I nstrunment and process for nanoparticles production in continuous flow node
The subject of this application is a device for the preparation of
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Precuéshponent (monostructured nanoparticles), two or more component (composite
nanoparticles). A subgroup of composite nanoparticles is 'core-shell-type nanoparticles in
which one or more components form the core of the nanoparticle and also one or more
components form a shell (coating) around the core.

Today both batch-type and continuous-type reactors are used for the
synthesis of nanoparticles. The batch-type reactors are more economic when the batch
size is bigger. The bigger batch size, on the other hand, results in a less uniform particle
size distribution.

A simple reactor for the synthesis of in situ catalysts is described in
Microfluid Nanofluid 2008, 5, 411-416. Continuous flow tubular microreactor system is
described in Nanoletters 2004, 4(11), 2227. This system is used only for the production of
silver nanoparticles. Silver nanoparticles are synthesized by the device disclosed in US
Pat. Appl. 2005/0179175. The particles are formed from vapors of the precursor.

It is also known from the literature that both the pharmaceutical discovery
and industry face with the problem of low water-solubility of APIs and biologically active
molecules. The classical drug formulation techniques employ micronisation methods to

increase solubility. The size of the particles produced by these methods is between 2 and
1
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are capabl e of producing m crogramquantities of netal-containin

nanopBHtinG besavse 6fi e beateliart. Thechardlingreaanedyust (pagiclasourdasr 250 ) is
usual hé"lﬁﬁ.‘*@%df’%f’f’?ﬁsBéagt%é%}egg'a%HQpart I cles containing only one

net al . t1onal e CIr I cabl e solvents are narrowed by the
fact that the kBotwm-up technologies (see e.g. Hydrosol: GB 2,269,536 and 2,200,048 or

US 6,607,784) are not used in pharmaceutical industry for the production of nanopatrticles,
since stable control for obtaining uniform particle size is difficult. Control of precipitation is
difficult and optimization of reaction parameters is laborious and time-consuming. Some
continuous systems are also known which are capable of producing microgram quantities
of metal-containing nanoparticles through chemical reaction. These reactors, however,
can usually be used for the production of nanoparticles containing only one metal.
Additionally, the circle of applicable solvents are narrowed by the fact that the known
continuous reactors work at atmospheric pressure, thus, the boiling point of the solvent
delimits its use in case of nanoparticles that requires certain temperature for their
synthesis.

US 6,179,912 describes a microfluidic continuous flow reactor system for the
production of fluorescent nanoparticles. The system contains two reactors in a cascade.
The reactors can be heated to different temperatures, but it is not possible to feed the
solution of a new reagent between the two reactors. The mixing of the reagents is
accomplished before they enter to the first heatable reactor unit, thus, this reactor system
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continuous reactors work at atnospheric pressure, thus, the boiling point
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organi c sol Vhataim Bfiethis inveintibhiis fongenioven theé falugst and eshdritoniings Wretheand
shortcom ngijgt}i the devices of the present state of technol ogy, especially

to prd6yige ecRiesent stater olotechneiogy. gsaesialy: da Provide: sich gantipugus ﬂPWb
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nanopart,.cl es hav{ ng tfhe desi red sé{uct.{f‘r{g1 and gro erties. The set targets
of t hYOrKIUR RAFRSETS £F i JRYIcRJopRtbep dith thepropsss Bprameters i Relsrta pbtain
nanopABhéEArEied Wawiiy theaiduiefichulartRepafildsc! es are reached secondarily
by such conti nuous ow devi ce The above target, i.e. the nodification of
t he propert 108 set targetssohtheciniveatiomdres whangingethedparticlg sineiof tisg syhthesizedi s

: . : . devi ’ Ay
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uni t comtimuediomodévieef | ow path and at | east one reactor unit possessing a

heat abl e reactor zone in the sanme cascade. . ]
he above target, i.e. the modification of the properties of the synthesized

nanoparticles during their synthesis, is achieved on the one hand by constructing a device
for the preparation of nanoparticles in continuous flow system which consist of a first
feeding unit connected to the flow path and at least one reactor unit possessing a
heatable reactor zone in the same cascade.

Thus, the invention is the 50 continuous flow system for the synthesis of
nanoparticles which consist of the 1a feeding unit connected to the flow path, at least one
2 first reactor unit possessing the 13 heatable reactor-zone, the 3 second reactor unit
which follows 2 in the same cascade; the 5 mixing unit and the 1b second feeding unit
between 2 and 3 reactor units, the 9 and 10 feeding pumps connected to the raw material
source and/or 22 control unit which is capable of controlling at least one 18 pressure
controller and/or controlling the temperature of at least one 13 heatable reactor-zone;
each 13 heatable reactor-zone is followed by 14 cooling unit in the cascade.

The device of invention contains 14 cooling unit which follows 13 heatable reactor-

zone in the cascade as parts of 2 reactor unit.
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nanosusRensﬂons and col |l oidal solutions containing biologically active

or ganN@NARAEEEPes, and core-shel | -type nanoparticles. A beneficial
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APl nanoparticles. The invention also covers the process for the preparation

of naptgferably [contginisge mataly obrhialogioady naetivies osganic omelficsias ywhen ithey are

or ganij . e . esi zed by the device descri bed above.
A pr e%@?"ﬁgjf'gg‘gWiﬁ%@@ﬂ%"%ﬁe@%"ﬁégﬁ’ %@&%}l on uses non-steroidal

anti -i nf | aaMpiefenabled embiddifmentr ofgthe Sobrtioni 0sés aiorcstersidal anti-inflammatory
dysfunction/ pul nonary hypertension, sartan-type conpounds, statin-type

conpolifiRculemdrugn disesk against srsiilm dyshimgtionpuliparayshyperiensian. | stastypen
conti W.SYiSt es) ' ' i d
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r eact paramegends #he tempefature of the heatable reactor-zone. A well-known effect of high
temperature is that it increases reaction rates which in turns accelerates synthetic
processes. The relatively broad region of applicable temperatures (10 - 350 °C) enables
the synthesis of different tybes of nanopatrticles which makes the reactor a general tool for
the synthesis of nanopatrticles. Increasing the temperature, however, may result in boiling
of some solvents of the starting liquid delivered by the feeding unit to the heated reactor-
zone where the solvent evaporates and the dissolved material precipitates out. In the
continuous flow systems of the present state of technology, the precipitation is prevented
by choosing a solvent which has a boiling point high enough for the planned reactor-
temperature. However, this makes impossible to change the temperature of the reactor
considerably during the process according to the online analytical results of the produced
nanoparticles. If the used temperature of the reactor does not furnish nanoparticles having
the desired properties, the synthesis have to be redesigned by choosing another solvent
for the starting materials in some cases which increases the time needed for the

optimization of the reaction considerably.
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According to the invention, low-boiling (volatile) solvents are exemplified but not
limited to the following solvents: methanol, ethanol, propanol, isopropanol, ether,
dichloromethane, chloroform, toluene, acetone, water and mixtures of any of these.

In addition to the advantages mentioned above, applying high pressure and
temperature together, the supercritical state of the ‘applied solvent can be reached. A
state, where properties are still to be investigated and might improve reactions' outcome.
Thus, the device of invention enables the synthesis of nanoparticles under supercritical
conditions, providing a new horizon of nanoparticle research and synthesis.

Using the device of invention, APl-nanopatrticles of the size of a few nanometers
can also be synthesized safely. The material consumption of the continuous flow system
is minimal, thus, it can offer a solution for nanoization of biologically active molecules even
in the drug development stage. Since there is no heat-evolution during nanoization, the
risk of structural rearrangement of the synthesized nanopatrticles is minimal. Nanoparticles

synthesized by ‘the device of invention are obtained as colloidal solutions or
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one first and one second reactor unit. Essential part of the device is the
m xi ngj)r@‘l“éq?é’rﬁtth‘?)ﬁ@éé‘?ﬁcqﬁéi' en the two reactor units, and a second feeding

uni t which igisPMABCEEShrd fédding! it PRt pbssibightd hidd minvtivg retdent Tioe thel e
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modifies the properties of the nanopatrt'icle or to synthesize multicomponent and
multifunctional materials under controlled conditions.

Similarly, by placing further reactor units after the second reactor unit and
connecting further feeding units to the flow path through mixing elements between each
two reactor units, the resulting nanostructures can be modified further and further in each
additional reactor unit to enable the synthesis of nanoparticles having several different
layers of coating on the core which is formed in the first reactor unit.

The parameters can be adjusted in situ in this case as well. By analyzing the
nanoparticles leaving the second reactor unit, it is possible to obtain information about the
evenness of the coating, the ratio of the core-material and coating; and also possible to
change _the process parameters (the temperature of the first and second reactor-zones,
the flow rate of the first and second starting liquids etc.) during reaction.

In case of a particularly beneficial form of the device and process of the invention,
the final product that leaves the last reactor unit is analyzed optically and some particular
device- and process parameters of the running reaction can be adjusted according to

those analytical results. For instance, using a flow-in cell together with a UV/Nis
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For instance, it is possible to create a coating on the surface of the
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optic?l |y and sone particul ar device- and process paraneters of the running
react |%tﬁ' can be adjusted according to those analytical results. For

i nstance, UFigigle 3, TENVimhage of b Rt bineétallictianppbiMicie,sspect r ophot onet er  or
an on-line DLS-anal )i_zer (Dynam_c Light Scattering) it is possible to
anal yze on- Figwse'dige TEM Bpage ot CaSegianassystalsandr oduct qual i tati vel y.

Furt her det gi Se of4bt hgn{i%\égpgﬁagﬂ% eofje@&ﬂﬁ&élatsﬁﬂxtmspgt @&g@rnwge@& of

its acconplishnment "depic e followmng figures. Figure
bl ock s¢gnthgsixedalsirg Ofeedntdlom rdtes sanbetseendevi ce of invention, Figure

2a-2c, TEM (Transm ssion El ectron.M crosgope) i s, of nan ti.cl [
case of difrigusdtsshaws 4 %s?'opkﬁdﬁggaﬁh,o(%tge%‘ﬂl%g’?éem@ thea BSQ?"('(F:‘E?@ "
si ze JZuneh .0 t appl ieg: 'a?(y,.é;e ; i Fe
bi met a Ieﬁggﬁaﬁbga??ggﬁe,ggﬁ?gﬁr%&ﬁlgpb@%\ﬁ@ngagg% %évnﬁgﬁ'yé rtggtg g{rgfmeiiﬁgé f

Fi gur @adbparticlessapplicablecnhvide frange bbpoisisuss (Lt 260 dack argh Benpenaturey(d 0 al 350

b1 ock 8) R RRSIat Weh Erst drading aiik UP) ehd apscra fedingUhf (fof} Bt Idkbtor
unit (2) and a second reactor unit (3) connected to the same cascade as 1a, followed by
the product collecting and analyzing unit (4); the mixing unit (5) which is connected to 1b
via check-valve (6) and placed between reactor units 2 and 3; and the control unit (22).
Feeding units 1a and 1b contain the starting material source of nanoparticle
synthesis, in the present case these units are starting material reservoirs 7 and 8. The
starting liquid which contains the starting material or materials can be introduced through a
line attached to feeding unit 1a or 1b; in Athis case this line serves as the source of the
starting material(s). Feeding units 1a and 1b also contain feeding pumps 9 and 10, and
manometer 11 and 12, respectively. Typically, starting liquids are solutions or colloidal
solutions; thus, any suitable liquid pump can serve as feeding pumps 9 and 10. Required
flow rates, typically between 0.1-10 mi/min, can be set by feeding pumps 9 and 10. For
example, Knauer® double isocratic HPLC pumps, characterized by 400 bar maximal
operating pressure at a flow range of 0.01-10 ml/min, can serve as feeding pumps 9 and
10. Their error is less than 2% at 5 ml/min. Such pumps are extensively used for washing
HPLC columns, to inject liquid samples of larger volumes and to carry eluents against

pressure.
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invention. The device 50 is a continuous flow |aboratory device for the
synt hesi s of nanoparticles applicable in wi de range of pressure (1 - 250

bar) and wenperssise (10 - 350 0C) which consist of a fipcstHT20@%00@0UNI t
(1a) and a second feeding unit (1b); a first reactor unit (2) and a second

react or un {
eac O ol ReBRlorS s 2. it 9 chif HERug0R RaLidiordies 18! RDHS, indd by
Conne%@lérfdévib@sw@aﬁbwmvmevmw patiarRegdtec eondstl @ed 18 e @refenably Heaknd

3; and the control unit (22). Feeding units la and 1b tain.th '
mat er iaad wgaswe-r@&sﬁ%mcﬁmlrmlpes M@&Wﬂﬁ@sﬁ%t'npﬂuﬁ %@Wpr"ég\‘éﬁeh %éemﬁﬁs S%tnb?g

are l. at

oS3 MR s ETGONE ool et 5 380°. ppiton of

Itlh gesﬁﬁcgggém; thggfegfObcxt’llg)lpmty?dahent-dh\;duchng hheatingselengnis| ieng. 34 stﬂ@
startin

cont aitfstellay fy cplmiRe Eﬂ’% d‘rr%fﬁ‘rgl %ﬁ%ﬁ%lzee %%lum 4R ;% ﬂﬂg %%( ?3@ puter

Typi Cﬂéﬁﬁ?te?t@rﬁh%g WHik! the #iferSaiarmidtenss @. 03’0|Th7é deh bﬂtthénl%m dframreany
suitab I'quid punp can serve as feeding punps 9 and %0 Require flow

rlgt ei ,cohypllexhlbia;t didehevemctdr 20r1)13andi 16 i Oomns.éheﬂyeatlagcnqvgerpaﬁﬁ

. Fo anpl e,. Kna doubeisoratlc °
400 baFe FRRFHEPIRDE I8 g eBEdaLe cap be FGnep ATy ef T 7 3G B ?Zm
serve as feedigifigPuies 14 and 180 ard kuhteRElivénti ReatedscHamgers, %inawhizhnthierhot
Such punps are exten5| vely used for washing HPLC colums, to inject I|i ul d

sanp| esedif domniggrout dramdweating unitschd epdeleneaHniges thex "W‘é‘i%’ﬂpgr zfc

units con ain_heat abl e, r eact

devi céé %ﬁq?ﬁﬂi ?Hg?rh@ FPB{W?)%‘?’ hﬁe%g%%%sgz%%ec%ﬂg%& aggghar e pr ST er at)cfy
heat anghchr REH Mhds@UBES anass bR iHRgelBy Bitpge tubesomanutmarerdl mv\ncm@ vThe:h
the tenperature of the reaction mxture is controlled L

medi urauler disnssencf theptube ist 106" othecingef diaragtey '%9&91&1

heat - gon uct| n ments, e.g. VIC(r) type Hastel I oy C coi I -p| pe
type h%rg%%gié !QQQ% vantageous. In this case the outer dianmeter is

1/ 16" Wﬂ' | GMW?'@ UMD &r placadietween the GBSt aﬂ'dlsebemjtrbadbrtdmts 2 and 3 can be
terrperaturecontrol | ed part of the reactor zone §‘3 and 15.is, 3200
heat i rapyp&uisablespassiveyeinactiye MBI Mt JAng of %m%%ﬁ@%lﬁupgsi'gﬁ '5'8('"9

adj ust ﬁ%mgﬁgsniéoﬂ bRhLGER 'F%Iérﬂeﬁ?qgr%\}dgﬁ%ncﬁqﬁ%'s'é@oHB'étértﬂaﬁ IRfkd &Bnifeeding

count eef exchangers nmedi a com ng out from
heat i nmumbtfmwls&rmdhé@r@dmwme toming front ergntoatoit &. e ppetste asemixing

P gat eti(nclthf(';j1 régge rV||Crll®ct%é rs?én%l%\lsvs s‘t_leeee}tT ge%]ea}\qqg E:gn\(/:eonqér?t %uchr%%ar%ghﬁrtut sbé.%.zed
1 mm bore and a tube with 1/16” of outer diameter can be attached to it.

The flow of the substance from the direction of mixing unit 5 to the second feeding
unit 1b is preferably prevented by check valve 6 (e.g. the stainless steel product of
ThalesNano Inc., Budapest), working in a pressure range from atmospheric pressure up to
250 bar. Preferably, check valve 6 resists aggressive chemicals, thus, can be used in a
case of any kind of starting liquids.

Unit 4, which is for collecting and analyzing reaction products, in this configuration
contains manometer 17, pressure controller 18, flow-in cell 19, on-line analyzer unit, in
particular an optical detector 20, and product reservoir 21.

In device 50, pressure is controlled by data deriving from manometers 11, 12 and
17 and by pressure controller 18 controlled by control unit 22. Manometers 11, 12 and 17
can be e.g. Knauer® type devices originally designed for HPLC (High Pressure Liquid

Chromatography) purpose, with an operating pressure up to 400 bar.
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each other. These tubes can be e.g. Hastelloy C type tubes manufactured by
VICI(r). The outer dianmeter of the tube is 1/16", the inner dianeter is

0.03". Theous@fubsikengt h of the heat-exchangers is 1200 pemuU%ov/oagosgni t 5
pl aced between the first and second reactor units 2 and 3 can be any

sui tabl e pagsiVv r ' t e&?fg’gy |

m Xi ng el enﬁ%%sqtrg Cgﬂg%ﬂﬁgﬁg'%wﬁ étetssy @? %ﬁ%lg@vm t He seton sst\’?rr!ﬁ ng
i qu[ dnd.r @T‘::Ibgédﬂ_rﬂﬂmgvr?) Jémltébte\/\&rlthmmtdwalprmiutm afohighi pressunesrig ¢asenof
react or uni o operate as m xin t 5 Cl I

st eel 'ﬂStBt"@%'etﬁtWQ’fg"‘@oﬂR/@Sheﬂﬂw raigs tp%n’i";]i‘ﬂ'ﬁ @ﬁp ?fso( 5) ﬁaégoﬁﬁ{g%uoﬁrgesgﬁ@ a
tube %tr&ﬁtat%a@%%@ er can be attached toit. The flow of the
subst PI on o mxing unit 5 to the second feeding unit 1b

is pref er abllry pmfevabty edsézy aénéok 50adancbé |ereggated ivéthsamont-inesdetestar 200,dbatt

o ca 45 i 6 e opraritrunth e el Guel B8 M Bol 3 Y6aLRALGRIA 16T ' ©
chem jﬁé \f%ontlﬁﬂéus BW Qﬁ?%%dof Seiconditictir 9p¥ GESE mincehatalsnin ithigudate, a

or coll'ecting and anal yzing reacti on products, in this
conf i JIBBLS450 type bIEDs emittingeated651mn, passuaadeas the hgm squres;, The gatactoreean

19, on-line a

or odode Pak At 5B 500 g, st Gel Bk RubPkd it 2RD Yatélor Bikrating |
from neaeesh @09 add 14100am, bf @DanMchL@ﬂL&fathmgrmbtren'nehB (Nanblrad:lazdighy
control unit 22. Manometers 11 2 and 17 can_be e

devi cscatiefing n@rstrymém gﬁﬁ'ﬂpﬁér with @ (34 @WVPId&‘%%r @g?r c};?rh%g@éﬂ tﬁg)r dHﬂy)
pu poj-ﬁ%?é’ﬂgéﬁtggf' r§R§ '8”9 d%%sﬁﬁ{)éfhl'eh Atﬂ%}b*??rfonp Etf‘es%Wlﬁteceaferrﬁtlﬂlﬁfonl%f s

val've ( ope esNano I nc., Budapest
HU ngarpé)tlclé lsizbaéﬁcﬁpémclé Sige alistrib atian morraseod>f va‘rlohsgtarppadmlssa&eerEmeleefG
instruments working at high flow rates by volunme, such as used in case of
hi gh- rﬁ“@s@ure | i qui d chronmat ogr aphy appl ications. In preferably cases,

device 50 CleREabYL Qﬁt%laﬁnt"%ﬁlk 8OniveL ﬂ@ﬁttﬂé&&?ﬁ@ﬁcé’%nﬁr@ﬂh C&Wnbﬁs@mﬁg

such spectroscopl c'unrt was use Exanpl e 3 (descri bed bel ow) for
t he caly opersting Qarameaters |a$|dofcoatroisccblnminct'ﬁlnesqp1£\®!5e arantesdjrg apwmpi A,

A R N R L

S 15 B S S S o) it o
the controlling electronics 23 and the data-input and dlsplaylng unit 24, by which the
operator can manually set the required operating parameters of device 50 as well, such as
flow rates of the first and second feeding pumps 9 and 10, the pressure and temperature
in the reactor-zones 13 and 15 of the first reactor unit 2 and the second reactor unit 3,
respectively.

It is noted that in case of the device represented in Figure 1, pressure is controlled
in one point, by. pressure controller 18, thus, the pressure is the same along the whole
cascade. However, extra 18 pressure controllers can be inserted at other points, by wh|ch
different pressure values for reactor zones 13 and 15 can be set.

The process of the invention is implemented by device 60 according to Figure 1,

the operation of which is the following:

Solutions containing starting compounds and coming from feeding unit 1a get into
reactor unit 2 at the corresponding pressure and flow through the reactor-zone 13 heated
up to the corresponding temperature, with a flow rate controlled by feeding pump 9. Time

spent in reactor-zone 13 is determined by the flow rate, therefore feeding pump 9 controls
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scattering instrunment equipped wwth a 3 nWdi ode | aser operating at 780 nm
nmeasurenent range: 0.8 - 6500 nm which is suitable for the on-line

det er m navpeoowf33faarticle size and particle size distrilpgtriHuzosamos@se of
various nanoparticles (see Exanples 6 and 7). Preferably, control unit 22
i's connecte

par amii€ feag VI\'AI: iﬁie? irl(f gregﬁﬁﬁ%‘a?ﬁo?ﬁ.r Relakhfign chméml?Z%’é ' 58 BN¥nSBIer tHel Fequired

ese devices are ing punp 9, manoneters

11, 12:50nké comsietand eRafirstlintermésiatdprdducy talbeiforsedf Inrtbecooling uniéd 41 3
and 15, and cooling units of reactor units 2 aa 3. O?ntrol .un
cookehigun g

pr Sf S_ro&be:egctgbwsit 2t theofirst indermaediate prodyclis B%&eqtﬂ@datt&f‘g‘?rﬂ}&ﬁ?'

an | L ng. uni.t 24 \Whiy C . ;

aper athet i Settubed cindifyiel B, tE rRFO" LA MUTIE T dorRf Startrty R

and S?Eé’rﬂﬁoﬁﬁéé%'dlﬁnihgrmﬁng‘eédi@hghwt 1beand ¢ssutogetinet attaipeeactor enit3, where,

reactor-zones 13 and 15 of the first reactor unjt 2 and.tt%e second react or

l; nit fsmjlecwayea§ deseribed @boye. tustherirgactions {?ﬁ(et pacq dyithe sed 88%&6‘@680 in
I gure I re,l l. ' ' . o .

hs, e BPERRHCtHIng LS, b tealbr IS B B R e o r e

pr ess rewkigN i thiseéonfiunatisn,i thee50 elévive of inwentionris 53 dbplexhieastarisystananin

pressure val ues for reacto - 13 d 15 . b .
ventitish e SHpINesisnoLieD paneRR eI ED: Thadnab PSS A AL

of whichideSakiieed: Aol if\thadiowshl Wil ) SriGQEIBLAI T the Prbdugt reemends and

com ng° ' Ng uni “get into reactor unit t he correspondi ng
pressure angdrit@l unit 2R Pontrots festing purpse9;130hand presgure contyeller 18 by the

corresponding tenperature, Wwth flowrate controlled by f '

T e SipeAmelats sebyonesoRRraits andlorbu it Aetp BiFasHEed Bbmofarn thhelddfiess
feedi noRURawii RohBLPLAE 22°8€ Wdilad itBontBly fCichiparatife b reltiar zones HBITe
Is set™as o enable e required reaction to conplete and the first

i nt er mElizaide cpolimg clinitso 1de 16y thads providing th | requiredi low4rates,r perssyre wand
2, the first internediate product is cooled dowmn to the required

t enpert@MPEEAtUF¥AULE. | s conbined and mixed in the mixing unit 5 with the

second star tfﬂptgmﬁ%ﬁﬁe(&fﬁtgagfé?%h%}\e&j QB A A 5AN preférslypeé redllateanflomhey

together attaln re€actor un ere, in a simlar way as descri bed above,
f urt hec egsrcup ¢ $508Ke By thechélp of Feedingrpunipst® and 40, manorretets 15n12 aadtildy

Phi's. canttihguseniioUabla pressareseantialies i, HroRd ceyeessiangeruiin R dad pBpichle 16,
'n perform reactions even at 350 bar pressure. Liquid pumps 9 and 10 are capable to
provide a flow rate of even 10 ml/min in the whole system. ,

At the end of the synthesis the whole amount of the used solvent and chemicals
can be collected, discarded if necessary, or utilized e.g. can be used in a reaction again if
it is needed, in another device or in the device of invention 50 (i.e. can be recycled); this
way the procedure is environmental-friendly.

The duplex reactor-system of device 50 enables the accomplishment of various
reactions in the reactor-zones 13 and 15 which are well-separated reaction chambers. To
both reactor-zones (13 and 15) cooling units (14 and 16, respectively) are attached
directly enabling that reaction products can immediately be cooled after leaving reactor-
zones 13 and 15 and, through this, the immediate cease of the (synthesis) reaction. This
way the temperature and the reaction can well be controlled, and the device become
suitable for producing nanoparticles in the form of mono-dispersive systems, i.e. the size
of the synthesized particles will be in a narrow range which is e.g. 1-3 nm in the case of
metal particles. However, this range can be controlled precisely by the accurate set-up of

reaction parameters. In particular cases, the unit for collection and analysis of reactior
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whi ch the synthesis of the nanoparticles occurs. The final products are

anal yzed by the on-line detector 20 in the flowin cell 19, and collected
i n the prwouroty/wBeservoir 21. Control unit 22 controls feetimgopuwepso9, 10
and pressure controller 18 by the paraneters set by the operator and/or by

0 1 GuRRA0 BoRirBa: 16 o BRI SnERRBE S thd By el ok

enperat ur e of reactor-zones

cool i p@tisalidetedtér 206whidhianalyzas thengmbhat ardtihe qdality of thatfies) prodestsiwithind
tenperature val ues. The tenperature of reactor-zones 13 and 15 can
pr ef ecgbloft tree(83gS§Pet-ed from 10 OC even up to 350 OC. By the hel p of

220 P8 died TG i ki, GO 4 st o

pressure contro evice o o applicable to
per f ohanbpaticles)semeeagingtfréih Gebetor pnits2 uas the starting fiquidsobfusther reaetiens in
capable to provide a flow rate, of eggg 1'(93 mM/mn in. the ¥\/nol.e s$y1stem ntﬁt
the edhte secandreactorigyt 3 andadgilipnobaduitherseagrbt oty SAIOR 1§ NGRS Al s
can bechPldaBEhPrloitions 2afash introBFESS RRbYhe st Uitk tnit GAThAMH BltHien 2
reacti on agdrn I't s needed, 1n another device or In the device of

i nvenisbfutiohd irtb reactoan 5kie conttgkedby chetk salwa. t he procedure is

environnental -friendly. The dupl ex reactor-system of. vice 50 enables the
acconpl i shmByttherdatarinputsand dispiaying Pﬁ'tt%ofé%quq]ﬂni sﬁQL"é f%‘}?d?‘i@!’ﬁkﬁ%ﬂfﬁ

are éhﬁg?gﬁr?a\%quéseaﬁ@é) e l%'abr%raéfio %ahcﬁé‘séﬁameoédrﬁ%@'ﬁ $Fb%tr6ﬁﬁ:slﬁ is

cool i and resSpectively) are attached dire enabl i ng t hat
r eact icoRn@cteduon she amei hamdlitatthé ydata-immd| ard disptaying amitn2d,r and.t on 2beexthes

and 15 and, through this, the imedi ate cease of_ th synt hesi s),feact i pn.
Thi s Wapdt e the feedingupempsq9tand aé&‘?d??%&ﬁ'ﬂ Heis iégéé{‘]ﬂ"rzé’r‘ﬁédﬁm %‘ﬁe
devic 2 SUigt f i t | i

rono- 4o s 1A fo, ManBicls! 1 0PARRAT, bRLsbre SohiTleraierai optionaly .
in a nertheven-ingeaetbétoh 205 ks dundtiod isto provide ctheeflov natesy| tepaperatiires .and

However, this range can be controlled precisely by the gccyrate set-u i

r eact iPERSSHER aYRlues that hady beepupal p&%‘@&'és,eiyt ’UHP%IOW%W' 38I '&PEYo eaﬁag“'%
anal ygj LOL D : ] S aTelels t '

i ncl uz'lé‘gasg’:ﬁe%%?%%e&gm?% %Ct(l}ﬁ?? ,Iﬁceg}g.%%lgﬁnrgiﬁ H(]E]t'ect or CZ)BQ%V\H?%%“%%B}%Z es
t he arspdine amalysiseofqupidpeytypt.d. lparficleaizey raf dbe tpsoduced nanoparticle, conteol(@ut

ol Ut i23ncd SWinrBRsIbaresyY Baansrain pormeit of deiice 86. ol apedBlaredty
L qui %h%gé%ﬁé‘edr A& p&BPnet8r values to obtain the required properties. In case of
properties depending on particle size, the changed parameter is typically the flow rate or
the temperature. In both cases proper setting of the pressure can also be necessary at the
same time. For example, in a particular case, together with increasing the temperature of
the reactor-zones 13, 15 the boiling point of the solvents used for the starting liquids is
reached, and in this case control unit 22 can automatically increase the pressure
according to the boiling point-pressure diagram of the solvent (given in advance), keeping
the boiling point of the solvent higher than the temperature of the reactor-zones 13 and
15. |
‘Preferably, the controlling electronics 23 consists of one or more microcontroller
units or one or more computers suitable for real-time control, or the combination of the
two.
The data-input and displaying unit 24 can be a device with any working principle
appropriate for displaying several characters or graphical information (LED, LCD, etc.,
displays or CRT, LCD and other types of displays). The data input unit can equally be a
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t he second reactor unit 3 and addition of a further reagent or its solution
IS necessary, this new reagent (solution) can be introduced into the system
vi a m xi ngounawi3sngThe flow of the solutions into reactecTiuz®/monur ol | ed
by check valve 6. By the data-input and displaying unit 24 of control unit

pe’ scrPeyRl SesibRgl Hellod Cortbti! GEStalebiliong conVBRli G KsiBoRERE! (iRphe
dat a- soqgenh. and di spl aying unit 24, and, on the other hand, to the feeding

punps 9 and 10, the heating units of reactor-zones 13 and_15, cooling units
14 and 186, \vaplarmsnbng the Progass 191, thpedrvantionot r isi |Rgssile atel sppthesiael v

to th ki d t [, on \ pr. oyt t f .al e

| Snpenaipaits 61 56 it Srihaby Chod S0P TR %) balGOH o,
opt i onahenium (R, spvdiyme (Rh)r Esilmms(lrbres?mced?w;)t tweoqlcdSe)eanﬂlatm_agmt;cZ@:o,n

o opel FgR)aioRatides: S50 46 dsvicer aoqrvigded Mo paremoles. TR iRloR ARD 22
can apé@Brihed by thegpplicatiba &W@&@ﬂmw%lﬁﬂsﬁ%y.%e%wﬁ%rﬁﬂe Blimetdls of
operator can change one or nore paraneter values To obtai'n the require

pr opethe alovg metalseobthe ragpershieldyprd prantipagticles, perr thectambination tdf dhe laboyed

by opegeiss (el SBrlidordlery, MG bl Bk ttaklclare ¢ me. For
exanpl e, i nThe particlewize rapnge, oft hgebbelined fihal PeSARIS 1Y 1-h0 AMNAEH Haw BeOf

the reactor-zones 13, _15 the boiling point of the solvents used for the
st ar t $haPgedyaelgstivaly r theHiclds of @nanlication of dke rreduees] napppatiziesapan be as

t hival [Qa14 re: ' . beilj.n LOL-p ure
i agr HoGS! SOl Sele s OGO A 6EELRbREal Rl Taasr odRidlle PLEP S
sol veetnstiugtien, arthbionmedicargpplieatiores :ich dediagacstics inccwrret dessaicH.5.

Pr ef bly, the control]in ectroni cs 23 consists of one or nore
m'rgrgzzgnt ?/d?‘ﬂ’@lcaﬁﬂptgpéie"l?%e?(gr "Prdérj'gur@oﬂpg?rert@e sHinthetie elodiffesant typrs of

! _ ' . . . - ; e
59 caanopicias i BB dTRNiaRl Merkafier, WatnolitteSiictind B apBicattr™ll Y ddyike
sever @f theliaverdioarte tboseymemtionad befdvar mati on (LED, LCD, etc., displays or

RS0, 2t HRled YT Gle: Bt 7 Bl e St

Egggf\gilﬂg ﬁo%?ﬁ&?ﬂi@rﬂpei&ﬁi&%@ SStairifg MRS froff niét8l idhsehy ireduétion, S
e.g. with hydrogen, hydrazine, borohydride or alcohols according to reactions described in
the literature.

Preparation of the starting solution: a metal-containing reagent (for example any
platinum ‘salt) is dissolved in any alcohol, preferably in ethanol or methanol in the
presence of a stabilizing agent (any polymer, preferably poly(vinyl-pyrrolidone). Stabilizing
agent is applied to prevent the aggregation of the nanoparticles formed in the reaction.

* Device 50 is used to produce single-metal nanoparticles as a first application
according to the followings.

The staring liquid (solution of the reagent) is placed in the starting liquid reservoir
7, from where feeding pump 9 pumps it into first reactor unit 2. In case of the synthesis of
single-metal nanoparticles, only feeding unit 1a (i.e. a unit consisting of starting liquid
reservoir 7, feeding pump 9 and manometer 11) and only one reactor unit, e.g. reactor unit
3 is necessary. Using feeding pump 9, the starting liquid is pumped through the reactor
unit 2, no reactions take place in this reactor; reactor-zone 13 is not heated, it is at room
temperature. Then the mixture gets into the second reactor unit 3 through mixing unit 5 (T

element), the line of which leading to the second feeding unit 10 is closed by check valve
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nanoparticles of noble netals, preferably, gold (Au), platinum(Pt),

pal |l adi um (Pd), ruthenium (Ru), rhodium (Rh) iridium(lr); sem conductor
type (CdSep amdizeagneti c (Co, Fb2qg 3) nanoparticles. Usipal/HU2e0%®0040€
according to Figure 1, conplex nanoparticles can be obtained by the

appl i ga ﬂ%%@v&v@%ﬁ#u,nggsrgggmgpﬁ?w;s idifie8 b e 1GhoblRufl BESduhgo

the a nanoparticles

conbi g b@mamfreéét&)rﬁhhétéfsﬂeerl‘édtlétldrﬂﬁl@ pkeeei vered atdahiol reduces metal ions to
magnet i c- sem conductor, netal-magnetic). The particle size raq%?e of the

obt aj ﬁ&ialf TheIPaiyrsar based stabilizgr mwcéwa Sé%met?éﬂasﬁ&?@eer%te!eem Qmpesiion)
fieldg n?somé r%u%rﬂipah%ﬁe?m %@r@gaﬁéﬁ ek i he s?a"ollfﬂhlbﬂ"@fect
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(T plasmones (the collective movement of the electron shell).

Device 50 is used to synthesize bimetallic or core-shell-type nanoparticles as a
second application, as follows.

In this case, both the first (1a) and the second feeding unit (1b) are used. The
base-nanoparticle is generated in the first heated reactor unit 2, e.g. a platinum
nanoparticle is generated from the starting liquid stored in vessel 7. To this end, the
solution of the second starting material stored in the second starting liquid reservoir 8 is
pumped by feeding pump 10 into reactor-zone 15 through mixing unit 5. If the aim is to
increase the size or to change the shape of the Pt-nanoparticles, the second starting liquid
can be again platinum-containing solution. Otherwise another metal-containing solution,
e.g. iron-solution. In the latter case, the reaction product is a bimetallic system. Core-shell-
type semiconductors are produced by the same way: the core of the semiconductor is
produced in reactor unit 2, while in the second reactor unit 3, the ‘shell’ covers the
particles, such as in the case of cadmium selenid/zinc sulphide (CdSe / ZnS)
semiconductor quantum dots. In this procedure, the solution of the starting material

required for the production of the ZnS shell is fed by the second feeding pump 10, through
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elenment), the line of which leading to the second feeding unit 10 is cl osed
by check valve6. In the second reactor unit 3 reactor-zone 15 is heated to
t he t enpewet2déoizaasor ding to the actual reaction, therefporaiv2oedecddoon take
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such use, aShersecond retat cani be difilbin randoroly iato the Srstethey ean cf,pltm@dlpy or

det ect 20 b d
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used to synthesize binmetallic or core-shell-type nanoparticles as a second
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oot Bitel Bobidd fr leSviion HaEAGR2 VERAIAG ddvice” sb HrARRCILAflN, hrabfcdily’ **
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starting material stored .in the second startin uid reservoi
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armi %g%r‘ri]’ éﬁ(ﬂﬁ ands of ‘?arﬂe Hm |ﬂaﬁ&?§‘§iﬁe%ﬁoﬁgﬁi&f‘e ein bB%obhd @ﬁéﬂﬂééfé fhees,

the s rtirng 11 qui can e agarn platihum containing solution.
Q her expectationisthie estal - cont ai ni ng sol ution, e.g. i ron solution. In the

e e Inidi L3S BB v M) RSy B B8 i B,

s car-industry Pt, Pd and Rh noble metals are used in the three-llne catalytic converters).
Such nanoparticles can also be produced by device 50. This is done by carrying out
consecutive reaction steps in which the end-products collected in the final product
reservoir 21 are used as the starting materials in the following reaction. Another possibility
is to extend device 50 by a third feeding unit and reactor unit, as well as by a second
mixing unit and check valve in order to be possible to add the third starting liquid from the
third feeding unit to the intermediate product leaving the second reactor unit 3.

The fact, that homogeneously distributed metal nanoparticles cannot be obtained
by the preparation of starting solutions of two or several metals and by feeding them into
only one reactor, emphasizes the advantages of device 50 including two or more reactor
units 2 and 3. Reaching tHe desired result in a controllable system can be assured by
consecutive reactions.

As it had been written above, the nanopatrticles produced in the device of this
invention are used directly. Necessarily, the produced nanoparticles can also be obtained
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produced in reactor unit 2, while in the second reactor unit 3, the 'shell’
covers the particles, such as in the case of cadm um sel eni d/zinc sul phide
(CdSe /I Zndroeemnsaenduct or quantum dots. In this procedpceade/®odsgt i on of

Lhet?‘tarting material required for the production of the ZnS shell is fed
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erature, pres
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combi n &%ggﬂtg}] Cin é)d’ignp?ﬁ@nietb rﬁ'\é:aé;)gtHEaﬁé‘f?%prafﬁéﬁ%s bar ahﬂlsﬁl\remsmd

corrbl ry principl ferred. This way,
appl i O@énb@Popgammﬁawuyaecwme-fdrmmelagmt Mithost the Wﬂaﬂmr@e heal-
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car- | 'IﬂHx%tt C9{ d%aé?ﬂ Ratdroeat BTt Ahénd)! aTHis Gtreasé he ttehmsfatlur@deads to
catal ytic con ter Such nanoparticles can al so be pr by d

50. Thll’BJGSﬂBHtB’ISldQH&ﬂDtIDyISh@mtlm@ﬁSéhﬁltPQ%I n@%?r'éﬁ'%e‘% bQ%‘?' ﬁgb Za
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| eavi nt%n% heera ure %b%en%%cw)trheufé'atcto? :zone can be diminished, thus, the side-reaction can

entirely be eliminated by controlling the temperature.
The operation and the characterization of the features of the device 50 of the

invention is demonstrated by the following examples:

Example 1:
Preparation and size-selective optimization of Platinum (Pt) nanoparticles

In the first step a starting solution was prepared in the following way: 6x1 03 M
hexachloroplatinic acid H,PtClgx6H2O (Aldrich) solution was prepared as a mixture of
methanol: water = 9:1, then PVP polymer (poly(vinyl-pyrrolidone), Aldrich) was added ir
10-fold monomer excess to Pt** ions. The role of the polymer is to prevent the aggregatior

of Pt nanoparticles, in order to obtain a stable colloidal solution as the result of the

synthesis.21

15
SUBSTITUTE SHEET (RULE 26)



The fact, that honobgeneously distributed netal nanoparticles cannot be
obt ai ned by the preparation of starting solutions of two or several netals
and by fewodizng/mbam i nto only one reactor, enphasizes treTarizaomoes of
device 50 including two or nore reactor units 2 and 3. Reaching the desired

result in a n e As
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t he application water as an anti-sol vent and Carbopol as a
poI yelDuet tooﬂhy,-tcmmouausu @ndesygtematic\changing tdﬁéhapgaqtmt pammﬁfteuSh éast and size-

heat exc 8 Cincr e of th erature ery ring the
i xi naoBElTRoRtmzzig e BE T halie, SRR Cogid BB ARG RV it fhel e
i n t egpRhekidl efdveadte twas NARRID dhesnh dB2r Qﬁ@t 3 OfE/mER Mblel PRSduddie colloidal
post - pol yneri zation of Carbopol 980 (a polyacrylate derivative weakl y

cr oss-sp|utireg vweamllyzictqdem sepgrate vials. )Analysis 1af the samples wasecarried out on a

I
P or i ARRSiGR Hefrort rtSashel (ERRRS G SE TERR) Y FRiyde SHAL bifBREH of fhe
heat - eanbpadicles waedetermitstbbp indrival couptingolisevedaisaundrdds of piamcles
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eli minated Bpecehiaingd iragulisare cshWmin Biguier 25ped afigies a2Resho

oS54 1,07 rRhob B S, 3 ARKLE G res T 0D 0.2
mL/min, in 2b using 1 mL/min and in 2c using 3 mL/min. In Figure 2d the average particle
size can be seen as the function of the applied flow rates.

The narrow particle size distribution 6f the synthesized nanoparticles and the easy
and fine tuneability of the patrticle size distribution by changing the reaction parameters (in
this case the flow rate) is clearly shown by TEM particle size analysis. The size of Pt
particles is increased with decreasing flow rate, because the metal ions of the starting
solution spend longer time goin§ through 'the heated reactor zone, which results in a
higher probability of aggregation of the newly-formed crystalline seeds resulting bigger
nanoparticles. Using higher flow rate, the time period given for the growth of nanoparticles
is shorter. |

Conclusion: Using the 50 device of invention employing the process according to
invention, Pt nanoparticles could be synthesized in well defined particle size, in a short
time in gram scale. Stored at room temperature, the obtained colloidal solutions were
stable in each case; aggregation of nanoparticles could not be observed. Due to the

characteristics of device 50, size-selective optimization could be performed in a short time.
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Preparati on and size-selective optim zation of Platinum (Pt) nanoparticles
In the first step a starting solution was prepared in the follow ng way:
6x1 0 3 Mvber@cisBasopl atinic acid H2Pt G 6x6H20 (Al dri chPpCImHUZDIXDOOWAS
prepared as a mxture oi nethanol: water = 9:1, then PVP pol yner

(pol y(y - Pyr L.done) [ : agﬂﬁ L: - MF
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pressure, and flow rates) were set by the 22 control unit. The experiment
was C@iahfﬁie?':’t by using 1 m./mn flow rate, 150 OC reaction tenperature
(inthetirst 2 reactor unit's 13 reactor zone) and 45 bar pressure. Before
t he r uaepamationtdfiplatinuen-inver(PiFe} birnetallisenanopastieles wi t h met hanol whi ch was
punped into the 2 reactor unit by the 9 feeding punp. After confirm ng that
the system does not contain any inpurities and the 13 reactor zone keeps

the set par gRping theCpErmdnty both® SAEADIfBEdHG! plirnps ofaa ahddedieeding hits 7
starting liquid-reservoir and the feeding punp was started. Using the
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t he synthesi zed L.l pi dal | yt i . o . s
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be achieved. Duri ngm_t he sgl_t hesis, flowrate was varied between 0.2 and 3
nL/ mi HPtGlexizd (Alsttichh pltian wasopigpased ags Bixurg fét:'fn@&\a"rpliswafﬂa‘tévﬂm

Anal ysd f . ' i SR '
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nanopgtti pnes Afes sdeliry the eshdipnnpavaatetersu(temperatureseVs0 8C, wesktuses45fbar,
res 2a-2c

particles. The obtained results are sh i n, Fi 2a-2d. Fi

show Tiow ratggds mi/min). HhRopatencvas fl‘iﬁg‘@ e@’ﬂ?e@% raeqs%rqa%ﬁg]q I%‘ﬁlgf'%eé' W
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appl i gdaétopwnitahye the Shieeding pumpawhens pasticte falinsatiarbtadkoplace. t Gxd 0 M iron-

o1 7. ahiaridenhatn AgriaaNes AImaRd Pb At PeRng PRI CvaTabY APy Bl PRI ©
(Lot dpdd £ ARG I WReR! WTEAPRIAPIITIE NSO e coheginl Bt
t he striginopatticles formed in 2 reactor unit. This combined reaction mixture entered to the 15
reactor zone (also heated to 150 °C), where iron was combined to platinum. The product
is a colloidal solution containing Pt-Fe bimetallic nanoparticles which is extremely useful in
selective catalytic reactions. The synthesized colloidal solution was collected in the 21
product reservoir. After the synthesis, the product was analyzed by transmission electron
microscope with the method described above.
TEM image of Pt-Fe bimetallic nanoparticles can be seen in Figure 3. The size of
particles is considerably different compared to the previous example; it increased to the 10
nm range by incorporating another element, the iron, into the existing Pt blocks.

Conclusion: the 50 device of invention together with the process of invention was
proven to be capable of the preparation of bimetallic nanoparticles having outstanding
importance in catalysis. With the relative ratio of the flow rates of the starting materials
and with its systematic changing, the composition and nanostructure of the prdduct can

be varied efficiently and extremely quickly in a wide range.
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sol ution spend | onger tinme going through the heated reactor zone, which
results in a higher probability of aggregation of the new y-forned
crystal | iwe 2@eds418esul ti ng bi gger nanoparticl es. Usi ngPprhirgheooddoowor at e,
the tine period given for the growth of nanoparticles is shorter.

Concl ysj ]egping the 50 device of invention enploying the process
according to invention, Pt nanoparticles could be synthesized in well

def i ndepanationlof seimieondutter (u8d) Manopartitley am scal e. Stored at room
tenperature, the obtained colloidal solutions were stable in each case;
aggregation of nanoparticles could not be observed. Due to the
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reactor unit and the second 3 reactor unit were used. The synth es}s o
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05 ettt dsRtnie (CERAL e i B8 v S B T B b Py easiny Syl
as a (TOPD, eARfrichipt Wweroladdeat &6 the9sdlutibheMHRVRbgihgdemixture was stirred for
(pol yvi nyl pyrrolidone), Al dri ché@was added in a 10-fol d nononer excess to

Pt 4+ POdBionak ﬂ@rmwms Al 410h?,£r$ RitBis artingeselution tvam eumpadefronsd gtarting

ress Vel ), fl d w
Pret haﬁéﬁda %s {é"exAé‘ng \r,\e;asc%sr{ ar'{} d’st"{h?eﬁ% r s{?eg?i\gt Pﬁ@“‘? m%gfépgl’%et he
st ar t isegidongiuctbrs alhtlY vast")naRsilydtalsoward prspapéd Wnithe Riecbh@ PrdResk ng
punp vmg]rler?grt |rct?§@1r‘(:?rmnat |r(r)]n to)ok pl ace. 6x1r p3 M i I’OﬂCh?Ol’che (F{aCb

Al dri SRt Ugdg ﬁ(m\ﬂ@'éslwhpéene%rm ﬁgt peaftion eonditiensitthe repeslion demperatute weas
T- shapgte g &9155'#{ % %e\g/a@”ste? td %Octﬂr ﬁ/hﬁ@lthé ?IBW @?Q was
es br rre | n T

cont ai ni ng nanopar reactor un
r eact vanedribetween ehtarrded Ot enlt/ivén.1Fheeastcomez oﬂahéadea@tubﬁanasl fbmovﬂté@ BCan

Sont aPRINERI; atabiE e e pﬁ%@%&pné?@ﬁﬂﬁéﬁt WaS cGomtiaNsly, detaping e
col | oCP UG FRoPites D IRETAIBNE sOfioRiR e Hrcagh Reflch oW, 1 2 wel .
anal kaQWbypthp@m ofi the slesuiconduator r“qsamtpm Vddﬂsl" tthat tee hwavelesgthi loédthe
aboveabsorbed and emitted light is strongly dependent on the size of the particles, accordingly,
the 4 unit for collecting and analyzing the product of the reaction equipped with an on-line
detector provided continuous information about the synthesized nanoparticles and the
parameters describing them. The change in the properties of the reaction products derived
from the systematic alteration of the reaction parameters could be followed precisely by
the information coming from the on-line detector.

The obtained results are represented in Figures 4a and 4b. On Fig. 4a TEM image
of CdSe nanocrystals; on Fig. 4b emission spectra of colloidal solutions containing CdSe
nanocrystals synthesized at different flow rates can be seen.

The TEM analysis (Fig. 4a) of the synthesized samples clearly shows that CdSe
nanocrystals were synthesized selectively, in a well defined, narrow particle size range (2-
3 nm) using the 50 device of invention employing the process of invention. In addition,
using the 20 on-line detector it is clearly seen, that the size of the obtained nanopafticles
were modified easily and quickly by changing the flow rate, which was indicated by the

significant shifting of the wavelength of the emitted light.
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TEM i mage of Pt-Fe binetallic nanoparticles can be seen in Figure 3. The
size of particles is considerably different conpared to the previous
exanpl e; WO 200w3eased to the 10 nm range by incorporati RgTanzvéveno@venent ,
the iron, into the existing Pt blocks. Conclusion: the 50 device of
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207 ut BB RSl e dinls redpagL s aaned o he Pestess g fis it

sel eni um powder (Se Aldrich) was dissolved in 10 m _ of trioctyl phosphine
(TOP, Aldrich). Under continuous stirring, 32 ng ( 1.4X10 4 nol) of cadm um
acet atlxanmleA&cO) 2, Aldrich) and 1.5 g (3.9x1 0 3 nol) of trioctyl phosphine

ot rr depaRtgR A BB RS oA oIS orarting sol uti on v
punped from 7 starting liquid reservoir into the 2 reactor unit using the 9

feedi ng punp. The CdSe semi conductor-type ("quantum dot") nanocrystals were
pr eparldéingthe, expedmratss 2r(ddsekitylphenyiioRgneicea¢id RARPRARtCIes, Walg Riepared

o RIS SRR S ATEBALYS s BepdPid B REDIARTS o

bet wegAldtichhth fHe atieous sdlation wf dods g-(4-sobubdsheri)preparicit lacidesodiymasalt
dot cotMRSETREN 536 1 pisglon BReTcA' 2 *CEne ererrad st angcbior R Bumped by
oo R unk eyt ORI A8 S g using
em tt dbe Isegbhd i1h Meldmggumt,darﬁemd‘énm_hydmcﬁ&om aeidagolufien peastpurhped into the §
Feact { AR ea0Wk WA i AOLEUE dowbrate, BBt W (Hikerd 14 AT
Chang S RETHG 2E SBRIORIAL 5 e B LR SARLRR 87 TS 2 Relbior ™
syst emmtiti Thel hamaparticles fwereecordinuibusly pradaced atatmmsptietie pressweedle to the
Preci sel ¥iting effect of the hydrochloric acid solution pumped into the 5 T-shaped mixing
unit. The produced colloidal solution, after passing the 3 second reactor unit, reaches the
4 integrated DLS-analyzer (Dynamic Light Scattering) which can detect the particle size of
the obtained nanoparticles continuously. The particle size of the synthesized nanoparticles
can be controlled by the flow rates, pressure and the amount of dextran in a wide range.
In Fig. 5, particle size and particle size distribution results obtained from light scattering
measurements are demonstrated.

The structure of the 2-(4-isobutylphenyl)propanoic acid nanoparticles prepared by
the solvent-antisolvent precipitation method was investigated by X-ray diffraction analysis
using a Philips PW1050/1870 RTG powder-diffractometer. The measurements showed
that the particles are amorphous. The wide reflection between 15 and 20 20 values
indicates the amorphous sfructu}e of the dextran, the reflections characteristic for the
crystalline 2-(4-isobutylphenyl)propanoic acid cannot be found. The X-ray diffractograms

are demonstrated in Fig. 6.
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the information comng fromthe on-line detector. The obtained results are
represented in Figures 4a and 4b. On Fig. 4a TEM i nmage of CdSe

nanocr ystwbpoomns3dAsg. 4b em ssion spectra of coll oi dal ®aolrmu20em000@0t ai ni ng
CdSe nanocrystals synthesized at different flow rates can be seen. The TEM
anal yWé%., 4a) of the synthesized sanples clearly shows that CdSe
nanocr were synt hesi zed selectively, in a well defined, narrow

part i Prepaiationr ange (-4-ethawy)348,7rdjhydre- Hetbyii -oxof3-piepyhi Hayrazapicoy [hg-
the process, of _invention._ In_ addition, usin h -line detector it is
cl ear I@]PSQ’EBH,'"’@TY&W?{B’?%"?@VB 'Wb‘ﬁ%‘?ﬁﬁ{é’bgﬂéﬁ‘g%%ﬁ?'?’g les were nodified
easily and quickly by changing the flow rate, which was indicated by the
significant shifting of the wavel ength of the emtted |ight. Conc] usion:

CdSe- thyring 2he pexperiestsh dvi4rgthawy3-@ef-ditydredrmethyl 7sp%e: 31sagy- Udpyrazolo

full v svnt ed | 5 : : g . _
o1 ocedd AIRVATHHEER) PRy BHIPSUERISty Phetapng (PGS etk plepdted with
Was s Uhb afthvicel Scdrifgaentherpressntoinvéntitn. des acttadingcasolutivn, @581 mgy1-f4-ettraxy-
synt hesi zed product. Using the 20 optical det eié ai we .8er_r‘;§p trﬁt _eq tI at I-
i ncr ead{thg-dimysdrot bmethyly -oxer8-prapyk Hiwyeazalo d4.4-dinyemidifsead  RESHY'SY
oKl ; An i meedl q . )
st ng Het R PBr S cifee, OB B Sl B e e e ooer or &
aci g nsreparidt é(ﬂ}:ﬁén Qs ms‘eﬂeinmétth meadter ani(cmrs&mwmf ipﬁ@wra)tpmﬁmwmeda
id nan rti t 50 devi i ny.ent i T
ot ar | fagaieaI it Meamnis, st irensoterk SpIPRANY G sPRASD AT B CarbnsL
LUt ‘ . . : /
CAar 1 a6 Gdbichl dschygl i 1Bohy, fiearhgiei s Bagsar e whelsTTe t‘*‘f’“’n%"'m“g
sol ut i giit WA 1HOTER flow tate, Maefe i dvasgmixeidt withnthe solatian tontaining dcidoethaxy-38-

with 3 nb/mn flowrate. Meanwhil e, . using,t second. lb ' ' 5x1
0 5 W 6y GBI Bt 4-or T ORY L P BIe B A oy RTichR-e- i Rrkhyilidory 4%
with 0.5; : ] N W, 3 I el 12665 Whith rapbphitivle

cont ai W?%@%&%@o&'ﬁ#ﬁpﬁéﬁ&/ﬁ gwggaﬁgi t(':ﬂlré;;ttlgiédmsodi ughtstal?ﬁgom np f rorﬁ tarzee
first continaotisly produce@hat naimopsphericl pressure dﬂdﬂ]ttonlthﬁlswa)’@ﬁaﬁtlgg!ﬁj ggmplex

Ser” Slormetion oy drbapp-a8d SalutianPeSRaB S thd & f hRPEa Tdrdit plodicea
col I oi g@@%@ﬁt dﬁ@éﬁrt&ﬂﬁgﬁ e 5Bk I FealoF BRRt Guts Dl the Beartenict light4

I nt egr anal yzer ( c Light Scattering) ich can detect the
part i céeatteiring Wit integratedatantie: deviogawhichlcan detect theopartigle sige qidheichtaingdze

of 1 hengr%/cg]p}ar}t?g‘klaZc%%tiﬂagggle.r Il’hglselge of the nanoparticles can be controlled in wide range

by changing the flow rates, pressure and the amount of the applied Carbopol 980 (see

Fig.7).

Example 6:
Preparation of 2-ethoxy-1-({4-[2-(2H-1,2,3,4-tetrazol-5-yl)phenyl]phenyl}methyl)-1H-1,3-

benzodiazole-6-carboxylic acid cyclohexyl 1-hydroxyethyl carbonate ester nanoparticles

During the experiments 2-ethoxy-1-({4-[2-(2H-1,2,3,4-tetrazo|-5-yl)phenyl]phenyl}methyl)-
1H-1,3-benzodiazole-6-carboxylic acid cyclohexyl 1-hydroxyethyl carbonate  estel
nanoparticles were prepared with the device according to the present invention. As &
starting solution, 100 mg 2-ethoxy-1-({4-[2-(2H-1 2,3,4-tetrazol-5-yl)phenyl]phenyl}methyl)-
1H-1,3-benzodiazole-6-carboxylic acid cyclohexyl 1-hydroxyethyl carbonate ester and 20(
mg polyethyleneglycol (PEG 6800, Evonik) were dissolved in 100 mL 2-(2-ethoxyethoxy’

ethanol. The prepared solution was passed into the 2 reactor unit with 1 mbL/min flow rate
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can be controlled by the flow rates, pressure and the anount of dextran in
a wde range. In Fig. 5, particle size and particle size distribution

resul ts obwoaneed3disom | i ght scattering neasurenents arepPdemunsty@mv@d. The
structure of the 2-(4-isobutyl phenyl)propanoic acid nanoparticles prepared

by th I -apti | t . | pi.tati N I 3

o PP teati SRl FiarSiaR! PhiS bR BhAoMy Y88k R R, RahEd et i

powdery,didd [rfl6 HETBITREhagd fikRG UMEREN Y mERGWRW I2Aé, WherenitWasahixedawith the

anor phous. The w de refl ection between 15 and 20 2Q val ues | ndi catt%glatn_ﬁh
T e

anor pisolusiont rcootainiegof2-ethexpdx({#43-(2HKb 2%t telsazalbsylinhanydpbenyime

talli 2:.(4-1 spob | pheny. i '
G 77 det bERziecp e e R RRRRRN GniiekyrIEcapRalehter coifg oAy
1- [ 4- b Fryt 2- rSactodivhitd el nambpiticlesonfe Toptinpylsly prodycad cato afrdoSpheric
d] pyrimdin-5-yl) phenyl sul.fonyl]-4-nethyl pi perazi ne nanopar t hclfﬁ_ rin
t he eppessunediue to the precipitating effect of the distilled water passed nto the -shape

1-[4-et.h -3- (6, 7-di hydro- 1-. 0= = 3+ I ;

o 3. et oo e ZelolEl ity YO ol metdReha i euctor uni gets
VEr € b eRAA Y nahid ligescitering \itiateratedtto thé depices ahich caredeiechtherpadicle
starting solution, 250 ng 1-[4-ethoxy-

3- (6, Bizéi bf the-obtaiped ynaropacicles rmsﬁ%uoqsw APeasizge #f thes nanpparticles; 2% RA )

phenyl f .- .A- ' j A e D)l I '

di sti IcﬁﬁIIOIIg(I/éII mggr%bgékpqﬁghgﬁgﬁgr gI? go uI | %'nb&%?%ﬁsdggﬂt@maw hII;II%f the

r eact gpplied poW(éthylRneldiytal) f(sesFiga8e using the la feeding unit. Meanwhile,
usi ng tIPle second 1b feeding unit, a solution of 25 ngy Carbopol 980
(Lubrisol) dissolved in 100 mM _ distilled water was passed into the 5
T-sha@(am'c&'éqg unit with 1 mb/mn flowrate, where it was mxed with the
sol ution containing 1-[4-ethoxy-3- (6, 7-di hydro-1 -nethyl-7-o0xo-3- pwrugi)yl -1
H pyr @reparatiéndf ¢BRYAS)r -@-flubrophenyhenl(8S)BH8rfluorophend}-ByygrpxepEonlet-(4-

citrate corriﬂ fromthe first 2 reactor unit. The nanoparticles are
cont i AYSIRNP gPYI 'EI"E?'WM ©Pressure due to the pol yel ectrol yte

conpl ex formation by Carbopol 980 solution passed into the 5 T-shaped
m xing unit. The produced colloidal solution driven thraou secon

react during t dees texpeienentdy nartBR.4$)gh(4-Suararhenyl-HEe): IrI(14t K peker )‘S‘he
o o 5355k BRI STk 2e, onb PRty aed, ARPAR Y e
by chapgide0atésdingomw s presantdagentona’s bhstastingusolutibnt BB0apg| (B&HM &R Hépol
280 (Sfﬁxeorcl:rl)hgénZ/I)'-3-[(3S)-3-(4-fluorophenyl)-3-hydroxypropyl]-4-(4-hydroxyphenyl)azetidin-z-
one and 200 mg poly(vinyl-pyrrolidone) (PVP K-25, Aldrich) were dissolved in 100 mL
dimethyl sulfoxide. The prepared solution was passed into the 2 reactor unit with 0.3
mL/min flow rate by the 1a feeding unit. Meanwhile, using the second 1b feeding unit,
distilled water was passed into the 5 T-shape mixing unit with 1.2 mL/min flow rate, where
it was mixed with the solution containing (3R,4S)-1-(4-fluorophenyl)-3-[(3S)-3-(4-
ﬂuorophenyl)-3-hydroxypropyl]-4-(4-hydroxyphenyl)azetidin-Z-one coming from the first 2
reactor unit.

The nanoparticles are continuously produced at atmospheric pressure due to the
precipitating effect of the distilled water passed into the 5 T-shaped mixing unit. The
produced colloidal solution driven through the second 3 reactor unit gets to the 4 dynamic
light scattering unit integrated to the device, which can detect the particle size of the
obtained nanoparticles continuously. The size of the nanoparticles can be controlled in
wide range by changing the flow rates, pressure and the amount of the applied poly(vinyl-
pyrrolidone) (see Fig.9).
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Exanpl e 6: Preparation of 2-ethoxy-1 -({4-[2-(2H1

,2,3,4-tetrazol -5-yl ) phenyl ] phenyl }nethyl)-1 H 1 | 3-

benzodi azsbes®@/BatiBoxyl i ¢ aci d cycl ohexyl 1-hydroxyet hylPCtarizoovatoeosest er
nanoparticles During the experinents

3% bo B atate et By 6 bonhd B¢ e ConipRIFIRA hBSCBpHAIcT pbied th e

Danop?fetvld& 2: weeatign, e e eplrloaeskl fdnepdzparmg awztallidi ngnopatticlespise saxcellently
I nventi on. s starting solution, 100 ox 1-({4-[2-(2H2 ..
, 2, 3, 4epdugiplg.- 4oy |5 ’iﬁﬂ&ﬂ?l] héﬁ@r‘r'}%t ﬁ‘gﬁ?ﬂ’aﬁﬁqs )é”ﬁ(é?(éBEﬁ[pﬁé‘% During the

-car b e - ote
Car DRAEHMCAR, o FSRACKY 14118 ReauRlBnge iR WRABIGAP ShoeA Rt 238eMH unit
2- ( 2- ¢idsedyen raxgodlinganehile Tﬂnethermmnddcasﬂ @ icounteasurpents beat-exahanger avas
reactoQr. unit w

usi ng "ﬂtﬁs@%‘ééﬂanw%vé%l'ﬂg’fﬂﬁﬁ fo 'WP§¥$?"F§88\?5§E)E$&{W£@" aﬁegyﬁ%r}ﬁ@bﬁewgre

T-s ha?@g@ét&l TeUthés ben ti‘ae@dnﬁ@ Exéérﬁhﬁéﬁt@l ?aréhh@tlé@s.i'rhe/\/ﬁﬁal%ié&ﬂ thié shArriphes
sol ution containing 2-efhoxy-1-({4-[2-(2H

, 2,3, 4~ase¢araed|ousuyinpmngaysmpﬂmwelpﬁﬁonwi):w.scppe1P9ﬂi9§md'40aE6Nlé~

d.-car boxylic acid cycl ohexyl 1-hydroxyethyl carbonate ester com ng fromthe
first 2 reactor unit. The nanoparticles are continuously produced at

at mos ERimsle® essure due to the precipitating effect of the distilled water
passed into the 5 T-shaped m xing . unit. The produced colloidal solution

dri verPrenatalign ermt%ﬁat)yqnéﬁéa&'e%mt gets to the 4 dynamic |ight
scattering unit integrated to the device, which can detect the partlcle

size of the,0 ned_.n

nanoparti cl é’%%@rﬂ 53 St‘(’f@%ﬁ@?‘bl ?Iﬁ?on é d&%ﬁé@é’y%mﬂ‘?\'ﬁ"& e)}]fel o?vmroat e,
pr essHexashidrdpigtioRisid I-QPt(BIEb@HéEDKAIGch?PkM(JﬂbdﬁWampreyiaye«blu) a(meedl%cgutlcﬂ') .
Exanple 7: Preparation of (3R 4

(41 |af srethreal; water f(9313)thsn (F‘M? IPGM%?JHBH{MW'DE' wwtﬂhg;eys) ANgrigh)vas added in
(éRr?l %‘?ﬁl(’h uorog%%ﬁé[t?ﬁ ?@%pﬁg 'Lcﬁé?fg%’%bl t&ﬁl’&éhf‘ﬁi&téggregatlon

hydr OUpPDpyahbpém(:lbshydr@ndpphengxbt)aazat stdibte Zvodimdahamdutm asl e resud of the

prepared WI th the device according to the present invention. As a starting
sol ut iAthESH ny (3R 4S)-1- (4-

f1 uor opheny éﬁ thel d3sté6 rfehﬁ leier§ (RatHperat e é&slﬁe(énbyﬂﬁv@wﬂé@?ny
| yazeti di n-2- one 200 Vi ny pyrrol [ doepz PVP K-25, Aldrich)
e

wer e diverecsetdy the zno;omtrol dlnlteﬂ'hglemelrmtdmas Tawiesh eplaby dising §tmbmingiow
D el RS réadtPRCertns Bk e e TrSL AT fr LhRY 15 1oy 1oy tihd £8P

pressure.

Before the reaction, the experimental system was flushed with methanol which
was pumped into the 2 reactor unit by the 9 feeding pump. After confirming that the
system does not contain any impurities and the 13 reactor zone keeps the set parameters
constantly, the starting solution was placed into the 7 starting liquid reservoir and the
feeding pump was started. Using the mentioned 1 mL/min flow rate, it took 5 minutes until
the first drops of the synthesized colloidal solution appeared in the 21 product reservoir.
Analysis of the samples was carried out on a transmission electron microscope (Philips
CM 20 TEM). Particle size distribution of the nanoparticles was determined by manual
counting of several hundreds of particles.

The obtained results are represented in Fig/Table 10. From the results it can be
established that using the countercurrent heat-exchanger, the mean particle size of the Pt
nanoparticles was ca. 3.5-4 nm with homogeneous particle size distribution, which value

was well-reproduced according to the determination of the repeated experiments. Using
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distilled water was passed into the 5 T-shape mxing unit with 1.2 nL/mn
flowrate, where it was m xed with the sol ution containing

(3R, 4S) - wo4edd3er1i8phenyl ) - 3-[ (3S) - 3- (4- PCT/HU2009/000040

fl uorophenyl) - 3- hydr oxypr opyl ] - 4- (4- hydr oxyphenyl ) azeti di n- 2- one coni ng

from i a i I > i d
at ot 2 gregetied S bRyt he S o ME BRI airrb AR iy atylet B
wat er faswaeuith loorepheduciBilityhaped m xi ng unit. The produced col | oi da
solution drjven through the second 3 reactor_unit s to the dynami
"ight scat 1BFISHP ahihe Php;@gw%se'acwsgﬁaa tﬁ@ﬁl‘@@?n%%ﬁ*%ﬁp'@sﬂé QW &€ the
part | GegetRin? riturd Mool it oy SRANiY | DRSS e | SILIAEP [cbolil Cof tHE rBactidi
nanoparticles can be controlled in.wde range by changing the flow rates,
pr ess umistuaed thérenamaparticles spendpmioredtipel invithgl eleyatad i témperaluse emedium,
9). W enmphasi.ze that due to.the coaling of the countercurrent .. .
et - SCRETIAY. ioptobabty BraoGisilen ot drssalife sedkibbiiasea uniey resutts in
prepa&h@mrﬁﬁtiéh|df%i§quw®bﬁi(ﬁés.i s excellently reproduci ble. I n Exanple 8,
pl ati num nanoparticles were Erepared. During the experinments, two types of

14, 16 heaCosgltsiondsingedb@ of inyendion; ard applying thei counteryrent heat-

air-c j i i S d t u ’ - e

"t eqrehies tnoBole bdfel AR, £ ABfoPaGRIY RRSITHET SuBrSRARD WaR.
exper idefines pefticte sizpeidedith gvedtreprdludibilitg t he same experi nent al
paranmeters. The analysis of the sanples was carried out using a

transm ssion el ectron mcroscope (Philips CM 20 TEM . Exanple 8:
Preparation of platinum (Pt) nanoparticles In the first step starting
solution was prepared by the followi ng way: 6x1 0 3 M hexachloroplatinic
acid H2Pt Cl 6XeH20 (Al drich) solution was prepared in a m xed sol ution of
nmet hanol : water = 9:1 , then PVP polynmer (poly(vinyl-pyrrolidone), Al drich)
was added in 10-fold nononmer excess to Pt4+ ions. The role of the pol yner
is to prevent the aggregation of Pt nanoparticles, in order to obtain a
stabl e colloidal solution as the result of the synthesis. In the second
step reaction paraneters (tenperature, pressure, and flow rates) were set
by the 22 control unit. The experinent was carried out by using 1 nL/mn
flowrate, 150 OC reaction tenperature (in the first 2 reactor unit's 13
reactor zone) and 45 bar pressure.
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Before the reaction, the experinental systemwas flushed wth nethanol
whi ch was punped into the 2 reactor unit by the 9 feeding punp. After
confirm nyotzh@i13841@ syst em does not contain any inpuri tiPes/HIRdo%(0eo4d3
reactor zone keeps the set paraneters constantly, the starting solution was

pl aced into the 7 starting |liquid re%ﬁ%irrggr and the feeding punp was
started. Using the nmentioned 1 nL/mn owrate, it took 5 mnutes until
the first drops of the synthesized colloidal solution appeared in the 21
product reservoir. Analysis of the sanples was carried out on a

transm ssion el ectron mcroscope (Philips CM 20 TEM. Particle size

di stribyti gan.Gis; it Pase SEAtRESTs M GhaPbpaRE whRHEdnaEt of the
sever al qhuﬁd?@'{(}'sﬁdg Sgﬁ?ﬁ'&??t’%@ obtgﬁled Ir esul tspare represented in
Fi g/ Tabl e 18.feEdimy tumit connédtedi to dhe fhaw epathb| ats leastt ore 2isfiray reaetor unit
countercurrent heat-ex nger, the nean ti,cle size of the .

nanopart i cPessegaingcthe ‘@‘?gegt% W%%O%@ﬂfggﬁﬁoié%%{}‘fr‘%ﬂcéms‘r"i'la%f%’t folIBYsi %,
whi ch val ug y@s e d il GhinGnb ané N detErdriesling unftfbdtiveen 2
r epeat ed e@pfg‘rgi%ae}ﬁ%sqars%sg?%’ggﬁggﬁr -ﬁ@oollednunit, however, the@si ze of the
produced namdBaréactdesinitasthee Ovardh 1® feedlind pumps chnhestedelor theu cawimateyial

The size of the Pt, particles increases if the _efficjency of 'the oling is
over, 1 . eSOWRE ANGi #% oM UNEWBIGHIFE capable s controling At Iesnt o6 15 Braseliie
cool i ng of /6P cBi , m};@m@?t' ¢ 19HRedtiIe feacidie
el evat ed tgﬁﬁ}}@lf&?%/ﬁ@g%ﬁ&&mg ctgtra I ngly, t edf;ér‘tg%aa%?ﬁﬁty of aggregat ic"c_)'n of
cryst al | i ngorse ectraracierizad dbatveach 13cbebtable neadter-zomerss ifollowsd yg‘b«gpoolmg

nanoparticl es, Conclusion: Using 50 device of invention and applying the
count er cur YRR the43s€8A8nger connected to the device, Pt nanoparticles were

synt hesize LR i inf9f WHeiRarddctdreusit 22 canfaind 1l &suling unit
I’epI’OdUCZIZ'b?P;éty. a{a%b%j.lhdgt%\?rﬁlﬁﬂbus f?low devi clé I( 50)c forI t he synt F?esi S
of nanopar tomiertedvio the fiowmpath afier 13 beatabieezhator zona. connected to the flow

Feact or B ofies deNibesaardig Paaanb di s FoRATING AdRLRLSHIR AN, gt which
cascade; t ?géir{é‘hée(bg_%éﬁﬁél%éﬂ%d BSnridteS SO e iR Palt altet theB1ase rsactoriit.3

react or uni feedi ng punps connected to the raw nateri al
source andThe dicerdocotdingito Ghaimis 1s- Sapdigreinoft deastr one i regctar uniki€2, dhe

13 heat abl GoaHS: NEAIRBIE cPAMEE Fare it TG lBwaePy i copling 8o B
i's foll ovegdoRate irf otichfr case.

5. The application of the device according to Claims 1 - 4 for the synthesis of
nanoparticles containing one or two or more 'constituents preferably metals or
nanoparticles/nanoemulsions/colloidal  solutions of biologically active organic
molecules.

6. The application of the device according to Claims 1 - 4 for the synthesis of core-
shell-type nanoparticles.

7. The application of the device according to Claims 1 - 4 for the synthesis of
nanoparticles of biologically active organic molecules, preferably API-nanoparticles.

8. Process for the synthesis of nanoparticles, preferably metal-containing
nanoparticles and nanoparticles of biologically active organic molecules wherein the
process is accomplished using the device according to Claims 1 - 4.

9. Process according to claim 8 wherein the biologically active organic molecules are
non-steroidal  anti-inflammatory mdlecules, drugs used against erectile
dysfunction/pulmonary  hypertension,  sartan-type = compounds,  statin-type
compounds or anti-cholesterol compounds.
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unit in the cascade. 2. The device according to claim1, wherein reactor
unit 2 contains 14 cooling unit connected to the flow path after 13

heat abl e weaeswiz3agne. 3. The device according to clai mpér@iu2dosiendsei Ni ng 4
final product analyzing unit which contains a DLS-anal yzer and connected to
the flow path after the 3 last reactor unit. 4. The device according to
Clains 1 - 3, wherein at |east one reactor unit (2, 3) contains a heatahle
reactor zoDahelProcess abcardings to otlaioned ary91whetrini thg BrRGESSis: kaMMadbWUpAPh
in particular case. E. The, application of the device according to Clains 1
- 4 for the COpHRYRNS COWASYRdparti cl es containing one or two or nore
constituents preferably netals or nanoparticl es/ nanoenul si ons/ col | oi dal
solutions of biologically active organic nolecules. 6. The application of
the device according to Clains 1 - 4 for the synthesis of coreshell- type
nanoparticles. 7. The application of the device according to Clains 1 - 4
for the synthesis of nanoparticles of biologically active organic

nol ecul es, preferably API-nanoparticles. 8. Process for the synthesis of
nanoparticles, preferably netal-containing nanoparticles and nanoparticles
of biologically active organic nol ecul es wherein the process is
acconpl i shed using the device according to Clains 1 - 4. 9. Process
according to claim8 wherein the biologically active organic nol ecul es are
non-steroidal anti-inflamuatory nol ecul es, drugs used against erectile
dysfuncti on/ pul nronary hypertensi on, sartan-type conpounds, statin-type
conpounds or anti-chol esterol conpounds. 0. The process according to claim38
or 9 wherein the process is carried out in continuous flow system
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