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NANO- PONWDERS AND NANO- PARTI CLE LOCSE 5 AGGREGATES POADER TECHNI

The present i nvention relates to a nmethod of preparation for ul
powders. FRBPY specifically, it relates to a nethod of preparatlon for
nanomet e'WQQ3de1{6ader s (herei nafter called as nano-powders) and powder of
| oose aggpEyate2@bsbhe nanoneter grade particles (hereinafter it is called
as nano- partlcl e | oose aggregate povvder and the nanoneter grade partlcl e
as nano-part.i Espe ates to is a method utilizin uid
phase ché’rR@QES f&R&R@BHéNﬁ NW@@@WBEB&ANQNM@%H @tCkS nd
nano- par tAGGREGATESBOWDER: powders. BACKGROUND OF THE INVENTION 20 It is
wel | known that particulates of nmetals or netal oxides with sizes at
manoneter | evel or submcron |evel are very useful industrial products in
many fi el These applications include the manufacture of
catal ysts TCEQ'@BI &%Ecél&ibc I ndustry) pottery and porcelain, electronic

el enents, coating, capacitor, 2s mechanical -chem cal polishing slurry,
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Chemi stryaéar%wé‘ﬁrsand“an%@&ce %e ppowders. 4 | CN 1217387A,
there was al so a detailed discussion on the advantages and di sadvant ages of
the various technol ogies. The process of the liquid phase precipitation

et hod | 8ACKREROUNIEN gromMm@ed INVENTION 9as phase nmethod, solid phase
met hgd or ot her I|qU|d phase nethod its 40 controlling condition is not so
critical and |L§ cost wer . grefore nowadays the |iquid phase
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operati oﬁOSmﬁI\PCS,ost and high yield, it has three generally recogni zed
di sadvantages as follows: (1) it is difficult to control particle
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35 No. 3, 1 — 4. In CN 1217387A, there was also a detailed discussion on the

advantages and disadvantages of the various technologies.

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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to particles. Due to long tinme, nano-particles will growto be relatively
larger in size and will agglonerate together anbng nano-particles. The
participation of the product formed in the later stages will induce
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acquire vigorous stirring, earing and, turbul ence and woul d 'qui ckl'y E();e
separated and broken into isol ated very small sized mcro liquid
agglonerates in order to enlarge the interface of the two solutions so as
to provide good conditions for the processes of nol ecul ar diffusion,
chem cal reaction, nucleation and etc. 2s ' Chinese Patent Application
No. 01106279.7 filed on March 7) 2001, which has not been disclosed and is



FP0306s Moreover, the nunber of devices can be decreased and the paraneters
to be controlled can be sinplified. After reading the follow ng
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ow a coaxl I on m Xi ng a plurality of nozzl es
through WhICh t he sol utlon Ais e ected and an |nI et t hrough which the
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pl ural i t)ntghsif)O 2@jURSaBI8 REKaMEAIGRINY intehsity 8Rd BifpRcif SCs@Gtufe Within
20  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
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.
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FPO3065 Fig. 6 shows a coaxial ejection m xing reactor with an side inlet

t hrough which the solution B flows and a plurality of nozzles through which
t he sol u%’ on A and the solution C are ejected; s Fig. 7-a shows a tubul ar
static m ‘?39166 reactor for solution A and solution B; Fig. 7-b, 7-c show a
tubul ar dareoveri thengumbac tafr dévices cant be rdekressd anantHa ﬁaﬁbrﬁ@iéﬂéit@r‘b&? to
Fig. 8-ao‘é>hﬂ‘6ﬁeé\caﬁ|ué/§ﬁ%fié&,0r m xi ng menber; Fig. 8-b shows a grid m xing
menber; 15 20 Fig. 9 shows an atomi zation m xing reactor; and Fig. 10 shows
an el ectrgpic m crograph of the powder obtained in exanple 1. DETAI LED
DESCRI PTI%@r@afhﬂﬂt fieliewing desgriptienss dhisand forthenebjsctivesitadvwantagesoand t he
t er m 3 nafieatposaief thermrpsestinventiorpwildsscomepldased of nano-particl es having
an average particle dianeter of |less than 100 nm The excel |l ent nano- powder
obt ai ned I [ hall has the follow ng advantages: a small
aver age %M%pﬁﬁ%w?ggﬁoﬁhan 30 nmor even as 2s low as 10 nm; a
narrow particle size distribution; a good dispersibility (only softlinkage
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are loosely and net-like dispersed in a space and can have a suitable
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meanf'ng. _The term "tubul ar ejection mxing reactor” represents a tubular

ej ect i ngPRESERIRHOMNOFhEHEARBAVUNGSd precipitation will automatically take
pl ace following the mxing of the s solutions. During the ejection m xing,
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ejected into a liquid streamnoving slowy (a main flow or a Second
(1iqujd)._On t.hﬁ&l?oundary of the ejecti ngt flow, a mxing layer is forned due
to tife dofiGr &8 Hae Praers diow dlagsarader amethed &f éhe preasent Bweatiant hat of t he

main fl ow and due to the turbulent function. The m xing | ayer expands al ong

the flovFidi Bexshows of cddxtal tefectionChixiy fdater; and al | ows the main flow to
enter into the ejecting flow by carrying and m xing. The tubular ejector is

a continuoug flow appar.atus of .a hi speed. The coaxi al ejecting m xer and
the ej ect'gné'%'}%‘?’s %th*eglcg] W@"P%r%écha'i\@'thm ipletabA sidrtheraef,shown in Fig.
3-a)35in the coaxial ejecting mxer, the second liquid streans in a |arge

di amet erFigi Beb, 134t and Figi4-bj, dad siow incejebifore AMihG re st6E orMBred sdtiitiordd t he

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. 5-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;
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is ejecting flowis ejected into the coaxial ejecting m xer through a small
di aneter pipe and is coaxially placed in the |large dianmeter pipe. In the

ej ecti ng&r&xﬁgr with a side inlet, as showmn in Fig.4-a, the second liqu id
also flo MR a | arge di aneter pipe but the ejecting flowis ejected
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Fig.5-a shows one m nto which the ejecting flow B is ejected through
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the éjected flowis in the range of 0. 1- 3000n8B/ h) preferably 0.1-800n81h.
The pr esésranathen prefesred egbadiment ef the prasentdnyentidn, 3oe Bretbrg /of ppeparing
pr ef er abhyhdrd-poHWeECARdTE .nahbepartigledbose aggregatdipowtiet bemeyises b followinigs i n
the ranggidfs. 2000- 20000, preferably 2000-8000. The |arge dianeter pipe of
the ejection mxing reactor has a dianeter of io 5-1000mm preferably
(5-500mm The reynol ds nunbers of the second sol ution and the. m xe? flow are
in the rédge dIroviding neastant spletiensf gnddheapable. offapidly Jearting 1@ fem @ ar
stati ¢ nprecipjtateaaridopfionaltywoomtainingian aaxiliaryoreacting agerd@ndr actispenisings
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preci pi t pidcppit1ER@PERRING SIUAE WHIRH! &ill Sbét bentitudisly ediséRdrget! rop® the
|IIustraE%IqQi %gg ﬁ@gétrg Eog,fa ss m xi ng nenber can also bée found in

I ndustry RO S %tr nSlated in Chinese), N Harnby, M F.Edwards,
A.WN erow., Beijing, China Petrochem cal Publishing House, 1985, Edition
1, p279-@92. Aostlrentingdhé precipé#ateasortainingsurtyweontepmustyedisphartgedafromg it s
| ong4aXi the a'm]iﬁg\ﬁblﬁﬁ]i)aﬁ$aé§étgﬂ parts are rotated around the short axis for
900 and used as a pair of front separatgprs of the m xing nenbers. The
separators are wel ded on a support wth an angle of 450 between the axis of
the large dianeter pipe and the plate surface. The m xi ng nenber further
contains a pair of back separators along the axis of the pipe of the m xing
reactor. Except that the back separators are rotated around the axis of 3s
the pipe of the mxing reactor for 900, the back separators have the sane
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FP03065 by extensively convection and turbul ence. The average size of the

mcro liquid aggregate is in relation to the mxing intensity and reynol ds
nunber Re ecifically, to the pipe dianeter and the fl ow speed. The fl ow
speed |sFi)OnO gel ation to the flux and the pressure. The average size of the
mcro liquid aggregate can be as small as s tens of mcrons As previously
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nunbeg of the solutions and the mxed flowis in the range of 3000-20000,
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di Sperse%drﬂirﬂn tathat %e&é&&saiﬁ%ﬂtl‘?%@&% Cof rﬁcﬁeéﬁm?‘(aiﬁd%%n and

shearing Rrg._and dyl ng ‘cause y extensive convecti on

t ur bul en¢ 'I'][F%L e%?eggge size of the micro liquid aggregate is in relation
to the mxing intensity and reynol ds nunber Re. However, in the nethod

usi 9 anAecardingatd one prefenpd embodimenth ehenctheolesidence time dittheisodions t wo

sorts ofthibugh tHeOPhiRirg atsd RshclihgPré6ipRatof’ isTorfder thaf thd e SFdifflidiod ahWO

sorts of [
The ol Irgfa'cﬂSn d@%péﬁrhﬁleaﬂiﬁnﬁelt(%reéi% ﬁ’aefio\lgéi@itlé %GBE J?:E%%aéﬂa (#l%?xh% rgé}pl qui d
aggr egat 339 19?"«? %'%@Wﬁ%”@%&ﬁnern?éi'cemanf 8riessrngshpreven elifaingtasdt dyur e
and t he shartening saideresidsincsitinee toPi2at i1Brsesbndsi st i ne nuclei on the

i nt essf aces of the micro Iiquid aggregates by making two sol utions m x and
react with each other, the atom zing i g, m xing and the tubul ar ejecting (or
static) mxing are the sane. That is, the smaller the mcro liquid
aggregates are, the higher the fresh interface area is, and the higher the
total nunber of the pristine nuclei and the average density (nunber per
unit of the space) are. And if a |l arge amount of pristine nuclei are
explosively fornmed and the average density (nunber per unit of vol une of



a. pressure nozzle A certain pressure (typically 2-20MPa, or higher) is
provi ded by a high pressure punp to the solutions. Wen passing the nozzl e,
the statjc pressure energy is 30 transferred into dynam c energy and the
sol uti on&™ @% ej ected at a high speed and separated into atom zed droplets.
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of the gas phase is generally in the range of O. 3 0. 7MPa. The contacting
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t hat of t&mgqﬂf r 80@@6hi zi ng method. s In summary, by the above
atom zers, the solutions can be easily separated and dispersed into mcro
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ejecting (or static) mxing reactor. Besides the fluxes of the solutions,
t he mai nThemairingeand reablingerecipitatorlugddiis stépe(byiof ¢he bresentiimeshtidnamll dles .

The f1 uxgsedificdlifaieseribel W fefef t 3000n8B/ h, preferably
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nozzl es, reactorpaessjecton seidingoreacter Wwitle side irdetsuandian ejectod Ghigingn&actar

pref er abWuh&-,aQrdmjgfrﬂgzﬂég nmet hod of the present invention can be applied
to vari ous reactions capable of reacting rapidly and form ng precipitates.
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honbgenegu |str|b
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be explosively formed in the vicinity of fresh interfaces of the two solutions. The
density (number of pristine nuclei per unit of volume of the reactor) is relatively high.
As shown by some experiments, the particle size of the nano-particle produced by
collision and aggregation between the pristine nuclei will become smaller and even

45 as small as several nanometers. The nano-particles are loosely distributed in the
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FPO30G5 Detailed illustrations of exanples of the present invention are
further given by conbining the attached figures. However, these exanples do
not nean Iaon%sl imtation in any formon the scope of the present i nventi on.

s Exanpl &M% 773, 4g of zirconi um oxide chloride ZrQOCl z. 8H0 (nol ecul ar

wei ght =38pa@% and purity' 99% was wei ghed and 3000ni of O.8mol/L ZrOC 2
aqueous sol ut I on was prepared fromthe zirconium oxide chloride, called

sol ution | | en 950 as
a di sper Flo, a en éf(a é&d eig}xﬁgg %ﬁﬁr \@Wg%gdﬂlieislﬁé{\;eaéag?ﬁﬁgpons
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“obt ovvders havi an avera e parti di aneter of 40nm and
baviity J88 SRPHEAEegRal S85Hdn EngTeacios wikha Sige dnighiar salidion B and 3

di sper sipurality of nozzlgs targsotiansor aad ®@2% 4s 17 FP03065 Exanple 3: 441. 6g
of BaCll z was wei ghed and secondl y-distillated water and 900nl et hanol were

added torpy eémsné%’q Qr %g&gkuéh rﬁ?%&ﬁ?& 4% ALK rﬂ!}egalhlf@teﬁgl gtion
A t t
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si neer edhatdidretdreamektiad lorgtivfof 308 €jddtingddiperand b9thai dlaster®Rthe large
crystal line BaC03 nano-powders having g diameter of 30nm and |ength of 90nNm
and having good uniformty in particle diameter and good particle
dispersibility. The yield of 20 BaCO03 was 93% Exanple 4: 1289g of

zi rconi um oxi de chloride ZrQOCl z. 8Hz0 (nol ecul ar wei ght =322. 25 and 25

purity' 9999 was wei ghed and 5000nl of O0.8nol/L ZrOC 2 aqueous sol ution was




prepared fromthe zirconium oxide chloride, called solution A
Secondly-distillated water and then 1750nl of ethanol (95% as a dispersing
agent werg ded to 625nl of amonia water having a NH3 concentration of
25% to pr odauce 5000mL of an aqueous solution called solution B. Solution A
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solution A and solution B are both 200L/h. The two reactant solutions were
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During the solutions continuously and orderly mixed and reacted with each other to

45  form a precipitate, from the point of how the solutions are separated and dispersed
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to (b) feeding the at least two reactant solutions A and B to a mxing and
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solutions A and B are rapidly dispersed and pul verized to mcro-1liquid
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react w H" @'ﬂﬁp %‘%B{'ﬁ%ﬂ' éorm precipitate. he’ process according to
claim9, 2 Par ej ection nixing and reacting precipitator is
sel et ed from a group consisting of a coaxial ejection m xing and reacting

precipitat oprewrepezzleon m xing reactor having a side inlet and a nulti lo
nozzl e ejection mxing reactor. 11. The process according to claim9,

wherein _the A BER&INHrasBIRN (tyPicdlly QQM@J I'?éi' is o\/ﬁleﬁr&ﬁ?ﬂl elsurd M.
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Re of thgepbrdd ﬁﬁohltﬁé'ﬂess‘a.:réQﬁQﬁQQiQﬂld Bireh 8y, Wné’aﬁﬁﬂ&n@oﬁﬂe{hd&ls dindle,

process i aneter of the |arge di amater 2s
pi pe in @’%?‘Qéﬁﬁ'ggﬁté‘? Ié%tﬁ%ng%SE&ﬂPeactor s 5-1000mm preferably

5-500mm 16. The process according to claim9, wherein Re of the second
reacls onbl i qasatreaﬁeatnaziad mxing liquid streamis 3000-10000, preferably
4000-8000. 30 17. The process according to claim1, wherein a m xi ng menber

capabl e of T FheUolutibrPaie) ?&eﬁ%rﬁL{hé?{ogiqce@,%r#Q?régﬁﬁé % High Red
m cro- | h&goﬁgﬁgﬂre # &5 %a&d; e gl focatomi dropléts due Yo the i t| ul ar
Static FORE P e ePafapd intogtopized drop ction
caused by the speed dlfference 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



3s 18. The process according to claim 17, wherein said m xing nmenber is one
or nore selected froma group consisting of Ross m xi ng nenbers, Sul zer

m Xi ng nenbers, Kenics m xing nmenbers, hol e-separator type m xi ng nenbers
and gri d Py ng nenbers. 40 19. The process according to claim17) wherein
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~ont 014 hepfdhbiaBly 920 kpesker belt in one direction. 24. The process
accordi n% to cryalgm 23, |\?}n'erei n the size of the sprayed droplets is 2s

20-300 a_m 25. The process according to claim23, wherein the flows of the
r eact ant 1 8@ mMethed ©f the presend irvantiosnandes applied fo vanioumsraactipne capableyof

0. 1- 800 recting 3apidfy. arfdhéorming peecipitatos dThereforectheienslib spéeifielimitatien on
homoai ogiHs of PHSEISHEA ST B ranaP ndif BORaoRy 1Bl by P bregetTh).
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accor di nigveotien.ai m 23, wherein said atomi zation mixing and reaction
precipitator further conprises a third atom zer capabl e of nmaking said

adj uvant | ROL\ i | e ] ~eThe

oI 0G5S %%gég*ﬁéd ?ﬁ*'ﬁf;‘aﬁ St bR SR EE! FEp b HyeRiaf Sasca o
t r arfsf er'fdPrOWE @ ?ﬁ%'tess according to claim 23, wherein said filter

device is a wet filter cloth. 4s 31. The process according to claim 23,

further [)mariicilaty diameter of theohdmespangldshis adjustable, the homogeneity 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-particle 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 controlling of the parameters can be
greatly simplified; and '

(5) the process is simple and low in energy consumption.
45
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FPO3065 precipitate-containing slurry fromsaid roller or transfer belt and
then post-treating the same. 32. The process according to claim1, wherein
in step é%gﬂ said precipitate-containing 5 slurry is post treated
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UWU3! ) 03%@2%?5‘_&1@} wilst w8lgheUadrabsedondly-§ s tin&tbaatse vds addedid piadides () -
1 a0%84d 0" &7 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
Zn0O 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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spray hole of 1mm. The flows of solution A and solut|on B are both 160L/h. The

pressure at the spray inlet for solution A was 100kg/cm?® The slurry containing the
15 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 550°C for 45min to obtain columnar crystalline

BaCO; nano-powders having a diameter of 30nm and length of 90nm and having

good uniformity in particle diameter and good particle dispersibility. The yield of
20 BaCO, was 93%.

Example 4:

12899 of zirconium oxide chloride ZrOCI,.8H,0 (molecular weight=322.25 and
25 purity=99%) was weighed and 5000ml of 0.8mol/L ZrOCI, 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 5000ml of an
aqueous solution called solution B. Solution A and solution B were mixed in a
30 tubular static mixing reactor as shown in Fig. 7-a and reacted with each other to
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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10  500L/h. The pressures at the spray inlets for solutions were both 3.5kg/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 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 5000mi 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,
300m! 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?2. 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 patrticle 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 2000ml 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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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:

40 294.49g 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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10 BaCO, nano-powders having a diameter of 32nm and length of 89nm and having
good uniformity in particle diameter and good particle dispersibility. The yield of
BaCO, was 86%.
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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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11. The process according to claim 9, wherein the inner diameter of the hole for
ejecting is from 0.5mm to 10mm.

12. The process according to claim 9, wherein the flux of the ejected liquid is 0.1-
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?.

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
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.

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).

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.

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

solutions is in the range of 0.1-3000 m%h.
23
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5 22. The process according to claim 17, wherein Re of the reactant solution stream
and mixing liquid stream is 3000-20000, preferably 3000-8000.

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 20-300pm.

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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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-patrticle

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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