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A SOLID PRECIPITATION APPARATUSAND SOLID
PRECIPITATION PROCESS

Technical Field
The present invention relates to a solid precipitatapparatus, in
particular to a desalination apparatus for higlmggl wastewater. The
present invention also relates to a process fofopeing the solid
precipitation with said solid precipitation appasat
Background Technology
The high-salinity wastewater refers to a wastewat#h the total salt
mass fraction of at least 1%. The salt contenhefwastewater emitted in
certain industrial industries, such as productiorocpsses of oll
production, printing and dyeing, paper manufactpteggrmacy, chemical
industry and the like, is generally about 15-25%d dhe wastewater
contains various substances (including salt, ofjanic matters, heavy
metals and radioactive substances), and if the emasér is directly
emitted without treatment, the wastewater can ggeegreat harm to
aquatic organisms, domestic drinking water and strthl and
agricultural production water.
At present, the researches on the high-salinityteveeter at home and
abroad mainly comprise biological methods, phydieodical methods
and the like. The biological method shows highgaaic matter removal

rate when treating high-salinity wastewater, buhhtoncentration salt
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substances have an inhibiting effect on microogasj and the salt
content of the charged water needs to be contrdlled physicochemical
method mainly comprises an evaporation method, laotrechemical
method, an ion-exchange method, a membrane sepatathnology and
the like, but all have the problems of high investity high operation cost,
being prone to secondary pollution of regeneratastewater and the like,
and the expected purification effect is difficudtachieve.
CN105461134A discloses a process and an appamtugdycling the
high-salinity wastewater in the coal chemical irdgswhich recovers
water, sodium chloride and sodium sulfate in thdustrial wastewater
through three units of a nanofiltration salt separaunit, a double-in and
double-out multiple-effect evaporation unit and atiner liquor aging
treatment unit.

CN104326615A discloses an energy-saving high salimastewater
treatment system and treatment method. The systelmdes a positive
osmosis salt concentration apparatus and a mukifdet evaporator,
wherein the positive osmosis salt concentratioraegips includes an FO
membrane closed exchange box, a draw solution eegowtilization
apparatus and a clear water recovery apparatlsasittone stage of the
FO membrane closed exchange box is provided, tlagv dsolution
recovery utilization apparatus is connected respdygtto all stages of

the FO membrane closed exchange thoxugh electric valves; the clear
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water recovery apparatus is connected to the d@uti@n recovery
utilization apparatus; all stages of the FO membrane closed exchange box
are sequentially connected through liquid dischmeyglectric valves and
all connected to a mother liquor multiple-effectapurator through
bypass electric valves.

CN105110542A discloses a zero-emission salt separanhd purification
method for industrial high-salinity wastewater. Thethod comprises the
steps of firstly recovering sodium sulfate in stgdotine by a refrigeration
process, passing the discharged brine through apoeator to further
increase the brine concentration to 25-30%, thessipg the brine into a
forced circulation crystallizer, when the solid tamt in the crystallizer
reaches 30-35%, starting to discharge into a hydtone separator by a
circulating pump to realize the preliminary soligdid separation,
passing the separated crystals containing a smalliat of mother liquor
into a centrifuge for the complete solid-liquid aegtion, and passing the
mother liquor which is removed by centrifuge dihganto a mother
liquor tank.

Summary of the Invention

The inventors of the present invention have foursbled precipitation
apparatus and a solid precipitation process throagh industrious
research, wherein said apparatus and said prquassularly when used

for the desalination of a high-salinity wastewategn meet the
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requirement of stable operation for a long perical) realize efficient
removal of salts from the wastewater, and solveptioblems of difficult
desalination of high-salinity wastewater, easy ké@e, and the like.
Specifically, the present invention relates tofthiowing aspects:

1. A solid precipitation apparatus (especially sali@ation apparatus),
comprises a housing (for example vertical housegpecially vertical
cylindrical housing), an inlet for a stream (folaexple solution, sea water
or wastewater, especially salt-containing wastewate high-salinity
wastewater, which comprises a solvent and a solatdjscharging outlet
(namely a stream outlet), and a support disposexhimner chamber of
said housing, wherein the configuration of saidpsuwpis suitable for a
solid substance to be deposited and loaded thereon.

2. The solid precipitation apparatus accoridng toy aof the
above-mentioned or the afterward-mentioned aspedt&h is operated
under a supercritical condition (especially undsupercritical condition
of said solvent such as water).

3. The solid precipitation apparatus accoridng toy aof the
above-mentioned or the afterward-mentioned aspeetserein said
support is selected from at least one of solid igart(for example
selected from at least one of crystal seeds, imicgparticles such as
alumina sphere, silica sphere, sand, quartz sasfdactory material

particles such as ceramic particles, and solid avasth as slag), plate
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(such as non-porous plate and porous plate), gresh, cage, fiber and
strip, preferably solid particle.

4. The process accoridng to any of the above-mestioor the
afterward-mentioned aspects, wherein the used ambynvolume) of
said solid particle comprises 1/4-3/4 (preferablg-1/2) of the total
volume of the inner chamber of said housing, andioe equivalent
diameter of said solid particle is 0.1-1.0 mm (prably 0.2-0.7 mm),
and/or, the specific surface area of the said smiticle is 100-300 fg,
and/or, the bulk density of said solid particl®i§-0.7 g/cri

5. The solid precipitation apparatus accoridng toy aof the
above-mentioned or the afterward-mentioned aspalsts,comprising an
inner member disposed in (especially the uppergdathe inner chamber
of said housing, wherein said inner member comgreehollow tube
substantially coaxial with the central axis of shalising, the upper and
lower ends of said hollow tube are open, said oliobe comprises an
upper straight tube section and a lower conicdlsibn section, there
exists a gap (referred to as the first gap, eslhecam annular gap)
between the internal wall of said housing and tkiereal wall of said
hollow tube, said inner member also comprises dleéb&$uch as an
umbrella cap, said baffle is preferably substaytiabaxial with the
central axis of said housing) located above salldWwdube, there exists a

gap (referred to as the second gap, especiallynaola gap) between
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said baffle and the upper edge of said hollow talnel, there exists a gap
(referred to as the sixth gap, especially an amng#g) between said
baffle and the internal wall of said housing.

6. The solid precipitation apparatus accoridng toy aof the
above-mentioned or the afterward-mentioned aspeetserein said
umbrella cap is coaxial with said hollow tube, dras a cone angle of
30-150° (preferably 60-120°), and/or, the outemuditer of said straight
tube section of said hollow tube is 60-80% (prdibra&7-73%) of the
inner diameter of said housing, and/or, the hewmfhthe straight tube
section of said hollow tube is 10-30% of the heighthe inner chamber
of said housing, and/or, the maximum outer diametfesaid conical
diffusion section of said hollow tube is 75-90%tbé inner diameter of
said housing, and/or, the height of said conictlsion section of said
hollow tube is 3-10% of the height of the inner ri@r of said housing,
and/or, the height of said baffle is 5-20% of theght of the inner
chamber of said housing.

7. The solid precipitation apparatus accoridng toy aof the
above-mentioned or the afterward-mentioned aspewatsich also
comprises a guide structure disposed around theFnait wall of said
housing (preferably its longitudinal section alahg central axis of the
said housing is a trapezoid, the coverage angl&akpnd the friction

angle Beta of said trapezoid are acute angle (aietie 5-70°)), said
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guide structure surrounds the inner chamber of baigsing to form a
channel that is open at the top and bottom (eslhecidindrical channel,
referred to as guide opening), said guide struagitesposed below said
hollow tube and above said stream inlet, thereteagyap (referred to as
the third gap, especially an annular gap) betwaehguide structure and
the lower edge of said hollow tube, and/or, saiddguopening is
substantially coaxial with the central axis of sawusing, and/or, said
guide structure is disposed in the upper part efitimer chamber of said
housing.

8. The solid precipitation apparatus accoridng toy aof the
above-mentioned or the afterward-mentioned aspeetserein said
stream inlet is located at the bottom or the lopeat of said housing, the
structure of said stream inlet is suitable for gprg said stream into the
inner chamber of said housing (the structure ofl ssiream inlet is
preferably a nozzle or a liquid distributor), angd&aid discharging outlet
Is located at the top or the upper part of saidshmu(preferably located
above the said baffle), and/or, the ratio of thigeof the inner chamber
of said housing (the unit is m) to the inner diaenéthe unit is m) is 7-17,
preferably 10-14, and/or, the inner diameter ofl sgilide opening is
60-80% of the inner diameter of said housing, andie height of said
guide opening is 5-15% of the height of the innbBamber of said

housing.
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9. The solid precipitation apparatus accoridng toy aof the
above-mentioned or the afterward-mentioned aspewatsich also
comprises a support charge inlet and a supporhaigmng outlet, and/or,
said support charge inlet is located at the topherupper part of said
housing (preferably located above said guide sirectmore preferably
located above the said baffle), and/or, said supgischarging outlet is
located at the bottom of said housing (preferablgated below said
stream inlet).

10. The solid precipitation apparatus accoridng doy of the
above-mentioned or the afterward-mentioned aspewatsich also
comprises a hot-agent inlet, said hot-agent isl&cated at the bottom or
the lower part of said housing, the structure ad $mt-agent inlet is fit
for the hot-agent (for example air, oxygen gas deating gas) to spray
into the inner chamber of said housing (the stmectf said hot-agent
inlet is preferably a nozzle or a gas distribut@ngd/or, said hot-agent
inlet is located above or below said stream irpe¢ferably located below
said stream inlet).

11. The solid precipitation apparatus accoridng doy of the
above-mentioned or the afterward-mentioned aspewatsich also
comprises an inner tube (for example straight thegped or horn
tube-shaped, especially straight cylinder-shapedd snner tube is

preferably substantially coaxial with the centraisaof said housing),
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said hot-agent inlet is located at the bottom af bausing, there exists a
gap between the internal wall of said housing &edetxternal wall of said
inner tube (referred to as the fourth gap, esggaa annular gap), there
exists a gap between the lower edge or the intevaklof said inner tube
and said hot-agent inlet (referred to as the fiflip, especially an annular
gap), said fifth gap is communicated with said tbugap and the inner
space of said inner tube, said inner tube has gwdmnfiguration that said
hot-agent imported from said hot-agent inlet sulisily wholly enters
the inner space of said inner tube, said streast isldisposed in said
fourth gap and below the upper edge of said inmee,tand/or, the space
of the inner chamber of said housing located bel®wpper edge of said
inner tube is referred to as the buffer zone, tlsard buffer zone
comprises 25-40% or 20-60% of the total volumehefihner chamber of
said housing, and/or, the structure of said hotiagelet is a gas
distributor (preferably substantially coaxial witie central axis of said
housing), and said inner tube is located above gasl distributor or
contains said gas distributor, both are partitiobgdaid fifth gap, and/or,
said inner tube is located below said guide strectand/or, said stream
inlet is 100-500mm lower than the upper edge ofl samer tube in the
vertical direction, and/or, the outer diameter afisnner tube is 60-80%
(preferably 67-73%) of the inner diameter of saalsing, and/or, the

height of said inner tube is 20-60% (preferably5804) of the height of
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the inner chamber of said housing, and/or, saidritabe is disposed in
the lower part of the inner chamber of said housing

12. A solid precipitation process (especially a atieation process),
which comprises passing a stream containing a esofstich as an
inorganic salt) and a solvent (such as water) theosolid precipitation
apparatus accoridng to any of the above-mentioned tle
afterward-mentioned aspects to cause at leasttaopdine solute to be
deposited (for example precipitated due to a pr&tipn reaction or due
to supersaturation) and loaded on said supportosiésp in the inner
chamber of said housing.

13. The solid precipitation process accoridng toy aaf the
above-mentioned or the afterward-mentioned aspeetserein said
stream, before entering said solid precipitatiopaaatus, is kept at a
subcritical state (especially lower than the supiral temperature of
said solvent for example from room temperature tteraperature of
1-15°C, 4-10°C or 6-8°C lower than the supercritteanperature of said
solvent (especially water), more especially at oghér than the
supercritical pressure of said solvent but loweanththe supercritical
temperature of said solvent for example from ro@mpgerature to a
temperature of 1-15°C, 4-10°C or 6-8°C lower thae supercritical
temperature of said solvent (especially water)jl/@m the temperature of

said support is higher than the supercritical teemoee of said solvent
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(for example a temperature of 1-15°C, 4-10°C or6-8igher than said
supercritical temperature), and/or, a support geddo the inner chamber
of said housing, and the temperature of said sappdrigher than the
supercritical temperature of said solvent (for egbama temperature of
1-15°C, 4-10°C or 6-8°C higher than said supegaititemperature),
and/or, said support and said stream are in sugtoortion that after
mixing them, the temperature of said stream readvesxceeds the
supercritical temperature of said solvent.

14. The solid precipitation process accoridng toy aaf the
above-mentioned or the afterward-mentioned aspeetserein the
operation conditions for the inner chamber of dadsing include: the
operation pressure is 23-35 MPaG (preferably 25MBaG), the
operation temperature is 350-650°C (preferably 880°C, 450-600°C
or 450-550°C), the stream residence time is 10-k8@@nds (preferably
60-600 seconds), and the space velocity is 1.54270

15. The solid precipitation process accoridng toy aaf the
above-mentioned or the afterward-mentioned aspeutserein a
hot-agent is added to the inner chamber of saidsihgu and said
hot-agent is used in such an amount that saidrsfrafier entering the
inner chamber of said housing, forms the supecatistate (for example
reaches or exceeds the supercritical temperatusaidfsolvent), and/or,

said stream is a salt-containing wastewater omgh balinity wastewater
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(especially a high salinity organic wastewater)id shot-agent is an
oxidizing gas (for example oxygen gas or air), andéaid hot-agent and
said stream are in such a proportion that afteringixthem, the
temperature of said stream reaches or exceeds tpercsitical
temperature of said solvent, and/or, said hot-agedtsaid stream are in
such a proportion that the temperature of saicastreupon leaving the
upper edge of said inner tube, reaches or excdeelssupercritical
temperature of said solvent, and/or, the used atnafusaid hot-agent is
100-500%, preferably 150-350% of the theoreticafgen demand for
the oxidation of said stream.

16. The solid precipitation process accoridng toy aaf the
above-mentioned or the afterward-mentioned aspeukt®rein a pH
regulating agent is added to said stream and/¢ihddnner chamber of
said housing, and said pH regulating agent is ussdch an amount that
the pH value of the content in the inner chambersafli housing is
maintained at 9-13.

17. The solid precipitation process accoridng toy aaf the
above-mentioned or the afterward-mentioned aspeetserein said
stream enters the lower part of the inner chambesaml housing from
said stream inlet, said support enters the uppergbahe inner chamber
of said housing from said support charge inlet, ti@h enters the lower

part of the inner chamber of said housing via §&stl gap, said third gap
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and said guide opening, said stream causes sgui$up be presentin a
flowing state, at least a part of said solute ipod#ted and loaded onto
said support to form a loaded support, a part iof lsaded support moves
to the bottom of the inner chamber of said housarg] discharges the
inner chamber of said housing from said supporthdigging outlet,
another part of said loaded support moves to tipemupart of the inner
chamber of said housing along with said stream fndnch at least a part
of the solute is removed (referred to as the pditream), goes through
said guide opening, enters said straight tube @edtom said conical
diffusion section, and then discharges from saabise gap, said loaded
support refluxes to the lower part of the innermhar of said housing
via said first gap, said third gap and said guigening, said purified
stream moves to the top of the inner chamber df Isausing via said the
sixth gap, and discharges the inner chamber of Isaiging from said
discharging outlet,

or,

Said support enters the upper part of the innemblea of said housing
from said support charge inlet, and then enterdaer part of the inner
chamber of said housing via said first gap, saiithap and said guide
opening,

Said stream enters said fourth gap from said stiabet) and then enters

the inner space of said inner tube via said fittp,gand mixes with said
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hot-agent that enters the inner space of said irnke from said
hot-agent inlet to form a mixture, which dischargegd inner tube from
the upper edge of said inner tube after the temyperaises to reach or
exceed the supercritical temperature of said stlven

A part of said mixture refluxes to the inner spatesaid inner tube via
said fourth gap and said fifth gap (forming an nin& recycle), another
part of said mixture causes said support to besptas a flowing state, at
least a part of said solute is deposited and loaed said support to
form a loaded support, a part of said loaded suppowes to the bottom
of the inner chamber of said housing via said fogp, and discharges
the inner chamber of said housing from said supgetharging outlet,
another part of said loaded support moves to tipemupart of the inner
chamber of said housing along with said mixturerfrehich at least a
part of the solute is removed (referred to as tifipd mixture), goes
through said guide opening, enters said straighe section from said
conical diffusion section, and then discharges feai second gap, said
loaded support refluxes to the lower part of theemchamber of said
housing via said first gap, said third gap and gpidle opening, said
purified mixture moves to the top of the inner chamof said housing
via said the sixth gap, and discharges the innambler of said housing
from said discharging outlet.

18. The solid precipitation process accoridng toy aaf the
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above-mentioned or the afterward-mentioned aspeetserein said

stream is a high salinity wastewater (especiallyigh salinity organic

wastewater), said high salinity wastewater has & DDnot higher than
20wt% (preferably 5-20wt%), and a COD of greatantt20000 mg/L

(preferably 20000-200000 mg/L or 20000-40000 mg/L).

On the other side, the present invention relatéisddollowing aspects:

1. A process for treating a high salinity organiastewater, which is
characterized by comprising the following conterttse high salinity

organic wastewater and an oxidant is introduced art ebullated bed
reactor to react under a supercritical water oxatondition, the salt in
the wastewater is deposited onto solid particlesghef ebullated bed
reactor, and the stream-after-the-reaction meet&mhission requirement
after the gas-liquid separation.

2. The process accoridng to any of the above-meadioor the

afterward-mentioned aspects, which is charactenaetiat: in the high

salinity organic wastewater, the COD is as higlteas of thousand mg/L
to hundreds of thousand mg/L, preferably 20000-200@g/L, the TDS

is not higher than 20wt%, preferably 5wt%-20wt%.

3. The process accoridng to any of the above-meadioor the

afterward-mentioned aspects, which is characterizédat: the oxidant is
at least one of air and oxygen gas, and the usedirsins 100%-500%,

preferably 150%-350% of the theoretical oxygen dwindor the
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oxidation of wastewater.

4. The process accoridng to any of the above-mestioor the
afterward-mentioned aspects, which is characterinethat: the solid
particle in the ebullated bed reactor is at least of alumina ceramic
pellet and silica pellet.

5. The process accoridng to any of the above-meadioor the
afterward-mentioned aspects, which is characterinethat: the solid
particle has a diameter of 0.1-1.0mm, preferabB@7mm, a specific
surface of 100-300 ffy and a bulk density of 0.6-0.7g/&m

6. The process accoridng to any of the above-meadioor the
afterward-mentioned aspects, which is characterinethat: the solid
particle is added in an amount of 1/4-3/4 of thiine of the reactor.

7. The process accoridng to any of the above-meadioor the
afterward-mentioned aspects, which is characteiiizelat: the ebullated
bed reactor is provided with an on-line solid peti charging and
discharging system, and the solid particles areg@eally charged into
and discharged out of the ebullated bed reactor.

8. The process accoridng to any of the above-meadioor the
afterward-mentioned aspects, which is characterizedthat: the
discharged salt-containing solid particles are esttegd to ultrasonic,
high-temperature stirring, polishing and the like tecover the salt

deposited on the particles, so that the regeneraifothe particles is
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realized.

9. The process accoridng to any of the above-meadioor the

afterward-mentioned aspects, which is charactetizéidat: the operating
pressure of the supercritical water oxidation iSMP&-30MPa, the

operating temperature is 380°C-650°C, preferably*@5600°C, and the
reaction time is 10 seconds to 180 seconds.

10. The process accoridng to any of the above-wesdi or the

afterward-mentioned aspects, which is characterigeithat. the stream
after the supercritical water oxidation enters s-kiuid separation tank,
the liquid phase is discharged after heat exchavnigethe reactor feed
wastewater, or the feed wastewater is diluted,GB® content entering
the supercritical water oxidation reactor is kdpbke, and the reaction is
stably performed, avoiding a great fluctuation me temperature in the
reactor.

11. The process accoridng to any of the above-mesd or the

afterward-mentioned aspects, which is characteripethat: a proper

amount of alkali liquor is added into the feed \easiter, and the pH of
the charged water is controlled to 9-13.

12. The process accoridng to any of the above-wesdi or the

afterward-mentioned aspects, which is characterinethat: the alkali

liquor is at least one of sodium hydroxide solutiand potassium

hydroxide solution.
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Technical effect

The present invention can realize at least ondn@ffollowing technical
effects:

(1) The solid precipitation apparatus and procgsasticularly the
desalination apparatus and process according tgtésent invention
have easy operation, can meet the requirementabfesbperation for a
long period (such as continuous operation for 2@ aa more, preferably
continuous operation for 30 days or more, 50 daysare or 100 days or
more), can realize the highly efficient removal tfe salt in the
wastewater, and solve the problems of the diffiddsalination of the
high-salinity wastewater and easy deposition ockdge in the apparatus
and pipelines.

(2) The solid precipitation apparatus and procgsasticularly the
desalination apparatus and process according tgtésent invention
utilize the specific inner members to ensure tighlyiefficient separation
of the solid particles and the desalted streamidaadarge carryover of
solid particles, and simultaneously can guarariteestable operation for
a long period (for example, continuous run for 28ys or more,
preferably continuous run for 30 days or more, &9sdor more, or 100
days or more).

(3) The solid precipitation apparatus and procgsasticularly the

desalination apparatus and process according tgtésent invention
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arrange the buffer zone and utilize the heat reléasn the oxidation of
the organic substances in the wastewater to rlagsestiction temperature,
therefore the control of the salt precipitationaai®realized, not only the
organic substances can be decomposed and remouédaldn the
deposition and the blockage at the bottom of thealki®ation apparatus
are avoided, therefore the effect of killing twadsi with one stone is
achieved.

(4) According to one preferable embodiment of tmespnt invention,
aiming at the characteristics of the high-salimtganic wastewater, the
ebullated bed reactor is combined with the supiraliwater oxidation
technology to treat the high-salinity organic wastter. After the
treatment, the desalinization ratio of the wastewa higher than 95%,
the COD removal rate can reach 99% or more, the 6f0be discharged
water is <60mgL, and the requirement for the didestharge is met.
Brief description of the drawings

Figure 1 is a flow diagram of one embodiment ofdleealination process
of the present invention.

wherein 1. heat exchanger, 2: ebullated bed rea@orgas-liquid
separation tank, 4: solid particle on-line chargsygtem and 5: solid
particle on-line discharging system.

Figure 2 is a structure schematic diagram of an oslnbbent of the

desalination apparatus of the present invention.
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Wherein 1: wastewater inlet, 2: solid particle deging outlet, 3: liquid

distributor, 4: solid particle, 5. apparatus hogsif: guide opening, 7:
guide structure, 8: hollow tube, 9: umbrella c&p, discharging outlet, 11:
solid particle charging inlet.

Figure 3 is a structure schematic diagram of amath&bodiment of the
desalination apparatus of the present invention.

Wherein 1: gas inlet, 2: solid particle dischargmglet, 3: gas distributor,
4: solid particle, 5: apparatus housing, 6: guigeening, 7: guide

structure, 8: hollow tube, 9: umbrella cap, 10charging outlet, 11: solid
particle charging inlet, 12: inner tube, 13-1,2steavater inlet.

Figure 4 is a structure schematic diagram of amath&bodiment of the

desalination apparatus of the present invention.

Wherein 1: gas inlet, 2: solid particle dischargmglet, 3: gas distributor,
4: inner tube, 5-1,2: wastewater inlet, 6: appardtausing, 7: hollow

tube, 8: umbrella cap, 9: discharging outlet, Idlidsparticle charging

inlet.

Detailed description

Reference will now be made in detail to the presgnbodiments of the
present invention, but it should be understood that scope of the
invention is not limited by the embodiments, butdsfined by the

appended claims.

All publications, patent applications, patents, aather references
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mentioned in this specification are herein incogbed by reference in
their entirety. Unless defined otherwise, all tachhand scientific terms
used herein have the same meanings as commonlystmat by those
skilled in the art to which this invention belongs.case of conflict, the
present specification, including definitions, wabntrol.

When the specification derives a material, a sulogtaa process, a step, a
device, an element and the like with the expressiaech as "known to
those skilled in the art", "prior art", or the angbus term, it is intended
that the subject matter so derived encompasses thasing been
conventionally used in the art at the time of filithis application, but
also includes those which may not be so commonégd & the present
time, but will become known in the art as beingtahle for a similar
purpose.

In the context of the present specification, thentésubstantially" means
the allowance of the presence of a deviation aebépto those skilled in
the art or considered reasonable by those skitigda art, for example, a
deviation within£10%, withint5%, withinz1%, withir®5% or
within+0.1%.

In the context of the present specification, norteahperature refers to
25°C.

In the context of the present specification, CORIesermined by using

the analytical method provided by HJ828-2017, TBSIletermined by
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using the analytical method provided by HJT51-1988d the bulk
density is determined by using the analytical méthwovided by
GB/T6286-1986.

In the context of the present specification, thee sand shape of the
various gaps (for example, the first gap to theéhsgap described in the
following text of the present specification) are particularly limited as
long as they function as a communication passalpavialy various
materials (such as stream, support, loaded sugpuiragent and the like
described in the following text of the present sjieation) to flow
therethrough.

All percentages, parts, ratios, and the like reférto within this
specification are by weight and pressures are gaugssures unless
explicitly indicated.

In the context of the present specification, ang tw more embodiments
of the present invention may be combined in anylmoation, and the
resulting technical solution is part of the oridirdisclosure of this
specification, and is within the scope of the pn¢gevention.

According to one embodiment of the present inventiorefers to a solid
precipitation apparatus. Herein, as said solid ipit&tion apparatus,
specifically for example, any apparatus suitable gocase where it is
necessary to precipitate at least a part of th&esah a stream including a

solvent and a solute in a solid form due to a majsshange (for example,
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a decrease in solubility to form a precipitate) can be enumerated; and
more specifically for example, a desalination apps and a
crystallization apparatus, and especially, a desatin apparatus can be
enumerated. In the context of the present spetiditca the solid
precipitation apparatus of the present invention eigplained and
illustrated in detail mainly by taking a desalioati apparatus as an
example, but it is obvious that the present inv@mts not limited to the
desalination apparatus.

According to an embodiment of the present inventamsaid stream, for
example, solution, sea water or wastewater, edpedalt-containing
wastewater or high-salinity  wastewater, especiallprganic
substance-containing high-salinity wastewater (aldmown as
high-salinity organic wastewater) can be specififcatnumerated.
However, the present invention is not limited tesdh specific streams,
and any stream which includes a solvent and aealntl is intended to
contain at least a part of the solute precipitatesblid form as described
earlier in the present specification is suitable @se in the present
invention. Herein, as said high-salinity wastewaittsr TDS is generally
not higher than 20 wt%, preferably 5-20 wt%. In tase of containing
the organic substance, the COD of said high-sglimastewater is
generally greater than 20000 mg/L, preferably 26800000 mg/L or

20000-40000 mgl/L.
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According to one embodiment of the present inventsaid stream is
kept in a subcritical state before entering saididsrecipitation
apparatus, in particular below the supercriticalgerature of said solvent,
more especially at or above the supercritical presef the solvent (such
as 23-35 MPaG, preferably 25-30 MPaG) but below gbpercritical
temperature of said solvent. Herein, as the tenperaf said stream, for
example, any temperature lower than the super@rimperature of said
solvent, particularly a temperature ranging fronnnmal temperature to a
temperature that is 1-15°C, 4-10°C or 6-8°C lovantthe supercritical
temperature of said solvent (especially water)maenumerated.
According to one embodiment of the present inventisaid solid
precipitation apparatus comprises a housing (nanaly apparatus
housing), a stream inlet, a discharging outlet @lsratream outlet) and a
support disposed in the inner chamber of said hgusi

According to one embodiment of the present inventes said housing,
specifically for example, a vertical housing, pautarly a vertical
cylindrical housing can be enumerated.

According to one embodiment of the present inventibe ratio of the
height of the inner chamber of said housing (the& isnm) to the inner
diameter (the unitis m) is 7-17, preferably 10-14.

According to one embodiment of the present inventibe configuration

of said support is suitable for a solid substarfoe €xample various
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precipitates described in the foregoing in the @méspecification) to be
deposited and loaded thereon, thereby forming e-sbell structure (also
referred to as a loaded support) with the predgstas an outer shell and
the support as an inner core. When the loaded sumpows to a
predetermined size (namely the support is loaded wipredetermined
amount of the precipitate), it can be removed ccliarged from said
solid precipitation apparatus according to the uwistances,
simultaneously or after that, the removed or disphé support is
replaced with a new support to continue the solecipitation process.
Herein, as the support, it may be any structure simape capable of
achieving the object, and specifically for exampieljd particles, plates,
grids, meshes, cages, fibers, strips and the bkkel preferably solid
particles can be enumerated.

In the context of the present specification, thecalted "wherein the
configuration of said support is suitable for aiddadubstance to be
deposited and loaded thereon" means that the cwafign such as shape
or structure of the support is designed such thatlkestantial portion of
the solid substance (e.g., 80wt% or more, 90wt%more, 95wt% or
more or 98wt% or more of the total solid substansegleposited and
loaded thereon, either exclusively or intentionally

According to one embodiment of the present inventias said solid

particles, specifically for example, the followiogn be enumerated: seed
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crystals such as inorganic salt particles, whicpagicularly suitable for
the desalination or the crystallization; inorganic particles, particularly
refractory material particles, specifically, alumispheres, silica spheres,
sand, quartz sand, ceramic particles and the Vikech is particularly
suitable for the desalination using the inorganiartiples as the
intermediary; solid waste, such as slag and solid garbage, which is
particularly suitable for the waste recycling.

According to one embodiment of the present inventio order to realize
the optimal deposition and loading effect, saiddsphrticle is contacted
with said stream in said solid precipitation appsmato form a
fluidization or ebullience state. Hereby, said dgrecipitation apparatus
Is sometimes also referred to as a fluidized bedtog or an ebullating
bed reactor.

According to one embodiment of the present inventsaid solid particle
may be of any size and shape suitable for packirig said solid
precipitation apparatus, in particular, the equmaldiameter of said solid
particles is generally 0.1-1.0 mm, preferably 0.24m. In addition, the
specific surface area of the said solid particlgeserally 100-300fg,
and the bulk density is generally 0.6-0.7gicm

According to one embodiment of the present inventias the loading
amount of said solid particles in said solid prdaipn apparatus,

specifically, for example, the used amount (by wwd) of said solid
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particle generally comprises 1/4-3/4, preferablg-1/2 of the total
volume of the inner chamber of said housing.

According to one embodiment of the present inventas said plates,
grids, meshes, cages, fibers, strips and the titey; can be any suitable
structure and shape for installation in said splidcipitation apparatus,
and are not particularly limited. For example, asl plate, the following
can be particularly enumerated: a non-porous platere said precipitate
is loaded on the plates; or a porous plate, where said precipitate is loaded
on the plates and in the pores.

According to the present invention, when said sphdticles are used as
the support, the support is particularly suitallea continuous operation,
I.e., the support is continuously added to saigtismiecipitation apparatus
and simultaneously the loaded support is continyodscharged, or
particularly suitable for a batch operation, itee support is periodically
replaced according to the loading degree of the precipitate; when plates,
grids, meshes, cages, fibers, strips and the likeuaed as support, the
support is particularly suitable for a batch operati.e. the support is
periodically replaced according to the loading éegof the precipitate.
According to one embodiment of the present inventithe loaded
support discharged from said solid precipitatiopaptus is subjected to
ultrasonic, high-temperature stirring, polishingldhe like to recover the

precipitate deposited on the support, so that #generation of the
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support is realized.

According to one embodiment of the present inventim the inner
chamber of said housing, the stream residenceisirgenerally 10-1800
seconds, preferably 60-600 seconds or 10-180 sec@mdl the space
velocity is generally 1.5-270"

According to one embodiment of the present inventibe inner chamber
of the housing of said solid precipitation appasaiti operated under a
supercritical condition, especially under a supgcat condition of said
solvent such as water. Herein, as said superdraaradition, specifically
for example, the following can be enumerated: theration pressure is
23-35 MPaG, preferably 25-30 MPaG, and the operaemperature is
350-650°C, preferably 450-600°C or 450-550°C.

According to one embodiment of the present inventio order to realize
said supercritical condition, said support may bspased in the inner
chamber of said housing, and its temperature iatsetemperature above
the supercritical temperature of said solventefample a temperature of
1-15°C, 4-10°C or 6-8°C higher than said supegaititemperature.
Herein, said support and said stream are in sugfoortion that after
mixing them, the temperature of said stream readvesxceeds the
supercritical temperature of said solvent.

According to one embodiment of the present inventio order to realize

said supercritical condition, said support may bdhier added to the
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inner chamber of said housing, and the temperattirgaid support is
higher than the supercritical temperature of thiwesa, for example a
temperature of 1-15°C, 4-10°C or 6-8°C higher tlla@ supercritical
temperature. Herein, said support and said streanmauch a proportion
that after mixing them, the temperature of saidastr reaches or exceeds
the supercritical temperature of said solvent.

According to one embodiment of the present inventisaid solid
precipitation apparatus also comprises an inner lmeendisposed in
(especially the upper part of) the inner chambesaofl housing. Herein,
said inner member comprise a hollow tube substntaaxial with the
central axis of said housing, especially hollowirayer. There should be a
gap (referred to as the first gap) between thenatewall of the shell of
said apparatus and the external wall of said hotldve. In addition, said
inner member also comprises a baffle located alsae hollow tube.
Preferably, said baffle is substantially coaxialthathe central axis of said
housing. In addition, there should be a gap (reteto as the second gap)
between said baffle and the upper edge of saidwaolube, and there
exists a gap (referred to as the sixth gap) betveagth baffle and the
internal wall of said housing to be used as thand-out channel of the
relevant streams. As the above-described gaps, lanmgaps are
preferable.

According to one embodiment of the present invemntieaid inner
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member is disposed in the upper part of the inffeamber of said
housing.

According to one embodiment of the present inventgpecifically for

example, a platy structure or a cap-like structespecially an umbrella
cap can be enumerated as said baffle. Preferaduly, ismbrella cap is
coaxial with said hollow tube, with a cone angletgpically 30-150°,

preferably 60-120°. In addition, although not pararly limited, the

height of said baffle is generally 5-20% of theginiof the inner chamber
of said housing.

According to one embodiment of the present inventtbe upper and
lower ends of said hollow tube are open, and salb\Ww tube comprises
an upper straight tube section and a lower condifilision section.

Herein, the outer diameter of said straight tubetiee of said hollow

tube is generally 60-80%, preferably 67-73% ofitimer diameter of said
housing. Although not particularly limited, the glet of the straight tube
section of said hollow tube is generally 10-30%h#& height of the inner
chamber of said housing. Although not particuldiryited, the maximum

outer diameter of said conical diffusion section safid hollow tube

(namely the outer diameter of the cone bottom)esegally 75-90% of
the inner diameter of said housing. Although natipalarly limited, the

height of said conical diffusion section of saidlbm tube is generally

3-10% of the height of the inner chamber of saiddntg.
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According to one embodiment of the present inventisaid solid
precipitation apparatus also comprises a guidetsirel disposed around
the internal wall of said housing. Said guide suites surrounds the inner
chamber of said housing to form a channel thatpisnoat the top and
bottom (referred to as the guide opening), esdgdatm a cylindrical
channel that is open at the top and bottom. Prglfigréhe longitudinal
section of said guide structure along the centtal af the said housing is
a trapezoid, and the coverage angle Alpha andritteoh angle Beta of
said trapezoid are acute angle, preferably 5-70€o/Aling to the present
invention, there should exist a gap (referred tohasthird gap) between
said guide structure and the lower edge of saitbwolube. Preferably,
said guide opening is substantially coaxial wite tentral axis of said
housing. As said third gap, an annular gap is @a#rly preferable.
According to one embodiment of the present inventibe inner diameter
of said guide opening is generally 60-80% of theeindiameter of said
housing. In addition, the height of said guide apgns generally 5-15%
of the height of the inner chamber of said housing.

According to one embodiment of the present inventisaid guide
structure is disposed below said hollow tube armlalsaid stream inlet,
and disposed in the upper part of the inner chambgaid housing.
According to one embodiment of the present inventgaid stream inlet

is located at the bottom or the lower part of dasdising. Herein, the
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structure of said stream inlet is suitable for gprg said stream into the
inner chamber of said housing. As said structuneekample, a nozzle or
a liquid distributor can be enumerated, preferadlliquid distributor,
especially a liquid distribution plate.

According to one embodiment of the present inventgaid discharging
outlet is located at the top or the upper partadfl frousing, especially
located at the top of said housing. Preferablyd sischarging outlet is
located above the said baffle.

According to one embodiment of the present inventisaid solid
precipitation apparatus also comprises a suppoargehinlet and a
support discharging outlet. Herein, said supposdrgé inlet is generally
located at the top or the upper part of said ha@ygmneferably located at
the top of said housing. Preferably, said suppbéarge inlet is located
above said guide structure, more preferably locatexe the said baffle.
In addition, said support discharging outlet is grally located at the
bottom of said housing, preferably located belowd saeam inlet.
According to one embodiment of the present inventio order to realize
said supercritical conditions, said solid precijoia apparatus can also
include a hot-agent inlet. Herein, said hot-agetetiis located at the
bottom or the lower part of said housing, prefeydbtated at the bottom
of said housing. In addition, the structure of sait-agent inlet is

suitable for spraying said hot-agent into the incbamber of said
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housing. As said structure, for example, a nozela gas distributor can
be enumerated, preferably a gas distributor, ealhe@ gas distribution
plate. Preferably, said gas distributor is substfiyptcoaxial with the
central axis of said housing.

According to one embodiment of the present inventgaid hot-agent is
capable of raising the temperature of the streameach or exceed the
supercritical temperature of the solvent by meahsploysical heat
exchange or chemical heat release, or the like.s&isl hot-agent,
specifically for example, an oxidizing gas suchaasand oxygen gas or
an oxidizing liquid such as hydrogen peroxide, amdaqueous persalt
solution (collectively referred to as an oxidawt) a heating gas such as a
vapor (e.g. a vapor of said solvent) can be enueerdreferably, said
hot-agent is used in such an amount that saidrsfrafter entering the
inner chamber of said housing, forms the supetatistate, for example
reaches or exceeds the supercritical temperatursaiof solvent. For
example, said hot-agent and said stream are inapcbportion that after
mixing them, the temperature of said stream risee@h or exceed the
supercritical temperature of said solvent. Hergig,the chemical heat
release, for example, a case where said hot-apentically reacts with a
certain component or certain components contaimedaid stream to
release the heat can be enumerated. Particulayenme stream is a

salt-containing wastewater or a high-salinity westeer and said
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hot-agent is the oxidizing gas, the oxidizing gasd ahe organic
contaminants in the salt-containing wastewater log high-salinity
wastewater are subjected to an oxidizing reactonetease the heat,
thereby raising the temperature of the salt-coiriginvastewater or the
high-salinity wastewater to reach or exceed theesufiical temperature
of water, or where the salt-containing wastewaterthe high-salinity
wastewater remains a subcritical state prior toeramy the solid
precipitation apparatus, its temperature is raibgd 4°C or higher
(preferably by 6-8°C) to reach or exceed the supima temperature of
water.

According to one embodiment of the present inventgaid stream is a
salt-containing wastewater or a high-salinity waster, especially a
high-salinity organic wastewater, said hot-agerdasl oxidizing gas, the
used amount of said hot-agent is 100-500%, preffiedd0-350% of the
theoretical oxygen demand for the oxidation of sstickam. Here, the
theoretical oxygen demand for the oxidation is atygen amount
required for the complete oxidation of COD in thigamic wastewater.
According to one embodiment of the present inventibie conditions
such as temperature and pressure when said hatiagdrarged into said
inner chamber are not particularly limited. Hereas, said temperature,
specifically for example, any temperature from rommperature to the

supercritical temperature of the solvent (partidylawater) can be
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enumerated. As said pressure, specifically for gtemany pressure
capable of ensuring said hot-agent to be chargedsaid inner chamber
can be enumerated, and more specifically for examiile pressure
substantially identical to that of said stream barenumerated.
According to one embodiment of the present inventespecially where
said stream is a salt-containing wastewater omgh-balinity wastewater
(especially a high-salinity organic wastewater)ingva COD of greater
than 20000 mg/L (preferably 20000-200000 mg/L dd@B40000 mg/L),
and said hot-agent is said oxidizing gas, evehaftemperature of said
hot-agent is much lower than the supercritical terafure of said solvent
(especially water), for example at a substantiatiymal temperature, it is
capable of raising the temperature of said streamedéch or exceed the
supercritical temperature of said solvent, and efoge the expected
technical effect of the present invention can Ibieiehtly realized.
According to one embodiment of the present inventio order to avoid
the large fluctuation in the temperature in saididsgrecipitation
apparatus, other organic wastewater, such as hightg organic
wastewater with a higher or lower COD, can be adibedaid stream
according to the circumstances, so that the CODRQeotrof said stream
when entering said solid precipitation apparatumaias substantially
constant.

According to one embodiment of the present inventsaid hot-agent
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inlet is located above or below said stream imdeferably located below
said stream inlet.

According to one embodiment of the present inventisaid solid
precipitation apparatus also comprises an innee f@so in a hollow
tube structure). As said inner tube, for exampiaight tube-shaped or
horn tube-shaped, especially straight cylinder-edagan be enumerated.
Preferably, said inner tube is substantially cdaxi¢éh the central axis of
said housing.

According to one embodiment of the present inventibe outer diameter
of said inner tube is generally 60-80%, preferably73% of the inner
diameter of said housing. In addition, the heightsaid inner tube is
generally 20-60%, preferably 30-50% of the heighthe inner chamber
of said housing.

According to one embodiment of the present inventgaid inner tube is
located below said guide structure. In additionid sener tube is
preferably disposed in the lower part of the inmbiamber of said
housing.

According to one embodiment of the present inventibere exists a gap
between the internal wall of said housing and tkiereal wall of said
inner tube (referred to as the fourth gap), esfigcn annular gap. In
addition, there exists a gap between the lower edglee internal wall of

said inner tube and said hot-agent inlet (refemeds the fifth gap),
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especially an annular gap. Herein, said fifth gagommunicated with
said fourth gap and the inner space of said innee.tPreferably, said
stream inlet is disposed in said fourth gap andwedhe upper edge of
said inner tube. Further preferably, said stredet is 100-500mm lower
than the upper edge of said inner tube in thecadrtlirection.

According to one embodiment of the present inventgaid inner tube
has such a configuration that said hot-agent inggloftom said hot-agent
inlet substantially wholly enters the inner spadesaid inner tube.
Specifically, for example, referring to Figure 3gure 4, the structure
of said hot-agent inlet is a gas distributor, aaml snner tube is located
above said gas distributor or contains said gatillisor, both are
partitioned by said fifth gap. In the first casaidsinner tube has a
projection on the gas distributor in the verticaledtion, all the gas
nozzle orifices of the gas distributor are arrangethe projection area.
The present invention is not limited thereto andsehskilled in the art
can contemplate any possible configuration basethisrrequirement for
the inner tube.

According to one embodiment of the present inventtbe space of the
inner chamber of said housing located below theeupgdge of said inner
tube is referred to as the buffer zone, then sailfieb zone generally
comprises 25-40% or 20-60% of the total volumehefihner chamber of

said housing.
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According to one embodiment of the present inventio said buffer
zone, said hot-agent and said stream are in systog@ortion that the
temperature of said stream, upon leaving the upgge of said inner tube
(namely leaving said buffer zone), rises to reaah eaceed the
supercritical temperature of said solvent. In jgattr, where said stream
Is a salt-containing wastewater or a high-salinitgstewater, and said
hot-agent is said oxidizing gas, the reaction heatleased during the
oxidative decomposition of the organic contaminantshe wastewater,
resulting in that when the wastewater is in saidfdouzone, its
temperature is below the supercritical temperatdirerater, and when it
leaves said buffer zone, its temperature risesetlr or exceed the
supercritical temperature of water, thereby avgdime salt precipitation
in the buffer zone.

According to one embodiment of the present inventms a process of
operating said solid precipitation apparatus, faneple, the following
can be enumerated: said stream enters the loweofgde inner chamber
of said housing from said stream inlet, said suppoters the upper part
of the inner chamber of said housing from said supgharge inlet, and
then enters the lower part of the inner chambesaad housing via said
first gap, said third gap and said guide openiag] stream causes said
support to be present in a flowing state, at l@aptart of said solute is

deposited and loaded onto said support to fornraddd support, a part of
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said loaded support moves to the bottom of therimhamber of said
housing, and discharges the inner chamber of saigihg from said
support discharging outlet, another part of saatéml support moves to
the upper part of the inner chamber of said housiluypg with said
stream from which at least a part of the soluteemsoved (referred to as
the purified stream), goes through said guide omgrenters said straight
tube section from said conical diffusion sectiomg #hen discharges from
said second gap, said loaded support refluxes @da¥wer part of the
inner chamber of said housing via said first gaiq $hird gap and said
guide opening, said purified stream moves to tpeofadhe inner chamber
of said housing via said the sixth gap, and diggsthe inner chamber
of said housing from said discharging outlet.

According to one embodiment of the present inventias another
process of operating said solid precipitation appes, for example, the
following can be enumerated: said support entegsuthper part of the
inner chamber of said housing from said supportgshanlet, and then
enters the lower part of the inner chamber of saidsing via said first
gap, said third gap and said guide opening; said stream enters said fourth
gap from said stream inlet, and then enters therigpace of said inner
tube via said fifth gap, and mixes with said hogatgthat enters the inner
space of said inner tube from said hot-agent itdeform a mixture,

which discharges said inner tube from the uppeeeafgsaid inner tube
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after the temperature rises to reach or exceesgupercritical temperature
of said solvent; a part of said mixture refluxes to the inner space of said
inner tube via said fourth gap and said fifth g&urniing an internal
recycle), another part of said mixture causes sauport to be present in
a flowing state, at least a part of said solutdeposited and loaded onto
said support to form a loaded support, a part iof lsaded support moves
to the bottom of the inner chamber of said housiiagsaid fourth gap,
and discharges the inner chamber of said housiogp fsaid support
discharging outlet, another part of said loadegsupmoves to the upper
part of the inner chamber of said housing alondn waid mixture from
which at least a part of the solute is removede(refl to as the purified
mixture), goes through said guide opening, entaid straight tube
section from said conical diffusion section, anertlilischarges from said
second gap, said loaded support refluxes to thergart of the inner
chamber of said housing via said first gap, saidithap and said guide
opening, said purified mixture moves to the topgh# inner chamber of
said housing via said the sixth gap, and dischattgesnner chamber of
said housing from said discharging outlet.

Aaccording to one embodiment of the present ineentaccording to the
circumstances, a pH regulating agent can be adusedid stream and/or
to the inner chamber of said housing, and saidggdlating agent is used

in such an amount that the pH value of the contetite inner chamber
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of said housing is maintained at 9-13. Herein,aad gH regulating agent,
any agent that can be used to adjust the pH valutha art can be
enumerated, and specifically for example, sodiumrdwide, potassium
hydroxide and the like can be enumerated withoutiquear limitation.
For this reason, said solid precipitation apparatrsbe further provided
with a pH adjusting device to adjust the stream ato alkaline
environment, thereby preventing the apparatus frormmosion.

According to one embodiment of the present inventaccording to the
circumstances, said solid precipitation apparatus also be provided
with a heat-exchange equipment. Said heat-exchagggment is used
for the heat recovery between the discharged streansaid solid
precipitation apparatus (for example the purifie@am discharged from
said stream outlet) and the feed to said solidipitation apparatus (for
example the stream charging from said stream inlet)

According to one embodiment of the present inventibis obvious to
those skilled in the art that any component coethity said solid
precipitation apparatus, for example the apparéimssing, the inner
member and the like, can be resistant in matendl structure to the
supercritical conditions (in particular high temgteire and high pressure)
of the solvent. For this reason, especially whesdusr the desalination
of the high-salinity wastewater, the design pressfrthese components

Is generally not less than 35MPa, and the desigipéeature is generally
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not less than 650°C.

According to one embodiment of the present inventibalso relates to a
solid precipitation process, especially a desabngprocess. The process
comprises allowing the stream as described in dnyhe preceding
aspects of the present description to enter the padcipitation apparatus
as described in any of the preceding aspects optégent description,
and allowing the precipitate to be deposited aadéal on said support.
The present invention will be specifically descddeelow by taking the
desalination of the high-salinity wastewater agaample with reference
to the accompanying drawings, but the present inwens not limited
thereto.

The desalination process of the present inventidhb& described in
more detail with reference to Figure 1.

The wastewater firstly enters a heat exchangeeat-éxchanges with a
high-temperature liquid after the gas-liquid sepam then enters an
ebullated bed reactor 2 for the oxidation treatma&inthe supercritical
water, and the oxidized wastewater can reach taedatd after the
gas-liquid separation and is discharged. The ubatla¢ed bed reactor is
a reactor conventionally adopted in the art andnipacomprises
conventional components such as a reactor shgisdiquid distribution
disc, solid particles and the like. Solid particiesthe ebullated bed

reactor are periodically charged into and dischédgeat of the ebullated
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bed reactor through an online charging and disehgrgystem, which

comprises a solid particle on-line charging systeand a solid particle
on-line discharging system 5. The solid particldina charging system 4
comprises a charging hopper, a charging tank amdhee. When it is

necessary to charge the solid particles into tletoe, a valve between
the charging tank and the reactor is firstly clggbdn an emptying valve
Is opened to empty the charging tank, the solidigd@s in the charging
hopper are charged into the charging tank by adgas transmission or
liquid transmission or by means of gravity, themadve on a pipeline is
closed, and nitrogen is filled into the chargingkiahrough a nitrogen
pressurization valve, so that the pressure in la@ging tank is basically
equal to the reactor pressure. Then, the valvéaeftonnecting pipeline
between the charging tank and the reactor is opesadl the particles
enter the reactor by gravity. The solid particlelioe discharging system
5 includes a solid particle discharging tank andvave. Before

discharging the salt-containing solid particle frtme reactor, a valve of
the connecting pipeline between the reactor bo#ooh a salt-containing
solid particle discharging tank is firstly closdde tank is filled with the

feed wastewater, then a high-pressure nitrogeniggagroduced to the

reaction pressure, the valve of the connectinglipp®etween the reactor
bottom and the salt-containing solid particle de&sgmng tank is opened,

and the patrticles are allowed to enter the solidigka discharging tank
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from the reactor bottom due to the action of gsavit

The structural features and the working principfettte desalination
appartus of the present invention are as followth waference to Figure
2:

Said desalination apparatus comprises an appanatisng 5 and inner
members of the desalination apparatus, whereimtiexr members of the
desalination apparatus comprise a guide structueehtllow tube 8 and
an umbrella cap 9. The hollow tube 8 and the untdbredp 9 located
above the hollow tube are disposed above the girdeture 7, the upper
and lower ends of said hollow tube are open, salid\w tube has a lower
conical diffusion section, and the umbrella caps aoncentric with the
hollow tube 8. The lower opening of the hollow tubés a stream guide
opening 6, the annular opening formed by the loaeening of the
hollow tube and the inner wall of the desalinatapparatus is a reflux
inlet of solid particles in the desalination appasa and the separated
solid particles return to the lower part of thealestion apparatus.
High-salinity wastewater is introduced from a fdedk inlet 1, passes
through a liquid distributor 3 and then uniformigters the desalination
apparatus, so that solid particles 4 are preseatflowing state. Under
the carrying action of the stream, the particle lag@r is expanded to a
certain height, and the desalination reaction isried out in the

desalination apparatus, so that the salt is degmzbsih the particles. The
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reacted stream can entrain a part of particlemterghe hollow tube 8
and the umbrella cap 9 through the guide openisgiréounded by the
guide structure 7 for separation, the separatett|es reflux to the lower

part of the desalination apparatus through therositde of the inner

member of the tube structure, and the desaltedewastr is discharged
out of the desalination apparatus through a digghgroutlet 10. In order
to discharge the crystallized saturated solid gadi out of the

desalination apparatus in time and supplement tbghfparticles, the
fresh particles may be supplemented into the @acystem through the
solid particle charging inlet 11 located at the empmart of the

desalination apparatus, and the solid particles beagischarged out of
the reaction system through the solid particlelthsging outlet 2 located
at the lower part of the desalination apparatus.

The structural features and the working principfettte desalination

appartus of the present invention are as followth waference to Figure
3:

On the basis of Figure 2, an inner tube 12 andsadgstributor 3 are

arranged in the lower part of the desalination &gpa, the gas
distributor substitutes the liquid distributor, theer tube 12 is located
above the gas distributor, wastewater inlets 13aar@nged on two sides
of the bottom of the desalination apparatus, andsteveater

symmetrically enters an annular gap between theritube of the buffer
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zone and the inner wall of the apparatus housing.

High-salt wastewater enters an annular gap betweemner tube of the
buffer zone and the inner wall of the apparatussimu from two
symmetrical wastewater inlets 13 located at theelowart of the
desalination apparatus, an internal recycle is érm the buffer zone
during operation, a gas enters the buffer zonautfirahe gas inlet 1 and
the gas distributor 3, solid particles are preserd flowing state under
the action of gas and liquid, the temperature risgs4-8°C after the
reaction in the buffer zone, the high-salinity veagter enters the upper
zone and reacts at certain temperature and prestheesalt in the
high-salinity wastewater is deposited on the sgaiticles, the solid
particles having the deposited salt move downw&rdbe solid particle
discharging outlet along with the reaction, theatn-after-the-reaction is
subjected to a gas-solid two-phase separationsahé phase returns to
the desalination apparatus, and the gas phasesghadged out of the
desalination apparatus.

The structural features and the working principfettte desalination
appartus of the present invention are as followth waference to Figure
4.

Said desalination apparatus comprises an appanatisng 6 and inner
members of the desalination apparatus, whereimtiex members of the

desalination apparatus comprise a hollow tube 7naer tube 4 and an
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umbrella cap 8. The upper and lower ends of théowotube are both
open.

The high-salinity wastewater enters the annular lgagveen the inner
tube 4 and the outer wall of the apparatus thrdwghor more pairwise
symmetrical feed inlets located at the lower pathe apparatus. The gas
phase enters the apparatus from the lower pathefriner tube 4, the
solid particles enter the apparatus from the upperof the apparatus, an
internal recycle is formed due to different gasteats inside and outside
the inner tube, at the upper part of the inner tulree part of the
gas-liquid-solid mixture flows upwards to enter ti@low tube 7, and the
other part of the gas-liquid-solid mixture entdre tinnular gap between
the inner tube 4 and the outer wall of the apparanhd enters the interior
of the hollow tube through the fourth gap and thé&dt gap. The
gas-liquid-solid mixture entering the hollow tubefldws upwards, the
gas-liquid-solid three-phase separation is carriedt after the
gas-liquid-solid mixture reaches the top of theldwltube 7, the solid
particles and a part of the liquid phase enterathreular gap between the
hollow tube 7 and the outer wall of the apparakusugh the second gap
and the first gap and reflux to the lower part leé apparatus. The gas
phase and a part of the liquid phase are dischaygedf the apparatus
through an outlet 9 located at the upper part ef dpparatus for the

gas-liquid separation.
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Examples

The present invention will be described in furtdetail below by way of
examples and comparative examples, but the preseahtion is not
limited to the following examples.

In the following examples and comparative exampédisiest methods
used, unless otherwise specified, were those cdiovah in the art, and
all test materials used, unless otherwise specifiede purchased from
conventional biochemical stores.

Example 1

By adopting the flow scheme shown in Figure 1, he tigh salinity
organic wastewater, the COD concentration was 92600, the TDS
was 13.5wt%, and the pH was 8.5.

The high salinity organic wastewater and oxygenewetroduced into the
ebullated bed reactor, wherein the solid particiteshe ebullated bed
reactor were alumina ceramic pellets with the di@mef 0.4mm, the
bulk density of 0.65g/cf the specific surface area of 26%gy and the
addition amount of the solid particles was 1/2he&f volume of the reactor.
The introduction amount of the oxidant was 300%tloé theoretical
oxygen demand for the oxidation of wastewater. Theditions of the
supercritical oxidation were as follows: the reawctitemperature was
600°C, the reaction pressure was 28MPa, and tloéioraesidence time

was 30 seconds. The charge and discharge amouin¢ ablid particles
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during the reaction was 75 d¢.h! of the charged water. The salt in the
wastewater was deposited on the solid particleshén ebullated bed
reactor, the stream-after-the-reaction was sulgedte a gas-liquid
separation, the liquid phase could be dischargésr &feat-exchanging
with the reactor feed wastewater, or the feed wasdtr was diluted, the
COD content entering the supercritical water oxatareactor was kept
stable, and the reaction was stably performed dawpia great fluctuation
in the temperature in the reactor.

After the above-mentioned treatment, the dischangater had a COD
concentration of 46 mg/L, and a TDS of 25 mg/L, ebhimet the
requirement for the direct discharge.

Example 2

By adopting the flow scheme shown in Figure 1, he tigh salinity
organic wastewater, the COD concentration was 2hg00, the TDS
was 5.3wt%, and the pH was 8.

The high salinity organic wastewater and oxygenewetroduced into the
ebullated bed reactor, wherein the solid particiteshe ebullated bed
reactor were alumina ceramic pellets with the di@mef 0.2mm, the
bulk density of 0.67g/cf the specific surface area of 100gy and the
addition amount of the solid particles was 1/3h&f volume of the reactor.
The introduction amount of the oxidant was 150%tlo# theoretical

oxygen demand for the oxidation of wastewater. Theditions of the
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supercritical oxidation were as follows: the reawtitemperature was
380°C, the reaction pressure was 23MPa, and tloioraesidence time
was 150 seconds. The charge and discharge amotim¢ eblid particles
during the reaction was 58 ¢.h! of the charged water. The salt in the
wastewater was deposited on the solid particleshén ebullated bed
reactor, the organic substance in the wastewates weadatively
decomposed to carbon dioxide and water, the stedtamthe-reaction
was subjected to a gas-liquid separation, the diqoihase could be
discharged after heat-exchanging with the reaeted fwastewater, or the
feed wastewater was diluted, the COD content ergdhe supercritical
water oxidation reactor was kept stable, and trectien was stably
performed, avoiding a great fluctuation in the tenapure in the reactor.
After the above-mentioned treatment, the dischangater had a COD
concentration of 58 mg/L, and a TDS of 113 mg/L,ickhmet the
requirement for the direct discharge.

Example 3

By adopting the flow scheme shown in Figure 1, he tigh salinity
organic wastewater, the COD concentration was 13n20L, the TDS
was 14.3wt%, and the pH was 8.7.

The high salinity organic wastewater and oxygenewetroduced into the
ebullated bed reactor, wherein the solid particiteshe ebullated bed

reactor were alumina ceramic pellets with the di@mef 0.7mm, the
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bulk density of 0.62g/cf the specific surface area of 300gy and the
addition amount of the solid particles was 1/2he&f volume of the reactor.
The introduction amount of the oxidant was 350%tloé theoretical
oxygen demand for the oxidation of wastewater. Theditions of the
supercritical oxidation were as follows: the reawtitemperature was
650°C, the reaction pressure was 30MPa, and tloioeraesidence time
was 30 seconds. The charge and discharge amouin¢ @blid particles
during the reaction was 79 d¢.h! of the charged water. The salt in the
wastewater was deposited on the solid particleshén ebullated bed
reactor, the organic substance in the wastewates weadatively
decomposed to carbon dioxide and water, the stedtamthe-reaction
was subjected to a gas-liquid separation, the diqoihase could be
discharged after heat-exchanging with the reaeted fwastewater, or the
feed wastewater was diluted, the COD content ergdhe supercritical
water oxidation reactor was kept stable, and tlectien was stably
performed, avoiding a great fluctuation in the tenapure in the reactor.
After the above-mentioned treatment, the dischangater had a COD
concentration of 54 mg/L, and a TDS of 23 mg/L, ebhimet the
requirement for the direct discharge.

Example 4

The same procedure was performed according to Beaipgexcept that

air was used as oxidant. After the above-mentiotredtment, the
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discharged water had a COD concentration of 59 peyid a TDS of 26
mg/L.

Example 5

The same procedure was performed according to Beaipgexcept that
the solid particles were silica pellets with thardeter of 0.5mm, and the
specific surface area of 236ig. After the above-mentioned treatment,
the discharged water had a COD concentration ogh§®., and a TDS of
62 mg/L.

Example 6

The same procedure was performed according to Beaipgexcept that
sodium hydroxide was added to the feed wastewateontrol the pH of
the charged water to 11. After the above-mentianeatment, the COD
and the TDS in the discharged water were not cldggeatly. But the
pH value of the charged water was controlled toalk@line, and the
alkaline substances in the wastewater can newdrtilz acidic substances
generated in the reaction process, thereby avoithiagcorrosion of the
reactor.

Example 7

The desalination apparatus of the present inveragshown in Figure 2
was used, wherein the apparatus had an inner chdrelght of 2m and
an inner diameter of 0.17m, the outer diametehefstraight tube section

of the hollow tube was 0.12m, the height of thaigtit tube section of
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the hollow tube was 0.4m, the cone angle of theralf@bcap was 100°,
the height of the umbrella cap was 0.25m, the odtameter of the
umbrella cap was 0.14m, the maximum outer diametethe conical
diffusion section was 0.14m, the height of the cahdiffusion section
was 0.15m, the guide structure was a ring strudtakeng a trapezoidal
section with a height of 0.2m, the inner diametethe guide opening
was 0.13m, the coverage angle Alpha was 45°, itigofn angle Beta was
45°. In the high-salinity organic wastewater, tH@STwas 13.5wt%, and
the pH was 8.5.

The high-salinity organic wastewater (temperatusé0°C, pressure:
30MPa) was introduced into the desalination apparatherein the solid
particles in the desalination apparatus were alamgramic pellets with
the diameter of 0.4mm, the bulk density of 0.65d¢/camd the specific
surface area of 260y, and the addition amount of the solid particles
was 1/2 of the volume of the reactor. In the incbamber of the
apparatus, the operation temperature was 600°(réssure was 28MPa,
and the residence time was 30 seconds. The sdiittlpacharging and
discharging amount was 75¢.h* of the charged water. After the
treatment, the discharged water had a TDS of 113mg/

After 100 days of the continuous operation, no kége occurred in the
apparatus and the pipelines.

Example 8
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The desalination apparatus of the present inveragoshown in Figure 3
was used, wherein the apparatus had an inner chdrelght of 2m and
an inner diameter of 0.17m, the outer diametehefstraight tube section
of the hollow tube was 0.12m, the height of thaigtit tube section of
the hollow tube was 0.4m, the cone angle of theralf@bcap was 100°,
the height of the umbrella cap was 0.25m, the odtameter of the
umbrella cap was 0.14m, the maximum outer diametethe conical

diffusion section was 0.14m, the height of the cahdiffusion section

was 0.15m, the guide structure was a ring strudtakeng a trapezoidal
section with a height of 0.2m, the inner diametethe guide opening
was 0.13m, the coverage angle Alpha was 45°, itigofn angle Beta was
45°, the inner tube had an outer diameter of 0.&8dha height of 0.7m,
the high-salinity organic wastewater inlet was 2@0rower than the

upper edge of the inner tube in the vertical dicgctin the high-salinity

organic wastewater, the COD concentration was 92600, the TDS

was 13.5wt%, and the pH was 8.5.

The high-salinity organic wastewater (temperatu@mal temperature,
pressure: 30MPa) and oxygen gas (temperature: haenaperature,

pressure: 30MPa) were introduced into the desatmatpparatus,
wherein the solid particles in the desalination apfus were alumina
ceramic pellets with the diameter of 0.4mm, thekbdensity of

0.65g/cmi, and the specific surface area of 26@mand the addition
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amount of the solid particles was 1/2 of the voluohéhe reactor. The
introduction amount of the oxygen gas was 300% ha&f theoretical
oxygen demand for the oxidation of wastewaterhiihner chamber of
the apparatus, the operation temperature was 6a0&pressure was
28MPa, and the residence time was 30 seconds. dh@ garticle
charging and discharging amount was 75d.t of the charged water.
After the above-mentioned treatment, the dischangater had a COD
concentration of 54 mg/L, and a TDS of 63 mg/L, ebhimet the
requirement for the direct discharge.

After 100 days of the continuous operation, no kége occurred in the
apparatus and the pipelines.

Example 9

The desalination apparatus of the present inveragoshown in Figure 4
was used, wherein the apparatus had an inner chdrelght of 2m and
an inner diameter of 0.17m, the outer diametehefstraight tube section
of the hollow tube was 0.12m, the height of thaigtit tube section of
the hollow tube was 0.4m, the cone angle of theralf@bcap was 100°,
the height of the umbrella cap was 0.25m, the odtameter of the
umbrella cap was 0.12m, the inner tube had an aliéeneter of 0.12m
and a height of 0.7m, the high-salinity organic tsaster inlet was
150mm lower than the upper edge of the inner tubehe vertical

direction. In the high-salinity organic wastewatbe COD concentration
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was 92600mg/L, the TDS was 13.5wt%, and the pH8\&s

The high-salinity organic wastewater (temperatu@mal temperature,
pressure: 30MPa) and oxygen gas (temperature: haenagerature,
pressure: 30MPa) were introduced into the desatmatpparatus,
wherein the solid particles in the desalination apfus were alumina
ceramic pellets with the diameter of 0.4mm, thekbdensity of
0.65g/cmi, and the specific surface area of 26@mand the addition
amount of the solid particles was 1/2 of the voluoheéhe reactor. The
introduction amount of the oxygen gas was 300% ha&f theoretical
oxygen demand for the oxidation of wastewaterhiitner chamber of
the apparatus, the operation temperature was 6a0&pressure was
28MPa, and the residence time was 30 seconds. dh& garticle
charging and discharging amount was 75d.t of the charged water.
After the above-mentioned treatment, the dischangater had a COD
concentration of 46 mg/L, and a TDS of 43 mg/L, ebhimet the
requirement for the direct discharge.

After 100 days of the continuous operation, no ké@e occurred in the
apparatus and the pipelines.

Example 10

The same procedure was performed according to Bea@except that
the solid particles were silica pellets with thardeter of 0.5mm, and the

specific surface area of 236y After the above-mentioned treatment,
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the discharged water had a COD concentration ogh§®., and a TDS of
62 mg/L.

Example 11

The same procedure was performed according to Bea@except that
sodium hydroxide was added to the charged higimsaliorganic
wastewater to control the pH of the charged waterli. After the
above-mentioned treatment, the COD and the TDShén discharged
water were not changed greatly. But the pH valu¢hefcharged water
was controlled to be alkaline, and the alkaline ssafices in the
wastewater can neutralize the acidic substancesergea in the
desalination process, thereby avoiding the corrosfdhe apparatus.
Example 12

The same procedure was performed according to Beampexcept that
hollow tube, umbrella cap and guide structure weok provided. After
the above-mentioned treatment, the discharged waigra TDS of 436
mg/L.

After 30 days of the continuous operation, sliglthage occurred in the
apparatus and the pipelines.

Comparative Example 1

The same procedure was performed according to Beaipgexcept that
an ordinary reactor was used rather than the dbdllaed reactor. After

the above-mentioned treatment, the discharged whset a COD
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concentration of 96 mg/L, and a TDS of 138700 ma#hd the blockage
occurred both in the reactor and the pipelines.

Comparative Example 2

The same procedure was performed according to Beaipgexcept that

the treatment was performed with an ebullated kesttor under the
conditions of reaction temperature of 270°C, rescpressure of 9.0MPa
and residence time of 1 h. After the above-mentotreatment, the

discharged water had a COD concentration of 13780 nhand a TDS of

14270 mgl/L.

Comparative Example 3

The same procedure was performed according to Beampexcept that

no solid particle was added to the apparatus. Afierabove-mentioned
treatment, the discharged water had a TDS of 13&%§Q.

After only 1 day of the continuous operation, sevaiockage occurred in

the apparatus and the pipelines.
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Claims

1. A solid precipitation apparatus (especially sali@ation apparatus),
comprises a housing (for example vertical housegpecially vertical
cylindrical housing), an inlet for a stream (folaexple solution, sea water
or wastewater, especially salt-containing wastewate high-salinity
wastewater, which comprises a solvent and a solatdjscharging outlet
(namely a stream outlet), and a support disposexhimner chamber of
said housing, wherein the configuration of saidpsuwpis suitable for a
solid substance to be deposited and loaded thereon.

2. The solid precipitation apparatus of claim 1jckhs operated under a
supercritical condition (especially under a suggecal condition of said
solvent such as water).

3. The solid precipitation apparatus of claim 1.evdin said support is
selected from at least one of solid particle (leairaple selected from at
least one of crystal seeds, inorganic particles sag alumina sphere,
silica sphere, sand, quartz sand, refractory nmtgrarticles such as
ceramic particles, and solid waste such as sldafe such as non-porous
plate and porous plate), grid, mesh, cage, fibdrstnp, preferably solid
particle.

4. The process of claim 3, wherein the used amfyntolume) of said
solid particle comprises 1/4-3/4 (preferably 1/2)16f the total volume

of the inner chamber of said housing, and/or, tngéwalent diameter of
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said solid particle is 0.1-1.0 mm (preferably 0.2-0nm), and/or, the
specific surface area of the said solid particl&d8-300 n¥g, and/or, the
bulk density of said solid particle is 0.6-0.7 gfcm

5. The solid precipitation apparatus of claim koatomprising an inner
member disposed in (especially the upper partha)inner chamber of
said housing, wherein said inner member comprisesollow tube
substantially coaxial with the central axis of shalising, the upper and
lower ends of said hollow tube are open, said olisbe comprises an
upper straight tube section and a lower conicdlsibn section, there
exists a gap (referred to as the first gap, eslhecam annular gap)
between the internal wall of said housing and tkiereal wall of said
hollow tube, said inner member also comprises dleb&$uch as an
umbrella cap, said baffle is preferably substaytiabaxial with the
central axis of said housing) located above salldWwdube, there exists a
gap (referred to as the second gap, especiallynaola gap) between
said baffle and the upper edge of said hollow talnel, there exists a gap
(referred to as the sixth gap, especially an amng#g) between said
baffle and the internal wall of said housing.

6. The solid precipitation apparatus of claim 5evein said umbrella cap
Is coaxial with said hollow tube, and has a conglarof 30-150°
(preferably 60-120°), and/or, the outer diametersafd straight tube

section of said hollow tube is 60-80% (preferabRs&3%) of the inner
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diameter of said housing, and/or, the height ofsting@ight tube section of
said hollow tube is 10-30% of the height of theenchamber of said
housing, and/or, the maximum outer diameter of saidical diffusion

section of said hollow tube is 75-90% of the inm@smeter of said
housing, and/or, the height of said conical diffimssection of said hollow
tube is 3-10% of the height of the inner chambesadl housing, and/or,
the height of said baffle is 5-20% of the heighttlod inner chamber of
said housing.

7. The solid precipitation apparatus of claim 5,ichhalso comprises a
guide structure disposed around the internal wdllsaid housing

(preferably its longitudinal section along the cahtaxis of the said
housing is a trapezoid, the coverage angle Alplththa friction angle

Beta of said trapezoid are acute angle (prefer&bh0°)), said guide

structure surrounds the inner chamber of said hgus form a channel
that is open at the top and bottom (especiallyndyical channel, referred
to as guide opening), said guide structure is disgdelow said hollow
tube and above said stream inlet, there existspa(igdierred to as the
third gap, especially an annular gap) between gaide structure and the
lower edge of said hollow tube, and/or, said guwgening is substantially
coaxial with the central axis of said housing, andéaid guide structure
Is disposed in the upper part of the inner charobsaid housing.

8. The solid precipitation apparatus of claim 1evéin said stream inlet
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is located at the bottom or the lower part of ssdsing, the structure of
said stream inlet is suitable for spraying saiceastr into the inner
chamber of said housing (the structure of saichstralet is preferably a
nozzle or a liquid distributor), and/or, said diaaying outlet is located at
the top or the upper part of said housing (prefgrédcated above the
said baffle), and/or, the ratio of the height o# thner chamber of said
housing (the unit is m) to the inner diameter (thet is m) is 7-17,
preferably 10-14, and/or, the inner diameter ofl sgilide opening is
60-80% of the inner diameter of said housing, andie height of said
guide opening is 5-15% of the height of the innbBamber of said
housing.

9. The solid precipitation apparatus of claim 1,chhalso comprises a
support charge inlet and a support dischargingeguhd/or, said support
charge inlet is located at the top or the uppet parsaid housing
(preferably located above said guide structure,enpreferably located
above the said baffle), and/or, said support digghg outlet is located at
the bottom of said housing (preferably located Wwedaid stream inlet).
10. The solid precipitation apparatus of claim hjck also comprises a
hot-agent inlet, said hot-agent inlet is locatedhat bottom or the lower
part of said housing, the structure of said hotagelet is fit for the
hot-agent (for example air, oxygen gas or a heaja®) to spray into the

inner chamber of said housing (the structure ol $at-agent inlet is
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preferably a nozzle or a gas distributor), andéard hot-agent inlet is
located above or below said stream inlet (prefgraitated below said
stream inlet).

11. The solid precipitation apparatus of claim Whjch also comprises
an inner tube (for example straight tube-shapedan tube-shaped,
especially straight cylinder-shaped, said inneretuls preferably
substantially coaxial with the central axis of shalising), said hot-agent
inlet is located at the bottom of said housingrehexists a gap between
the internal wall of said housing and the extemall of said inner tube
(referred to as the fourth gap, especially an arngép), there exists a
gap between the lower edge or the internal wakafl inner tube and
said hot-agent inlet (referred to as the fifth gagpecially an annular gap),
said fifth gap is communicated with said fourth gayol the inner space of
said inner tube, said inner tube has such a caowfigem that said
hot-agent imported from said hot-agent inlet sulisily wholly enters
the inner space of said inner tube, said streast isldisposed in said
fourth gap and below the upper edge of said inmee,tand/or, the space
of the inner chamber of said housing located bel®wpper edge of said
inner tube is referred to as the buffer zone, tlsard buffer zone
comprises 25-40% or 20-60% of the total volumehefihner chamber of
said housing, and/or, the structure of said hotiagelet is a gas

distributor (preferably substantially coaxial witie central axis of said
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housing), and said inner tube is located above gasl distributor or
contains said gas distributor, both are partitiobgdaid fifth gap, and/or,
said inner tube is located below said guide strectand/or, said stream
inlet is 100-500mm lower than the upper edge ofl samer tube in the
vertical direction, and/or, the outer diameter @flanner tube is 60-80%
(preferably 67-73%) of the inner diameter of saausing, and/or, the
height of said inner tube is 20-60% (preferably5804) of the height of
the inner chamber of said housing, and/or, saidritabe is disposed in
the lower part of the inner chamber of said housing

12. A solid precipitation process (especially a atfieation process),
which comprises passing a stream containing a esofstich as an
inorganic salt) and a solvent (such as water) theosolid precipitation
apparatus of claim 1 to cause at least a parteottiute to be deposited
(for example precipitated due to a precipitatiomct®n or due to
supersaturation) and loaded on said support diggogbe inner chamber
of said housing.

13. The solid precipitation process of claim 12,evdin said stream,
before entering said solid precipitation apparatsigept at a subcritical
state (especially lower than the supercritical terajure of said solvent
for example from room temperature to a temperabfirge-15°C, 4-10°C
or 6-8°C lower than the supercritical temperaturfe said solvent

(especially water), more especially at or higheantithe supercritical
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pressure of said solvent but lower than the supeadrtemperature of
said solvent for example from room temperature tteraperature of
1-15°C, 4-10°C or 6-8°C lower than the supercritteanperature of said
solvent (especially water)), and/or, the temperatof said support is
higher than the supercritical temperature of saident (for example a
temperature of 1-15°C, 4-10°C or 6-8°C higher tisard supercritical
temperature), and/or, a support is added to therimhamber of said
housing, and the temperature of said support ishdnigthan the
supercritical temperature of said solvent (for egbama temperature of
1-15°C, 4-10°C or 6-8°C higher than said supepaititemperature),
and/or, said support and said stream are in sugtoortion that after
mixing them, the temperature of said stream readvesxceeds the
supercritical temperature of said solvent.

14. The solid precipitation process of claim 12,evdin the operation
conditions for the inner chamber of said housingude: the operation
pressure is 23-35 MPaG (preferably 25-30 MPaG), tperation

temperature is 350-650°C (preferably 380-650°C, -@80°C or

450-550°C), the stream residence time is 10-18@drss (preferably
60-600 seconds), and the space velocity is 1.54270

15. The solid precipitation process of claim 12.evdin a hot-agent is
added to the inner chamber of said housing, amtisatagent is used in

such an amount that said stream, after enteringnttes chamber of said
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housing, forms the supercritical state (for exanmpbrhes or exceeds the
supercritical temperature of said solvent), and&aid stream is a
salt-containing wastewater or a high salinity wastier (especially a
high salinity organic wastewater), said hot-agenan oxidizing gas (for
example oxygen gas or air), and/or, said hot-agedtsaid stream are Iin
such a proportion that after mixing them, the terapge of said stream
reaches or exceeds the supercritical temperatusaidfsolvent, and/or,
said hot-agent and said stream are in such a propothat the
temperature of said stream, upon leaving the upgge of said inner tube,
reaches or exceeds the supercritical temperatusaidfsolvent, and/or,
the used amount of said hot-agent is 100-500%¢em@bly 150-350% of
the theoretical oxygen demand for the oxidatioeandl stream.

16. The solid precipitation process of claim 12 evdin a pH regulating
agent is added to said stream and/or to the irnmember of said housing,
and said pH regulating agent is used in such aruatibat the pH value
of the content in the inner chamber of said housngaintained at 9-13.
17. The solid precipitation process of claim 12,evdin said stream
enters the lower part of the inner chamber of $mdsing from said
stream inlet, said support enters the upper path@finner chamber of
said housing from said support charge inlet, aed @mters the lower part
of the inner chamber of said housing via said fyegb, said third gap and

said guide opening, said stream causes said sufpd present in a
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flowing state, at least a part of said solute ipod#ted and loaded onto
said support to form a loaded support, a part iof lsaded support moves
to the bottom of the inner chamber of said housarg] discharges the
inner chamber of said housing from said supporthdigging outlet,
another part of said loaded support moves to tipemupart of the inner
chamber of said housing along with said stream fndnch at least a part
of the solute is removed (referred to as the pditream), goes through
said guide opening, enters said straight tube @edtom said conical
diffusion section, and then discharges from saabise gap, said loaded
support refluxes to the lower part of the innermhar of said housing
via said first gap, said third gap and said guigening, said purified
stream moves to the top of the inner chamber df Isausing via said the
sixth gap, and discharges the inner chamber of Isaiging from said
discharging outlet,

or,

said support enters the upper part of the innemblea of said housing
from said support charge inlet, and then enterdaer part of the inner
chamber of said housing via said first gap, saiithap and said guide
opening,

said stream enters said fourth gap from said stie&t) and then enters
the inner space of said inner tube via said fittp,gand mixes with said

hot-agent that enters the inner space of said irtnke from said
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hot-agent inlet to form a mixture, which dischargegd inner tube from

the upper edge of said inner tube after the temyeraises to reach or
exceed the supercritical temperature of said stlven

a part of said mixture refluxes to the inner spatsaid inner tube via

said fourth gap and said fifth gap (forming an nin& recycle), another
part of said mixture causes said support to besptas a flowing state, at
least a part of said solute is deposited and loaed said support to
form a loaded support, a part of said loaded suppowes to the bottom
of the inner chamber of said housing via said fogp, and discharges
the inner chamber of said housing from said supgetharging outlet,

another part of said loaded support moves to tipemupart of the inner

chamber of said housing along with said mixturerfrahich at least a

part of the solute is removed (referred to as thfipd mixture), goes

through said guide opening, enters said straighe section from said

conical diffusion section, and then discharges feai second gap, said
loaded support refluxes to the lower part of theemchamber of said
housing via said first gap, said third gap and gpidle opening, said
purified mixture moves to the top of the inner chamof said housing

via said the sixth gap, and discharges the innambler of said housing
from said discharging outlet.

18. The solid precipitation process of claim 12 evdin said stream is a

high salinity wastewater (especially a high sajimtganic wastewater),
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said high salinity wastewater has a TDS of not @éigthan 20wt%
(preferably 5-20wt%), and a COD of greater thanQ®0tg/L (preferably

20000-200000 mg/L or 20000-40000 mg/L).
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