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W)2008/ 046727 PCT/ EP2007/ 060306 1 Anor phous subni cron

ti I he invention relates to pul verul ent
6@@%@2 olids having a very snmall nedian B%T(FE?%O7/°6°3°6

size and a narrow particle size distribution, a

process for the preparation tHereof and the use 5

thereof. Prior art Finely divided, anorphous silica

and silicates have been praqduced industrially for

decades. As a r fIMPTRIRNS FIPHLGRPOD RATEIRESS carri ed

out in spiral jet mlls or opposed jet mlls 10 using

0 mllin e.g. EP 0139279, It i .

T ERAL s HE LR eV P e SEFPIENE aMaRBlGr=! SopFEpopeving 2
veENOﬁaBlﬂomeﬁeagq@amelcd@tsmtethediaveaseowfpﬁh@iphpastze
dl%%EQ%hEXOHOf t %o@@rg ¢Le tﬁghFrbEQ§%E1%ﬁ|Qﬁkkgﬁfnand the use

turnis pred et 8 m ne et velocity o
thexgaadi ng gas jets of the respective 15 mlling nedi um
fromthe nozzl es used. For this reason, super- heated

pribgam can preferably be used for generating very small
rier ar
parti'cle sizes, since the acceleration power of steam

is about 50%greater than that of air. However, the

FlH%@yoﬁx%E@@H’h@ﬁoEBﬁoug'§§§Y69t§98 EQ@Ecggggeﬂﬁ@é'BQen
may occur in the _entire miTing 20 system

predpcreurafrytydeilhy £RE éﬁaﬁﬂaﬁ oﬁStﬁerﬁﬂﬁ» thihi ERrgsiine
mlallhglgsr@a@&ﬁadleuth@nfgpmahucgeefm@ggboaerapﬁéséadjet mills

ts durin the mlli rocess. The
uslt FOTETAPARS: 808 HBoTALNE Bl i A FnebBeblap27-
conventional jet mlls in the mlling of anorphous

tShE'ﬁﬁown2§h§k|kﬁét§§g95v§bhéc aQ@%élQaM§ h@@éff9£epropor—

been substanti all ove g
tigranrplke, ths sq96¥e74203e§€rr @slBvproeess tbe MPRFhgvelocity

ofaeh@ggbgtltme@hl@hea@ﬁgg@tsv@@thgyalﬂeau@ﬂ 1§aﬁ£é§é€ermlned
btained. MIling t

net e m ar e
oy AR b AP ELBF bt t aFel bE b Ebradthgnass 11 hhe a7%AS Bespective
mihoweyemedhoth BOoposkebhezwith thes.tEBchnthue. reason, super-

hegyé&thQE%GCaEhSr8%5££BE§Sb8fused for generating very smaill

particle sizes, since the acceleration power of steam is about
50% greater than that of air. However, the use of steam has the
disadvantage that condensation may occur in the entire milling
system, particularly during the startup of the mill, which as a
rule results in the formation of agglomerates and crusts during

the milling process.

The median particle diameters dsp achieved with the use of
conventional Jjet mills in the milling of amocrphous silica,
silicates or silica gels have therefore been substantially
above 1 pm te date. Thus, for example, US 3,367,742 describes a
process for milling aerogels, in which aerogels having a median
particle diameter of 1.8 to 2.2 um are obtained. Milling to a
median particle diameter of less than 1 pm is, however, not
possible with this technique. Furthermore, the particles of

US 3,367,742 have a broad particle size distribution with

e

particle diameters of 0.1 to 5.5 pm and a fraction of 15 to 20

of particles > 2 pm. A large fraction of large particles,
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US 3,367,742 have a broad particle size dlstrlbutlon
ticle dianeters of 0.1 to 5.5 pm and

ar
WO%QQQ%Q%%]%% 15 to 20% of particles > 2 pm RCFAF§8°°7/050305
fraction of large particles, W2008/ 046727

PCT/ EP2007/ 060306 2 i.e. > 22pm is di sadvant ageous
for applications in coating systenB since as a result

dh r t;
- caia U8 S GRS IR S a0 ergine
s Y Hrrn A rS/inge ofs g Iﬁet:%ﬂg\elfﬁmrn qﬁaxt@rhqvetnqna lspooth surface
camvﬁé pidiczdedian peld | e 4RmHerS HNIe¥eAned milling

her eby mere substantially above 2 pm_ An alternative
an%%@flmq itly ForGR 19547y i o o@thitilds - dayevern the

mecigdd pHddislelMisneaads tanered ieierli vieded substantially
bsus nsions of the products to be mlled, cf. for
B! %El“é“vv) 200002814. It is 10 not possible with the

ald of this technology to isolate a finely divided,

An 309 ommrates I ee :Lqi:rl)’il C)P Gyt H’Tlrl m{hese 3ys %[ﬂml%'u‘%ﬁ%n, e.qg.

in particular w thout changi ng the “porosymetric

N prdertilds - M ifad aatsy éfvre tan foedot divideel pueemesions of
thd Pt @ powide edlS d¥ovelod idghyp 1@ vicdedooo2814. It is

ot RS R ool 2 S%ﬁxlﬁi‘?tda% i I
finelydetiaiildeat,i sa@gflrcmmrtait@—oimaldrycmﬁo@atctoffﬁohe these suspen-
sia es,scrhno a%l%'ﬁq Q:f JLQ%OQJtIalc%?ao?lg )ﬁ%gppg§:osym%trbl e

nve S "have “sur prising % nhat POSSi
PrQRﬁrtyE&nll anor phous SO|IdS by neans of a very
speC|aI process specified in nore detail in dains 1
g e nmedi an particle i ze d50 of .| ess than 1.
e ﬁsﬁ ﬁ&lerr? addi talnor?’?‘%j&catctﬂ Lo F&ea PFERER tnar e part el Ero"’lde

novelilstiriinaityi ariviBeel, olpjudste rid etftys aachieved by libe and a
pchE%ﬁF%%ra%hgﬁ&F%g in.more, 25 detail in the clains

t he f ol escrlptlon and the anorphous
solids specified in nore detail there.
Further objects not specified in detail arise from the overall

context of the description and of the claims and examples.

The inventors have surprisingly found that it is possible to
mill amocrphous solids by means cof a very special process _
specified in more detail in Claims 1 to 19 to a median particle
size dsgp of less than 1.5 pm and in addition to achieve a very

narrow particle distribution.

The object is thus achieved by the process as defined in more
detail in the claims and the following description and the

amorphous solids specified in more detail there.

The invention consequently relates to a process for milling
amorphous sclids by means of a milling system (milling appara-
tus), preferably comprising a jet mill, characterized in that
the mill is operated in the milling phase with an operating
medium selected from a group consisting of gas and/or vapour,
preferably steam, and/or a gas containing steam, and in that

the milling chamber is heated in a heat-up phase} i.e., before
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The invention consequently relates to a process for

rphous solids by neans of a nillin
WO{&§+4¢§EF para tus), preferably conprisingP& 5%2007/050306
mll, characterized in that 30 the mlIl is operated in

t he nilling phase with an opedating medi um sel ected
froma group consisting of gas and/or vapour,

cnrRletbl g Slanty Ao 1A% SALRL A0 A o oy

thahdde WGWPE%%W%W%JVWZGGBF@M@WQRJP@ﬁWEPQOGHKD@U3@6 the mill

eXJIﬂWQLsaQHJjHexOQQfaQi i1 Wdh ddiegopar %tﬁ@%é?ﬁﬂiru@nd/%r operat-
such a way that the tenperature in the mlling

NG HHbCand/ or at the m Il exit is higher than the
dew poi nt of the vapour and/or operat- ing nedium 5

e t | S 0 s _havi ng .
ot T, ST S R A 813, B measan
PaﬁkﬂQk?(ﬁlZ@ Zsprefand/ord> am o it e &b xalupnef THe? pm and/oxr

pogphesiso sak i ds,fray be gel s but also those having a
Ifferent structure, such as, for exanple, particles
conprising 10 aggl onerates and/or aggregates. They
Thaﬂamqnpﬁhmmaabﬂlﬁﬁlmdq-&@n@@lmlm@toaleanimahen@aaﬁnqta
0 l..and/ar at. | t _.ane netal
dléﬁg?%ﬁﬁﬁ%;fﬁaggreho%s%bxa&és%g%'ﬁ%@a dfpaf%é gF& gﬁ@prlSlng
ag@ﬁﬂmQﬁﬂU$%yam®dO@fa@@éé@@ﬁﬁ@dl&hF&bBeeoprﬁﬁeraéﬂgnsnﬂsds

coﬂgyfil%%pkhe%og%ﬁgtﬁ% he %%lﬁe%%@ E%et%%t%ﬁhgﬁdyér at least

anor phous solids, in partlcu ar those containin
Onepgﬁﬁﬁél@§ld@onﬁp|@@ﬁ@l&@é@én@m@ﬁaaoaﬁdpéﬂdaggpégaﬁégls of

t hePrieei @mwaMQd F&hhl@@&uppbﬁoﬁﬁ@l@e&hb@?@sﬁagﬂb| Ftﬁﬁe

a gels.are t referre [
El%@epgscoﬁ%ﬁﬁsﬁﬁﬁlﬁﬁﬁrBﬁgﬁ tgst%ﬁe%FEQSaEQrGQeF taEFI
amoaphx@mogeusdszo1ﬁheapmesaahrlmhenélanntunhhegnpaetlcles

corphaes, LOGtBRCUse A0l Lo ammrahays csol ks ageerding

ntion, hav particle
silgras, 1P§r9ﬁﬁaﬁ§/é#lacé9® valldeascks<apdpmidndhogela €99

par%&b%@a@ﬁy p2ePByrbar eXanphegehB sHRLH2¢8iR8aLLAYcgels as

FYELemE:
well” as aerogels as well as xerogels.

The present invention furthermore relates tc the use of the
amorphous solids according to the invention, having a median
particle size dsg of < 1.5 pum and/or a dgp value of < 2 pm and/or

a dgg value of < 2 um, for example, in surface coating systems.

With the process according to the invention, it is possible for
the first time to prepare pulverulent amorphous solids having a
median particle size dsp of < 1.5 um and a narrow particle size

distribution, expressed by the dgy value of < 2 pm and/cr the dge
value of < 2 pm.

The milling of amorphous solids, in particular those containing
a metal and/or metal oxide, for example of metals of the 3rd
and 4th main group of the Periodic Table of the Elements, such
as, for example, precipitated silicas, pyrogenic silicas,

silicates and silica gels, for achieving such small median
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Wth the process according to the invention, it is
[ r 25 the first time to prepare pulverul
Wogﬁgﬁﬁ%%éiol ids having a nedian particle S|P£g/§§§%(9f7/060306
< 1.5 pmand a narrow particle size distribution,
expressed by the d9o val ue of 4< 2 pm and/or the d99

value of <2 pm The mlIling of armr phous solids, in
palo@{a&u_&,@ie; h9§§ laalrg = M §let
oxi de, for exanple netals o the r 4th mai n

mi bk e oE#OW%éEIPerCPf&eM cdrrfé%ﬁléswnst rf@tél%r%t%btaslmﬂ A reby.
Thé Olir EX2ET €, trpé@é:l@lgpaé@lc&aé | Ca$, tCDYﬂ‘é%Qﬁﬂcﬁneﬁdd’deﬁﬁ of the

endLh S50 oo Sh AR G2 ST P ST SR ST

past zescavase posdidite drod deddl amlpya byl gieanst xafs wlgt) of < 1.5 um

an #éf%ﬁcl@#ﬁ’ dls@ﬁﬁdﬁ eré' ongy GuLd beyotalfety ot pe

hese di spersi ons Iedu
achienrd omarﬂt@ cmaaﬁ ctﬂweth%rrbrrm,usaqjlarem@leest sapltm@t In the

ca§@%§f€}?§tdﬂflﬁ$%fndél§g MRS 2 RA L Y w%asn%gﬂéoedacﬁ}étrsely

medi an particle sizes db5o of < 1.5 pm
af%ﬁﬁ??%ie size distribution d90 value of < 2 pmcould
not be achieved in the case of the dried, pulverulent

Cor%vgalr%éj wu’ir/\h/atstma Cr%scevsgs];essteryf dl:r i g%iigc}cd:. ¢l S thgar&clcular the
wewwﬂlm,prtd@maﬁs tahe:qrrdmg drt then ipazremtomnamatmethe

| fhe i i NG
ad\)’ﬁtﬁé ﬂ%gjvant age t On'prllrigLeSgoa;Hi}%H r}]\é%laé \%ﬂ\rehctly o
Pulvsggsl ent etadpratd fmw meerrﬁ S¥edduét %lﬁ@@ft\ﬁﬂlﬁ size,
whﬁﬂﬁ'ﬂaﬁlﬁdiﬂrhﬂ%f td B8 S FRus M r&é}» RArdd culvar lay hlgh poro-

capvataseoely Ty Ao heis 8 HLonpate 18 Ly e

elletinlrmtrm edi rsience rRirydmyy g <t efpuwdeinstaream athet Irralllng is
re ﬂgécpg is required. A further advantage of the
Q{)ﬂrocess according to the invention in one of its
preferred enbodinents is that the mlling can 20 take

2 MlAce Siditdraneeudy tMd hAde & WG #A dhals ther invention
1n(2ggngf 'its preferred embodiments is that the milling can
take place simultaneocusly with the drying so that, for example,
a filter cake can be directly further processed. This saves an
additional drying step and simultanecusly increases the space-

time yield.

In its preferred embodiments, the process according tc the
invention also has the advantage that no condensate or only
very small amounts of condensate form in the milling system, in
particular in the mill, when starting up the milling system.
Conseguently, no condensate forms in the milling system even
during cooling and the cocling phase is substantially shor-
tened. The effective machine run times can therefore be

increased.

Finally, because no condensate or only very little condensate
is formed in the milling system during startup, an already

dried material to be milled is prevented from becoming wet
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a filter cake can be directly further processed. This
dditional drying step and sinultaneg
Woiﬁ%?é@é%i??ﬁe space- time yield. Inits pref ?ﬁ?ﬁé°°7/°6°306
enbodi nents, the process according to the 25
i nvention also has the advant &ge that no condensate or
only very small anounts of condensate formin the
agdllh] '@&ﬁyﬁ@%ewﬁp@ﬁéﬁ %é‘rfé @Por‘l“é% ﬁm}nerates and
starting u system nsequent
Cr%%%%e@%%&%gf%ﬁ%sm4h@%%% m§¢¢¢%@ @ tlen VBTN RA 1 ng
cooling and the cooling phase is substantially shor 30
o tened. The effective. Chl@G run_times, can th@rg{ d
"HE ThchEasEuY FRaT1Y, BetatstiHo 1o Sate ot eorﬁJyZes an
paveiyléditiie @ISEEHBMMEDn$s floz nedbrphdle paldaemglent solids

o= AL AT e T L, Ao Y Dol ynon
hawmymﬁsm% B SE L e Where @l in thatfadre coating

syéwrﬁ@t | oy Of x AGoH OBy %r@éo% SEMSE Sz .0 d NG A Neper coating
|ngrgrocess can be prevented. Ow ng to the very

an%p@&ﬁﬁp’ﬁﬁj?ﬁn R an particle sizes and particle
size distributions, the anor phous pul verul ent solids

Fox5 ep;ga%ﬁﬁ”\leed l_pé/ca{.{?saéq ﬁ@%@fg\gcﬁélf%e dérpgpva]roc tae CFlZe and

i nventi on have partlc ar | roperiies
lnupﬁgwqﬁ@roﬁmﬂr@v dystehse fod exanplecas thﬁe@lr@gl}acts

ac@bdidard &sond M PARE $PAA NG 1@ndhd by pal it ;ﬂroduce very
finishes. For exanple, because of the very smal

thifb iR P¥ticle size and 10 in particul ar the |OM/d90

val ue and d99 val ue, the products according to the

Thei nvfenéeinocn nﬁfke%tlltorposs&cpel r{ﬁoéjc{ pfjnuggeetvaer b tlholw Stom terms
coati ngs. present” invention i's' described 11 detdl

usebbljdwtf@orrheaceﬂrmth;fs@ﬁ iweltlhe: deiserilpt iomiass weld desfined

pedd-dihe, £l ains are defined 15 beforehand. The terns

powder and pul verul ent solids are used synonynously

The terms powder and pulverulent solids are used synonymously
in the context of the present invention and designate in each
case finely comminuted, solid substances comprising small dry
particles, dry particles meaning that they are externally dry
particles. Although these particles generally have a water
content, this water is bound to the particles or in the
capillaries thereof so strongly that it is not released at room
temperature and atmospheric pressure. In other words, they are
particulate substances detectable by optical methods and not
suspensions or dispersions. Furthermcre, they may be both
surface-modified and non-surface-modified solids. The surface
modification is preferably effected with carbon-containing
coating materials and can take place both before and after the

miiling.

The solids according to the invention may be present as a gel
or as particle-containing agglomerates and/or aggregates. Gel
means that the solids are composed cf a stable, three-
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in the context of the present invention and designate

case finely comm nuted, solid substance
WO%%%%? 4%t smal | dry particles, dry particl & qgiﬁ%Qﬂ3/050305

that they are externally dry 20 particles. Although
these particles generally havé a water content, this
water is bound to the particles or in the capillaries

0 it t J
AR A PP PP Wndded Sll0 nd e ot Be 18D
paxthieylege Ewﬁl%%lcaﬁ etlsﬁﬁ%tmeﬂsﬂdlé%%cq%ﬂtﬁe by opti cal

met hods and not 25 suspensions or di spersi ons.

Furt th be both f dified d
Paf e TS Y i G e e A e

ContSexr eﬁértam yrddeact eichwentth qartkxore mtmme"rgjlmmJngal
fter t.h
{W§ |ng %ﬁgw%ﬁe 35%95§1§%%%5699§ﬂi%1 %f§3§h |onnrxaim%1
exlirngF exean sl & hyelpari s parkriiesdoritte nibmye aggregates

anf%@ﬁﬁﬁ%oﬁprtgﬁlsg{jmof al’egfgabl eClC%hr ee 2040%7%4667}%7 are

p“ﬁmﬁﬁ%%ﬂ%ﬂﬁE@%m&@%%%%ﬁ&%amy
honngeneous network of primary particles. Exanples of

ADESEALE, I G 08 Ko R i LONAlaIG 0K 20 8
comnamaﬂ|wwthu@n£qmpﬂﬂﬂﬁaﬁwﬂmﬁ&nssomalbs ﬁ@uwdrknoﬂlat R.K.

"Tﬂee@enﬁ%ﬂlﬁ}wlglq Jy nair9V7§Ja£SE§\L él‘#l-cdﬂ?r-’l@tlx-t)@n%apter 5,

over _al articles.” I'nstea ve aggr egat es

Paghd 6£gg|a@r?erlat a5 DI 13 -y Tﬁbﬁtq%t@glt Béarplies Rolication

is tHY S e ndu@aiRideat ath Sind GRS ANGHIHOENIth S lifastion.
A description of the structural difference of silica

gels 10 conpared with precipitated Si02 is to be
Thef quratdss ldagromRikg td The Ghemrgtiop ofs Sidrnmadd dg79n a

e S AL Ot it Sy PR A2 {1 min1ing
SYW@WW%W & ol mitlHe d}é}g:ctrqcml,adﬂyoquqﬁesrably

coxﬂpﬂﬁ&%lt (?O%m o?ﬂ%%s@cp%%&s rAQCOr Hdig tha & R dpdsent i:01F des
ma€g¥fgfeto elégﬁ%lnuted is accelerated in expanding gas Jjets
of high velocity and comminuted by particle-particle impacts.
Very particularly preferably used jet mills are fluidized-bed
opposed jet mills cor dense-bed jet mills or spiral jet mills.
In the case of the very particularly preferred fluidized-bed
opposed jet mill, two or more milling jet inlets are present in
the lower third of the milling chamber, preferably in the form
of milling nozzles, which are preferably present in a
horizontal plane. The milling jet inlets are particularly
preferably arranged at the circumference of the preferably
round milling chambers so that the milling jets all meet at one
point in the interior of the milling chamber. Particularly
preferably, the milling jet inlets are distributed uniformly
over the circumference of the milling chamber. In the case of
three milling jet inlets, the space would therefore be 120° in

each case.
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15 mlling system(mlling apparatus), preferably in a

stemconprising a jet mll, particu
Woéﬂééé§%ﬁﬂ€y conprising an opposed jet mll. F? ﬁ¥907/060306
purpose, a feed material to be comm nuted |s
accel erated in expanding gas fets of high velocity
and comm nuted by particle-particle inpacts 20 Very
In RArddLUl ar Iéﬁm;ﬁfﬁﬁb é% Usd Eireotcég§ da% g the
flui'di zed- bed oppose | s
INYRTYCTor Wi @il id rﬁlflsitsem IHIfiLJ{]Hélgcé’éDé’aéfattuﬁé @émprlses a

clqmitdicad ard e refans ed dyrdndiz ed-ed riepposed dietularly

nnre n |nIets resent
pr s A S o BT Mg CHRSe L S e SRRy 1L
;mdﬁ&ﬁﬁmm&&mmsnmmm@dmmﬁm@'mmmﬁumﬁ;ﬁaMﬁ@my
present in a horizontal plane. The mlling jet inlets
are particularly preferably arranged at the

In @ REiFieTERee Yo e rpest erdsidimendund iviniaivg air classi-

£1GNAMRS1iSQ tthatrithe ¥ 124 nghd efss ial Ly Jueet T@ltlsorai?ynamlc air
poi, é in the interior. of the mlli %i chanb

clasgithian &anFaise ﬁ%é%%%%ﬂﬂ%ﬁlqﬂu¥ﬂﬁ |%%§JaeFlaﬁPéF§lng wheel

shadtte aicsty idlutsed furirf erotisy ngQver dﬂaﬁsdlfrl@liﬂ‘fg%lpelh)@&r@f formed
the n1II|n chamber. |n the ¢ Jje

et e i E0RE g B e e e o Lo S el 5 and s

shadasdeHWBZ@cswamﬁb@lnBCIbEﬁzﬁbtkﬁ6@®®6th% koA @ sdfeodingl wheel

sha%"f‘p %q{cfmc%te Qf) 4R AILQC ﬁ%l% r?%‘q rding 1"30 c%%‘i‘:ac't‘%‘ﬁ'%te'do In that

% system (m ppar at Us) conpri ses
flU@h&g@ que aﬁlséﬁfér@&bwpa adW@m @h@ifaséueﬁdeﬁhrough with

coripateldsed ey s preherabiy rydYRaE paddl.e wheel
classifier, especially 5 preferably a classifier

accor di ng to Figures 2 and 3. In a particularly
Whepr efsénged edbodiifernt, ia dpmaningtdion eliassithef jer mill

ope@:%%%rdd NG 40 L Rigures ;23 -and a%%o'r%ifl&aﬁe% n l%g'ﬁf@len,

air cl aSS|f|er contalns a cl assi
Limdltadsi fyprgephesl thehaveraidea P@Ir§§§|l\e|5er th@u@m@u%

par€liasslsf ketcgadpnbeiRgehaceditf l%%'é\/\/%%ﬁahﬂ@dc lgagshatlsn ®eing
wheel. and the classifier housin

PASPEL fffﬁF“oG F G&MRG Sf GIan&ebEItl\?végﬁgt ﬁ@nélaéé”}?nrf yrRguoh the

clashked&lier, and the product which has a sufficient fineness
then being discharged from the classifier and from the mill.
Particles which are toc ccarse return to the milling zone and

are subjected to further comminution.

In the milling system, a classifier can be connected as a
separate unit downstream of the mill, but an integrated

classifier is preferably used.

An essential feature of the process according fTo the invention

is that a heat-up phase is included upstream of the actual
milling step, in which heat-up phase it is ensured that the
milling chamber, pérticularly preferably all substantial
components of the mill and/cr of the milling system on which
water and/or steam could condense, is/are heated up so that
its/their temperature is above the dew point of the vapour. The

heating up can in principle be effected by any heating method.
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shaft and the classifier housing, and is characterized

ushi ng of classifier gap and/or s t
WoédbaW%-ﬂo%gh with conpressed gases of |ow eﬁ%&é&P@QOWOGOSOE
effected. 15 Wien using a classifier in conbination
with the jet mill operated ufider the conditions
according to the invention, a |imt is inposed on the

How%k?é:?' Z@qé’a{éd&rﬁg&uﬁ rles Rfr%h@ﬂab]ﬂﬁréﬂ@&%cﬂﬁﬁﬁ%é&ng hot
eth er with the expan ded gas jets being passed from

gast B Ehs e @nd/ iHg té‘t?nteaﬁ € t“l%r]oldd]‘g thetgy so that
the%ﬂ@ﬁpefﬂa&rure’imtbtm r@[ja@mc;st rCe?: has tﬁleslﬂflflllCle?ﬁtt than the
i nen n bein [ ar rom.t ssi f.i er.
dew, RP rﬁf[ htg“%n‘iﬁlPO&Par%S% fﬁ e"gi Ioh BhE & &? Gar'de 15 ensured
thartetuhren ItCEt tdees rpﬂdﬁar@hﬂqnesua‘iﬁicmbub]eattsedzg @&ll
suﬂ foHH éﬁyk JfWQHgadﬂlﬂ' té@ﬂ H: entire milling
SI S It

Ger ¢ e connected as a eparate uni
sysarcﬂmgtmé&mmmq Heé14% |dontm@t & imtteyr attedm.cl assifi er
is preferably used. An essential feature of the
rocess according to the invent. i s that. a . heat-

Th%ﬁ%‘e Y S GtEd st réam o TR eac‘?ceu:ﬂny A945RG gd and/cr
gasstrexturewhimit heat aip pahrﬁ‘s/@n tcdn&t&tt&lme@atsl’wt amfie’ 030 inert
Ny t| ul r f r I
g2 B, AR e A e MR 6 spe et oes Lo
abQﬁqIﬁfﬁg<§v€ﬂ%ﬂﬂnﬁ1Qﬂnhﬂ¢ aMﬂaer and/ or stean1cou|d

condense, is/are heated up so that its/their

erature i s above th w poi nt of e _vapour,
Thehzgpﬁ fFUFCan T R ré eiﬁ 3%%@@& @dﬁﬁ‘} any’ ﬁ’@a?ﬁrﬁ& point
1nﬂﬁﬂﬂhﬁjmimﬂZQQBkﬁéﬁ%%l P@EﬂEEZOQﬁfOﬁQﬁQ&S & ridoweedierably
pre e% %aotl gncﬂutsﬁé)u%q%ls%f G a*%lh)é %T lelC c% S' l:lrglehs%t ;Lnlets

gas AT Gu and/ or 't he “ent |ng
or gwzatas Maye teermber stmee 1ofl ettive cgraslnglmsqrb:ém:oaltght h@lch the

mllrnllﬂg% s ”i%n 1R %%\g'eemd% %y tHhe YARQUg phase (milling
Parti cul arly pref erg it s ensure ﬁtp hot
NoZgd€ ir-e AN - s dfef L6 @ﬁtsloy PREE-P LFp T4 S@@@éﬁa&@t |1§I16JCS or

noZZARRONeRES i0fy e Melsl) amdooiyHofvhike eme hethdals B&d/or gas
stem which cone |nto contact with the St“ﬁ

mix re can be passed To be present in the miiling chamber. In

& preferred embodiment, the heating gas or heating gas mixture

is introduced through at least two, preferably three or more,

inlets and nozzles which are arranged in a plane and are

-arranged at the circumference of the preferzbly round mill

container in such a way that the jets all meet at one pcint in
the interior of the milling chamber. Particularly preferably,
the inlets or nozzles are distributed uniformly over the

circumference of the milling chamber.

During the milling, a gas and/or a vapour, preferably steam
and/or a gas/steam mixture, is let down through the milling jet
inlets, preferably in the form of milling ﬁozzles, as operating
medium. This operating medium has as a rule a substantially
higher sound velocity than air (343 m/s), preferably at least
450 m/s. Advantageously, the operating medium comprises steam
and/or hydrogen gas and/cr argon and/or helium. It is particu-

larly preferably superheated steam. In order to achieve very
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The heating gas used can in principle be any desired

gas m xtures, but hot air and/or
Wom%ﬁ# gases and/or inert 10 gases are &C@V&P&&OV/OGOBOG
used. The tenperature of the hot gas is above the dew
point of the steam The hot g8s can in principle be
i ntroduced at any desired point into the mlling

fiﬁ%@mnéﬁlf& %ﬁe%ﬁ;ﬁﬁa%ﬁﬂf@%aﬂ s FOF the

I S, purpose In er. These inlets 15

creratorz e hey be e dutie iHietidhoriddz Ales tiBuge of 15
to WHEhdhe pdiddditd B @ aiso, passed «urigg dde very

mlli hase (mlljin nozzl es). However, it is al so
oot B Bt nd S 4 W o § e otF iaa Lo Dteran1y
40 noz zé ea 1t hritughopét ohi rich enchbitungasl snd/zort igasl antiyXtgdeferably
ha%%n @e%nppﬁarsasteudr ! gonﬁ?ﬁngtﬁe, qdr]‘gb,:]gagatrmj!cldl%qflgzpan%ea elfrr%ﬂy 250

a preferre i ig”gas
to ofdy0 T »anut eln iparitntewidur e @ Hroudh 4. | east two,
preferably three or nore, inlets and nozzles which

are arranged in a plane and are arranged at the ,
In GRS AR éhic e G1eM FE e fSHA B o i iy 1 -SContPgitidreularly
whdm e hrspomay idwd gite jiet s@alded®mel tat 0na foi Houdrre, it

25 the interiqr. of, the m|li chanber. Parti.cul.arly .
PO telcroaﬁey,paﬁqﬁ%ecqlnairgtys S AGTATE e $i'St Mlourdg o inlet
noamidoradey wveredtwsl ol recoEEnendead dilpe mHildngs equipped

tqpaéygﬂ Dy g, the milling, a gas and/or a vapour,
" pref raﬂﬁly steam and/or a gas/steam m xture, is |et
down through the mlling jet 30 inlets, preferably in

Fuﬁﬂ]&ﬁnﬁﬁ’épfitgiﬂalsj h@g:mwltes,lziea%cﬁmrg@tgjer@sﬁcﬂ tﬂnﬁ Tsﬂjﬁace of
oper.ati, ium has .as a_rul e a substantia i gher
thel guirtd Varodi Ay Thandir A AN & Prereran ey ddg flov
patd50 anss.atAdvarsttageinstiayn t italid yofereat iafg orediewrnions and/or if
C ' r rag - r -
I Rl T 1 o P au 92 | e R o7y Ton
acapertidared Sedhedan esder o acitiooid lper I the material to
be WA20Q8( 04672 REHIERQ0HRAQI06:219 |f iee Jhcdi@d it
has proved particul arly advantageous if the operating
mediumis let down into the mll at a pressure of 15
The invention is explained in more detail merely by way of

by

example with reference to the below-described preferred and
special embodiments of the process according to the invention

and the preferred and particularly suitable versions of jet

'mills and the drawings and descriptions of the drawings, 1i.e.

it is not limited to these working examples and use examples or
to the respective combinations of features within individual

working examples.

Individual features which are stated and/or shown in relation
to specific working examples are not limited to these working
examples or the combination with the other features of these
working examples but can be combined, within the technical
possibilities, with any other wvariants, even if they are not

separately discussed in the present documents.
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to 250 bar, particularly preferably of 20 to 150 bar,

tcularly preferably 30 to 70 bar angd
Woéﬁééé?ggf%%pr eferably 5 40 to 65 bar. The opeprcafﬁ/qﬁfoowososos
nmedi um al so particularly preferably has a tenperature
of 200 to 800C, particularly ¥eferably 250 to 600C
and in particular 300 to 400C. In the case of steam as

Id@ﬂt?@giaféPQr@ﬁgéuHﬁmérglsp@ﬁt%ﬁgl?ﬁ&yv1aﬁﬁﬁ‘ffﬁhres and
vapour feed pipe is connected to a steam source,_ it

ima 0 Brbh cShe oY HAFE | GEPLE T AdVARR BRSO} (S GLaT compo-

neﬂt£|bﬁgc@mpéﬂé@tsnﬁiiiﬁ§ @ﬁel@@@@ﬁ@éﬁdoﬁCbih%?ﬁknﬁffect The
n bend

d
ai G PR D O o S DS P R HIRERS NS iich are
noeum:favzedexﬁ witle refemhdte hasnasa bopl tegavdl emes asf whether

Su893§% ? ?déf &Qgc%iﬁgﬁ &é%&ﬁtgﬁ ﬁg or ILﬁﬁ%ﬁﬁ}her hand,

sSubs ree projections and
fe@@mp@&ewﬂscl@famecmtamqed o et e s g § ofe sl ygn but not
v1§£19l‘£‘“4>§té19&;%ﬂ ﬁy Ek‘i‘@s&é@ﬁ%ﬁ”e&e depositdom of the

material to be led in th [l can addltlonally be
unge e erb lernkey n%e?r??%?ﬁl%kje%‘p?%ﬁ‘feot}?% #ore detail
nerely by way of 20 exanple with reference to the

bel ow descri b referred S al nts of
ipea%‘zes%d%§%%$%r%% t% | nvrgln i Ieer@drd&fkhey an ‘opposed
Jeiprreiblr e@mwgrmmiayt@du@aleﬁﬂeem anseifrglety an

1nE@éf§%éﬁ“ﬁ§ﬂ§hﬁ%EW!P9§1 ﬁﬁéﬁr'égﬂ égear¥%r z?e produc-

drawm ngs, 1.e it 1's not |mtedto ese work
1k atipl BT Andi iR P eKaHples b PE twqcr%‘s% e%crféblﬂw to the
1m€@rﬂ®icﬂﬂt|£€ﬁh5tﬁui£ﬁl3ur}ﬁ§eﬂ@ﬁafb J nehevidual o1 389ki i contains

i vidual  features, whi ch are stated and/ or
2 D Bna Mol e e s N T o
clmlflmtmamgh%mmmmr exgnpbesnorfdimeed between the

cl§§§5€f§‘ﬂ'§d€ lt har%&]etl% h&rbe sglgfr%gre%daqjsfﬁ aqu}a% shaft lead-

ut can
thltcetqrhrkmlng pfosrgmﬁ Ihatiwesn vilteh @r@/smﬂiernq/arheaarﬂt shaft and

theVeddidhey r?é@sﬂ% Separ atglar M seussed,dh 4 hg that
present document 2008/ 046727 PCT/ EP2007/ 06030
flushing of classifier gap and/cr shaft lead-through w1t

compressed gases of low energy is effected.

Preferably, the flushing gas is used at a pressure of not more
than at least approximately 0.4 bar, particularly preferably
not more than at least about 0.3 kar and In particular not more
than akout 0.2 bar above the internal pressure of the mill. The
internal pressure of the mill may be at least about in the

range from 0.1 to 0.5 bar.

Furthermore, it is preferable if the flushing gas 1s used at =&
temperature of about 80 to about 120°C, in particular approx-
imately 100°C, and/or if the flushing gas used is low-energy
compressed air, in particular at about 0.3 bar to about C.4

bar.

The speed of a classifying rotor of the air classifier and the

internal amplification ratio V (= Di/DF) can be chosen or set
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I dentical reference nunerals in the individual figures
s of the draw ngs designate identical

e
WO%?%(%‘?S%% 0- nents or conponents having an |C(Te/)|ﬁ92c°£7/060306

or simlar effect. The diagrans in the drawi ng al so
clarify those features which B¥e 5 not provided with
reference nuneral s, regardl ess of whether such

orfg UlB@%@t%@lQ@ét%é bﬁ&' Del.ow or c'E‘P)!cx,m%‘f‘e}h O Neheed of the

, ures are contained in the present
OP@%%EFIF‘E)tIF%l%t Botat vi sit P et wpe shipvpl§ FE 1 Heo 4 B Frp rdinated

wu@lﬁ ecgé S@lé@@ﬂﬂr:\’ng uples st addabl & forea per somsKiddekound
the art. al r ead |nd| cat ed abo

e
ve ?%%EYa‘B t%% %%%ng FAHTY I%o%?%‘?ﬂ@ﬁ%t‘ég{nat%“d/w
chi@ssmélmtemﬂ et pdxhg/t @n ofnttie@rcalmbﬂwtarq owlegdl (8), i.e.
tn] FESLILEL n £N. B2 USEd L0r, 106, BL oduCend Lo OIS VPId) | ana o
the iC prOCess  atcor he
1S|Trﬁvenim’oe1rna?hrdla;ru¢‘a¢i w@r@ﬁ%rm yt;uliodne %@)r classifier
f ﬂﬁgﬁ% assl f yj
pa\f/\tg !?lé‘.ﬁl%sp}?eféﬁlséd{ é(rh]:g'rlg?l e oue] nalr‘?tj, 1 dlnégneter of the

t and cl as classifier

claapt belng e dbet et tHe ard a%%efwﬁr@r%ﬂeéll%er of the
dl];g heu@é assi{d erohapsi neo@n@h@ Shafd 1 4 gadl-ot o ghndiel Mation

r med_bet ween the cla wheel shaft, and . the
rel oot T 1 AL So e, et & SRS R Byt hat
Th&thddwsdmilg iof @éﬁmémmlgﬂmmﬁfémaWStechnlk [Flow

S of_ e yis
e elf%g C%Qd%y Cg Vge];rrg ifﬁ%%éf%s%%gg%ﬁéa]i g& uosf{e!edSr Sgt a
engiesswied of, notabrlel e t iegm atanagpsteapproxd idtalty 0. 4

Dr Q@élamrrﬁi&dﬂ 38"é4/8 ored eLabl Yen Nt ARIR, I %L%@tadaﬁlalséble from
about 0.3 bar and in particular not nore 25 than about

NET iz OHRGY &2 e § Gt iyt e SERA R e %é}qsseﬁhel 63457
Hand\d ereedmfriessure of the mll nmay be at |east about in
the range fromO0.1 to 0.5 bar. Furthernore, it is
preferable if the flushing gas is used at a
Thienper atara dfheabolgvaoped abbuthd 20€ed e tdladsrfying

rotacplpr&f( £ 130 dlr@tce_ta)/sélioﬁl(er aemu A hd flﬁ{@rrfallusﬁﬁﬂglﬂl%tlon

used is [ow energy onpressed air, in particular at
ratglouf W?W&Ft@rﬁad{hoiﬁrﬂ opaet or are regulatable so that

the circumferential speed of the operating medium (B) at the
dip tube or outlet nozzle reaches up to 0.7 times and particu-
larly preferably up to 0.6 times the sound velocity of the

operating medium.

In particular, it is furthermore possible advantageously to
ensure that the classifying rotor has a height clearance which
increases with decreasing radius, that area of the classifying
rotor through which flow takes place preferably being at least
approximately constant. Alternatively or in addition, it may be
advantageous if the classifying rotcor has an interchangeable,
corotating dip tube. In an even further wvariant, it is prefer-
able to provide a fines outlet chamber which has a widening

cross section in the direction of flow.

Furthermore, the jet mill according to the invention can

advantageously contain in particular an air classifier which
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The speed of a classifying rotor of the air classifier
internal anplification ratio V (= D
Wogﬂg%%@@# r set 2008/ 046727 PCT/ EP2007/ 06 2pP07/060306
or can be regul atable so that the circunferenti al
speed of the operating nedi kg (B) at a dip tube or
outl et nozzle coordinated wth the classifying wheel

coﬁ@@ﬁﬂ@stH@ 1ﬁﬁ£&fhﬁéﬂ9§e£@§r§QUQg c&ﬁ%fﬁéﬁibﬂg 5f“¥eatures of
op eratlnfcﬁma ium In the fornula V

the hel Pt e %1?1%}%%%?036‘?1@%@%%}%s@fﬁ%gﬂ%e@l r@)e entire

dlscmsuf@ec@mséram@fbmwemz he3o nperiedgese®f £y incorpor-
34) is the internal JeC?“ anet er

S T L 2T TG HartT QO art yh pref ot PRy Saont the
idemrbndalrembjem mant eenal deuaamsitmubdr,t hehe daasstfagnigf ier may

coﬂ%ﬁ%% i% %i:fggzi%@ﬁ%E%%: r%f% é“%% f égﬂégﬁéééé of

Ion O
flgmﬁpqiq:qaqnc;@;ng)nto reki®, 4% . 9%@ 51331 DrI’ER 1$\||1@us51ble in particular

to shéeraingsiechan k- and nJherdogdynam ks idbddinated with the
mechanj schen Ver f ahr enst echnl k [Flow nechanics and

claset Bothmant st i vt nethamt taft ?ﬁ%b%js%r BHYi et rdl® ,form of a
dipvaibabhes f rﬂmmag:emﬁlcﬁmrﬁﬂl tedk, 15 vxddRolmntross

i ed 6486 Bonstette so .avail abl e, f
Seﬁl":‘lE d&%%\l[ﬁ)( %ﬁ‘? eab GQO 2bactet” C%r%tu‘éosreeavo:'“qu
eddy B345¥tiddanau, Ger many. Th| s can be further

devel oped if the speed of a classifying rotor of the

air cl assifl er and the internal anplification 20 ratio
Pr@ﬁ?r:r%ﬁl/m %@%%W%U%e?mkd?d%?@W%g?ﬁ dtpIe gt ng system

whidtatcand hee cigedinfreran Ip&ﬂo@é@@%ﬁ?ﬁd@@nﬁf atHhGinvention or
or outl. et

B)_at tub |l e che ,
OF Lt Uo7 4 e Rl b RISy ore efaiAy dgq gsosiated
de Bl pties, tie mmphgﬁalmdmemg)femmeasxm dthaig thedicummbodi-
mer?tzsv ant age%u ylaé{lol’l Ittehnés }I{e‘}%ﬂﬁ%ﬁ;& #gyl ni bai way ot
exdesl @ Hei ghtsacl damarade Wit cip n%rleﬂa@é‘@%ttqq these worklng

exdgsreasd g dadidsndhad &F ad ofhd he slassidy i illons of

t hrough which flowtakes place preferably being at
fegqtdyss within individual working examples.

Fig. 1 shows, in the form of a diagram, a working example of

a jet mill in a partly cutaway schematic drawing,

Fig. 2 shows a working example of an air classifier of a jet
mill in vertical arrangement and as a schematic
middle longitudinal section, the outlet tube for the
mixture of classifying air and solid particles being

coordinated with the classifying wheel,

Fig. Z2a shows a werking example of an air classifier
analcgous to Figure 2 but with flushing of cla551f1er
gap 8a and shaft lead-through 35b,

Fig. 3 shows, in schematic representation and as a vertical

section, a classifying wheel of an air classifier,
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approximately constant. Alternatively or in addition,
' 0 advantageous if the classifying_rotor has
Woéépéﬁﬁé§f% ngeabl e, corotating dip tube. | n P& /EF@Q07/060306
further variant, it is prefer- able to provide a fines
outl et chanber which has a wi¥fening cross section in
the direction of flow Furthernore, the jet mll
rigccot di ng 40 the idventdon %@(RL@ Vaagﬂo\?ﬂ%%hl&ﬁla% a vertical
contain 1n particular an alr classifier ich o
WD2008/ GESFAPRPCHEPZIGAHVF0306 Wi dortaians aiffe classifier
i ndi vi dugla ffeRpiY &% ofi eEDIi NGRSt H1eAlMIRS #f classifier
t he w nd clgfsifier according to EP 2 930 Bl. The

entire A%t Léten® _té’licb’gigzg 0Bl is

hereby fully incorpor- ated by this reference in order
FifrQVP %h%:dgo'% adop! 'i%q]e5 didentihqal; suRiect jmatt ar.

n particular, théair classitier may contain means
for redudingg ltiesl)ci rcunferential conponents of flow
according to EP. 0 472 930 Bl. It is possible in

. particular to ur at _an qutlet nozzle which is
1 %dqcnf?’é’(‘,f’s\/viat ﬁ%ﬁ%ﬁ F&quﬁﬁf?ﬂ'feyﬁng wheel of the air
classifier and is in the formof a 10 dip tube has, in
Fiddle T SRLhAN O it o WedGDING 1088 o Rech ian . uhi ¢t
I's preferably design 5 to be rounded for av0|§|ng

eddy fofa@ides.l/Preferred and/ or advant ageous
enbodi nents of the mlling system which can be used

S int process rdi to.the invention or 15 of
FlgyE '||Sh§F$ @vﬂ%@ﬁf%}ﬁ%ﬁpﬁlfh és 1 to 3a and the
associ ated description, it once again being enphasized

riddid 4 hese.emiodiiscmenks T8 e explidian hhe JiRveREhoR £
In nore detail by way of exanple,” i.e. said invention
is not EFEMPd& o t hese working exanples and use
exanples or to the respective conbinations of 20

Fig&%%t Lge%hvgwtshian T'Lgpldio%i %g{almg Qr %iarjg exanples. Fig. 1
ows, i'nthe formof a“diagram ‘a working exanpl e of
ajet mll in a partly cutaway schematic draw ng,

Figir@ tlib shews a wekkibngaaxawprke <ok @n vailknt! asshbier off
ale Example 3a,

Figure 11 shows a TEM of Example 3b,

Figure 12 shows a histogram cf the eguivalent diameter of

Example 3b

Individual features which are stated and/or shown in relation
to specific working examples are not limited to these working
examples or the combination with the other features of these
working examples but can be combined within the technical
possibilities with any other variants, even if they are not

separately discussed in the present documents.

Identical reference numerals in the individual figures and

images of the drawings designate identical or similar
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mll in vertical arrangenment and as a schematic 25

1 ddl i tudi nal section, the outlet tube for, the
WO%&?@&%éWu assifying air and solid particl @§W@1’P@807/060306

coordinated with the classifying wheel, Fig. 2a shows -

a working exanple of an air cl4éssifier analogous to

Figure 2 but with flushing of classifier 30 gap 8a

cohdh shal tarh&aésrﬁgwd&é&g{g 3phy 1 .6d % 3 SIS, 21 N SChgBt,C
representation and as a vertitca section, a
ef B¢ @ssi THF il 3dEELS of dif @i Fr 3 dssi§ i &y |, C\Mp2is/duse A eatures
whf’c@ﬂ”ﬁf’@(}?c?‘etf 063061 deé-ani':&lg-r}%ﬂlwﬁ,n%ﬂbﬁlr‘f,ﬂﬂ}é@rdless of
representatjon and as a vertica section, e
WheHBRE T3 h g AT S DIo T S TCCIBRE G Y Simdl Yol figie other
harkd gufes tudad whiidh fd tshidwge ofned assitfierpragamiBalandiption
shaft_|.ead-thr.ough 35b, 5 Fiqure shows the particle,.
ou e BT b e o1 e Chodls S 0 PR Ly
undeEM tofndedalp | ol a Riguren 6slshovesd alrhitstoogram of t he
equi val ent di aneter of Exanple 1, 10 Figure 7 shows a
TEM of Exanple 2, Figure 8 shows a histogram of the

Figqut VIIUH 3idHet el Gi*amBddhte 2,795 dtirel of G iping a
cy IiEMof c Ex argal € rdn, 2 Fivguireh hshows a hiistlogianteimddie 3, a
equj val ent_di aneter of 15 Example 3a,. Fiqure 11 .s
e T e, 91, 8 g oy SRR S B e E the
heidie: exfuitiad _entﬂtlldiif‘égm?tl@mlaﬁr Exatplle3t 20nd mtdiiMJ:idisgaljet inlet
5 fﬁ*ﬂﬁ%?%bd@y‘?%gﬁﬂ%sgfﬂﬁﬁéZﬂﬁyf¥héﬂgﬁgﬁﬂ%¥rfl ci%ppfﬁﬁuct
specific working exanples are not" limted to these
Utk gk XEPIRES Torr eHe e gHbi it iterd Minch alieiqstthey- Arranged
thdeatiy es) ofit @SB sifier 7 having a rotatable classifying
wheel 8 with which the milled materizl (nct shown) is
classified in order to remove only milled material below a
certain particle size thrbugh the product cutlet 6 from the
milling chamber 3 and to feed milled material having a particle

size above the chosen value to a further milling process.

The classifying wheel 8 may be a classifying wheel which is
custeomary in air classifiers and the blades of which (cf.
below, for example in relation to Fig. 3) bound radial blade
channels, at the outer ends of which the classifying air enters
and particles of relatively small particle size or mass are
entrained to the central ocutlet and to the product outlet 6
while larger particles or particles of greater mass are
rejected under the influence cof centrifugal force. Particularly
preferably, the air classifier 7 and/or at least the classify-
ing wheel 8 therecf are equipped with at least one design
feature according to EP 0 472 230 Bl.

It is possible to provide only one milling jet inlet 5, for
example consisting of a single, radially directed iniet opening
cr inlet nozzle 9, in order to enable a single milling Jjet 10
to meet, at high energy, the particles of material to be milled
which reach the region of the miliing jet 10 from the feed 4



10

15

20

25

30

wor ki ng exanpl es but can be conbined wthin the

tecqplcal possibilities with any other variant eVﬁn
WO%QOQiﬂﬁﬁyﬁ% not 25 separately discussed in t ReT 2#8%8 { /060306

docunents. ldentical reference nunerals in the

i ndi vidual figures and imagé® of the draw ngs

designate identical or simlar W2008/ 046727
fo xP g@( EPL%%W Q60306 ; L]j]%d:o%f%?% %313 eC %fﬁl%og%@tﬁcﬁ%‘é' G

ntlca or simlar The diagranms in

mat@rrawlngﬂalb@ i Idreick yi Nitivo sensrldaumes tiwHisch widehngre taken in

by &%V@i%@s\ﬁﬂftyﬁnrgefﬁfe@lc% T alfs ,tﬂe@ga)rawee&%a@fhed an approp-
whet her ch features are described bel ow. or
r1atrd Yot Lissﬁéﬁd O @R5Frre $ i TCRPPE TEEH &i né’r&‘el r?“ttﬁéde
thrmfl.ﬁﬁlerﬂhed@ﬁ:@rdumiu eutleuat ar evwewdrsi bl ®earesheWicica is
achilS N g hg ane ;al s feadi le%, %”d%rs a%?:%b'd%af %ﬁ;r‘%call

person skPIW |ngtHe art. STTOwsS "a PRI y
opreedns enef aagjtéte mmiiln phuﬂﬂnandyﬂq;matwcyhuddnm@abets 10
wniUSNG)R oY EREREL0EN FMLI N9 6haTbah3nce phOticle

or materi al ppr oxi_mately

divigifont (& afeilghose itHe Mt @@Whé’ﬁﬁe?“léllétg D@éstl%nén
parfildilRg jigt a phietralddyn dheniligwely Hegl R iek the produced.

m | 1ing chanber 3 and a product outlet 6 in the upper

region of the mlling chanber 3. Arranged there is an
Predier atllys sivbi e Tolravimig ld ngot@ttalilng eclsas girkyiemg b1y milling
noﬁ@ﬁ%%l b %Qt%%'g%rt%e @"%eddWﬁhef@a'g(n%b SHQW%& hs

ied inorder td rénove dnly ni'l I'éd materi al

mllﬂeln@\m@t GalEaisn y@rlmhclaéesuazéamre@ugﬁ tthe ;}p@@gcfthlrd of

theo@Méﬁéﬂ@bﬁ@o@WHﬁ%drmdSl|%@u%ﬁ%@b%ﬁ %h@n%1%Q1ﬁ%e@hamber, are
SIl.ze above

1o S B Fald L6 SRR g Fing 5P 0Lds & 2 196 9 di st ributed
in @I@ssmkyen@ wheglorflyayvee ahel assichyifegenheebiwhhehmilling
cha CUSt%%%tytln %ﬁp %Egsik%bgr na%%FEPsoggggeéog%t fn the
lntle@rumt pédrtale mliddéncclchandles,. Fartheudatey @m@§e@f‘ably, the
lnlw%'C% H%zeh@§s r%'@gs%' b%%%%r%nl%gqmﬁgrbwgle%h@fClrcumfer-

relatively small particle size of mass
enC@nPﬁaFﬁ@dmﬂélﬂﬁé §@ﬁﬂb§ﬁ -ouf)| éfcafdseothéhprediétling Jjets,

" thi@Uldelldbve an angle of 120° between the respective inlets or

nozzles. In general, it may be said that the larger the milling

chamber, the more inlets or milling nozzles are used.

In a preferred embodiment c©f the process according to the
invention, the milling chamber can, in addition to the milling
jet inlets, contain heating openings ba, preferabkly in the form
of heating nozzles, through which hot gas can be passed into
the mill in the heat-up phase. These nczzles or openings“can -
as already described above - be arranged in the same plane as
the miliing openings or nozzles 5. One heating opening or
nozzle 5a, but preferably also a piurality cf heating openings
or nozzles 5a, particularly preferably 2, 3, 4, 5, 6, 7 or 8

heating openings or nozzles 5a, may be present.



1c

15

20

25

30

35

while larger particles or particles of greater nmass
' ed under the influence of centrifuy
Woéﬂé%ﬁééﬁiéilcularly preferably, the air C|a§g%{F8?097/050305
and/or at l|least the classify- ing wheel 8 thereof are
equi pped with at | east one défign 30 feature according
to EP 0 472 930 Bl. It is possible to provide only one
Inrﬂlééfﬁyﬁégtﬂéﬁﬁgrf§ ﬁf&fef?gHﬂéﬁ%da¥H%ﬁ%'fﬁhéﬁmﬁii contains

single, radially di'récted inlet opening aor inlet
tw%ﬁtfel@ N9t rferct CRAEBI® &0 rgiesitilildgg érzpges or
opdrdi t, at high energy, the partlcles of material to

be mlled 35 which reach the region of the mlling jet
10 fromthe feed 4 W2008/ 046727 PCT/ EP2007/ 060306 15
Fof orxamgtler,i alhet @rb:e:arsislﬂr@d tmnaitma/i@el the tharmicglee de

im‘fa),l{uee og:l]:!flﬁlstlgifeah t%(}rf Ir«}e%%ﬂegzlscﬁﬁ;%dcllle} WhﬁJe%l?l feed

assi
1 Tamasagndd ten nsp Rt |aét%lt3h@sr¥@ql<?§1 Af Gihamadd 1 ing jets

10 e d f@k%ﬁ&ﬂiﬂn@ tﬂé%ﬂwiélsdﬁ;rfe:et WZOLiQh tHhe r@gi@lﬂlctoutsz.de
outle 6 However , bet&ﬁ{ effect is _achieve

thefgs g Jfé)(r |H}ﬁt§l'r§ B P et |bcyalﬂﬁ?ceogﬁﬂ67§l te
pa e lanotdfemate rdailr scane horrhadvrhiidd iing ijretesiyl@ase already

war%'afnhd St “ k V gelaachOts%%rs %ndg;egalsﬂln%'{t%e orﬁ clnt ﬁgso?c material
to ma Imtlrilglqdet fro, wihicho ppmptqscmlaarfaa‘d ausleurlsd mw sefrrounded by

a ﬂE%ﬂéf&i%f@~ﬂﬁ§dT%t rgtg%gﬁ%&qu %@ﬁJQﬁégyﬂhg‘Mﬁdybe 11 or

ing et preferably mlling~ nozzles,
124 A fpark il¢ulv&ec3, c4n gn G’rl')’l0187169 bel@f BhYodepired form and

thdfd #d Mg Ll lienlretrs ,th\wp%frtqrceu@rﬂ @ﬂ&%deﬂ e dh@\@%fn accord-

third of referably cyllndrlcal in
g4 G IRHIAEY Sre 18 TeketTiss e At g ed: riare € fons
in arfe d dealtlextarranged diespuiideat.ed in a plane and

uniformy over the circunference of the mlling

chanber so that the mlling jets all nmeet at one point
In nprHeuliggvetiber tompera tit iafg teRafer 1 Padeitc Girarity the

mllgﬁﬁﬁﬁﬁ%ﬁkylotﬁ% rbﬂb@%&toﬁonQ%@ Q%H%@QEQM&%rla%Hthe
. unlforn1y over the C|rc nfer 20 enge of th n1II|

J o the Ba46ToRLt RRebeniniing FopSLd ac 1e8st

approximately correspond to this milling jet temperature.

For the formation of the milling jets 10 introduced through
milling jet inlets 5 into the milling chamber 3, superheated
steam is used in the present working example. It 1s to be
assumed that the heat content of the steam after the inlet
nozzle 9 of the respective milling jet inlet 5 is not substan-
tially lower than before this inlet nozzle 9. Because the
energy necessary for impact comminution is to be available
primarily as flow energy, the pressure drop between the inlet
15 of the inlet nozzle 9 and the outlet 16 therecf will be
considerable in comparison (the pressure energy will be very
substantially converted into flow energY) and the temperature
drop too will not be inconsiderable. This temperature drop in
particular should be compensated by the heating of the material
to be milled, to such an extent that material to be milled and

milling jet 10 have the same temperature in the region of the
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this woul d be an angle of 120 bet ween t he respective

I nozzles. In general, it nmay be said_t

Wo%ﬁég g?gi?vthe mlling chanber, the nDrelrﬂaﬁ%JhﬁZOO7/°60306
mlling nozzles are used. In a preferred enbodi nent of
the process according to the ¥5 invention, the nilling

chanber can, in addition to the mlling jet inlets,
ce&@f‘é ain QPaEh@%QPFmigéh%ePr?f\%éP' ¥rifnedde 6»95 Milling
heati ng nozzl es rou h hot gas can

Je%%ls%%dnﬁ?%r oPng @n%rrrrw’tﬁé Heat e phiase. mvrh@sréllclty of

twhoZzi BEn@riopenimgs can - as already described above -

be arranged in the same plane as 30 the mlling

openi ngs or nozzles 5. One heating opening or nozzle
ReGardbwy preférably of sond prereafuty ofr heatpaging the milling

je@pf@'@&ﬁprfélﬂl% gth}? ré@at@@rgﬂ&% ariﬁ’ zetF @Jgéz_y 3.21'1 t?he form

edti ng openi ngs’ of

of e plesRMtSY W00 DUTRTCPAH Erwzmm@@%o%% % |Ch6 the
conv;ewt@adié@w@rw a5 etd ese aprbodh r@{ltuzqﬂlere;gelﬂd is hereby

cont ai ns ting nozzles or openings a t hr ee
l“?ﬁ???%t%%z%’ e"se%rfefbcp%n}rfhg%r Fortex@ipte, SJtrFFely adopting
1dmmslﬂgoj@:ﬂmeﬁaﬁer Cror fapdnerarormel e oy i aif lhencelthg as
ma bé/r tig? I%ge Ir?:% néll heat I n Oure . eé‘qlpotglegmr’r?e%nfglc:lencd'y by a
Cl¢ﬁ¢¢|$MFq@ms 10 or a correspondlng heati ng source 12

in the region outside the feed 4 for material to be

mlled, or rocessing particles of material to be
In ¢ il 3thi 2 Crfg The S Eise T e SRR e Jet mill

1, ae\/rqir dISeeh:eaif | 05 sse 4t irep ok digind Fre jfﬁeﬁjpﬁﬁﬁd rm; ef idserveir
or enerat Q devf:ror .CQQﬁH{ 0%9 a zﬁg %% bt 1 tank
rround]edq a1 enper’at'ur e-li HEU STy Jaclkeﬁ aﬁ? SFhée

18&heaﬁm1gg vs‘Umh:e:mél aqreradftZing fmerctluns EUSlEEd ,pxmEed via pipe
dexpfdélé?'lpé & b& i n@ﬂylqugsoj;e i rgtré%a:ﬂ%r ther ef Oflq_n‘&é@te inlets

particul ar purp osen accord
5 teﬂraﬁ@%r‘m@t yodohl e Jfer et oso Rftfatmiflirifieriets 10.

explanatlons in this context are not required. In

In ?[:ﬁagrt%lccudlaarr‘ hc telrlr'p rtolflr{% ojfett r11r1ell | l | nquJ!ppeoP w1q:h an air
classifier 7, the relevant working examples being intended and
understood herein only as exemplary and not as limiting, a
process for producing very fine particles 1s carried out with
this jet mill 1 using an integrated dynamic air classifier 7.
Apart from the fact that the milling phase is preceded by a
heat-up phase in which all parts which come intc contact with
the vapour are heated to a temperature above the dew point of

the vapour and the fact that a preferably integrated classifier

"is used, the innovation compared with conventicnal jet mills is

that the speed of the classifying rotor or classifying wheel 8
of the air classifier 7 and the internal amplification ratio V
(= Di/DF) are preferably chosen, set or regulated sc that the
circumferential speed of an operating medium B at a2 dip tube or
outlet nozzle 20 coordinated with the classifying wheel 8
reaches up to 0.8 times, preferably up to 0.7 times and
particularly preferably up to 0.6 times the sound velocity of

the operating medium B.
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'm'IIing jets 10 is relevant to the tenperature, and
erature of the material to be mlled s ouI

Wozaqoq/eoa rr7022'b approxi mately correspond to this ﬁ:lT EFR
jet tenperature. For the formation of the mlling
jets 10 introduced through ®i8ling jet inlets 5 into
the mlling charrber 3, superheated steamis used in

t %HH? t
ngrﬂ%ﬁat cont ent of the stlgsal aef%ilrat tqhe | nﬁaﬁ Uileha
supfoA el grlade Fesiedta Ve qingding: jFeto M%eta’s qlé:e@;é]tatlve

307/060306

therhst ang: t |§'ﬂé’rﬂ1@ﬁﬁra1tlr},arbdiﬁsfrﬁfa@gédﬂss ddhele Nezzl@eFating

ecause the “energy neces for ct comn n t| .on
meqidifg IRESR 1 a5 |
pam:rzeﬁﬂwne sirop: et veEerny tlhle;h'erﬂ eioun]:S \m‘ld‘d]ﬁ:y ﬁi}ﬂtn alr (343

0z nd t-he outl et 16thereof WI|| e .30
m/sgonéél Ferap e W ccﬁrpses V(atlzhoeurpsr eségurle%er%]earvgey aV\/|S10ILmd
velyee My yof suibshesst 30 nc/cm\ﬁerret atbddhtes fdrowaanerggydedamegt. This
suﬁ Emper tl% so&ﬁé)%’éﬂddcﬂ%n hed W%Jl%qrda%'fevery

IS tenmper eﬁg particul ar shoul d
fl%rﬁi@?@zﬂ]éif bSPHtH% a‘(‘t%% R3TO 3576 SrPa st il O‘L?c}t?rbéperatlng

mediid | & 4:@ suaiyait @xanty thalg 'ﬁic@fﬂcﬁ'ngt aPeridtied1

knq@gc&%&a‘r{%}% 10 have th Pé teg)erature_L in the

centre 17 of the mlllng charrber 3 when at | east tvvo
lin e
A fﬂ\.{ d %r&%r%ﬁq; r{%@et a I&%Qf%%gne% ét%gtngréf%; t]_%o %ydrogen

gasdesy d’rﬁldﬂmarﬁﬁspr d@edlﬁeéi facr cmeéfﬁetrmgg Hteﬁjel% Bing 5

jet 10 corrprl Si ng superheated steam in partl cular in
the fo cl psed ,system. refer detoDE
 FoP I G ST TS it 0 s Sl deure cOHCant
pan/ttucoﬂamatrﬁlsmcewbesi hierte i 11i morap@ieatsed-bmd ]et mill or
e [ rderg t M [ d [
2 e R R B & R R OReh e S eed
dyrmrtlecr iedlr td a5 irhllgred |f§rpw§|dmcér\m tvwrdptfmmnpartlcles or

pr&fifddd Nk nia aralosre, 9! & diatt he dip@aamaef thae

present wor ki ng exanpl e of thewjet ml .
classifying rotor or classifying wheel 8 of the air classifier
7 and the internal amplification ratio V (= Di/DF) are chosen
or set or regulatable or controllable so that the
circumferential speed of the operating medium B at the dip tube
or outlet nozzle 20 reaches up to 0.8 times, preferably up to
0.7 times and particularly preferably up to 0.6 times the sound

velocity of the operating medium B.

Furthermore, the jet mill 1 is preferably equipped with a
gsource, for example the reservoir or generation device 18 for
steam or superheated steam or another suitable reservoir or
generation device, for an operating medium B, or such an
operating medium source is coordinated with it, from which, for
operaticn, an operating medium B is fed at a higher and in
particular substantially higher sound velocity than air (343
m/s), such as, preferably, a sound velocity of at least 450
m/s. This operating medium source, such as, for example, the

reservoir or generation device 18 for steam or superheated
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1, any feed of an operating nediumB is typified by a
reservoir _or generation device 18, which represents
WORQPBEQEMRE, a tank 15 18a, from which the & ﬁgVelgﬂ?7/°6°3°6
medium B i s passed via pipe devices 19 to the mlling
jet inlet 5 or the milling jet2inlets 5 to formthe
mlling jet 10 or the nilling jets 10. In particular,
rt [
oS r Pl 98 Gkt by oo S PER e B Bl pperation of
the n]@hdretillanblf 20 padelstbad hes edlyo g Wsons@ i any but
hy@PGg80t o 8s Ahd i NGum &g PL 0£LSSa T QS PrOdUCI Y YBRIyridtives.
particles is carried out with this jet mll 1 using
an integrated dynamc air classifier 7. Apart from
Pafhﬁciﬁ}aﬁly hat t1 hehen hié ngt pinais es t Sarprac egesr dyireg medium B,

hase Ln which all t
AP BREaEant Y SRR e BELDS AL ST W ane o
eqlabppedt\hetldewm@mmormfbemm (apoushard + hiand acte tHan also to
be pﬁ@é?gﬁ&&é{d' oL e@é;%@fi f’%}@&%ﬂ)@r td Stl{r@equlé@eor milling

i nnovati on conpared conventional jet mlls is
nothbest he Jsp%eopmf%%b%y AE_F T iRy YOI oresd RiFT vihg
coieeted tOfatdecahrs&lassids ey deahd;dihe dnt@smatation device
anplification ratio V 30 (= Di/DF) are preferably
18chosen, set or regulated so that the circunferenti al
speed of an operating mediumB at a dip tube or
n r d: t ;
A %}E%lﬁé% Qﬁ% g(gegggt%é%@é’@t}ffxe‘%ﬂ% pLFB:e g%%sﬁsﬂééﬁ o&a.eratlng
med} o sB apel S pak® | %IFJI%J?CP‘WE#%@ el e tupii ol oL aﬂct}fhwsas fieface
wh§@NnﬂsV§é0§m$le£s $heiopesati Nttt uBBis in optimizing
W2008/ 046727 P P200 /060306 %9[8 Wth reference to
the heeprigbl bus! g plf%ﬁ% Vard & HedtedosSioLe.

Past Lal) sl ppet at ¢ et Tvedi ton B edm ass arpaiateirmtmaﬁmum B, it is

there articu y vant
pa%p ra%arlgy adiaarptage%%ééggcgor @%p%ur}?%%é%ar@ee 'oP%heat loss
andﬁulg@ecreaeﬂrdelrwﬁwtmuttla@ sydistrantThal 9 ywun s Js%tﬁﬁdso

seYELQChy ytﬁé‘afhﬁl’:ﬁef %&eméelvéwlgd&aﬂ%aﬂ%@{

vapours have a sound velocity of at | east” 450
e FF S BF e r&@@%llﬁésd%wra%%gt%ow?ﬁomﬂfss of the jet mill 1 for

avoiding accumulations or optimizing sald components in this
respect. This can be realized, for example, by using flanges
which are as thin as possible in the pipe devices 19 and for

connection of the pipe devices 19.

Energy loss and also other flow-relevant adverse effects can
furthermore be suppressed or avoided if the components of the
jet mill 1 are designed or optimized for avoiding condensation.
Even special devices (not shown) for avoiding condensation may
be present for this purpose. Furthermore, it is advantageous i1f
the flow paths are at least substantially free of projections
or optimized in this respect. In other words, the principle of
avoeiding as much as possible or everything which can become
cold and where condensation may therefore arise is implemented
by these design variants individually or in any desired

combinations.
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substantially inproves the production and the yield of

' particles conpared with processes '
WO%?@%{O%;Z?AH ng 10 nmedia, as are conventi onalﬁ@fggowoso‘?os
according to practical know edge and hence optim zes

t he process overall. A fluid, ‘breferably t he
abovenenti oned steam but al so hydrogen gas or helium

rud88e rhSrased: ass ow@%mewdl A% Behd Fe B eﬁﬁf&dable if the
enbodi nent, the jet mll vvhlchlsmlsepartlcuar

Cl%5?+ng?%eﬁo%%ﬂ &t ‘?‘nh?l%l?t aC s ¥ Ped FeteHR19 o tha

de@peeﬁaingetadmdlds 1Sef01tdsmdr@s§ thesi g, wid lpdheicular that
|nter d ic air classifier, 7 for odu

R Go S i ot e Fopo ikt (ol o PERPL Sl agece

beslmgthatlemt speedepindhel ¢l aessfayning Fiotorlpror alterna-

sifyi t C A
L LEPLY 09 e o DFoPLa: O SPRI i FBiber unscn
ha%h@s‘ehde@*n%e@rws reyel Herabie Bhe c%*ﬁ?@lllcablﬁ slo- vhat

the CI rcum‘ erenti al speed of the operating rredl um B at

or.outl $temoz<§ie 20 reaches u

A E"'r‘]fﬁsjscujp% Bér%lbﬁe%e T¢hest And part cmﬂfar‘i%)? jet mill
1 poefezabl yn uphd ocDaaﬁsifyresgthet@noLmddstln@Iamutryteﬁchange~

abi@e OPE %?&H%g%ng um,B. Furthernore, the jet mll 1is

pref erabl'y ipped Wwith a source, for exanple the
reservoir or generation device 18 for steamor

FuSHUREF f'@@ﬁ@ﬂldsSt@f&ﬂn@%rm&"%f S];bliéﬁé)ﬁﬁed Q&aﬁ@mg & the jet
eneration device, for an oper ium r
i SR SO sber b | TR SOl e B Lok b i b ence to
Fidsomwimeh3. for operation, an operating mediumB is
fed at a higher and in particular substantially
hi gher sound vel 00|ty than air (343 nis), such as,

Thpritlerably, 1 BOIRIRRAT gt iR B1S ata s e 5igr tlyss Schematic
dlaT asmogereig NG regh U SO £ d Sdch msgﬂirléxaﬁmfﬁbch is, for

STk heh I WET0E DAGTo RO BP0 G808, 16 S rbam
fl@ﬁﬁm@ﬂa@ﬁsp@t ari Maperss B fasnsseoarjaty rager aid & a
splﬁalrﬁéijmllfnll §YH$ﬁEéngf Lﬂfgsiﬁﬁagbp%ﬁﬁﬁﬁ}H%p% vanta-
geously arranged in the centre of the milling chamber 3 of the
jet mill 1. Depending on the volume fliow rate of milling gas
and classifier speed, the desired fineness of the material to

be milled can be influenced.

In the air classifier 7 c¢f the jet mill 1 accerding te Fig. 2,
the entire vertical air classifier 7 is enclosed by a
classifier heousing 21 which substantially comprises the upper
part 22 of the hcusing and the lower part 23 of the housing.
The upper part 22 of the housing and the lower part 23 c¢f the
housing are provided at the upper and lower edge, respectively,
with in each case an outward-directed circumferential flange 24
and 25, respectively. The two circumferential flanges 24, 25
are present one on top of the other in the installation or
operational state of the air classifier B and are fixed by

suitable means to one another. Suitable means for fixing are,
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hydrogen gas and helium gas are al so preferred
ternatives. Particularly with the use of hot
WO%Qogﬁgﬁé??ﬂg medium B, 5 it is advantageous t&F %f
pi pe devices 19 which are equi pped with expansion
bends (not shown), and are theh also to be designated
as vapour feed pipe, to the inlet or nilling' nozzl es
fog ekaﬁFlgreE8£§Q|¥oHﬁ§9t£Q§sV@BQHrsﬁ8§g P'@faﬁﬁs {not shown)
team source as a reservo
orgéh@ré@kgncaévabéo &@rig.aﬁ‘@@F@ﬁ@@bh@vﬁh¥h@@o%%ans-
aspect in the use of steam as operating nediumB

consij st |d|n t he th a sur
Bt R Ehor ot hoeBir e AE0oBST B eoForhe ot lehde bt Gt qrence, o
c1ﬁpﬁmﬁEZEﬂg1a1hE1@E@eﬁ124 dnwM £h aegacdntecasdstal dna another

bys#rggge a§6po§S£Q£§hE%§tg§r£ﬁ§ukf££¥e'Q?ﬁﬁéﬁ{iﬁg $h®ans have

7/060306

m as oper at
beadvaniageeds theavpperheatteiéhafgehorhheainyosan kggswivel-

1eHeHéﬁa§8§f9¥1£9§§e'Eot@ﬁe31§%§91pJPt329Ué90§ﬁe'§o@%§@g in the
served b further alternative or additional de&ggOuSlng :

. : y_t
dippegsiresOt nhivel §r8e¥i ghi At Hec coRPBReNt st of 2t ik Tt
1sn§bbe§si§1ezﬁfémobglﬁﬁ @ﬁ@uﬂhéalbﬁgﬁ_pﬁr@p?%nbiithb housing

sai d onpoen Int S ClL. IS can be .
£ OB PSBR, TOF . LRURpI B Thy? fePhqth? anpRe  RanF TR By formed
int hwao psrpsssmblsubﬂtahelalbg devpreseddthadcfbrndrical

n Vg€ e :

c1GPRTeT R P b e PLREL S 2ECHL 0. EOCh Wb MMl £1anee
25f gtt hes nepepebecnePperedseddor dvordenysfcone Ednpbhentsapers

coﬁicahfy ﬁ@%nﬂbk&s a5 e destenege OkoRBt ol 2ed 05 [classifying
avol dihg condepsati on. Even speci al devices (np

chamB@R) 1P 1T of di hgSEordensat F %yth%e%?%%e‘ﬁ%tlr of Langes
30} hRs @Urﬂﬂéeupﬁﬁftﬁﬁﬁnbéﬁeglénds ﬁ??ﬁ@&ﬂ@ﬁ@h§,léndth@e two
p at.l east substantja ee_o
fl%?%?%c?@bn% B%foél%ﬁﬁ?ﬁg%eﬁo?% % respec?l
howeidsg, 28herprcnnm@tee@ftoawmédangthsrnuzhd@saprQlQIéleng
mefhs€ Xﬁéytgﬁggnwhifﬁ Ca b@ngﬁmf&Pégtﬁggenen ges 24, 25. The

condensation mm ore ari1se 1S 1
cl@ﬁésélaésh@ﬁsw@gu%ht@8$ﬁ@b%¢@uam|9hb$ mﬁn%%y a%s$m%@ended in

or COPBRNALHOASE arms 28a, a plurality of which are distributed

as far as possible uniformly spaced around the circumference of

%Y %t$Pamber

the classifier or compressor housing 21 of the air classifier 7
of the jet mill 1 and grip the cylindrical classifying chamber
housing Z28.

A substantial part of the housing internals of the air classi-
fier 7 is in turn the classifying wheel 8 having an upper cover
disc 32, having a lower cover disc 33 axially a distance away
and on the outflow side and having blades 34 of expedient
contour which are arranged between the outer edges of the two
cover discs 32 and 33, firmly connected to these and distribu-
ted uniformly around the circumference of the classifying wheel
8. In the case of this air classifier 7, the classifying wheel
8 is driven via the upper cover disc 32 while the lower cover
disc 33 is the cover disc on the outflow side. The mounting of

the classifying wheel 8 comprises a classifying wheel shaft 35
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1102008/ 046727 PCT/ EP2007/ 060306 20 Furthernore, it

vant ageous and therefore preferable if the
Wo%qoa%g% 7%'8 rotor has a height clearance inC,nggrEﬁ&oowososos

with decreasing radius, i.e. towards its axis, in
particular that area of the 2@ assifying rotor through
which flow takes place 5 being at | east approxinmately

t Hir r t [ - Si;
Whl(ﬁ’pslﬁa st ﬂl\?‘éln%/s 3 r{eﬁrgﬁaannbéeﬁﬁ?év% CrLtt a%rfécls Rl 8eq out

of vﬁlu@rﬁlrﬁgss"cms%r JEt5 G i 4l t3e Wig e¥HDBN Gﬁ’fd falrb'im with its
loRas térwlﬁtslayd@r@{eem@s@m@y MR s iy the, C@ﬁ@)dﬁté hehe

et cons sts in the cI aSSIf rqt or aV|n

SELCRE A A SOt 1y U 5 ARSp Pear ing, The
clal%triﬂyarngda_traééls gamlfwa&a aird sl eaf qo,rtefce?r rgtk ddsigns iefr housing

V&r{ K reeaf 'e;nenécewc%r%nddrzlptlsatcezos eg:t'/s_faﬁ{lechexcg_loasﬁnet% bella\g51f1er
hmmaefcﬁr%]blq/t doTH aiprssr amctrmﬁ/wa |h©ushtelgs<ﬂ1eimacu:i015 38 in the

' , [ t ai [

%nqgilrw fhfdag:eecgaccgﬁe achtnecQ-Lea tecg)s g ﬁd‘%iﬁcﬂis&of Stlhfey e
wheak §HATE DR T94H diticd- Dotk § RATFATS O e hindering
th&lenseriathd etndbdreds &sf &héﬂil&@lsﬂ@mﬂﬁ lWheea ds}mﬁfﬂ Q5.

air. cl SSI fier 7 whic ant a-_ geous arra

Exg e OF CRPR e o SO b T £orm

of &a mpegmummumm u\meclrf Itdw rca]ta&:soffthdg |m@ega$haft 35
nd cla e t

amci?l stué:)rpo m:s& q:lddéj& candabe I (n:“afqi uek)n%;eaer}g‘%sq Oaf5 h)% the lower

plafieassi f wéndh dfn tthxsrq' gts rAddrdiredest dildd: teo I‘FQLQSH@ end

seéﬁ%rﬁ@s rerpenidcils @id o astl fdffer’ disendd Qe Y Aitflow
cl assifier housi ngl 21 whi ch substant; all y conpr.i ses

Slc%qnel%plﬁérthepgrqmrw otl aTife RFFUSISTY ARl F e TG Part! Flanges
24 2hDdf23 hey holisd nthe cﬁfﬁﬁssjmrn@adﬂee@Z ofid herhougingn its

cod Apsater aart A o0 tbe hoinon o0s MoV AL 10 en
recciase an tdug wamrd-cci Ir deIItECﬁ.IIg reguiTfseraemitdral 3,1 aofge B0 part 22
of g:}% %‘%ﬂugi%%oeacltéovqlays aT%ﬂuvﬁrCiﬂr%lHHc% %éc@lngéﬂ@% of the
feed 4 for material to be milled, the longitudinal axis of
which product feed nozzle is parallel to the axis 40 of rota-
tion of the classifying wheel 8 and i1ts drive or classifying
wheel shaft 35 and which product feed nozzle is arranged
radially outside on the upper part 22 of the housing, as far as
possible from this axis 40 of rotation of the classifying wheel

8 and its drive or classifying wheel shaft 35.

In a particularly preferred embodiment according to Figures 2a
and 3a, the integrated dynamic air classifier 1 contains a
classifying wheel 8 and a classifying wheel shaft 35 and a
classifier housing, as was already explained. A classifier gap
8a is defined between the classifying wheel 8 and the
classifier housing 21, and a shaft lead-through 35b is formed
between the classifying wheel shaft and the classifier housing
21 (¢f. in this context Figs. 2a and 3a). In particular,
starting from a jet mill 1 eguipped with such an air classifier

7, the relevant working examples being understood here as being
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are present one on top of the other in the

' [.on or operational state of the air
WO%@%@##?’G# 8 and are fixed by suitable rreangcl%Egﬁgo'?/OGO?’os
anot her. Suitable neans for fixing are, W?2008/ 046727

PCT/ EP2007/ 060306 21 for exd&wl e, screw connections
(not shown). Canps (not shown) or the |ike can also

rdeAs1 A aghable: fi xing feans o Mcadd tal Ik @ing very
esired point of the fl angte Cl rcum‘erence t Wo

fing RUMET & il Fangss 28 drits s J6tindtitled o GIPTising
an anoidterat & Qyraeni it i 26 Ssdhatsr af t em tah:&iﬁﬂlange;o the fact

engOISCHLID AEEns, ote, Oeer, Sl aserh 0, UPRET RS e oo

a ﬁdrqoém/verrqo&rhov}s tdfe tdwew t}mnsnmgaﬁ rtktdqerapnhure,cmlmn igfhovaticon

conpr & I V%I‘??% Ol’%pgjr?tﬁ%l[lj?g é%)fn J{Eeczég%f’?'%i%sﬂl%g of

CeSSI e fr ow an ower

clamsisi ryr 1RH riemaaisblax, Sttt olmard-ﬁ'ei‘nm@r;1 ofolt ke th compressed

gadloUsiNg d.n d4Udyy S 'B‘é!culfhﬂ”@y Q?ﬂ'tﬁ‘ll%nQieS:Lgn is pre-
substantially conprises the cylindrical «classift

. , I n
cisglanrdddie A Z2emich e Lb?r‘%‘r &ﬁﬁté‘reesrﬁ |<%ﬂmeII%Fr?§‘@ q-fé‘"
enedgy tfa PGS tOpeiheend @ndrie 15 Chadghonel 23 e, Chuith which

t ap. . 1y d ds.. .The disch 29
eng B T T Ty R B P houeTthg I UG Gne o g olaE
mildfirtcjweﬁcoztzrﬂas wirt miflllamge 10234 e Bpratsdrite tWpperirand’hus, high-
4 .
di seetﬁgar ga(ran%i (F)i ﬁog—lz%l%ary%/ ﬁbd%sglq?d yr'lte\rllv(gjé ér[wdal?ﬁ;égj%%u%ggs ?%Sge d.

28 are connected to one another by detachable fixing
In MRaN St nghow)e dd ki Hda Cidsdmfrrgitdalo fén@@e%rﬂahe one

I e

reqdzm‘e&l itthe dfulbwhiach cartéd «fi stad 0t e vasi frari sasrpessidal exially

1de assHT |%rﬁ%?10§tglnpr essor Lﬂgng Mé%f% %t%ﬁl qrfeSttJ]%lth its

upp@lraﬁ?d iJarst7 begfowt Hérg etowdy |dlﬁcar$eB g>rﬂ ﬁmehé:laSSlfylng wheel
g8, GHiddsalr diassiifyidg Ghamiarsi Ao Neusi 'Eﬂltz%lt'?&out being

subst antl al_part of the housing internal’s of the air
corgiegdGd tHisgete - YR tagt s ol &%l%“l’?@}c\ﬁﬁ)@@l ag the lower
end@f RGaABUPIRES neOVAle 20 in the form of a tube is an outlet

chamber 41 which is likewise tubular but the diameter of which
is substantially larger than the diameter of the outlet nozzle
20 and in the present woerking example is at least twice as
large as the diameter of the outlet nozzle 20. A substantial
jump in diameter is therefore present at the transition between
the outlet nozzle 20 and the outlet chamber 41. The outlet
nezzle 20 is inserted into an upper cover plate 42 of the
outlet chamber 41. At the bottom, the outlet chamber 41 is

closed by a removable cover 43. The assembly comprising outlet

nozzle 20 and outlet chamber 41 is held in a plurality of

support arms 44 which are distributed uniformly in a star-like
manner arcund the circumference of the assembly, connected
firmly at their inner ends in the region of the outlet nozzle
20 to the assembly and fixed with their outer ends to the

classifier housing 21.
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disc 32, having a | ower cover disc 33 axially a
di stance away and on the outflow side and h

WO OB/ DL T2 T0f * expedi ent 30 contour which are §¥#Zﬁ§%807/060306

bet ween the outer edges of the two cover discs 32 and
33, firmy connected to thes&4and distribu- ted
uni formy around the circunference of the classifying

TheV\’fb%eéletS ndZ% ﬁjeh%oca%e 2fr gtﬁhhn%e@ b |aa%§:’nf I-@h Znntfl®r housing

classifying ven vi upper cover
45 ditde IDwHI/| & et @ﬁéﬁr@@\lerdl@eemegfc 43 s chhgcgggaponds at

lea@!ltscépﬂjf}c;ﬂ%za@étlfyl W $ihde dikhe teud rtheOfbuttike chamber 41
clrassityin

8 conpris cIaSS|f n
anc iR P2 00BI0457 27 IBETParSROTORIS0E 53 inEer segponds
at Residt \wgiprddrimeer liyn tan texpedisertt evaferthe slkhedidyting wheel

t he cIa S|f|er ousin at t he p nd -a
8. %}en SHPC ﬁo " en |eﬁg| %e t]the G14SS] |g{ 30%5 ﬁ%’e fnnular
houslippprdSs arlte arg assinfyiteg Whewslly8 trortivict arvdiBly W|hr10z§1n in turn

is %Vgcr@qﬁg t?%ara's%%mb-ﬂgef 2 ?ﬂ%si' oy iRg (wheel,shaf b Ogém'ds outlet

out of the clas housing 21 in a pair of

chaghed Ipl at es 36, 37 which close the classifier

hou5|ng 21 at the upper end of a housing end section

38 int truncat cone at. the .t
Th%rﬁ¥9§¢&ssﬁﬁyﬁ gﬁ hEel~ A USeAY ?élgggh%%r%% of the
flipdsisage iw tdeotitcehi (meér |smug>\«f.t0 't h:élef dtlatsihdnal anov @meventing

of & | i f gel %EQ %é&% entd ¥ th
the rﬂﬁb g?é§éé%tﬁgtgq & ; nate%.ln dientd ¥nd assifier

an be coo in th orm of

howaaamgélndmtmtténeamap WSt Stfre téx%@&%%g%%@ﬂleeﬁa@t or more
exagﬁltyﬁgtﬂule; URRQIL %%vréeggqts\%th @bhc\l‘le\'.‘r:'e?)ﬂ Qs thée@ﬁlltu@tsmzzle
wer I.C I.n ur.n is coor
20 ikih 5 drgudionGRERa 13 et 8 HIE (rudrecde OE cRgular
hoxﬁi\tﬁj 4gﬂ %chEmﬂa ttfm&r@uttHeO\gapSItd:e b@ deptt Heeeemitie support
e et ween.t ClIrc ti :

arngo t §tEiH€'§|assPFy|€§n%ﬁ£%% %1 %%%ﬁ%‘&%ﬁﬁ%?%g%ssectlons
led dttedaugh \Mhdﬁlwraltlh@fhltﬂﬁ@ed:l@ﬁﬁe{fl@afrthowl@@ tZReand connected
v1ah%l1lrs|ll?ﬁa}éen ftlh_%err %%' @5 %f ftl'&%h%@ %ﬁl heusidag @RE shown) .

section 38, the upper pa t he hou5|ng al so
Th%@@wh%m%ﬁl@@oééctw @é@Sﬁéizﬂte téléf drr By 3f Beg tprated

platQr ameteid ahet @ahe ifslkehed cahed ergidstdiblal baxias efxially
adjustable annular disc in the region between perforated plate

47 and lower cover disc 33 of the classifying wheel 8.

The outlet from the outlet chamber 41 is formed by a fines
discharge tube 48 which is led from the outside into the
classifier housing 21 and is connected tangentially to the
outlet chamber 41. The fines discharge tube 48 is part of the
product outlet 6. A deflection cone 49 serves for cladding the
entrance of the fines discharge tube 48 at the outlet chamber
41.

At the lower end of the conical housing end section 38, a
classifying air entry spiral 50 and a coarse material discharge
51 are coordinated in horizontal arrangement with the housing
end section 38. The direction of rotation of the classifying

air entry spiral 50 is in the opposite direction. to the
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whi ch product feed nozzle is parallel to the axis 40

-_fion of the classifying wheel 8 and |ts drive
Wo%$0%?é§§7ézing wheel shaft 35 and which pro (Ch/ EF20P7/060306
nozzle is arranged 25 radiall outS|de on the upper
part 22 of the housing, as fa&#>as possible fromthis
axis 40 of rotation of the cIaSS|fying wheel 8 and

dlféét%ﬁvgfofo€$@§§ﬂlfé/f s SPA Indd ééuaa Jhe coarse
parti cul arly preferred I ment accor ing to Figures

maRyrighdi3CRIRES | ht et %a%waw cc%deerPEafs%cﬂ f"i’Jebrh fthe

ho@@m@lmdae@@t%@smfya nﬂlém%ﬁsﬁ BEh @ G ASSIAM Y with the
el haft .35 and a cl assi as_was

er ho
Lol G5 B8 S T S 99 et Yt T & g 53 with
thdeiyeen ¢ @faislsefq/cbamgsa\hwie&ahoaiMamjeasﬂ fis@td both
n S ead-t hr.ou blsforms

£l #‘%ée%z tz%ned ﬁgsg?f%% k%/%lenegf sehta? 315 e Catse5| fi%rone
andioust gy 35 @4n (negansg rwhdr stlci)rﬂﬂemcll-‘awf@r ahdl%at)eady for
opdfePasticular, starting froma jet mll 1 equipped

Wwth such an air classifier 7, the relevant working

exanpl es bei ng understood here as bei ng W2008/ 046727
Th@(&]ﬁlﬁ%ﬂsﬁhﬁr@ﬁﬂ%@ﬁ t&%@ﬂ%@mlmwmmed iby t3Ng,Flanges

wo&eoc{o S\?Q’e ]Ped prOdﬁq glr\l/ mefcgc_:l; ne glfr:)c%,_fl esgtll M and a

carri 1 ng
Slmpﬂtaeglrm:lew okwﬁardeﬁlagrra‘mcaés}r fi%r 7. In addition to
the fact that the mlling chanber is heated before
t he mII|ng phase to 5a tenperature above the dew

Finoliint: G tHE SEPRICANS iBHOWRRT0fF ‘chifated Srdteo mounted
as Convesduenaagetomidies iaonst sisll rodf |tu$ehldlg:left nozzle 20,

| assifier 8a 8 d/ or_ shaft | ead thr
ancséon'pcroersrsee Cg‘r@cgjs Ak oW BHER-S R t[o qﬂﬁ 05f7h can be
mourhies] desitgre |JSlrpErre-wa:34]se:Ify thee cumﬁmmalhamrrbefxf 4The use

of these conpressed | ow 10 energy gases with the
hi_ gh- ener gy super heat ed stea with which the mll is

At &P (RGUGH e AR 5G G Ginltets 24h PartSiddies 7 in the
opgRddiimg s"tcmzd &hdiin,Mdlld9xg Mez7 es prasenit AdRiRidvia the

o3 U A R, TR 3 00 Lo ST U B G L e
a gﬂHdEGHQﬂgnaﬁﬂémﬂuéﬁﬁ(Niﬂﬂuannumtry velocity chosen according
To the purpose. As a result of introducing the classifying air
by means of a spiral, in particular in combination with the
conicity of the housing end section 38, the classifying air
rises spirally upwards in the region of the classifying wheel
8. At the same time, the "product" comprising sclid particles
of different mass is introduced via the product feed nozzle 39
into the classifier housing 21. Of this product, the coarse
material, i.e. the particle fraction having a greater mass,
moves in a direction opposite to the classifying air into the

region of the coarse material discharge 51 and is provided for

further processing. The fines, i.e. the particle fraction

having a lower mass, is mixed with the classifying air, passes

radially from the outside inwards through the classifying wheel
8 into the outlet nozzle 20, into the outletr chamber 41 and
finally via a fines outlet tube 48 into a fines cutlet 58, and

from there into a fiiter in which the operating medium in the
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classifier housing 21 receives the tubular out |
WOZRPBACAEIE Mhi ch is arranged axially |dent|chF§ER?Pﬂ7/060305

the classifying wheel 8 and rests with its wupper end
just below the cover disc 3326f the classifying whee
8, which cover disc is on the outflow side, but

t | onnec t t un als ¥ en
sl O AT, el e S R SR TR B
sedaratsl florom ohea angiders &vagFEireConGhayent4] okhitée fines

ard S-drdRM S:%cflléqlilyarfr@rht thie diamter of wMiahg by centri-
substantlar§¥alar ger than the dianeter of the oufl et

fugtolz A% c2@Shdined fid thr d8entCARGSE AG teFamdl &1 §TAET t°
led®asind WICE A5 125> [hangd nas Zlh@ld:lhalﬂhteercoetfrsteh@la@etrlleﬂ_ or to

zl e 20. A substanti.al .ju i n . di anet.
o R AsRord fs b a fine (PR a1 Bludert g become
firoi Ir@tvm@zal a2Q iarie tsie eowticdt thlranier i41 dl'Eh:élaaﬂg;EIdeMlth

no erted into an upper cover plate 42 of
th% g&%g%éﬁ& ha%ber 41. At the bottom the outlet

chanber 41 is 30 closed by a renovabl e cover 43. The
Ow 1355 I I € QI Wﬁdél#ltﬂn%t ofMmazzl Q:r%@sa@écﬁlﬂdnetfrom the

chanmber 41 is held yralit uppo I

Ut AR 2Dt 1 S T e T Ao s Tt Ay
redﬂdnmwzhheund%ﬂmmﬁneﬂc@uﬁyti@tﬂﬁséhmbﬁ/axnwmet@de takes

elr 8N t | f .th | et
pldng Teadl 3% it MR QR g PP how
fIQNHWﬂlqaukytuhHQMgh ¢ma5§wﬁd§¢ lsbgsibgg 24, via the fines
oue@%%QQ§ﬂQA@%21n.gT&%%ZQQ%@Q@Q%Q@etZ%BTQ%dO%&E%hC%O%HE% a
I'S surroun a coni cal. annul ar hqQusin

qul&métn}oqur §er a&e@@éﬁ%@%@éﬁﬁ%ﬁ%ﬁ%ﬁ@ﬁ%&r or?dl§let
chatbed east E@Fiprt@ﬁilsﬂ&{e@s)bnt,o tiHae p&lo&Wt@VeOftutHéﬁ Squtilsetalso

chanmber 41 and _.t.he u tern dlanq;er

.. Sma
onT3F SR S Aot S dT o PRgtY in
thedicnetsart vafnat h&leella§slffoyn rx@a\meaesl reaat'lime; scup@ogpo@r PEpara-
4 e t. . the | llg nyl.ar [

cicf P AGI S0 Gl OF e AUaL p USRS o

outi e part e e asskrbiey p@@m@wgt@m S gy therzgore more
im0 QM 1i8fan the protective tube 57. Particularly important
is the jump in diameter with a diameter increase at the transi-

tion from the outlet nozzle 20 into the outlet chamber 41.

The air classifier 7 can besides in turn be readily maintained
as a result of the éubdivision of the classifier housing 21 in
the manner described and the coordination of the classifier
components with the individual part-housings, and components
which have become damaged can be changed with relatively little

effort and within short maintenance times.

While the classifying wheel 8 with the two cover discs 32 and
33 and the blade ring 59 arranged between them and having the
blades 34 is shown in the schematic diagram of Fig. 2 and 2a in
the already known, customary form with parallel cover discs 32

and 33 having parallel surfaces, the classifying wheel 8 is
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chanber 41. 10 The support arnms 44 and the annul ar

[ 45 are parts of the flushing air deyige
Wogﬁg%\ﬁé]gs?i% flushing air preventing the penétc%éfw‘%%ﬁtowosows
of material fromthe interior of the classifier

housing 21 into the gap betweeh the cl assifying whee
8 or nore exactly the |ower cover disc 3 thereof and

sth\Jﬂ? R’x‘tﬂ"ﬁﬁ npzzle 4o f?cpr 4 Neprdesy tvﬁbﬁ&%@ ee>$a!?rlp31e of the air

l'ushing air_to reach the annul ar _ housing 45 and from
cl@?n?e%%l%w gdp 3 %%V%fpﬁgef%?e,fqrﬁe’l%psﬂﬁdﬁ ORASRE 44
are in the form of tubes, vvith their outer end
sect ons. led thro the e of, t cl assj fi
h OUSI SSJZflylnr% "‘(]I':}bene;hgc aacc 1naq1 ton[]%(ge ?ials'lain& %’56 ctontalns,
infammrrgl aig ‘@wrke]eélctmoctlr@oi/ﬁw)wnzo tfre kmwidsar34, the upper

co 45 15, £19580 Qlet NEF AP DY 2 PrAaled §géﬁce
o 0 Sy

he gap itself can adj usta y an aX|
aw | et el eorariifd aro @R R it tHe rdgi P vbetittgen and lS

ro@@t’fil@l@t%@d alree afglsan‘ﬂ) |Woi§@i&%ﬂ dirse t%@ftﬂ&ﬁongltu—
cI aSSIf eel 8. The o tlet fr CJ;@W%:HI
efoar:‘rﬁsd: HfiSres l?dé“ei’sslon of
thewl"ti:l:di‘ssasfy:ent; fwrora It i& mtmﬂi&endﬂcﬂmm tcC|t&Ela°X1fH‘ 40 of
S|ngzlad| connect.ed, t angent.i al | qQ the
rOtaQEtJr et c%]anb(rel[r 4%6% %J“tnueds rh %Lrge fslr Classtﬁfler
7, orfeqamedlqurs)om‘i:twltﬂnheet Be @@ea‘lflébtdforrq:t@rte-ﬂg ag@r\i@glce said

lorq(%{t&(h . "Eg{‘téqear ? ﬂfultah:e Jd ml@mr Q@Hé'”l%wer

at t out O 41. At the | ower end
CO¥de Jo?ﬁ&ai %d’é’i%f@rfdl%c%% pLCeq t | CRdldliv ﬁqﬁ?gl%ﬁqs the

outedd YnSHi Taal 2 (60 @ 1A Lo8 B meerdcained:ltwafcg&hé]two cover
n hori zont al . arr angenmen 3:£4tht
0

ar e or déeﬁ %
Sh%%s, § I 3E° ¥ ire Hiteetd S oiFver 0
cortthea < ascsmfha ng 35 ant entany oqdi,r alrSnapliyn sdvér that the

. it ) . .
oL BT g, Lo e MO0 MR coner ioe 33 o
the|assi fap gl dfheglcBashfe fowar sée mdtner o i @@i@e B
inwSrdet achablyneoordidal ed i thy tde r HQUSIRG el does so

section 38, a fl angle 52 be| ng coordl nated with the
preferably continuou such as, for example, linearly or non-

linearly, and more preferably so that the area of the cylinder
jacket through which flow takes place remains approximately
constant for every radius between blade outlet edges and outlet
nozzle 20. The cutflow velocity which decreases owing to the
decreasing radius in known sclutions remains at least

approximately constant in this solution.

In addition to that wvariant cof the design of the upper cover
disc 32 and of the lower cover disc 33 which is explained above
and in Fig. 3 and 3a, it is also possible for only one of these
two cover discs 32 or 33 to be conical in the manner explained
and for the other cover disc 33 or 32 to be flat, as is the
case for both cover discs 32 and 33 in relation to the working
example according to Fig. 2. In particular, the shape of the
cover disc which does not have parallel surfaces can be such
that the area of the cylinder jacket through which flow takes
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- skigekRft diThd" P @0 1R Ffrpose. F o £ e st

| ower end of the housing end section 38 and a fl ange

53 wth 5 the upper end of the coarse materi al
WOZAQBAAGER 61, and both flanges 52 and 53 i nFFgrfE2007/060306

bei ng detachably connected to one another by known
means when the air classifie?8 is ready for
operation. The dispersion zone to be designed is

I gnat qﬂgﬁ§: : r I ;
plaldcﬁ%er edlgrgs, k%/to?l%cal{ﬂan 1o }fl anﬁ%)la»kq%r{n%%\éﬁ% i%g&%r%weradlus
betgeegyriztate BBt BiEad andrrynter deatgeabl®e

protective tube 56 is also nounted as a closure part

on, the inner wall of. the outlet nozzle 20 nd
The oV ESHHl ng 1 BT pOT e Ve 1y oat e
invbent fdn moilmn tabek comi de namely s |lwaof dthes:cutdlet ichdiser

41,. At. t he i nni ) ' f [ ;
aerih gl B Sl A Pl fid orking examples
ana |z Fii e di the meimtngd estP 14 264 el 1 (i AT air
mo BT Ya SRRl 0,4t dihg Aldn &l @Sl fl 871 hN@lch &he person

pressure gradient and with an entry velocite/df:hosent )
ocuments, 1in

paﬁjﬁdmifh?arﬁ henee | Assidy gl ailte hdléjhelmnSpr_Cﬁsemtﬂﬂ%ircais, in the
._in particu in conbination with the conigcity of t
ln%?f@?%tgloéhooaéetéﬁsoné%mt%tel%rf £ f%enélceaslcrrlprﬁlsoens de'Sne
wospin@l 4 yampwes dsid ntitdhed rasgiaoms ofhdrtee folias gilfeyidigwing and

, t X H . n n H |
colfFSlput L IREAR HaRolle LB oSy Hor o
In tirer prodhact, faldld imsriziielel fisrtonare acheqsigy possibilities
of oS Nyl 1 X 4 scHyaduedn: e coal 98 dmbenial .,

i.e. the particle fraction having a greater nass,

noves in a direction opposite to the classifying air
Witntithd heroceei afeofr thwel cioanrseraraterdidl alischarige i1 possible

| S, R oyl A durd her Saing: e JHRgs parti-

to %thl.it%rgy p%ér %Je%ar%gh on '’ harb%ag. ascﬁjower ?mas , IS P .
clam xetb vitltat tihel assttyisy ey hyagues magdivg IRpfhisthe size
dso L B8 QUi SEdgni AMEY g8 5%@%&1&%60@ assi (il agawbeeh o8,

into the outlet nozzle 20, into the outlet chanmber 41bl
valdiRl OF inad W ALE SN DutiRPAUgEHE int'd & % iffegible to
acrilJetrihfse Pk fd amddiere igdweia-Ifd |diefe idi syittutions by

the.qurating mediumin the
dry miliing.
The amorphous solids according to the invention are distin-
guished in that they have a median particle size (TEM)
dsg of < 1.5 pm, preferably dse < 1 um, particularly preferably
dsg of 0.01 to 1 pm, very particularly preferably ds; of 0.05 to
0.9 pm, particularly preferably dsp of 0.05 te 0.8 upm,
especially preferably of 0.05 to 0.5 pm and very especially
preferably of 0.08 to 0.25 um and/or a dgy value of < Z pm,
preferably de of < 1.8 pm, particularly preferably dgs of G.1 to
1.5 pm, very particularly preferably dgy of 0.1 to 1.0 pm and
particularly preferably dgg of 0.1 to 0.5 pm and/or a dgg
value of < 2 pm, preferably dgy < 1.8 pm, particularly
preferably dgs < 1.5 pm, very particularly preferably dgs of 0.1
to 1.0 pm and particularly preferably d%.of 0.25 to 1.0 pm. All
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W)2008/ 046727 PCT/ EP2007/ 060306 26 formof a fluid,
ol exanple air, and fines are separat.ed
Woéﬁgﬁkégh?%nunher Coarser constituents of thECHYfEEC07/060306
are renoved radially fromthe classifying wheel 8 by

centri- fugal force and mxed%ith the coarse materi al
in order to 5 leave the classifier housing 21 with the

ab&%éﬁlr@;eea 'p?elrtofclté) sﬁersclalaé ebasréé he, oérﬂeS%afﬂtel le size
housing 21 until it has becone fines having a

detepind et A S Indt TEY i adidifargel Wage ssguation.
cIaSS|fy|ng air. OMng to the abrupt w dening of the

ss. section fromthe tl et nazzl e 20 1
The %rexip an,Dseorll ac<d d]‘Jtnag,];Jcl alether e:l.élucetnt& ﬁnatyhgye gels but

ala‘d o hegd anpteys aff tdﬁ@rfpm‘e@/ aalimsct eyt akes prgslf@crably
t. t i rd t .y -l
sob{beg eco %1’Hg{< MY %O\MSJ stl S:{ gef_? ghﬂ%%%rtaf{%v?ﬁ%t%ﬁ. M¥s/or

OM/ve ocity through th
me 5 1n &3¢ dgut 116t Hﬁp&é%amta@q%cmanwﬂaﬁs atf 5§tadg of the

3rc:prd?ﬂ:UC43:1'P'?da}irﬁ FouRld oyt ifqabragad Bt eheals1@hent s.
t he of the outl et hambe 41 For thlilreaso

Tthsné-,l 'eéctti%t §h§7g ous solids

ham@cwtdmmnmwyee ofrhse:zhjcg:lmﬁd Owr\&h@mﬂa}teﬂdn sitiheas,
pyro %%S_LI fysltl g_nWheelslqlfc%%erﬁe:‘gn%?e\r/::g%t Ig%%. vve\}::er %ar% crL]llarly
pre(ﬁegc;mf gesigr <20 gsdts e aiowiing mdr@mltsh@sw@tlécasv@erogels

as tLhe 58 isdhenefore nore inportant than the
© protective tube 57. Particularly inportant is the

junp in dianmeter with a dianeter increase at the

In tar @isist tsipes ifanomnddeel iodhtet ez zie r2b dust @otlfieisOlaUc@trding

to %he 1nlgn%loq Fg%&g%%%%%ﬁ%%%rs7é§%% beSIdeélhg aggregates

and§@bdﬁ@@§w®@r@ﬁeﬁhelml@@sﬁhm@ﬂahousemngtaWﬁd tshéicas and/cr
py=BRAReL desqrd b%%d%@ he ;coerdi nati a0 3{' xlttlﬁ(:aces thereof,

cl"assifier nponents wth t he i ndi vi

hava@wgt ﬁhaﬁﬁl@@s Paéﬁdcéénﬁéﬁémds@ hicht Havanbetgrerably

5o dpiraged (Gan @1®!mdl3¥“§ﬁbf@&a§:§ly/ﬁi5¥ betbler ebfortm, very
paralggﬁ”aff?:sfﬂg‘?—“ ser P8 vaten Tha 1o over difbcd B itiarly
preferably dsg of 0.05 to 0.8 um, especially preferably of 0.05
to 0.5 pm and very especially preferably of 0.1 to 0.25 pm
and/or a dge value of < 2 pum, preferably dgy of < 1.8 um,
particularly preferably degof 0.1 to 1.5 pm, very particularly
preferably degof 0.1 to 1.0 um, particularly preferably dg of
0.1 to 0.5 pm and especially preferably dgoof 0.2 to 0.4 pm
and/cr a dey value of < 2 pm, preferably dgs of < 1.8 um,
particularly preferably dey of < 1;5 um, very particularly
preferably dse of 0.1 to 1.0 um, particularly preferably ds of
0.25 to 1.0 pm and especially preferably dgs of 0.25 to 0.8 um.
Very particularly preferred here are precipitated silicas since
they are substantially more economical in comparison with
pyrogenic silicas. All abovementioned particle sizes are based
on the particle size determination by means of TEM analysis and

image evaluation.
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33 and the bl ade ring 59 arranged between them and
having the blades 34 is shown in the schematic

WO2P0R(0AAT37 Fig. 2 and 2a in the al ready knoRRT/BP2007/060306

customary formw th parallel cover discs 32 and 33
havi ng parall el surfaces, theéOclassifying wheel 8 is
W2008/ 046727 PCT/ EP2007/ 060306 27 shown in Fig. 3

and 3a for__a f.urther rking I f e aj d;
I B D PP O R AR doue o G LRer Haval aasinf Coording
to Ties icivasdiifori regempsdls 8 racdergitiy 56 1Hicg. 98 lénd 1Baparti~

tai ) e ot g - wiith o he
Cu%%gégés@f,l% hrberag%%drgglg’cg}\%éﬁrﬁ zdc%???lggld%%he lI 0 " r i
dsocofef HiBcusa @ﬁeg&r@mlﬁdi%@aﬁééa&am hBREFFBHaRdY Prefer-

abl'tyg(‘cﬁ,E gl 0%@) DfG‘t@U% f%x@,w ﬁéﬂ%, gg@ﬂﬂiéﬁla{m %:@f@@bb%utdw of
e axi s of raotation _an s e |l ongitus na
0. it ok % MaaiFe i aakix et pfer]fuﬁfétbgiyar‘fg? r%)% Qi [gr%nts? op 8w
espfcidiNe drastdidfaning otherl0: dics (pér pendinculvaryt @esdegially

i.s,40 of rqtatd . €. e | ongi i hal [
pregerﬁ? it (:!‘anzl'sgci ide':r)ﬁf _)J’m %eng&a/%d{ Esé?%?‘g%%{?hgg <tﬁ2e( e,
preshesiy of deotcdt it are Herfcamsaird & Yishdiarddi maiefanadly doo
of & & ReJ pendigul afe.0f Nordzontally Hhe dawsy WYt @.SC to 1.0

33 on the outflow side concentrically encl osesatr%]{ﬁe :
nm,ouRd Kl AR Iy e fereipivadkes o34 Grle %brﬂwer’cﬂjé%l frgecially
préﬂ’%ké}ﬂ\&ﬁrdgg-%ﬂi(ﬁ.flﬁ 33 c:atmd ]jfth-atn'Eh&)hrt wo dpoveslaé ses 32 pm,
are now, i contras o the prior-art

o UGt ap ooy bl y? SUBh SRETL TS THY ¥ Shea LY e OF 0.03
to Updenngowerr ydimser 3z fraomh it hperedfoveroldi sk 33f oh- 1the 1.0 um,

t f 1.0w-Sj ' fr he: ring, 5 ;
e B A A
prafoesisly 2B peéf @rabl yocont i Whoully, akeegmert 1pppd particle

sifxanmple ndddeald vy o dideardy gad i ion by means of
TEbfr eferably so that the area of the cylinder jacket

FSUGH WwhitH fMRP S SRS Y5 T8 T emai ns appr oxi mat el y
constant for every radius between bl ade outl et edges

n AN oo n0fale glloThe Ol el DEIAN MULho o narrou-
ecieases oW ng to the 25 decreasing radius in known

posolaraytsl neeims lat ddshistioragpy dtidetsel ylooAdtafes i lues

a1t S SUMEOkd in embodiment 2, also has a pore volume of

0.2 to 0.7 ml/g, preferably 0.3 to 0.4 ml/g.

A further, even more special embodiment Zb relates to a xerogel
which, in addition to the dsp, deg and dss values already con-
tained in embodiment 2, has a pore volume of 0.8 to 1.4 ml/g,
preferably 0.9 to 1.2 ml/g.

& further, even more special embodiment 2c relates to a xerogel

~which, in addition to the dsp, dep and dss values already con-

tained in embodiment 2, also has a pore volume of 1.5 to
2.1 ml/g, preferably 1.7 to 1.9 ml/g.

The reaction conditicns and the physicochemical data of the
precipitated silicas according to the invention are determined

by the following methods:
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In addition to that variant of the design of the upper
' 32 and of the | ower cover disc 3 ' [
Woéggﬁalnedégbove and in Fig. 3 and 3a, it isigﬁgg%EOO%/OGOBOG
possible for only one of these 30 two cover discs 32
or 33 to be conical in the nefner expl ai ned and for
the other cover disc 33 or 32 to be flat, as is the
rarisa d oifotdetedvaimatiicas 32 and 33 in relation to the
WOT'Ki g exanple according to Fig. 2. In particular,
the shape of the cover disc which does not have
In pziralﬂcéllcsum‘gacee@nt;ﬂresbe msudh A% thiate st héhiareareofe e sured

by %llé/ F:b% t&{ﬁa%g%% %qi \Ix‘@e%{% é:%lé}?i#stagflt%e%em%%%%/do %pc?%arlous
léﬁ;ﬁoxﬁhﬁatr@la;ﬁoébrfﬁramhlfsorlse\téﬁt rtddi B2 rtistiwe e dsisade

merRUld Rl adges and i |cﬁfteﬂ1%zzz}eery2%1d@%dr&\i%1té Q.zd Bange

rticul ar. the process according to the invention, is

]égkﬂﬂ ¥%%%ﬂv1byQﬁ%?Qﬁ“%&éﬁpm§q|?%H%§?§d particle size
of &eﬁs:rslatﬁtpl@n ta@n(l’bel Tllrivfé%tci(fjg%.\/tdhelég By dﬁyﬁb eafe rith ehewioki ng.”om among

e es nd.not .Iimted thereto npri s
e R Srg L A rionet S AT ICGRs Bayq Ehetetore be
suuﬂahﬁauﬂn @m@hwh@@m .the person skilled in the art can

derive fromthe present documents, in particular from

the clains and the general presentations in the 10
PaiiGl6dubBiVoR Jo 1t R eddss Msdiion a3d tiked ededas pifi gpout

> HM:ﬁhh@eﬁ@oﬂht@@nﬂhéﬁpkﬁﬁr@ﬁ%ﬁ§|@§ @b@@@@ﬁagth@%@QﬁFu@s having
[LO1_essl ona

ne
B e age TAa ChE B o Stz it GRFLCdras, Mgy prere investi-
gatiendibyi @@ahsfeatmmeslam@rd@aﬁgmapmasmbmbmhb@s aatl THES

anal %%%t@Ong % %Q%ﬁ& ia%%%ec %e%?f%%wga@%ch%é ﬁéklng an

€ process “descri |n nor e eta|
expﬁ§§§ﬂbmédlﬁ6 ﬁﬁﬁﬁléﬁﬁ gégier ed partiScch@s, in particul ar
annrphous parti- cles, so that pulverulent solids

I d50 of 1.
Then R B P RECof OF SeBIENANGR A 808 VAl Getor 2% BrTatened in
theobtampéds e paetieculiar caich icaspodsi hhe tebl2@ aghiewas of a
foogﬁ%%% p%%' EJE?ti'c%%S s9LRaLHL Che 37 & AL SLELBUE LOPR DY 41 s

relate exclu51vely to the determination c¢f the particle size by

means of transmission electron microscopy (TEM) in combination

with image analysis.

1. Determination of the particle distribution by means of

screening

For determining the particle distribution, the sieve fractions
are determined by means of a mechanical shaker (Retsch AS 200

Basic}.

For the sieve analysis, the test sieves having a defined mesh
size are stacked one on top of the other in the following

sequence:

Dust tray, 45 pm, €3 um, 125 pm, 250 pm, 355 pm, 500 pm.
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The anor phous solids according to the invention are
I St n- | shed in that they have a nedi an parti
Woéﬁié/€$§%#5d50 of < 1.5 pm preferably d5o <$§#ﬁ%§%007/060306
particularly preferably 25 d5o0 of 0.01 to 1 pm very
particularly preferably d50 0120.05 to 0.9 pm
particularly preferably d50 of 0.05 to 0.8 pm

Th<§SP<§§L'1ﬂL¥ péfé'@é a@&)’ePflg J@g’s‘@&q@d S PNt M8F g machine.
especi al | y pr ef er abl y of 0.08 to 0.25 pm and/or_a d9o

FOyateeeRing Py o peferabl 2 ioieioned acpmately to 0.1 g
anPafddicdl es | yhprefesabye dOwd Of ind Slede S Pidr VEIBaking is
¢ artlﬁ%arl referably d9o oflotldto%%pmand
SERRrETAUT Gt 15 BrET TRty YO0 S 5 % pm and/ or a

d99 value of < 2 pm preferably d99 < 1.8 pm
Af’@@ft’ﬂ:}‘f’é‘l@é%é’enﬂ{ %b&é/e ggdﬂéhesd p&ﬁf"&?ﬁﬁ’omatl Cfally, the

partlcu arly prefera pm an

inghiay Pewt af 130 hret erat yr%pg@lqﬁef@) @csﬂt@‘qéwmﬁ Gy} g. The
£ r 020084 062 T PG £ 4060306, 28 @aboyveieitd onetbe moisture

article sizes are sed on the particle size
LoRIBrif hat FITr BYS oFY TEN 3i% and i mage

eval uati on. The anorphous solids according to the

gﬁ%: o
The ny&ﬁ}h%cg;h SO %e &ﬁh%é);r e pr e er ait}ieir %%2&?8 ghould give at
Lexwnt 4 ik ngt orr dohsisthnglofe dio |@aasltuaatr% e dleahld! or

nmetal oxide, in particular anorphous oxides of netals

of the 3rd and 4th main group of the Periodic Table

of the Elenents. This applies both to the gels and to

t he anmorphous solids having a different type of

st rﬁ’&ééﬁfr&nﬁﬁg FBE alyrd ﬁéz.lﬁ:i?@& é@z&y&ﬂm&ﬂéd GR35 means

SilTTates anu Srirca gel's. arg parttcatarty  preferred,

Si IQf'al&ﬁﬂrc d#ﬁ##ﬁtﬁpm\/mm&& LA 300 as aer ogel s
as well as xerogels. In a first special enbodi nent ,

t he .anorphous so accor.di |nvent|on e
The, i T (s T e oA A i et ea by
th@g}gﬁmr@lmaqwqﬁa@:mﬂmlmrmmlJtaasteed cSuﬂﬁIcmS:ometer (from
Hofyggor enic silica and/or silicates and/or

n1xtures t ereof, having a nedian particle size d50

of < 1.5 pm preferably
First, the sample of the amorphous solid is dispersed in 100 ml

of water without addition of dispersing additives in a 150 ml

beaker (diameter: 6 cm) so that a dispersion having a propor-
tion by weight of 1% by weight of SiC; forms. This dispersion is
then thoroughly dispersed (3C0 W, unpulsed} using an ultrasound
finger (Dr Hielscher UP400s, Sonotrode H7) over a period of 5
min. For this purpose, the ultrasound finger should be attached
so that the lower end thereof dips to abcut 1 cm above the
bottom of the beaker. Immediately after the dispersing, the

particle size distribution of a partial sample of the disper-

~ sion subjected to ultrasound is determined using the laser

diffractometer (Horiba LA-920). A refractive index of 1.09
should be chosen for the evaluation using the Horiba LA-920

standard software suppiied.

All measurements are effected at room temperature. The particle

size determination and the relevant sizes, such as, for
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d50 of'< 1 pm particularly preferably d50 of 0.01 to

particularly preferably d5o0 of O.
Wo%ﬁég?ﬁﬁ %Llarly 20 preferably d50 of 0.05 t&é%é?ﬁé%&%/060306
especially preferably of 0.05 to 0.5 pmand very

especially preferably of 0.13% 0.25 pm and/or a d90
val ue of < 2 pn1 preferably d9o of < 1.8 pm :

C | 99,0 RRomA®i¥all
ié U%I?é [%/(aplf an?/ygd%d E‘Pg gi a%e a r%m ixally

rt|c prefer

Tated AT yEhw edorbee yARD bIt B oaq % oglaalsh pmghdtnforma-
tléﬁp&% ahy SpefLrablyito0roft Dods tonHakd pie edor a
d99 value of < 2 pm preferably d99 of < 1.8 pm
particularly preferably d99 of < 1.5 pm very
particularly preferably d99 of 0.1 to 1.0 pm
particularly preferably d99 of 0.25 to 1.0 pm and
espeC|aIIy preferabl do9 of 0. 25 to 0.8 pm 30 Very
a3 sle s s PEET T 3t 13 cas
si n@@anérﬁ@ysﬂsze éyé@&ﬁcm |1@iéz¥o§@cﬁ;@y eommm&ad inlage analysis
corffparison with pyrogenic silicas. AT abovenenti oned
particle sizes are based on the particle size :
Thelgtespanmt ion &F teantsr afsTEM ol bt st o nigmeeraphs (TEM)
e WQ%Q 0467 2 306 30 In a
lss%%%%%E%%eC|a ﬁ% ﬁéﬁg‘igﬁ%ﬁgﬁggﬁagﬁg sol i ds
according to the invention are gels, preferably

FosSithé& an@éﬁﬁrerhéh@@r}iésenﬂ L&rarlr%eﬁzﬁ@g@hél;@il:ﬁ,erﬁg@&&smls sion

havi ng a, nedi an pa
SESER F S TR b Sy Tkt (VA LEP TR
ac@lébemtibrolvctbta]g@mf v]ezr@/ }p\a)“tls:uhmdiy Thefdiabial dﬁmage
I
pr%é %gjfr%s %Qf?e espe %ﬁj}gre er aﬁ@é%%) %r%gostcgfto ISmaglng
Sy piarand( VEF y P@@mm | Wes tmfeaf Fabl yITlg mragfam (voss ki 1TEM
g @Mgg(ﬁsé5d9o value of < 2 pm preferably a d9o of
0.05to 1.8 pm particularly preferably d9o 10 of 0.1
to 1.5 pm very particularly preferably d9o of 0.1 to
Foﬂ.ﬁherﬂat¢mmimanﬂ®néy Fraferbbtys dop of tthd 4o ypmsolid
especi al | re n r
2r &SRR P LA AN OB D A0 S A RN
1scplalrcppm3af1q/ ok ef 2raib yi doed d;ﬁa‘@ejgg and treated for 15 min

with ultrasound {(ultrasound processor UP 100, from Dr Hielscher
GmbH, HF power 100 W, HF frequency 35 kHz). Thereafter, a small

amount of {(about 1 ml) is taken from the prepared dispersiocn
and then applied to the support grid. The excess dispersion is

absorbed using filter paper. The grid is then dried.

The choice of magnification is described in ITEM WK 5338 (ASTM)
and is dependent on the primary particle size of the amorphous
solid to be investigated. Usually, the electron-optical
magnification 50,000 : 1 and the final magnification 20,000 : 1
are chosen in the case of silicas. For the digital recording
system, ASTM D 3849 specifies the suitable resolution in
nm/pixel, depending on the primary particle size of the amor- -

phous solid to be measured.

The recording cconditions must be combined so that the

- reproducibility of the measurements can be ensured.
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to 1.5 pm very particularly preferably d99 of 0.1 to

1.0 pm_ 15 particularly preferably d99 of O. 25
WOZBH?AE663§5e0|aIIy preferably d99 of 0.25 td&F %F%#ﬂé%/°6°306
Al'l abovenentioned particle sizes are based on the

particle size determination B neans of TEM analysis
and i mage evaluation. A further, even nore speci al

Theagpagbggﬂglzg %Eké&?g %geﬂgsgBEQ 8tg9 POL €, %efﬁgeﬁasis of

, In ad d99 val ues
theatreadyiesheni pedct RORNMBOAFABAEPRS BRSH hasl@apefenith

sufY?EHQﬁt?? cglgthOQtZuFE/gThQVSESEQPEMt@oﬁ 69 Phd particles
/g even nore speci al nﬁodigent é
shopgflapes P% Boaeﬁ%@éﬁ WA che FhCéaa.F Bhito®f ned85d°
posQQBl@nEedQQpaﬁbU@Q ale@adyecanotB6rt arnedei should be as few
Ebo i ment Q s a pore volunme of 0.8 to 1.4 m /g,
oveﬁ 5@ ?

8P8r aBI §°9 1.2 m/g. Afurther, even nore
speci al enbodi ment 2c relates to a xerogel whi ch, in

Aft@gdéggﬁﬂlﬁg §Q919§Q 1ﬂ§8eaggcgggn¥abﬁe§ @kﬁe§9¥p§9Qtlon,

tai ne Iment 2, "al so has a pore vaol une of g
suifabie Qeilﬁﬁﬁgargr@Péraépyn@l7g%é §e4eRfFY: Theshoiild be
ensheaat heReCORdtt tpaSrandot be QﬁM$R¢OﬁQQMhﬁahndalar@é

Itated siljcas accoidln to the Qvgntlon
t

t he r
parhi a8 bpt hER CBSSERELTSI FOWPRG nat AgBes oLt ELvt tha
chaM@EB@BA@46&23n&€ﬂh€9@0@§/ﬁGOééﬁecBiveP@r&fetensezef smail or

deternin n e i.ng exanpl es, particle
largy, BsmC 8&%8 b#ethgas% %Qﬁ%y one of the three
foll owi ng nmethods are nentioned at various points.

The TREtE@A8ORALELT ok hh§gksghbak tbebﬁaﬁéhghﬁealaéﬁeﬁds on the
nentloned there extend over a veriﬁmnde gﬁrtlcle ize

scafhfiger (FP2089RRTEB 20002 Pij . “BEpedliPRG ofitthe®s ©°S mOrE

parexpeébeﬂapartbcbe seézeurell theosdapl eoterbeve at an adequate

stigated differen 0 h
stabAYELERa. <r35 Rabklr obbnt PRerRots rey t heref of 6 Be ~ 0"
indsuitiablepint dachscase. m¢@sPaeti cl es havi ng an expect ed

nmedi an particle size of about

The determinatiocn of the primary particle sizes and size
distributions is effected on the basis of transmission electron
micrographs prepared specially for this purpose; the latter are
analysed by means of a particle size analyser TGZ3 according to
Endter and Gebauer (sold by Carl Zeiss). The entire measuring

process is supported by the analysis software DASYLab 6.0-32.

First, the measuring ranges are calibrated according to the
size range of the particles to be investigated (determination
of the smallest and largest particles), after which the
measurements are effected. An enlarged transparency of a
transition electron micrograph is positicned on the evaluation
desk so that the centre of gravity of a particle is approxi-
mately in the centre of the measuring mark. Thereafter, by
turning the hand wheel on the TGZ3, the diameter of the
circular measuring mark is changed until its area is as close

as possible to that of the image cbject to be ahalysed.
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> 50 pmwere determ ned by neans of screening.
i, cl aving an expected nedian particle_size of

WogﬁééfsigZ%ypn1mere i nvesti- gated by neans cﬁqué?P20°7/060306

| aser diffraction nethod, and TEM analysis + image

eval uation were used for part¥Zles having an 15

expected nmedi an particle size of < 1.5 pm The nethod
rrégednf oy, deter g ping, the @@r%%ﬁaﬂzg@& tr‘lcg?eéjifbéhlar. In

the exanples is stated In each case In the tables by
thipafdsef BOFBoR Rt eSeThboparef cliee Pakkiakg chbgle Project

befBndi BRetnéAstPen€l @h FB héied at @ IwxXchasdyel Ywith those area

determ natjon of the particle sjze py 20 neans of .
se P F LR S8 BRF dheat Vo o T b CURy It TR T ot TR R ticLe
bowndldry megecanahysimsatdh et dseematada, ofhd hectpaal icdenting

' i but | f creeni 25 Far _.deter m ni ng. .
prgrEtE P Bl e SR D B e g e 4
thelet ey hdhedt byhereesrsswf ing meehiani ¢ abe shakareqd Ret sthmaasing pin
st 200 nBashFlwaFE, the sieve analysis, the test sieves

havi ng a defined nesh size are stacked one on top of

the other in the followi ng 30 sequence: Dust tray, 45
Thega 68 pm tHL5TENN ¢ 260 g e3dp PNm®dOH pigain ,dn the evalua-

. W2008/ 046727 PCT/ EP2007/ 060306 _ 32 The.resul ti .
©1 P S0et et T} < 1S AR 10T e AU ek e, L gjeasuzing
masicr genberg, mA0h ghofarsd| ¢olirar engwgh givedace urate] feded. This

is Ordodat dded, 10 f{PPee%'@éq 51 &Y & Aot 6 Fi&Y & n
lsto%\%r, %Egtl ng is eé‘{%ct ed tor ufnf nut es Gt an(':JS ©
evahiA FieeS oIt B ios Afaws R seraai iy Hed been

switched off automatically, the individual fractions

are rewei ghed accurately to 0.1 g..The fractiqns mnust
Th%en%l?eg]%e(ggo?arrec]tq yesaﬁi%rb%hca%nn%dsi&ne & |s°(rh?%’e scatter of
thd qusesi oy otdwer ilse Jadstidy thies riesulitises ke quantedles have

to V}?é gc%lﬁiﬁgd til'}? d%y'@éj%rgf\%td@% %H‘B’ngt% V& Alistical

conclusion. In the case of silicas, abcout 2500 individual

particles are measured.

After the end ¢f the evaluation, the values of the individual

counters are logged.

The median value of the equivalent diameters of all particles
evaluated is stated as the median particle size dsy. For deter-
mining the particle sizes dsy and dsg, the equivalent diameters
of all evaluated particles are divided into classés of in each
case 25 nm {(0-25 nm, 25-50 nm, 50-100 nm, .. 225-950 nm, 950-875
nm, 975-1000 nm) and the frequencies of the respective classes
are determined. From the cumulative plot of this frequency
distribution, it is possible to determine the particle sizes dg
(i.e. 90% of the evaluéted particles have a smaller equivalent

diameter) and dss.
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10 least 95 g in order to be able to evaluate the
resu Determ nation of the particle size

| Wo%ﬂ@ﬁ%Qﬁﬁﬁ% Ton by means of laser diffraction F?B(FB%091/060306

920) The determination of the particle distributionis

effected by 15 the laser diffraction principle on a

| aser diffractoneter (from Horiba, LA-920). First,

t he sampl e of_ the anorphqous solid is dispersed in 100
De tgrmiga tians of,\ithen sPesddic Srdacs azeas (BETIqdi ti ves

ina 150 mM beaker (dianeter: 6 cm so that a

di s er.si.on havi ng_a praqpar. 20 t mei f 1% Db
TR oS08 PP RS drEfer O o (ReRC Lo 8% BET
sunﬂamQO@QMay ahifs rdres ok LeGh 1Ak tumpllisied) susietigramned on the
padld raf;:’l%‘égad 57940956 1 El'sﬁ_%%ﬁftglégé‘%(}ggzx§°%%b°9%vt'@e
(MJ{QWG@I@SH e FUS o iod Nie JREARaAt 198 ERgPTERAY to DIN
15d @wer; end thereof dips to about 1 cm above the 25

bottom of the beaker. Immediately after the

di spersing, the particle size distribution of a

partial sanple of the disper- sion subjected to

ultrasound is determ ned using the | aser

diffractoneter (Horiba LA-920). A refractive index of
Detexpd nadyion @fhahehNe ROFar vehina  andathe poxe npadies
di safiihd ilohr 920 me3Bpoirandacd1sdit By aisuppentdorption

MEasUTr enNents are effected at roomtenperature. The

particle size determ nation and the rel evant sizes,

Thes poti nas plfeoo \W2068/rete727 iBCPEERZ200T/ 060306en330rption at

77 %xq%%h%meEQ§cpﬁ h%h? %hée%aﬁgﬁeagg gg%oraggsﬁ orous solids

automati cally cul ate evice an tted as
(2 angrgpkl Fﬁeppﬁﬁoﬁﬁﬁmeﬁﬁéﬁ and t he operating
instructions should be noted. 5 3. Determ nation of
e particle neans of. _tr sion_electro
Ther RGPy LTV tahlie| FAGE ndFySret TRE aPRpaeatrenied ot
accoofrcdilhg toalIi $$i1G4 eue¢EmmﬁnataD@gpéph9e(EEwp siige
dls%EE%%Eﬁ%nOBnhh%fbg% ?ec1§IM Qu%%é%eoaregogftHgsogorous

ements b mage anal ysi' s transm ssi
solids by nitrogen sorptlon, method accordlng to Barrett,

Joyner and Halenda (BJH}).

Drying of the amorphous solids is effected in a drying oven.
The sample preparation and measurement are effected using the
ASAP 2400 device (from Micromeritics). Nitrcgen 5.0 and helium
5.0 are used as measuring gases. Liquid nitrogen serves as a
refrigerating bath. Sample weights are determined in [mg)
accurately to one place after the decimal point using an

analytical balance.

The sample to be investigated is predried at 105°C for 15-20 h.
0.3 to 1 g thereof is weighed intc a sample vessel. The sample
vessel is connected to the ASAP 2400 device and thordughly
heated at 200°C for 60 min in vacuo (final vacuum < 10 um Hg).
The sample coocls to room temperature in vacuo and is covered

with a layer of nitrogen and weighed. The difference from the
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10 el ectron mcroscope (fromHi tachi, H 7500, having a

maxi mum_accel eration voltage of 120 kV) is used. The
WOZIQB 446 Tdhhge processing is effected by nea|?§T6FP20°7/060305

software from Soft |Imaging Systens (SIS, Mnster,

West phalia). The programversiion i TEM 5.0 is used. 15

For the determ nations, about 10-15 rrg of the

anor ph solid are Rey st pr. t.er :
weL q% uorjgw(ské% HERIET s%lplflopcgno%f% %divgtp?ﬁ%e%%ﬁd grves
thevater)t asmhpreatsdfor 15 min with uItrasound

(ultrasound processor UP 100, from Dr Hi el scher GrrbH,

HF power 100 W HF frequency 35 kHz) ereafter,
Thes e SPEPRuntS 6tf {4bisit 2CAH94TY tfaCk errocﬁﬁ%%emg
inPnapay eshdisperisd aeammkdhen applied to the support

grid. The excess dispersion is absorbed using filter

paper. The grid is then dried. The choi ce of
Fomregra fuaainiortlis Hesoriebad Lumel TEMAKIB388LEASTMPO BRd, the
adé lfj&ﬁe\ﬂgﬁﬂﬁ Ofy (8 P Y &?rﬂﬂé|k%sslszeopftﬂehejesr?rptlon

ous 25 solid to be i1nvestigated. Usuall
br@?é“et [RACO PTG e feiniBq it TG B Goore dalr?dnettr?é of
< 4d nah) magni fication 20,000 : 1 are chosen in the case
of si I icas. For the digital recording system ASTM D
3849 specifies the suitable resolution in nmpixel,
Thej@zremjilrfg:lbm tdhies tprierjerpars i@l le sl geebfort HdeaarkmrsigeL the

%ulg}tjé% lli'jf}oc‘%nekc]l W%C@f%r%g%%%oéﬂw (= F.

Baﬁfﬁ'd’surleﬂ&t JREE e Rrsurted w2008/ dYe7 Chiem. Soc., vol.
73 PG £P20OAH 060306 34 tlhe dndi \ditad i paritdicl@se+te, be

‘characterized on the basis of the transnission
el ectron m crographs nust be inmaged wwth sufficiently
Thesrd wgxr apntours . sHwe disty idiuniadreof AMHE par tdx]aslated
t &qu Juarticles should as far
acggpcglrggos& b% b@%seglgegat dah%r om one anot her. There
shoul d be as few overlaps as possible. After sanpling

APIYaIim@uUs= | 1EEE -Segdd aprsr Ofvl M Pin€pan aBEGN surface area
[m?/qg] .

Determination of the moisture and of the loss on drying

The moisture of amorphous solids is determined according to DIN
EN ISO 787-2 after drying for 2 hours in a through-circulation
drying oven at 105°C. This loss on drying predominantly

consists of water moisture.

Determination of the pH

The determination of the pH of the amorphous solids is effected
in the form of 5% strength agueous suspehsion at room tempera-
ture on the basis of DIN EN ISC 787-9. The sample weights were
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sui tabl e regions are correspondingly selected. It
shoul d be ensured here that the ratio of snal
WOZROB (M &R | arge 10 particles for the respectEGFd EP2007/060306
sanple is representative and characteristic and there
is no selective preference of3&mall or |arge
particles by the operator. The total nunber of

ch%ﬁ%é&gﬂ&ﬁ 1% b&é@ﬂ?ﬂ%&?@} arQe(E‘fj el tgkeancﬁé?dt&f L g of 510

aggregat e sizes ger I'sis, t
pe%&@@@hﬁ%@%ﬂ%@b@h&%ﬂ@ww order to arrive at an
adequate statistical conclusion. In the case of
silicas, about 2500 individual particles are
nmeasured. The determ nation of the primary particle
sizes and size distributions is effected on the basis
ﬁHEEE ' j crographs prepared
De%rcr{l,:ui arty ?%Pﬁﬁﬁﬁ%ﬁl S%;ch%%ﬁ atter are anal ysed by
means of a particle size analyser T&Z3 according to

Thimﬁrawmemmq{lﬁn@r )C,ar»meﬁi SIS .2 T fMd 1€ the

nmeasurs i | ocess || S supp b e anal .
b R AR A 055 SO 1%t 13 M T h G dfgeasie of
thars-ada bt BY a0edr dsgidbldve: 25 size range of the
particles to be investigated (determ nation of the
smal l est and | argest particles), after which the

12 rela st 57 L W e ARREP IS B it i igh d G eiis Hesy iRyf STt
+ 2 28y ansd tion-@heedd om e cregratkdes mr&u@we@mdm number

I at desk .so that the centre of, a
27 G0 % T B e B e St e Ten T femping of

therre:a,suﬂremgf:mﬂ-rém omerrmafﬂcen'qud)ytranﬁdudagr)t h@ﬂ:ftﬁnd:mtmﬁm
miﬁgrrig}g{(h aadlgrg_e fgt:%]; ;apte a CsI rec%l Y F%Slypnﬂg dibutyl

ange ose
p tﬁo@s’iﬂﬁ elEt & ddkeat dﬁonm@& rm:gethﬁbjr@ettqr@ lpet @1&46\]2§ed>f

4 DRPOB/NAGIZS, REHFRZ00/4/ 080306, 535 o%f@aqqléentéﬂébetr{b%r T 90/50

structures to be anal ysed are not circul ar.
Dosdanas" + Rbisel i ddt &I Igis dininheé pgéﬁ%lcl@%ﬁ @Wd lS

mo Q) @ bibenit tde ﬁmmrgmam&ﬂ%m@we tewea-dmtehednd of
engtdfithose Aes sectlons. of She fmasdring TRA Yo"

indicated by a sharp increase in the force required. When the
display shows 600 digits (torque cf 0.6 Nm), both the kneader

and the DBP metering are switched off by means c¢f an electrical

contact. The synchronous motor for the DBP feed is coupled to a
digital counter so that the consumption cof DBP in ml can be

read.

The DBP absorbed is stated in the unit [g/100g] without places
after the decimal point and is calculated using the fcllowing

formula:

VED *100 , g
E 100g

DBP =

where DBP = DRP absorptiocn in g/100g
V = consumption of DRP in ml
D = density of DBP in g/ml {1.047 g/ml at 20°C)

E = sample weight of silica in g



10

5 boundary. Once this match has been nﬁde, the actua

] rocess is triggered by pressing a foo
Woé@#?%hgg*%i particle in the region of the m&%ﬁdﬁﬁ%?°7/°6°3°6
mark is perforated by a marking pin striking

downwards. Thereafter, the TEMtransparency is noved
again on the evalua- 10 tion desk until a new particle

| s adj usted ynder.d s, | o TR A ey i .
and counting proé%dhremﬁgﬁg%fecfé Ih%' I's %ggﬁg;%§¥reCtlon

unti | altakyEe4 it & ¥&4li red according to the
eval uati on statistlcs have been characterized. The
r_.of artlcles o.be co nted depends on
mnddRRF e BRI 62 0 R OHIL SEn iR, oty woLias.
Wltlhe’glmeerlesepawf i Toh Bt @N@Clpntémee@owﬁﬂmbs morgierido gels, the
co?fééﬁ’ia @tv fu@%qé‘rgtg tztg%"&t{k 1nt9c9n§ééjc§dr?@ﬁéf] éarheculating

case of |cas dual " " par
th%é&%%r%ﬁom%@nt @Je%dvéﬁfu@ r@arevlaer: W i omingrk qralﬁlees basis

of Ofnhd heo ke tvi svad 2 RO Ko er so Ar& dmoaed. ; The nediah o r

val ue é t he equival ent dianeters, of all iartlcles
corituated i & s‘f%ﬂléa B P AN Partd e ¥ 2P Ysp. for the
DBFb €let e tormi Mg Iﬁdfhestp.aﬂ“é lccﬁ etkse zes]l 120 @b Qe tdhi€lica gel

val ent dlanet | uat, artlcles are
lsdﬁgeutdgdllnc%o " T Hs lerg-:’o‘“_fol e G'ht 29 IR et the
noiglus-G0 ofm tisD-Ugds nm dryi5-&Srmied36:19%6 nm
975-1000 nm and the frequencies of the respective
cl asses are determ ned. Fromthe cunul ative plot of
this frequency distribution, it is possible to
determine the particle sizes d90 (i.e. 90% of the
eval uated particles have a smaller equivalent 30
di aneter) and d99. W2008/ 046727 PCT/ EP2007/ 060306 36
Determ nation of the specific surface area (BET) The
specific nitrogen surface area (referred to bel ow as
BET surface area) of the pulverulent solids is
determ ned on the basis of |SO 5794-1/ Annex D using
the TRI STAR 3000 device



‘5 (Mcroneritics) by nmultipoint determ nation
according to DIN 1SO 9277. Determ nation of the N2
WO and the pore radius dlstrlbut|OWQ%¥EP2°°7/°6°3°5
mesopor ous solids by nitrogen sorption 10 The
princi pl e of neasurenent is bBHsed on nitrogen sorption

at 77 K (volunetric nmethod) and can be used for
Mes o orou SQ e ef !hﬁ _
Mo et & i %% onﬁoéjri%%glpé]o:%&g %@O%‘?%k@% on 1s carr ied "

anmmer@@cordlng to DIN 66134 (determ nation of the pore
size 15 distribution and of the specific surface area

of mesopdqrous solids by nitrogen sorption; nethod
accor di nd -tto "Barstéts,  Joyner and Hal enda (BJH)).
Dryi ng of t he anorphous solids is effected in a drying
. oven. e sanpl e preparation and neasure nt are
° @PF@GFéS udi ng the ASAP 2400 device (f
M cr oner i eSS Nt ogon 5.0 anmLJuNaa&muE—O—a&e—used
o 8s neasur%pg gases |qU|d ni trogen serv as a v
refrigergting . bath. ZSaane weijghts are determ ned iin
[mg] acqurately—tooene—placetafter—the—gdecral—potnt
1 using anjanal ytical,Jbal ance. The sanpj¢ to be |15
investiggted is predried at 105C for 15-20 h. 0.3 |to
1 g thergof s werghedTnto ajsanpte—vessel . The
> sanple Jassel is clamected toithe ASAP PA®O devicqo2
and thordqughly heated at 200C for 60 mp in vacuo
(final vgcuum< 10 [pm Hg). The sanple cppols to rodm
3 tenperat Y28 in vacu@4and is coZéred 30 wid'h a | ayer|26f
ni trogen Jand wei ghed. The difflerence fromthe
W2008/ 046727 PCT/ BP2007/ 060306 37 wei ght of the
4 nitrogenf8 | ed sanP@% vessel |#°thout soli gives |tHe
exact sarnple weightl The neasigrenment (s pffected
according.to the operating instructions t he ASAR
5 2400. 5 Hor evaluat%%b the N2 g%re vol ung T pore 33
di anet er }[<50—nm—ithe
6 34 34 35 35 3¢
7 36 37 38 38 39
8 39 40 40 41 41
9 42 43 43 44 44
10 45 45 46 46 47

Determination of the tamped density

The determination of the tamped density is effected on the
basis of DIN EN IS0 787-11.

A defined amount of a previously unscreened sample is intro-
duced into a graduated glass cylinder and subjected to a

specified number of tamps by means of a tamping volumeter.
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adsorbed volune is determned on the basis of the
rLpt i branch (pore volunme for pores haV|
Wogﬁﬁg/ﬁéﬁﬁg?er of < 50 nm. The pore radius ébEP2°07/05°3°6
distribution is calculated on the basis of the 10
measur ed nitrogen isothermactbrding to the BJH net hod
(E.P. Barett, L. G Joyner, P.H Halenda, J. Anmer.
DughﬁgltﬁgctamﬂPﬁg, {Re §Z§pié9§ééémégdm8£9t%Sﬁb§@t As a

bution cufve. The average pore size (pore
reﬁﬁl%\ﬁe@érth‘APD)W?%téa@EHP%t fé@lrr%a%@o@@t ngted W@p%ecé@wlty is
ob€gugtdon 15 APD [ nn 4000 * mesopore vol une [cnB/g]
/| BET surface area [nQ/g] Det erm nati on of the
noi sture and of the |oss on drying The noi sture of
Thanpephousnsot $ dsré scaet eedi oed accar damgint® B Nim@0eENaving

- t
@ %ﬁ§%€§%-%¥@%u ?%%ﬁg%ryln%g%€§%£%¥éqogE¥pﬁTﬁTA o%%o%h
dryi ng predon1nant|y consi sts of water noisture.

Fibet prai nag irﬁ)ﬂ @Iaé@ﬁc%’ﬂﬁ@efpzfﬁs dteéﬁécﬂri m{é %‘r@éléﬂ‘%l g*g/élance.

rp ous solids js ,effected jn ormo 0
20§, bt OB ERUEP B enel 7 RS L DO« BRpET SROTdr g Ehe
tatée hasssrioic DEN BENI¢ SOV 7A87 - She Taaed safiph epavedaght Sunwez e so

8 P P / t he

R AT ook, ST i & et SRera UG of S yba e e
acqooaptinftele heral i Ted wntbrder Det erimematdppedflidietly so

thQ_BRCl?@SQEJPfé@@ 5S¢ Thige DBP absofpti,00 &w beér )horlzontal .

which is, a neasure of the absorbtivi of apor phous
Th%dﬂ?%%ur%%g det ki fred et Hee bakh stlot m@?%ﬂslt%ocaﬁf]dlnder

ho DN SﬁﬁOﬂh@Stlafrg@ir@g\svoJlﬁné@ezg ahd pﬁérﬂ%&ﬂmo times. The
nor phous_saol i isture conten e

vo Rt R P Rt Rekier S Hambe S AT 1€ Surbart after a

siddl @ 7epEd)npfcydles Br abender absorptoneter "E' (w thout

danmping of the outlet filter of the torque

transducer). Wth constant
The tamped den51ty D(t) is calculated as follows:

D{t) = m * 1000/V

D(t): tamped density [g/1l]
SV volume of the silica after tamping [ml]
m: mass of the silica [g]

Determination of the alkali number

The alkali number determination (AN) is understood as meaning
the consumption of hydrochloric acid in ml {in the case of a
50 ml sample volume, 50 ml of distilled water and a hydro-
chleric acid used which has a concentration of 0.5 mol/1l) in a
direct potentiometric titration of alkaline solutions or
suspensions to a pE of 8.30. The free alkali content of the

solution or suspension is determined thereby.
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m xi ng (kneader bl ades rotating at a speed of 125
%ﬂp({g di butyl pht hal ate i s added dropw se to
WO A 7arate of 4 mM/nin at roomterrperBFWEPB9°7/°6°3°6
means of the "Brabender T 90/50 15 Dosimat". M xing
inrequires only a snall foré& and is moni t or ed by
means of the digital display. Towards the end of the

The ﬁgﬁ g#&%%g. %Q%HF@§E%ﬁ? QS&QﬁE%EﬁﬁgbrmewglC%aﬁigatic with

a sharp I 'Ncr éas t he ce T eéqui
terrWeewtturee S@r@;@lray oW 608 dilgiats odeor! @@@béﬁle@ 6lRgtrode
frd?rpts’bﬂdiec kngaden 723 Bn4 Ahe DBR IRier lng r%'b?a swibehedure

means of an el ectrical = contact.
Wlté'yﬁé’r?r UL Indtier g stth & B icged (Pé C‘onIO@d ang a

pH G gig.alo) Qomteercomltnléai ellke teeRUIRt iiaheelsc@BRni mh@
can be roa]adtﬁ DBP absor bed |s st atteg the

e o0y P Wt HS ot OpFl SESE 55 O%f (FHP RS tadde F

coraics disigc &lfc llatte chlusifng atripd <f @lnldowong mfloprfuld&mlEallzed

waf%}Do&a%&%chﬁ%rlﬁ agl%p%%lpﬁ%gg Q@Elng3 PB%R%%BQEEQ ohnof 0.5

="consunption o
mol[éBP iisn tdiyerm a(dﬁe@mr@mw@t 72 (enA aECﬁn§éﬁﬁI’Cep\Wepéhﬁ @10 is
esﬁﬂﬂﬂf%%édW!Eé@Q%@%SEQ%6E%ELRQE&EB%OQE&Q@@%OQhe3%1ﬁlca and the

correctlon val ue -accord g to noilsture _correction
fregaildaliin cgrteny e pip> BSEHt CorYi $198fivned #giting time

of anhydmouys;, r@l@ﬁ_lriléQ{U$>e$@|rled& fl‘y%tlh rfebelﬁlrh@e g@f thel atid
recipitat L1 1 cas or | ca el s t he carrectl on
corfis e e nat & Be ceReaR’ it Sobsen araingd oY 5EBRESRce and
condea tDBR iamser phicomeathihydvakchd ccdr beidetersimgdion in ml
cor%%p%%'ss dl‘%fectt'igr GQr et :éa‘?_gaggbh%mpg' Low, hfiak, example.y
on . 8% wou

i ca wat er tent o frean an addition
Wlté’)*pu@s dgmergdoge-for the DBP absorption. The noisture
of the silica or of the silica gel

As already mentioned, the examples below serve for illustration
and more detailed explanation of the inventicn, but do not

limit it in any way.

Starting materials:

Silica 1:

The precipitated silica used as starting material to be milled

was prepared according to the following process:

The waterglass used at various points in the following method
for the preparation of silica 1 and the sulphuric acid are

characterized as follows:

Water glass: density 1.348 kg/1l, 27.0% by weight of 310, 8.05
% by weight of Nay0

Sulphuric acid: density 1.83 kg/l, 94% by weight
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10 is determ ned according to the nethod

" 1 ion of the noisture or of the | oss
WO%?@%Z@E%’@QQW bed bel ow. 2008/ 046727 BT/ EP2007/060306
PCT/ EP2007/ 060306 40 Mbisture correction table for

di butyl phthal ate absorption 43 anhydrous . % noi sture %
moi sture .0 .2 .4 .6 .8 002457 19 10 12 13 15

112 ﬂﬁ é§ @§t@9 gge f&f%ﬁgﬂl;61@gié@%cégzggggfgggﬁgé§sgreClpl—

ta%l%@ ﬁ%sa%l 4&8\&@9 izl wsed potony U s o HedEy MIG
st Det e spdi @n Aid thes{anpegi densddy tallaﬂ'@’le and 2.7 m® of

e B LR R eRlo s AR SRS el o e ¥ oo
adprevedusd ythmtsoarrewb]oblsanrphrﬂ:ezs antT Ofesiul:t&d. ITHe0 Ja’lltlally
ta]géﬁdﬂﬂ‘&?rs[g P§St}‘g ll{]edae{eénlgo E%J(Pé(,eaf tot% Scoemperae:ure has

mber means of a VO
be%m@wmfmvamr/q;mm?/a%oso&temrmmatga tdﬁe 10 2 m’/h, and

sui@[@ff@’aéf@ ST erdecoiks e conpast mﬁ@ 2 adfS¥tered in

he | nVGStI gation carried out, the ta ensity

<L R E0. £ et b A A Bt © fr 5 ikt PO ot e 20
Thé]ﬁi‘ﬁ)ﬂ’@r vokaeet ef1 8y g D e GO Eerr S0Om ENGElS e, and
sulp% lgghaa(ljle£ ttype msé-qué\{:lznogosrate of 1.5% m*/h, are added
simultanecusly for a further 75 min at 90°C with stirring.
During the entire addition time, the metering rate of the
sulphuric acid is corrected if required sc that an alkali

number of 7 is maintained during this peried.

The water glass metering is then switched off. Sulphuric acid
is then added in the course of 15 min so that a pH of 8.5 is
then established. At this pH, the suspension is stirred for the
duration of 30 min (= aged). The pH of the suspension is then
adjusted to 3.8 by addition of sulphuric acid in the course of
about 12 min. During the precipitation, the ageing and the
acidification, the temperature of the precipitation suspension
is kept at %0°C.

The suspension obtained is filtered using a membrane filter
press and the filter cake is washed with demineralized water
until a cenductivity of < 10 mS/cm is found in the wash water.

The filter cake is then present with a solids content of < 25%.

The drying of the filter cake i1s effected in a spin-flash
dryer.

The data of silica 1 are stated in Table 1.

Hydrogel preparation




10

15

20

25

First, a 250 ml glass cylinder is tared on a precision

bal ance. 200 m of the anorphous solid are the
WOZQR8/QARTT into the tared measuring cyl i ndepc#ggZpﬂg/OGOBOG

aid of a powder funnel so that no cavities form The

sanpl e anobunt is then wei ghe#410 accurately to 0.01 g.

The cylinder is then tapped Iightly so that the

U_’Lr fcaac g;se(if t h%ﬁgo&%ql) ?é&lé&d%rrdrr? nglcEr Iz %ritagl (density

urin I'n the neasuring

1. 3:43/3 i ¥etelr, a?oIQ:%e@ybﬁﬂetlméltt &fplﬁi@zvoﬁuﬁé%ePYaN@lg}éﬁp@ﬁ Na»0)
andl 288 tdims,octhe 1yl @fcithe tanped sanple is read
accurately to 1 nli after a 15 single tanping cycle.
The tanped density D(t) is calculated as foll ows:

FoﬂXﬁwls-pnfpoh&QOM% D@tﬁen@ampeqrdexmgnqxquygmufdc wolidnend
e siliica afterta S f

o AR G105 B AT On B Akl Himay SRG ot matio

coraddea;bqnd‘nmﬁ)etro cet emrieasat iodn ACAN) (0s Znder §tn@30@na§102 concen-

tra{ﬁ%}i NG leheeC aWQltg'hQ:n 16f e@t%rbq(i@h%rd C 3Gl @e‘sr&lmlng

|n the case O sarrp e vol une,

hycagq ) |ied stered aVe R Hydr daé:mU&nl@ &di &%é@%ﬁ&ﬁshed to a

paﬂ"taisclfé GONGERHS aldot af cth. 5fIftD|1/sll)walslheai lmd_ltllrﬁ@femlnerallzed
entlorretrlc;,tltratlono al i.ne so ns _or
wa sitons 1% “a W df 1§S36° Fired Yal¥al ?1 cHRe8nrater s
be lafw tmens/s:ml.utl on or suspension is determn ned thereby.
W)2008/ 046727 PCT/ EP2007/ 060306 42 The pH appar at us
(from Knick, type: 766 pH nmeter Calimatic with
tenperature sensor) and the pH el ectrode (conbi ned
el ectrode from Schott, type N7680) are calibrated at
Si roomzt%%éatur with the aid of two buffer solutions
](:"p‘ﬁ pH = 10.00). The conbined el ectrode
is imersed in the nmeasuring solution or suspension

Thd f}ﬁ{) ttp%p%tre%o%sa%scq%%dstaluaﬁfeoflé%g%dmwﬂfh addition
' and 50.0

Qem neral i zed
of ammonla at pH ¢ and 80 for 10 - 12 hours and then adjusted

to pH 3 with 45% strength by weight sulphuric acid. The
hydrogel then has a solids content of 34 - 35%. It is then
coarsely milled on a pinned-disc mill (Alpine type 160Z) to a
particle size of about 150 pm. The hydrogel has a residual

melsture content of 67%.

The data of silica 2 are stated in Table 1.

Silica 3a:
Silica 2 is dried by means of a spin-flash dryer (Anhydro A/S,
APV, type SFD47, Tin = 350°C, Towr = 130°C) so that it has a

final moisture content of about 2% after drying.

The data of silica 32 are stated in Table 1.
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20

wat er. Hydrochl ori-c acid solution having a

oncentration of 0.5 nol/l is then added dropw
Wo%ﬂ???OQGZ%ﬂstant pH of 8.30 is 10 establ|she&PT§§§%99§/°6°306

the equilibriumbetween the silica and the free

al kali content is establishedt®nly slowy, a waiting

time of 15 mn is required before a final reading of
giibesagid consunption. In the case of the chosen

amounts of substance and concentrations, the read

hydrochl oric acid consunption in m 15 corresponds

Thé“lﬁ @ird)cyel Opié]@a%di(aéé dederse MUK d Si Stat®ther washed at

| men al r ead ti.oned, the exanpl
ab%lé’F o@ﬁscer Jg ?I%%‘Bci‘%“ﬁjo‘fﬂy%rﬂngrﬁ’ree TR THFL 1S Below 2
mS gxpl amdt i ondofed hien | avieind oogh - bt cdioa hiodn - ddydrdg idvdm

F@deM@Q%%%Od§2?rfé@@ Qggerlal 60 da Ilca.ge81#1%l %?1sture

pr eci ilTca used as’s artlng mat'eri |
Comdﬂh’edof wasS Pr eparediac cor di syl & thendot |wwifigrm metering

bem@feéls =P dhe wat ergliass U@r?éjrz?éra’g?éi 1 0us PAUMSiidhted to a

| om ng nethod for aration of silica 1
Pa%‘hhdf%e's%%ﬁ phrs L Geim ai'}elpjé“rﬁar eti%ed as fol | ows:
V\&ter gI ass: density 1 348 kgl l, 27 O% by wei ght of

% b f uric acid:
Tlneolensﬁ_i\y € b%}c % /046727

PCT/ EP2007/ 060306 43 117 n8 of water are initially

i ntroduced into a 150 nB precipi- tation vessel having

an inclined bottom inclined-blade MG stirring

system and Ekato fluid sheer turbine and 2.7 nB of
Silwxtxer3al ass are added. The ratio of water glass to

water is 5 adjusted so that an al kali nunber of 7

results. The initially taken mxture is then heated

The 0B as thtendiced apasairidathabdieen s ematedvilatesidition
of Hndgsniata® geterdmy dete fr W01 Jwd h1af adiusted to about

pH 3 with 45% strength by weight sulphuric acid and dried in a
through~circulation drying oven (Fresenberger POH 1600.200) at
160°C to a residual moisture content of < 5%. In order to
achieve a more uniform metering behaviour and milling resultc,
the xerogel is precomminuted to a particle size of < 100 um

{Alpine AFG 200).
The data of silica 3c are stated in Table 1.

Table 1 - Physicochemical data c¢f the unmilled starting

materizls

Silica 1 [Silica 2 |8ilica 3a|Silica 3b|Silica 3¢

Particle size distribution by means of laser diffraction

(Horiba LA 920)

dsg [pm} |22.3 n.d. n.d. n.d. n.d.

deg [pm] 185.1 - n.d. n.d. n.d. n.d.
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Agr Y& (%30 Theddata of'siiica 17ar%e state

Hydrogel preparationl W2008/ 046727 PCT/ H

a spin-fl

d4-/ Tabl ¢38:0
P2007/ 060306

>

m wat E‘% 9

&ﬁr%of Si (

4 A >L|ICi gel (= hydrogel) ijs prepared
< 4§| 485 [(dens?ty” 1. 348 K471, 27.170&!-by wei

N5 0/ A \A aht Af NA20O) Aand IAEQL ot r AN
oI/ uy v IUIIL (4| NGz o tc O /7St gt —SurpProt

acid. For this purpose, 45% strength by wei ght
sulphurlc acid and 5 soda water glass are thoroughly

t+h ol nht |ri

mxedyTso tihat—a reactant—Tatio LUIICprIIUI "y toam

MoigXeesszof acig (0. 2549z and an<Sif32 condensg <

pH value .

n.d. not determined

Examples 1 — 3: Milling according to the invention

For preparation for the actual milling with superheated steam,

a fluidized-bed opposed jet mill accerding to Figures 1, 2a and

3a is first heated to a mill exit temperature of about 105°C
via the two heating nozzles 5a {(only one of which i1s shown in
Figure 1) through which hot compressed air at 10 bar and 160°C

is passed.

{not shown in
the filter

housing of which filter unit is heated in the lower third

For depositing the milled material, a filter unit

Figure 1) is connected downstream of the mill,
indirectly via attached heating coils by means of 6 bar

saturated steam, likewise for preventing condensation. All
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30

tration of 18.5% by weight is established. The
It hydrogel is stored overnight (abouf
Woéﬁﬁﬁkééﬂg%7ushed to a particle size of abouPcF/%ﬁ&0P€/0603os
is washed with dem neralized 10 water at 30 - 50C

until the conductivity of thé#Tash water is below 5
mS/cm Silica 2 (hydrogel) The hydrogel prepared as

apﬁ&ﬁ&fﬁ@eﬁlﬁf’éﬁ’@s | 5, aged ﬁ%c%fbr‘?@f tdon m1115i of, dtaust edﬁ%paratlon

9 and 80C for 10 - hours and then a
fﬂtfo%@sdm hF 508 R Bhgt HISY Wi ghteauI P Q:t gagpressed air

ardhepedygir Ogelnddtent s a solids content of 34 - 35%
It is then coarsely mlled on a pinned-disc mll

(Al pine type 1602) to a particle size of about 150
Aftgmr the deminogelhdrswp regimhus ¢ 26 roistagen comad, ofthe

supg;fé? Jf]%éjtat Iﬁfresésl,éd:aazr tﬂeatl'ﬁé:gﬂl T%zezl]es is switched

i ca 3a: i'ca rie means o spin-flash
%Wmlchg S%%&mﬁtq%@t@mw 1oau: (ﬁbgsoc?ﬁo C) to

theTOfLHrere ¥300)irg0 ddt1dd hass@srdddial noisture content
of about ZWbafter drying. The data of silica 3a are

stated in Table 1. W2008/ 046727 PCT/ EP2007/ 060306 45
Fo1Sigiaee Ghindl e ehydirldgeet  ngatepairaed mcdestrtilftﬁeds@tw\eejjcm

f fq s 0 |ty
F G e b1 Ay W gt R e el ene
of t mrRigHadi noulZatticorf Wiyl idreoveEd 159 FTree,tS?efr%@ér geqata(mls
sprEBRM 2000 acthel@faqltﬁga dk%?rlk@@'ofm?dkg Wil 1 AR eNlecforessed-

5% In ord to achi eve a nDre uni formneterin

21 B ARSARIAA SHAARA 4G Yoo (Ehe 176 36r GYass Gne during the

mi lgriecomuiapsred g o thay idlle «sdize tefmperHddiAem (Al pi ne
AFG 200). The data of silica 3b are stated in Table 1.

10 Silica 3c:
The product feed is begun when the relevant process parameters

(cf. Table 2) are constant. The feed rate is regulated as a
function of the resulting classifier stream. The classifier
stream regulates the feed rate in such a way that about 70% of

the nominal flow cannot be exceeded.

A speed-contrelled rotary-vane feeder which meters the feed
material from a storage container via a synchronous lock
serving as a barometric closure into the milling chamber under

superatmospheric pressure acts as feed member (4).

The comminution of the coarse material is effected in the
expanding vapour jets {(milliing gas). Together with the let-down
milling gas, the product particles ascend in the centre of the
mill container to the classifying wheel. Depending on the set
classifier speed and amount of milling vapour (cf. Table 1),
the particles which have sufficient fineness pass together with
the milling vapour into the fines outlet and from there into
the downstream separation system, while particles which are too
coarse pass back intco the milling zone and are subjected to
further comminution. The discharge o¢f the fines separated off
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The hydrogel prepared as described above is aged with

addition of ammonia at pH 9 and 80C for 4 hour
WO2888d8¢6d2(To about pH 3 with 45% strength byP Qﬁj%ﬁﬁ°°7/°5°3°6

sul phuric acid and dried in a 15 through-circul ation

dryi ng oven (Fresenberger POM81600.200) at 160Cto a

resi dual noisture content of < 5% In order to

achi eve L uni-f orm ter b ' n n
e it e R
pacgiing of efieotpm byAlnpene AEGA200)2r26vFhe ﬁa@@eéf

silica 3c are stated in Table 1. Table 1 -

Physi cochem cal data of the nmlled s

Thenfit ér-180s PSEFPE&S1°8i F'€a2 1S Pcd38a" %%F?l RYSBasEF gk the
mll3@ngpﬁb&EQbS sh@ettestmbbuti o hylieagsget kaselting
theﬁegroﬁpghogag lFSﬁfg§5wi%ﬁO£he sagggia%ztﬁg dynamlg paddle
wheWD20085646727 PETLER2067L060306en46sdpd [fpri p8r8inld.
LGl [ [ n by neans of
dls@rg§geéggl%uﬂctlBQS%hgnﬁgg BgedistEl bubben by means of
pm%n.d. n.d. n.d. 1.06 2.8 > 63 pm%n.d. n.d. n.d.
The4§e@e5§n8 p?oé@s@"p%&ﬁméteﬂsdar@ gho#d. @n36aP1e<245apm the
T b% 93 Moi sture % 4.8 67% < 3% <
pro§@02 Q%?aﬁﬁt§5ﬁuén 8°7°n”d. n.d. n.d. n.d. n.d. =
not determ ned Exanples 1 - 3: MIling according to
the invention For preparation for the actual mlling
Wi th superheated steam a fl uidized-bed opposed j et
mll according to Figures 1, 2a and 5 3a is first
Tabheated to a m || exit tenperature of about 105C

Example |[Example |[Example |Example |[Example

Example 1 2 3a 3b 3c
Starting Silica 1i{Silica 2|Silica |[Silica Silica
|material 3a 3b 3c
N 1
ozELe 2.5 2.5 2.5 2.5 2.5
diameter [mm]
Nozzle type Laval Laval Laval Laval Laval
Number [units] |3 3 3 3 3

1 mili|[b
Internal mi [bar 1.306 1.305 1.305 1.304 1.305

pressure abs.]
Ent bar
nEry [ 37.9 37.5 36.9 37.0 37.0
pressure abs.]
Entry 325 284 327 324 326

temperature [°C]




via the two heating nozzles 5a (only one of which is

shown in

Figure 1) through which hot conpressed air

WO200804672And 160C is passed. For depositi ngQMEP2007/060306

mlled material, a filter unit (not shown in 10
Figure 1) is connected downst4®amof the mll, the
filter housing of which filter unit is heated in the
fower third| rndire¢tly via pttached heating coils by
Miheasmsitof 6 Par saturated stgea i kew se for
ter@ﬁ%’%&% g (:gnggnsaiir%%:BAll Wn%ZOOS/ oeF2 7 140.1 139.7
7/ 060306 47 apparajus surfaces in the region
of—t-he—nitt—of theyseparattponmr—fitter—andoftte
C154PpPF Y=t ines for steam and hpt conpressed air | are
specially insul ailzd S@Afber tpEEWesiredb4teat -upg o497 5516
SP% erature|hd3"beeh reached, the 5 supply of |hot
Q ne heating nozzlesis—sw-tcghed—off
cl and. 1hersupply of syuperheated steam (38 bar (abs),
Yo the three milsing wzzd es ixetart edsakor 56.5
cuprentecting {bhd%tilter materipl used in the separation
filter and for establishing B certain| residual| water
.content 10:of, preferably, R to 6%ijn the ml|l ed
Dinrdtehal, water is spgayed i nigythe rrilléjd' ng chamher of [1qg
didie-s || vi al@mtonpressed- alr-operated binaryl nozzle
in the star{ phase and during the m|ling, depending
on the mIT exit tenperature. The product feed is
begun when the rel evant process paraneters 15 (cf.
Tabl e 2) are constant. The feed rate is regulated as a
function of the resulting classifier stream The
Tak}eassifier streamregul ates the feed rate in such a
way that about—70% of —the nomnal flow cannot be
exceeded| A speei%)g I ﬁ?a:# éamﬁ}y?gelé gedel Wl ¢ 1
neters the feed %{% a F?%m a storage contai ner o<
via a synhchronougll ock sgtving as|3® bar ongt3d ¢ 3e
closure into the|mlling chanber under
er at mpspheri c|pressure|l acts as [feed nenber (4).
chggyp ng {55 _ 106 136 14& ) 89
dgg nm 275 175 275 250 200
dgg *! nm 525 300 575 850 625
BET sur-
m2/g 122 354 345 538 421
face area
N, pore
ml/g n.d. 1.51 1.77 0.36 0.93
velume
Average
. nm n.d. 17.1 20.5 2.7 8.8
pcre size
DBP
(anhyd- g/100g |235 293 306 124 202
rous)




The conninution of the coarse material is effected in
t he andlng vapour jets (mlling gas)
WO%QQ&/Q ¥3%t-down 25 milling gas, the produ%FT/E92°°7/°6°3°6
particles ascend in the centre of the mll container
to the classifying wheel. Depgéndi ng on the set
classifier speed and anount of mlling vapour (cf.

Tabl e 1) the particles Wwhich have suf ficilent
Tanfgeréness gﬁis toqiaher Wi [t the nilling Vdaggr into
wn

deﬁgleglne out | et d fromthere it 30 the str¢am
separati pn system while particles which arle too
coarse pass backrimto ther m g zone and{are
Loshjrected to fufther conm nution.| The discharge of
apdine fines® separ aped of f 008/ 046727 6.3 6.4
IBEH EP20p7/ 060306 48 from t he separationfilter info
fho cnhc qnonf st ok GNQ anhd paCkI " n ellbct Cd by
2 ot feed LLing pressure obns of
PRetm e dof 28 N%‘Eﬁ%reva?%s e gLy PL g eans ©

£ r e SRl U e tofo rmint 9 g Gy r(éf‘sﬂm t |€ng 5 ks @ﬁ?admsli'ﬂ?'
conmbi nation with the speed of the dynanic paddle
wheel classifier determ ne the fineness of the
particle distribution function and the oversize
limt. The relevant process paraneters are shown in
Table 2, and the product paraneters in Table 3: 10
Tabl e 2 Exanpl e Exanpl e Exanpl e Exanpl e Exanpl e
Exanple 1 2 3a 3b 3c Starting Silica 1 Silica 2
Silica Silica Silica material 3a 3b 3c Nozzle 2.5
2.5 2.5 2.52.5 dianeter [nm Nozzle type Laval Laval
Laval Laval Laval Nunmber [units] 3 3 3 3 3
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Internal mll [bar 1.306 1.305 1.305 1.304 1. 305
ressure abs.] Entry [bar 37.9 37.5 36.9 37.
WOLRQB0#@7%bs. | Entry 325 284 327 324 326 teﬁﬁé—‘p’ﬁ%‘-’&r"@"/OGO-’JOG
[C v02008/046727 PCT/ EP2007/ 060306 49 M| exit
149.8 117 140.3 140.1 139.7 3Jlenperature [(C]
Classifier speed [mn-'] 5619 5500 5491 5497 5516
Classifier 54.5 53.9 60.2 56.0 56.5 current [A%4 D p
Ligyef oefaomaonwerald diameter [mmi Table 3
Exanpl e Exanpl e Exanpl e Exanple Exanple 1 2 3a 3b 3c
dso 1) nm 125 106 136 140 89 d90 1) nm 275 175 275 250
200 d99 1) nm 525 300 575 850 625 BET sur n2/g 122
354 345 539 421 face area N2 pore m/g n.d. 1.51 1.77

10.36 0583 pi11

2 Cylindrical housing

3 Milling chamber

4 Feed for material to be milled
5 Milling jet inlet

S5a Heating nozzles

6 Product outlet

7 Air classifier

8 Classifying wheel

Ba Classifier gap

9 Inlet opening or inlet nozzle
10 Milling jet

11 Heating source

12 Heating source

13 Feed tube

14 Temperature-insulating jacket
15 Inlet

16 _Outlet
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vol ume Average nmn.d. 17.1 20.5 2.7 8.8 pore size
DBP (anhyd- g/1 00y 235 293 306 124 202 rous)

- WOZWOBOBA§EBT 27 PCT/ EP2007/ 060306 50 Tanped BFQ/ERR0MY /060306

36 224 96 density Loss on 4.4 6.1 5.5 6.3 6.4 drying
1) Determ nation of the partis@l e size distribution by
means of transm ssion electron mcroscopy (TEM and

i mge anal ysis. 1102008/ Q46727 PCT/ EP2007/ 060306 51
ist dfenHef%er®n %HH@#&P& fz‘j‘gggﬁi Il 2 oylindrical

housing 5 3 MIling chanber 4 Feed for material to be
' ille d jgtenalket, SaHeati ng nozzles 6
1%} odugf%eésoeu Aelt rb%()g% ,Eirr cl gszsalefi er 8 Classifying
wheel 8a Classifier gap 9 Inlet opening or inlet

19102zl epidd dbriMdd ing j et

20 Outlet nozzles

21 Classifier housing

22 Upper part of housing
23 Lower part of housing
24 Circumferential flange
25 Circquerential flange
26 Joint

271 Arrow

28 Classifying chamber housing
28a Support arms

29 Discharge cone

30 Flange

31 Flange

32 Cover disc

33 Cover disc

34 Blade

35 Classifying wheel shaft
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11 Heating source 12 Heating source 13 Feed tube 14
Tenperature-insulating jacket 20 15 Inlet 16 Qutl et
W02002008602%727 PCT/ EP2007/ 060306 52 17 Cent PETHEPZ0R7/060306

mlling chanber 18 Reservoir or generation device 19

Pi pe devices 20 Qutlet nozzleg 5 21 C assifier housing

22 Upper part of housing 23 Lower part of housing 24

c rcunferentlal flange 25 G rcunferential flange 10
398 JoiFeta%Y A¢¥W B assi fyi ng chanber housing 28a

Support arms 29 Discharge cone 15 30 Flange 31 Flange

s disc 34 Blade 20 35
3%§a55| |n %%eel19ﬁ¥$#1V®2008/046727
PCT/EP2007/060306 53 35a Rotary bearing 35b Shaft

36 ead- ttwosghyorked plates

37 Lower worked plate
38 Housing end section
39 Product feed nozzle
40 Axis of rotation
41 Cutlet chamber
42 Upper cover plate
43 Removable cover
44 Support arms
45 Conical annular housing
46 Intake filter
47 Perforated plate
48 Fines discharge tube
49 Defilection cone
50 Classifying air inlet spiral
51 Coarse material discharge
52 Flange

53 Flange



36 Upper worked plates 37 Lower worked plate 5 38
Housi ng end section 39 Product feed nozzle 40 Axis
WOf08 /472 41 Qutlet chanber 42 Upper coveRCTHER2907/060306
10 43 Renovabl e cover 44 Support arnms 45 Conica
annul ar housing 46 Intake fglater 47 Perforated plate
15 48 Fines di scharge tube 49 Deflection cone 50
Classifying air inlet spiral 51 Coarse nmateria
S4i schdg@SEF PakGE® 20 53 Fl ange WD2008/ 046727
PCT/ EP2007/ 060306 54 54 Dispersion zone 55 Fl anges
5 ghor ke%(ak?ng"e%'b'w%‘})ke‘&” (HaG1ARSY 8f9enealfhnli L., Yhd Lining
nt er changeabl e prot ective tube 57 | nterchangeabl e
protective tube 5 58 Fines outlet 59 Blade ring
5 02008/ Q46E2 L BEEHLER200 64060306 thbe Patent Claims: 1.
Process for mlIling anorphous solids by neans of a
mlling system (mlling apparatus), preferably a
57m | | i Agteysthemosahpie grogeatjige tiibe, characterized in

58 Fines outlet

59 Blade ring
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5 that the mll is operated in the mlling phase with

aro2 aEfeddrey nedi um sel ected fromthe gropPT/EP2007/060306
consi sting of gas and/or vapour, preferably steam

and/or a gas containing steam and in that the

mlling chanber is heated in a heat-up phase, i.e.

before the actual 10 operati Wi th the operating

medium in such a way that the tenperature in the

mlling chanber and/or at the mll exit is higher
tBerenttheCldamspoi nt of the vapour and/or operating

medi um 2. Process according to daiml, characterized
inthat 15 the jet mlIl is a fluidized-bed £ osed
jt nmiHnocEssa fogenddlpeg pBPTRIPHSoFORLEHi P &? s of a

mhll nﬁllafr@g%%%t@?ﬁ(}{ndllm@ntgoﬁﬁbékﬂt&s{DI ﬁref?rhably a

char ac ril.ze I n ha m N yS or e .m

e G FYErE ReEPT L Babe RE VAL bt ShtT A zed in
a gas thatt whe, ndQ lpoef epabhyedi th hbé m;llam@/mhase with an
combus #J%%t%% e%e%@%&°%elé€€éh QééﬁstﬁgdéPéuﬁ“é%ﬁ%fgklng of

t hereo ocess accor
charaéﬁ%ﬁ|@ﬂﬂjomnvﬁﬁéprrtﬁéeﬁéfaééﬁ aherBr ¥ad/ oF @ HaES

is pa%%%@dﬂﬂﬂ% @%eaﬁ‘lbhaglﬁhﬁﬂgﬁrtﬂérmﬂgliﬁ§ Heatbdip is
phase t hr ou? 5 inlets, referabl nOZéIes whi ch

di ffeh fifoSe hephrBEgRMAAPch it e BPEPEEi M nidi i

is | etopd@an i d%r W@ h thehﬁpbkangnghgseluﬁ Brogesis a way

accor aim 3 char act | Ze n

oL e a2 6087 36! BELZRE T Bhamb i iR o ot

chanberhedurilig etié heahigbephabenthheu@hWtMantn¢%t%he

pr ef er he W)2008/ 046727
?d§f8%é§6§§ EEEQHQH Whkghyudt

PCT/EP opera ing mediumis also |et
down during the mlling phase. 6. Process according
to, anyrefceEsaia@oddi@gbrocbarant &) - characterized in that

the jet mill is a fluidized-bed opposed jet mill or a

dense-bed jet mill or a spiral jet mill.

3. Process according to Claim 1 or 2, characterized in
that the milling system or the mill is operated in the
heat—-up phase with hot gas and/or a gas mixture,
preferably with hot air and/or combustion gases and/or

inert gases and/or mixtures thereof.

4, Process according to Claim 3, characterized in that
the hot gas and/or gas mixture is passed into the
milling chamber during the heat-up phase through
inlets, preferably nczzles, which differ from those
through which the operating medium is let down during

the milling phase.

5. Process according to Claim 3, characterized in that
the hot gas and/or gas mixture is passed into the
milling chamber during the heat-up phase through the
inlets, preferably noczzles, through which the
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ized in that the inlets for the heating gas, prefer- 5
aB0P00RAG462hozzl es, and/or the inlets foPCrABP2007/060306
operating nedium (mlling gas), preferably mlling

nozzles, are arranged in a plane in the lower third of

the mlling chanber in such a way that the heating

jets and/or the mlling jets ggl neet at a point in 10

the interior of the mlling container. 7. Process

accor %é@rg&atglrgﬁgveqjiu% gsm%ll]sot q_eq d%uﬁr 88‘:?!&9 {:ﬁgdmifllng

t hat or a m Xt ure,

dry aighagsl/ or conbustlon gas and/ or |nert gas and/or

a mxture thereof is passed through the mIl 15 for
Process ,accaordi ng tao one.of

cooling. 8.
cPar a0 e 1T F 1O A Coridened: Cod 8P ohbospeariorRiter-
assenbldees irandi=or t&m’rpmlemss fofr the hkhking sys| eprofer-

of the I Pr ordin o]

one. ot il RRIES (a0 om S04 THLERSL Tohecht

t enpercanas igfg treesl iogper atulrlgmne@laem prefheapldy| byl ing
phase (5,414 e /anG8 0fye20 % gQQQe 10. cREogERs: thJ.rd of

according to one of C alns character- 1zed

that tHE pressiiice drmase éﬁerséltclhn@ Wadi EﬁﬁFnthesh%*elng

m i ng gehasel Aok itﬂhet helrlam@e jefks151t0més0 bara pdint in
Proce accq{dln ne of, gLalnB 1.to 10, character-

i zed i §P5’5| DOh&ORFPEBE material is

effected preferably by neans of an integrated and/ or

dynanizg £lassid fdc%frdl\%Z%S/o%éGBFCJF_’QI{[[EF’%OQZ/ @60§19§racter-

57 12. Process accord alm 11, c har act eri zed
that 13! diraddiat 4w @ﬁi% §ngy pEceedr iy IABaRs* bR an prefer-

i nt eg-aplat e&ydxé&&maedpeddlcemMeelloﬁl gssi hh@yoandhert gas
air Cl%@s&f% mixture thereof is passed through the mill

for cocling.

8. Process according to one of Claims 1 to 7, character-
ized in that condensation of the steam on assemblies
and/or components of the milling system or of the mill

is prevented.

9. Process according to one of Claims 1 to 8, character-
ized in that the temperature of the operating medium

in the milling phase is in the range of 200 to 800°C.

10. Process according to one of Claims 1 te¢ 9, character-
ized in that the pressure of the operating medium in

the milling phase is in the range of 15 to 250 bar.

11. Process according to one of Claims 1 to 10, character-
ized in that classification of the milled material is
effected, preferably by means of an integrated and/or

dynamic classifier.
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~energy conten

5 13. Process according to either of Clains 11 and 12,
cheeeagApdeay in that a jet mill (1) conprPsC/ABPan07/060306
integrated dynamic air classifier (7) is used, the

speed of a classifying rotor or wheel (8) of the air
classifier (7) and the internal anplification ratio V

10 (= D/ DF) being chosen or gt so that the

circunferen- tial speed of the operating nmedium (B) at

a}éjl p.ﬁr%bc%ssor c%Utrld?L% n%%)zlcﬁag%no)légoeﬁgkgg{:%gi%&hirli ha'lat
classifying cel" Tedches upto 0/87tines e sound
vel ocitthe oflastshie igpdrian ig wédeahe(Bpy msang, oPragebsteg-

accorcyégb&gqyﬂgﬁfg @i B8 et 0135 RALACanL BE 200,

¢
in that a m!lling systemis used In whi ch fl ushing of
t he gap HBF&E&T -t he cl assifying wheel and the
classifier housing (classifier gap) and/or the shaft

| ead-through between the classifying eel a 2

T G RSO0 THGle g L RoSCror A A BF Fhe P2,

carri ethagutctelS.zelr doeshagceoreicngild &by obmorasheg 1an

to 14ﬁjﬁﬂ%ﬁ%&kﬁf%§) ﬁgc'%&Eh%ﬁagsh?&eg]kb}(}% used, _the

conprising an intég- rated dynamc air_classifrer (7) .

whi ch SEGRCRICEs aa A5 SEladydnpy TR ORhes| Wisslanl) aof the air

ﬁ' assid‘nésrzs%f\&ﬁ&eulﬁh%u ft_(vl%S)in@e%glch%§§htyba@iwtge.eétio %
ousi ng —.a classi- fier gap (8a) being forne

bet wee t Qﬂ)a§§ﬂpﬁiﬁﬁosﬁﬁe8% F@; ﬁﬁdtpﬁg Eﬁﬁsg?fﬁ?% Frens

wheel tieusispge@ bl ahed apeshafitgl maditar 0Bghat35bjip tube

bei ng for e t 0 _cl L.EyLng e h A

(35) % srs e 2o een 20 o aer AR p5 Y Ay LPRCHE "Bt s ving

t hat fihesHli mgashesclupssiof Def gapegsalreandhog shhpeity of

| ead- thr-ough 33 mghgnmcggp(essed gases of |ow
t is” effected. W2008/ 046727
PCT/ EP2007/ 060306 58

14. Process according to any of Claims 11 to 13, charac-
terized in that & milling system is used in which
flushing of the gap between the classifying wheel and
the classifier housing (classifier gap) and/or the
shaft lead-through between the classifying wheel shaft
and the classifier housing is possible and/or is

carried ocut.

15. Process acceording to any of Claims 11 to 14, charac-
terized in that a jet mill (1) comprising an integ-
rated dynamic air classifier (7) which contains a
classifying wheel (8) and a classifying wheel shaft
(235) and a classifying wheel housing (21), a classi-
fier gap (8a) being formed between the classifying
wheel (8) and the classifying wheel hcusing (21) and a
shaft lead-through (35b) being formed between the
classifying wheel shaft (35) and the classifier
housing (21), is used, and in that flushing of
classifier gap (8a) and/or shaft lead-through (35b)
with compressed gases of low energy content is
effected.
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- that anorp Shous particles il

16. Process according to any of Clains 10 to
CHa2@@8/94472/kd in that the anount of n1IIPﬂ§/§a%007/060306
which enters the classifier is regulated so that the

medi an par- ticle size (TEM d50 of the mlled

material obtained 5 is less than 1.5 pm and/or the d9o
value is < 2 pm and/or the d99 value is < 2 pm 17.
Process according to any of G aims 1 to 16, character-

| 7&d igrdhal; the AMMHRheUS 5 QSC@£§m96ﬂ§ 05 15, charac-
particles contalnin gregates and/ or _aggl oner at es,
10 pr rsriascy & Wrgﬁoﬂ}%es@rﬂp&@tceﬁtrmhih@mas which enters
cotns: sin@gzlaefsﬁftlelreaet rle@elmete@I s@ngh et eﬁ% I ﬁ@éia@:}%
met al oxi.de r rly era anor phou
SRl Tty Ecu Rt oty et
Peri odis 1Ealsl eheh 1tﬁeuEIemEMb$ thS 48. vBloeeds < 2 um
accor da'uﬂzgf t%réydo laﬂérs S1 {ﬁhil character- ized in

c Y

€ already been
subjected to a drying step are mlled. 19. Process

accor digds@ %&bc@@;gbah65a$yt@f1§1a£ﬁ§T§0E8f16lZé%bfébter—
that a f%4ter ake anDrBBous g ith|eS or 20
hydr ogei®9 < it aédt re SPREPEaREoBe Y R FFedPand AF i ed.

20. Amemphelsspubveruiheny sgbirdsabayi aigd Acredg@bomerates,

parti d n1and1 d C
value%%$ﬁﬁ§a£§y'%%Ogégw%S/Sria%a9§gva h%l%#E€5 %&n%%%Flng
pm 2L aAmdephldusnsolieds lasodrdingtt beChbhi om@0petal oxide,
Chara%%%&h%%@ar%g b%e%@@%b&DeXmBQEﬂéuéeo£1&§é OFf fetals of

partlculate soli d containing aggregates and

aggl orréat’és, apfeftépappyn eéppasoéomeu ?ﬁeﬁ@o%%c Table of
consi sthieng1eheatsl.east one netal and/or netal oxide,
particularly preferably anorphous oxides of netals of

the 3rd and 4th main group of the 30 Periodic Table

dfé .t h@rBlcerentscovnd2008£0467270PCTI ERRH0Y/ 060806 clboracter~

ized in that amorphous particles which have already

been subjected to a drying step are milled.

19. Process according to any of Claims 1 to 18, character-
ized in that a filter cake of amorphous particles or a

hydrogel is milled or simultaneously milled and dried.

20. Amorphous pulverulent solids having a median particle
size dsg (TEM) of < 1.5 pm and/or a dg value
(TEM) of < 2 um and/or a dgs value (TEM} of < 2 um.

21. Amorphous solids according to Claim 20, characterized
in that they comprise a gel or a particulate solid
containing aggregates and/or agglomerates, preferably
solids containing or consisting of at least one metal
and/or metal oxide, particularly preferably amorphous
oxides of metals o0of the 3rd and 4th main group ©f the

Periodic Table of the Elements.
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22. Anorphous solids according to Caim 21,

2 ae8L04&ET in that they are silica gel BCBAERROCT7/060306
additionally have a pore volunme of 0.2 to 0.7 m/g.

23. Anor phous solids according to Caim 21,

characterized 5 in that they are silica gels which
additionally have a pore volgge of 0.8 to 1.5 nl/g.

24. Anor phous solids according to Caim 21,

char a ' in t.hat _t r il hca,ge ] :
é%%itipﬁ%ﬁ%§9ﬁ55%1§ p5¥gg%b 6%%%8fb§$§gt%f2v€$%$%%ferlzed
10 25.1iTAMdvaghdde vseltieds iddoer diedg tbichaiddROionally have a

char acterd 280 ureh Jeat, ot hey parerpgpti cul ate sol ids
cont aini ng aggreg- ates and/or agglonerates,

preferably solids containing or consisting of at
|EBst onerpmial sand/der arebaldioxi de, cpafki 2lU) athyracterized

pr ef er.abl r phous oxi.des _of .15 tals.of, the d

Dna A o oy S end e eeatc hiah) Sagtt gtV eve
El emremare 2@ 1ugse odf Ot.l¥e tandr. phodiggsol i ds according to

any of Clains 20 - 25 in coating systens. 27. Coating

erial containing at |east one anprphous. 20 solid
g% Dr&WﬁﬁpﬁﬁuénﬁoéﬁdéléFﬁ@rﬁéng $g Claim 21, characterized

in that they are silica gels which additionally have a

pore volume of 1.5 to 2.1 ml/g.

25. Amorphous solids according to Claim 20, characterized
in that they are particulate solids containing aggreg-
ates and/or agglomerates, preferably solids containing
or consisting of at least one metal and/or metal
oxide, particularly preferably amorphous oxides of
metals of the 3rd and 4th main group of the Periodic
Table of the Elements.

26, Use of the amorphous solids according tco any of Claims

20 - 25 in coating systems.

27. Coating material containing at least one amorphous

solid according to any of Claims 20 - 26.



