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The present invention relates to a nethod of preparation f
powders. TB® specifically, it relates to a nethod of prep ﬁl |
nanonet erWEBRI01peder s (hereinafter called as nano- powder r of

| oose aggpeq%lqum‘%tzlqe nanonet er grade particles (hereinafter*% s call ed
as nano-particle | oose aggregate powder, and the nanoneter grade particle

as nano- partlcleé Especi al | it relates to is a method utilizing liquid
Dhase. haROGESSFORGTRODUSING NANGPOIWBERS ANS BANG-PARBIGIRAGQSEnd
nano- par t AGIGREGATESBQWDER powders. BACKGROUND OF THE | NVENTI ON 20 It is
well known that particulates of nmetals or netal oxides with sizes at
nanoneter |evel or submcron |evel are very useful industrial products in
many fiel dé@ ppﬁ\pl Lcation. These applications include the manufacture of

cat al yst sl L&kl al i ndust ry, pottery and porcelain, electronic
el enents, coating, capacitor, 2s mechanical -chem cal polishing slurry,
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there was al so a detailed discussion on the advantages and di sadvant ages of
the vari ous technol ogi es. The process of the |iquid phase precipitation

met hod i sg |Q0|W]§n(§ npaged (WVENTINgas phase nethod, solid phase
rrethozg) or other l'iquid p ase rretﬁ‘ CFN-IF'[S o controlling condition is not so

criti and its cost is |ower. Therefore nowadays the |iquid Ehase

preci pi t altiowekdnews that pagisujates &f matals ehmekal@rides Wit sizes abnanemetey of
t he conveeveloonal submjcrah peesleapm eernpiusafuloimdustriad doradeactss iff ahaoywsfields iafr i ng

pot is usgshlicatieAr Mhede! apblicatibrise #Hdlude, th@n%éﬁuféﬁt@% dfs canflysts &§€d |n
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operati onCOSftleﬁost and high yield, it has three generally recogm zed
di sadvantages as follows: (1) it is difficult to control particle

R

f eed|3rﬁ)g t ¢hamical metkog andiaicy Bézﬂem or dhe,geBaral fechnlagy rE the rrody
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drawbacks of the |arge pot technol ogy in preparing nano-powder.
The process of the liquid phase precipitation method is simple. When compared
with the gas phase method, solid phase method or other liquid phase method, its
40 controlling condition is not so critical and its cost is lower. Therefore nowadays the
liquid phase precipitation method is widely used.

The characteristics of the process of the conventional liquid phase precipitation

method are as follows: stirring pot is used to carry out mixing reaction, and at least
45  one of the reactant solutions is gradually added into the stirring pot by dropping,
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15 Therefore, various processes of |iquid phase precipitation nethod for
produci ng nano- powder w thout the use of stirring pot have been
successi vel y devel oped. Patent Application No. SE 99101881 discl osed the
fol I owi ngPP8hod and facilities: on the basis of a streamof carrier fluid
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No. 01106279. 7 f|Ie on March 200 |ch has not been disclosed and is
entirely incorporated herein as a reference provi des a process w thout
using a stirring pot conprising: continuously feeding reactant sol utions
into a dynamic rapidly and orderly mcro |liquid aggl onerate m xi ng and
reacting precipitator to separate the reactant solutions into a | arge
amount of mcro |iquid aggl omerates capable of rapidly m xing and reacting




FP0O3065 Moreover, the nunber of devices can be decreased and the paraneters
to be controlled can be sinplified. After reading the follow ng

descriptions, this and further objectives, advantages and s features of the
present T8 ion will become clearer. SUMVARY OF THE | NVENTI ON The present

i nvent i oranyt formesveryratdeodnd confinemesly nefresting sarfdes areadgreatiptreinfacedc! e
205¢ oanadnaprpuasir cONANGR. Bk, ) bakStopl g At Bihading
quickly (8 mep%ﬁ'%i'#&néﬁya,f flic; nasggins Ancfhast @sideltt o d0wslyelr thece any
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1is ayscggdﬁgit?ian@?@ %ﬁ]ﬂ?@rﬁfﬁhﬁé@@&ﬁgﬁ@@g@ﬁ5{%@?@2}%@%0 .
time; -' us.the pelfarpiancefdbe prepavatirn §f AsNPRovidersvas AobidaahE e ent

i nvent i omarki-gowden of HoasOg arh)Sr&i0ejnec répart winx they successful; pBsparation ofa
shows an ifjpetan®BpBtiss cheds ZED,, WIOh bgrusiny fdtaiihg patkee bedewasdisdbdd. 3- b,
(3-C qg?a':fr%rgfo'srﬁ’théh%tﬁaa\geﬁﬂwsj% dPirifeF IMSrovBRtds, for three solutions;

Fig. OW a coaxi al ejection mXxiIng reactor with a plurality of
nozzl es through which the solution Ais ejected and an inlet through which
t he sol utAsmeptioped|ahgye, amggadymidng ang-reastingagiliy i eontisjueusipassageaiofig
react or viwohreactantr solution®shodldzhase thy ehgractdristics tdfehighl mechaniéalirixing
ej ected apbnitp! adjablable AecheridaP MikingaHERsHPiaHY SRRy fistricRird! Yvithin
€l eCtz%d; such facility, the solution should acquire vigorous stirring, shearing and turbulence
and would quickly be separated and broken into isolated very small sized micro
liquid agglomerates in order to enlarge the interface of the two solutions so as to
provide good conditions for the processes of molecular diffusion, chemical reaction,
nucleation and etc.
25
Chinese Patent Application No.01106279.7 filed on March 7, 2001, which has not
been disclosed and is entirely incorporated herein as a reference, provides a
process without using a stirring pot comprising: continuously feeding reactant
C solutions into a dynamic rapidly and orderly micro liquid agglomerate mixing and
" 30 reacting precipitator to separate the reactant solutions into a large amount of micro
liquid agglomerates capable of rapidly mixing and reacting with each other in a
turbulence state in reaction zones orderly arranged along the fluid direction to from
a precipitate-containing slurry; feeding the precipitate-containing slurry from the
mixing and reacting precipitator to a procedure of rinsing and filtering; and treating
35 the resulting precipitates by various processes such as drying, heat treatment,
pulverization and the like. The nano-particle is very fine and uniform. The hard
agglomeration among the nano-particles is prevented.

Therefore, the objective of the present invention is to further improve the process
40 disclosed in Chinese Patent Application No. 01106279.7 and to provide a further
method of preparing nano-powder by liquid phase precipitation. The method of the
present invention adopts a mixing facility which is simple in structure, can provide
high and adjustable mechanical mixing intensity and can be used for large-scale
production of good quality nano-powder. The method is widely applicable in the

45  production of nano-powders of oxides, hydroxides, salts, metals and the like.
3



FPO3065 Fig. 6 shows a coaxial ejection m xing reactor with an side inlet
t hrough which the soluti.on B flows and a plurality of nozzles through which
the solution A and the solution C are ejected; s Fig. 7-a shows a tubul ar
static niBPPWE reactor for solution A and solution B; Fig. 7-b, 7-c show a
tubul ar siiatecven] ie\guntsart of deoices adart benddcreaskdtar tife gtanw@ters b6, O

Fig. 8- aétgﬂmleg%@é?ﬁﬁﬁfff@dor m xi ng menber; Fig. 8-b shows a grid m xing

menber; ows an atom zation m xi ng reactor and Cis Fig. 10
shows an el ectronic mcrograph of the powder obt ai ned in exanpl e 1.
DETAI LED Afteyareadingihedollowing degauptions.2bis and fsthasabisctives, adeanrges and

i nventsi onfeatures tofthne present irventioh wikpeesmetcdearepowder conpri sed of
nano-particles having an average particle dianmeter of |less than 100 nm The

excel | ent r the present process shall has the

foll ow ng QW%P?@E TIﬂE W age particle dianmeter (less than 30 nm or
even as 2s low as 10. nm; a narrow particle size distribution; a good

di sper si bThe toyegentl inventian ipninvddes ar methgrh for plrdpsaglagammhmpovvdecb land kisagye)-.
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|l i nked and_ 30 Ioosel¥ di spersed in a space aood nano-particle | oose

aggr egat €@ Sindingai] ?afﬂatwrﬁécﬁem sRlfiags Acnd Bexhich can reget Wit gapapther| es
have a snguitkiyte ferge ppeoipitatee di ameter and a narrow particle size

di stribution; (2) the nano-particles are | oosely.and net-Ilike di spersed in
@ spage e I nt;
(3) i ) fgﬁa ”Haﬁ‘ fgsi ﬁ\&b]?rg%éfa%?gs%ﬂjatﬁ)dtst@gnfﬁ 3 i Hhd R
carrier rRpCIRdRl SERABIO MIYCh 15,4 Tpast ohe selested drom a gEpuP EoasistiBg of

t her eof clabules Gﬂﬁ?—@tﬂxlé\t mmmmeela@t@c@u!@ulagsta@cmmng egagtertanshatomaization erixipgt i on
pr ocessesreabtorlat asteniperatliré het iower thanite teastids tempesatnfe fdrasbntindods aper sed

st epwi Setérdtsﬁ frﬁl&fﬁgd'ré [???Qné‘ § |Pﬁf@ﬁ%érbqgé%é”éé§t BIeaREH Sofftionsa! |

si ze ear,l n ret

unc
convett EhRc iR a2 BT AoloEmeRt THIEUIquI a9rBaRsh APAErm: g1
i nt ensi t yPresliate- @@'ﬂtaiﬁlﬂgﬁblrryﬂ@@daverage size of the liquid nmicro aggregate
are in rel atlon to the way and intensity of the nechanical m xing, and can

gﬁe?nsczl FSsthhtgMthé eﬁi%ciﬁlta?e-%ﬁtglrﬂﬁ 2%'}’?& 8??%%&&@"@”%}’8!?]9%

, ustry PubliShi
House, QEQ?'%@%F% gﬂﬁ}?e?ﬁgb{ Crm "micro I qui d aggregate” s FPO30GH
has tgﬁe above meani ng. The term "tubul ar ejection mxing reactor”

repr esent@EﬁQRIE’ﬂ'ﬂ@N @FeUﬂEWAVWHGS\her e the reaction and precipitation

wi |l automatically take place follow ng the mxing of the
Fig. 1 is a schematic diagram for the spatial concentration distribution vs. time;

- 30 Fig. 2 is the process flow diagram for a method of the present invention;
Fig. 3-a shows a coaxial ejection mixing reactor;

Fig. 4-a shows an ejection mixing reactor with an inlet at a side thereof;

35
Fig. 3-b, 3-c and Fig. 4-b, 4-c show an ejection mixing reactor for three solutions;
Fig. 5-a, 5-b show a coaxial ejection mixing reactor with a plurality of nozzles
through which the solution A is ejected and an inlet through which the solution B
40 flows;

Fig. 6-c, 5-d show a coaxial ejection mixing reactor with a plurality of nozzles
through which the solution A are ejected and a plurality of nozzles through which the
solution B are ejected;

45



s solutions. During the ejection mxing, a liquid stream noving quickly (a
ejecting flowor a first liquid) is ejected into a liquid stream noving
slowy (a main flow or a second liquid). On the boundary of the ejecting
flow, a riP@%g | ayer is formed due to the difference between the speed of
the ej ectpj gsfdr@w&a@obh@ efdctioRemiding réd ooy Witk ailugdquehehrfdm BulvBigh the
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carrying s&r‘u‘ét &I SeJQ‘ﬁQ tubul ar ejector is a continuous flow apparat us of
a high speed. The coaxial ejecting mxer and the ejecting mxer with a side
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m xer, the second liquid streans in a |large di arreter pi pe but is not
ejectedl to_the co i al cting mxer., and j.ect Iow
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@ pl ulrallty of nozzles into a large dianeter pipe. 25 The term "tubul ar
stati'c m xing reactor” nmeans, a mxer W thout novenment and is a on-line
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where the solutions will automatically react and precipitate after m xing.
As shown in Fig.7, various m xing nenbers can be obtai ned from vari ous
manuf act Xi ng procedure. The energy
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The mixing in the static mixer includes a laminar flow mixing and a turbulent flow
mixing. The laminar flow mixing is carried out by a combination of stream separating
and changing of flowing direction. But the turbulent mixing is carried out by
40  controlling the flux and creating by the mixing members more intensive turbulent
function higher than that in an empty pipe. The static mixer has been widely used in
processes, such as, mixing, reaction, dispersion, heat-conduction and mass
transfer. The static mixer is generally operated by using a turbulent flow which can
result in the breaking up of liquid aggregates due to the shear stress in the system

45  and thus can create a bigger interface area of liquid aggregate required for the mass
6
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20 aqueous solutions, the preferred tenperature range is between 15 C and
the boiling point of the solutions, for exanple, 15-98C. For the reactant
organi c solvent solutions, the preferred tenperature range is also from15C
to the bdPPPig point of these solutions. 2s There is no linitation on the
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20 China Petrochem cal Publishing House, 1985) Edition 1, p279-282. This
book is entirely incorporated herein as a reference. The m xing unit
further contains a hol e/separator m xing nenber) see Fig.B-a, or a grid
m xi ng meftB¥F see Fig.B-b. Taking Ross mixing member as an exanple, the
m xing, reaction, formation of the 2s nano-particle and preC| pltatlon

processes 'npghsné lé%b% é’hﬁ%&inﬁwéﬁtwq 6 §8§t Mie Jtodf’épb Llfsi ﬂ*/? reattént
t t

SRR i e e e RS R

Bei ji ng, meteringpurpcaeaifiow neeter n@n.awmmgssmd neEssingErecipitator, whereothes?.

An el Isi pscaratoplimucusiyordely and quickly axiag aineldrepati wiﬂhoew;h other a0 foraxias -

The tVo Serebatalrtdhiny Sidig T f geﬁetﬁmém #& %& di¥titargRl MG ded

6 wer dagng f%éﬁﬁbgﬁﬁ'@ﬁ%ﬂﬁsm& 5" BARGLEN AT rinsit AR, S "Parge
di anet er Poseddrey an@ thentis dripd,beat tWﬂ,ieﬁh Ruivgrizedher granuylaled apdtfnally a

pai r of bpadkagepar ators al ong the axis of the pi pe of the m xing reactor.
Excepip t hat the back separators are rotated around the axis of 3s the pipe

f th b t t
0 "ot TR ol LR ol BB AL
a series eAchindepgndantly o@wq%dscawtl%émpwmg é’EfﬁaW@E%ﬁ)é)feﬁfaaﬂﬁeSQim
separ at orsolutien (ingludire liquid statefpuraanateriat)i dhe ,auxtiannteaatiogstlutioracan beat i ¢

and the eam@mdwoumsﬁlmm@ﬂmahr@mwaq shatidH. Rt ctantesohitich A hdeB @ahed

by the p A | r
vl | s Yantain a@‘?"étk fﬁi‘ﬁ Gt itfa pgFiNgibet T Qﬂge@m“ﬂg The
fluid wilf@ t'83°§ Pat‘&esafbﬁf%’ab |RI?§£T?6‘}’ ot TSha® MEKing| one
and the fYQwngi rreéletfobnthnrladjtb@r%m@edt $njutions eapbearbitrary. aheaatanaperatyret he
| ami nar  cofnhecteavtantssdlation entdiivey the puikiegt and evactn bt@mm‘aiob)caﬂotbé raﬁM i ng

t he reynoﬂeﬂ%égag(ﬁérsufﬁﬁeﬁt tcﬁsgé&yﬁ\/&tsmbu I)E?ﬁ' G rédAUERN PR dhd! AR

i nto sepaal Ghg 66%*%% esz%”ga%w%oﬁ&@[%@ﬂ e

st retthi n%q e38ﬁt'9 Sc
t ur bul encoiling pol &f Q’Q%S@mﬂ@n%ffof grample. d 9% G- froadhe epatant grganicrsalv@nton
t o t he m solutipns)tteegreferadtengyeratutte rangbds alke, frempetd Ci tatHeyboiling tpvintmfpe
di anet er pedelsbfution@w speed. The flow speed is in relation to the flux and
the pressure. The average size of the mcro |iquid aggregate can be as

smal | _ as tens of m revioysly stated, a |arge anount of
o s Therbo 4P miitat orote SRperdiaceoar BHLIaN: FFAGIdoRORRESAd pH

i nt er f aceadjaster hesadvdn setept (ajnsThean@adebel thpsenafritbe odnventionahdypaiclTbe per
unit of wdispersirgf agbst forahé rehctant bgLediy eblutibhdhcludes %hmwerlatc@mneanmant S,

at this Cﬁﬁ'PacténteTPérédlt‘ﬁhﬁ |d7-FI 8b taﬁ%eang&el P01) C'sgltﬁbﬂ%(tﬁﬁ'llbft géé' on

and aggr en_t I ne W econe sna t he
£ nano- S b8 P b B il eaft*bee?%hawr{e@ﬁ%n%ﬁg%@ of the reactor. The
nner3%i aneter of the tubular static mixing reactor is in the range of 5 mm
to 1000nmin stepf@)atiey réactant solitionsnA afideBfarexdispersadi and breken amto many

sol ut i onssdparatedaniifo figy uQ} FORIRISLS; aftdilerelsnluﬁterrabewﬂhegefsdrtaeesa}bataren i's

0. 5- 3000 angg?%mawsa ol%ﬂhﬁf My tﬁg%élﬁﬁg%dﬁgggg@%r[agﬁ % hug 'y

sol uti on
3000- 8000MTEPYY, of prisfine ’f‘”& eapq%\m eSfoxted AipRe.ith dhe @seUpgRce

or ndbe Joblgcutars diflasinrdeand r@emnalerreaeﬁmﬁeactar@ golations AuanteB are
conpr i sedntemmingled ir the foram of épicioAliduid eRRIGMErA6d, Uvhien will réSul2in ffe redthe
at oni zat i gy g%f tREAUAE rta%@gén idhenet SRkl &fthih &ﬁﬁﬂagu%%“éh&“

react ant oI ut|l ﬁ e’sprayed out using a t and a second
atom zer. e(npa l?alc “the atom zation m xi ng reactor can further contain a
third atom zer for adJ uvant reactant solution. Fig.9 shows an atom zation
m xi Ag r deaoodingdoi onp prefeeredrembodimentcwhandhe spsideate tinsaiof #ieg sofutions he
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are asom zing in the sane direction onto the roller 3 or a transfer belt
where the atom zed droplets of the reactant solutions A and B m xes and
reacts with each other to forma precipitatecontaining slurry; (c) the
precipitate-containing slurry is transferred by the roller or 3s the
transfer belt to the scraper 4 where it was bladed off, collected to the
funnel 5, and sent to a rinsing and filtering device through a pipe and a
punp 6 and (d) the transfer beIt conprlses a met fllter cloth used for a
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20 invention. For instance, netals (including alloys), oxides, hydroxides,
salts, phosphides and sul fides or organic conpounds are all in the scope of
the present invention. As conpared with the existing technol ogy, the method
of the pri®8¥At invention has 2s the followi ng advantages: (1 ) particul ate
di anet er gfaddie nano-particles is adjustable, the hompgeneity of the
particle size is very food) the dispersity of the nano-particle is good,

t he hard rati on of .the ,nano tigle | et el event ed,
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t ubul ar coaxi al ejection mxing reactor had an inner dianeter of 1 Omm and

an i nner djaneter o ray hole of . 1 mm, The f]l ows, of solution A and
sol ut?%on HIR-€ BA 1§ Q%E/%axﬁ{eel egtions mixing reggor With,@ plarality rQfn %P‘?ﬁ fn A
was 100kggalution Pheansd ar pluraldytefi mzuﬁs Her isokuioni Bg Rrefarablys she nexgldsetbri nt o
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and si nter ure o
cano powder s haV| ng an average particle di arret er of 15nm and havi ng good

ni f ot tFigithshawsia ceaxiakbejecton miwingdeacipawithc peside dplet Barisolution Bmﬂ di el d
of Zr02 vplardlityof Aszits gl solitions3Bahd ©f Znd 2 was wei ghed and

secondl y-distillated water was added to produce 3000mL of 0.8nol/L zZnd 2

aqueous 0
et hanol (9 §;§ R@wﬁgggbﬁﬂg ﬁﬁ%g*é ﬁ E%% & Slegllnied in S38P ofcoy
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egulated ‘o the basns of the equation of Re = p VD/u ,wherein, D is the diameter
of the pipe, V is the flow speed of the liquid stream, pis the density of the liquid
40 stream and v is the viscosity of the liquid stream. The relationship of the diameter of
the pipe, the flow speed and the flux is shown in the equation of Q = n D?V/4,
wherein, Q is the flux of the liquid stream. As can be seen, once the diameter of the
pipe is determined, the flow speed can be determined by the flux of the liquid stream.
It shall be further noted that, although the flux of the ejected flow is determined by

45  the diameter and the length of the ejecting pipe and by the diameter of the large
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3s pH value of the resultant was adjusted to be 7-8 by the addition of
ammoni a. The tubul ar coaxial ejection mxing reactor had an inner dianeter
of 1 Om and - .inner dianmeter of spray hole of 1 nm The flows of

sol ution Woéoﬁﬁ soI ution B are both 150L/h. The pressure at the spray inlet
for sol ut diametengip®0agpasBurellie requirey toomfamtannnmd fiexr of thé Ie}scted flow.
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two reactant solutions were m xed and reacted to formprecipitate. The
precipitate-containing slurry was collected and fed into a
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20 2. Th 0 o claiml, wherein in ste l'east one
of said 39%\&2@?%%%&%%%@%{ solutions further conpri ges an adj uvant
react@dnt and/or a dispersing agent. 25 3. The process according to claim1,
wherei n i spregsymg)nozate or nore adjuvant reactant solutions conprising at
| east one selected froma group consisting of a di sper5| ng agent, an

adj uvant reagt ﬁBFlas%uPé"{ icdfy 120MPa,/Behi ﬁéﬁ% %Qhugﬂ g?éﬁéd?bl
wherein in S'[E‘t IS react ant %O SO L| ac
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35 b. gas stream nozzle

The solutions are ejected from the nozzles by a pressure gas at a high speed

(300m/s or sonic speed) and are separated into atomized droplets due to the friction
caused by the speed difference between the gas phase and the liquid phase: When

40 the gas is atomized, the pressure of the liquid phase mainly influences the flux but
has little influence on the size of atomized droplets. The pressure of the liquid phase

is generally not higher than 0.4 MPa, and that of the gas phase is generally in the
range of 0.3-0.7MPa. The contacting points of the liquid phase and the gas phase

can be in the inner or outer of the nozzles. The atomizing effect is good, the liquid

45  droplets are fine and can be as small as 50 microns. The size of the liquid droplets
15



7. The process according to claim1, wherein the residence tinme of said
reactant 4o solutions in said mxing reactor is fromO0.1 second to 120
seconds. 8. The process according to claim7, wherein the residence tine of
sai d react®f’ solutions in said mixing reactor is fromO0.1 second to 10

seconds. dépehdsTuopomithe e spest dnddistin relstionn® tife gh@lcgféséur% Tecegerngyi n
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2000- %00 ile'sr SRS according to claim9, wherein the di arreter of
1 2l R

the larg GIEAR I'p€ in said tubular ejection mxing reactor is
5-1000mm preferably 5-500mm 16. The process according to claim9, wherein
Re of thelka:owmibod ehthe presentinvension eambmapplied togvariansi réastiorsgapable of
3000- 100Geactimg rapidlyl andHamikd prbcigitatés. TﬁB’réfd@éQl@@%Sis etnﬁtgumnaﬁdnabm 1,
yﬁ;ggtel N andl Kindd BPIeE pgtrgb%lb!a‘?ld()fforrn?éﬁ Haholponaes 1o psnge' rébrithe
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(b). 3s rhosphidesy and syl @@écﬁronrggnmoc@naoquzar%&mme §§«pae mfihﬁ@fﬂﬁﬁf’der

i s one orinvemtorsel ected from a group consisting of Ross m xi ng nenbers,

Sul zer m xi ng nmenbers, Kenics m xi ng nenbers, hol e-separator type m xing

wher el n f@?@ﬁﬂ@%%@%@%@ﬁ I tgingiBo, 1R RS erer B EpfoR s
react?dr itBeffolgwingadvantag®smm preferably from 5mmto 500mm 20. The
process according to claim17, wherein the flux of each of the reactant ~s

sol uti ong1) patticuldte diameterodf tﬁehaﬂ'@ﬁaﬂﬁlé&- is2atjustbbe3 @9 hotnogeneity of the

particle size is very dood, the dispersity of the nano-particle is good, the hard

_ agglomeration of the nano-particles can be completely prevented, and thus the
(. 30 quality of the nano-powder is excellent;

(2) it can be used to produce a nano-patrticle loose aggregate powder comprised of
smaller and homogeneous nano-particles and having a homogeneously distributed
and regulable loose degree and porosity and a higher specific surface area;

35 '
(3) this method can give a high yield and can be used in a large-scale production;

(4) as compared with the micro liquid aggregates mixing and reacting precipitator
used in Chinese Patent Application No. 01106279.7, the mixing and reacting

40  precipitator where the micro liquid aggregates can quickly and orderly mix and react
with each other has no dynamic rotator, and the controlllng of the parameters can be
greatly simplified; and

(5) the process is simple and low in energy consumption.
45
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21. The process according to claim 17, wherein the inlet pressure of the
solutions is 0.5-3000 kg/cn2, preferably 2-1000 kg/cne. s 22. The process
according to claim17, wherein Re of the reactant solution stream and

m xi ng | i&P03065 st ream i s 3000- 20000, preferably 3000-8000. 23. The process
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solutions to an oriented atom zed gas streami and 20 (c) a roller or

transfser pRimpRairying and transferring the reaction precipitate for the
i ntersection and overlapping of different liquid mcro-liquid dropl ets at
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wherein | y ed
oy L UG 3% oh PO Bl ah 895 baet
preci pltaq persgl:algg Gy g% wag Eh ng to claim1, wherein the process
steps?Sin said step (c) conprise separation, drying and pul verizati on.

Example 2:

333.6g of ZnCl, was weighed and secondly-distillated water was added to produce
3000ml of 0.8mol/L. ZnCl, aqueous solution called solution A at a temperature of 70
(. 30 °C.900ml ethanol(95%)as a dispersing agent was added to 375ml of ammonia
water(25%) to produce 3000ml of 0.8mol/L NH; aqueous solution in ethanol called
solution B at a temperature of 30°C. Solution A and solution B were mixed in a
tubular coaxial ejection mixing reactor as shown in Fig. 3-a and reacted with each
other to form precipitate as illustrated in the process flow chart shown in Fig. 2. The
35 pH value of the resultant was adjusted to be 7-8 by the addition of ammonia. The
tubular coaxial ejection mixing reactor had an inner diameter of 10mm and an inner
diameter of spray hole of 1mm. The flows of solution A and solution B are both
150L/h. The pressure at the spray inlet for solution A was 90kg/cm?® The slurry
containing the resulting precipitate was fed into a continuously-running equipment
40 for rinsing and filtration, then subject to azeotropic distillation in the presence of n-
butanol and dried, and sintered at the temperature of 550°C for 30min to obtain
ZnO nano-powders having an average particle diameter of 40nm and having good
uniformity in particle diameter and good particle dispersibility. The yield of ZnO was
92%.
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34. The process according to claim1, wherein said separation step
conprises rinsing and filtering, preferably conducted in a continuous

equi pnent. 35. The process according to claim 25, wherein said drying step
further d8®pESi ses is azeotropic distillation. 36. The process according to
clainll,EMgmgquin said step (c), said precipitatecontaining slurry is
firstly subject to aging and then other post treatment after discharged
continuously fraomthe mxing and reaction precipitator to produce nano2o
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punty>99%) was weighed and 5000ml of 0.8mol/L ZrOCIl, aqueous solution was
prepared from the zirconium oxide chloride, called solution A. Secondly-distillated
water and then 1750ml of ethanol (95%) as a dispersing agent were added to 625ml
of ammonia water having a NH, concentration of 25% to produce 5000mi of an
. aqueous solution called solution B. Solution A and solution B were mixed in a
C 30 tubular static mixing reactor as shown in Fig. 7-a and reacted with each other fo
form precipitate at room temperature of 20°C as illustrated in the process flow chart
shown in Fig. 2. The pH value of the resultant was adjusted to be 7-8 by the addition
of ammonia. The tubular static mixing reactor had an inner diameter of 10mm and
was provided inside with a Ross mixing member. The flows of solution A and
35 solution B are both 600L/h. The pressure at the spray inlet for solution A was
4kg/cm?. The slurry containing the resulting precipitate was fed into a continuously-
running equipment for rinsing and filtration, then subject to azeotropic distillation in
the presence of n-butanol and dried, and sintered at the temperature of 620°C for
45min to obtain ZrO, nano-powders having an average particle diameter of 16nm
40  and having good uniformity in particle diameter and good particle dispersibility. The
yield of ZrO,was 91%.

Example 5:

45 5569 of ZnCl, was weighed and secondly-distillated water was added to produce
18
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slurry containing the resulting precipitate was fed into a continuously-running
equipment for rinsing and filtration, then subject to azeotropic distillation in the
presence of n-butanol and dried, and sintered at the temperature of 530°C for
35min to obtain ZnO nano-powders having an average particle diameter of 35nm
15 and having good uniformity in particle diameter and good particle dispersibility. The
yield of ZnO was 93%. '

Example 6:

20 7369 of BaCl, was weighed and secondly-distillated water and 1500ml ethanol were
added to produce 5000ml of 0.6mol/L BaCl, aqueous solution called solution A at a
temperature of 20°C. 261g of NH,HCO, was weighed and secondly-distillated water,
300ml of ammonia water (25%) and 2000ml of ethanol(95%) as a dispersing agent
were added to produce a 5000ml solution called solution B at a temperature of 20

25  C. Solution A and solution B were mixed in a tubular static mixing reactor as shown
in Fig. 7-a and reacted with each other to form precipitate as illustrated in the
process flow chart shown in Fig. 2. The pH value of the resultant was adjusted to be
7-8 by the addition of ammonia water. The tubular static mixing reactor had an inner
diameter of 10mm and was provided inside with a Ross mixing member. The flows

( 30 of solution A and solution B are both 550L/h. The pressures at the spray inlets for
solutions were both 3.8kg/cm?. The slurry containing the resulting precipitate was
fed into a continuously-running equipment for rinsing and filtration, then subject to
azeotropic distillation in the presence of n-butanol and dried, and sintered at the
temperature of 530°C for 35min to obtain columnar crystalline BaCO; nano-

35 powders having a diameter of 35nm and length of 80nm and having good uniformity
in particle diameter and good particle dispersibility. The yield of BaCO, was 86%.

Example 7:

40 515.6g of zirconium oxide chloride ZrOCI,.8H,0 (molecular weight=322.25 and
purity=99%) was weighed and 2000m! of 0.8mol/L ZrOCl, aqueous solution was
prepared from the zirconium oxide chloride, called solution A. Secondly-distillated
water and then 700ml of ethanol (95%) as a dispersing agent were added to 250ml
of ammonia having a NH; concentration of 25% to produce 2000ml of an aqueous

45  solution called solution B. Solution A and solution B were mixed in a atomization
19
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5 pressure nozzle with a spray pressure of 160 kg/cm? The flows of solution A and
solution B are both 200L/h. The two reactant solutions were formed into atomized
gas streams in the same one direction and sprayed to the wall of the roll, where the
two reactant solutions were mixed and reacted to form precipitate. The precipitate-
containing slurry was collected and fed into a continuously-running equipment for
10  rinsing and filtration, then subject to azeotropic distillation in the presence of n-
butanol and dried, and sintered at the temperature of 650°C for 30min to obtain
ZrO, nano-powders having an average particle diameter of 18nm and having good
uniformity in particle diameter and good particle dispersibility. The yield of ZrO,was
94%.

15
Example 8:

222.5g of ZnCl, was weighed and secondly-distillated water was added to produce
2000ml of 0.8mol/L ZnCl, aqueous solution called solution A at a temperature of 70
20 'C. 600ml ethanol(95%)as a dispersing agent was added to 250ml of ammonia
water(25%) to produce 2000ml of 0.8mol/L NH, aqueous solution in ethanol called
solution B at a temperature of 30°C. Solution A and solution B were mixed in a
atomization mixing reactor with two atomizers as shown in Fig. 9 and reacted with
each other to form precipitate at room temperature of 20°C as illustrated -in the
25  process flow chart shown in Fig. 2. The pH value of the resultant was adjusted to be
7-8 by the addition of ammonia. The atomization mixing reactor with two atomizers
was provided with a pressure nozzle with a spray pressure of 160 kg/cm?. The flows
of solution A and solution B are both 200L/h. The two reactant solutions were
formed into atomized gas streams in the same one direction and sprayed to the wall
30 of the roll, where the two reactant solutions were mixed and reacted to form
precipitate. The precipitate-containing slurry was collected and fed into a
continuously-running equipment for rinsing and filtration, then subject to
azeotropic distillation in the presence of n-butanol and dried, and sintered at the
temperature of 520°C for 35min to obtain ZnO nano-powders having an average
35 particle diameter of 36nm and having good uniformity in particle diameter and good
particle dispersibility. The yield of ZnO was 95%.

Example 9:

40 294.4g of BaCl, was weighed and secondly-distillated water and 600ml ethanol
were added to produce 2000ml of 0.6mol/L. BaCl, aqueous solution called solution A
at a temperature of 20°C. 104.4g of NH,HCO, was weighed and secondly-distillated
water, 120ml of ammonia water (25%) and 800ml of ethanol (95%) as a dispersing
agent were added to produce a 2000ml solution called solution B at a temperature

45 of 20°C. Solution A and solution B were mixed in a atomization mixing reactor with
20
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quickly to form precipitate;

10 (b) feeding the at least two reactant solutions A and B to a mixing and reaction
precipitator separately which is at least one selected from a group consisting of
tubular ejection mixing reactor, tubular static mixing reactor and atomization mixing
reactor at a temperature not lower than the reaction temperature for continuous and
orderly mixing, reaction and precipitation, where the at least two reactant solutions

15 A and B react with each other in a form of micro-liquid aggregate and form a
precipitate-containing slurry;

(c) post-treating the precipitate-containing slurry discharged continuously and
orderly from the reaction precipitator.

20
2. The process according to claim 1, wherein in step (a), at least one of said at
least two reactant solutions further comprises an adjuvant reactant and/or a
dispersing agent.

25 3. The process according to claim 1, wherein in step (a), one or more adjuvant
reactant solutions comprising at least one selected from a group consisting of a
dispersing agent, an adjuvant reactant and a pH adjuster.

4. The process according to claim 1, wherein in step (a), said two reactant
30 solutions A and B are each independently aqueous solutions or organic solutions.

5. The process according to claim 4, wherein said aqueous solutions or organic
solutions are at a temperature from 15°C to the boiling point of the solutions.

35 6. The process according to claim 1, wherein in step (b), said reactant solutions
are rapidly dispersed and pulverized to micro-liquid aggregates in finely divided
form in the mixing and reaction precipitator.

7. The process according to claim 1, wherein the residence time of said reactant
40  solutions in said mixing reactor is from 0.1 second to 120 seconds.

8. The process according to claim 7, wherein the residence time of said reactant
solutions in said mixing reactor is from 0.1 second to 10 seconds.

45 9. The process according to any one of claims 1-8, wherein in step (b), said tubular
22
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3000 m¥h, preferably 0.1-800 m¥h.

13. The process according to claim 9, wherein the pressure of the ejected liquid is
30-3000kg/cm?, preferably 50-1000 kg/cm?.

20
14. The process according to claim 9, wherein Re of the ejected liquid is 2000-
20000, preferably 2000-8000.

15. The process according to claim 9, wherein the diameter of the large diameter
25  pipe in said tubular ejection mixing reactor is 5-1000mm, preferably 5-500mm.

16. The process according to claim 9, wherein Re of the second reaction liquid
stream and mixing liquid stream is 3000-10000, preferably 4000-8000.

30 17. The process according to claim 1, wherein a mixing member capable of rapidly
dispersing and pulverizing the reactant solutions to micro-liquid aggregates in finely
divided form is provided in said tubular static mixing and reaction precipitator in step

(b).

35 18. The process according to claim 17, wherein said mixing member is one or more
selected from a group consisting of Ross mixing members, Sulzer mixing members,
Kenics mixing members, hole-separator type mixing members and grid mixing
members.

40 19. The process according to claim 17, wherein the inner diameter of the pipes in
said tubular static mixing reactor is from 5mm to 1000mm, preferably from 5mm to
500mm.

20. The process according to claim 17, wherein the flux of each of the reactant

45  solutions is in the range of 0.1-3000 m®h.
23
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23. The process according to claim 1, wherein said atomization mixing and reaction
precipitator comprises:
10

(a) at least one first atomizer capable of making a reactant solution to an oriented
atomized gas stream;

(b) at least one second atomizer capable of making at least one of the remaining
15  reactant solutions to an oriented atomized gas stream; and

(c) a roller or transfer belt carrying and transferring the reaction precipitate for the
intersection and overlapping of different liquid micro-liquid droplets at the same one
region so as to achieve the mixing of micro-liquid aggregates with each other,;

20
and wherein said first atomizer and said second atomizer spray the reactant
solutions separately onto the roller or transfer belt in one direction.

24. The process according to claim 23, wherein the size of the sprayed droplets is
25 20-300mm.

25. The process according to claim 23, wherein the flows of the reactant solutions A
and B are independently 0.1-3000m®h, preferably 0.1-800 m®h.

- 30  26. The process according to claim 18, wherein the pressure of the liquid stream is
20-500 kg/cm?, preferably 20-300 kg/cm?, when said atomizer is a pressure nozzle.

27. The process according to claim 18, wherein the pressure of the pressured gas is
3-50 kg/cm?, preferably 3-20 kg/cm?, when said atomizer is a gas stream nozzle.

35
28. The process according to claim 23, wherein said atomization mixing and
reaction precipitator further comprises a third atomizer capable of making said
adjuvant reactant solution to an oriented atomized gas stream.

40  29. The process according to claim 23, wherein a filter device is provided on said
transfer belt.

30. The process according to claim 23, wherein said filter device is a wet filter cloth.

45  31. The process according to claim 23, further comprising a step of collecting the
24
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and reaction precipitator.

33. The process according to claim 1, wherein the process steps in said step (c)
comprise separation, drying and pulverization.

10 .
34. The process according to claim 1, wherein said separation step comprises
rinsing and filtering, preferably conducted in a continuous equipment.

35. The process according to claim 25, wherein said drying step further comprises
15  azeotropic distillation.

36. The process according to claim 1, wherein in said step (c), said precipitate-

containing slurry is firstly subject to aging and then other post treatment after

discharged continuously from the mixing and reaction precipitator to produce nano-
20 particle loose aggregate powders.

37. The process according to claim 1, wherein said nano-powders and nano-particle

loose aggregate powders are one or more selected from a group consisting of

metals, oxides, hydroxides, salts, phosphides and sulfides, or organic compounds.
25
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