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FOR M XI NG AND SUBSEQUENT ATOM ZATION OF LIQUIDS 5 Description The

i nvention relates to an apparatus for preparing a rapidly sol2djfiyé pgo2

m xture froma plurality of liquid conponents and subsequent atom zation i
O of the solidifying mxture. in some areas of chem stry, the problem
occurs that a m | owiscosity liquids is to be u olids
or gels as essgmgpﬁégﬁgri cal particles. 15 The probl enéggééﬁ?élﬁiég,ssfor
exanple, in the preparation of hydrogels fir om wat er gl ass '
extensively in DE-A-2103243, for exanple. In general, the aal‘ﬁm(ﬂMMlﬁEtion
of encrustation gives problens for many processes of achie

made of operation in production. 20 in DE-A-2103243, to prepar eishydr ogel s)
a process is used in which a rapidly solidifying mxture is first forned,
in this case byABPARATUSI FOR MIXING IAND hSUBSEQUENRT! ATOMIZATHOR, OF rectly
atom zed by a g S mediumvia a nozzle in a falling tower, the resulting
dropl ets solidimé during the 25 falling tinme. If, as in this case)
solidificatPon is performed chemically, it is necessary to mix the starting
material streanpes@pitidhy as hompgeneously as possible and to atom ze them
so that the plant does not becone bl ocked. However, the reaction in the
dropl ets shoul d have proceeded to approxi mately the sane extent at a given
hei ght in the sphaynventioowelates do 3 apparatuspfovdreparing aniapatiynsatidifyoesi bl e

i s produced. DEyfdrbORaf ' ' els
whi ch features a m&%i n(? &gﬁﬂi@?\ﬁ;ﬁ%ﬁal S Bré‘%@ﬁ%{‘@%ygéﬁ%hgg&ém%ﬁﬁdri cal
tube, has, 187 s@hitheselidiying metéfen) inlet orifices for the starting |iquids,
is closed at 35 one end at its upstream end and whose downstream end ends

back- m xi ng andotiyos arbaS FRRRANY, iCrisble EeuishE  Blhib e ¢ ac

that only one négeasdly liquids is to be used to form solids or gels as essential spherical

particles.

15
The problems occurring, for example, in the preparation of hydrogels from
water glass are discussed extensively in DE-A-2103243, for example. In
general, the risk of formation of encrustation gives problems for many
processes of achieving a stable mode of operation in production.

20

In DE-A-2103243, to prepare hydrogels, a process is used in which a
rapidly solidifying mixture is first formed, in this case by gel formation,
which is then, in the liquid state, directly atomized by a gaseous medium
via a nozzie in a falling tower, the resulting droplets solidifying during the
25 falling time. If, as in this case, solidification is performed chemically, it is
necessary to mix the starting material streams rapidly as homogeneously
as possible and to atomize them, so that the plant does not become
blocked. However, the reaction in the droplets should have proceeded to
approximately the same extent at a given height in the spraying tower, so
30 that a product as uniform as possible is produced.

DE-A-2103243 discloses an apparatus for preparing hydrogels which
features a mixing chamber which is preferably formed by a cylindrical tube,
has, offset over its length, inlet orifices for the starting liquids, is closed at
35 one end at its upstream end and whose downstream end ends in a nozzle
outlet. In the apparatus, it is often important that back-mixing and edges
are avoided in the mixing chamber. Owing to the fact that only one nozzle
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*G00002*



27 June 2002 2 outlet is provided, either there can be only a very snal |

t hroughput per m xing chanber or the nozzle) as in the exanple described in
t he abovenenti oned publication, nmust first produce a fan-sha@@diynet200Ror
exanpl e) which then breaks down into droplets. The di sadvantage of this 5
process is either, in the first case, the |ow throughput of such a m xing
and sprayi ng apparatus or) in the second gﬁse) a relatively broad dropl et
radi us distribution, which is disadvantagéous far any subsequent processing
steps. In addition, controlled change of the droplet size is difficult. 90
| f, in particul eutletge|prayided.ceithetrbere) cae heoonlyta agneamal dhtaughpyl pet i s

of ten of i nportapGsy tehapticri Br ah8anoBMe,da8Pinethe akakpléli ddschibed | gnthesi NCe

the tine for diffusion.int t@g. dgo{g)l ets vfar{ees (?s the square of ttir}e

dropl et radi us.atP?"eI"%e'lt'RBe‘gb? fealipn.; uish, ASE ROqUeee A fERSNARRS: étoder o

provi de an appaexdmgiel@whichrthpn dypeaksndown riatpi dibpletso[Tihei digadvantaget off this r om a
| Lit Ui aui . ,

plurality of '@%@sﬁﬁ{%ﬁ%ﬂé%%éﬂ&%ﬁ?&ﬁﬂ& tﬁbﬁ@&ﬂ%%ﬁcﬁ%ﬁf?@g and

solidifying m xture ermts essentirally sp I cal r% e havi ng a
narrow dropl et $RIBYIDY apPAENHAL D e sewadgase. 3 felatively bipad iopat emdiusy ge
scale. 20 In addistibation,! dbichp Rardiadvantagedus nfde caryo spbsistivent rogdssiry havi ng

"t ended Lo be edr ) SaRHER.bRtonBR PaRa 8t fie BBl Feg R drochioe, Theress ™ '

occurs. 25 In addition, the apparatus is to readily pernmt change to other
dr OP:jft ra?!_)'d; fl'f,hﬁ PR, bélf@r@hle@é’ﬁfé Rbé omf Jté'(! éﬁg&%llﬁriﬁﬁacgﬂé?ﬂotg
rapidly solidifying m xtur rom a rali .0 ui.d cqonpopents an
subsequent atodﬁ?&?‘i‘aaﬁe o ?"Iﬂé‘%’@p‘i &QP tERAids lekf&’é’t'eﬁ'rr%%es&w&"ﬁeg‘?rxi ng
chanber) the | idjffusien irdo thee diopbads beliesaaiiecsquardef thedirepipbimadiusl y t o t he
m xi ng chanber and there being essentially no back-m xing in the m xing
chanber in the areas in which reactions can occur or the m xing chanber
havi ng essent i df ISthepbied ®f 4 peaseng investion. dheteferento prckide anaRRaratIS he
mpa;\ at us ¢®nprfop egrepating Ua ?;aﬁcgy r $dlidifging antxtbted rfaiph €4 - pluratity gofn digaide s

ich are connect S hut.or
wherein the I|i q(fﬂn@jodfe&sﬁ ?ﬁﬂﬁgﬂ%@%&éﬁé@%&&é S ftt’r‘lgeé%ﬂ%%é’z @ﬁ’ﬁ‘ﬁ%@‘?’ﬂ‘{a&ﬂd runs
out in a point pgsettseansantialinzaphericali dranlelst bavingea matey sdreplgh rédivisng from

the nixing chardgkibeesipdo Be MMBto bRgrro@icedash #aBgakEab] Y W t hout backni xi ng
or dead spaces in the flow, so that the residence tinmes of the parti al

20 In addition, the apparatus is intended to produce droplets having material
properties as ideatical as possible.

Furthermore, the apparatus is intended to be easily cleaned in the case
. that a blockage nevertheless occurs.
25
In addition, the apparatus is to readily permit change to other droplet radii.

The object is achieved by an apparatus for preparing a rapidly solidifying
mixture from a plurality of liquid components and subsequent atomization
30 of the solidifying mixture comprisihg a mixing chamber, the liquids to be
mixed being able to be fed separately to the mixing chamber and there being
essentially no back-mixing in the mixing chamber in the areas in which
reactions can occur or the mixing chamber having essentially nho dead spaces
in the flow in the areas, wherein the apparatus comprises a liquid distributor
and N droplet-forming nozzles which are connected to the liquid distributor,



streams in the liquid distributor are essentially identical. Preferred
devel opnents result fromthe dependent clains. 27 June 2002 3 M xi ng
chanber, liquid distributor and nozzles are to be connected hdune002ch a
manner that as few edges as possible, which could give rise to
encrustations, are formed. The fact that the liquid distributor has no 5
significant back-m xing and no significant dead spaces ensures that no
areas having solidified material and #Rus no bl ockages can formin the
liquid distributor. The residence tinmes in the m xing chanber and in the
liquid distributor 10 nust always con-espond here to the tine up to the
solidification of the mxture. The dinensions of the apparatus are greatly
dependent on t h@ngr\@mfﬁn e lguid distributor ds cgnmagted ta theemixitg cearabernand ur e
conponent, at |nlet
or |rr1P i ces can al go 8&3@ d Bb@LuBértte‘;ahﬁg%é@atﬁ { ((r}r'\éfs"%t(gs tﬁetma{ge&;%a aﬁé cghﬁ

addi ti on of t he fltoasthelMmixingTploanaber evpals ovarythé owozzles easﬂntuaﬂy witsduti backny case

be less than th [ Th i 0 X1 n hamb

t hen given by tﬁ'ﬁﬂbesé{ea éa'g&nji” ,g%ﬁiaﬁheaée Eac{égfglélﬁfﬁg)f%ﬂeép?ﬁahl red

t hroughput.. The stmmlnenntbieluquzizdsﬂsbuteraresaes&ritiallyiyjeatidaUnction of the

t hroughput and the required droplet size which, at a given nozzle orifice,
typically between 0.5 20 and 5 mm is a function inter alia of the Reynol ds
nunber and sur f &refetred sieveioprhents eesultiftony theatepemdentolaend. of exit fromthe
nozzle) and on the flow velocity. The nozzles nust be arranged, that is
their distance fromone another and their direction nust be selected, in
such a manner that the resulting droplets after atom zation do not collide
and possibly formlarger 25 droplets. In general, the apparatus is to be
designed in such a manner that high flow velocities result, in order to
prevent deposits on the apparatus walls. Preferably) the nozzles produce
the droplets by wavy sheet disintegration 30 of an essentially |am nar
flow, since this can produce a very narrow droplet radius distribution. The
conditions then to be inposed on the flow are to be taken into account
during the design of the apparatus. 35 The advantage of the apparatus
according to the invention is that, by using a liquid distributor which
divides the solidifying m xture into N equal partial streans and passes
them on to nozzles, and using droplet-formng



27 June 2002 4 nozzles, a high throughput and a narrow dropl et radius

di stribution can be achi eved sinmultaneously. A further advantage is that,
since the partial streans are taken off 5 sinultaneously frorpralune ZioRvel y
| arge m xed stream the material properties of the droplets forned are
virtually identical, so that the product fornmed is essentially nore
honogeneous than when it is produced by :gtom' zing in a plurality of

di fferent m xi ng-sprayi ng appar at uses. A further advantage results from
the fact that the residence tines of the individual partial streans are
identical, i.e. the residence tine differences between the individual

partial st r eaixing thﬂwHe‘rCIquﬁH dls&ttfutdﬂérﬁfn@iz!bssal'@&b%tctcﬁin'e)tteﬁnﬁérb% t han
the tine renmainin

t f f th
l'ow propert; S0y "ash8r sl & S afiobS 4re poibter Whigheailf Bye AgE o' O 1"
honogeneous pmdustatpneparmfegped dhej ﬁmhtthahrthmmqp@r dlsetﬂ)u.‘od)r tiae no
sol 1di Tyl ng Moican %hc%hﬁ ;hgdérgi it gt Cacld SpdiRs ol @&ﬁé}' o the

nozzl es are i |ca en pre era esigned
in such a man?9as payingssolidifie |m9ter'abﬁf'¢ctavs fqoowoﬁﬁﬂ?ér?@fb@fﬁ "@a heg
pressure, vel diquidydisttibmtonarity, etc.) prevail at the nozzles. OmMng to the
uniformty of flow properties at the identical nozzles, the droplet radius
di stributions _of the individual nozzles are essentlally i dentical, so that

overal | a par flineuresideyice dimesyini thsp mixing ghampedi and inpthel biauid histbutae hi eved
at hi gh t1g oughusttaiwaps Ebﬁeébdﬁmﬂelféhm tie Qp &Bethétécﬂidﬁ‘@éﬁﬁﬂ ob)(h@

cylindrical tube havi.n | east t.orifices.,di |ts

| engt h, which "?'ﬁ*b'ée h‘%gih‘% IS 8“5) ﬁapgfmﬁ are 8@??‘%&%&’8 éen st ance
bet ween the i preperties of thessalidifyihg miktueg thasreash mirtire gbeperest, ia¢ least ween 0
and 50 cm pr %E@ﬁﬁl@i dnfl?:%ﬁ%ﬁihcie@@uﬁ&g;lc?rQIxt?@ .rmrotnreé& é’ér{ XIsBrb%fL‘r“sreﬁb' y

bet ween 2 and 3 his mXxin ég/ easy gv@ re and has
virtual ly no BREkI8sidgNcs dmegely g frnaratys: alter |"aﬁ/va%|°@h Pa@Shr eas of
m Xi ng i M8hi cbmipbaestohéckssagaiaran reactiahrmastyinf amyt base ddviess aidan tieis st abl e

oper At on 1 I AASHER ime, o WS oP Y2 bGP S, SHATRRn i Head of o

plurality of in orifices rou can
al ternati vel y PrRAgE residerce: imeug Hhmp@ﬁrqt% apddbe dewreafdmrwmut 5The

Preferably, i muhibes dfl moidesC aabsdntialy d @asdtiohhsf thep@irobgtiput s tigs i i ce

il 1y Lot et rhogt 5P Sl i ol Bl nspaiy RaBE) g o' T

sur he'starting

mat eri al 28 r eand.5 Tha, imBefunetiars jntesrsalie pbfhe ﬁ@)’f’@ms}tum%ﬁfg@ﬁ sffage| et
orifice are hegidH ef ﬂfeah.h»tu@t atSthe mameRBbf et FbangR hé2MB, tdid damgent i al

S R PR e S S T R A
produced by aangthbulaedtthelrcmr,ectim st lenseleetgd dimesuaiog makreerpﬂhat:eﬁ)e
resulting droplets after atomization do not collide and possibly form larger
25  droplets.
In general, the apparatus is to be designed in such a manner that high flow

velocities result, in order to prevent deposits on the apparatus walls.

Preferably, the nozzles produce the droplets by wavy sheet disintegration

30 of an essentially laminar flow, since this can produce a very narrow droplet
radius distribution. The conditions then to be imposed on the flow are to be
taken into account during the design of the apparatus.

35  The advantage of the apparatus according to the invention is that, by using
a liquid distributor which divides the solidifying mixture into N equal partial
streams and passes them on to nozzles, and using droplet-forming



The turbul ence necessary for the mxing should not |ead to back-mixing, 9 5
however. Therefore, the tubular cross section is preferably chosen rather
smal | for a given throughput, in order to achieve a high conwgcfiné&obkow
velocity and thus avoid possible back-m xi ng. The m xi ng chanmber can, in
addition, conprise in the dowmstreamdirection 20 a post-m xi ng zone in

whi ch the t ur bul ence necessary for good njllxi ng can decay and/or the
solidification reaction can even proceed To a certain extent. Preferably,
the liquid distributor conprises an outer |iquid distributor body 25 and an
inner |iquid dirazziesuadightivgughnsd aed a narow kicoplet kadius djatributions cam bet or
body and has N adnjeveRRifakarmicRsfydentical, nozzles, the outer liquid

di stributor body having an inl et channel connected to the mxi ng appar at us
and a cavity exiting fromthis inlet channel, and the inner liquid

di stri butor body fortess edivantaget ise theady isinceothd tpariialt stredmsjuard thkenr offut or

body havi ngg Wéqﬁhﬁ%ﬁ%b%s%rcgﬂ‘é &h‘:slw&lﬁ?arﬁ@rﬁ%xé@@ﬁ@arﬂst@nﬁﬁféﬂﬁl f)%PQ{tteEhe

outer liquid distr e periphe

di stributor or @ih en’éomgﬁSff%ee%ﬁrq Migually, ideptical; §Q§b’=\?é PEYdiigt pratad i '§ut ed
‘ém' ch extend 1; rmfehmyuﬁsﬁermﬁb@a?ooé théremémuttxs prédidee b}oztbgﬁﬁn@?]n hhe ]
ownstream en he .qr S, . t ing situated either in the
outer or inner Rq?rah&dnfgé@%%ﬁtfm@%’s%gﬁqa%ég%ﬂ%lﬁf%gto the fact that the inner
liquid distributor body fits exactly into the cavity of the outer Iiquid

di stri but oygbody fanibri ﬁvﬁh%’@%ﬁ‘éshﬂﬁ frohhite falct trRahé ré§iehddtinds drsthe! but or,

dth t t
et som. or © nBuRLYIEL Hibeis S Sl detognin U snces
di stri but or maybdhwean nihey updmduale@avhai hstearhs ac theciquid n distibutort Ferehi gh
accuracy can b%@fanﬁﬁ@"%ﬁlaﬂ&et oty g.%r kY] eﬁalﬁlﬂﬁ LR)aH g d;s%ésrit?atﬁgreée' f the

grooves and the nozzles are sit ut or

bodies, it is &¥dehis signifigamriopdhe ﬂ‘é‘”rRﬂQE‘F"E% ﬁf"éttg“%&&? Ig}rfgpation.nt o
congr uencewfer Ywiviet IeadS?o hbﬁtog@ﬁe@i‘ssm@dhelSprbpembe ifd. @dérfteSU;bfbpefgi@saﬂOi dht he
occurrence o . AS. . i geous to 10 join the
outer liquid bggggiﬁﬁ(g@ﬂ?g{%@?g?@ﬁ Wdhélo'{%rz%da;rﬁ%%%er directly, or
preferably to formthem fromone piece: If the mxing chanber is forned by

a cyl :j nd{l Ca: tpr@s@ramyetherr&km awmedh@émn@rlﬁmw d.biamutdﬂb@tr@ﬂobrbmr@mychannel
are identica

advant ageous i fd1elsf9é‘eﬁ:'étﬁ%)((? ?ﬁ' Eﬁqa'ﬁ ﬁh?t B ?WH‘ Ef?"ﬁ%?ﬁ r“gg’i&%neiﬁ*ée%liﬁ es
al so conpr28es préssuge.ovelesity, |lam;nar|tsorﬁtc|)ue)rgva1baé§pe sworzladl Owing ¢ dheri fi ces

| ead out from tJPﬁoFrﬁnw %?I%Wj F&be‘rﬂé&uhﬂ i ﬁithuBélt RbzzIdY QEEV&B ¥} rhdigsnozzl es
are situated in the inn

I Stri btor hi s S not
have a cavity &fglf t?‘ét'ol“ﬁugf %é’?‘g}’ﬁ&}a‘sp %sr &% ‘?%BPF@% e”ﬁ?%f étoaﬂ]é\?) f or
the same r easomvetahlea gadoubsly rasrosy dioplet dadios tdisdripeionpdesT e aichieled iatner
liquid distribyj g5 Wth a suitable shape of the inner Iiquid
di stri butor_ body, |n paPtlcuI ar in the event that the grooves run in the
out er Ilqtﬁfd di stributor body, the orifices of the grooves can serve as
nozzl es at t heiTheemikind®chimbablisy preférablynfoemned ibyua dytiindrical tulieohaving)yatext ends

from the cavityauthud fushriss bibRkel BIANEL A0, RRR di8Teotanert B! 0 the

upstream direction, rea i\ G reamrn the
inl et channel . endiat %%Npétﬂ%mee@ pHha ﬂtﬁ!ﬁlfmel petwﬁaenoﬁhm ialefiasifiops df thdre ni xed

Ztreambvv'thogt émeédfombxtﬁ&tubBr@h@ﬁ@béMeehmﬁﬁa\w ¥m, 'hréf@ﬁaéﬂva'béﬁnréelng d bod
i stributog o] %Sq{%agﬂggﬁgﬁxBrgltﬁrably%ettweenezg%%r iqui i stributor body

does not c

This mixing chamber is very easy to manufacture and has virtually no

back-mixing or dead spaces in the flow, which avoids areas of mixing in

which the solidification is already further advanced; thus stable operation is
35  ensured.



dirrection and the inner liquid distributor body can be pressed fromthe
outside into the outer liquid distributor body, in sone circunstances with
rotation. In this case) it is particularly advantageous to fobi;ghe9yes and
27 June 2002 7 nozzles in the inner liquid distributor body. By neans of
this construction, the liquid distributor can be readily disassenbl ed, e.g.
for mai ntenance or for changi ng the dropl size. 51n order to be able to
di vide the m xed stream as uniformy as pdSsible and having identical
residence times for the partial streans, the liquid distributor preferably
has a rot ati onalTheymixng gharobere ipstead 0§ at plutality pf indett orificed dhraugbfwhible

nozzles. Mre prgekabliquid e fdRvittbd, asatterhfively RAA sl%téﬁiﬁ?édg%h *ARHIth&N axis
of symetry pargl | el tﬁa tge direction of the inlet 10 channel, so that by

symetry rotati ¢AYidis tions of the nozzles can be converted into one
anot her, and extends) starting froma surface perpendicular to the axis of

symmetry, atgth r, f i AX| f
symetry to he%é%%}'t'ﬁg“%g‘ﬂgpgIcﬂgpﬁeehcr%géea%?ﬁ%nﬁ%%@%gq?‘%{:(gnfg%argggof t he
cavity can ther dargestialyste the tylg wall anditae inletorificss baaeatbdhisaupaxially da of a
?ﬁCt or COW}J_ri Si rml% mbt%omédreeuhwéﬁ@rarbemggﬁxia@ &?ﬁé Ntd@vr_\gtmatt'?rﬁktl?reaﬁwts360l N.

e inner liqui i Strd .0r ko pLesse nt.o cavity e quter
liquid distri buﬂ-(g'le BB%S/ oﬁhgeﬁ ﬁ%eq%\%ng‘esjmsttr f@?nﬁﬂe "\lieolt\/iaf@c%f a'iehg"e&%t er
liquid distributpsefetabliyataush a smalhdistance fuam e fangential ddet grifices thas thewvi ty
of the outefgli %Elrﬂgéﬂe?ét@tjlwﬂtﬁé tBRgbhtial Afet dific8S ARS Bl ndPyét\Gissppedrdd SO
that the inlet channel. . corre’s‘ﬁondl n?rlné seal Eﬁ. [ﬁ—ggever, theefk{’]“fng‘h liquid
di stributor bod@“#3a onficton, a9dthiie, 9pad riERg ispraducesh by atymuentdiaw, Bt ni o
t he inl et channdlackmixing dees hottaké pldee. di vi de the total stream fl ow ng
through the inlet channel, and secondly to avoid dead spaces. The grooves
extend fromthe_upstreamend of the cavity to the nozzles and 25 are
preferably di st dihglutwlenceanecssaancier fie MiKing shoridenotyleattarhackumixing: he
?_r ooygsdar tewllb S?\bhbgérgd'hleflpg@@lmhe Inmmrvh@rws @B?ttdﬁﬁiglﬁﬁélfdwlﬂy%bf@%e? E@théﬁner

i qui i stributaor . .The ,nozzl e N, pr [a e rom

downst ream end 81mat"hf§r ér %‘8%4”888*‘%@ 51 %éqe?atgl %‘iﬁ‘é?"%@t*@gﬁ°f‘ﬁ%"“<¥ﬁf%°r‘” 30
boundary surf aceelokity Ard thuservold ppssiblelpaek-mbitdr body and t he upstream end
of the cavity, to the outer boundary surface of the inner |iquid

distributor. OmMmng to. the high symretry of the. liqujd distributopr, . .all
partial streans §gé“'éiﬁ‘9i°53m%f Cﬁe{rc”taﬂaé‘of‘h‘éom?ﬁﬁ 'gghﬁlfjf’i”f}ﬁ e%fHd’?fﬁs'é?'bence
times are eXsenti@dstynideg zdeein whlchftbe_tmbhlquaeﬁeaéss_zary ét_zrrgnodTrth@g edds to a
compar at i vel y naLayiahgloh! b eSiidRiafod riBotdnobah RivkhOfrdoBed 18 b cia

distributor and t a very honogeneous product. e uniformty of the
f1 ow conditions ¥kl | nozzles |eads to a narrow dropl et radius

distribution. 27 June 2002 8 The nozzle orifices preferably end in a
oot < ey e AP oL TR L0 ok Rl 6
25 T and an inner liquid distributor body pressed into the outer liquid distributor
body and has N, if appropriate identical, nozzles, the outer liquid distributor
body having an inlet channel connected to the mixing apparatus and a
cavity exiting from this inlet channel, and the inner liquid distributor body
pressed into the cavity of the outer liquid distributor body having, within the
30 cavity, the same shape as the cavity of the outer liquid distributor body
and, on the periphery of the inner liquid distributor or on the surface of the
cavity, N grooves being distributed which extend from the upstream end of
the cavily to the nozzles at the downstream end of the grooves, and the
nozzles being situated either in the outer or inner liquid distributor body.

35
Owing to the fact that the inner liquid distributor body fits exactly into the
cavity of the outer liquid distributor body and is pressed into this, it seals
the liquid distributor, and the mixture can only flow through the grooves.



5 Preferably, the inner liquid distributor body runs upstreamin a point,
in order to achieve good division of the streamcomng fromthe inlet
channel wi thout back-m xing and the associ ated expansion in rgﬁiﬁg‘pg@il me
distribution. 10 The cross-sectional area of the cavity preferaﬂ y does not
decrease on the entire length in the downstreamdirection) but only
increases. Since the inner liquid distribyor body then also tapers in the
upstreamdirection, it can easily be pressed frombelowinto the cavity of
the outer liquid 15 distributor body. It can thus be readily taken out of
the liquid distdhguddyantage pf; s eopsteuctiong ésyital thy, greevesndp et fuid nner
liquid di Et ri butistridutety mal theo simphy produtgdt With MigH agcurppariat tuen, thba?igﬁ 0pljet
size can be rea [ [ A inner liqu

G stributor boayCRGEREHF et Srbgl e ol BPUE dartel SBtne,

nodi fications to the m xing 20 chanber. A further advantage of this

constructiom i siftfat grobfed ARA thE| MbFzésdht Sttt @ in RiFFBrent liGAl fdiStABL®F | NT)

if it is presseg i.nto.the o%t{@r |ICl?UId H_ﬁtrl UtDF‘F body, .whi ch consi derably
sinmplifies exchBRYESoft PeppsErliabte RN, f9ade; B t%?"él e grepveseit®) v) in
this case, the comguehcajveryg wilisso thaihorobstabjes to the flewadsuiht o t he out er
liquid distributor body by a retaining nut screwed onto the outer liquid

di stri butor bOdi- This type of fastening permts a_si r'[PJ e but secure 30
fastening of thdojayRs thejQpcraense; of edQRAS K AP. Possitipdt isastyantagepus the
cross sectitgn ofoin ke oater liguid bodyearmintheomixira eiathbéistodsite andtigdiredtly, t hi s

case, the cavit f..a ) or der
fo ensure as undt B EbP b o ey FroBl BRE ploe s e BEAG PuibE s Tormalle
spaces, the innby alaylindricalitubey pmrablmw'@ﬁ@terﬁggthqwbgmgenl@tctaarwl anmd
fitting into thgrdidental add Bdivased paralfef. June 2002 9 A circul ar cross
section of the cavity is particularly expedient) since it nmay be
particularly sinply and precisely manufactured) the cavity shape preferred
bei ng a trubcat Edr thensamé redsoanit s advantadgenudiibinet liquidodistribatar oy vdtiemnel .
In this case, b t R ; i fact , .nner
liquid distri bu,{@:&)f?lHﬁged*;;{hgl SO prser%‘?é’gm’”ﬁgg%ﬁQ'ﬁgg'e@%ff@ﬁé%%‘g’??‘?’téﬁ ng
into the truncaSdiphienpezzler ﬁﬂflcearle%eeh%@m the prresnagdingdiapid distsioytersy met ry)
permts a sinple and yet very preci se manufacture and accordi ngly good
unifomty resid [ OXV..C ¢ i : B e
appar at Uses. cant BCTEYe 0 htzies e Bl 303 bl UGl MGk Bptof bolft?,
and, if appPopr pigcefhis dpesaoidiaveds cavityand is fissgenerallysimpler i fabsigatse
suitable steels, in particular stainless steels, glasses, plastics or

fiberreinforced i i j |.e . rica

i ndi vi dual 15 aﬁﬁ%?’%&’h’?%&b{a sfaﬁ‘reglr%%g?‘?'ﬁg%gﬁ%{%t%r%%gpggdlonn %‘r% eér}&}hgryavoi d
corrosi on and/ off thehergrdiquigrdistdhuterbadnt s, the inner wal |l of the apparatus
can be coated with suitable materials, such as enane :! :?r nonstick
coatings such PTFE .or  PVDE. In addition,  f a ropriat%‘)ﬂin rder to
e abl ot o 22ont TIh 354fARIS ARDs & the s i fstohpiopRoGY Ha ARt fee o1

t he appar at us ceveriiéhatdhe galdves rlyy incthel duter liquichdiatribntpr bedy, thkigifipes pbse)

t he nozzl e can ﬁi'eté}%v&ecaﬁ‘{ééﬂéiﬁgn%il@s%tﬂ)%%tédag or cooling jacket or can
be equi pped with heating or cooling 25 channels. For high throughputs, the
apparatus can al so be constructed in such a manner that a plurality of
l'iquid distribuPesferably thielinngr liquitihdistributentbiodp extendsdramdthedavity sef tees in a
cascade, i Bod! |yl it fnSrid BhEWHAL Indt i8Rk cth thi fipSfodr Uetligh o hfpt or s

of the |ast cascade stage I n the downstream=direction, the nozZl'es Dbeing
repl aced by sui it gaseady Hivides|the dadidpetraagn dpHieeiad chaonelhdhisrtasn eesiififel s of
the fol |l owi ng | parbt@lafly GhifdrhtdioRon ofiBe RIKEREStrédm Witho6t RERsmidtigch can be
used is only limted by the fact that the sumof the residence tines in the
m xi ng chanber and the individual liquid distributors nust be 35 | ess than
t he sol i difi catPefemablyethe cavity in the outer liquid distributor body has a shape such

35 that the outer liquid distributor body does not constrict in a downstream
direction and the inner liquid distributor body can be pressed from the
outside into the outer liquid distributor body, in some circumstances with
rotation. In this case, it is particularly advantageous to form grooves and



Preferably, the apparatus is used for preparing gels. In this case, care
must be taken to ensure that the sequence of feeding the reactants is

June 2002 10 selected in such a manner that no solid constltugptﬁpg?ﬂoiorn1
If, for exanple) the gel formation is initiated by a change in p
pH—changlng | i quid should not be added |ast, since it can then be netered
in at a relatively high | ocal concentratlgﬁ and there is the risk that
premature gel 5 formation can thus occur eed in the reverse sequence does
not have this risk. Particular preference here is given to the preparation
of Si02-gels, pnetdesin theSinber ligyid digsbstof body.vBy ereagisanf shis Ttoastioatidng can

al so be used fog, eﬂﬁ -M (ﬁoﬁﬁﬁﬁ bb%ag@ §h3derblE§ Y, IR maNETBhE: Br

di spersion, sol I e use a mxing section I's not necessary
for this. 10 Th éﬂi"gd ep &li¥%% | i kewise relates to an appar atus for
atom zing a startl ng material stream wherein the apparatus conprises a

i quid distrd bu I : nect ed
toqt he i qwgd dlﬁrg{)rd]e[gt(?b@%%jé\kod&aﬁls%e %?eék?el qui élg‘lﬁgt tbossn}_)jeﬁ. runs
out in a point b8vingsidestisalssesidence Htsnfsq defi the rp@rt@hatream.eém cligvide
essential ly di SHrsmwt@cbfeféeryhab@qbtmarwmmadyu&eé@dmdm@etolthapré%et

distributor 1', 7 nozzl.es pqsed an arranged
in such a mannef‘ ﬂ%&f fTah‘g E\ alnf’ﬁlﬁs H&Fjé?l%f?c??lyegﬂ? @% Paq iorial
di stributed w t hpmmeirycabatit:émagxisrof diyaimeipy pesaliebta thet dleedtib()vmfett}eahlley over

the N nozzl S f the
i qui d dlzg tfbf buteg%ma éd;ﬁ\ai By s ﬁ’tﬂﬁﬁrytr’ofﬂiﬁne thb%s’ﬂoﬂ%‘b]‘ bR nSiAR3HEh b b

ar e’ eSsent i'al denti'ca his ap aratus can be
conbi ned with tfeNY&sad, iate anec|apother; rg'ﬁ ‘é‘ gtarting 55'0 02 pyrfagey 14
15, 16, 17, 18, péfhendizula?to th axisas synminidy, &2 3hd ldewinsirearhi e dfutheHelet
relates to a ”Ehﬁé’r%éngiongttﬂg‘a&isrw s&hﬂhﬁtgﬁo%ﬁb d%?ti?eoﬁ’@tifwg\eg%égﬁﬂ' bed

above, wherein appa nozz es are orientated
in such a mannenozzies. hReshapegeh Macavityr camtheaseiope é@%t"tsdo"dﬁ}(@ﬂﬂlpy from

dﬁbmzt r eam 13 f t BecaeRsr/k o tatRASoMAt sdotsr @csmpmn i Bogdle swmmgtary an@wgf )
floures and ar e SAGLRr b aR oSS! SeHuRe fh%hwngmaéﬁ”&s%@uﬁoeod’ip' sy " T
into the cavity of the outer liquid distributor body has the same symmetry
as the cavity of the outer ligiiid distributor body and, in the part which is
pressed into the cavity of the outer liquid distributor body, has the shape of
20 the cavity, so that the inlet channel is correspondingly sealed. However,
the inner liquid distributor body extends, tapering further in the upstream
direction, into the inlet channel, in order firstly to divide the total stream
flowing through the inlet channel, and secondly to avoid dead spaces.
The grooves extend from the upstream end of the cavity to the nozzles and
25  are preferably distributed in accordance with the symmetry.

Preferably, the grooves are distributed in equal intervals on the periphery
of the inner liquid distributor body. The nozzles then preferably lead from
the downstream end of the grooves beginning at a level between the outer

30  boundary surface of the inner liquid distributor body and the upstream end
of the cavity, to the outer boundary surface of the inner liquid distributor.

Owing to the high symmetry of the liquid distributor, all partial streams are
equivalent and thus the flow conditions and residence times are essentially

35  identical for all partial streams. This leads to a comparatively narrow total
residence time distribution in the liquid distributor and thus to a very
homogeneous product. The uniformity of the flow conditions in all nozzles
leads to a narrow droplet radius distribution.



In the drawings, Fig. 1 shows a |ongitudinal section through a first

m Xi ng- sprayi ng apparatus according to the present invention, Fig. 2 shows
a further |ongitudinal section through the m xi ng-sprayi ng appauah&2083 om
Figure 1, Fig. 3 shows a cross section through the apparatus in Fig. 1 at
the |l evel of the upper tube inlet, Fig. 4 shows a cross section through the
inner liquid distributor body of the appargt us in Figure 1, and Fig. 5
shows a cross section through the inner liquid distributor body of a second
enbodi ment according to the present invention. 27 June 2002 11 In Figure
1) an outer cylindrical shell 1 is provided with two tube inlets 2 and 3

dihspl aced over iThe hens lorifidéy mbrémwdpinpesmaweadg@mﬁ@méﬁsuwaé?TgefOzfm
the m xture are t and. i ng. chanmber
whi oh 15 conot r (0T EYRR Y 30 JRRRFriectd gl Alohibs et Sty & "8R8 5
Fig. 3 shows a 6&caitgringdothedrapietsadih t he apparatus on the |evel of the

m xi ng chamyper 4. The upper tube inlet 2 introduces via a tangenti al

channel 10 the fjrst conponent f{angent..al into the m xing, conpartnment 4,
0o a0t ot the Bskiatanin Be nher gl Betiutol gl Tt HSkERT i 8 O 1 xi ng
chanber. Beneat brddrits achievergoad divisias lof thd stnegm tchmirge fromdthednfpbaolearinel s

dded iall i d 7 d:d g i xed
Bth the 1ot ARNOOE HedRfnighnd e aleSchBd Poupehsiin Sebdod Qe M X©

conmponent. 15 ASISEHYKRN n Fig. 1, the mixture is fed fromthe exit of the
m xi ng chamger 4, which converts directly into the inlet channel 6 of the

liquid distribu ) . | Ul i | hut i e er
liquid distri buf@% Ci‘t’&f‘%ér]’?r%?hg%gr?gé@éeéé‘g@;‘S)_’éfe:’;tpﬁgggg_h%gi’%ﬁ%?eﬂ@%%ds in
the inlet channenti@ length jmhe dpwhstrerni ditectiomt it eivyinreases. dineri thy a
}‘ itti ggdpo[\e_ \Q'hz?ﬁﬁ:r gamar c%i@@i@uﬁ:@ tﬁ?ﬂyemd dh élf,t% ﬁa;;ela@ tiri 'll{efhp%’@d?ﬁ_ d_eziire@gi%r{[iﬁ i Bngr
i qui i stributor bo is pressed into t. uter i quyi i sfributor body
1' by a retainifig" n%ﬂsﬂiafbmrggsq(é?@m et?ﬁi dﬂ&’oﬂf%é“aéf@f g?? qﬂf‘{frd'fqé‘fcfi but or
body 1'. Byl& hi distribariar, badye ltndant thue beeradilyatakbe ouh b theclivpuich distributar fdr vi ded
into equal part,al: ,gmﬁ‘rs i u lhalaNgi } ction
t hrough the appg?21 é?t%éé |'th'k%@rsrg'r ?’g e%x&?ggﬁg?hfgafnggg Ilggﬂmﬁssgwdjﬁb?yt he
peri phery of th¥ithagerhangng dh?ii’%'f‘mﬂbﬁ&%ﬁ’a%’éd%%drqm%t §i78 okAds baaeadly sb end
in identical noxafi@s b§anstallingba sivigd difterent inaeniigbidr distribtior droay! ledving | n

T Ferent” sont; hBzAbs B UforBA0 WhmBRer *GRR0uc WRERIAGH, oP 5L | MBhAY 1 @

different secti pl ane. WS a cross section throug
i nner |iquid® di §hamBetor body at a | evel above the nozzles. In addition to
the grooves 8a and 8b, in this exanple six further grooves 8c to 8h are

nozzl ee. uni ch A GAEE a8 of B RAREue T BRCR' PhS: iRliG SRS,
the nozzl es 9a hkady Goselfferntgrirg Vel ipamssed intadhe puterdiquisk diskibytar dodye

correspondi ng nehEhesonsiaBly Shiphfied RRcRATR bETESIaBSReht TR aVhiddubiith sane
fl ow condi t2|50nsplatnpey are atom zed to formdroplets. 27 June 2002 12

Preferably, in this case, the inner liquid distributor body is pressed into the

outer liquid distributor body by a retaining nut screwed onto the outer liquid

distributor body. This type of fastening permits a simple but secure
30  fastening of the inner liquid distributor body.

In one embodiment, the cross section of the cavity can be an equilateral N-
sided polygon. In this case, the cavity preferably has the shape of a
truncated pyramid. in order to ensure as uniform a liquid distribution as

35  possible without dead spaces, the inner liquid distributor body then has the
shape of a pyramid fitting into the truncated pyramid.



Fig. 5 shows the cross section of a second enbodi nent according to the
present invention, in which the cross section of the cavity and thus of the
5 inner liquid distributor body 12 forns a regul ar octagon. T ORHPS
13a9 3h cross the centers of the sides of the inner quuidtﬁéﬁ?@iutor

body. The inner liquid distributor body itself has a pyram dal shape. 27
June 2002 13 Exanple 1 To prepare dropl et-_shaped Si 02- hydrogels) a m xing
nozzl e according to the first enbodi nent Ps used. The diameter of the

m xi ng chanber is 3 nm 5 and the |l ength of the m xing chanber i ncl uding
the |iquid di stAidrgular crosssgotiomof theecavityds padicytanlyiexpedienbisingsribmdye has a

diameter of 1 npd pareEulhiKSsitBRy SRAOPFciset mahufdeufdtd! the CaRitY eéHdpeal

! ¥ the .
di stance between the twa 1 nl eF borgholes is 3 The Liquid distributor
ap | £t ho i xtRTeetas Bae 3HincRid Conehich ol Wi Beciadeler ot e inik eq
uni form y at t hehgnael. ihéhiy casel eaese lof Hpesimphe and précite mantifacbsehtiei ng a
di anet er of 0. : &W%, e g{@gﬁ% i .. The
m xture exi ?i ngnﬁ?olr"ﬁ%g‘sm Xlng c aﬁ%%fpp]@fgms IH?SI nto qeu%?a gg?é? :ﬁg 9
streans) fed tdnthdheobyneded Png: ohhis carrangement, owing atq ithey YeehighThe
conponents to bgmimsty \permits ad esinpisl @ide)yet nvaty Vptedizet mahufadtine bindl,

g

firstly a 5.51 % C ic.aci ond. %.50di um, wat er
gl ass sol ution ‘%‘W‘ﬂ%@éﬁyﬁgéﬁ"@ﬁbg"?g?ﬁ’%‘?‘?{?&ﬂ"ﬁega;‘aﬁé’gvs?‘g?‘i'ﬁ?{bs Wan{h rials
are transportedchannelsom t enperature into the mxi ng chanber, the

hydrochl oryg acid streamentering through the upper, tangential borehole,
and the water ass streamentering through the | ower, central rehole. O
t he paraneter sgf'?f‘staé’é??' ?H%esaﬁ%'&rtéﬁ %%ngﬁadWeﬁ‘aFﬁ{?Yg Wﬁhé'?ﬁ%lﬂ‘gﬁ?‘i er of
7000 to 7500 vvistha'ng_th laad if xappeopriateybeorrasioh Bi‘sﬁkbam_m. Abos, the m_adaeria'l aand
distributor. Afﬁcf%mé&atbl SRS ih MarfRRR Hhinkss g8 Tﬁ%’s’%e%, ?Fa%bé or ﬁBe{j-U” her

4.5 seconds unti 0 ete gell'ing has occurred. appar at us c¢an be
oper ated for daf)eﬂ‘f%cgaog'lasﬁc?%cl&aﬁeaéﬁo SOResvable o lg é?@ﬁf%é%.th?hé"qﬁ‘ﬁﬁ‘ﬁlcl e
si ze di stritbut i sppavates patte frohméitferdnit enaterdls 25 screeni ng. Based on the gel
passi ng through) the dip-value is approximtely 1000 to 1100 pm the
d5p-value is 1250 to 1350 Irmand the dgo-value is 1500 to 1600 pm 27
June 2002 14 Pdnarmderdozaveid corrosigmnaad/as adbgsion epegntaginantsa thelinpes wialldi f yi ng
m xture from a glHe abphiat® cd B8 icBaRAWIENSHitdbI@ RSN SULRTEs dapmizat i on of
the solidifying mxture tCOITpI’I@I n?,eﬁu_. X’b\?ﬁ chanber (4), the liquids to be
m xed bei ng abl @VHCHEORUNGS SUERAY Iﬁro & nixi ng chanber (4) and there
bei ng essedB®ially no back-nmixing in the mxing chanber (4) in the areas in

whi ch react i ongnCRIHitFC WM afiroprite Mn*bra8r €1881Re tdt boftpdl ibdBeP BREMtE A Y NnO
dead spaces in es a

the flow in the areas erein the apparat onpri.s
liquid distri blﬁ"éﬁ'ﬁﬁ“",”-’rﬁe %HWW‘HF%BE %@-@8?@‘%@"%55 FBE‘@EQW‘?O."?? whi ch
are connected tar hémdingi dwrdhidi panpobeit the (dzzle Tan eitier e pedvidachavithi gui d
di stributor (1'nheafihal & €8 £fef @t BbXk WG heddnd &dHRRgout in
a point up treahrﬁaslogt at @Fﬁgfstﬁt bﬂt‘%@ t he @lgﬁg%bastream c%% ng froﬂ1 t he
m Xxi ng chafiber )‘”%‘ﬁual |y over the nozzles (9a,9b,...) essentially wthout
back-m xi ng or dead spaces in the flow, so that the residence tines of the

partial strea [ N I OGSt L - e pally, kdentical .
2. Tl~~e apparmg}:tdtﬂsph ‘Q'Sq*é'}%‘gﬁé‘%ﬂ H?eCFIQP %‘nrtaﬁfs \%réra?l’onaéhcéﬁ%n&g&%gaih h%urgbefg (4) is
formed by a cylMarnrardant @ whealty of lindid digtributareaseording torthetnntionass (10)
1t1 _)tdl spl aced d&%ﬁéck%ﬁn'?ﬂi@_&r N alveag&adt@zylm radruqlqai_ d&gib_ﬁtd@léi_@éﬁﬁbr&heon_e end
at its upsireamend.. 3. e, apparat us .as _cl ai in clajm erein
the upper it - THAELEbpofs of e 1SR RAS B Ble fn e TRl et e Lng "t ne
inlet orifices nokiley bmimg seiaddd by suitabls i chiahpels andheeinglwennected to the

inlet channels of the following liquid distributors. The number of the stages

which can be used is only limited by the fact that the sum of the residence

times in the mixing chamber and the individual liquid distributors must be

35 less than the solidification time.

Preferably, the apparatus is used for preparing gels. In this case, care
must be taken to ensure that the sequence of feeding the reactants is



4. The apparatus as clained in at |east one of clains 1 to 3, wherein the
liquid distributor (1',7) has an outer liquid distributor body (1 ) and an
inner liquid distributor body (7) pressed into the: outer lig z ne 2002

di stributor body and has N nozzles (9a,9b,...)) and wherein the outer
liquid distributor body has an inlet_ channel (6) connected to the m xing
apparatus and a cavity exiting fromthis inlet channel (6), and wherein the
inner liquid distributor body (7) pressedOinto the cavity of the outer
liquid distributor body has, within the cavity, the sanme shape as the

gﬁx;t gogfz tl gepggqe%fed' hﬂ%uebtmdd ThanrddtRht B@ds’olfdlc%rlasgﬁtﬁ\rtw&hefdﬁm qgrfdgﬁ th27
surface of t he65§r§p(eey¥hq\195|1§ Q@d“@ﬁﬁé@%a& ap99 M%dﬁ\ﬁﬁéﬁ?‘ﬂwaﬁd from
t he upstream efiquidf shidutd awtitiey aﬂded Hastnsiect ¢adaft@in, be . metered lim atoanst r eam

end of the gr Opggﬁvé)ﬁﬂrgﬁ%cal%c%ﬁéﬁﬂr{‘aﬁ@?h %8 RS i Ql??haqugmatqor adﬁe

situated either Int or 1 nner IC|UId istri utor
appar atus & cfamatignicandbius eear. Gerd isrthe rayarge sequengelo haye thigher ej n

the nozzl es (9ﬁsl9bPart|cbllaarWeﬁed§lTvel here Brgivamms dhen prd!pfaréﬂmwoptsmbggblses of
Lhe partial ot hEREBoR| ST IFARY o leibt GRs 2ind RE-0¢ah SR BB uld - - )

6. The apparat alm4 or

grooves ( 8a- 8hforatemizing atstattiog materialptieace forfexample rﬁrﬂ!ﬁwfﬁ@m golgtiem r i but or
(7). 7. The ap t1$néBs lof Tseelich 8 ot NecBssappRir@hig, the cylindri cal
tube (1) a,,d teﬁgég)uter SI qu?gﬁgilngtrl butor body (1') are fabricated from
one pi ece. 103, The apparatus as clained in claim4 or 5 or 23 or 24, wherein
t he i nner |i quiTHedheértionutherefoad fikdéwile colapes teantdpparatag [fers atdhaizidg,a. . ). 9.

Th 4
wher el n the t nadrtid' 8 "%PS?F el ainefel ﬂi%gé@a??luﬁuéé’mﬁr@és % Bt
direction tapeﬂlsﬁ@qtfmb % pad it depl %‘Hﬁﬂﬂ‘ég nagyles 198, 9ne- &BB‘&‘?%{?@@ d8e c| ai ned

in at |east on 4t I t shaped
in such a4 nnﬁ?'?%ha%tmtnﬂg i hr?gvrv ?rlg{n g | | é’tz‘??%wgﬁ qbor}dma‘gﬁ'ﬁ 'Jér?y%&ﬁﬁor essed
or rotated™ nt opstesanosodhat ifqusitdﬂidg swatedial tstneatochn Hd e}‘.sermally aﬂsmbatqdar at us
as claimed in f

cavity has a rg‘%g%”?t@tacr%%ﬂﬁ‘efl % %gﬁeuqth%ﬁ:qé@lai’srt%@or ?nd t\p{%z\? gH}e to the
direction of tRa, Phl et aeehaimpeseq @hd aanghdtin byctsyammnngr thet e etagtingt he

xt ends, st ar t P sieam s Bpskhtaty djshiel ARG otk b dRE 3pRG®Y 2"
axis of sygret lfytf‘@tﬂqmeCM@Wrmer darNemetzleh sohtbal thiegesidhaemtines fof theaNong t he
axi s of symmet 15) r.ein. the inner |iquid
di stri butor bogxm%%twé&esgge L{l&c:&ts ﬁegéééél t7 f r%gg%ﬂﬁggdgée@cﬁ qui d

di stributor body (1') has the sane symmetry as the cavity of the outer

1 qul o di st iher JBosiubLcdy 0 dombiied e ﬁhg;satgﬁ.gg&ﬁsﬁddé. 0 the

cavity of the outer stri utor ape of the
cavity and conbi&uk$. ﬂer‘ﬂhéﬁ 1htl8, 1hd7 ﬂ\$ nél, 3¥Ind 2pering in an
upstream @srection) and wherein the grooves (8a 8h) are distributed in
accordance with the syrmetr?\/ 12. The apparatus as clainmed in claim2 or 3
t oget her with d&he iaventipaifigher ralated towhenathed fore atemizing lighidaesing 4n has t he
same di anet er Epécigﬁls'dgldzegcﬁﬂ@’%'v e(Wher8h a?ﬁ&étus%g'% ﬁkéﬁ&vh&ét Mzzlel - 7) and

is directly joi to this, and wherein the axis of emxmgcanber (4)

is parallel t oaterhaggil and prientatedrin suchom manaer thahthe flight mate Oéﬁ'paif@nlﬁ@ as
claimed in al Lfgsl dbfsflar opinEhodzibOudds Mt ol inediis ihfhdiny e
Ccross-sectd0onal g gf's %e ca\ﬁgﬁ'f rernala%ss tﬁe garre OI’SI reasés over the
entire length in a downstreamdirection. 14. The apparatus as clained in at
| east one of clainms 4 to 13 or 23 or 24, wherein the nozzles (9a,9b,...)

are formed in such mRnner t.hat 0 t; e
downst r eam endf‘ﬁ? efrﬁ@ Hae?ttsffg'ﬁ ag aergfol Cl(cgg(g{?@o @Eé‘?‘;&?@g@e&‘g@f’%g@% end
with a sharp eiddbe figéresEnd arppiesatibed lasm@‘lead%ljb?'ﬁwat | east one of clains 4

to 14 or 24, wherein the cross section of the cavity is circular. 16. The
apparatus3és claimed in claim15 or 24, wherein the cavity



is a truncated cone. 17. The apparatus as clainmed in claim15 or 16 or 24,
wherein the envelope of the inner liquid distributor body (7) is a cone and
t he grooves (8a-8h) run in an axial direction on the cone sheyt judd20021€
apparatus as clainmed in one of clains 4 to 14 or 24, wherein the cross
section of the cavity is an equilateral N-sided 27 June 2002 17 pol ygon,
where N is the nunber of nozzles (9a,§8 ...), and wherein the grooves
(13a-13h} cut the sides of the N-side iolygon in the side center. 19. The
apparatus as clainmed in claim18 or 24, wherein the cavity is a truncated
pyram d having an equil ateral N-sided pol ygon as base. 20. The apparatus as
claimed in claim18 or 19 or 24, wherein the inner liquid distributor body
(7)) is a pyrdnﬂUednnﬂpgsfor the grooves. 21. The apparatus as clainmed in
at least one ofg [ ign I j but or
body (7) is pr esgeg' F‘%\to‘gvsi ﬁdeagﬂ l %@fog!l grt"tro:a Et grﬁ sédhﬁ%§839¢agﬁg ni ng
nut (14) screwsRPRR Staﬁéo"mgetpm?atﬁﬁ?"ﬁmé’f’f‘ﬁ'%t or body (1'}. 22. The

apparatus as clrEignmdshdwsita el lengitudindl Necioe aReiugl leaimiin@spaying 24,
wherein a pIurq%*xyﬂﬂgﬁ%nnggpazstrlbutors are connected in series in a

cascade, and wh cid istributors except for the liquid

di stribut ors offFighdshaws accressigectiondheough the @ppataies trkafglgq tiat 8 leyaboft he
nozzl es (9a, 9bthe gg@mkqmbaced by channel s and are connected to the inlet
channels of th
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starting naterla ream can be essent out
back- i xi ng, arﬁﬁ%ﬁ’@ﬂeﬁfﬂbqqﬂ'@em eronding & metﬁf?é?"t("l"e"t"?ﬁ‘ and the N nozzl es
(9a) 9b,...) are disposed and arranged in such a manner that the starting

material streamis essentially distributed w thout back-m xi ng or dead
spaces in the flow equally over fhe N nozzles, so that the residence tines
of the N partial streans in the liquid distributor (1', 7) are essentially
identical. 24. The apparatus as clainmed in claim23, wherein the liquid
distributor (1',7) has an outer liquid distributor body (1') and an inner
liquid distributor body (7) inserted into the outer liquid distributor body
(1'), wherein the outer liquid distributor body (1') has an inlet channel
(6) 27 June 2002 18 provided for feeding the product streamand a cavity
exiting fromthis inlet channel (8), wherein the inner liquid distributor
body (7] is inserted into the cavity of the outer liquid distributor body
and within the cavity has the sane shape as the cavity) wherein, on the
peri phery of the inner liquid distributor body (7) or on the surface of the
cavity which is in contact with the inner liquid distributor body (7)) N
grooves (8a, 8b, ...) which extend fromthe inlet channel (6) at the
upstreamend of the cavity to the nozzles (9a, 9b,...) disposed at the
downstream end of the cavity are distributed, and wherein the nozzles (9a)
9b, ...) are situated in the outer andlor inner liquid distributor body
(1',7). 25. A nethod for atom zing |liquids using an apparatus as clained in
at | east one of clainms 1 to 24, wherein apparatuses are used whose nozzl es
(9a, 9b, ...) are shaped and orientated in such a manner that the flight
path of the droplets directly downstream of the nozzles (9a, 9b, ...) does
not run on the axis of symetry. 26. The use of the apparatus as clainmed in
at least one of clainms 1 to 24 for preparing hydrogels. 27. The use as
claimed in claim 26, wherein the hydrogel is an Si 02-hydrogel.
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chamber. Beneath this, shown as a dashed line, the second component is
added axially via the tube inlet 3 and a channel 11 and is very well mixed

with the first component in particular due to the spin of the first component.

15  As shown in Fig. 1, the mixture is fed from the exit of the mixing chamber
4, which converts directly into the inlet channel 6 of the liquid distributor, to
the liquid distributor. The cavity of the outer liquid distributor 1’ forms a
truncated cone whose upstream end ends in the inlet channel 6. The inner
liquid distributor body 7 is formed by a fitting cone whose upper end

20 extends into the inlet channel 6. The inner liquid distributor body 7 is
pressed into the outer liquid distributor body 1’ by a retaining nut 14 which
is screwed onto the outer liquid distributor body 1'. By this means, the
mixture fed via the inlet channel 6 is divided into equal partial streams.

25  Fig. 2 shows a further longitudinal section through the apparatus which
comprises grooves 8a and 8b which run in the periphery of the inner liquid
distributor body 7. The grooves 8a and 8b end in identical nozzles 9a and
9b which form the mixture into droplets. In this view, the inlet channels
cannot be seen, since they are situated in a different sectional plane.

30
Fig. 4 shows a cross section through the inner liquid distributor body at a
level above the nozzles. In addition to the grooves 8a and 8b, in this
example six further grooves 8c to 8h are additionally introduced on the
periphery. They open into corresponding nozzles, which are not shown, in

35 a similar manner to the disposition of the nozzles 9a and 9b. The grooves
pass on the partial streams to the corresponding nozzles, where, after the
same residence time with the same flow conditions, they are atomized to
form droplets.
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Fig. 5 shows the cross section of a second embodiment according to the
present invention, in which the cross section of the cavity and thus of the

5 inner liquid distributor body 12 forms a regular octagon. The grooves 13a-
13h cross the centers of the sides of the inner liquid distributor body. The
inner liquid distributor body itself has a pyramidal shape.



109 ()- 109& ()-f 109 ()-ygi Ax} <nmbCl! 10%gg& ()- , 109%g& ()-! F

109 ()-!'F 109 ()- F 109%g& () - &10%& () - x] 5wX6mbCl (

10%g& ()-, 91 % 10%g& ()--1e0 109%& ()-F !0 109%& ()-F ! 1ocygg&'o}()- = 0o

100& ()-"# Al"#$}[MP1 10 10 10!e7 10% ()-92510%& ()-10. 10%& {J"&?

10%gg& () - 9*' 109%g& ()- S$13+k ~<MP1 10! x9 109BB& ()-'!(0 @10%& ()- '# @

109& ()-  109& ()- @OY%& ()-#sf109& ()-k _!""#9$zXOMP1 100Y* 109B& ()- ! Y*

1092Z& ()- 0Y 10%& ()-3 !'o0Y 10%°& ()-B1Y 10%r& ()-3 !009

109KKE () -' 9598 g/dty#%&%&%s%/doc 100 109G& () - SFs109G& () - 9$S109G& ()- 10 10
xample

To prepare droplet-shaped SiO2- hydrogels, a mixing nozzle according to

the first embodiment is used. The diameter of the mixing chamber is 3 mm,

5 and the fength of the mixing chamber including the liquid distributor is

100 mm. The first tangential inlet borehole has a diameter of 1 mm, just

like the second, central borehole. The vertical distance between the two

inlet boreholes is 3 mm. The liquid distributor splits the mixture into 10

partial streams. The grooves are distributed uniformly at the periphery and

10  each open into outiet orifices having a diameter of 0.6 mm. The throughput

of the mixing chamber is 60 I/h. The mixture exiting from the mixing

chamber is split into equal partial streams, fed to the nozzles and atomized

in air in a falling tower. The components to be mixed which are used are, in

a volumetric ratio 1:1, firstly a 5.51% hydrochloric acid and secondly a

16 16.03% sodium water glass solution having an Na20O:SiOy ratio of 1:3.3.

The starting materials are transported at room temperature into the mixing

chamber, the hydrochloric acid stream entering through the upper,

tangential borehole, and the water glass stream entering through the lower,

central borehole. Of the parameters listed, the apparatus developed has a

20  Reynolds number of 7000 to 7500 within the mixing chamber and 3500 to

4000 in the liquid distributor. After it leaves the apparatus, the mixture

requires a further 4.5 seconds until complete gelling has occurred. The

apparatus can be operated for days without blockage or other

interferences. The particle size distribution was determined after wet

25 screening. Based on the gel passing through, the dip-value is

approximately 1000 to 1100 ym, the dsg-value is 1250 to 1350 ym and the
dgp-value is 1500 to 1600 pm.
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1. Apparatus for preparing a rapidly solidifying mixture from a plurality of
liquid components and subsequent atomization of the solidifying
mixture comprising a mixing chamber-(4), the liquids to be mixed
being able to be fed separately to the mixing chamber (4) and there
being essentially no back-mixing in the mixing chamber (4) in the
areas in which reactions can occur or the mixing chamber (4) having
essentially no dead spaces in the flow in the areas, wherein the
apparatus comprises a liquid distributor (1°, 7) and N droplet-forming
nozzies (93a,9b,...) which are connected to the liquid distributor (1°, 7),
and wherein the liquid distributor (1', 7) is connected to the mixing
chamber (4) and runs out in a point upstream so that it distributes the
mixed stream coming from the mixing chamber (4) equally over the
nozzles (9a,9b,...) essentially without back-mixing or dead spaces in
the flow, so that the residence times of the partial streams in the
liquid distributor (1',7) are essentially identical.

2. The apparatus as claimed in claim 1, wherein the mixing chamber (4)
is formed by a cylindrical tube (1) having at least two inlet orifices (10,
11) displaced over its length, which cylindrical tube is sealed at one
end at its upstream end (5).

3. The apparatus as claimed in claim 2, wherein the uppermost inlet
orifice (10) runs tangentially to the tube wall and the inlet orifices (11)
beneath this run axially to the tube.

4. The apparatus as claimed in at least one of claims 1 to 3, wherein the
fiquid distributor (1',7) has an outer liquid distributor body (1') and an
inner liquid distributor body (7) pressed into the outer liquid distributor
body and has N nozzles (9a,9b,...), and wherein the outer liquid
distributor body has an inlet.channel (6) connected to the mixing
apparatus and a cavity exiting from this inlet channel (6), and wherein
the inner liquid distributor body (7) pressed into the cavity of the outer
liquid distributor body has, within the cavity, the same shape as the
cavity of the outer liquid distributor body (1'), and wherein, on the
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upstream end of the cawty to the nozzles (9a,9b,..) at the
downstream end of the grooves (8a-8h), and wherein the nozzles

(9a,9b,...) are situated either in the outer or inner liquid distributor
body.

5. The apparatus as claimed in at least one of claims 1 to 4 or 23 or 24,
wherein the nozzles (9a,9b,...) are identical and wherein the flow
properties of the partial streams are essentially identical at the

nozzles (9a,9b,...).

6. The apparatus as claimed in claim 4 or 5 or 23 or 24, wherein the
grooves (8a-8h) are situated on the surface of the inner liquid

distributor (7).

7. The apparatus as claimed in claim 4 or 5, wherein the cylindrical tube
(1) and the outer liquid distributor body (1') are fabricated from one

piece.

8. The apparatus as claimed in claim 4 or 5 or 23 or 24, wherein the
inner liquid distributor body (7) comprises the nozzles (9a,9b,...).

9. The apparatus as claimed in at least one of claims 4 to 8 or 23 or 24,
wherein the inner liquid distributor body (7) continues in an upstream
direction tapering into the inlet channel (6).

10. The apparatus as claimed in at least one of claims 4 to 9 or 23 or 24,
wherein the cavity is shaped in such a manner that the inner liquid
distributor body (7) can be pressed or rotated into the outer liquid

distributor body (1°).

11. The apparatus as claimed in at least one of claims 4 to 10 or 23 or
24, wherein the cavity has a rotational symmetry about an axis of
symmetry paralle! to the direction of the inlet channel (6), so that by
symmetry rotations, the positions of the nozzles (9a,9b,..) are
convertible into one another, and extends, starting from a surface
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as the cavity of the outer liquid distributor body (1'), and, in the part
which is pressed into the cavity of the outer liquid distributor body (1),
has the shape of the cavity and continues further into the inlet
channel (6) tapering in an upstream direction, and wherein the
grooves (8a-8h) are distributed in accordance with the symmetry.

12. The apparatus as claimed in claim 2 or 3 together with one of claims
4 to 11, wherein the mixing chamber (4) has the same diameter as
the inlet channel (6) of the liquid distributor (1',7) and is directly joined
to this, and wherein the axis of the mixing chamber (4) is parallel to

the axis of the inlet channel (6).

13. The apparatus as claimed in at least one of claims 4 to 12 or 23 or
24, wherein the cross-sectional area of the cavity remains the same
or increases over the entire length in a downstream direction.

14. The apparatus as claimed in at least one of claims 4 to 13 or 23 or
24, wherein the nozzles (9a,9b,...) are formed in such a manner that
grooves (8a-8h) extend as far as the downstream end of the cavity
and the orifices of the grooves {8a-8h) end with a sharp edge.

15. The apparatus as claimed in at least one of claims 4 to 14 or
24, wherein the cross section of the cavity is circular.

16. The apparatus as claimed in claim 15 or 24, wherein the cavity

is a truncated cone.

17. The apparatus as claimed in claim 15 or 16 or 24, wherein the
envelope of the inner liquid distributor body (7) is a cone and the
grooves (8a-8h) run in an axial direction on the cone shell.

18. The apparatus as claimed in one of claims 4 to 14 or 24,
wherein the cross section of the cawvity is an equilateral N-sided
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is a truncated pyramid havmg an equilateral N-sided polygon as base.

20. The apparatus as claimed in claim 18 or 19 or 24, wherein the
inner liquid distributor body ( 7 ) is a pyramid except for the grooves.

21. The apparatus as claimed in at least one of claims 4 to 20 or
24, wherein the inner liquid distributor body (7) is pressed into the
outer liquid distributor body by a retaining nut (14) screwed onto the
outer liquid distributor body (1°).

22. The apparatus as claimed in at least one of the preceding claims or
23 or 24, wherein a plurality of liquid distributors are connected in
series in a cascade, and wherein, in all liquid distributors excent for
the liquid distributors of the last cascade stage in the downstream
direction, the nozzles (9a,9b,...) are replaced by channels and are
connected to the inlet channels of the following liquid distributors.

23. An apparatus for atomizing a starting material stream, which
comprises a liquid distributor and N droplet-forming nozzles
connected to the liquid distributor, wherein the liquid distributor (1, 7)
runs out in a point upstream so that the starting material stream can
be essentially distributed without back-mixing, and wherein the liquid
distributor (1", 7) and the N nozzles (9a, 9b,...) are disposed and
arranged in such a manner that the starting material stream is
essentially distributed without back-mixing or dead spaces in the flow
equally over the N nozzles, so that the residence times of the N
partial streams in the liquid distributor (1', 7) are essentially identical.

24. The apparatus as claimed in claim 23, wherein the liquid distributor
(1'.7) has an outer liquid distributor body (1') and an inner liquid
distributor body (7) inserted into the outer liquid distributor body (1°),
wherein the outer liquid distributor body (1') has an inlet channel (6)
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periphery of the inner liquid distributor body (7) or on the surface of
the cavity which is in contact with the inner liquid distributor body (7),
N grooves (8a, 8b, ...) which extend from the inlet channel (6) at the
upstream end of the cavity to the nozzles (9a, 9b,...) disposed at the
downstream end of the cavity are distributed, and wherein the
nozzles (9a, 9b, ...) are situated in the outer and/or inner liquid

distributor body (1',7).

25. A method for atomizing liquids using an apparatus as claimed in at
least one of claims 1 to 24, wherein apparatuses are used whose
nozzles (9a, 9b, ...) are shaped and orientated in such a manner that
the flight path of the droplets directly downstream of the nozzles (9a,
9b, ...) does not run on the axis of symmetry.

26. The use of the apparatus as claimed in at least one of claims 1 to 24

for preparing hydrogels.

27. The wuse as claimed in claim 26, wherein the hydrogel
is an SiO2-hydrogel.



