3a and parts thereof are provided for the plurality of constant
tenperature distillation units for vacuum cooling 61. The multi-stage
vacuum freezing system7 includes a plurality of freezing vessels 71

sequential ly stacke# t¥&endyeon f t ;i ke h-slage
ot 1T b ogeiget seidptaneic oL 21005 1.

. @]
structure. Each freezing vessel 71 has a qui d-so ace

provi ded therein fenebggat tHa0SHEr . o FHEQWIAR L NG, U gnansfer the
liquid-solid interface 711, a condenser 72ecau?seé('gg?hgtoéggéggeagééllﬁtgi'on to

rel ease condensat rbaolightpe s SORdRGItH: SBARRS LS ti,- um
freezing system7 to the nmulti-st agg vacuum di st%?ﬁ??%%’sty}%t g%ﬁs‘(&%ﬁ%\m ng

vapors produced theopghamikeidssegelaguprbdistildal Eo&é‘?ﬂ— Bulbiugha0e
vacuum cooling to separately flowinto the freezing vesse 7‘f at eac

stage. Wien the freedifngeewﬁs@qiﬁogésﬂt0%%4;}-‘&%&‘4&’%%@'&5&}9&@ RauklQy
have a tenperature |ower than that of the evaporating vessels
to produce ice crystals. The concentration of the
degassed solution incréases during the vacuum freezing

process fromupper to lower stageswhile its temperature

decreases from upper to lower stages.

As showninFig. 3, the multi-stage vacuum cooling system
6 includes a Plurality of constant temperature
distillation units for vacuum cooling 61 sequentially
stacked one by one to form a tower-like multi-stage
structure. The in-flow conduits of each constant
temperature distillation unit for vacuum cooling 61
Vis connected at a distal end to corresponding out-£flow
conduits of a Preceding unit 61, that is, a unit 61
at a higher stage. The degassed solution uses its own
temperature to proceed with vacuum evaporation and
vacuum cooling. A room temperature degassed solution
is caused to continuously flow into and out of
evaporating vessels 611 at different stages from top
to bovttom atapredetermined flowrate. By implementing

the constant temperature distilling process, the
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611 in the multi-stage vacuum cooling system6. This 32 allows the vapors
produced by the evaporating vessels 611 to successfully flowinto the
freezing vessels 71 and nelt the ice crystals therein. The nulti-stage
vacuum freezing system 7 and the nulti-stage vacuum cooling system 6 use
the sane one | ower vessel 3a and parts thereof to vacuum ze conduits,
freezing vessels 71, and evaporation vessels through which the degassed
solution, the vapors, or the condensate flow. Mlten ice crystals and

| ow-t enperature concentrated solution produced in the drain-to-vacuum and
freezin rocess aefpedalieGisLd C e 10.and 11, respectively,
and maygbg used to lower the t%ﬁp(r;%?u#%g%%g%ﬁegﬁéf‘glgﬁ SGCEEARS % 1™ on

di scharged at the hpperstadowdr dtiydRkiiis! 898 ﬁ%%&gé%glnl .Qgﬁi%sé em

and to keep the tenperature of the collected con se

mul ti-stage vacuunshigaeziik@GnIMSt eNMchah@edn i NipfLal st al he .
drai n-to-vacuum process is inpl erren?e eusi ng a éegzge%dsesf?%ui §° (')lrtlé’lq

stages one by onedibeRahQWeRl at CHIDEE 54 BYSS o@tﬂ?%@iz-eiﬁaPJ'g WS inagg(rj

freezing vessels 71 through which the degassed solution, e’ vapors,

the condensate flosyshes, hle 4egasser-biquid 4,98 event qd frem fl
backward. On the other hand, to set the nulti-stéae vacuuﬁ?ﬁboggkgiqgg

temperature thereof. A common lower vessel 3aand parts
thereof are provided for the pPlurality of constant

temperature distillation units for vacuum cooling 61.

Tﬁe multi-stage vacuum freezing system 7 includes a
Plurality of freezing vessels 71 sequentially stacked
one by one to fo:fm a tower-like multi~stage structure.
Each freezing vessel 71 has a liquid-solid interface
711 provided therein for heat transfer. Through the
heat transfer by the liquid-solid interface 711, a
condenser 72 causes the degassed solution to release
. condensation heat. A conduit 5 connects the
multi-stage vacuum freezing system 7 to themulti-stage
vacuum distillation systen, allowing vapors produced
through multi—#tage vacuum distillation and
multi-stage vacuum cooling to separately flow into the
freezing vessel 71 at each stage. When the freezing
vessels 71 produce ice crystals therein, they have a
temperature lower than that of the evaporating vessels

611 in the multi-stage vacuum cooling system 6. This
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33 system6 to an initial state, the constant tenperature distillation
units for vacuumcooling 61 at all stages are set to an initial state one
by one fromlower to upper stages. Thereafter, the tenperature for
distillation through vacuum cooling is set for each stage. Since the
distillation tenperature decreases fromupper to | ower stages, the
saturated vapor pressure under vacuum cooling decreases from upper to
| ower stages, too. In the drain-to-vacuum and freezi ng process, heat
rel easing via the condenser 72 and falling-film freezing through
dr ai n-t o- vacuum pr wésavalt&thbbmdprﬁahc@@b?eGﬁé%Mﬂix@@ JPs 01 I

i 1.

evenly conposed ice crystals on the liquid-solid interfaces 7 As can

be seen in Fig. 3,Gﬂﬁetwaeuanbxeﬁuﬂﬂqerub@'ua&%ekh31fr@gzig§ JeLstistppe is
conpletely filled with the |owtenperature degassed solution dlscﬁarged

fromthe |ast stagacoimalfe thetiest agpstadeunneadidg Trst a1 & - Hache of
the freezing vessels 71 is internally provided with a liquid-solid
interface 711 for Vecwumy f£iemziorystystem\Wt Anlieahet manhiess talgd R cuum
condenser 72 and the liquid-solid interfaces 711, condensation heat and
evaporati on heat i ROPRENT sasitem Yessel shdlsame ohel Eawed. vdbaanid end he
drai n-to-vacuum process is
parts thereof to vacuumize conduits, freezing vessels
71, and evaporation vessels through which the degassed
solution, the vapors, or the condensate flow. Molten
ice crystals and low-temperature concentrated solution
produced in the drain-to-vacuum and freezing process
arecollected in vacuum vessels 10 and 11 ; respectively,
and may be used to lower the temperature of the hot
circulating solution discharged at the last stage of

the multi-stage vacuum distilling system, and to keep

the temperature of the collected condensate.

To set the multi-stage vacuum freezing system 7 to an
initial state, the drain-to-vacuum process is
implemented using a degassed liquid for all stages one
by one from lower to upper stages to vacuumize conduits
and freezing vessels 71 through which the degassed
solution, the vapors, or the condensate flow. And, the

degassed liquid is prevented from flow backward.

On the other hand, to set the multi-stage vacuum cooling

33



34 inplenented to di scharge the degassed solution for the sane to
sequentially flowinto the second stage, the third stage, etc. The
degassed sol ution discharged at the |last stage flows into the vacuum
vessel 11 and is collected therein. Aliquid | evel of the degassed
solution in each freezing vessel 71 gradually lowers wth the discharge of

the degassed solution therefrom resulting in the gradual increase of a
vacuum volume in the freezing vessel 71. Meanwhile, the releasing of heat

via the condenser 72 and the falling-film freezing process causes the

| i qui d- phase degassagks t&pleibbosh i fardn evenly %ggpggg%t%ﬁg g%@%?%gugg the

liquid-solid interfaces 711 whil e the vacuum Vol urre

vessel s 71 gradual |dis I P26Lsn S B FSSYhbuQln 88?%%38@££§$%$;?g2§t

via the condenser 72, a pressure in the vacuum vo

a saturated vapor pRSHHE,taAh tihﬁtdfagf‘3§€£i¥éo&%i . orpeg}pés%;f?ﬁ%gpggate

at its liquid surface. In the course of surface evaporation

degassed sol ution, upreat st I bed i@ ool t he remai ni
0L P PAER00 0 B LR P

mot her liquid of the degassed solution. That i's, enperat u 0

degassed sol ution decrtedsestibie £Rro@gh e healimOl QM4 qtd iLcoling,

Vapors produced in the vacuum zed freezi ng vessel sq%'%r are Saecf'sgf? "éag%ﬁ’ht he
stage. Since the distillation temperature decreases
from upper to lower stages » the saturated vapor pressure

under vacuum cooling decreases from upper to lower

stages, too.

In the drain-to-vacuum and freezing process, heat
releasing via the condenser 72 and falling-film
freezing through drain-to-vacuum Process are utilized
for the degassed solution to form evenly composed ice
crystals on the liquid-solid interfaces 711. As can
be seen in Fig. 3, the vacuumized freezing vessel 71
at the first stage is completely filled with the
low-temperature degassed solution discharged from the
last stage of the multi-stage vacuum cooling system
6. Each of the freezing vessels 71 is internally
provided with a liquid-solid interface 711 for forming
ice crystals. With heat transfer at the condenser 72
andtheliquid—solidinterfaces711,condensationheat
and evaporation heat in the freezing vessels 71 are

released. Meanwhile, the drain-to-vacuum process is
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surfaces of the liquid-solid interfaces 711. The 35 condenser 72 noves heat
fromthe vapors, causing them to turn into solid-phase ice crystals. This
in turn causes the degassed solution to evaporate continuously to

mai ntai n an equilibrium vapor pressure and to produce nore ice crystals.
The remained nother liquid gradually concentrates and is slowy

di scharged, and the vacuum volune in the vacuum zed freezing vessels 71
gradual ly increases. The increased vacuumvolume in turn causes production
of nore vapors to accelerate the production of ice crystals. The

condensat i on of tagp@&g}@g&@qﬁ&wgigggﬁeig%u{ge_taaecoarrsesse&igl% %rff%%dAEQigh er iﬁt

| ast, there are only ice crystals int reezin Vess

o bhe Sof ul ! Slmes tly BULRLTEL 1P JPRRIed QLIRS E908, 4O, TR

t hrough every freezing vessel 71. On e freeZing vesse

hi gher stage has eaaplesehyedi sebar o @fe'r%;ea;s{beedr‘ggﬂftﬁ%%”diQgﬂggagg at

solution to the freezing vessel 71 at the ower Sstage,

drai n-to- vacuum anghbr €8zitNg tRLRCEISws $nitBPLARENLBH AL e
stage. Meanwhile, vapors pr Odl?%gd b;/wst hg mul ti - st ag‘eﬂ?t Y/%ggﬁ?n ic?lli s%’lg%lvle{lsng

system and the nul tbiskagew aeneFe 0! | A0 19KRLHAN Alfe1 99EIGH e HQ dd8q
freezing vessels 71 at this point to
solution in each freezing vessel 71 gradually lowers
with the discharge of the degassed solution therefrom,
resulting in the gradual increase of a vacuum volume
in the freezing vessel 71. Meanwhile, the releasing
of heat via the condenser 72 and the falling-film
freezing process causes the liquid-phase degassed
solution to form evenly composed ice crystals on the
liquid-solid interfaces 711 while the vacuum volume
in the freezing vessels 71 gradually increases. As a
result of continuous release of heat via the condenser
72, a pressure in the vacuum volume becomes lower than
a saturated vapor pressure, and the degassed solution
begins to evaporate at its 1iquid surface. In the
course of surface evaporation of the degassed solution,
heatisabsorbedtocausecoolingoftheremainingmother
liquid of the degassed solution. That 4is, the
temperature of the degassed solution decreases due to
an effect of evaporation cooling. Vapors produced in
the vacuumized freezing vessels 71 are adsorbed at the

surfaces of the liquid-solid interfaces 711. The
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nmelt the ice crystals. Finally, the produced 36 condensate is collected in
t he vacuum vessel 10. Therefore, in the nulti-stage vacuum freezing
process, the formng and the nelting of ice crystals do not occur in
succession. In the event there is crystalline precipitate in the freezing
vessel 71, the crystalline is first filtered off before the degassed
solution flows into the freezing vessel 71 at the next |ower stage. The
crystalline is collected in a vacuum vessel. Again, air dissolved and

t hereby remained in the degassed solution would continuously accunulate in

the constant tenpebatidn@ed ol hbIkisOR 4RI %go{lg{%%/?‘g%éjor%%go%{% Men an

anmount of the accumulated air is sufficien

G St | an9 reTper atyr euoh LREo deaashed Al UdOhe I PO LA LTSRN UT

distillation units for vacuum cooling 61, particu t hose

and the second st aggusaBOthd dybled 81LRS LIl Al £o ABRLD Sl f he
degassed solution, so that the constant tenperatur i SET At on Uirts 61

resune to the requié el B adle F@CIIWE i JRYSp T pPLQQL¥ﬁ%§%§§§(}O%%|c‘§i on

is useful in decreasing the tinmes of setting the consta nperature

distillation unitsofer vaeuusrgeekhiag GIﬁ%thxJa&i&é&' it 11quid

conpari son with other conventional processes an
gradually concentrates and is slowly discharged, and
the vacuum volume in the vacuumized freezing vessels
71 gradually increases. The increased vacuum volume
in turn causes production of more vapors to accelerate
the production of ice crystals. The condensation of
the dischargedmother liquid becomes higher and higher.

At last, there are only ice crystals in the freezing

vessels 71.

As shown in Fig. 3, the solution is transferred from
upper to lower stages to flow through every freezing
vessel 71. Only when the freezing vessel 71 at a higher
stage has completely discharged all the non-frozen
degassed solution to the freezing vessel 71 at the next
lower stage, the drain-to-vacuum and freezing process
is implemented at the next lower stage. Meanwhile,
vapors produced by the multi-stage vacuum distilling
system and the multi-stage vacuum cooling system are
guided into the freezing vessels 71 at this point to

melt the ice crystals. Finally, the produced
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apparatuses for simlar purpose, the nulti-stage vacuum 37 distilling,
cooling, and freezing processes and systens for solution separation and
seawat er desalination according to the present invention have the
following advantages: 1. In the processes and systens of the present
invention, it is possible to use |lowtenperature waste heat or solar
energy as heat source for the heaters included in the systens. 2. In the
present invention, the drain-to-vacuum process using a degassed liquid is
i npl enented for the evaporating vessels to produce vacuuns and has an

i gnorabl e internal RadNES € T 1%{:‘??«5651:; | ncvrag%%%gyggg%%rl:gof%ased

stages for the nulti-stage vacuumdis I'ng process

on the principle ofrhd$iedAde i 6l e & mbu3-1426 I Ss_.10 produce vacuuns,
the evaporating vessels are gequen{altua bR? %ﬁe&gﬁlg‘ %f/e%%én?c?’?"o‘?erﬁst he

tower-like structurfeOfotRenflid 't%teaﬂél\éi‘%ig%? 1@iSLi] é{:%ﬂsac{‘od ?égoolci.c”

systens to mnimze the |and™ area neede construc e systens. 4.” Wth

t he evaporati ng vesaelsusdasckedni Nt Gt he, 38 L,Q0RS _éﬂ&e Sg.rsu%r'i;setaffiene
degassed sol ution, the hot

pPrecipitate in the freezing vessel 71, the crystalline
isfirstfilteredoffbeforethedegassedsolutionflows
into the freezing vessel 71 at the next lower stage.
Thecrystallineiscollectedinavacuumvessel. Again,
air dissolved and thereby remained in the degassed
solution would continuogsly accumulate in the constant
temperature distillation units for vacuum cooling.
When an amount of the accumulated air is sufficient
to affect the vacuum distilling temperature of the
‘degassed solution, the constant temperature
distillation units for vacuum cooling 61, particularly
those at the first and the second stage, should be set
to the initial state again using the degassed solution,
so that the constant temperature distillation units
61 resume to the required degree of vacuum. Thus, a
highly degassed solution is useful in decreasing the
times of setting the constant temperature distillation

units for vacuum cooling 61 to the initial state.

In comparison with other conventional pProcesses and

apparatuses for similarpurpose, the multi-stage vacuum
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circulating solution, and the condensate of the distilled water are al ways
inaflowng state, and the working tenperature of the evaporating vessels
decreases from upper to |l ower stages to reduce the wuse of punps and

t hereby reduce the formng of incrustation scales and rust in the
evaporating vessels. 5. The hot circulating solution not only provides the
evaporation heat needed by the degassed solution, but also recovers the
evaporation heat, so that nost part of heat energy can be repeatedly used.
6. The nulti-stage vacuum cooling system provides the vacuum freezing

systemw th the regyiskedj ;l LeaReh e.degassed solution to save the
cost for pre-cooling in fﬁgﬂCacuun1g&é%??g6g§F63g§§°qﬁsﬁﬁﬁa“dSYStems

| ow-t enper at ure copeentdst£di sSR! Wd h nolten jce crystals .
gaﬂg%i# o gndzﬁﬁﬁﬁ%.%§ 87 A RSP t o

di scharged by the drain-to-vacuum an reezing

| oner the tenperatu&eogaihaethokheiﬁEHLéL%P??%§8L¥£LQQE%%ﬁ%g?&%g. a%JhPe

| ast stage of the nulti-stage vacuumdi s I on, en
mul ti-stage vacuumadirshichlyeRd systemto include nore stages. The present
i nvention has been described with a

1. Intheprocesses and systems of the present invention,
it is possible to use lqw—temperature waste heat or

solar energy as heat source for the heaters included

in the systems.

2. In the present invention, the drain-to-vacuum
Process using a degassed 1iquid is implemented for
the evaporating ve.ssels to produce vacuums and has
an ignorable internal air pressure. This enables
an increased number of stages for the multi-stage

vacuum distilling process and system.

3. Based on the principle of using the drain-to-vacuum
pProcess to produce vacuums, the evaporating vessels
are sequentially stacked one by one to form the
tower-like structure of the multi-stage vacuum
distilling and cooling systems to minimize the land

area needed to construct the systems.

4. With the evaporating vessels stacked into the
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preferred enbodi nent thereof and it is understood that many changes and
nodi fications in the described enbodinent can be carried out w thout
departing from the scope and the spirit of the invention as defined by
t he appended clains. 40 CLAIM 1. A constant tenperature distilling
process, conprising the steps of inplenenting a drain-to-vacuum process
using a degassed liquid to set a constant tenperature distillation unit
for vacuumdistillation, or a constant tenperature distillation unit for
vacuum cooling to an initial state thereof; and setting a vacuum

distilling tenperat o S9ad gtw@@ﬁ[g,a%gggge;qgésusr e% sotlbilst‘xtst;:oldza,ts- BQJ%ci Lm

for a degassed solution therein to bol OF at & “at

distilling tenperat @iedul S uggg'gygglt;gﬁ @gﬁa%ggétgégg% %%Sgggmmt

cycling between evaporation an condensat’i on can be malniain

said constant tenpewalwiaidistididti one ‘Hﬂéaﬁsa’li 36‘,‘5;1'%1 riar%os”ta@eat a%rée
i1 e

condensate produced in said constant tenperdture di s process a

recovered and col | ect@d, wb@kReG talpe r Leu & £ Rt g@%ptom%.rna& YEsels

distilling process as
decreases from upper to lower stages to reduce the

use of pumps and thereby reduce the forming of

incrustation scales and rust in the evaporating

vessels.

5. The hot circulating solution not only provides the
evaporation heat needed by the degassed solution,
but also recovers the evaporation heat, so that most

part of heat energy can be repeatedly used.

6. The multi-stage vacuum cooling system provides the
vacuum freezing system with the required
low-temperature degassed solution to save the cost

for pre-cooling in the vacuum freezing process.

7. The low-temperature concentrated solution and the
molten ice crystals discharged by the
drain-to-vacuum and freezing apparatus may be used
to lower the temperature of the hot civrculating
solution discharged at the 1last stage of the

multi-stage vacuum distillation, enabling the
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claimed in claiml1, wherein said constant tenperature distillation unit
for vacuum cooling includes an evaporating vessel, into which
constant -t enperat ure degassed solution flows via 41 correspondi ng conduits
and control valves at a predetermned flow rate, said evaporating vessel
bei ng connected to a condenser via a condensing tube for vapors produced
by said evaporating vessel to flowinto said condenser; a flow regulating
val ve provided on said condensing tube at a predeterm ned position for
controlling the flow rate of vapors discharged from said evaporating
vessel when said evaporating vessel is under a saturated vapor pressure
at said set vacuum digiitlLogabETRENAEE < e:390 S ERY TR 1121 BTG, 581
evaporating vessel at said deSired saturatéd vapor-pressure; a Eotffehser
into and out of whichg egirculating solution flows via corresponding
conduits and control valves at a predetermned flowrate to absorb
evaporation heat of vapors produced by said evaporating vessel and flown
into said condenser, so that said hot circulating solution is heated to a

~higher tenperaturemd pabdeWP0fRvaheiohONELISELd Nt Qobb@¥bda VRLER 1S
t hen di schar ged

preferred embodiment thereof and it is understood that
many changes and modifications in the described
embodiment can be carried out without departing from
the scope and the spirit of the invention as defined

by the appended claims.
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into and collected with a vacuum vessel; and a | ower vessel and parts

t hereof being | ocated bel ow said evaporating vessel with a predeterm ned
hei ght difference existed between them for producing vacuuns in said
conduits, said evaporating vessel, 42 and said condenser through which said
degassed solution, said vapors, or said condensed liquid flows. 3. The
constant tenperature distilling process as clainmed in claiml1l, wherein
said constant tenperature distillation unit for vacuum distillation

i ncl udes an evaporating vessel; and a liquid-gas interface provided in
sai d evaporating gggg@l., into and out of which a hot circulating solution
flows via correspondi ng conduits and control valves at a predeterm ned
flowrate, and said hot circulating solution providing evaporation heat

through a heat transfer at said liquid-gas interface to evaporate said
degassed sol utionli.n Fai deevapanatl i REMESSLEurd. J0EE9 t .t erature
distilling process as clainmed in clains 2 andr3, furt%e?§%§gpﬂ%€$%%f?he

step of vacuum zing saicbmponidiing, sehe evapopali e VeSHHemdHi 5§ d 4

condenser, through which said
drain-to-vacuum process using a degassed liquid
to set a constant temperature distillation unit
for vacuum distillation, or a constant temperature
distillation unit for vacuum cooling to an initial
state thereof; and setting a vacuum distilling
temperature for said constant temperature
distillation unit for a degassed solution thérein
toboil and evaporate at said set vacuum distilling
temperature in said unit; such that an equilibrium
thermal cycling between evaporation and
condensation can be maintained throughout said
constant temperature distillation unit, and
evaporation heat and condensate produced in said
constant temperature distilling process are

recovered and collected, respectively.

2. The constant temperature distilling process as
claimed in claim 1, wherein said constant
temperature distillation unit for vacuum cooling
includes an evaporating vessel, into which

constant-temperature degassed solution flows via
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degassed solution, said vapors, or said condensed Iliquid flows, through
i npl enenting said drain-to-vacuum process using said degassed liquid to
set said constant tenperature distillation unit 43 for vacuumdistillation

to an initial state; sealing said conduits, said evaporating vessel, and
sai d condenser; closing said flow regulating valve; filling said

vacuum zed evaporating vessel wth said degassed solution to a
predetermined liquid level; and finally, setting the vacuum distilling
tenperature for said evaporating vessel; wherein said vacuumdistilling

tenperature being |ow e erature of said degassed solution and
said hot circulating socf '{ éér;bc% angl TR L RAPSPRAEFRY Vedyss s 3ai d

| i qui d-gas interface, The onstan tenperature distilling
process as clained in-c aleﬁf&ﬁ{ fihglc’goﬁ% £si ‘%tf‘e"aéi%%tl%? it hg

sai d degassed sol ution zaux irculating solution to continuously
flowinto and out of sai &%va%él?%h:né \1/:85§eF°8%8n§£rd Vi & Epdensing

interface, respectivel %ugéag §zy Sya rg% vesse] to continuously
produce vapors: opening said._ e %I %"%F@é ERP LR FBIRTRT ng
vessel toflowinto said condenser; a flow regulating valve

provided on said condensing tube at a predetermined
position for controlling the flow rate of vapors
discharged from said evaporating vessel when said
evaporating vessel is under a saturated vapor
Pressureat saidset vacuum distilling temperature,
and thereby maintaining said evaporating vessel
at said desired saturated vapor pressure; a
.condenser, into and out of which hot circulating
solution flows via corresponding conduits and
control valves at a predetermined flow rate to
absorb evaporation heat of vapors produced by said
evaporating vessel and flown into said condenser,
so that said hot circulating solution is heated
to a higher temperature and said vapors are
condensed into liquid, which is then discharged
into and collected with a vacuunm vessel; and a lower
vessel and parts thereof being located below said
evaporating vessel with a predetermined height
difference existed between them for producing

vacuums in said conduits, said evaporating vessel,
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reaches said saturated vapor pressure at said vacuumdistilling
tenperature, in order to allow said vapors produced by said evaporating
vessel to flowinto said condenser and thereby maintaining 44 said
evaporating vessel at a stable saturated vapor pressure; and regul ating
said flow regulating valve to decrease a flow rate of said vapors being

di scharged when sai d degassed solution or said hot «circulating solution
provi di ng evaporation heat has a flow out tenperature | ower than said
vacuum distilling tenperature, or regulating said flow regulating valve
to increase a flowratey k i i.schar %%V\he_n sai d degassed
solution or said hot ciﬁulgg%?né: SO urfsl%ﬁ gggv}’ ?‘né’hq‘ gotd | ?lgﬁéﬁgdhas
a flow out tenperature dbohefont haR;Sal u istilling.te rature. 6.
The constant tenperature di Stilli %glgr g%g\ség%g{srgrglsaﬁl 9 d%’f%?% LIRhEr ei n
said equilibrium thermalowycling between evaporation and condensation is
obt ai ned by keeping said hot circulating solution providing evaporation
heat at a tenperature higher than that of said hot circulating solution
recovering evaporation heat, so that said evaporating vessel has a working

3. The constant temperature distilling process as
claimed in claim 1, wherein said constant
temperatﬁre distillation unit for vacuum
distillation includes an evaporating vessel; and
aliquid—gasinterfaceprovidedinsaidevaporating
vessel, into and out of which a hot circulating
solution flows via corrésponding conduits and
control valves at a predetermined flow rate, and
said hot circulating solution providing
evaporation heat through a heat transfer at said
liquid-gas interface to evaporate said degassed

solution in said evaporating vessel.

4. The constant temperature distilling process as
claimed in claims 2 and 3, further comprising the
stepofvacuumizingsaidconduits,saidevaporating
vessel, and said condenser, through which said
degassed solution, said vapors, or said condensed
liquid flows, through implementing said
drain-to-vacuumprocessusingsaiddegassedliquid

Uasetsaidconstanttemperaturedistillationunit
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tenperature higher than that of said condenser. 7. The constant tenperature
distilling process as clained in claim4, wherein said drain-to-vacuum 45
process is inplenented only to partially vacuum ze said evaporating vessel

when said degassed liquid
as sai d degassed sol ution.

used in said drain-to-vacuum process is the sane
8. The constant tenperature distilling process

as clained in claimb5, further conprising the step of inplenenting said
drai n-to-vacuum process using said degassed solution for a second tine to
set said constant tenperature distillation unit for vacuumdistillation

or vacuum cooling to ther i fhthgh %Pé@if‘ggtiﬁﬁr et?dA’ ra?xsuﬂ?i d:?é unit to a
| on

desired degree of vacuum when air remnalne

conti nuously accunul at @%mﬁigi&m&&aﬁ.mag iﬁYéQ%@%Q&n&S%ﬁeﬁ?eﬁ”d

said condenser, through whi

n sai egassed sol uti

sai d degassed sol ution, ™ ‘sai or

sai d condensed |iquid GBhesailodcoRbRALEs: A AIRSSHY gﬂcgq&%g,gglg%ﬁ%taif%ec;

said vacuum distilling tenperature set for said degasse

t1on.

mul ti-stage vacuum di skialveg£R106agSs 408 valnthi H8q SRR Ohg QLY SI Ng

the steps of

with said degassed solution to a predetermined
liquid level; and finally, setting the vacuum
distilling temperature for said evaporating vessel;
wherein said vacuum distilling temperature being
lower than temperatures of said degassed solution
and said hot circulating solution flown into said
evaporating vessel and said liquid-gas interface,

respectively.

The constant temperature distilling process as
claimed in claim 4, furthex comprising the steés
of causing said degassed solution and said hot
circulating solution to continuously flow into and
out of said evaporating vessel and said liquid-gas
interface, respectively, for said evaporating
vessel tocontinuouslyproduce vapors; opening said
flow regulating valve when said evaporating vessel
reaches said saturated vapor pressure at said
vacuum distilling temperature, in order to allow
said vapors produced by said evaporating vessel

toflowinto said condenser and therebymaintaining
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providing a tower-like nulti-stage vacuum distilling system setting said
mul ti-stage vacuum 46 distilling systemto an initial state thereof;
perform ng a constant tenperature distilling process, transferring of
solutions, and recycling of a hot circulating solution to separate said
solution and recover nost part of heat energy for use repeatedly; and
setting a vacuumdistilling tenperature for each stage of said nulti-stage
vacuum di stilling systemaccording to a tenperature gradient of said hot
circulating solution, so that said solution separation is achieved in the

form of nulti-stage vaeiuedapbirhitahigonesybeai & shall e Satdr¥8eHWilpor
distilling tenperature and a saturated vapor pressure correspondi ng

thereto decrease from puepeiuie; hAdiedi BgEtnd Basaifd dWibhushaga gatim
distilling system allow ng expanded ranges of usable vacuumdistilling

tenmperature and pressute dscrehkeas aplbrcreasedoBUriald ofapgaedUBeing
distilling stages and nore of said solution separable with one unit of

energy. 10. The nulti - stiagsh ampedimhtins kb b Hi dgy ¢ 968 o 11 i 0% lrUs 408 hot

separation as clainmed in claim9, wherein said nulti-stage vacuum

distilling systemincl edessulating solution providing evaporation heat
has a flow-out temperature lower than said vacuum
distilling temperature, or regulating said flow
regulating valve to increase a flow rate of said
vaporsbeingdischargedwhen saiddegassedsolution
or said hot «circulating solution providing

evaporation heat has a flow-out temperature higher

than said vacuum distilling temperature.

6. The constant temperature distilling process as
claimed in claim 5, wherein said equilibrium
thermal cycling between evaporation and
condensation is §btained by keeping said hot
circulating solution providing evaporation heat
at a temperature higher than that of said hot
circuiatingsolutionrecoveringevaporationheat,
so that said evaporating vessel has a working

temperature higher than that of said condenser.

7. The constant temperature distilling process as

claimed in claim 4, wherein said drain-to-vacuum
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fore-treatnent equi pnent including heaters separately for heating a
degassed solution and said 47 hot circulating solution to a set

tenperature; a plurality of constant tenperature distillation wunits for
vacuum di stillation sequentially stacked one by one into a tower-1like
structure, in which a first stage, or the highest stage, is stacked over
a second stage, the second stage is stacked over a third stage, etc. , and
in-flow conduits of one said constant tenperature distillation unit at a
| ower stage are connected at a distal end to corresponding out-flow

conduits of one said gAY igméﬁgﬁgegiogltli Lation un %g’égglglp%e;

stage; and post-treatnent equi pnent” Tncluding Vacudm vesse

for collecting condensat@ avdpeenaan %%.‘lgiﬁlé#&hoé‘ai& J?iqréstsggq.tiﬁu&ﬁl

exchanger for |owering a tenperature of sai circulating solu

di scharged at the | astugbaden saiseead —@@Wgﬁ%é? s keeniyng said
vacuum vessel for collecting said condensate at a set enperature, a

comon | ower vessel andspaati ddwisobaf 951 REPGHCI ng vacuuns in said
constant tenperature distillation units for vacuum distillation, and a

circulation punp for said hot

8. The constant temperature distilling process as
claimed in claim 5, further comprising the step
of implementing saiddrain-to-vacuun process using
said degassed solution for a second time to set
said constant temperature distillation unit for
vacuum distillation or vacuum cooling to the
initial state and thereby resume said unit to a
desired degree of vacuum when air remained in said
degassed solutioncontinuously accumulates in said
conduits, said evaporating vessel, and said
condenser, through which said degassed solution,
said vapors, or said condensed liquid flows, to
produce a pressure high enough to affect said vacuum

distilling temperature set for said degassed

solution.

9. A mnmulti-stage vacuum distilling process for
solution separation, comprising the steps of
pProviding a tower-like multi-stage vacuum

distilling system; setting saidmulti-stage vacuum
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circulating solution. 11. The multi-stage vacuumdistilling process for 48
sol ution separation as clainmed in claim 10, wherein said step of setting

said nmulti-stage vacuum distilling systemto an initial state thereof is

performed by sequentially setting said constant tenperature distillation

units for vacuum distillation to their initial state one by one from

| oner to upper stages; and wherein in said step of setting a vacuum

distilling tenperature for each stage of said nulti-stage vacuum
distilling system according to a tenperature gradient of said hot
circulating solution, saigtieiPeyakyseemsals M iﬁi‘i:ga?“”sttia@ e §lages; of
said vacuumdistilling system decrease from upper to [ower St ages,, so

that a saturated vapopd¥fassiifgata t R at Ll eszeétu;€r2 CE%]QJe}lelaicnug}Jm

distillation stage decreases from upper to | ower Stages.

mul ti-stage vacuum di stpiddddis PraGassrd9Fin$QleUL 4 9 ratj | .aj red
in claim110, wherein said step of transfleriéri ng soFEti?g%é }lljérit e:c}ccjilﬁlgﬁdes

the steps of causing saifd.a deges&edcultilPsdEAL £6n t 002 ol LYTPEI ALY €
at

to continuously flow into said evaporating vessel
- solution and recover most part of heat energy for
use repeatedly; and setting a vacuum distilling
temperature for each stage of said multi-stage
vacuumdistillingsystemaccordingtoa temperature
gradient of said hot circulating solution, so that
said sAolution separation is achieved in the form
of multi-stage vacuum distillation; wherein both
said vacuumdistilling temperature and a saturated
vapor pressure corresponding thereto decrease from
upper to lower stages in said multi-stage vacuum
distilling systemn, allowing expanded ranges of
usable vacuum distilling temperature and pressure
as well as an increased number of vacuﬁm distilling
stages and more of said solution separable with

one unit of energy.

10. The multi-stage vacuum distilling process for
solution separation as claimed in claim 9, wherein
saidmulti-stage vacuum distillingsystemincludes
fore-treatment equipment including Theaters

separately for heating a degassed solution and said
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each stage fromupper to |ower stages at a predetermned flow rate;

al |l owi ng sai d degassed 49 solution to evaporate at each stage, so that said
degassed sol ution has a concentration gradually increases from upper to

| ower stages or fornms crystalline precipitate therein; collecting said
concentrated solution discharged at the last stage wth said vacuum
vessel ; subjecting said collected concentrated solution to further solute
concentration using vacuum freezing and drying; filtering off any
crystalline precipitate before said degassed solution flows into said

evaporating vessel at yfie Jigxd,Jpwer stape, .if there is crystalline
precipitate in said ,evaporzill ng lvess’é?;sg%ﬂﬁlﬁﬁl?%cat iRF LEMPFIEEER | ihe
wi th a vacuum vessel. 3350 i - e vacuumdistilling process for
sol ution separation aspgléﬁgg}fﬂgﬁlgikil,nﬁwﬁﬁﬁﬁﬁragﬁfﬁ idilatdsrl i ng
a hot circulating sol uinQR s FY§ LR, dAGk the steps of, K causing said hot

circulating solution hegtgg fo a S%?h¥§%%g§§%ﬁFé°ﬁﬁ§§HﬁﬁFhﬁgi§| ¥9k8& i nt o
and out of a liquid-gasne Byebhacqndl, (éag‘{gw%tra_g%kfer %rprl{lpdq:eurret,o iInow ricsi;t ages

at a constant flow rate to provi de sal egasseé
a first stage, or the highest stage, is stacked
over a second stage, the second stage is stacked
over a third stage, etc., and in-flow conduits of
one said constant temperature distillation unit
at a lower stage are connected at a distal end to
corresponding out-flow conduits of one said
constant temperature distillationunit at an upper
stage; and post-treatment equipment including
vacuum vessels separately for collecting
condensate and concentraﬁed solution, a first heat
/- exchanger for lowering a temperature of said hot
circulating solution discharged at the last stage,
a second heat exchanger for keeping said vacuum
vessel for collecting said condensate at a set
temperature, a common 1lower vessel and parts
thereof for pProducing vacuums in said constant
temperature distillation units for vacuum
distillation, and a circulation pump for said hot

circulating solution.

11. The multi-stage vacuum distilling process for
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solution with required evaporation heat, so that the tenperature of said
hot circul ating solution 50 decreases from upper to | ower stages; using
said first heat exchanger to lower the tenperature of said hot
circulating solution discharged at the |ast stage; and using said :
circulation punp to cause said hot circulating solution to continuously
flow into and out of a condenser at each stage froml|ower to upper stages
to absorb evaporation heat and thereby condense produced vapors to
condensate, so that the tenperature of said hot circulating solution

increases fromlower tQoiRRSIorSEAEES S 3! | 1.owi ng, sai d hot_circul ating
solution to flow back to said hegtggftgo%% ﬁga llaﬁéneglaﬂj cgiai"'ﬁ‘hf‘ﬁt i'ﬁtfrem
solution. 14. The nul tiga3ig@08t ¥AC ety i ng_process for _solution
separation as claimed in clain1g, e%gﬁﬁlééﬂga?gmﬂﬁikﬁnifﬁ?ﬁdﬁﬁﬁu%ﬂ
said hot circulating gels4iiiand + 3% S04 dj t.Q .a 4 1 quid-gas .
equi | i brium curve of said degaséiéﬁgilutiéﬁqgg%nﬁ %ﬁ%lﬁ%ﬁf%%?hﬁﬁe?ﬁuis
vacuum di stilling t enppeditdirte Libe -1l vaguym, ié%LHi@%#%ﬁagr

I ent

enabling the form ng of non-overlapped tenperature randeS for
stages, and a trapezoi dampe@BRYA UrBistillation wunits for vacuum
distillation to their initial state one by one from
lower to upper stages; and wherein in said step
of setting a vacuum distilling temperature for each
stage of said multi-stage vacuum distilling system
according to a temperature gradient of said hot
circulating solution, said temperatures set for
said multiple stages of said vacuum distilling
system decrease from upper to lower stages, so that
a saturated vapor pressure at the temperature set

for each vacuum distillation stage decreases from

upper to lower stages.

12. The multi-stage vacuum distilling process for
solution separation as claimed in ‘claim 10, wherein
said step of transferring solutions further
includes the steps of causing said . degassed
solution heated to a set temperature to
continuously flow into said evaporating vessel at
each stage from upper to lower stages at a

pPredetermined flow rate; allowing said degassed
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curve showi ng said tenperature gradient of said hot circulating solution
flowi ng through each 51 vacuumdistilling stage. 15. A nulti-stage vacuum
cooling and freezing process for solution separation, which utilizes
freezing and nmelting to produce condensate and nay be used to assist in
mul ti-stage vacuumdistillation to increase the nunber of stages thereof,
conprising the steps of providing and conbining a tower-like nulti-stage
vacuum cool ing systemand a tower-like nmulti-stage vacuum freezing system
setting said nulti-stage cooling and freezing systens to an initial state
t hereof; and perfornin%ﬁhyqpsferrinQ, of solutions, a constant tenperature
a

distilling process, and & drdt kY SRARM AT PREY,FLEIBr oBesthat Fadduce

ice crystals in a dega%galégﬂé?ig$' .mheéein said nmulti-stage vacuum

freezing system using a3 owienperabtrd 83Fufi GANGPELRATIER #Tadnelibvest

stage of said nulti-stgg% vacuum ooliqﬁ> S séen1as an initial solution

needed to perform sai d mit §%§a§5°9ac13ﬁ¥r RzilRY o SHRESBNBF g Ot ded

for pre-cooling, and ugj V. roduced. _jn | ti-stage vacuum

or pre ;an 200 2 lé . in; i
distilling and cooling IS’%L’ocessese T COHeTRET i BIP R  Rh T eRS S
o concentrated solution discharged at the last stage

with said vacuum vessel; subjecting said collected
concentrated solution to further solute
concentration using vacuum freezing and drying;
filtering off any crystalline precipitate before
said degassed solution flows into said evaporating
vessel at the next lower stage, if there is
crystallineprecipitate in said evaporating vessel;
and collecting said crystalline with a vacuum

vessel.

13. The multi-stage vacuum distilling process for
solution separation as claimed in claim 10 _,‘ wherein
said step of recycling a hot circulating solution
further includes the steps of causing said hot
circulating solution heated to a set temperature
to continuously flow into and out of a liquid-gas
interface at each stage from upper to lower stages
at a constant flow rate to provide said degassed
solution with required evaporation heat, so that

the temperature of said hot circulating solution

50



said ice crystals produced in said degassed solution; |owtenperature
concentrated solution 52 and nolten ice crystals produced through said

mul ti-stage vacuum freezi ng process being used to

cool a hot circulating

sol'ution discharged from the |last stage of multi-stage vacuumdistillation

and to maintain the tenperature of a vacuum vesse

for collecting the

condensate produced in said nulti-stage vacuumdistillation, enabling an
expanded distilling tenperature range and accordingly increased stages for
the nulti-stage distillation and increased yield of solution separable

Wi th one unit of energy,

| ti-stage vacuum cooling and freezing

16._ The
process for solution ?ﬁ&ﬁ%ﬁ%%ﬁ1é§?qﬂﬁﬁﬂﬁﬁi??1%ﬂ%ﬂﬁnqﬁﬁge%MuﬂsﬁnUS§§iﬂ
mul ti - stage vacuun1cook&qgt§¥%% m iscludes a plurality of constant

‘temperature distillation units T6r

d oy % ddise tempiana tunteacide d

one by one into a tower-li tructure,..in which a first stage, or the
hi ghest stage, is stacke %ﬁ%‘%&%ﬁe #ﬁ?%?aﬁ%}th@nséééﬁba§B$@bﬁhsthe

stacked over a third s%gg%_,ﬂgé e,avvidtlp in-flow conduits of one said
atr1on

constant tenperature I st

TIPS AATART R RE £ AR PRIt P GRS e

said hot circulating solution to continuously flow

into and out of a condenser at each stage from lower

to upper stages to absorb evaporation heat and

thereby condense produced vapors to condensate,

so that the temperature of said hot circulating

solution increases from lower to upper stages; and

allowing said hot circulating solution to flowback

'to said heater for heating said circulating

solution.

14. The multi-stage vacuum distilling process for

solution separation as claimed in claim 9, wherein

said temperature gradient of said hot circulating

solution is set according to a 1liquid-gas

equilibrium curve of said degassed solution and

then used to set the vacuum distilling temperature

at each stage of vacuum distillation, enabling the

forming of non-overlapped temperature ranges for

different stages, and a trapezoidal temperature

curve showing said temperature gradient of said

hot circulating solution flowing through each
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stage connected at a distal end to corresponding out-flow conduits of one
said constant tenperature 53 distillation unit for vacuum cooling at an
upper stage; and a common | ower vessel and parts thereof for said a
plurality of constant tenperature distillation units for vacuum cooli ng.
17. The multi-stage vacuum cooling and freezing process for solution
separation as clained in claim16, wherein said nulti-stage vacuum
freezing system includes a plurality of freezing vessels sequentially
stacked one by one into a tower-like structure, in which a first stage, or

t he hi ghest stage, is;ggyﬂguhfggglf.second stage, the second stage is

stacked over a third stage, etc.: a 1PJuP&398 i d interface provided in
each of said freezing vessels for heat transfer; a condenser that enables
rel easi ng of condensation heat and evaporation heat from sai d degassed

solution; a plurakityaof,,¢eaduy a ntrol .val ves.thereof connecting
said nulti-stage vacuum ?eezi%lgta f%?gﬁﬁg ocgg%anﬂUT??j%?ﬁﬁ@Jngﬁmﬁess

Vapor s produced T hr ough Tl ¥ et Sge “SERT I Ll ST P A e
vacuum cooling to and melting to produce condensate and may be used
to assist in multi-stage vacuum distillation to
increase the number of stages thereof, comprising
the steps of providing and combining a tower-like
niulti—stage vacuum cooling system and a tower-1like
multi-stage vacuum freezing system; setting said
multi-stage cooling and freezing systems to an
initialstatethereof;andperformingtransferring
of solutions, a constant temperature distilling
process;andadxain-to-vacuumandfreezingprocess
to produce ice crystals in a degassed solution;
wherein said multi-stage vacuum freezing system
using a low-temperature solution discharged at the
‘lowest stage of said multi-stage vacuum cooling
system as an initial solution needed to perform
said multi-stage vacuum freezing to save energy
needed for pre-cooling, and using vapors produced
in multi-stage vacuum distilling and cooling
brocesses as condensation heat required to melt
.said ice crystals produced in said degassed

solution; low-temperature concentrated solution
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Separately flowinto said freezing vessel at each stage; a plurality of
conduits and control valves 54 thereof cooperating wth said | ower vessel
and parts thereof provided for said nulti-stage vacuum cooling systemto
produce vacuuns in said conduits and said freezing vessels through which
said degassed solution, said produced vapors, or said condensate flow,

and vacuum vessel s separately for collecting nolten ice crystals and

| ow-t enperature concentrated sol ution produced in said nmulti-stage vacuum
freezing process. 18. The nulti-stage vacuum cooling and freezi ng process

for solution separatio S ioed.in claiml wherein, sajd step of
PET o6t adnd® O PLORC el A IS Te pEORHGa | P oRp AL @ikl cof

setting said nmulti-stage vacuum cooli ng

is perfornmed by sequengi,all ' i d stant__tenperature
: T te T or Muathu o UG b SFRBE TR PEPRR SR A LR BRE R e

distillation units for vacuum cooling err

fromlower to upper sStaggSa ﬁ®¢'3¥¥béﬁ%fiﬁg ggiggyggaaﬁéggggggﬁf%gﬁgySaid

cooling for each -stage of said nulti-stage acuumcool
temperatures set = Tor eRehdbt!didde YRGS L3S VAGUIR G902k 99, 3%3! em
decrease fromupper to | ower stages, so that a sa urateﬁ‘vaﬁg% PEIOH e at
the tenperature set and to maintain the temperature of a vacuum vessel
fqr collecting the condensate produced in said
multi-stage vacuum distillation, enabling an
expanded distilling temperature range and
accordingly increased stages for the multi-stage

distillation and increased yield of solution

separable with one unit of energy.

16. Themulti-stagevacuumcoolingandfreezingprocess
for solution separation as claimed in claim 15,
wherein said multi-stage vacuum cooling system
includes a plurality of constant temperature
distillationunitsforvacuumcoolingsequentially
stacked one by one into a tower-like structure,
in which a first stage, or the highest stage, is
stacked over a second stage, the second stage is
stacked over a third stage, etc., with in-flow
conduits of one said constant temperature
distillation unit for vacuum cooling at a lower
stage connected at a distal end to corresponding

out—flowconduitsofonesaidconstanttemperature
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for each vacuum cool i ng stage decreases fromupper to | ower stages. 55 19.
The multi-stage vacuum cooling and freezing process for solution
separation as clainmed in claim 17, wherein said step of setting said

mul ti-stage vacuum freezing systemto an initial state thereof is
performed by inplenenting the drain-to-vacuum process using a degassed
liquid for all stages one by one frombottomto top to vacuum ze said
freezing vessels and said conduits through which said degassed sol ution,
sai d vapors, or said condensate flow, and then seal said freezing vessels

and said conduits. 20githe Muiisst vacuum cool i ng and freezing process
for solution separation “as cla rre%ﬁi‘%ggFa?% 1"73,°uWe‘Fg‘?ﬂ1§§i Yt A RIfer

transferring sol utions sfdgddehnd 9Cldidesa t steps of fully filling said
freezing vessel at the figﬁ St stage Wi nslgsvcf’ﬁ B'%Sts&;pgpg‘t%?’élzss"& SN
di scharged at the | ast £6ya0829f Sai g1l st age vacuum coql i ng system
i npl enenting the drain-to- vacuum a%d %&z’itﬁé %rgocce%nss’f%nf)rg:&ﬁ‘@%r e

crystals in said freezuagesaosedi &t 4heeli EgL ,5La9e ¥, S8 d multi-stage
vacuum freezi ng system causing each oif‘ sal reezi ng Vesse s at a hi gher

17. Themulti—stagevacuumcoolingandfreezingprocess
for solution separation as claimed in claim 16,
wherein said multi-stage vacuum freezing system
includes a plurality of freezing veésels
sequentially stacked one by one into a tower-like
structure, in which a first stage, or the highest
stage, is stacked over a second stage, the second
stage is stacked over a third stage, etc.; a
liquid-solid interface provided in each of said
freezing vessels for heat transfer; a condenser
that enables releasing of condensation heat and
evaporation heat from said degassed solution; a-
p;urality of conduits and control valves thereof
connectingsaidmulti-stagevacuumfreezingsystem
to saidmulti-stage vacuum distillation system and
said multi-stage vacuum cooling system to allow
vapors produced through multi-stage vacuum
distillation and multi-stage vacuum cooling to
separately flow into said freezing vessel at each -

stage; a plurality of conduits and control valves
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stage to conpletely discharge all said degassed 56 solution that has not
yet frozen into ice crystals to said freezing vessel at the next | ower
stage or said vacuum vessel; guiding said vapors produced in said

mul ti-stage vacuumdistilling and cooling processes to said freezing
vessel at the first stage of said nmulti-stage vacuum freezing systemto
nmelt said ice crystals produced in said freezing vessel; collecting said

nolten ice crystals with said vacuum vessel for nolten ice crystals;

i npl ementing the drain-to-vacuum and freezing process in said freezing
vessel at the next lo Eksta of said nmulti-stage vacuum freezing system
or collecting said | oWwrerper STUTRSEBHEBA Wittty spidit1oveni vessedi @ndcuum

vessel for Iom#tenpera%g&gﬁ‘gﬁgggn%rated_éolution;.and filtering off

crystalline precipitate, i VEePh RE W FredfAmgaidauslti g tage vmsarunst age

bef ore said degassed %gggghpnsfggms gnto said freezing vessel at a | ower

stage; and col lecting sa d Cry &Y FMe° BIIUCE VACHIRS 2834 1d spndpigs

mul ti-stage vacuum cooling freezin rocess . for_solution separation as

claimed in claim17, \Ml?er e?%gcsiai%eaerzalﬂh-t&e\fa?ﬁﬁﬁn LhaoreBefnchr Sedss

‘ ' degassed solution, said produced vapors, or said

condensateflow;andvacuumvesselsseparatelyfor
collectingmoltenicecrystalsandlow—temperature

concentratedsolutionproduced in saidmulti-stage

vacuum freezing process.

18. Themulti—stagevacuumcoolingandfreezingprocess
for solution separation as claimed in claim 17,
wherein said step of setting said multi-stage
vacuum cooling system to an initial state thereof
isperformadbysequentiallysettingsaidconstant
temperature distillation units for vacuum cooling
to their initial state one by one from lower to
upper stages, and then setting a temperature.of
vacuum cooling for each stage of said multi-stage
vacuum cooling system; and said temperatures set
for said multiple stages of said vacuum cooling
system decrease from upper to lower stages, so that
a saturated vapor pressure at the temperature set

~for each vacuum cooling stage decreases from upper

to lower stages.
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further includes the steps of filling said 57 vacuum zed freezi ng vessel
having said liquid-solid interface provided therein wwth a predeterm ned
anount of a |owtenperature solution; inplenmenting the drain-to-vacuum
process to discharge said | owtenperature solution at a predeterm ned
speed to said vacuum zed freezing vessel at the next |lower stage or to
sai d vacuum vessel; and using said condenser to continuously release said
condensati on heat and said evaporation heat in said freezing vessels for
said solution in said freezing vessels to freeze into ice crystals on
surfaces of said liquid-solid interfaces; said ice crystals formng at an
i ncreased speed when a vacuumvolune in each of said freezing vessels

increases, and ice;gry I aving_even Composi ion being finally forned
on said I|qU| d- SO|I§ ‘sl'hlge ie;tces g?alac?‘*‘ﬂg'é‘i? yrgaaddixeenpngprocess -

for solution separation as claimed in claim 17,
wherein said step of setting said multi-stage
vacuum freezing system to an initial state thereof
is performed by implementing the drain-to-vacuum
Process using a degassed liquid for all stages one
by one frombottom to top to vacuumize said freezing
vessels and said conduits through which said
degassed solution, said vapors, or said condensate
flow, and then seal éaid:freezing‘vessels and said

conduits.

20. Themulti—stagevacuumcoolingandfreezingprocess
for solution separation as claimed in claim 17,
whereinsaidstepof transferring solutions further
includes the steps of fully filling said freezing
vessel at the first stagewith said low-temperature
solution discharged at the >1ast stage of said
multi-stage vacuum cooling system; implementing
thedrain-to-vacuumand freezingprocess toproduce
ice crystéls in said freezing vessel at the first
stage of said multi-stage vacuum freezing system;
causing each of said freezing vessels at a higher

stage to completely discharge all said degassed
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21.

solution that has not Yet frozen into ice crystals
to said freezing vessel at the next lower stage
or said vacuum vessel; guiding said vapors produced
in said multi-stage vacuum distilling and cooling
Processes to said freezingvessel at the first stage

of said multi-stage vacuum freezing system to melt

'saidice crystals produced in said freezing vessel;

collecting said molten ice crystals with said
vacuumvessel formoltenicecrystals; implementing
the drain—to—vacuuin and freezing process in said
freezing vessel at the next lower stage of said
multi-stage vacuum freezing system or collecting
said low-temperature concentrated solution with
said vacuum vessel for low-temperature
concentrated solution; and filtering off
crystalline precipitate, if any, in said freezing
vessel at an upper stage before said degassed
solution flows into said freezing vessel at a lower
stage; and collecting said crystalline with a

vacuum vessel.

Themulti-stage vacuum cooling and freezingprocess
for solution separation as claimed in claim 17,
wherein said drain-to-vacuum and freezing process

further includes the steps of filling said
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vacuumized freezing vessel having said
liquid-solid interface provided therein with a
predetermined amountof a low-temperature solution;
implementing the drain-to-vacuum process to
discharge said low-temperature solution at a
pPredetermined speed to said vacuumized freezing
vessel at the next lower stage or to said vacuum
vessel; and using said condenser to continuously
releasesaidcondensationheatandsaidevaporation
heat in said freezing vessels for said solution
insaidfreezingvesselstofreezeintoicecrystals
on surfaces of said liquid-solid interfaces; said
ice crystals forming at an increased speed when
a vacuum volume in each of said freezing vessels
increases,andicecrystalshavingevencomposition
being finally formed on said liquid-solid

interfaces in said freezing vessels.
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