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NANOVETER GRADE POADERS 5 Technical Field The present invention relates to

a nmethod of preparation for ultra fine powlers. Mre spe
relates tgqp éﬁﬂ get hod of preparation for nanoneter grade pi{‘m[wmm" Mﬁl ally
to a method utilizing liquid phase chem cal reaction precipit at|

prepare ngpoOoRloT040vade powders. Background of the | nvention ' |s wel |
known that particulates of nmetals or netal oxides wth SI Emmm‘“m@m ter
| evel or POIICNOAM00438! are very useful industrial produ i el ds

t5 of application. These applications include the manufacturermbéoorat al ysts
used in chemcal industry, pottery and porcelain, electronic elenents,

coating, capacitor chani cal - chem cal lis magnet i c tape and
coating.  capact o o IREIR ok IR RAN OISk Bk koeBambERS 7, 2
fine p?rticul ates of netals or netal oxides by many 20 dlfferent

t echnot ogi es i ncluding high tenperature gas phase nethod, nechani cal

met hod, chgRhhidal'Biélgod and etc. Reviews on the general technology of the
producti on of nanoneter grade particulate were published in the follow ng

papers: V. HThegsrebedtiflvdntfon fAIS¥N6 1 metivehmiepardlionfor Gheitepovadkst ry

of Advanced Ceram cs", Industrial Engineering and Chem stry Research, 1996,
vol . 35, BA&re s:p@ciﬁétly it felatesctosa methduof\reparhtion for rarometaygrade pdivderst er
Particul ates”, Chemstry Bulletin (in Chinese), 1996, No. 3, 1 - 4. In CN
1217387A, especigliyde al @@tmdd@ttlhzm@dlqmcmwssueoﬁhemlqahereaamwg@l@ltamn to
di sadvanta es of thn?élfferent technol ogi es. The process of the liquid
phase !pr e ‘fo‘?qr&t’]a&? BhORdePWIRIPe. When compared 30 with the gas phase
nmet hod, solid phase nethod or other liquid phase nethod, its FP03045
controlling condition is not so critical and its cost is |lower. Therefore

nowadays tdFH r8thd dFtReanveRGobRi t ation nethod becones one of the widely
used net ho S’The characteri st?cs of the process of the common |iquid phase

precipi tationt ietwald kabwnathdt oparticslatest iof rmnptalpair hetals ogides with rsizesitat
m xi ng reaction. At |east one s of the reactant solutions is gradually
added i nt manbmetext lelgl atrsybpiowpn leveldragyennusaful industrial products in many fields
15 of application. These applications include the manufacture of catalysts used in
chemical industry, pottery and porcelain, electronic elements, coating, capacitor,
mechanical-chemical polishing slurry, magnetic tape and fillers for plastics, paint or
cosmetics.
It is possible to produce ultra fine particulates of metals or metal oxides by many
20 different technologies including high temperature gas phase method, mechanical
method, chemical method and etc. Reviews on the general technology of the
production of nanometer grade particulate were published in the following papers: V.
Hlavacek and J.A. Puszynski, “Advances in the Chemical Industry of Advanced
Ceramics”, Industrial Engineering and Chemistry Research, 1996, vol. 35, 349 —
25 377, “Advances on the Method of Preparation for Nanometer Particulates”,
Chemistry Bulletin (in Chinese), 1996, No. 3, 1 —4. In CN 1217387A, there was also
a detailed discussion on the advantages and disadvantages of the different
technologies.
The process of the liquid phase precipitation method is simple. When compared

30 with the gas phase method, solid phase method or other liquid phase method, its
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spraying for a relatively long tinme. Using this technology to prepare
nanonet er particul ates although has the advantage of sinple operation, |ow
cost and high yield, however the nmethod has three generally recognized

di sadvantaggss (1 ) It is difficult to control particle dianeter; (2) It is
difficult to obtain very small particle dianeter; (3) 10 It is difficult to
el i m nat e chatrelling ToRaRIOALS Mot BBMRIcAPARd ftY IcAEER: [oWee THerefdre HowdMays the

dr awbacks of the pot technol ogy cones fromtoo |ong feeding tinme for one of
t he react fiquidgsHasei precipitdtidn ovethda betomnes opetaidied hddelplusedenathads. on,
product and precipitate forned at different stage of time. Nuclei forned at
the initial dihegehatacterigtiesofdhgrpracessnf thelcdnmon ligid ghasacpresipitatios mal |
particul ates, t forn1if nanoneter particul ates. Due.to Ion? time, nanoneter

par i cul areathgd are gs dollaws: ireieg pet m%ﬁdﬁ@rcarw QLI iP“a@ble@ﬁEPﬁ? e
, [ ~hhe . i .Cl i .
Formedt1 ol R FERaRNCodNER IS §tbbL acdg BRLNRRETY, Bhrting Joulad

ment i oned S S t ' h

i aubacks B PhAcaNR M BHREMUAhg e RRKEIGHIS BRGserk haometsy
Ther ef or e papRAtes atAEEG husthe sewaitagedf sinfdiebpetatishnidw edstRnAdRGH yield,

| i qui d phase precipitation nethod for produci ng nanoneter powder W thout

t he use ohowever thegmethad Pas three geplerallEeoo0ized distidvahtages: (Hdt tsadiffiouitng
met hod and facilities: On the basis of a streamof carrier fluid flow ng
cont i nuoud® gontiolpastigle diameteti adt isdiffiewitiophtaisorary serall pastieleidipragtasd(3)n
the formof. periodical., .intermttent pulse into the 2 i pe at the

| ocat 1B, Triseinedl s GmibRe hare: eod nwBratin.aMona Rrtielplist due: aRgts ot dhant
sol utions a J ier fduid i [ me
for the Cg&é\géacg{s ﬁ}?&h}@?\éﬁ)ﬁ%@ﬁé@%ﬁg,doﬁ'}'%g]ﬁSﬁﬁokgﬁageflg Fgﬁgaqrggvf/éggbg% téhort .
The sai d irgy@Bahi ABIGIR 3R 1BAT thBestiHAb! ogetiert BE thaNRIRLBh, RAGULGULAYeS
was very good, with particulate size at“10~- 20 nm slight

i nt er - par fprecipitdte fagnednatrdiferent stageventime. Juchky gbomed ait ithe .inifiblestdgewbitick s
of that nethod are: (1 ) Reactant solutions are a FP03045 injected in
pul se nodendetga rarowitxi and peallisiars ¢aalesaencenamangusmarhparicwates otoeferms
not favorable for |arge-scal e continuous industrial gr oduction., Since

carri df fIngnameiek peaiquaies. (e flanacinei Rgnpmetds pagicutates nwillegrow ttonot
only consune arrier. fl.uid hut. al so needs, to,add a process of a i on

O reat mont TPBRVERIAGRE n ¥ nd iy BodRER(E ohBrR Sobr R nasRer naRRRERRL T o
cost. (2 L j : inforce
a0 an T EPRRLRallch 8Fthe BoRBCorBln B ol 840¥ RITFERLS Scldnd BiiBh

sol uti ons hald&iiR§ORe IentiSné@tabienesittise b ahé aiusks! of HRNEbeVe-Mitioned
mechani cal m xing efficiency of the reactant solutions. The above two

dr awbacks threehdraivback$ ef thegdargespot teohiilbgy ireprepaeing nahenegiar powder. of

Strontium Carbonat e Nanonmeter Powder by Liquid-Liquid Method in Rotating
PackedOBed", Thereipee ReRPlectIcaessvslYidevelrnadcdiffereitudnds of infoeefisnek biquid

1999, 7(4) ,11-14 " EX i | Stud M i M Xi j R i
Packed b BESeEE BRI SR TRCR tenrREUFa ey R iy, MEnAR . DS b "
1999, 9, : - i i i L s
process Wl\é? ﬁbﬁp? he a&%\é %f&.ﬁ?ﬁ%/ﬁﬁ@%&iQE@&%&?@%@IQ@H@%W% r?g‘a\r/)\flézrﬂg“&! >

al I owed t @mpasesba&iI0f AUSHSAN df'&éﬂié?ﬁlw@ﬂéwi@cdﬁﬂﬁ@ds@% aabigaéf‘ﬁ/vé kifRls dfn
the rotating packed bed, two reactant solutions m xed, reacted, forned

nucl ei andeéctanesolotionsTeees injacteddultiag ésrm dhperadieal, Ftateittehhpdlsamaterthehe
action of super gravity, the reactant sol utions passed through the rotating
packe@sbedipmat g same laralinn.skhe raactivazong wherepthekininng ol the iniecied dwg

| arge and conti puousl ef reshing surface area, great rei nforced th

ot or i Al ANISTEROL RN 19QK PIBG SRSCIPA B das AN T ol sSHag KEte e
has the a ' [ j t A e h resi d

e, rodterour s oL RP. SRR e tortiph DO RAE AR e 3t dFiscrat
gravity rohadrtieg dafterthaethe Qullity Bf HEndndHee? PaRIUMRES vs Vet§ dobl! Rith
such 2s as steel wire net and%@l %he packed bed?%what ogt aisneé(]?t?y theI

sol uti on vesticutstet sige aatt 10R- A0 mrh| sligtgintarchartiedate Whglonsarhtivn or edrened
into the packed bed, it as a whole rotated with the packed bed and obt ai ned
cent r i3pug@gdianertioondde drewbacksonf dhatc erathod waret (1 prRegctamte selutions are
woul d flow frominner fringe of the rotor to outer fringe along the
interstitials of the packing and in the zourse of this process) m xing 30
of solution took place. The mechanical mxing intensity and the adjusting
sensitivity 3 FP03045 of such kind of m xing were not high enough and

thus the performance of the preparation of nanonmeter powder was not ideal.
Except nanoneter powder of CaC03 and SrC03, no report on the successful

o s o, e . o o o — e~ —— e e .



10 woul d qui ckly be separated, broken into isolated very small sized mcro
| iquid aggl onerates in order to enlarge the interface of the two solutions
thus to provide good conditions for the processes of nolecul ar diffusion,
chem cal rgagtion, nucleation and etc. Therefore, the objective of the
present invention is to provide a nethod of preparing nanoneter powder by

l'iqui d phagectBEas ipRidedinodB- ant e MRixiipRicetd & REESEHtINUCNYEThUS thePRitess @
m xing faci'lity which is sinple in structure, could provide high and

adj ust abl ¢s netfevoratsle for krge-scaleecontinpoas dndusttial predustioh.f Since aageersihwid e
production of good quality nanoneter powder. The said nethod is w dely
appl i cabl Wt bédisedodbe tenuectuiingo peacsss paridetamplexoti aet onhy ¢opbsimes,

o3 v TR et S i R o
o a0 SORCbnd BUEBRA SN P 6 AR RFEL o0 TH6 S50558hl BRI
fol | ow ”9téﬁee(%?yoéﬁéctﬁfeoﬁiégsﬁgeﬁté‘ﬁ‘éirﬁofc%aﬁﬁgg‘lfo ﬁj[u!é{ itﬂ@%}%@@éﬂ?ﬁign{iﬁﬂbd' y

! a
react with ea er totormprecipitate; ( Cont'i nuousl

respect i veffficienciesl oBiisd twd ireactahsSlutibrs. MTherafbre BB hdtgpdesisle bteteetivalyt h a
stator and a rotor in operation; and 30 (c) Post-treating the

preci pi t atcentrohtre mechasical mixidg sfficieneyd of the reactant solatioms.tThe dbové-B8804s
precipitator. It is believed that readers would have a better understandi ng
on the pr&sanbacks/ethishallbetigpre¥edii ng the fol l owi ng detail ed description

led with hed s fi, " I,pt .. h | ' '
¢ ﬁlgpsgﬂe:rlrma: i L&Etﬁﬁ " Bioss: BiRrRa,Bh ROy RarhOaoanameien Bhder by °
i agr am t SRS MPOTETRCRIGIE Paolael i $ehPg BhdC iAo e

schemat i C_GHe"#ﬁibémlﬁdlfstﬁyh@nc(ﬁhidé@é),c@bggﬁ 1(4)9113-'154 BBA CEXPariR{eAEaPSHAYObNn
Figure 4 is the schematic diagramfor the |'ayout of the solution inlet

| ocati on Micigscbpie Miximg¢n RKotatireaPatked Beel, Chémical RéadioneErgingettine and
structure schematic diagramfor the disc shape m xing and reacting
preci pi t atfechnélogulia Ghingsehd 998N Valridy N 13, 32828322 deaaiirast anothenkied. of
Figure 7 is the TEM m crograph of Zn0O nanoneter powder. 20 Figure 8 is the
TEM nilér o§PRHRURHS PAAGESS WHRewethe upe \Ricstimpg pate Twq seagtantragiuliors Mirph
of Qu nang O\tN%Ei %O\ﬁggé'continuously through rotating packed bed at one time. In the
rotating packed bed, two reactant solutions mixed, reacted, formed nuclei and
formed nanometer particulates. The paper stated that under the action of super
gravity, the reactant solutions passed through the rotating packed bed and were
20 dispersed, broken by the packing and formed very large and continuously refreshing
surface area, greatly reinforced the material transfer condition. Besides, the process
of rotating packed bed has the advantage of high intensity of fluid passage and
short resident time. However, there were still some drawbacks in the method of
super gravity rotating packed bed. Due to the high compactness of the fillers such
25 as steel wire net and in the packed bed, what obtained by the solution was not the
action of stirring and shear. When solution entered into the packed bed, it as a
whole rotated with the packed bed and obtained centrifugal force. Under the action
of centrifugal force, the solution would flow from inner fringe of the rotor to outer
fringe along the interstitials of the packing and in the course of this process, mixing

30  of solution took place. The mechanical mixing intensity and the adjusting sensitivity
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Det ai | ed Description of the Invention Al though not intend to be limted by
any theory, it should be pointed out that the 2s present inventor put
forward the present technical solution on the basis of inventor's theory

i ntegratedyissh experinental results. It should be pointed out that the
following theory is used only to explain the present invention and not to
i mpose anyf lsudht lahd BT @ikind SveteesehighnBR&ld and! thusOtHed pBFofhamdt bf ARyt he
experimental observation and nmechani sm anal ysis 30 that when two react ant
sol uti ons ptéydrationlaf naserheterppoivgert wakonot jdexti Eixtapie nemeteter poWad0 45
together, a group of nuclei wll explosively be forned at the fresh

i nt er f ace CaCOnend $r1iiQomo refiartontthe suosessiul preparation o rimportant spesies
nuclei will no Ioegei be formed at that place. Let the reactaqts of A.,and B

be repres8HER@SHTCa AiCk RIeHsing rotalipgrpsked hiedowas disclqsss- dneretgee thessaidy r )

bt eci pi  aPEEY REREP ftegﬂpf){'ﬁﬁﬁﬁﬂﬁf Veﬁ‘eﬁgﬁﬁﬁn(éepééﬁétﬁ’ Mvely. Figure 1 (8)
and (b) indi ogf trﬁsﬁ 956\% ad% Q?QHd? fE\eﬁltgcfgr cStirtifispRsabt M

interval of t ectl ve exc s critical

nucl eat i opf 60 ¢eAstaAL scsmtu% smmh mtveqne @nwai:té@éti@smfm wedhiaRicahmixiagi on
of a and b. to Figure 1 (c) indicates the curve of change of concentration
agai nst tiimtensity, tddwsialnlesmedﬁamcxailrnsalnga|n’oem:iIWaamd)|3|mpltdmymftStmotwgl Witldn b.
The curve is just the known "lamer" profile. It is shown in Figure 1 (c)

t hat af t esuel frcility,iberaptution shavld acagice w@@r%stﬂrﬁegs@mrarwtucMW%ﬁnd

formed inre tlo cbuld onl% Lordt of ther]clel alreag%/

for med? NNPYRGUE 'W § sgBar ?@’e rqkens ?re'ﬁOIB YEY Sia §'Z€9nﬁ]é9fpr Yidh i s
| ower tha a t]

resalt, '« AOBEEles P lehdp ERlRrO i Kb A s el RS e R Brige

I nterm ng'g%@dr %Bhéllhbﬁné nfotrhfhef %’r&%se@‘ of Inbledlll AHASRIFE SHetfical HBaction,

fol l ow ng“things wll happen: Fresh interfaces of huge surface area
ar e rapi dinycfeatiordndedteeen a definite amount of A and B solutions and then
a large anmount of pristine nuclei will 20 be explosively fornmed. The

smal | er the dihesefore,nther objective df gl preseat énventionhis toaprmide lae maihod of
area of fresh interface will be and the npre the total nunber of forned

pri stilfe m@m@ingmamff@ter( PPWHRE Pt HGU@ Baw Rreeipfiatieny Theumethagyobrtbeat e
is decreased, the t

f:hem gal rpé%‘%qqtdrthmtﬁop %‘iﬂpﬁ%édﬁﬁm%f& S}' %ﬁ%?ﬁ@@cﬁéﬁcﬂjﬂa §$lquanp(5$\r’1'ﬁ'?cr 0
2
RS e e i e S

coal escengRodictiomedfl gderlr dudlit) AbRometdrPoRderTPHE s8I rAdtHdddy vad€l§ .applicable
hom)genelty of particulate size as well as the decrease of particul ate

di mensi on.in freepedocton bénanaraeter powdens oboxiges\nydesxidesysattegmetalpang@té.ng
nanonmet er 30 powder, conprising the follow ng steps: 6 FP03045 (a)

Provi @Png A d¥tergonsyltingrthedellowingriext, Haad%rénwe\als. have adatier undemtanding
preci pitate; ntln ousl addi respectively A.and B solution into
M Xi ng and’nr@gc‘%m%'vﬁr@ Y?J?t? %in?%ht £‘Pfcti"8rpr§ %ptdnyqﬁt@p in operation;
and (c) Post-treating the precipitate-containing slurry discharged
continuously fromthe s precipitator. Based on one of the preferred
enbodi nent: 'ﬁfnérgq)fQHQQﬁO&nﬂaHentl on, the nethod for preparing nanoneter
powder of t e présent invention conprises the follow ng steps: 10 (a)
Providing A dmeé fieseatdheentticroprolidess metiodcafpreparation foeaatorhetel pomders,
precipitate and further contain auxiliary reacting agent and di spersant
besi d@§ t lvoMprisnGine, fOﬂQer@rﬁtBDﬁal |y providing one or nore aUXI liary
reacting SOL% i ons t hat ntain at | east one of gly i spers

reacting 48bRfOVHAY 6\915 deggiant sp og@éh@t can rap|
form precipitate;

il
react wit each oﬁ\erltgry

(b) Continuously adding respectively A and B solutions into mixing and reacting
precipitator with a stator and a rotor in operation; and

30 (c) Post-treating the precipitate-containing slurry discharged continuously from the
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is (b) Continuously adding the provided solution into a m xing and reacting
precipitator with stator and rotor, where, the reactant solutions under the
action of rapid stirring, shearing and strong turbulence, will rapidly be
di spersedg,rQken into isolated mcro |liquid agglonerates with very fine
size and then conplete the process of nolecul ar diffusion, chem cal
reaction) nugle@ditafst, and formation of 20 nanoneter particulate and
precipitate; the Mxing reacting zone of the reactants will be continuously
orderly arranged al ong the advancing direction of m xed solution; the
process of m xing, reaction and precipitation on passing through the m xing
and react i ngltps dslipveditoat wwadersavatddiayeeal bettes nndergtandingaon dite prasent10
seconds; then the precipitate containing slurry will continuous|ly flow out
of the 2s relR¥enkpn aler reading ihefollowing @@Fa'leﬁ‘eg?ﬁcé'@ﬂ@ntQQU@'QQthtBiQ’ﬁ%Bed
slurry _flows,out of the reaction facility, posttreatnent should be
innediately'@¥ﬁﬁ§ed. The formof A and B sol utions has no specific
limtations. They could both be 30 in the form of aqueous solution (contain
pure water), or both in the form of FP03045 organi c sol vent solution
(contai n IDgBYriptRdrrbetid/ DeawRigs i al ), or one of themis in the form of
aqueous solution (contain pure water) and the other is in the form of
organi ¢ solvent solution (contain liquid state pure material). The said
auxiliary reacting solution could be either aqueous solution or organic

sol vent sol utfigire kisthe schatwediadiagipo fos meahanisnaetidepesitingiobaggomenatesn
auxiliary re ctigg a entgﬁnd disPersant besi des the reactant. M xi ng vol une
ratio $or ShrelgHy §'&9(il1'l”i't CeReRYraIONSNy ratio, preferably 1 : 1. The mixing
volume ratiod.or ) Xi i react | ol uti.on | d i,n_any. ratio.
The 't enper at g2 ibe Mideedsio HRRFR BB R MEEY FitkRepRg dndhlighS. | ng
preci pitator g dab C ﬁﬁﬁé A0 aut Lyl ng
reaction. Forﬁ@’wg ?e%cﬁ?lnt&rggﬁg%%dﬁ;emé&ﬁ gn . étﬁh‘ied?pgg gyl}ioglc?gnr%ﬁe(r Ebg
range is hesomeyprbelpitatst. boi ling point of water. For the reactant organic
sol vent solutions, the preferred tenperature range is in the range of 15 C
to the boil i fdgyreihis thle sdhenatizatingraoforcte. laybutref the setutionnintedidcationoft he
said dispersant, auxjliary reacting agent and pH is val ue adjuster

ment i dhed the Mi¥Ng andeipashing arefdritaieke of the conventional type. The

di spersant used in_exanpl e of the present .invention for reactant. agueoys
sol ution i ncﬁﬁ%? Pd aﬁhea%%ﬁlﬂfe §ﬁ8€r§'@ﬁ?éy§g@gf ifgréﬂ'é\egé{lﬁq S%ﬂ%e OGS ABY%ci d
H2S04 add j i (S solution to inhibit hydrolysis could be taken as
an exanpl 28%#tmaq(j’>3<ri Clipi[%ar?eacti ng agent. 20 In step (b), the said reactant
sol ution undefiglifees RChEOMEMImitr&REEN f ZHO! hhREmaid ri ng produces strong
turbul ence. Solution A and sol ution B are”dispersed, broken into many

separ at ed m dHigure Yis theddEManieregraph afdnl esdormetee pbades. of huge surface
area are produced between the two solutions. In the vicinity of these

i nterf2ce, a figde §istberTEY rpicregraph of BaTéD; nanameteppewidesl y be 2s for ned
along with tgg pr%gr%%s the process of nol ecul ar di ffusion and chem cal
Feaction. A AT L5 e M mICEOGraBE OhCHAP TS RRWESFm of mi cro 1 qui d
aggl onerates and that woul d i nduce great shortening of the tinme necessary
for the process of the nolecular diffusion and chem cal reaction. In the
case that (¢yajleaIresttiptiow ofthé lifvetitigh | ons through the "m xi ng and
reacting precipitator™ 1s 30 longer than the tinme of diffusion reaction,
the particl e Alireughatotdhteht ¢o harniphitdceby any thddig g shdad thecpdinted autthst the
reduced and hard aggl onerati on anong the nanoneter particul ates could be

| essentéd qreserdrinegntar pialtfodvay thapresentigehnital soidiongen thenkagisobingentor's
seconds. The m xing and reacting precipitator used in step (b) of

h
resent i 0GP BHEQTAED aHili EPRHEIARFAIaFRsstE: L Shorst BecRPRNEY Out thal e
or der 'y ritQInEeelY F Sh oy ERceeing e dregaR e BB A bty nieda g™
"dynam c rlﬁﬂtéiio&rdjﬁﬂgy%r%%éﬁﬂnbéﬂ?ﬂrg aggl onerate m xi ng and reacting

precipitator”. reacting precipitator possesses stator and rotor
that coul d int tbgdfise arain ¢xom fske expévimentl obsBRatiaNighd meeHaRBHT baksis
shape. Figure 3 illustrates a preferred cylindrical "m xing and reacting
pr eci gt attbat' woenttive reastantitsaluticnst thah colild reacbtrapidly2to forax precifitate mageéton,
3 is stator, 4 is stirring wing of rotor, 5 is outer shell of stator, 6 is
stationary stirring wing of stator, or sgator without stirring wng (as
indicated in Figure 4), 7 and 8 are inlets for solution A and solution B
respectively. They are at one end of the is stator, 9 is the optionally
inlet for optionally third solution-C solution, 10 is outlet for conbined
precipitate slurry, lying at the other end of the stator. The difference

" - . s . e o e o



precipitator is in the range of 0.02 - 3000 n3/h. Preferably the vol une of
flowis determ ned by the capacity of the m xing and reacting precipitator.
Preferably, the tine of passing through the inlet and outlet of the

preci pitaggpely the solution is controlled within a range of 0.1 - 10
second. Solution A and B are fed through 25 inlet 7 and 8 and under the
action of té%éth@r, & HFdUp"Er N8R IINEkAGSlv STy "B fbrirididlal BRCResIirtefa6d BF Ywo

di spersed, broken Tnto isolated very fine mcro liquid aggl onerates and

t hen conplselutiohbeAftenthesexpibsive inecldi forntbtiohy sieannuctéieniliar langae bedormed
nucl eati on and formati on of nanometer particle and precipitates. Under the
acti on of atithat @laceovetdiner eractantsi of Ar 8pd uB eberrgpeasentechdy ©handri kedhe
solution 30 rotates aCEi it ,Egvances along the direction of axis. On the
whol e, th@qH@;g%ogrea PAYYA8Csol uti on adopts a spiral nmovement. The mixing
reactipg precjpitafi zong of 1k | uti on generally is continuously
order| arranaggg al o‘ﬂg St’he$adb5%?£ki%w38di rection of the spiral. Finally the
slurry fl ows 0,C { . r O@H of
the present | nubapiamttRh o oG Rt Bratpiled D o b &
and B ar e fedpedtvelpeRigune (8) aed @) ihdieatd ?ﬁef‘%)af{li@ddfsﬁﬂﬁftibﬁgzméé?fd@lcﬁbgr-
The relative locations of the two inlets could be arranged at wll. However
it is prefandr€dat liate irttenvahioé tar lGaagdd palr eddpelctieslyd Whese O exeeaxds otitieal or
are arranged in Co-axial |acketi nP arrangenent. The inlet direction could be
arranged auclgatipn cagcentartion ed nusleatign ceuld take piace withipdhe praier of 8 @ndrnt

Lo T SRl 6 G 5y S b B T
e G B A e el 0P T Rl ol bl
di stance mRedrvaestils Nt §s sﬁBwﬁ%LFib?Fé @(a‘g}dt(fyf@i' éxplosle huSBatlord diffGsih! ON

Bis in the range of zero to half~length ynam C m Xxing IS reactor as
shown in Enduthe geparateldf cdrnporerits dormea i hedctionecauldt idniyaaffosbthet gowthtdiei r
inlets could be arranged around the cylinder on the sane pl ane

per pendi cdih@rnualeit akseacy Jomhed.oNaw cwctei widuha lbagetbeefermesl pegsausedbe

al ong the axis of rotation on the gﬁ!inder as shown in Figure 4(d).

Th
i ¥i g San@oNERREA i3 dowet Laanihe Glgaa G aBEoN CaGEnSREGE. Bestisen 46670
500 100600 oSl ths BFIoWAY Betliclibn Botlf el Sy Yuien & ahd ', Bplichs®! Y

Cirri . I Ny e : f a
i thour sty RIS iy {fp ARk ANERS it pbRthetala, Mo FhGHAT Hingtuf
At this tinapehhel) Pleshsintdrfddes émg@bgﬁaé@@%@rﬁre%bw fStincd BBfveRrape
provi ded on the stator near the central rotating axis. The 2s inlets of

nmor e t han defieita@mdurdof AsehdB solstiahs Bnd them a largevantednbof plistinepaudcieit widit
are at a distance of half of the radius of stator fromthe rotating axis
and aré slecadiosiwely farmechdde smallaidhe sixerof sricen liquid agglomeratmisetherlaraarne
rotating is. .The outl 10.for. precipitatge, contaipin ixed fluidis

i ranged 2k SHHags afea pf TR iiarabs il Byiad tna nafs, e Bl Alibey ot founde
react ant LO u P Vihﬂf‘e% t 3 L L.SC,
the inlet %gﬂ‘sué%_x'i“l"ﬁ%r wlso Ut{ nis p?’tc')?/i%%% (ﬁegtg ?ﬁlgF%d@gfd %gﬁrﬁéyg{%ﬁ%
side of tRecrauledS tAb rhal oF tHH Stholddrecédie opYhblekulel difigsion and chemical
precipitate-containing mxed fluid is provided at the stator disc near the
center of reattidn ngillaxdcrespogdingly? Iséoshoreriedw Rapidr anixioly eofprraices r #quid
process of the present invention. In the figure, solution A and solution B
are st2br e@ggiproersates god dhe expliogtyedopmation etall heopristinei nugleinwll pseride ggod

precipitator” . throu nmet erj ng .pu and flow neter respectively. After the
D1 61 i ¢ aCONGSNa, AT af FIRUATRIS: 98 e CollsiEn (aIRIcones Sl PAIculatater <

i nto washi ' ri.ng: 1l ' cqQnt.i ly_trealing,function
and t hen If&ﬁpiﬂ%ﬁﬁ}ﬁé@&h&ﬁl&[@?\%}%rBé@?@éb%&tcﬁeh@%@@gSI%ﬁ s%ewgp e%s ?tb? of
the presenrfgck f AHichIER N Gsigy.tating slurry to obtaining to qualified
nanonet er grade product, post-treatnent could include (but not limted to):
Separ ati on, [herefordlthe i grebasteinvehtio@tprovidasda wasthioddof prepringbhiinorhietdrzi ng
facility that could operating continuously, wherein the type of washing
coul d 30ncippsgderoenropesiog the tollowingisigipal ysi s, water or organi ¢ sol vent

washi ng and etc; Azeotropic distillation which can be carried out by using
di fferent conpound; is Drying which could be performed by using one or nore
of the follow ng nethods: conventional drying, spray drying, vacuum drying,
freeze drying and supercritical drying;, Heat treatnent, at a preferred
tenperature in a range of 200 - 1000C; Pul verization which could be
perfornmed by, for exanple, ultrasonic. The amobunt and running order of the

s o o o, o, e - ~ B T b



As conpared with the existing technol ogy, the nethod of the present

i nvention possesses the follow ng advantages: (1 ) Particul ate di anmeter of
the 30 nanoneter particulates is adjustable and the honpbgeneity of the
particle ?ﬁo&ﬁsi S FP03045 very good. Particulates with dianeter in the
range of - 100 nmcoul d be prepared at will; (2) The particul ates are
wel | disp T f iSfhd i J RN i ers
W th exceﬁaﬁ@vml@%éﬁés}i]c?? rg?g@gt)t@gliﬁﬂg%% Q{bé)cﬁfﬁ?glaﬁéﬁéﬁggt can ?i? %gpga I gh

yi el d and(ispOomnustety adding’ esspeetively SA paradl B tsofution( ito Thixing eagsmacting
sinple and 1ow in consunption of energy. Detailed illustrations of exanples
of the presgurecipitatortwitna statof and beaotagiiveperasiob; aed with t he attached
figures in the foll owi ng. However, these exanples do not inpose any

li mit ati ofC) Rostrifeatingntherpreripitaterpentaining, slusyedisphanggd gantigHously friom e es
Exarrpl? 1: 257.8.9.0f zirconyl chloride (ZrOCd 2 8H20, nol ecul ar wei ght

322. 25; puri?ry?c OTwas wei ghed to prepare 1000 m aqueous sol ution of
ZroCl 2 with concentration of 0.8 nol/L and was desi gnated as sol ution A
500 m ethanol (95% is used as dispersant was added into 120 ml of anmonia
wat er di | ut eggaudt o Gheliohtthb! préfaéerentisedifRAtY i thB Fifes_@h'ﬁ iNAENtidRY9thé O
make 1000 m aqueous sol uti on and was designated as solution B) all at room
t enper at ungethbdd FoCpréfsarind) nansdineterr powdsr Of tive gresprdnngdrtion comipriges ¢hé,
solution A and solution B were allowed to pass through "m xing and reacting
preci pi t af@llowingstepsaani ¢ rapid orderly micro 20 liquid aggl omerate shown

in Figure, 3 to be m xed, reacted and precipitated. The pH val ue could be
adj _ust%d ) é'?‘?é“dd'h%%?"Gfé éﬁﬁg_ﬁﬂhsﬂl&f'gfﬁs Cahiaridly react ia ey pregipitatei nt
oyl § i cal o1 g gRatn ADRIRY Epelihg ABRSToRT s BRRY £Ehids i 3ng Fitctant
respecti vel Yandg R&ti | AL o (o) MoV TR Qm]g ; il ; A
and B react aarll?d EEP%@ n@bg@ﬁhaq? gﬁgg)rrgf‘?Ireel é%"ée crﬁgot e?ggtr%%-ﬁ)ﬁteﬂrdg dS’?‘E?/'{‘ éd on
the sanme pl geasobneosfatHeodispehgant,0buxiagf rddcting oagertcandipH halueobdjusting
entering "mxing and reacting precipitator” was both 80 L/ h. The

precipitate-agertai ning slurry entered continuous treating facility to be
washed and filtered and then was azeot roFi cally distilled with n-butanol,
i

dri ed 15 sefal GeBNyQusl ad@ing she pervided splulipninia aminDatd reactngEreaiPitalor i n
O ) T e 4R aeeb B R R

particul ate gi t i t 4 Gl i &P, 1t i . 000d.
TN i or ogr 2T 0E: Ehedtiih, Al R 1ibuahes hERERY el BisheleB riffer 0T
The corr espogdiaied haBRE gl SgQbniedtes Naith %r%%eris@ramde{r@w 8okhplltd)thues
620C and that for Figure 6(c) and 6(d) was s 720C. Since the anmount of

resi due of tpecebslof myletelar aiffLsiaty,netréncical reantjon e autleatiomvaniddfonaration rof
effect on the yield, conparative experinent in beaker was perfornmed and the
yi el d26f zr Onangset®l pArtiswats| andpriesipitaty) the Mixiogreaating\apae &fl therreaciais e
1000 m aqueolllls sol ut.ion qf ZaCI z at cogcentr ion,of 1.0 mol/L at 95C

desi gnated a¥MsBe fandRuauslgidady arenged 2lepg beqpdyancing, dirggtion, @i daixed: o

concent  at | oro g 176 PheeR 45" Reaehi i nribioBpaLeh rRRHoIRRYERTRE oo
[ FILgUr e 2, i Voo rEiphiter il BECKhrheRaS T gk Wl ey vy no

and reacting precipitator 0 ynam c rapl mcro

aggl oner at e sévvmMist thdr e pregigiatdeoniaitilyg shaag Wit centhupuet) flowasedf thee pH

val ue coul d be adjusted by the anobunt of ammonia water used and the pH

val ue 2at endreaction fagilitynanthe range of 7 - 8. The inner diameter and |ength
recipitator” are 90 nm

of the stator_of cylindrjcal "m xing and reacting : )

and 240 m%?)ré@%"eé'?g \%P?P'tqtﬁecwamé%Iﬁﬁ{r%rﬂ%’ﬁe@ﬂt of thetreactian daglityr prSt-The
inlets for reac . SOl Ut | .ONs parallel to each other and were
provi ded on%%%ﬂl%%gpmé gﬁ&%ﬁi&y&@% e volune of flow of each of the
solutions entering "m xing and reacting precipitator” was 80 L/h. The
precipitate-containing slurry entered into the continuous treating facility
to be washed anthé fdrireofA anad EblREioME had aeWpeeiclimitatiofs SThéy e6uldiboth be

n- butanol, dried, 2s calcinated at 520 C for 2 h and yi el ded Zn0 nanonet er
powdenow t h invtheafprnp af taquieoudi soiwticer (adntdié pune Batdr),t e bbthmirgémeifoym af t he
particul ate diameter and inter-particul ate dispersity were relatively good.
TEM m crograph of the powder was shown in Figure 7. Since the anmount of
resi due of the whole systemand "dynam ¢ m xi ng reactor” woul d have an

effect on the yield, conparative experinent in beaker 30 was perforned and
the yield of Zn0O was 92% 13



FP03045 Exanple 3: 160 ml of anhydrous ethanol solution of TiC4 and 72. 16
g of BaCl 2 were mxed and diluted with twice distilled water. 230 m of

et hanol (95% was added to prepare s aqueous ethanol solution of TiC 4 and
BaCl 2 bot Bpgdissh the concentration of 0.28 nol/L was designated as sol ution
A. The tenperature is 20C. 87.75 g of ammoni um oxal ate was wei ghed and 188
M of et hancbrgaRfe?dolvert seslstism (cHntai lidiial sthieepureainateriams ondne dfahemeBan e
1000 m et hanol aqueous sol ution whose ammoni um oxal ate concentrati on was
0. 616 nol/ L thedomaof dgaegusseliitian (sohtain purcBvaiBo) and the &heass inahedarmdft o
80C. Taking 1000 ml of ethanol (95% as dispersant and was heated to 60C,
desi gnat ed a@rgabicuselyenicsolptier dcantainiauid séatespyreonatiriahk dmes saidrawsiliary gur e

2, solution A, sol uti n B ar?él soljﬁ'g‘ion C were aL.Iowed to as? trgrolf h
“fixi'ng_and ie250109 51300 eHId b phercRaUBRYS, SelUTie of o Phan o8 o
iaber . adhiaPeaaCEbtid ok o8 B BARA LRl Airksin ey PERRG bbo R ARG o1
val ue of theyighgRanPbE H% d ‘?eéété'ﬁt‘.er%Qigg v‘ohﬂng?ﬁﬁo FS&TarfY B'RARorPE8l1d

| ength of the stator o I'i ndr1 cal ng and reacting precipitator” were

90 mm and 24ge ﬁﬁyrr@lﬁﬂ%ﬁéfewbly 1 TheTHeewiding volintePeid fof ofteir @uxiasy /Hlngpm
The inlets for A and reactant solutions were parallel to each other and
was provi dedsajutiarheodldriye il ameratio. rinedemperatase of the: egastantrsofitipur entétiby, 2o
the distance h between the inlet of C auxiliary reacting solution and inlet
of A and B aﬂhGrfﬁ'xﬂgea%Q(f%aQNﬁg precipitgtorpauld haary emperaliirenesgssanyto caRy

sol uti on enter, "m'xing aqd react i,n re,tci itator" vvqs.all 0 L/l}. Tae
pr e gﬁt ate- 8l s felore ¥ st PHﬁ&S‘é‘ePPﬁa?? Hieacre: Petpredle
Griod. carc EmEELr8nac R odGReh FOE SGRAING SGRELEweler EORE RUCRE
with aver ageor@@hki §digerst SHIBGHS, fHhe ?%f@ﬂ‘bd %hbe?élﬁré"ﬁh"ﬁg@eig% ttb{? ‘Pénéé"léf 15

particul ate difameter and inter-particul ate dispersity were relatively good.

TEM mi cr ogr ajgh tothd beiling waint ofittse elyanic solvémtgure 8. Since the anount of
residue of the whole systemand "dynam c m xing reactor"” would have an
ef fect on the yThkerg isconiitatian/te tbemaid dispersant bawiliary waacting agenteundapld t he

4 gégogzgf\?%?s%%w“@?%ﬁ%%eégﬁm@fﬁﬁé@&%ﬁ@ﬂﬁé@@@&pﬁ%% e o
g _ | ;
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added as di spersant. I St wat er was used to prepare

aqueous sol uadided WS FRSTRHoRRRPEBiRFbIt iydMsNsis cOuldd takan Gsvibexiafplersit ed
as to solution B. The tenperature was 70C. Based on the process flow

di agr am showauxilaryirgactngagentut i on A and solution B were allowed to pass

t hrough "m xi ng and reacting preci g tator"(Figure 3) for dynam c rapid
order 2§ nicro Iingsted ugthentaig: reactand softioBqunderatbecactiondobyigerqls: slirang

Ammoni a wat er added as. a pH val ue, requl at or, .adjust the,pH val ue of
the i xed pr 8e§ pe0d: Prodited peond Tui5Hase nsd i A Snd dice’ Bortfen of
t he stator of; jndry "X t P2 Gl ol , and
240 mm respeé’:'tS %}eﬁe?: dfﬁgénr é@fgl W%?Xf\g%_}%g%%o_ {_r%gt %@’ﬁ{jgé %@%{3%%%1@%9 une
of flow of epgdrfaiestdfehiRl slifade SRatdrensroditéd Panaesh frRARKO BEILABRS. IR that or
was all 80 L/h. The precipitate-containing slurry entered into the

conti nuous tviemityraf these limteyfate, dcdugeshatbendf pristiee adckenavill leeplosbely be

azeotropically distilled with n-butanol, 2o dried, calcinated and yiel ded
Cu narénet er fopdgde plofg: Withy reageograssi @f éhelipraeess obf moteagfar gifusionhand

honogeneity of the particulate diameter and inter-partjcul ate di sper.si.t
Gl eht R R TR o TR (i A O Ay e i Ve g T

Ceact or " wourdRheetes e ot i Cordke oG IR, Mhdtsdy or
beaker Was b orBss 3t HolbalaY L AicH aicHERicBPeackBnL i thed2a3Ua et

s Cained I|s:
passage time of the solutions through the “mixing and reacting precipitator” is

30 longer than the time of diffusion reaction, the particle diameter of the nanometer

8



1. A process for preparing nanoneter powder, conprising the follow ng
steps: (a) providing reactant solution A and reactant solution B that can
rapidly react to formprecipitate; s (b) continuously adding said solution
A and sol ythge B into a mxing and reacting precipitator with a stator and
a rotor in operatlon respectively; and (c) past-treating the

preci pi t at e-GaEQLi '&Buﬁ%I Bérhéd@béé'ﬁfcgﬂgrd:% Id?ﬁé’r‘éﬁbﬁ él"neﬁbtthé Randrgternd

reacting precipitator he process as Clainmed in claim 1, wherein

said sol uti qﬁanﬂcmatbssabuualmle'sseﬁecstoerev@a)elmhawmb%shoﬁehiaigns@idmdssagd
reacting agent and/or dispersant. 3. The process as clainmed in claim

wherein, in tﬁaedb@t%’p 10=9econdst her providing at | east one auxiliary
reacting solution selected froma group, consisting g&) di Sé)ersant auxi liary

reacting agent Bi@ITEXING@RG reaeting pEpcp aﬂ’fé-‘ﬁﬁddeﬁ%o of the RERSEN inveRtian 1,

' theot or miBrSREb WaRtls iﬁngﬁ?@a»ﬁ'%@ysal'gt R RO R
clal e | 0 ARl soiBE! o AR TARLY Blach LA DR BPILES Ao

organi ¢ sol ution of said reac ran to the

boi | i ng poi niq Lﬁ@eé%gf)me@ate'Ehelt pfso%éﬁlna%s(?'“é‘yrﬁ’ﬁ?ﬁlc' Ragid@iofidry WARKE fiquiin
said step (b), said reactant solution, under” the action of rapld stirring,

sheari ng andagglomegateunixing aad, reacting paempitatoﬂeI\,ﬁxmgearmjecbadunglqﬁecupitatmr
isolated micro liquid agglonmerates with very fine size and then conplete
the process p@ssesses stater and frotor dhat cosile inefiectarmy efaeiindar, disepeathes@xisnd

zones Thr 6 coMMABHUS ySiRser { GUER b bayaiebr AR, e&mﬁf aghEoATe
m xed oLt u@&@%@?ﬁgﬁaqnhé“gi%w@mhg SRR B A BRI 35,
ey o 1Sl 43 W ERFar Sy, S S eidioraRroS s heR Bl o
preci pi t at orwing of stator, or stator without stirring wing (as indicated in Figure 4), 7 and 8

are inlets for solution A and solution B respectively. They are at one end of the

15 stator, 9 is the optionally inlet for optionally third solution-C solution, 10 is outlet
for combined precipitate slurry, lying at the other end of the stator. The difference
between inner diameter of the stator and outer diameter of rotor is in the range of
1 — 1000 mm, preferably in the range of 3 — 150 mm. Speed of revolution of the
rotor is in the range of 500 — 20000 rpm, most preferably in the range of 800 —

20 12000 rpm. The volume of flow for reactant solution passing through reacting
precipitator is in the range of 0.02 — 3000 m%h. Preferably the volume of flow is
determined by the capacity of the mixing and reacting precipitator. Preferably,
the time of passing through the inlet and outlet of the precipitator by the solution
is controlled within a range of 0.1 — 10 second. Solution A and B are fed through

25 inlet 7 and 8 and under the action of rapid stirring, shearing and strong
turbulence, are rapidly dispersed, broken into isolated very fine micro liquid
agglomerates and then complete the process of molecular diffusion, chemical
reaction, nucleation and formation of nanometer particle and precipitates. Under
the action of liquid flow, difference in pressure and stirring, the mixed solution

30 rotates as it advances along the direction of axis. On the whole, the mixed

9



7. The process as clainmed in claim®6, wherein, said process of m xing,
reaction and precipitation will be conpleted in a short interval of 0.1 -10
seconds. 8. The process as clainmed in claim1, wherein, in step (b), said
m Xi ng andpgykeacting precipitator is conprised of one stator and one rotor
on the same axis, in which a stirring wing is optionally installed on the
stator or roddNtiort B8oStBREShifE] MENPhetit! Wﬁe%ixin?ereé@ﬁﬁd ptecipitating&onengenhef
500 - 20000 rpm preferably 800 -12000 rpm the volune of flow of the

react ant sol sdlufion gaseratlg is dontimgbutlyerderty aganged akmngs thegadvaacingidilctioni s
in the range of 0.02 - 3000 nBlh. to 9. The process as clainmed in claiml1,
wher ei n, in ofitbp spirpl. Rimallyrtheishinahews edt of ouflerdctantingousiyhas a shape of
cylinder or disc or any other symetric forns. 10. The process as cl ai med
o O uhoinci, Sfereeb smESHIMERt GEine PoSPRE MHRGUSB B, Pt b 41 PHaL or

more i A et o TBP Bttt kB A8 TR EREk e e Rt o8 yFRig BRa
netall ed onSHeang pRATPRE, The e et e B T D B SRy

of stator angilloHowevdranRt pref@red Ahat they are drigndetnparadel dnd &Y tan@ach
preferably 3 - 150 nm 20 11. The process as clained in claim3, wherein,

when t her e isthenbyamarranged ireCy-axial jackeging @rianigemerit fdednkst direetidn couldhe
axis direction between the inlet of said auxiliary solution of the

cylindrical B¢ Rrmaggedat wihds ingicgtastingtigutest(adritisirhest pretareed that the anglen A
d soluti f to hal th i sdi rectj th

o sanl m xi fgeea nlebFeriTEradIosAtar axS sasties theigngRed 4 e, BbTiea i n
Lt 3. where C el )

ottt ons. ¢ gufe, ALPESRoRg iiaf i, uBLBF Botlibn 2 A, Hidh BESELLOE,B are

cylindrical é‘?réli@%j BMcneCsrhe Mams OF irbiatiBhOff Bk §shtsﬂ|'gr6r% %uf(flllng%é&ihﬁn A

and solution B are arranged around the cylinder on same p

per pendi cul agolttiori-gelutiohat, the @xialsdistancart bagasénsintet & Soltion Oraridhimlet of
cylinder 30 along the rotating axis. FP03045 13. The process as cl ainmed
in claim1l, sdlutienA of solgtiep B Is)in thaeangd ef esa toyhalfidength of idygapie olixingat or
is of cylinder-shape, the dianeter “Sf stator is in the range of 150 - 10000
mm  pri&f er abT8pCi0As shewd imfiiouie4{ql Kitberepare morehangane aedtanyrgolution,
solutions arg arrgnged on,the stator near the center, of the s rotatin

axi s, the | il IMGR et 0% Sedhdt | ERlobc Bhe el of afiel e den
hal f of the : [ ; [ j

nal 01 e SARERUIGA NG RO i i BRI SyeBieihy BrEAGAF ona the
rotating axi gxisoffotatibh oh thecylilderisesHdwn ﬁiﬁig_gﬁm@i)m ng mxed solution is
arranged at the outer fringe of the stator's disc, alternatively, the inlet
of reactant sol Theonixing asd aeactingepreatpitats cutléralda bade thé shhpesifatise ‘as

disc, the inlet for the auxi Iiar% solutions is Provi ded near the outer
fri ng@0of t hehowrinEigsre Srandsthe: dameter afstaler i1 2he 1YP00anMypreferably 200

Center of 1ot ALPBGRAL IS On A A Bhrotdud &s FaoRi B g ¥ha SFRton 85 |
O Ol e, rd_Sxie . t _ Process

Card pr eci pi CataebRy st FREw(E of e, Sor WiFoF] it JRBSIE! ) ofier”
Preci it at or (g7 afé ey Bhacipiied ERmOReRASTnas 156 HIBKLIie Bhamidr retheart .

said post-treatnent steps 1n step (c) include separation, drying an

pul veri zat i ogolatiens A difd Bharenprooiiesl arsthid sfatorchear the aiemtrabrotatiey akis) Thai d
separation step includes 2o filtration and washing, preferably using a
facili2sy capiniete abimarerthanenesuxilignesalutings C, D, E are provided at the spots that

are at a distance of half of the radius of stator from the rotating axis and are
successively arranged in the order of different distance from the rotating axis.
The outlet 10 for precipitate containing mixed fluid is arranged at the outer fringe
of stator disc. Alternatively, the inlet of reactant solution could be provided at the

30 outer fringe of stator disc, the inlet of auxiliary solution is provided near the outer

10



17. The process as clained in claim 16, wherein said drying step further

i ncl udes azeotropic distillation. 18. The process as clainmed in claiml,
wherein, said nanometer powder is at 2s |east one selected froma group
consi sting,Qf,sMetal s, oxides, hydroxides, salts, phosphides, sulfides and
organlccorrpounds 30t8 A CAAAACAAAAAA A AAAALAA

LN*Wy63>] ed @de of the radius of stator dis whlle the outlet of the_ precipitate-containi
7zupkf a\ V\]ca?((j:a] ca ca'i ca] ca](ca ca] ca] caj ca] ca?ca] cal ca] Ié):a cpaﬁ ca] caﬁ caT%a] ca

] ca] ca] ca] cahixeldhiif eprovidddcatithe atatet disENSab#ié 88nater of rotating axis.

%8B &EE d' (zupkfa\ W ca] ca] ca] ca] ca] ca] ca] ca] ca] caU] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] Elgug‘e:zﬂ shpws] aaflow] dnagcaap cofl aaptefaired] pracess (Qf(’(l'ie) pyesamﬁ* +++
,5,9,> A F, | [ E14444| wr mhc] X] ] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c

a] cal ca] cal c'ﬁY%'&‘]Q!h]'Bé']‘%QGJ]’EPa]S@Bjt@Q] aArdgaleiaruB arp sired]indhe dpuish sfpHpg 7: o
_a_h@\&cowéﬁefﬁ%mmw%?m[&%'kﬂt% dafoughaptaingRwap @é}dcfé‘t)]’ca] c
- IrX
al cal cal cal cabkaleghealdhr)arlranb sabepharleshamtde hed] saloakoahtalodliva X
] ca] ca] ca] Caﬂ&ﬁéﬂ 6@, ﬁaérﬁé‘kQﬁﬂoC\%Qﬂﬂ\g%heqﬁtéﬁhﬂ; %llﬂ?h‘é@h@addmhﬁéﬂlg lreatirg] cal
ca! "ua"uM[ GQW | wr mhc”Y] ] ] ca] ca] ca] Ca] ca] ca] ca] ca] ca] ca] ca] ca] ca ca] caJca]c
a] ca] ca] ca] thc%mahdammltwbombcabdeldma] pestdaatmenDSa8pe$W ~?} xsni | wr mheY

s Sl e o e Sl

ﬁ‘&(i)?ﬁf’%’/"@&é s e o postsepent cloud il oot yleds
né ()] aE) L%, RevpraisTook By B HErbh 34 g, pejf%%d;:mzmg
ne 8 Py (har G aneiatng St oudty RSI Y e of WeBRhg U

S7} N <~\: L10! inkRicelidMidbleétro field! &éﬂféid1gwétbr 'o@dr§éﬁ%ébﬂ?§nt(\)/abﬁih %nd etc;
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Pulverization which could be performed by, for example, ultrasonic. The amount

and running order of the above-mentioned post-treatment steps could be
20 adjusted according to the types of the product and detailed request of the
customer.

The method of the present invention could be applied to different reactions
that are capable of reacting rapidly and forming precipitates. Therefore there is
no specific limitation on the kinds of precipitates and formed nanometer powders

25 provided by the present invention. For instance, metals (include alloys), oxides,
hydroxides, salts, phosphides and sulfides or organic compounds are all in the
scope of the present invention.

As compared with the existing technology, the method of the present
invention possesses the following advantages: (1) Particulate diameter of the

30 nanometer particulates is adjustable and the homogeneity of the particle size is
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prepared at will; (2) The particulates are well dispersed with no hard
agglomeration. As a result, nanometer powders with excellent dispersity are
obtained; (3) This method can give a high yield and can be used in large-scale

5 production; (4) The process is simple and low in consumption of energy.
Detailed illustrations of examples of the present invention are further given
combined with the attached figures in the following. However, these examples

do not impose any limitation in any form on the scope of the present invention.

10 Examples
Example 1:
257.8 g of zirconyl chloride (ZrOCl, 8H,0, molecular weight 322.25, purity =
99%) was weighed to prepare 1000 ml aqueous solution of ZrOCl, with
concentration of 0.8 mol/L and was designated as solution A. 500 ml ethanol (95%)
15 used as dispersant was added into 120 ml of ammonia water diluted by twice
distilled water (concentration of NH, was 25%) to make 1000 ml aqueous solution
and was designated as solution B, all at room temperature of 20°C. Based on the
process flow diagram shown in Figure 2,solution A and solution B were allowed to
pass through “mixing and reacting precipitator” for dynamic rapid orderly micro
20 liquid agglomerate shown in Figure 3 to be mixed, reacted and precipitated. The pH
value could be adjusted by the amount of ammonia water used and the pH value at
end point is in the range of 8 — 9. The inner diameter and length of the stator of
cylindrical “mixing and reacting precipitator” are 90 mm and 240 mm respectively.
The revolution speed of rotor is 3000 rpm. The inlets for A and B reactant solutions
25 are parallel to each other and were provided on the same plane of rotation. The
volume of flow of each of the solutions entering “mixing and reacting precipitator”
was both 80 L/h. The precipitate-containing slurry entered continuous treating
facility to be washed and filtered and then was azeotropically distilled with n-butanol,
dried, separated into two portions, calcinated at 620°C, 720°C for 45 min and

30 yielded respectively ZrO, nanometer powder with average particle diameter of 17
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Example 2
10 139g of ZnCl, was weighed to prepare 1000 ml aqueous solution of ZnCl, at
concentration of 1.0 mol/L at 95°C designated as solution A. Ethanol (95%) used as
dispersant was added into 165 ml of ammonia water (25%) to make 1000 ml of
ethanol solution whose NH; concentration was 1.0 mol/L at 30°C. Based on the
process flow diagram shown in Figure 2, solutions A and B were allowed to pass
15 through the “mixing and reacting precipitator” for dynamic rapid orderly micro liquid
agglomerate shown in Figure 3 to be mixed, reacted and precipitated. The pH value
could be adjusted by the amount of ammonia water used and the pH value at end
point is in the range of 7 - 8. The inner diameter and length of the stator of cylindrical
“‘mixing and reacting precipitator” are 90 mm and 240 mm respectively. The
20 revolution speed of rotor is 3000 rpm. The inlets for A and B reactant solutions are
parallel to each other and were provided on the same plane of rotation. The volume
of flow of each of the solutions entering “mixing and reacting precipitator” was 80 L/h.
The precipitate-containing slurry entered into the continuous treating facility to be
washed and filtered and then was azeotropically distilled with n-butanol, dried,
25 calcinated at 520°C for 2 h and yielded ZnO nanometer powder with average
particle diameter of 46 nm. Both the homogeneity of the particulate diameter and
inter-particulate dispersity were relatively good. TEM micrograph of the powder was
shown in Figure 7. Since the amount of residue of the whole system and “dynamic
mixing reactor” would have an effect on the yield, comparative experiment in beaker

30 was performed and the yield of ZnO was 92%.
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()- 1lOwas used to prepare 1000 ml ethanol aqueous solution whose ammonium oxalate

concentration was 0.616 mol/l. and was designated as solution B. Solution B was
10 heated to 80°C. Taking 1000 mi of ethanol (95%) as dispersant and was heated to
60°C, designated as solution C. Based on the process flow diagram shown in
Figure 2, solution A, solution B and solution C were allowed to pass through “mixing
and reacting precipitator’ for dynamic rapid orderly micro liquid agglomerate to be
mixed, reacted and precipitated. Small amount of ammonia water was added into
15 solution B as a pH value regulator to adjust the pH value of the mixed precipitate
fluid to 3 - 4. The inner diameter and length of the stator of cylindrical “mixing and
reacting precipitator” were 90 mm and 240 mm respectively. The revolution speed of
rotor was 3000 rpm. The inlets for A and B reactant solutions were parallel to each
other and was provided on the same plane of rotation. As indicated in Figure 4(b),
20 the distance h between the inlet of C auxiliary reacting solution and inlet of A and B
along the axis was 12 mm. The volume of flow of each of the solution entering
“mixing and reacting precipitator” was all 80 L/h. The precipitate-containing slurry
entered continuous treating facility to be washed and filtered and then was
azeotropically distilled with n-butanol, dried, calcinated at 720°C for 2 h and yielded
25 BaTiO, nanometer powder with average particle diameter of 39 nm. Both the
homogeneity of the particulate diameter and inter-particulate dispersity were
relatively good. TEM micrograph of the powder was shown in Figure 8. Since the
amount of residue of the whole system and “dynamic mixing reactor” would have an
effect on the yield, comparative experiment in beaker was performed and the yield
30 of BaTiO, was 85%.
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Example 4:

185 ml of formaldehyde and 126 g of CuSO, were mixed and diluted with twice

5 distilled water to prepare 1000 ml solution of CuSO, with the concentration of
CuSO, at 0.5 mol/L. The resulting solution was designated as solution A. The
temperature is 70°C. 166.7g of NaOH was weighed and 6 g of dodecyl sulfonic acid

was added as dispersant. Twice distilled water was used to prepare 1000 ml
aqueous solution whose NaOH concentration was 1.0 mol/L and was designated as

10  solution B. The temperature was 70°C. Based on the process flow diagram shown in
Figure 2,solution A and solution B were allowed to pass through “mixing and
reacting precipitator’(Figure 3) for dynamic rapid orderly micro liquid agglomerate to

be mixed, reacted and precipitated. Ammonia water was added as a pH value
regulator to adjust the pH value of the mixed precipitate fluid to 13 — 14. The inner

15 diameter and length of the stator of cylindrical “mixing and reacting precipitator” are
90 mm and 240 mm respectively. The revolution speed of rotor is 3000rpm. The
volume of flow of each of the solution entering “mixing and reacting precipitator” was

all 80 L/h. The precipitate-containing slurry entered into the continuous treating
facility to be washed and filtered and then was azeotropically distilled with n-butanol,

20 dried, calcinated and yielded Cu nanometer powder with average particle diameter
of 40 nm. Both the homogeneity of the particulate diameter and inter-particulate
dispersity were relatively good. TEM micrograph of the powder was shown in Figure

9. Since the amount of residue of the whole system and “dynamic mixing reactor”
would have an effect on the yield, comparative experiment in beaker was performed

25 and the yield of Cu was 88%.

30
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What Is Claimed ls:
1. A process for preparing nanometer powder, comprising the following steps:
(a) providing reactant solution A and reactant solution B that can rapidly react
to form precipitate;

5 (b) continuously adding said solution A and solution B into a mixing and
reacting precipitator with a stator and a rotor in operation, respectively;
and

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

10 2. The process as claimed in claim 1, wherein said solution A and solution B of
step (a) optionally contain auxiliary reacting agent and/or dispersant.

3. The process as claimed in claim 1, wherein, in said step (a), further providing
at least one auxiliary reacting solution selected from a group consisting of
dispersant, auxiliary reacting agent and pH regulator.

15 4. The process as claimed in claim 1, wherein, said solution A and said solution
B in step (a) are independently in the form of aqueous solution or organic
solution.

5. The process as claimed in claim 4, wherein, the temperature of said
agueous solution or organic solution of said reactant are in the range from

20 15°C to the boiling point thereof.

6. The process as claimed in claim 1, wherein, in said step (b), said reactant
solution, under the action of rapid stirring, shearing and strong turbulence,
will rapidly be dispersed, broken into isolated micro liquid agglomerates with
very fine size and then complete the process of molecular diffusion,

25 chemical reaction, nucleation and formation of nanometer particulate and of
precipitate; mixing reacting zones are continuously orderly arranged along
the advancing direction of mixed solution; the process of mixing, reaction
and precipitation on passing through the mixing and reacting precipitator will
be completed in a short interval of 0.1 — 10 seconds; and then the

30 precipitate-containing slurry will continuously flow out of the mixing and
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7. The process as claimed in claim 6, wherein, said process of mixing, reaction

and precipitation will be completed in a short interval of 0.1 — 10 seconds.

8. The process as claimed in claim 1, wherein, in step (b), said mixing and

5 reacting precipitator is comprised of one stator and one rotor on the same
axis, in which a stirring wing is optionally installed on the stator or rotor, the
speed of revolution of the rotor is in the range of 500 — 20000 rpm, preferably
800 — 12000 rpm, the volume of flow of the reactant solution passing through
the mixing and reacting precipitator is in the range of 0.02 — 3000 m®h.

10 9. The process as claimed in claim 1, wherein, in step (b), the mixing and
reacting precipitator has a shape of cylinder or disc or any other symmetric
forms.

10.The process as claimed in claim 1, wherein, in step (b), if said mixing and
reacting precipitator has a cylinder shape, two inlets for the reactant

15 solutions and one or more inlets for auxiliary solutions are installed on one
side of the precipitator while one outlet for precipitator-containing mixed
solution is installed on the other side, and the difference between the inner
diameter of stator and outer diameter of rotor is in the range of 2 — 1000 mm,
preferably 3 — 150 mm.

20 11.The process as claimed in claim 3, wherein, when there is only one auxiliary
reacting solution, the distance h in the axis direction between the inlet of said
auxiliary solution of the cylindrical mixing and reacting precipitator and the
inlets for solution A and solution B is in the range of zero to half of the axis-
direction length of said mixing and reacting precipitator.

25 12.The process as claimed in claim 3, wherein, when there are a plurality of
auxiliary reacting solutions, the inlets of said a plurality of auxiliary solutions
on the cylindrical mixing and reacting precipitator and the inlets for solution A
and solution B are arranged around the cylinder on the same plane
perpendicular to the rotating axis, or arranged successively on the cylinder

30 along the rotating axis.
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L #$9R' () * +, - . /[1@dRBAg gredipitator is of cylinder-shape, the diameter of stator is in the
R G e 01 150 ~ 1000 min, preteratly 900 - 1086 M. the nieta forthe two
main reactant solutions are arranged on the stator near the center of the
5 rotating axis, the inlets for one or more auxiliary solutions are arranged
within half of the stator radius from the rotating axis and are arranged
successively according to the different values of distance from the rotating
axis, the outlet for the precipitate-containing mixed solution is arranged at
the outer fringe of the stator's disc, alternatively, the inlet of reactant solution
10 is arranged at the outer fringe of the stator's disc, the inlet for the auxiliary
solutions is provided near the outer fringe of the radius of the stator's disc
while the outlet of precipitate-containing mixed solution is provided on a
portion, near the center of rotating axis, of the stator's disc.
14.The process as claimed in claim 1, wherein, said step (c) is started,
15 preferably immediately, after said precipitate-containing slurry flows out of
the mixing and reacting precipitator continuously.
15.The process as claimed in claim 1, wherein, said post-treatment steps in
step (c) include separation, drying and pulverization steps.
16.The process as claimed in claim 15, wherein, said separation step includes
20 filtration and washing, preferably using a facility capable of continuously
operating.
17.The process as claimed in claim 16, wherein said drying step further
includes azeotropic distillation.
18.The process as claimed in claim 1, wherein, said nanometer powder is at

25 least one selected from a group consisting of metals, oxides, hydroxides,

salts, phosphides, sulfides and organic compounds.

30
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