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1 Anor phous subm cron particles The invention rel ates

to pul verul'ent anorphous solids having a very snal

nmedi an particle size and a narrow particle size

di stribution, a process for the preparation thereof

and the use 5 thereof. Prior art Finely divided,

anor phous silica and silicate§ have been produced
industrially for decades. As a rule, the very fine

mlling is carried out in spiral jet mlls or opposed

jet mlls 10 usiAg CoNResats:&tdn Furliliesy gas, e.g.

EP 0139279. It is known that the achi evable particle

di aneter is proportional to the square root of the ‘
Thevénsenofon helianpactovebboitylensf amherpaws ixdldsls TrEing a
v'eg?agxtna}./flr%ai;a)ﬁ ArtYERNe | $i A edet ar AhPedy yadthie leekize
velfocity, of the xpandlng_g%%iggts of .t he re%#ﬁgthﬁethe use
di SR PREHP e PERCEFENT Dhe FR5TAsEE” S THi &

theasoen, superheated steam can preferably be used for
.generating very small particle sizes, since the

accel erati on power of steamis about 50% greater than
PEASF 8Ftair. However, the use of steam has the

di sadvant age that condensation may occur in the entire

F:Eiﬁéhwlali@&m%}cstﬁ%lrpﬁaﬁgi s @ l)étn@iu_(shﬂl?ﬁéhfs S‘Ia&;trd_ wReaf

e m . |1 C a_lu resu N (0) 2
S MR ATl G S (3,1 LIe ! R9) oo
mIheingdisrcgariedcbetdianstiorsl d3¢ adchieved grasechget mills
u$8g Ob oy gRal alse&ilﬂiix{gs daiy,t Begmi kb i B aH79.

anofr phous silica, 25 silicates or silica gels have

therefore been substantially above 1 pmto date. Thus,

Itoisekaowpt ghagStBe36h vavakies patsdsla PreRYY fi¢r PTOPOL-

t%hginlgo aﬁ{é)%%arei ?o?@%&f‘ ey g_gl@leS:sBaMf Nghad iigdicAnvelocity
article dianmeter, of 1.8 to 2.2 .pmare i :

o1 PP Fo LB BAPTTCI HcATa: oF BETT s gty rmined

bpnths, jéoweiec tyopf 3ohposuiasicd ngi KRSt BPES tefcHrigqgespective

mgyiiggr@i%ni tf&%mpeﬁg i §J>£_§lbé%{ UdSd3, ;sﬁz, TH2s fklt'zléé%oal super-
road particle siz i stribution a )

bR gt ST, PLEe BB AI R fPRCPEaR B s EEY o 0hR L

peftpai¢isizs,>s2npm tie | arepd fredd OROROBETY | @f iteam is about

‘ 5@§f§£ééﬁéh than t8at”of PN, iFwdiveadvantagesuss f@feam has the
app

Ications _in coatin stens since as q}res%ykebggﬂling

| dépateamRATH e s ﬁBB?ﬁngﬁg At &YafT6EL be" pFoduted.

525856, 264 tdesdnrhesdbheng ol medrirub| pRgtamdridryi wgish as a
r8h b1 £A9Rl S 1N t%BPOYEmb o dd SigolieWBY8tes tdAI® crusts during

the milling process.

The median particle diameters dso achieved with the use of
conventional jet mills in the milling of amorphous silica,
silicates or silica gels have therefore been substantially
above 1 pm to 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 pm 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
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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5 nedi an particle dianmeters achi eved thereby were
substantially above 2 pm An alternative possibility
for mlling is wet comm nution, e.g. in ball mlls.
This leads to very finely divided suspensions of the
products to be mlled, cf. for exanple W 200002814.
It is 10 not possible with the aid of this technol ogy
to isolate a finely divided,Zagglonerate-free dry
product fromthese suspensions, in particular wthout
i %haﬁgbngmthﬁsF&ﬂi&aﬂﬁﬂﬂa@bﬁuﬁrfﬁmﬂdﬁpilcatlthMBs coating
erefaore an_object_ qf t n
syﬁr g\l}nisdsl-nl_%enove elsrl]let ttg.eL 8§te§] h&{\)’l\{lg % Qﬂo&&d surface
cagmortp ke uBT 8GR G afh éﬁdza8§ﬁ®86§sd¢%ﬁrhﬁﬁ§ 6P@pﬁ?%E%Qﬁg milling

ar{&@&@%g EﬂrémCaolzjeqet S_nnfeép(?]@.@Cjé‘tl ed 108 . deb@étenr itde
oV nt ext t h [ and
m%ﬁéfpngaﬁhﬂcg %Qg%erfhg Aven orsﬁﬁkvg%gggprlS|¢§ﬂgﬁyily
atfoygn@ tthat it is possible to 20 m || anorphous solids
by means of .a very special process specified in nore
d ai s 9 [ 0
D A T LA
lmévrarldv\mpél%i chelajllﬁaldSbﬁpl vary fired Yokjadfefssisppsions of

th%pﬁk%ﬁﬁthYtéfﬁéFMﬂXM%@$ ag. dedi nathniplen@ne2@50eEt1ad | It is

ai Ims,_,an the fal.l n I
no&wﬁ’?ﬁﬁé% S%J[t—frbs sepgé’ldf f)gdgl n gtedC%%:?l g&l °p 99915{%?1
fume&enﬂn@nd@®ns%&ﬂkﬂmﬂn@tﬁeﬁa?%sd#X)Efqﬁu§ée§§omo?hese suspen-
silBnlsl, i @e BaPE Phows: sAkhds tbynaepitsy afhed phirbkingetsyist em

apparatus), preferably conprising a jet mll,
o ng

tized in that 30 the mlIl is operated in the
n1II|ng phase with an operating nmedium sel ected froma

Itghagptﬁeﬂéféiéruh(Hb;@@& andis prapeut, 1pgeﬁet@hlgo provide
a I
oo 21900, 8,985 LFONLALILAG, ShEATY AT bNibhaIn he

T a hase
pr@eﬁeﬁefos ThﬁaﬁﬁﬁnﬁﬂatGSQrﬁb?EﬁP@MtI1 the operati ng
medi um in such a way that the tenperature in the
FB hbbng,, Q r%?@%&f?%dtbﬁ ﬂélleé&ﬁsbsfgbﬁr%ﬁetJVE}all
e “dew vapour and/ or aqperatin [
cCoOtREL g@b*ffeetderﬁétrtleﬁcl@anﬁmﬂs%% %F&ﬁé% i) ﬂ%ﬂ?ﬁkﬁ
a nmedian particle size d50 of < 1.5 pmand/or a d90

Th\éalng ooss grrﬁﬁs%q/p‘fr s@ng?g %&Hﬁe Bfat< 1% RO pddieible to

anor pnous s % so th ose havi n a
migilf pEPERROGT riftidice. yS%ﬁnésof forveRafBrEl 3 par17<
speeAPhksi NY rdragpitanar aheslantd ar w@ygdregat eSmedimy ramgicle

prefefa%‘x §§/£Q§ncfn§g%fkﬁg ?hL &8 f%fﬁd'ﬁ% %Eh@&vée§s$ery

e Al or at ist “one metal oxid
nagaPW|E@¥%¥C%ﬁnﬂﬁﬂﬂﬁk§U6%Paes of netals of the 3rd and
4th main group of the Periodic Table of the Elenents.

Thle-hlo aggliesﬁrﬁ%t ctlﬁe(zgg gguf%é?r&] JR 8 s05Be{ndP in more

] nDr ous SO artl ose contalnln
depaiii &hethe Hprims; @@daggreoﬁe%%eve@gaﬁi@/sseflsag?%get%sthe

amB&?ﬁbet§6f¥ﬁ§“§ﬁéﬁ$§¢eﬂ¥ﬁﬁgﬁ@t@ &iddicasheskli cat es and
ica gels are particularly preferred, silica gels

conprising hydrogels as well as aerogels as well as ,

TheedpyensioREoRfegieasdiit TRAYENT i 16h ¥ BEOREFFDF &F Mt At ey
anb@phbgs UseL s tdyen@rmepb@u@ IS:Di]le’ﬁj agGaedi Ngilbindieppara-

t di t
sy aRGPEF 3 oG Orae P S Doh e SregalEg- P T et

the Ripin 1§ ovpeedredl én nthesmlhh@ dﬁ@tﬁ%@@?s?@nﬁ’eratlng

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, 1 e. before
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Wth the process according to the invention, it is
possible for 25 the first tine to prepare pul verul ent
anor phous solids having a nmedian particle size d59 of
< 1.5 pmand a narrow particle size distribution,
expressed by the d99 value of < 2 pmand/or the d99
value of < 2 pm The milling_of anorphous solids, in
particul ar those contai ni ng 30 a metal and/or netal
oxi de, for exanple of nmetals of the 3rd and 4th main
tigr aupuafl bherPerdrodiichlablkeopératinElrenEints, isushclasy way
e AT Sor AW Al Qtiﬁ%dm.%;illiﬁ@ hBMROBRGoS! Lt O nill
i cates silica or ac I.evi suc
exciidn L LADRACFHN GTG 26Y RRSTPOSY| Bk PRCUAr BP0y BRETEC-
imparsiiafh.wet nmilling. However, only dispersions could
be obtai ned thereby. The drying of these dispersions
| ed to reaggl onerati on qof the anorphous p cles so
Ot SCRESETTRRATh BT IFFP| FECHR Foiirg BAROR Ioedian
paﬂﬂloaﬂdsﬂﬁdlﬁﬁ particl® 151 z2@8/0150 @fy walud @m<arkd pm and/or
ieZ ribution dmvalue of < 2 pmcould
aﬁ% elg%%ieSeg ?% the case of the dried, pulverulent
solids. In the case of the drying of gels t he
ThHeoro®irpiiowass @l isis adwebsebylaf pectado T@o€enpaveds vé t h

ﬂyér@590§§ St e RO ,Qr a6E, eiihﬂ¥yw'p%%k@&lé&“%d%ﬁrlslng
rocess according to the |nvent§£ %_d
agﬂ%§m§69§ﬁ§dﬁggﬁﬁh@ngegaﬁﬁFrs e¥“%;qﬂgrp§ﬁ§a Y cpo+tes
cdrﬁadmdgr ectdongictinkyverfubent epstoduct mehali agdyer yat least
orMak Ea@eg&fﬁ%fxyﬁ' %&%1§h Gr XW%thJﬁgwdeHEQrbf metals of

advant ageous al so have a hi gh poro- i %hg
thﬁréﬁﬂeﬁi‘%f‘l‘i’}éé‘@dinoﬁéio&ﬂ Bh Hf i FRF RYicngaPscef *i?at ed
Ex%m@nesnOTﬂigiagpkﬂgspbdmhnsbrf%&ngﬁlaIamdnmbltng oher

n{o%gii ﬁ@dsoﬁééﬂtﬁf a?—@i@ﬂ?ggeti%set he Ry %@ﬁg lagi@@icoii

he i nvention one O ts pre erred

siwithst hpytsgdmig sditibak, b&0Iiexanplaed alﬂubaegebakae
pa%ggceﬁagiYE%%é%%gyéﬁth@ﬁlEEQC$QEFmeEEﬁ§1§@Vﬁ§dfgbels as

tion ste taneousl y i ncreases
Wetlﬁea§pa%’é9‘ﬁ1r?e aF é’leéil PR Re5O¥et-erred enmbodi ments,
the process according to the 25 invention also has the

Th%n§§EEéQ€ ihah qgncQﬂgﬁﬂé§&§r@rré¥gﬁésv%6ytﬁgause of the

unts of con ensate ormin the ml|l éste
amgEPRPRE| 801395 AIFECRPEPY hRer St 1S g Cdp Pﬁ 1?r‘?|"1‘|ni? ian
pagystesm sConsiguehtd yi,. Snarcandéosas edshovarbue roft ke 2 pm and/or

a ﬁ]ﬁgl ldaﬁ%esxi?t?r@! ﬁ}{-[?alﬁéyly 'e@;gmﬁﬁ?%lo n@?fat#é c® @_hh gsystems

ase | S Substa hor = fec ive
nachine run times can therefore be |ncreased Fi nal |y,
WlbﬁCﬁhéepfm:dHHidi@i@:@aﬁéngr tontlye vigrveritiibhl, eitonslepsatidvle for

the fggégeg &;Rg %FEEFn?u§%§f&¥%¢¥J %Qpﬁ53§t§£ﬁl&§1hav1ng a’
al rea dri e te 0 3 prevented from :

megéé@npﬁ@tyﬁke size dsg of < 1.5 pm and a narrow particle size

distribution, expressed by the d” value of < 2 pm and/or the dgg

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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5 again, with the result that the formation of
aggl onerates and crusts during the mlling process can
be prevented. OnMng to the very special and unique
medi an particle sizes and particle size distributions,
t he anorphous pul verulent solids 5 prepared by neans
of the process according to the invention have
particul arly good properties en used in-surface
coating systens, for exanple as rheol ogy auxiliaries,
pait pApersiceat wag ok ikl epaiontster ofilnilshewansopf wet

g se t LiutedianpRanhibal ehereb
f%ﬁﬂﬂ-ngo% ng %ﬁ%% UQEEEF%S%QEM/%9O val ue gn ey

T 7] "oh & Fp  Bee { 5L SR L€ e SARTEIA AR eOT (b
afSSidi e phetpedesiceo arat trhien e¢batt ngS . tHEh@iplésenvas

parncvlgyntéa%%elliagegﬁ{ 'Qﬁ:g n{eQilg:x%t ?)la!rtP@ié)Vﬁlz%%nﬁsg TR 1 5 pm

the description as we as In the clalns gre
anfbfaarddcls pérerehaibuien enyaplfdetr g Hm could not be
adiil areyuli@ntheokisls & eHesexd isyinopyhoarsilenitn sphéds. In the
cont ext, of rese n t QPQF j e.l
cTHsE |nelggglﬁ§1ﬁ€ﬁgﬁjgséﬁgd 8% ta ggg;%g%%rfggﬁgégby
agfmtdeddry particles, dry particles neaning that they
are externally dry 20 particles. Although these

C&%? éé gitge?ﬁé ééE & %f“@h@f?ff@%eﬁgb Lhi §avei8hilar the

I Cl es or he capi | arles
watherddfingo §b?owg¢<§ﬁ%aﬁcq°trd|l§9n6? R SR AP B the
ad&ImeicRt whatant ednmsipher deypnessime. wHithotleedswiidsgtly to

p&lhve%ruas gﬁa25a§é‘t]2§t By Lﬁ?ﬁ egmgfi efﬁ:é(ﬁtgne p@ft@eua C§ize ’

si o S or di sSper sl ons.
wiF gty tP@rrﬁé?élafh%yaW%e@b‘tsﬁysmY REHTEE adPaply poro-

sfon- &%@f@Q@bﬂ@ﬂléfEﬁbag@ndm&rafhens@mfﬁmﬁ<hndmb|catlon
Rrefarably effe £ON aiiRd RoRtiRYG ;
%%QéFgﬁﬁgséﬂ €g%<%§§%dM§U% ﬁQ% %ﬂie aﬁd after t% -
refvidagdy. 30 The solids accordlng to the invention nmay
be present as a gel or as particle-containing

.A?&ﬁh%% r@ﬁ@én@ﬁ%éqgfqgggﬁg%kgés g@%oﬂ@@ﬂ?t%hﬁhethﬁventlon

are co st abl hr ee-
indiaren SifoAsp, Pﬁ?%?lél‘reéjole?bﬁ’ﬁ'ﬁﬁ‘ﬁé‘ﬁéo{% H&%&Sf B b ar3,
taQ@J tp1%|c%851ﬁiiﬁfmh@ﬁ1ﬂfy whesetacedsyingaqgehat, for example,

1f€e¢|%a%ong é“hf%@@%% Eﬁ§tﬁ@9/§¥ A9 QMeRRt §Sshfes an

t ont ex e pr esen?’al nvent | on ave no
actdirté@n@lnéﬁwwaﬂ?t@ FECWGE RS E2BEC R RE 1 NTE SREPROF RS oFP2CE ™
tidd RBRM dparti cl es which extends over all the

particles. Instead, they have aggregates
In its preferred embodiments, the process according to 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.
Consequently, no condensate forms in the milling system even
during cooling and the cooling 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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and aggl onerates of primary particles. Exanples of

this are precipitated silicas and pyrogenic silicas. A

description of the structural difference of silica

gels 10 conpared with precipitated Si02 is to be found

inller RK, "The Chem stry of Silica", 1979, |SBN

0-471-02404- X, Chapter 5, pa 462, and in Figure

3.25. The content of this publication is hereby

i ncorporated in the description of this invention. The
agaiocesd tacchedragulo the iteefbiroatien caf raasd omgratas agand
C].J'L?ﬁf]rg |29 S¥ﬁéelmiﬂrlg} 'M&%Baﬁﬁﬁuﬁé pidRfeably in a

I ng sy ten1conpr|5|ng ajet mll, particularly

preferably conprising an opposed Jet mll. For this
opingasetha feed speerdlalando upé quenmediaeagicle sizes and
pAECRLQS %Eg@ hﬂs’@%mﬁk%?gs gaémJ %%rgﬁo&% ngmw%lr@%hy astids

comm nut e particle- partlc e |g$€ th eLY vention
Pliﬁéf‘étﬁ%lbé(rWaBFe‘P%r% PRREEFS] BECRTIH % the
hédaupﬁntadumadlpp@m&é¢qqﬂenﬂﬂebswbendaﬁgéJbe@uFéﬁCﬁ1P©%tlng
ral,.J i4PE e paper coatin
%?%@%u?éflggﬁﬂg#%rredn% U|3%a§gxggd£opposed Fe? mil, ¢
apdud ToPaHBEE AT FIMEPSt- inlets are present in the
| ower third of the mlling chanber, preferably in the

.-Féroréya%?)l%f Hb!:!a £9 J‘P@ee%er\y“sﬁx@lﬁrﬁedpfzﬁf %:ra&@l)tle size and

resent in a orlzontal giane he ml.ling ket Oé&ggg
lfar@lﬁalrcelléal 5Re yIoF etoer BBHHYP &R0y iedfaaltuet'hé © Pr
acddelimigerenche of ntdret jmmefrerkabliy posntbd 14d myodhanbeesy

‘tﬁi gﬁg&lhgg mlling jets all neet at one point in the

erlor the milling chanber. Particularly 30

preferably, the mlling jet inlets are distributed
Thenigferseing  dueent hen ciy clasiceribrde iof detywl hilgliowg Some terms
uSAmhet nel BebBe: Gassh s tlaneeaBi hhi fge | €taind ke, debened

space woul d therefore be 120 in each case. 7 In a
b%#%ﬁﬁ@%ndewbodlnent of the process according to the

invention, the mlling system (mlling apparatus)
T}@rﬂgﬂﬁeﬁo@dékw fh 8rve rRneher abhyda &ley@amea synonymously

~classifi pa tlcularl efera
IS C€P§§§Ff %éﬁﬁ?% ngen?e era(¥ ?ngg|¥§ gach
caam:(frlahlerig t:onuﬁuglutr@ds, ZBOdnGﬂ §ublsﬁaa<3©%r<t<?1mﬂl§rllfl§3 small’ dry

apxrt%.fcqr I eddgyb'ﬁ_&ii”Mes %e@)ﬁﬁﬁ%‘ €hatrc d)a%ﬂef le&fternally dry
accor. di ng S _use

Th
PO, 8, P B B 2R AN 2 b et e
cartassi,f yhng wheet rﬁuﬁdun@ndoatbbassrtm@#eﬂuﬂas#ﬁgtha
%ﬁﬁ%’rlegr tﬁ@?e@?'&g Jriored v 1Qh9€t yeefs trhﬁ leasskbyi 88 room

e classifier hou5|n

AR BUGR beT TP AST T PBEC R “he %@%rs.%oyfﬁﬁg they are
paEelulshaf uastatdes deassithbée hgusphg;ahmﬁuhms and not
sx%&% AGLAL] ??d? %délt%fonfsl u%‘r@ﬂe?fao?é asgid %Tayg%ﬁ both

or s rou resse % ow
SWHECGymPs 161 PR R norswéﬁcgsfnﬁa VB 6] s Pﬁ suPface
mdanﬂycﬁ&hbanlwnpfeﬁdmauky eﬁfbbtenewathxbamhhn'dpnealnlng
ndi tions accordi 0 Uh0P BefdU bniSafter the
? 3658455 %ﬁe ové?gfgb part#ﬁ\f[‘gg ﬂ% product rerarte
migaritidcl es ascendi ng together with the expanded gas
‘jets being passed fromthe centre of the mlling
Thceo%to I1%l%r atcgéz(:) gnh t&e the invention may be present as a gel
or as particle-containing agglomerates and/or ‘aggregates. Gel

means that the solids are composed of a stable, three-
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20 classifier, and the product which has a sufficient
fineness then being discharged fromthe classifier and
fromthe mll. Particles which are too coarse return
to the mlling zone and are subjected to further

conmi nuti on. In the mlling system a classifier can
be connected as a 25 separ at unit downstream of the
mll, but an integrated classifier is preferably used.
An essentlal feature of the process according to the

dimeveribhan, | sréfatakd yhéamogpnphas end twankc lofd@d 1upsy r eam
'paozftltcl'i%sacgyé’xh f@é ldi g releParkNs M &h f1gaf.- up phase it

I'S ensure at the 30 mlling chanber, particularly
preferably all substantial conponents of the mill
Paaitd/dile -obnthbning ldgyyespseentod/ ohi adodgaegatghdivrthe

?{P geul He condense :.n‘v%@ﬁ@nhﬁé‘\t’@%éjﬁ:kﬁ%et—adhen31onal
|tS heir te erature Is a nt .of the

nerE OTThE HeRRE MY @ﬁt@aﬁg. i o p?w%w &% o'érlg%Fsc‘tm%f%y
ezajaey)dheatfénga]:fetﬂ‘rmj par8iddweveinstémd hadtayngaup pggregates
arﬁz{%] FL@ %}‘a@é% 1mérQa 'r@gcb@é dasridlceuel thes are

or t |rem sstemsothat t he

‘Plteétﬁﬁ’éFéttﬁ?‘esﬁl‘i%?e a@z?sW@ﬁ?@ er Ja]tl?ar‘?e’ mll exit than

t he dew point of the vapour. Particularly preferably,

'&efs'c%lﬁg§b’ﬁ eds StHeh%ttrIuI&%u?QE Sﬁﬁf@f&fcﬁr aﬁi ¥ilica gels

ficrently heats up gu bst ant |bal £S one\r;\.kE1 R K.
cqnpE I Wl%t}ﬁd?ﬁ?cﬁlttaﬁg ﬁfL ? 519 Pig SV I'c rh
"TH@TEhent ot cpné AcIiMiclt , t B878t e2BBN Thel HeditAd - éasCf@J%@'eﬁr 5,
pa n46§ PL CilplI%.gbﬁrea@yZ@GS‘I‘ESdc&@&WQﬁOEhQQSpubl1catlon

xt'urés, ot ajr. _and/or conb f?g ) anVentl .
ig ﬁ’@lrtebiol@%%&o%ﬁtéfdprlé‘f §P8bij§sﬁ§3e%ltlofheo ﬁlﬁgr aturetof
the hot gas is above the dew point of the steam The
H'émprgéésQa@cc‘:&cﬁfﬂ%"%‘opltﬁeb§n*r@ﬁf9&ucﬁﬁ @Airragy desited

Qint into cha r nozz e
mlﬂ'rléflér aksP&ezbrgr%ﬂem%ﬁlnﬁogpPﬁFg Bﬁ}po% Eef (211 F ‘?‘lﬂlng
sychanmbepmphesey ialjetts mi3lor pﬁcizw@san‘ﬂay m@fﬁﬁébé&rre
cdniﬂ)lrgts§n8ralrﬂ &sed H%@U&Hmhl Pdslrtthelén d]dpl&gel, eLSres®

d g th '
ma63IPEeFo PEVEVEI MY 4 aPbOThORT Bl o f G RRRaPg e Jets

ofl miehsvelonbrzylesl (dveatinngedolzy | exyt Idreowghs twal e hinprets.

L
VQ%}S} tp%?%l F Py éﬁ}nﬂgﬁbﬂzﬁugg@aﬁ)@? g@%ﬁ?ﬁg;%ﬁgﬁuﬂﬁ&@&mbed
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fine mlling, it has proved particul arly advantageous
if the operating nediumis let down into the mll at a
pressure of 15 to 250 bar, particularly preferably of
20 to 150 bar, very particularly preferably 30 to 70
bar and especially preferably 5 40 to 65 bar. The
operati ng nedi um al so part|cglarly preferably has a
tenperature of 200 to 800C, particularly preferably
250 to 600C and in particular 300 to 400C. In the case
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He ar al ready indicated above, a
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milling step, in which heat-up phase it is ensured that the
milling chamber, pérticularly preferably all substantial
components of the mill and/or 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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tion of very fine particles in the process according
to-the invention. Particularly preferably, the air
classifier contains 15 a classifying wheel and a
cl assifying wheel shaft and a classifier housing, a
classifier gap being fornmed between the classifying
wheel and the classifier houg ng and a shaft
| ead-t hrough bei ng forned between the cIaSS|fy|ng
wheel shaft and the classifier housin IS
Hoeereat etih nheaicing usay: st ﬁa@f%abmsqﬂfg@@téﬁ EVa%%t%fé?r hot
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thenﬂéﬁﬁépOﬁ ﬂ#ﬁtgpgéﬁng 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 th;ough the milling jet
inlets, preferably in the form of milling nozzles, 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 comprisés steam
and/or hydrogen gas and/or argon and/or helium. It is particu-
larly preferably superheated steam. In order to achieve very



10

15

20

25

30

20 ratio V (= DI/DF) are chosen or set or are
regul atable so that the circunferential speed of the
operating nedium (B) at the dip tube or outlet nozzle
reaches up to 0.7 tines and particularly preferably up
to 0.6 tinmes the sound velocity of the operating
medium 25 In particular, it ¢s furthernore possible
advantageously to ensure that the classifying r ot or
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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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25m ddl e | ongitudinal section, the outlet tube for the
m xture of classifying air and solid particles being
coordinated with the classifying wheel, Fig. 2a shows
a working exanple of an air classifier anal ogous to
Figure 2 but with flushing of classifier 30gap 8a and
shaft | ead-through 35b, Fig. 18shows, in schenatlc
erresentation and as a vertical section,
¢l assi fying wheel of an a|r cl assi.fi.er
ISRRnkC ] FeSEREREEI BUPE et &fF oﬁn%}si%%a]l SjePpedapne
insegds art tmhed¢ba$sg$yd¢§pgnaaﬂ ideénhahcal rox|sdgdilfregompo-
n8HAd 09oUS,18nELBYr Badi taﬂMﬂd%nEhH§f|@ﬁ éﬁmﬁﬂa@séffé§f The
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A e HHY tictBedPERY I BULF 1P GFagt iycaha %ﬂeﬁ‘ﬂrsa)w ich are
n&t gurer ideshewshardEMtafcdEramelre 1%, fégﬂmdﬂd&ssh@mmhather
%$ﬁtf§H e%faEQedﬁé%%iﬁﬂéﬂﬂélghagﬁtﬁétoﬂxﬁﬁ%ﬁpb%hér H8nd,

gure 7 shows a l'e 2, Figure

h
EeRSty AMGH ERE SHRI VA1 U RROPEFS TR E%?e?ﬁﬁﬁ@téon but not

vE plre & shows aanﬁé(ﬂrdﬁma@pleraaalsg rekidgliye 10
q@%& Adibgeognan dfofhe cquhvaleps diamaker of
Igure 11 shows TEM Exanpl e 3b,
Flgure 12 shows a hi st ogram of the equi val ent di aneter
rofa eyl endhc20ed nabaicdual jeeamiiibs puhd fdradly shateplosed

jé%“Mf%i Sggﬁprhglﬁg fﬁ]éﬂ}éﬁgdsB?SEE&@lé%"wﬂﬂgiegéEﬂ?l§§

ar e not’ ese working ex es or '
LERERARES GHPAFLR e heRs TREAY LFS T {aReo Eoiof R nigFodue-
tbxargd esrufisanphet cods rded thet hrocede deolrdicgl to the

1&5§§¥Jyl '%5§§1$ﬁigr cfgﬂg?ébY '@HéSalfﬂﬁyés%ﬁfﬁgﬁycontalns
not 25 separate cusse he sent ‘
adgguﬁ@ﬁpgng w eel and a cla551fy1ng wheel s aft and a

classifier housing, a classifier gap being formed between the
classifying wheel and the classifier housihg and a shaft lead-
through being formed between the classifying wheel shaft and
the classifier housing, and is operated in such a way that

‘flushing of classifier gap and/or shaft lead-through with

compressed gases of low energy is effected.

Preferably, the flushing gas is used at a pressure of not more
than at least approximétely 0.4 bar, particulérly preferably
not more than at least about 0.3 bar and .in particular not more
than - about 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 is used at a
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 0.4

bar.

Thevspeed 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

and i mages of the draw ngs designate identical or

simlar 14 conponents and conponents havi ng an

identical or simlar effect. The diagrans in the

draw ng also clarify those features which are not

provided with reference nunei@ regardl ess of

whet her such features are destribed bel ow or not. On

the other 5 hand, features which are contained in the
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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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10 particular if a plurality of mlling jet pairs are
produced. Preferably two or nore mlling jet inlets,
preferably mlling nozzles, in particular 3, 4, 5, 6,
7, 8, 9, 10, 11 or 12 milling jet inlets, which are
arranged in the lower third of the preferably
cylindrical housing of the miding chanber, are 15

used. These mlling jet inlets are ideally arranged
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md s Ih@@tewgeﬁ@zgm&% iQﬁz%ﬂ*t@glﬁ BH?F]&H eRtWihl bPGway of
nozzl es.or openings. Far exanpl e, € processin ,
A ufFderature B fUNHEATBr ¢ oBo5 P (ehed By “Bst REFino
examdlesepnd| ubeatianplsourcee telthet wesredtee® 4ohbinations of
fé@cttﬁfe'salﬂit;ﬁixbeir‘l@i\}i%a@nQJotrlf&n??&ﬂ{é}ﬁbl(éfs the mlling
jets 10 or a correspondi ng heafing source 12 in the
regi on outside the feed 4 for material to be mlled,
Figr- By pretessi ng pdet fokasobfa mitagrieal, vowbekiid |ethmple of
whi ch isaife@amsicase al Fﬁ@gl/y 10 MA74D akdepY ol dsah8atng,
| osses in reaching the feed 4 for material to be
mlled, for which purpose a feed tube 13 is surrounded
Figy & t enperet @r eokdobackagp}ackietani4irThéapehtiay of a jet
sour ge 1di or fila&ve'rﬁ:ib%%' §r$|§r%€’ me(iftglahﬁf BEl Qﬁé@%&nabﬁcof
any desired form an nerefore usa or e ,
part i cuII%Jrcg r&&?@lgﬁalﬁﬁ SET @ Cr &-%elguF%'attfoUbe for the
avai | abimiztyuren ofthelraskéyisy aiatndusphéd particles being
‘expl anatdonsiind cbi 91 AN Rt BI& Nt nheglLeed. |In
particular, the tenperature of the m[l'ling jet or of
the milling jets 10 is relevant to the tenperature,
FigndZ2ehe sfewsepaworgiog ehenpid erfi an eérbelassdBicr .
shoul d ain18R8Ls20aPPEEXE MRS WG @R ?ﬂ?glﬁ‘ﬂu% &f Ri1Sissifier
mlling jet tengerature. For the formation of the
mlling é%&:?alﬁ AnE Pt cE P I eI nPPPing jet inlets

5 into the mlling chanber 3, superheated steamis

rigsed i n Jhespresenbn Wi Ki M- xRN athbni Snd & vertical

assunmed that, the heat content of the steam after the
i nl et section, a classifying wheel of an air classifier,
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25 nozzle 9 of the respective mlling jet inlet 5is
not substan- tially |lower than before this inlet
nozzl e 9. Because the energy necessary for inpact
conm nution is to be available primarily as fl ow
energy, the pressure drop between the inlet 15 of the
inlet nozzle 9 and the outl ety316 thereof will be 30
consi derabl e in conparison (the pressure energy Wl

be bstantially converted into f] ow ener and, ,
Fle TenpaPaty ot B G0 0 FEBREP CBeE T 11Ub A tar abl Eos tical

Thi s tenpecaiune theoplasgpdytinguivheesholulagh ber classifier

Conpensa%ﬁQlQ%o&é“%J“?ﬁddﬁ% @fbbeewﬂgﬁefl&ghlh% Be classifier
mlled, to such an extent that naterial to bé mlled

and 35 nPPPi kg e %R?ﬁﬁn%?a?ﬁé E3NE t 2fperature in the
region of the 17 centre 17 of the mlling chanber 3
rYIB & LR8SE N0 Iméﬂllc% beL8 r 10uFESt o@n%ﬁaegh@r or
in the case of a multiplicity of two mlling jets 10.
Regar di ngUPReL RS gn of and procedure for preparing
the mlling 5 jet 10 conprising superheated steam in
rRAMd ol 8hokd 4 NEnd Qfﬂﬂa&faAF:L@l psed system reference
is made to DE 198 24 062 t he conpl ete di scl osure
content of which in this regard is hereby incorporated
Figun<ceféer ehees | a1 ord@aram a¥orbe s¢apl yaleddpdiageter of
i denticakxsmbiect, mnatter. For exanple, mlling of hot
slag as 10 material to be nilled is possi ble with
optimum efficiency by a closed system In the diagram
Figlunehe ppeeenta igitkiodg Eeranpfe?of the jet nmill 1, any
feed of an operatlng mediumB is typified by a
I r 0| e u [ 1 r
e e Ay Y e e BBAREEH! o
nediun1 ¥%m$%%é%d vi a pipe devices 79 to the mlling
j et inlet 5or the mlling jet inlets 5 to formthe
el B9 b64,dQ o e BLLELDO dgts 10. 1n particular,
tarting froma jet 1 equi pped with an air
classifier 7, the relevant wor ki ng exanpl es bei ng
Fiigutrend@dslaows 20 himdenstoodf helheieqwnialeas dxenptar yof
and not gghﬂﬁjg ti.ng, a process for producing very fine
particles is carried out with this jet mill 1 using an
integrated dynamc air classifier 7. Apart fromthe
Fifjace flhathdvre aniTEM g Phaselé s3ipreceded by a heat-up
phase in which all parts which cone into contact with

our _a heated t t enper at ur bove the
FiGBPp SRR PhELFABOGRTARG (e THGTAHRE O BTENE St y
i nt egr atexkrgdlasSbfier is used, the innovation conpared
"With conventional jet mlls is that the speed of the
classifying rotor or classifying wheel 8 of the air
classifier 7 and the internal anplification ratio V 30
(= Di/DF) are preferably chosen, set or regulated so

Intdlﬂaidhas ﬁaftﬁiiféfsemﬁbhabrép§€§téﬁ aafa/@&etsabwaglmlwalon

t L et d
top RBSEF SLe GG RaBITo A S ReR St P TgCa Py pERes wokking

expmpl es abt ythep qowb@natttprrem’almdtkparqn}mﬂ éleayup%fcefr dbigpe
woRih9 Oxbndid®Hulheas0HBd-¥Rb OGdd WiiQfhin the technical

possibilities with any other variants, even 1f 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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35 the operating nmediumB. 18 Wth reference to the
previ ously explained variant with superheated steam as
operating nediumB or as an alternative thereto, it is
particul arly advant ageous to use, as operating nedi um
gases or vapours B which have a higher and in 5
particul ar substantially highey sound velocity than
air (343 m's). Specifically, gases or vapours B which
ave a sound, vel oci t m' s are use

e e I A SR . S P S

‘epfeductTion drgreme yhetle oframdmy failge paarity ddose features

WHQ@%@@ Wi lsrraweease&ivsrm&mer nQRELat & ngreig%rdless of

: as .areé convention ed_accordin
WBEORS: Bor HaatDe. S En e BEIPTaE (Tt 1 0Bedbg other

heneés afdat vikefs whdphpaeéewadﬂaﬂndde1ab©henpn¢$enﬁuﬁe$meapt1on
ertaﬁém h»i% %genogaéharn hel 'tlii@ 938 wi niag a’ls@dalas% readily

perating mediumB. In a preferre odinent, the je
uﬂr*rfrstian len frg ﬁnpssserarslwdieslr iy Fi‘ﬁl?ﬁEed bed j et

mll or a dense-bed jet mlIl or a spiral jet mll, is

?r rrﬁdsrrerwsdss mggegnw dhadde igH egaekeﬂlﬁynﬁm&nﬁlemg a

producj ng very fine partjcles’ o
BT HEE R SSOR L bl BTG SEES65, RaftHe b goedrsr 3 2
fem £l fagsirbyengal ot orbeomicliaslsi hppngxwheet18 aof hehé the

t%h‘@lﬁs%'hf ol ﬁial?_-i@nc} argqnﬁae 3 nter m@gs@n@ié f;ilclqtliqgnjet inlet

) are_chosen or set_ or ul at abl"e” or
chhtfr*lﬂ Ilé’Eﬂeé §89%ﬂ%t0ft rFélecFil&&FrP@r Sh?‘i“%\?r gbéé’ﬂi 8f PrRguct
owpbr@atd rig mhdiuppékemeqﬂuh(mfpthebmlbllmmndhamhalzzleAzﬁanged

t}reeﬁecnss AP 5 i91§s L m%fvsrnggyrapawol% Z;lfalsg&‘%ymg

and articu referab C% tines sound
Wf?%e]veq éi’&iti’yWBic hi"eh%ii‘é‘rlait‘% @aﬁearain @‘OfFLﬁ*}%@‘r anxFe
cldwsjfdtedmihl otdées v eferceatl ynéguinppedd wmdtderd adobetey a

Cglof!’al%?( g:'ggltgcﬁgesf £ ed'ﬁlﬂd'ghorthgeﬁfgﬁiﬁé@ rbLgce.LVeJtC % :1:§01fno£he

steam Or super heat st eam or _anqt her suitab
er@s‘é‘r%&F‘lamBFrg%n%‘?‘atq%rfeﬁgvF%éle?io?'a‘a‘?irlcﬁﬂeﬂ’étVlﬁﬁ a particle
simediabovB, the shicderanya3eoper at Engthediuin ISiowr peotsss.

coordinated with it, fromwhich, for operation an

oper.at medi um B is fed at a hi her and in

Tfﬁaﬁ%aé&rgrleab@i@a%& M3y Reghef'd %h%yw%i sty Fhaph 1s
cuton@343im s)r sSldsidSersr ehdr abé ybladesowd whiekbci(t§.

bloi@t £eagka 50 M5 HULS gPebabl 0O JPUMRSIMACE: b1ae
Pl & 7

such or exa reser vol r or enera 1 on
CHERIRAE  18E1 Bhe 4R @r“d§uﬁér KBhfadtha lassiiying air enters

and particles of relatively small particle size or mass are
entrained to the central outlet and to the product outlet 6
while larger particles or particles of greater mass are
rejected under the influence of centrifugal force. Particularly
preferably, the air classifier 7 and/or at least the classify-
ing wheel 8 thereof are equipped with at least one design
feature according to EP 0 472 930 Bl.

It is possible to provide only one milling jet inlet 5, for

example consisting of a single, radially directed inlet opening
or inlet nozzle 9, in order to enable a single milling jet 10
to meet, at high energy, the particles of material to be milled

which reach the region of the milling jet 10 from the feed 4
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steam contains gases or vapours B for use during

operation of the jet mll 1, in particular the

abovenenti oned steam but hydrogen gas and helium gas

are also preferred alternatives. Particularly with the

use of hot steam as operating nmediumB, 5 it is

advant ageous to provide pipgggevices 19 which are

equi pped with expansi on ben (not shown), and are

then also to be designated as vapour feed pipe, to the
folrnheteptamitd ibegmidieHesasd toeﬁlwmd§f§habP§rV¢ﬁ%€%Iﬂ?
ma\éggggi {&ad plA8 S 1998”@1‘3&?9&31? 1383 FRUEK @S tAken in

servoir or generat |on devi ce 63}8 A furthelé N ADDroD-
bYaGbﬁnPé@ﬁﬁﬂﬁy%ﬁ§p@@Feﬁn t Aeduskt dHsYt BANeas S opetatithGPProP
rifRdiym ronsizat 91 papspvate ngrdreporéednicbl the v@qthm@le

t surfgcgb Wg&.{*hdc% %%tgggl k. &% bl ebe@‘:eknef)feﬂ% is

I'm_zing jet™m 1 with S? as
aCQﬂraVEdaWs‘lh fidd iag pessipiets 15 Wﬁa’Fﬂ édfa *ﬁrlca y

opb%ls@t:éo@né Qarteam as pperatamy fredi u:mosmlulmg jets 10
whﬁg%l ]‘::UI arl%c?adval%h%geg}{g 3&? 5. @\0i1 54, %@te .eLﬁEQ@&Q_Tpa&rtlcle

55 and Kence enéer g int stem
dipdsposethan dis@oseivéa BY If*h‘éfﬂfﬁmqnﬁefnlélltlégn&ﬁ ror?
pad@dibional r degilgn aTeagub esniNedre} yj edeplagmbngre heroduced.

conponents of the jet mlIl 1 for 20 avoiding

accunul ations or optim zing said conpone IS . q.
Pregéspebly T LTaR et eAiPg ettt fld“rleérﬁanﬁ%?eﬁ%}’{%i"ﬁgumg
nokk28gESi WYt a5 a@s 3t hitp Bis oSk 18,e 9i,n10helpiqe 12
mi%ﬁ\épéejc'?é'glnal%dc&f gqnhﬁgﬁnﬁgél z?ftéﬁget 8 nPiRE g@\)léﬁeﬁn]x% of

0SS an 'S "ot owT el evant a verse
thef peeferataky 2y inorherhDRRIBES (HprtdSs B Lo GV dRF ¢ 2ve
uskhe eraponents nef jbhelhEétﬁn dte hdﬂaaldzeslrgaagje@rdlstrlbuted

1nd§v¥>?%zed o7, av ' h09,6ondensatd Qi LYeR-EPSE Ble mllllng

S (n or avoidin con ensatlon X th
chpmbsengo figrat mh§ m}rl,éége JELF t aty opg point % the
inedyabtageouse infi 1Al baunpat hSPaafteLcmtlalréaspreferably, the

t t 4 ! i umrer-
ol HES PhabErAes TG AP haP e (e RrTRe) e of v oisbunt

enaeooﬁlh@ﬁaﬁﬂdu@m &8apbsst bl %ﬁeéV§%yFﬁiﬁBrﬁﬁl%+ﬁ%ﬁﬁzJets'

' thQ%CQH@l@%éﬂ a@ﬂdan‘@ﬁ%f ercopdensatien oAy tdspefove anilses or

te th d illin
no&erFﬁ ﬁxge%&quﬁ q Coese ?Slgylé/%%mt%e' rﬂgn%égu@{é% lling

I I ons

chadbent ageou® rend nliessepsr Bl bl B mstAzd Sist atrﬁeuse&

cIaSS|fy|ng rotor has a height clearance increasing

creasin di_u
Inp&r??%ﬁ?%ﬁ@fh§?>arggngf %he cléég%%%lngéfgﬁgﬁgtiﬁlﬁﬁe

inwkithof| ovire akids iploachaBbpBi FRf atin eask taEPr bRi Mk ling
ge%oﬂﬁléﬂé chrrtSetllry h@&t@htgebp@;ﬁirv@é ¥5a,i toreSepassybire tiee form

provi d es o] |c h a
Of(:|h8§§l§‘éc‘?c? S5 E&P&ob‘gﬁe&’%%ﬁ i aC% B@" ?%‘% ar]Into
thpr alélrid Brbddiatenp phathe Beee dfOZtZH@SJ et fPepings dan -

as; a%?@ﬁ{’j}}?téeé_&ltﬂé% Glasel f-y}bé‘gafﬁger’ecﬁ 1|’1\1a\th@gsalﬁe plane as
thlengnsaglr?g oepenlngs or %grz(z)igélgg Cgr%J) hea 1ng opening or
nozzle 5a, but preferably also a plurality of heating openlngs
or nozzles 5a, particularly preferably 2, 3, 4, 3, 6, 7 or 8

heating openings or nozzles 5a, may be present.
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Further details and variants of preferred designs of
the jet mll 1 and its conponents are expl ai ned bel ow
with reference to Figs. 2 and 3. The jet mlIl 1
preferably contains, as shown in the schematic 15
diagramin Fig. 2, an integrated air classifier 7
which is, for exanple in the gase of designs of the
jet mll 1 as a fluidized- beﬁ jet mll or as a
dense-bed jet m Il or as a spiral jet mll nam c
Inia wergsphiteculawhi aivecifsraddarmaeEdiRity éﬁﬁaﬁgiﬁ ¢eptains
tﬁ&%éﬁ%ﬁhgenQEZIé@ du |d;ﬂeﬂgn§BaB®@rt&éﬁ ihei2Q hetzIed lor
. Depending on the volunme flowrate of mlling gas
OQﬁﬂfﬂﬂsaSS|f|er speed, the desired fineness of the
material to be mlled can be influenced. In the air
Fc‘,r"f' a5 Si %‘l%r Zh@fpﬁd'&é&tngmtlefnpérﬁl@@ﬁ didig fu@thkegmo2e be

o ontrp veriteal sl ol sssiiler ] 1, enchgsed bl reca

4 tier upperiparto 2% ofiltlled hodsthg Jaqrmlqrh@fl <’§ gghnwets

1(5)fo§ b:\e BRVSEPGq iR HRRGhgPEbLr 22 ©F ﬂrh&h'éoﬁégﬂgn azblﬂts1de
| ower part 23 of the hous#gg?are Q{OVIded

tﬁﬁnﬁﬁeda dfPBM%ﬁt%ﬁﬁﬁ§ tPebfelt Yh BFRCe8en” ase
pat ialiewand- titectad toi beumﬁéle@twdeHlkﬁwg@ 2ny3eaapce lready

w%r%n S05066t hyeldat Tih)%ste\éolﬁ' Eéé’@?ﬁﬁ{ rﬁH@'fefeldaﬂgﬁér Material

ar e resent one cn to er. 1
£4 st ARLAERontOF “Hb‘é?haﬁ%gﬁfses?af e% Lfk??qu §3 surrounded by
a claagsirbitare 8imnd sarind ijrediebyl4ui Thableeatdags spuremel 1 or
Zan%téq%rt 15U, L0 & S1Bans pfrgﬁcibl(énge M €,any2Heb®ked form and

exa , 'screw connecti ons
t*ﬁﬁﬂ%“eolﬂsf‘}ﬁ%e ot ot PR L Rt o S SR URS: SERaRTet AT
JjﬁﬁanSavAﬁlabiliﬁqum amy deskeedspoihit duntherf fappanations

£ ISGUTLELEDEE o 0. LeYTE eLent i al flanges 24 and 25

re connected 10 one anot her 5 by a joint 26 so that,
after the flange connecti ng neans have been rel eased,
It herappelapar the Z epfperhé ulieust nghe anl e ngnijes| Pedot the

mﬂ&vﬁﬁdﬁg'&@ ?(5' Ve xtéletvlgl%tl Qwﬁh@aiémgégcéﬁuﬂeheahauﬁhég
Irection of the aFYOMIZ hﬁg d%) ggp % Pgrt 22

t P AIRE URBUST g fafeteddi bPePF rbm et e  Toner

afpardxiRdtely t der ferysingg te0thi snmabbivey JRite teoRerapare -

23 of the housing in turnis forned in two parts and

substantially conprises e C llndr al_.cl as
FQh o CRBHL 516 b e At heng ) 7 e i IEgRERpl L Rton
midtl iintgs jappenl eperd emdoamdeamdlécm@r@kﬁmh@ﬁe3295Mﬁ$émﬁated
stte%[?ne i$ 99@%;%'%@%@%@%&%@ e%@eh@']gée genes20o ansl

nb h
assner CBe het Py hiF i ISAAGGEEabT  S1C SHELHb ALBey T Lee
nder cend, thespeqtdatalvg, mahdibde]¢wolfleangesd s300t 3qulpftan-
eidh95haLae, coNG, 2R ANd chassiiylagehanber housios 2

AT e 'cOnNect e 0 one anot her by detachabl e f|X|ng
enpEAlYs NEABESRRDVIDL | 3P CEheCRIF YUt et it PFI aHges?ue
pramaring 20 ﬁi@,sserfe@ry,h@usl pge2dims sbrdyl eédtiveethilse inlet

1%&?3?@ in \F/J\rheonz 3 9 a d fLOM SUPNROT s 38R 388yi B be

'ty o |str|buted as far as possjble
cansiiidegphl g srpampaerrl@@ﬁd (Ehe BFPRIHARIBIRCEYor 1hePe Very

siHA3%8ih el y Ok orRIIHRS Sak oheusk Ngn&dgyof drde taker temperature
classifie et m

r
dngp Fﬁ&rW%g} %?%§§3F§*ﬁ681865%%%e25I%E%Eing%f§tu£? drop in
peastbistdnti ahopkt tbeofconipenhotsiingy | Fherratd ngf ofhehgjpaterial
toClb%S%'lfltL@Ei Tt d Ssddh talr'lr %xtcgﬁtc{:l@&’@'rﬁéfﬂé‘l@a\MWQ@ b8 Mavieg and

n di 3
AR5 es o haitod raayani e L o YL LGRS e

havi ng bl ades 34 of expedi ent 30 contour which are
arranged between the outer edges of the two cover

- discs 32 and 33, firmy connected to these and
distributed unifornmy around the circunference of the
classifying wheel 8. In the case of this air
classifier 7, the classifying wheel 8 is driven V|a

P—
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22 which is positively driven in an expedi ent manner,
is led out of the classifier housing 21 at the upper
end and, with its |lower end inside the classifier
housi ng 21, supports the classifying wheel 8
non-rotatably in an overhung bearing. The 5

cl assi fying wheel shaft 35 ig7l ed out of the

cl assifier housing 21 in a pair of worked plates 36,

' cgntre f’j ciJ %%% Cl aSS}I% N e, 3O I aglleaatst t%ouagfﬁing

nd of a ou3|n endn%e i'on 38 I'n°the  form of
J@F@nk%twtc@ﬁé aﬂoth@rt@p inghgecahe ef a%sw%mr@gmmm of

tﬁ@aﬁilﬁﬁuﬁq@tge@b this shaft passage w t hout hindering
10 the rotational novenents of the classifying whee

shaft 35. Expediently, the upper plate 36 can be
Regdoiditattde dasite ¢brandbirractiangef oorrranagtianl $hei fhlling
jé@el@?'cﬂﬁ@irfl)éhﬁ Mﬁ@ihé&t@fot 335aﬁmdlzs%wﬁitc&fiar in the form
onr %?3 |a rot bearlng §5a on, '¥?§ 265 g ga th
uIPh &Cﬁﬁit avm Holsi“ig "8hd" 15 the
cmltafcm d:;scltlfh@r@ n@@rtsafde odf whieh cm/eurhzoﬁ smegagdonﬂ hereby
1r%gfﬂ&Wt%'dd§ i §efé‘rérﬁ§a GMIRAep! %eaxh?td/\es@ﬁlptlg}eadoptlng

|rcunfere t|a es 24 an
SR RB GRe e B £ A0en0 e A OEh R Dok £he 25
maﬁﬁerﬂﬂlnggdbaplpeler:ts @@S@ﬁbﬁheWhUmscvmglmunn etftﬁeqtelgmnby a
csddeaerical housing end section 38, the upper part
22 20 of the housing also has a tubul ar product feed
nozzle 39 of the feed 4 for material to be mlled, the
In oy ddagman akitheofongsieal prodiey dwetblisorf] hesjet mill

1 pa;rrgJ |f%kzdt @ft&@ @@l%t‘iglgofneHQﬁlﬂ Btispn:ﬂflftﬁé@ by a reserv01r

cl ass ﬁ and |t drive or, cl Slf t K
o% ﬁaef“teré ahd %%“r %pr’oa’&&f: BT L% IS alT srﬂ%%% 2% an
1geaadifaiomy vbiesi tee opariad inppredpen tB 22 ofassikd hdaishiies

deds dedf 1©St@0§l$é bﬁleuflwrhtahl $no&t S5 40 el ﬁtlauh@? fft inlets
its drive or .clas yl ng

t.he cl as nd
> e dPt ?hgk?y%égaﬁqg éeﬁaﬂﬁ Sﬁlﬁp? Y pref e PEGSenbodi nent
according to Figures 2a and 3a, the integrated dynamc
Inaip%lr@l@ﬁ%éfj es'tathG_Qz@t &&Pﬁ a P gﬂuaﬁs:ﬂ )éiqﬂ]glpwﬁﬁdllﬁj ad air
a _cl.assifyin cand a classifier ou5|
Classﬁgséalyea y ex evang %sspréFsggp 83 T ndel and
unglefrisfiedd blet yitieh qnﬁef @Bagsmylén@y vitvske nog éﬁdltdhétlng, a
pr%b@%%l ffb?rplk&iiﬁlrﬂ]@ %Iyaﬁﬂn@ ;senacfltclle%adst BeoUOby 3Rk iwith

t.h |
SRiPadEl ToH oSG 35 31:TH Toh DAL Bt e L1 T
Apamd Zaym the fadt cbear thetailliiyg foheweaiperraceded by a

he@q%ppﬁﬂay@tﬁ %‘i'&haﬁl@ ﬁa§&§wﬁdhe&o£e Ehﬁor%r@é@ﬁi with
under st ood e as

wor Ki n exa I n
gD RRE A OL2] TSI L8 BPOUeskhFajen dotnt of
thpr Udpounganﬁértyxef ifretpahetf ct gsrarediyi édtegtausd njassifier

“1st Ab8q] efndn 'rJnolr’atEBHpEbﬁbé‘JQecf%lt@zt %%%ﬁglgb{&‘fmﬂect Hi1s is

classifier 7. In addition to at th ng
thehahberspeehedt é&ebé%?%l?%@%qqtoﬁgOﬁhﬁéés%bfysl% Wheel 8
oft enpesat urlmsatidiert Neadewvt ipoiintteahatlhempapdiicat 1dre ratio v

- PROMALT o0 ¢ %ESBlW {;111‘ ANV et %@akebgﬁa%é@o that, the

“consists in‘flu aSS|f|er a and/or shaft

ClF@‘a‘afWﬁWgﬂ 356edi 9ﬁ %@rﬁgﬁeersastédlggagééuafm diw rffgyEube or

oulfhéet pesitianiot yookdi héSedlasign the pLEEESEY Ynd NMheel 8
reaggblggt&gp of h% use 5@ égg e c%npregsgd Icwg 5H%

energy %ases mntﬁ the A % Sher! gy superhea d steam
pammumlah rrigéempblyi @pf@u G.Hr gdgiest heendPinhgrglecity of
théNbSdSatidy paBtiguar mlling nozzles or mlling

nozzl es present therein. Thus, high-energy nedia and

| ow-energy nedia are S|nultaneously used. In the

enbodi ment according to both figures 2 and 3 on the

one
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15 hand and 2a and 3a on the other hand, the
cl assifier .housing 21 receives the tubular outl et
nozzle 20 which is arranged axially identically with
the classifying wheel 8 and rests with its upper end
just below the cover disc 33 of the classifying whee
8, which cover disc is on thesgoutflow side, but
MAthOUt bei ng 20 connected thereto Nbunted axially in
i nci dence % [% ! q ?a u ég&lno%zle 20
t'he ¥6F "o %tPe”? smé‘r? Suf Bt cha AIwWhtch i s
sxhpetcewas:edt gbebar apurparsd igicameténm ob leécsh dnsalternative

. tﬁé‘n_ké%camﬂtalJ.ISYpJa?f gean 4han sbhandh 1§§ redfudd)e agubpetating

zzIe 20 and in the res nt oI ex le is,at
nRLS GAES 85 DEPTUEGE B Fhe aV% {EORSE eRE Bt 1 et
pawoziztud a20 suAs salvstalnt s éiiljgllnﬁi'p Bound aneteritiys thher@for 6343
m,@' es&jHqutflEQ§1§' %éé Qﬁ Q@E%?E‘ i Nen QU |h%tven92§<l>1§nc¥0

d t he outl et e outlet nozzle
v e el ehaher I ariopgi! S B9ERE B0 S i
swisrdgriadly Anptdresdaticomprotbhet bor | td direniyeeldlof svay

fﬁeo qtfleesreigmaﬁkéoe m\ﬁe réées;%%@é i¥er operating

rising outlet nozzle out | et anber 41 is
meﬁead i érﬁl G?%Y?%Sfl%‘falsldpt}éﬁﬁ %??ﬁsrdzﬂzp%ﬁo Rraretcal
krdivSlterdolelit eddunedor Mpt iind zassthe - prdee gmmveradiound t he
ci rcunference of the assenbly, connect ed f|rn1y at

t h d th f th tI
2016t 1 RECESERMMN y'handBE RBANGE DT MEh P TbuBUF SLRR HEogen

gasherchadsihi @as housiusgpd2as opdrativey mgdietm Bozzle 20

i s surrounded by a coni cal annular housi ng 45, the

| ower, | arger external dianete i ch. corresponds
I, B EE b TR 1 GRS Hi Bk dr OP PRe ButT e
pagtididvérr4d éhldldmcirmeir Jesmailleromx alengle-dednittermigfl or

a \Mylealc%ﬁeﬁppﬁdslsB f@trmlegaek @@@f@eedr%ewthe m@egrated
di anet ef, uppor t

t he a n
AP RO R SAE Che e JaE| DB T TR HRL T e o
prawd dadewtonnectedifel deivyicee shithataltdhe wivieed ¢A than
clla%sﬁ%&nefré{@r %%S@I@lssél@%%l Shdlg csutdfettheogzk ecl%%SJ_fler

and outl et chanber 41. 10 The suppor 4
7 SRAUPAF BT FITARE paFE T oT LR | GOREAG h foe Chosen

ordeemcer(neguxﬂunMib otrheohtushlalglaaiso hevehheéng t he
CJ_Q%UE&E?&]Q{‘ fs tder 'falthgrgﬁfmdgmrr@'d'ﬂlﬁ gf aE héhe dip tube

classifrer housing 21 into bet ween t he
orcPRSLRF yRIEE Mhed Yg26heore bty YRS (| BREFSTWRSE UP tO
0.di sﬁmasthnediqﬁrtam:dlltahéyoptééér&m]z)zh@ 15 206 timew dgre sound
t b hing reach the annul ar
Veﬁgﬁgggggﬁsbg% eﬁ%ﬁﬁh e?ga%ﬁ%q%ap to be kept free, the
support arns 44 are in the formof tubes, with their
Fueuhermene, sect ijetsnied hiouglefdmbiyl bqoﬁpph@ with a

sogktgés' H) r t}tg}@f nghélrQQQrGQMQ&t gds \é'r%t?.‘BN @é@i@e 1_|£_3h for

ter | ushing air sourc not hown)
St&ARuPErS m@ﬁ?gﬁeéssteam ege@ﬂ%ﬁh%éuﬂésbﬂﬁ éeserVOlr or
geﬁ@f:faﬁi@ﬁé le@bxplc@t € b7 aﬁldopﬁﬁaigﬂpg imfesie hin Banobesuch an
st abl e ially S r
orfhut AT S GRuTisls preBRLSLARE ATRLET | ELSF illen, o
opgr8Eigs, ofn tcméar@rta@gu myﬁih@mv@]e@ fed Pheaolipler fAgmin
pat:hec@yeﬁi eéuwéam@eém;z h§ hor neshrey velbicnes 2%an air (343
/ Lschar@ m?h s Igd fr n1ane ogts&c¥%agg(%50
™/ fhe &t §¥?|é?eﬁgﬁ ¥ 21 SAde & coﬁnegte
m/sanfehns i eidnattimot hedoun| seurtmanisaich4 s, Ther f ¢xawple, the
regé_%@!?ﬁf a8 tdiher48ibs Raticof1d heedust coUshgdrathd
defl ecti on cone 49 serves for cladding the entrance of
the fines discharge tube 48 at the outl et chanber 30
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
hori zontal arrangenent with the housing
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end section 38. The direction of rotation of the
classifying 35 air entry spiral 50 is in the opposite
direction to the 25 direction of rotation of the

cl assifying wheel B. The coarse material discharge 51
I's detachably coordinated with the housing end section
38, a flange 52 being coordingted with the | ower end
of the housing end section 38 and a flange 53 with 5

bt PS8 Ss8aha 85 TP bbb b LS gEcraEon of

theniectwd it d,0ns pavtiwrldy theowhonemsrst s ;srueaal put
hGhASSd A | Iggar EnbiSnbeagdy Jo¥ a%era@fsbogreferrw AitSPRESE L
zone to be designed is designated by 54. Flanges 10
wor ked (bevelled) on the inner edge, for clean flow,
Parii culsimyyl @ikhnkhy we dediognateanbys Sherfitiagl pedawm B,

it niseraQﬁ;%rﬂﬁ%@Qbéspfé’tﬁﬁh\é% tp%@ éévwe@hsgo MRt 86e as
a clos art on i nner “wal | the outl et

o BoFraSha el PR dhehanieutl o Bibreet FgR Slso to

b¢ ubess Ihaden be tspomwntesd! pripeheto nfer wdldt off théling
n&yaéfst @hqn@er?ééfefébm%%%gltnel Pl aRRIALieR of

he air classifier I N the operating state Shown
C%‘F’hf’s%ﬁef‘&u Rg2aftei® FMTSdiced G?éeJE‘F%lrclans?lePﬁFﬁbl%“ rdevice
l&ntry spiral 50 into the air classifier 7 under a
pressure gradient and with an entry velocity chosen

cordln 20 to the a resu
B e FRE P ot i AR 1) g SR s shran ap paprating
mediyparbt |coulsast$ nlm:qmnmaimgntmﬁtjﬁtt hei ldoni eilty af seheace

wl'hw.Qihs'lrég a@ngm§ffté§rbc3.§s-1btllée ekassi fitdmg w%'rEisr b 8€Sptimizing
r ds in the region of_ 1the cl assi

s BN LR A G o PR BB bauC LeefphF oPR LbLe-

-Pagoliicgilpad i th ese 2B igh dicf Sérpent asragsedag ingt medieedviid is

péﬂ?@c&ﬁgg99taéﬁﬁﬁk setggabgi@ tﬁ@%ﬂjé%ﬁﬁbﬁb@rOPOM§AEKROSS
hi's produc coarse material, i

ar}ﬁ’arhtenfﬁeefl?ﬁ ¥|309F5ha’\ﬂ ﬁ e Sé?%%t{‘er'”ﬁés§urﬁ8f7831? najaso
sedivieec byohhepposttier td telreatliagsof yadiy taionailntiesigre

mera%%'r%‘% Oﬁaﬁxé‘?%cé@é’l%% it %E’ea!:or%&'@ﬁrsg%fsjch@nﬁletsmlll 1 for

pr.ovi d further processing fines,
thOFré‘lBﬁr PrEMRUFFHQN R h 8@?9@1 él%vm?jrldmsgg‘POP?“Fﬁ xJéH this
rGMpehtthEhtéasaana n@aanzedpaSsesa&adu&IIbyfuemmgrﬁﬂanges

wh‘l%s 9‘@ Lovey dp a@ %‘é% bﬁQe ﬁ'é?eg'gflﬁengie‘()@‘éék §9'£Hc9 for

he outl et nozzle into e out’l et chanmber 41 and

-COPPﬁEFP9nv?%.%Pq|HﬁR$ éﬁﬁﬂé?sth%e 48 into a fines outl et

58, and 35 fromthere into a filter in mh!ch t he
En%E!%E/aEbQQ M'é&@d %t‘n?% 28t pLiapfha Jlihib-de SHEL1@S.can

for exanple air, I nes are separated from one
fughberBpre c%%\r%apr@&ﬁ@fﬂ. PheRt ¢ lrfe thenesmaPRe R eiRfed e
jetaatall y dromddigneldassi byt ngi wdedor8 abypidentrcondargaltion.

Ev%8r85e9991r889¥%éﬂ Hgokh§h8Q§f$§nn%R%ﬁh§kgiBogﬁéﬁgaéf%n may
be present for this purpose. Furthermore, it 1s advantageous if
the flow paths are at least substantially free of projections

or optimized in this respect. In other words, the principle of

avoiding 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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5 leave the classifier housing 21 with the coarse

material or to circulate in the classifier housing 21

until it has becone fines having a particle size such

that it is discharged with the classifying air. OmM ng

to the abrupt w dening of the cross section fromthe

10 outlet nozzle 20 to the oy | et chanber 41, a

substantial reduction in theflow velocity of the
fines/air m xture takes place there. This m xture w |
Fthehefiore,pass iat advartygdow fandnwtherotiry nrefegghlenet the
&ﬁ&éff%%a%% Aha¥i g ﬁ@fgr(ﬂ r&%aqaaéstmémsa&gu Bten

es outlet 58 and produce onl¥ n% g ?ﬁat
defredt e d atatsri At S ontPHRF Ml Sof ¥t fe %ﬂnﬁ%ﬁ *Ehanbe
adda &FOrcidicd aseasenngthet r afrevuighevhide How Saglegoplace

| bg9+% 9% pin gg@passzs?éay y ERASUEG: Ther i gh ol QWeerna-

ying 8 for reason % mber which

tREehy n]dl tl@ QOﬁééElge‘b%\r%ro‘ﬁd&nat é&ﬂﬁ? qUEELSh ghamper whic
hps ey alidsnihoweyess sacthen dirschar gérect 2éh ouft Iféow.

nozzl e 20, and the protective tube 56 IS therefore

nore inmportant than the protective tu
APRR ¥ T EGH AT PRBORFERE $IHEG G i Eh%.%fiﬁeet &F fPenige mill
1dtaf®et efs iimcreaseladsihwing angior Bi baviromnt Hetegchenge-

zl e3g chanber 41. The air

ag?és§$P%%thkgaﬁhge§#%%s I'n turn be readily naintained

25 as a result of the subdivision of the classifier
Fhotsé ngiekiils thd vanbertslestrireddraed demigns of the jet
nEPPr g 3391( QI3 ngﬁgﬁeﬁésasﬁg | 81>169ARANENE Sy Wilth trB€erence to

|nd|V| part-housi ngs, and conmponents whi ch have
Fhetone %ﬂﬂﬂéged can be changed with relatively little

effort and within short maintenance tinmes. 30 Wile

TﬁQ§§é &}fﬁsﬂlf yi Bge?‘_\@g%hg C\Mr{ﬂ'hltnl'ée E@D?jlﬁ&b‘rﬁb rirdit$@s s3Bematic
ade, rin rr.an e a
dh%@%%®5¥héuﬁlaaesa%49?E?£ﬂ%ﬁﬁﬁaﬁr %gag%ﬁéna |ckg§ggrg%f for
epémfiq.ir2 thedc2aei of tdes sfready thaowat st dn@sy af or m
f%léﬁ M—@eldeljeﬁor\{?il db 5 Css %2 oﬁa’ﬁ@e3§e@aj/éﬁ19nﬂaj alrdl ek a

surfaces, cl assi f lng n_Fi _
SBLEHA T Fila FUSCREI TS g BXbhaTE. b LRG dFr s0vdnte
gebasky faratangedf iantaelvearttageofs thar nhekinevadlagpeens. of the
jggln‘?lfl qSS'Dfe}SnglH@e&li @q@%ru%'engléﬁ fétga c& é’fﬁdl_g;ﬁg gas

contains, in a tion to the e r|n
apfl aeleas 3£ i efh&PEper t %ec‘?ﬁﬁs?rred% 3&n§§e% 9 8\?%?“&‘1 to
bEaVErldl san3BeahnfAxiahcat St ance away therefron1and

| ocated on the OUtf|OM/Side and is rotatabl e about

the axis 40 of -rotation a Ef #o |tu |naI ! &s 2,
Ipftheaig clepadlitfer oF § ‘ﬁ%n5|éh of =9
thdeercd iassiveyicngaheist éﬁdssm&mmeﬁdusuémalQSﬁdIhy axi s

?% é)lfl:le h%h@&#u?ni’l wiPt il OSLI ab@@gk%dé&@ém@ess tﬁte upper

cl ass er 7, regardl ess of er_the axis

papt 0%2 roét &NPoRCHAHNheTRD i &OIWSHQP?EEH RNk 3?83-”19 '

TRernpahdi alrar 20r ohoth andwd inglhed oner looepadits@338f the
on the outflo e.co I S h

nS5s41S S CRRYSGhASRE e tby poeLesamd e dkbetery

wEDY e E5CH S65533n anet BP0 THE THGIGELEF I SRR Lafdange 24

and B N@Weckfvely. The two circumferential flanges 24, 25
are present one on top of the other in the installation or
operational state of the air classifier 8 and are fixed by

suitable means to one another. Suitable means for fixing are,
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contrast to the prior art, conical, preferably such
that the distance of the upper cover disc 32 fromthe
cover disc 33 on the outflow side increases fromthe

~ring 59 of blades 34 inwards, i.e. towards the axis 40
of rotation, and does so 20 preferably continuously,
such as, for exanple, linearl)y, or non-linearly, and

nore preferably so that the Ya of the cyli-nder

j acket through which flow takes place renains
fappeQupBs elscreansbantct boneverot sagkos - betaweh (Hoddehown)
ogulumgt %f]g@e a%g sQUEL e e NRZZh & ZQapTBe FOUL Ay O¥ans .

I C ecreases owing to the 25 decreasing
radius in known solutions remains at |east
ABppLOXuaRlelanycoestiant poinhist ddleutfilonge| al peiifigrence, two
ggcﬁmgér%@cr:haqul%EFkQGZQe§1‘1<9n2SJfarteh%oHﬁﬂéfe&O&/&rodE S$@other

cover

| ai
babovaoRd At | §e: aRdCSE, Tt 412 HRs GOBRRST BTG TGS have
peBhy reDeadd t htse udPetwpacova? ofi sde BRusing3camn b@e swivel-
anl g%%réé‘ eatq@%ngg @EQ' ﬁ&l@ﬂ A4 ber ockhendth®ising in the
1E5v 8 .

I'SC as is the ? se féh? sin
dboeRtiovert dinscer3vWaRd 3%%| TP dPREToRAEH Agusing
1§X§5Ela§sﬂ§>r@rﬂiidﬂg bk ofri gnd 2thd nigyart peukal 3 cpﬁetfﬁwéq@elsmg

fgfaip% gggégvelrh 1%%e\9’hbggtdﬁ?%fméheh%\’ﬁSQQE(aﬂue&urn is formed

can b t the area OE t he (%gpd r

ipatket PERF DRI WHPSKRAPE 61 AKEIWPIEES 508 ¢

ch§§§§f9 Oéﬁaﬁféﬁe@ yxoaemsdgaxlm Wiorh e:?her ylradﬁﬂsr@exnwéerflanqe
a Sle:® t 2Qondhgg h h £
3gnf|£‘)%n pper o%%?xl ﬁ gH{i £ d%r%e Qon whic apers

I'np he process accor i %] c
cpnweﬁubrﬁowrévaérﬁer ffbéddhfe%ﬁli%/g%y:q;aﬁy ’Elg? & aﬁSl ying

chBfbardesesind i2en rasd bpetbie m;awmghbyomyrowmrheflanges
3§D| Eéa%: )ﬁqanplg%%raggfjngg Limfed %e@?e%%@v@y§ Cémpr’dh%estwo

|on |ca 1 ons, tutions an
féontraadlonkl Wi ch scharper Sone s%é? |Ared CLASPREYHRY F@RPer

hdgEiMe 6 and henpeesent tdosmrentshambyaritt eaharld ridming

t he cl ai ns .and tqe %egggaL PLESENA] glggsfhgnégg §4) 25 . The

MeAPPodlRY | B escrip |on an e deséription
C@ﬁsshélﬂbﬂkmﬁgfﬁkéﬁp?é§e@hbe@h@ldﬁé@r&ﬁﬁnFﬁe%% uggpended in
ot-ne 8 avhsih AN G redn 2ganbi nﬁlu\tdhﬂy sfpwhtessaonalistributed

FndFe: B Tot: 0 AR ks RR Sbaa b L (T asCofC Flisrence of

n pOSS|b|I|t|es
thevehtsshf g drheompvasbant Boesnb e lcohbtRBd2 115 WiT fier 7

o%h@herﬁ’&@%ldlesic%h@egrhﬁ 0B& ec@etidi caboveaski fyimg chamber
ossiblfe to mll any desired particles, in particul ar

hﬁHﬁFBﬁo%% particles, so that pul verul ent solids having
a medium particle size d50 of < 1.5 pmand/or a d90

AV'%‘hHQtQﬁtfaﬁ p%!'f‘ta’&@/ Qheahgﬁglzv@ﬂﬁ:dlfnaisZopntﬁe eir classi-

obt ai_ned | S ROs ssi.bl.e

Y b%r??é?E“%F§ Fsﬁé%¥%%?e §f§e8dpégrﬁgutloﬁ§%%rCover

ddey B2} | hangindTlze 1@we:rpngusrs@i$<a533a@e<éraénlﬁgat gletrnce Yoway

2hAvERt FHQ é\!teﬂ%s*s'l@gubﬁheﬂabﬁn%hﬂtade&em4hayeezapemej'cbrem
particle size é tg\g}oopreefer%gl %5%@ two

cynﬁwrpm%m%aﬁrsflgﬁsr BEYSYs 610, &

c%@éy pasts cid arrddy 30, effeérably ycabfegfed) t@5 these. @n® 1strlbu~

t%%r In%%!)%i}y aq:ro%f & %%Yc9§9uz9fe10e&5é tF @n@ BMussifying 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 fhe outflow side. The mounting of

" the classifying wheel 8 comprises a classifying wheel shaft 35
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especially preferably of 0.05 to 0.5 pmand very
especially preferably of 0.08 to 0.25 pm and/or a d90
value of < 2 Pm preferably d90 of < 1.8 pm
particularly preferably d90 of 0.1 to 30 1.5 pm very
particularly preferably d90 of 0.1 to 1.0 pm and
particularly preferably d90 g6 0.1 to 0.5 pmand/or a
d99 value of < 2 pm preferably d99 < 1.8 pm
particularly preferably d99 < 1.5 pm very

- wipiaht ilsulasiyipe by dEISP d9928f eEPediyrt H@nﬁlﬁ]ranas led out

ofPatd culakhyipr efisibly 2d99toth8. Ahpd0 ehd apr, ALth 29
1%%%}’6"%”“ an d art(l,lCE!SeSl%ll%§‘Sh8{1§llp€S£$ %Eﬁ&)'ggts the

i< ermionation b anal ysi s
clawsiifivage @vaehawm rpl’?@téﬁéf}’ph’@u%n SHI9PYIrgcL6RrAT R The
clta%stll'f‘%/ﬂnGV@HEéPnsH@ﬁr‘c 3% gel sehubual so Kﬁdﬂeﬂabysméser)fhous:mg

ph Lid f 5 solid
s sebdep T s, BEe!SToBlip A0 L5ne o agoseion

haretialg @A de, the yewad cuidaofagohphoing osadd@@06ﬁ°ﬁe§%| an the
£ e 3rt§.1ua89|téz§ hed¥Rd ratgrtwptefa t hei Rerdhedice aFabf ¢iwf

t he El to th | d
g SHETE"SS: ol SRS sRRED Lo L1 988300y Qabhens
tH@%ﬂmqthQheﬁ BOVErOAE;S r@'Gyﬁogéﬁ$@l§N1HQx¥?ee§|ﬁhéﬁ?e%S

5 ¥ lt'l?la gRL SySber QﬁratﬂeC@lGaEEM l@é%&fﬂcﬁ.ﬂlat&d ifathe form
S I nc

udln hydr Qgel s S ae S

o HIFBGE BONT PO TITH ¥ 5%3039’5 Shiutl nane ppat Shace 35
araimmp@msestohomsomtmmm Ivg-at gothey i beasriidorsSar en the lower

%rt Gul @%@cﬁoﬂ) d@Jﬁ?@@'d@)‘o'ﬁalﬁggé@gﬂ%tﬁg alﬁloﬁﬁdhgfend

gl oner at es artjcular. preci e ilic

%i%d/oé‘r 38yr dfeniRd Andl6r $ %t s %ngpo?%e outflow
sirdextilsr e there@ﬁmomawm @ertmeeantlp%qulmqv@fﬁrﬁétél%@ panges
24° a%dSZEWEopEﬁg@r@Qal Y134 1@ 1ﬁglw9§%l Qﬁrlté GHrahb¥d in its

pref er abl of 01 to g t % tlcuk%%l%n Tn the
to&@éfléﬁfaw halgot%er *b“t%e‘% GP5eE BAT T pat 14 30"9-
rqymahebabkyedS@nrdaI)Mﬁﬁaumqoeadpﬁ¢CEs¢Edﬂblﬁ@e upper part 22

tprt%f eﬁ'ﬁg%Xngfapsé)ghatsoa aoRTRaNgr Y@k & ef%%ﬁ'n@'z'z}le 39 of the
t or. a d90 val of

era 0 and <
fe@ﬁ 4p,f@f:epgb1a§,1§j39d:cbfbe<m]}l§e8 %\r][(?rb%ll é+d|131/1a €afiso
wHireef erakdbytdf8ed rhzklteo ik Papallekrio pare isculsadlyof rota-
R ELe %g cg%% P§YlQ"I§1 v}h%e:!t @ QHH P@étd&wea@rycla531fylng
fera Fy

pre m and especl a
wheedf shablty 389and iR tcho@luE pﬁ?g AT e maﬁéﬁﬁ%e%f
radid1nm ontei@é&biytkf&%p@nfeﬁpirB pin opartd delvarhy, as far as

ra f . r I i
psr561$:>2.r aglrgmdglg Ny 4% %rf 6%&%%1%2#%% gﬁlﬂegrél])ésm.fy ng wheel

8 mnef ercabriylmgo@fcl@%ftyanﬂ Hhg ially
preferably d99 of 0.25 to 0.8 pm 30 Very particularly

rag%t%rrtc?guﬁgff@ree R, ECP 'e?nﬁ%ﬁgméﬁ% ' &c?@bﬁill?q@e tbh eYqaf&s 2a

e econom cal in conpariso
arm/ﬁ@geﬁb@ snte@la%te%qyn@%@eﬁéﬁt%ﬁ%ﬂl%ﬁﬁ |Cé?n§F%8§ a
cl@s%ﬂf@v&ﬁ@ QPReéhes padd Iaﬂo&a%lsl@yﬂﬂ@ eviaalatdharftby Smeadsa

o et PNl nrs (ROl I gascends oo
8a is defined between the cla551fy1ng wheel and

classifier housing 21, and a shaft lead-through 35b is formed
between the classifying wheel shaft and the classifier housing
21 (cf. in this context Figs. 2a and 3a). In particular,
starting from a jet mill 1 equipped with such an air classifier

7, the relevant working examples being understood here as being
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to the invention are gels, preferably silica gels, in
particul ar xerogels or aerogels, having a nedian

particle size dm of < 1.5 pm preferably d50 of < 1

m particularly prefer- 5 ably d90 of 0.01 to 1 pm

very particularly preferably d90 of 0.05 to 0.9 pm
particularly preferably d90 g 0.05 to 0.8 pm

especially preferably of 0.05 to 0.5 pmand very
especially preferably of 0.1 to 0.25 pm and/or a d90
ondyl wxepPlary prd qRtefldmifiipoa doprefeds 0% §XPI8CHAY Very
Jﬁﬁ_f:ﬁa@lt:l@llb}é Ps ec;@ﬂ‘ﬁﬁd/ dﬁg&g uls?n@ftlﬁhé. fexr hiflpl wenyrising

articu efera Q
DAt arr B A g0 0F 0 171 oh Bigngte the fact
thespadicaliy 1 pnef eramter d@oh@ﬁtedzb%oﬂoe Ahymrghding ghase to
adtge?ntﬁl%jl%gr@f an*?ef piﬁebrlfe@\f o@ﬂkyoﬂggh@fva{poélrs RAE innovation
ar re a to
et paE by BT Iy des B8 1oelfirty g riShYng of
clpastiifdelrapky Pr efret/adl yhade dead-PEreughl . @%Wﬁhdcompressed
ags%%\e/egfaglf?éoﬁféﬁfﬁ abﬂﬁé #R20af Qi 2P &P Tgldl& @é}SﬁQH is pre-
i zes ar ased on e

At OVE SPBBCHRL M Pon B Reaniost CTERY SREFgste”
ergndvi @agesewatMauhqnhlqh'E@ﬁtheTSu9®€hﬁaﬁﬁdes§sé@vawlth which
t%%?%¥¥lnﬁgtfgé {ﬁﬁéﬂdﬁ5ﬂﬁé %1@@&5 @Quﬂ&&% X@hoggktlcular

Iin addition tao th %8 qﬁ1 es
mz&#&@woeaﬁ?a.%dnwléwow iy are%ﬁ% fsfeénpo fus, high-
ensﬁgyﬂmedﬁaOaﬂdtIpW%éhaﬁg@gmegneferab$ymwiﬁ§ﬂﬁ§uﬁl¥ ﬁ$¢@:

A further, even nore special enbodiment 2b relates to

dit Loy the d90, d9 d_d9
:“b§@§é§%§PPé%ﬁytéﬁﬁx’a r%bkgg boRhe wgaﬁfnent %daﬁ ot Qhe one .
hepor endoRanmendf30.@ ttdiel o4 helr/ §andr efles a@mayssgfgegohquglng 21

réﬁé&@esAtEHrEﬁ%ﬁlaﬁ”ﬁﬂlﬂ@%r%o%@@@'@@ ﬁﬂﬂ&ﬂﬂﬂﬁeﬁ&rgﬁged axially
rel atei to a Xerog

t
156 2R I VAl TS ARy Lo AP Redt 1A b5 G iR ED 21 65
upgleso ehas jasporel ol iiee cofret. 8iso 39 @ 1thy /céa851fy1ng wheel

8, p%% %ﬁagb¥eﬂ Jigé)ig Smehg- OTE§16@a§idéﬂ1b@QndhEh@ﬁﬁ being
si cochem cal . dat.a t he $rec| itate

cPPreaS. BRLGF ol Ol e SrodnY i O STd GeLEEm AedtBy Lover
eriche ff ahkowhhieretdrwds: 2031inPahei Ebensize datber i nal i @wtlet

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 working 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
nozzle 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 around 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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In the follow ng exanples, particle sizes which were
neasured by one of the three foll ow ng nethods are

nmenti oned at various points. The reason for this is

that the particle sizes 5 nentioned there extend over
a very wde particle size range (-100 nmto 1000 pm.
Dependi ng on the expected paeticle size of the sanple
to be investigated, a different nethod from anong the

hr&eut%at[)%io% geShge é‘esusr"'rro%g%%h E‘ftg ESh I ntaﬂ‘?ahﬂ?rﬁousmg

iceach case
4oxpeta dPviredi AAT PRF teElrnsilz dighehpbuet wwhpﬁpmf:@ponds at

168 erdppresibyt Bepnse thé@h@ﬁ@t@g oPafiid chas dhavhbBghan 41

cted nedi an rti c e size a
=AU TRRPea DY Moah S URTRe. FACBPLal 197 ALtichn CHEFFaRenas
a*an@éﬁEMa@papysm@terly rmgéh@valllaaet@n gertha sddspoEying wheel
8 Pard QeJ ota@vaﬂgs ay Je%o%@e%hedcaﬁﬂéaap WAt iogl ems,l Z€nular

of < he net hod used r.mni
hFRTID SPYeat eI TREaS fEHLY kBl b o Let HEbgh p tux
iegeirtcasetha dhecnall esnpyigtnascotlet froziet 80 Fhe outlet
cHaiddClsg si zes which are nentioned in the clains

relate exclusively to the determ nation of the

particle size by 20 neans of transm ssion el ectron
The cueppegpyatTEM4 ianccdirei anbobar wieksintade amal yarss of the
fll:sh@%(;e%m:néé‘irﬁb O(fthh%h@lJvhl) cl endi §1Jgrk1uigl Qﬁrbpf@ﬁéﬁtlng

scr

A eRPESR i 205 e ls b PE G B PALLELE, Lo gppssiries
honc@amsy 8 anhecHniceal bshaken tRetsisASY200 Baskt)§ or more

ezt 1Whensi e¥fe AN NS %mst;hg EEéie@f%t'Fx@Vbﬂglét nozzle
def| ned nesh siz rg st a%llgedhone oh to h}hg ot her 1
200 IPh&*F5F | bR T 84GehtBS G347 r&% B3 F{oular

holszanm 4258ndn £:356 tiner800hm gaB2t JTHee s tfirrg, stlewesupport

ard@WRI h§ef§§t1§ﬂaecfotr§h thecgheyi nxglﬁﬁcdwe&% oi®Er end sections
screenin ccur at el

1§ HEERLN8 4008 ST mohLd pr e vel dhed acedr al el L0 nnectea

vikower inShkki figl iegr dfof €ot edf FeshBagriaunt esuateaknot shown) . '

ThaMRhhh¥de 9duB5g FasAEfser:l&Q@d S£F agld Ry h@? ]gfggﬁ%rnasted

SW t ff automatic the indivi
p13FE fRemna i SEOUIREERE Lo oS ARt PabY | BReE ALY
adbesm/ebgéaemrm}rae:ctdlmcaﬁnethshJaekgng’l dateeenopstfiveated plate

47! gﬁaes@oﬂ@y aher wise bal sEfynd f@lars%% tytu%g whee TNE.

summed wei ghts of the individual fractions should give
at 10 least 95 g in order to be able to evaluate the
Theesuttet 2frddettdenional eoncldmbdre {aritsi Fhemsfizey a fines

dlgbﬁé[r!g@%ﬁt%ﬂ &y wméﬂslgflécﬁls@foﬁ'tfﬁé %%tt's%e(ﬂ‘?{é ha,d-A
e determ nation of tﬁéjoartl

Cla%%ﬁ%ﬁtkﬂ%’rﬁ“& éff 8BfedS byPAIE G Ité%‘SFnB%?HBéc’i‘? gie
ouplencelipdebean 44 .| ager £ dhé § racdadnetger tObeodBHbs it of the

prglég%’é(r)%té dfétr % S’t ﬁ?f%?&rﬂ&q oéoﬁé“%ga’é‘éwgguf?%%oéjfadddl%g the

engrape? s‘i’%gﬂ’@déllpie\i'e@l?ﬁh%r‘i%(?%e BéarEr LR8I Anet e chember

41¢cm so that a dispersion having a propor-

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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20 tion by weight of 1% by weight of Si02 forns. This

di spersion is then thoroughly dispersed (300 W

unpul sed) using an ultrasound finger (Dr Hielscher

UP400s, Sonotrode H7) over a period of 5 mn. For this

pur pose, the ultrasound finger should be attached so

that the | ower end thereof dEgs to about 1 cm above

the 25 bottom of the beaker. “Fmmedi ately after the

di spersing, the particle size distribution of a
dpeddtiialn &&nmbeaﬁiomfnf(ﬁh%p@dsbemengEMhaﬁi 8o The coarse
mgtl,%l{laaﬁo%ﬂg 8%}_%1 rqbg]%%tlé%%ﬁ%lgzhgoéaﬁéﬁated Wlth the

ractone A refractive ind ﬁx %
hqugg % I¢5dl aeﬁél%o%f’en F drlapRE egaPeRty FPUSAG e h the
1408 Q&ldLAfggﬁeSﬂo@ﬁﬂ'@&rrdi sektwane3suppl izeflandd 53 with
tl'?exau leter EI yip:ar[_lltl % a{rsggzgm%tgﬁga?n&jl%r %l, and both

e device and plotted as
fhﬁfg}@pﬁZ Fhe PAf &R n%tﬁrbﬂ?ef&ﬁl@ fRBaghh b iGppnected to one
and UG QRAswE etk baharotted. a53. cDederfMiarat’i as oéatihefor
@grggcle size by neans of transm ssion electron
@'ost6py (TEM and i mage anal ysis The preparation of
the transm ssion el ectron m crographs (TEM is
718 fEGRE sabnt bendbasi ofdcATENeD 3840 Hiznafed blge54. Flanges
as nen se i s Ss
o (BT e Er L ol PR BB LT ASE00 havine
swméem;mnae@efié@a@ewwelda&@ 6P-120 kV) is used. The
digital image processing is effected by neans of

F%f]%l\éﬁr l@xpa;ng%,ﬁ%gndém NP rayskeiFe (’§lb% MInst i so mounted

program version i TEM 5.0 i s used. l1520
aFgr qlesugdet BREF nel | Gifs, irassut216-25 ThY utlse nozzle
aﬁﬂna’Qﬁ@@%spehddn@rfhuhnnmam@edbﬂa prot soprvepanbk/ Bat ean be

‘ m?r,\n%rfctee ‘%n( gg?qnﬁér 'v?a %ga%ﬂé/ égtﬁét Oéhéiirib%trj |4lle.d

reat ed mn wth ultrasound
(ultrasound processor UP 100, from Dr Hi el scher GrbH,
A&Fuﬂwmeg1ﬁﬁﬂngvof%bﬁanamm@nCpfSShkk&@r<ihﬁﬁééﬁﬁér7 an the
o Jgaal lln d gg{)gnéh&gn( %létsﬂf vhY éj?rt?é(elrhtfrro@ﬁbéaev:.a the

I Spersion an en agglle to th 5? 7 under
ngarsiséfﬂﬁé é%dée%%trobf spErgiton i $PEDsTP DT usi P?E €
a pAResurthergtieht sartcheri tdr eedenthe wﬂ&nam;yothosen according

ton%g{%l %h%ggé?n taﬂelsé GhiRedsl ant iﬁg{}lé/%g's%?h% %@EMf?ﬂﬂg air

rimary part e sl ze of
byamsEpioas 955RbT1k i FEItAGELRT ght e%om%ﬁéllloi? ViR the
ccﬁh@;ﬁtt@oﬁfoﬂlﬁé cebudmgnidhnidc aetanob 03900 he Llasdifhéng air
fica | sg
rlosfes Slplcggiy’flo?‘}l%ﬁ& é_gl Q?lg reécordlﬁgﬁgesgtlg%stllﬁglfﬁ? heel
8 3849 thpeephe ebinte t@ﬁpéuffé of etk ‘ot i1 ﬁmlﬁﬁxeﬁrtlcles

oﬂ%ﬁ@ﬁ@'r@ﬁt Oha i b e prinmioyupant 7¢h etise zerafudthegcanonez3De 39

ho id to. be neasure? T C 39% Qpnq Li 0ps

ot eLitet oy he DB CEEE AR a0scse
manamyaﬂenenes it P tdipdgr dgaction 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 outlet chamber 41 and
finally via a fines outlet tube 48 into a fines outlet 58, and
from there into a filter in which the operating medium in the :



10

15

20

25

30

34 The individual particles to be characterized on the
basis of the transm ssion el ectron m crographs nust be
imaged with sufficiently crisp contours. The

di stribution of the particles should not be too dense.
The particles should as far as 5 possi bl e be separated
fromone another. There shoubd be as few overl aps as
possi bl e. After sanpling various imge sections of a

TEM ep atlon ui table re |on are cqrrespondi y
dgftréd%\lfds Srhat?é £ﬁ§u?gam%er eajtrﬁatantdhe rat %lgéof
sqrmiatednédpmmrmdan@hger 10opasef ct@sstiiguene of the fines

afee%ﬁ)%&eﬁ@mley |f§ro§ne@5658m£§l§iﬁ/ﬁ_r@dm%@@r acwr¢&tmcl—
ref erence of .s

ere |s no, se VEhg dlgngg
%ﬂt CFEE By tTHe® é’rléfx oF "eTHRRAT T AP LTdRBer l8f°r ©
leagyr efat edasvi Hemeasigied dépehds e mhergeam@@¢rxﬁl or to
ci181129Qr egat e 2R £l Be haﬁg%gtﬁ Sinftda tlheha@r@eé&ne

particles have to neasur ed arrive a
f“é’c?é‘q&léf’éngt%\tﬁ?%'ﬁ‘c“; SOREI BEFRN nh"’itn Jtthéscgééc%?rge& with
tis ldleasifabowtai2b00 i ndividual particles are neasured.

The determ nation of the prlnary partlcle S|zes and

si ze dlstr|$¥t|ons is effec on_t he basi ¢ th
Owingn &R §BF P BRI tH6R"289 nP rB It acpﬁ?ssspr%ﬁg?ga tom the
owecti abkylé a20 tthi $hepuppbiet thanbext t4dr ar evhabdysied by
r BRI AT 1A PA 1)L v%uéélépawsa{e E@%%sasgermmlé@ takes

Endt er and Gebauer soI E¥ é@as?;elss The entir 1
PlREssGPPRG- ﬁVHééggﬁt TE ROt t Yife PARSI §5i 3 very low
floef twapei DASYalngh. B@hd2cuflestchane médasut anghe ahigess

u%ﬁ%tC@hb@r@é %%t%c ¢RedicAget oo&@fe@%ss'aaa mssgc@foﬁlwa a
particles to_ be |nvest|?ated (determn

sn@&a PESYNG R 12hrGesE PaFeTtibsit é’F&s\thhﬂPeh outlet
chamasur érentsr ahe sefrbested. tmvlpnd@m@edettahsp%ﬁentyﬂcb
ondyt %a(;éf& ' ﬂbc%'u%g%g@y%&gggf@phmes h@%l n&oe@emﬂ

eval uation desk so that the centre of graV|tX <ﬁ
theaFLREPRLY R PPHE6R b éernla?aew“% FEREIBENEP 62 IOt heePara-
tipeasachmggumr klsthereadtes, lywdvami ig the daschadpeelor
ou@,ﬁ!etchﬁogghzea'ZOt hgdi @ﬁ@t§fo@éc‘éi% Gluheubar s Feasifd e more

unt i S area i S as close as. possi bl e
impgripat gran elﬁ§6396B}%%tt%?? b - aﬁﬁF?%@H arky important
1sFtﬁqu¢mmiyuzkhemstéuc®Uthatdndmeuamahysedasmeaﬁunhe transi-

r t S S
cight PULR Lo e oo oS SRestEhoncctluld .
to be mat ched mnth t hose area sections of the
Thaeasyr ¢ ngs Niefrile rwii chnl besoddsiide thire par teégdeld maintained
asbgnggwt oq](&%et Qhﬁdﬁ@lﬁbﬁ‘%ﬁf l%%%n c@gglfigf Ms‘i@llg 21 in

counting process 1S tri ere pressing a
thgypeeRer TS FAPERCRRA | W% I@?@g‘l”@ﬁlSP Pﬁet}ﬁ%a%]tﬁ%ﬁ%gfler
coﬁpblkelh‘ﬁs perdrotatednfyvadual kg -pionsshgs Ki éagd components
downwar d r e, TEN LT p c
thh have Stﬁ;':eo%gvgsﬂlgsgq %11 ggéhfﬁl%%%t? lg %ee%/v&plar{%;ﬁglg little

eff@rhd¥v§ﬁ@6haﬁdéhofﬁemﬁmﬁﬁﬁﬂﬁqﬂf MRS - A new nat chi ng
and counting procedure |s effected. This is repeated

Whlpé %h al lla%%tltfezgflﬂgswﬁg t%cctglrdltwg «Isgvép(fliscs 32 and

eval uation's I CS Nave pbeen aracter .
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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The nunber of particles to be counted depends on the
scatter of 15 the particle size: the greater this is,

the nore particles have to be counted in order to

arrive at an adequate statistical conclusion. In the

case of silicas, about 2500 individual particles are
measur ed. After the end ¢f the evaluation, the

val ues of the individual 20 counters are | ogged. The

medi an val ue of the equival ent dianmeters of all .
shayn | 81 d5%val aafedr | KoL Eafddthert Het it S¥aPRIE; gf ethe air
cBhzei 8hd: TFer dat edvamtiaygdule fpathéc| dewilogmed80 and

d99, the equivalent dianeters of all eval uated

particles are divided into classes of in each_25 case.
TRES ALY 1RM WPee 5P ARCSELPE0 ANt ¥25-DEGhAp contaLlns,
1195£Bc9l7ﬂidaﬂrto9i’5elﬁ1)£ljmr@1rﬁmd9t hethregudricides G#,t hlee upper
£5 ;gcy%zcggassﬁe L o

CPr'e his “f r equency ution, it is possible to
adey etﬂrﬁrr@efrtoﬁleap@r%<P<é4‘feecbuozle§h§99uwi%w G o NS
r@tyaadé&@lee@b@@tt tBé e§xh=.av4e) afsrelhetoecpid/ ahenst tBO longitu-

E?JPE ggg?%ggﬁr 6, J&t rfrln hatbon of 264 ?,p@?dnéhglon of

speciticC nltl‘O en surrtace area
tlm echeaSrsecfytl@gbeh@w & %Peg@neﬂéééuh%aso ghe Reis 40 of
rOH Vel ant . sebi €ise |§3rdﬁtt%ﬁlihﬁedaﬁnstm fasiad rob14SE fier

5794 1/ neXSEBU%YQ%% &?lAR93990r§@3@f5% And ence said

(hﬁ%ﬁ 0|nt determ nati on accor

| lomyiDiudinsd 82¥7. amtmmemlucelﬂ»aéfoméom%’&@é vgbanéower

c &N t&%op@,l@eoﬁa@hélso@lifaltdw RButicoBopEeRSORANIQUENnsdbEEs the

PSS 0 PHETAR.ThS BELPELALS S, ML OBRD cove:

diethotd aalldd3éanT1b@ usedAvEr ﬁewao%@%oﬁ d<e( 2O%m 9

cg%kﬂﬁmgkaﬁtﬂéaﬁﬁié¥)arfrh%oﬂgbaﬂ”1ﬁﬁéféﬂhhﬂy Ehegfﬁh&t the
Sl ze istribution is carrie 0 r

EEEY RSP b SR RiSsors EFSRTEL SR hbbe 33 on

ttmucbmfhdwesspecm@ce@ﬁsf deemaitba BENEBOPUT 1§88 Pls

ulg,yafag fqggn s RpLE O hdTRENRd s48CE 0T Hb gt T, Banetibes so
ner _.an

Dryi of th I,
PR D6 B LRTER Dh 4 Ty Py BUBre T Samiigobty or non-
1jrepdnat ieod andemaa§EHEWéwtS@réhétf@@téﬁ*ﬁspﬁgtﬁﬁeczblnder
ﬁ%%h %ﬁﬁ%uggv%ﬁ§cﬂ flem MaGle@MBl hté Codma M @@eBxdnltely
and hel i um are measyrin e i
St et 0LeFVBEY a2 W%ﬂqé%ﬁgFEtE;@d% éﬁ?i%%a Eﬁgg G outlet
naved Ight29 . aﬁeedeueflnwuyﬁMQ¢1ﬁUthachud%ﬁ@ﬂ%ﬁeﬁoO@ﬁégptgc%he

: d%%] J_tngxe rgaghgmln P& d¥n lé%'lﬁgléﬂsaf‘é}hé/iﬂé:%'t bakance.

e to be |nvest|gatid s predried at 105C
aHRﬁogﬂyﬁiﬁlH conatant £y Yrer 88 uFéoﬁE|ghed into a
sanpl e vessel. The sanple vessel is connected to the

1ASAR14400 devi He?t mltamr %lfglamé heat t&@oep{oef 86ver

mn 1n vacuo (final vacuun1< g} h ng € 4 above
dietol¥ ©eYr 86nthenpateRt 'S d%ﬁgu ﬁhs @O\%{ 3+39%
anvd tih ailbayer anfi Bt riagers aﬂdowgoghzmﬂe'mn;(mnﬂWePEﬁc@f these

tvgcg oclgvtel}ediscs 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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37 weight of the nitrogen-filled sanple vessel w thout
solid gives the exact sanple weight. The neasurenent

is effected according to the operating instructions of
the ASAP 2400. 5 For evaluating the N2 pore vol une
(pore dianeter < 50 nm, the adsorbed volune is

determ ned on the basis of theg desorption branch (Dore
vol une for pores having a pore di arreter of < 50 nm.
The pore radius dlstrlbutlon is.calcu te%fonthe i
PHRST TR e 20 L HRas ARRS RifPEGEN F%‘b? &¢corafhgraette
bé¢ovddre IBidemeuhbdt (&lides Bardebutlet @zdeydr., P. H

Hal enda, J. Aner. Chem Soc., vol. 73, 373 (1951)) and

TR oG of " R T4 BEBU O R Po P

ivhed 8m,eduaticonr I5edR2 aily] by #8900Ff arssnpEer envbhﬂme
dégé”@fadﬂoﬁEznauaﬁ B 3&&%1&?52409] waPeéﬁrmena;dmn@f ekiiples

nol sture and the | oss on dr gTem)lsture of
a%d}%&dg‘%@fi. HQGF‘%’C‘B&EL& m°Red 58 G 16 BPR°20 EN
md&fﬂc&?clznaftenbsitytmdrm aRdhoumlsinat pns which the person

AS%#H %uE§£l {théQJME Fasit, @%ejﬁgg;eﬁEhH%chﬁ§§t§n in

L& om nant consi sts_of water. nois h
p@@'tﬂé? aﬁathBW bret A ig 28 Tﬁsed@?%?mlnare&ﬁnsﬁt%%spw the
imfrddetdar piotsi s oliesisiips iehf entletthe nidsve ibodmod £ 58ke

SEFIILAAFE LR LOORIETHETALILE,O0nd 1
NIRRT T B LS R TASAEP O KT 1SS SPnGhF GPTE DR
119y 2iriSick2 aper a100imdi wafdudénitretatéz echdvatesripn possibilities

oiDeghee! thnPf%hlt?%%ogrh% E@]ee%q‘fﬁv\%ﬁ?? E' &dh %eT%nB@Bed

absor is a measure of the
absorbtivity of anorphous solids, is determ ned on the
wiasitheoprbhesst éasaribdd Nn5860& astdiol ladwse, 12£50s goadsible

£ PYMEr UheNke s 2PDE RROYS Sl d 5 NBi ST 4R 8 LOREBRbhous parti-
cles, so that pulverulent solids having a medium particle size
dsp of < 1.5 pm and/or a dgy value of < 2 pm and/or a dg

value of < 2 um are obtained. In particular, it is possible to

achieve these particle sizes or particle size distributions by

dry milling.

The amorphous solids according to the invention are distin-
guished in that they have a median particle size (TEM)

dsg of < 1.5 um, preferably dso < 1 pm, particularly preferably
dsg of 0.0l to 1 pm, very particularly preferably dsp of 0.05 to
0.9 pum, particularly preferably dsg of 0.05 to 0.8 pm,
especially preferably of 0.05 to 0.5 pm and very especially
preferably of 0.08 to 0.25 pm and/or a dgo value of < 2 um,
preferably dgy of < 1.8 pm, particularly preferably dgo of 0.1 to
1.5 pm, very particularly preferably dg of 0.1 to 1.0 pm and
particularly preferably dgg of 0.1 to 0.5 pm and/or a dog

value of < 2 um, preferably dgg < 1.8 pm, particularly
preferably dgs < 1.5 um, very particularly preferably dgs of 0.1
to 1.0 pm and particularly preferably d%.of 0.25 to 1.0 pm. All



10

15

20

25

30

4 2% are introduced into the kneader chanber

(article nunber 10 279061) of the Brabender

absorptonmeter "E' (w thout danping of the outlet

filter of the torque transducer). Wth constant m xing

(kneader bl ades rotating at a speed of 125 rpn,

di butyl phthalate is added dé pwi se to the m xture at

arate of 4 mM/mn at roomt ﬁ‘perature by neans of the

"Brabender T 90/50 15 Dosimat". M xing in requires
amtementioakl parcecndizesnaniet bageld yn mk@npavtiche size
d%]e%&l%'atq piggymeér&wﬂ%mhgﬂs@gs% dhe sdeler %Q@&é@ﬂm

M Xt Ure comes pasty, Ich is indicated by a

sharp increase in the force required. Wen the display
Thiehm,r@aeudi gb1sdg targurelioh ®o6tm:‘,nwrtliomh@akn}e%1d@¢ls but

aBb YUhLNE gé’ s 10 SLidihrahe sphighednady e peans:afy

ont act e nc ronous. not or f
sqidetd icongaipled 2% %Ortﬁl@ttlaﬂ gbudt eteY ﬂl?&t m?ﬁ%
mexQM1S W¥pHepninf pdBR dulad asampbeus eaxdides ofheeDBPs of the

31523%@%%1% ﬁafllx acin.ecqn.}ig% Q)f_t I%%e”@é 1{)813‘019%1\@ to'%‘)ki'ﬁe pﬁ?&ﬁecnts

IS Ca

/or

) cul at ed usi ngﬁg‘p
THid l2pRilAgSt BPHul & t@e* gfé@ andgkOD“Eilf ArOFEGOUGhEP

haviPRP aalBs @ ot oM ﬁypsg/olfO@gr\{c%uﬁé)nSRmmiupORamédDBPllcnas,
pyrggen?c_sg ns%%y %ﬁ tes agénL %éf{?&éﬁylgre F 29£3uf%r1y

anpl e wei correc Ion

pnﬁ@ﬂeaéealcc@wm@ qeblmr@tl@ﬁién@ohywei% ggpielli as aerogels
a9wEAQg akhee PR Bbsorption is defined for anhydrous

anor phous solids. Wth the use of nbist precipitated

silicas or silica e 5 correction valuy
Ins [0 fiid shespakemt |?‘T§Q9dé&?6‘ﬁnt Eher aRARIAYS iSRG L gﬁea‘b”éﬁdlng
tAahger phiveptidhi sro/aladie icanabe delsfsriquedadnitbeapaseégates

ard o&hggge%égféﬁég]téﬂ;ﬁ%rgﬁggfﬁrf§¥e lﬂgﬂ%d §1§££%§Ebnd/or

(0] nmean an dition of
PYHQEEDA CgF it bpa tqféﬂ/BsPS&Bés%ﬁﬁoﬁndm THeiSEGret B?ref%fer
haﬁﬂl'nlgC@ REJOAn thertsidliecaigel dd cifs <det &rum ned-ederebdiyng
d5P osf!'zsh%nmt hoga;%égéﬁﬁ?gh%%%bﬁped”%%t 4 &1 o oJ.f ptnhevery
particularly preferably dsg of 0.05 to 0.9 um, particularly

preferably dsp of 0.05 to 0.8 pm, especially preferably of 0.05

‘to 0.5 pm and very especially preferably of 0.1 to 0.25 pm

and/or a de¢g value of < 2 pm, preferably dgo of < 1.8 pm,
particularly preferably dgo of 0.1 to 1.5 pm, very particularly
preferably dgo of 0.1 to 1.0 pm, particularly preferably dgp of
0.1 to 0.5 pm and especially preferably dgo of 0.2 to 0.4 pm
and/or a dgy value of < 2 pm, prefgrably dgg of < 1.8 um,
particularly preferably d¢s of < 1.5 pm, very particularly
preferably dggs of 0.1 to 1.0 pm, particularly preferably dgs of
0.25 to 1.0 um and especially preferably dgs of 0.25 to 0.8 pm.
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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In a second special embodiment, the amorphous solids according
to the invention are gels, preferably silica gels, in parti-
cular xerogels or aerogels, having a median particle size

dso of < 1.5 pm, preferably dso of < 1 pm, particularly prefer-—
ably dsg of 0.01 to 1 pm, very particularly preferably dso of
0.05 to 0.9 pm, particularly preferably dsg of 0.05 to 0.8 um,
especially preferably of 0.05 to 0.5 um and very especially
preferably of 0.1 to 0.25 pm and/or a doo value of < 2 um,
preferably a dgo of 0.05 to 1.8 pm, particularly preferably dgo
of 0.1 to 1.5 um, very particularly preferably de of 0.1 to 1.0
um, particularly preferably dgo of 0.1 to 0.5 pm and especially
preferably dg of 0.2 to 0.4 pm and/or a dgg value of < 2 pm,
preferably dg of < 1.8 um, particularly preferably dgs of 0.05
to 1.5 um, very particularly preferably dgs of 0.1 to 1.0 pm,
particularly preferably des of 0.25 to 1.0 um and especially
preferably dgs of 0.25 to 0.8 pm. All abovementioned particle
sizes are based on the particle size determination by means of

TEM analysis and image evaluation.

A further, even more special embodiment 2a relates to a narrow-
pore xerogel which, in addition to the dsg, dgg and dge values
already contained 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 2b relates to a xerogel
which, in addition to the d@, deg and dgg 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.

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

~which, in addition to the dso, dao and dgo 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 conditions and the physicochemical data of the
precipitated silicas according to the invention are determined

by the following methods:
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Particle size determination

In the following examples, particle sizes which were measured
by one of the three following methods are mentioned at various
points. The reason for this is that the particle sizes
mentioned there extend over a very wide particle size range
(~100 nm to 1000 pm). Depending on the . expected particle size
of the sample to be investigated, a different method from among
the three particle size measurement methods may therefore be

suitable in each case.

Particles having an expected median particle size of about

> 50 pm were determined by means of screening. Particles having
an expected median particle size of about 1-50 pm were investi-
gated by means of the laser diffraction method, and TEM
analysis + image evaluation were used for particles having an

expected median particle size of < 1.5 um.

The method used for determining the particle sizes mentioned in
the examples is stated in each case in the tables by means of a
footnote. The particle sizes which are mentioned in the claims

relate exclusively to the determination of 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, 63 pm, 125 pm, 250 pm, 355 pm, 500 pm.
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The resulting sieve tower is fastened to the sieving machine.
For screening, 100 g of solid are weighed accurately to 0.1 g
and added to the uppermost sieve of the sieve tower. Shaking is

effected for 5 minutes at an amplitude of 85.

After the screening has been switched off automatically, the
individual fractions are reweighed accurately to 0.1 g. The
fractions must be weighed directly after shaking since moisture

losses may otherwise falsify the results.

The summed weights of the individual fractions should give at

least 95 g in order to be able to evaluate the result.

2. Determination of the particle size distribution by means

of laser diffraction (Horiba LA 920)

The determination of the particle distribution is effected by

the laser diffraction principle on a laser diffractometer (from

Horiba, LA-920).

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 Si0; forms. This dispersion is

then thoroughly dispersed (300 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 about 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 supplied.

All measurements are éffegted at room temperature. The particle

size determination and the relevant sizes, such as, for
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Determ nation of the tanped density 5 The

determ nation of the tanped density is effected on the
basis of DIN EN SO 787-11. A defined amount of a
previously unscreened sanple is introduced into a
graduat ed gl ass cylinder and gubjected to a specified
nunber of tanps by means of 3tamﬁngvdumﬂeL

example, the particle sizes d%-énd des, are automatically
calculated by the device and plotted as a graph. The informa-
tion and the operating instructions should be noted.

3. Determination of the particle size by means of

transmission electron microscopy (TEM) and image analysis

The preparation of the transmission electron micrographs (TEM)
is effected on the basis of ASTM D 3849-02.

For the measurements based on image analysis, a transmission
electron microscope (from Hitachi, H-7500, having a maximum
acceleration voltage of 120 kV) is used. The digital image
processing is effected by means of software from Soft Imaging
Systems (SIS, Minster, Westphalia). The program version iTEM

5.0 is used.

For the determinations, about 10-15 mg of the amorphous solid
are dispersed in an isopropanol/water mixture (20 ml of
isopropanol/10 ml of distilled water) 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 dispersion
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 conditions must be combined so that the

reproducibility of the measurements can be ensured.
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43. During the tanping, the sanple becones nore

conpact. As a result of the investigation carried out,

the tanped density is obtained. The neasurenents

are carried out on a tanping volunmeter having 5 a

count er from Engel smann, Ludw gshafen, type STAV 2003.

First, a 250 m gl ass cyIind%r is tared on a precision

bal ance. 200 ml of the anorphous solid are then

introduced into the tared nmeasuring cylinder with the
Thai dnefvaipdwdertfichrel tedoe ItanssteatEefedn figimbapis of

th%ﬁnggfﬁggﬁ§5 %%eEQ?BnmﬁiéggﬁkéHlsa&QBEab@|ymégbd)dlthg

is then ta ht | t hat -t
Suggipate Bl THEPSEPICAUT At LE CHATIBD U8 hot | i g ricles
shbhedneas Wd ngocylennder The Hzazaue:clelsn shhel@eas uFdhgs

po%gghggeéetgg %%%t%ﬁ D8t 3P bRl UMeheke agbi BIRD as few

e volunme of the tanped sanple is read
ovgstapatat PSSP/ after a 15 single tanping cycle.
The tanped density D(t) is calculated as follows: D(t)

Aftﬁg] %?gg{gﬁ?%%bpgt§ﬂggg glensi dns b@lb]Tﬁﬂvﬁiéﬁ&kaﬁlon,
SuP@Pb%t BT AR 196 R GPrFﬁ%pé%q%ynﬁﬁggF%?ﬁe A% kak}sddllct:%e
enBURBEr héled emaEtnahieconat M) of ssnalder sieddtmasndebdidfy t he
par% ngt frﬁof] e Q%@%@SEL%' §az§;§1éj Jan r%réb@nt@@l@fa@lcnf
E?r‘ri} distilled wa q
Charhyéiaéhﬂpé?rla@daépﬁr@séﬁ Wn er?é:swg PEREBRTT a?l%n g‘% Lor

12898 pRAt1J1dsn by diheecpepatentionetric titration of
al kal i ne sol utions or suspensi ons to a pH of 8.30. The

free alkali content of t I
ThaeEaF ot IO 09 Tage U W i SRPRr et Peben B ok tne
schyper d66cipH ateireyaCal siaest Wig ﬂatr@ﬁﬁeﬁhiarésse?ﬁ%ﬁ‘)ore
pa?QQCEElg 1@%45 elt%Ctbr ofe.66eaR ﬂ?doﬁ:lé}(:ttroogerlfré ost Sehatdequate

are ca brated at_roo er at t
StﬁﬁésﬁFﬁa%fcqr\iH‘ﬁ&PPer I8oi it i O (BH :m‘?cﬁg u‘g&) p%}f():O
ind@v0Qhal ThertCarikisnedeehegsvnoekd. i s | mrer sed |n the

The determination 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
Fndter 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 positioned 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 object to be analysed.
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measuri ng sol ution or suspension thernostatted at 40C

and consisting of 50.0 mM of sanple and 50.0 m of

dem neral i zed water. Hydrochloric acid solution having

a concentration of 0.5 npol/1 is then added dropw se

until a constant pH of 8.30 is 10 established. Because

the equilibrium between the gklica and the free al kal

content is established only oWy, a waiting tine of

15 min is required before a final reading of the acid
Fﬁéquﬂﬂﬁﬂy,omhelatt&mtum%&etxﬁ behenghpseh areootscofcular. In

Cft SLce tﬂg? CQP&§@$@C&LO‘?@S oft Bfe rﬁ@z_dtllﬁd@r Qrﬁli‘lsﬁrbﬁo:] ect

cons corresponds di

Gt
b%ﬁr%ﬁ .th@umséﬁurwa aan's Tawgy 68 BRUROLE ﬁgyaﬁgseA%fea
sé’ét{ﬁﬂdsy oﬁeﬁhéozﬁeébuﬁjhe; ensanplascbel bav gamsieef bhe particle
I | l St r a u?f:l]gs rﬁ?&[tte }}d%taz?sl lbggne%ﬂi@nagﬂeo%ccﬁlaﬁ.h@ountlng

? nven In any Starti (9
PR ausS trsggf-r:%si 1Y% 'H?@Séﬁéél Bi F%@%oﬁ%q%a%@eaaﬁ%l ie in

t15d HddikG BEt ehé ahed 1 bigrgTialr®d 1 wase pf @pereeld bgceomai kgng pin
t o, ,t.he fO||OMAgg process: 25 The watergl ass used at
SR o SEFHEETh the fol | owing nethod for the

preparation of silica 1 and the sul phuric acid are

TN aateer, | 286 BEM ol drisr Wiat/et s ghassd deyadint pnltB48evalua-
t)ré-/z:jjefézguléi yav\heévgg)t d‘&fdlC% O.ZLS %dgés%@>ﬁn\@%|rglﬂﬁe%easurlng

uric a ensi t
mael -t heH3MA LTI HED GTR OB LAY Pﬁ???%‘ﬂey asnfeﬁSa%E%ﬂ This

id rﬂé'pe%tlaaouﬂ&.Dr@I:l PMartdiailieen regssedd eadargiiag to the
evicldngd bettom, dnollped hlade, MG stiddd ng system

Put 3 sHeer” turbi ne "and of water
gl ass are added. The ratio of water glass to water is
THe adjnistred rspathindlan @l kal conuhbérdeferidis esukths. sFhkter of

t}'lt ngataltr%lllc)ie ?EQQ @H(é %r%at%r ﬁgshf§t eéjné %o%@cpa@{:igies have |

eratfuré has een reac U(% ass t t 1
tcmiqeequW@tEQt &n PrAE £ NBAKF1VENAT st p?f%ﬁq &:FEa aFtHee
comiieiding .r ahetwd dahb arB/shliane, nebene®509 individual

S|nult n ousﬁ £§¥ he duration of 75 min with
p%ﬁlﬁﬂié% grfo %%eré% ter, water glass, at a netering

rate of 18.8 nB/h, and sulphurlc acid, at a netering
Af@adre tofe én&Sofﬁ%ﬁE @z vadded, st el vaheousify ther iadividual

h%r (2 m 90C with stirring. During the entire

co%# %ﬁ oR tlme&g e metering rate of the sul phuric acid

is corrected if required so that an alkali 15 nunber
Tief madisnmakbtai aed idurdgug vihiest peramneters of all particles
evaluated is stated as the median particle size dsp. For deterx-
mining the particle sizes dgo and dgy, the equivalent diameters
of all evaluated particles are divided into classes of in each
case 25 nm (0-25 nm, 25-50 nm, 50-100 nm, .. 925-950 nm, 950-975
nm, 975-1000 nm) and the frequencies of the respective classes
are determined. From the cumulative plot of this frequency
distribution, it is possu:sle to determine the particle sizes dgo
(i.e. 90% of the evaluated particles have a smaller equlvalent

diameter) and dgg.
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The water glass netering is then switched off.

Sul phuric acid is then added in the course of 15 mn
so that a pHof 8.5 is then established. At this pH
the suspension is stirred for the duration of 30 mn
(= aged). The pH of the suspension is then 20 adjusted
to 3.8 by addition of sul phuggc acid in.-the course of
about 12 mn. During the precipitation, the ageing and
the aC|d|f|cat|on the tenperature of the

; Fpatpsicdfics skefacea2:36C (BERe
suspen5|on obtalned is filtered using a nenbrane

press and t filter c ke.is he
T ARG AR LB Ll PP an EORIET VAT oP EoR (g GRT
sufaasupdenn ¢hetlwaghnlwetredienTheoiids grs cakerménedem the
bé@&%ﬁ%@tI@btB?@MfiﬂAdk%xC@?h§ﬂhg0{h ﬁﬁ%ﬁTAﬁhQO@GY&éEhéH
r cake is effected.in a spin-f as ryer.
obigomeraCipS ity e F ripdnE: e Bt iriisme 2ecofitnbgs DI
Igsr &@dr’ation 44 A silica gel (= hydrogel) |s prepared
fromwater glass (density 1.348 kg/ 1, 27.0% by wei ght
of Si 02, 8.05% by wei ght of Na20) and 45% strength
sul phuric acid. For this purpose, 45% strength by
wei ght sul phuric acid and 5 soda water glass are

DeltRemang bl ¥n X &thes o, t hadte ardime! ARk f:ﬁél]@ore radius
c%rrgggondl ng tO an excess 0 s

v S—este ed.
The resultlng hydrogel is stored overnlght (about 12
Thie) paldciﬂﬂ.&ﬂ &ff ushedrbfeat p;la-ﬁ tbaCeleQ:l %an@J.@ﬁ:o@QOLHor:btqmn at
I e neral i z&c at_30 - 50C
77 k %o?@@ggghduggpgﬁyl ? %?P sé@a% Wes%ﬁﬁrous Solids
(2nﬁmcﬁ? @le%aKQE(ﬁyémeegr) The hydrogel prepared as
descri bed above is aged with addition 15 of ammoni a at

Th%Hdgtﬁlq‘ngr%Ot ofnoroflg € &grgoﬁzs %{1 ﬁ%pgﬁtﬂgﬂn (leigs? %rt':c_ieeHout
AaCROAF bYel te M t@é 3é éé?w@mcf@rﬁl@@t off theg ROBBF®iIZE: s
dishebhbeoasseind wifl kad @;_ﬁe@ﬁlcﬂl’wifdlc%Caﬁbbloif Aiope rous

o BF ot aste® BB oo 0 PEBha i B

, JOYh%rdﬁvéfﬁﬂe§@?|dBJﬁ)bre stated in Table 1. Silica 3a:

Drying of the amorphous solids is effected in a drying oven.
The sample preparation and méasurement are effected using the
ASAP 2400 device {from Micromeritics). Nitrogen 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 into 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 pm Hg).
The sample cools to room temperature in vacuo and is covered
with a layer of nitrogen and weighed. The difference from the
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Silica 2 is dried by nmeans of a spin-flash dryer

(Anhydro A/'S, 25 APV, type SF047, Tin =350C, Tout =

130C) so that it has a final noisture content of about

2% after drying. The data of silica 3a are stated in

Table 1. 45 Silica 3b: The hydrogel prepared as

descri bed above is further washed at about 80C unti

the conductivity of the wash3Water is below 2 ms/cm

and is dried in a through-circulation drying oven 5
wdFrasenbengen PR} 4H600.12Q0) sahp 160 dela wiesbdtiabolid gives

nol st ure conﬁent of‘é 5% In order to achieve a nore
thini®eEh FEERIF ndeY¥Havi our and nmilling result, the

xerogel is precommnuted to a particle size of < 100
TrFHnn(Te‘élbsfilxir@%eAL;?gof)ﬁfeCm daﬁarﬂiragsi td lctaaepralre’é’smat ed
.in Table 1. Si | wnThe hydrogel prepared as
1RSI HEG=al v%h?é&%géggﬁpfh addi ti on of anmonia at pH

9 and 80C for 4 hours, then adjusted to about pH 3
rd¥ tdy ASUcshengt hibyowei ghtusl ghired diackdeand ot ined , the

[ N 15 through-circul ation _dryj Lese L on
2 dPES00 3005 i ABOL S Poot Ha Fol Stur e cant ot
bignch F@orenvotdes for RefiesvBagingrd RMT FHFEEErPhg
< bghayhour and milling result, the xerogel is

precomm nuted to a particle size of < 100 pm (Al pi ne

AFG 200). 20 The data of silica 3c are stated in Table .
THe predsl @agivs PRysteRHamcar aatatitehe udme paghs °f the
nSiAMdaNe iMRbgEhal Sothedinl iac@otdBhgita heSiHdHcae8hod (E.P.

Bgiégéialglc. Joyner, P.H. Halenda, J. Amer. Chem. Soc., vol.

73, 373 (1951)) and plotted as a distribution curve.

The average pore size (pore diameter; APD) is calculated

according to the Wheeler equation

APD [nm] = 4000 * mesopore volume [cm3/g]/BET surface area

[m?/gl .

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 aqueous suspension at room tempera-
ture on the basis of DIN EN ISO 787-9. The sample weights were
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Silica Sc Particle size distribution by neans of
(Horiba LA 920) laser diffraction d50 [pnm] 22.3 n.d.
n.d. n.d. n.d. d99 [pn] 85.1 n.d. n.d. n.d. n.d. 46

38

changed from the specifications of this standard (5.00 g of SiO;

per 100 ml of demineralized water).

Determination of the DBP absorption

The DBP absorption (DBP number), which is a measure of the
absorbtivity of amorphous solids, is determined on the basis of

the standard DIN 53601 as follows:

12.50 g of pulverulent, amorphous solid (moisture content

4 &+ 2%) are introduced into the kneader chamber (articlé number
279061) of the Brabender absorptometer "E" (without damping of
the outlet filter of the torque transducer). With constant
mixing (kneader blades rotating at a speed of 125 rpm), dibutyl
phthalate is added dropwise to the mixture at a rate of

4 ml/min at room temperature by means of the "Brabender T 90/50
Dosimat". Mixing in requires only a small force and is
monitored by means of the digital display. Towards the end of
the determination, the mixture becomes pasty, which is
indicated by a sharp increase in the force required. When the
display shows 600 digits (torque of 0.6 Nm), both the kneader
and the DBP metering are switched off by means of an electrical
contact. The synchronous motor for the DBP feed is coupled to a

digital counter so that the consumption of 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 following

formula:

V*D*100 , g

DBP = K
: E 100g
where DBP = DBP absorption in g/100g
V = consumption of DBP in ml :
D = density of DBP in g/ml (1.047 g/ml at 20°C)
E = sample weight of silica in g
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dn [pm) 8.8 n.d. n.d. n.d. n.d. Particle size
di stribution by neans of sieve analysis >250 pm n.d.
-n.d. n.d. 0.0 0.2 >125 pmO01 n.d. n.d. n.d.
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K = correction value according to moisture correction

table, in g/100g

The DBP absorption is defined for anhydrous, amorphous solids.
With the use of moist precipitated silicas or silica gels, the
correction value K should be taken into account for calculating
the DBP absorption. This value can be determined on the basis
of the correction table below: for example, a silica water
content of 5.8% would mean an addition of 33 g/(100 g) for the
DBP absorption. The moisture of the silica or of the silica gel
is determined according to the method "Determination of the

moisture or of the loss on drying"” described below.



1.06 2.8 > 63 pmoWn.d. n.d. n.d. 43.6 57.8 > 45 pmO
ko n.d. n.d. n.d. 44.0 36.0 < 45 pmO \ n.d. n.d. n.d.

40

Moisture correction table for dibutyl phthalate absorption -~

anhydrous
.% moisture

% moisture{.0 .2 .4 .6 .8
0 0 2 4 5 7
1 9 10 12 13 15
2 16 18 19 20 22
3 23 24 26 27 28
4 28 29 29 30 31
5 | | 31 32 32 33 33
6 34 34 35 35 36
7 36 37 38 38 39
8 39 40 40 41 41
9 42 43 43 a4 44
10 45 45 46 46 a7

Determination of the tamped density

The determination of the tamped density is effected on the
basis of DIN EN ISO 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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10.8 2.9 Moisture 010 4.8 67% < 3% < 5% < 5% pH val ue
- 6.7 n.d. nd. nd. n.d. n.d. - not determ ned
.Exanples 1 - 3: MIling according to the invention
For preparation for the actual mlling with

super heated steam a fluidized-bed opposed jet ml|
according to Figures 1, 2a aqq '

During the tamping, the sample becomes more compact. As a
result of the investigation carried out, the tamped density is

cbtained.

The measurements are carried out on a tamping volumeter having

a counter from Engelsmann, Ludwigshafen, type STAV 2003.

First, a 250 ml glass cylinder is tared on a precision balance.
200 ml of the amorphous solid are then introduced into the
tared measuring cylinder with the aid of a powder funnel so
that no cavities form. The sample amount is then weighed
accurately to 0.01 g. The cylinder is then tapped lightly so
that the surface of the silica in the cylinder is horizontal.
The measuring cylinder is placed in the measuring cylinder
holder of the tamping volumeter and tamped 1250 times. The
volume of the tamped sample is read accurately to 1 ml after a

single tamping cycle.
The tamped density D(t) i1s calculated as follows:
D(t) = m * 1000/V

D(t): tamped density [g/1]

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 & hydro-
chloric acid used which has a concentration of 0.5 mel/l) in a
direct potentiometric titration of alkaline solutions or
suspensions to a pH of 8.30. The free alkali content of the

solution or suspension is determined thereby.
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5 3ais first heated to a mll exit tenperature of
about 105C via the two heating nozzles 5a (only one of
which is shown in Figure 1) through which hot
conpressed air at 10 bar and 160C i s passed. For
depositing the mlled material, a filter unit (not
shown in 10 Figure 1) is conpegcted downstream of the
mll, the filter housing of ich filter unit is
heated in the lower third indirectly via attached
Threq@tH mpresplrys bif remdsick, 6 thae: s"é@%:rlféi a¢teregmimatic with
télﬁé%&VStSJQef eénPs Ly edHd rtgueceﬂdemeati@de o%,ldmblﬁed electrode

f
P URME HbE el (P8, RE%uBRafin 4th o peBbetifure
WJa:ﬁd thet aédnpf esseduiferaselypeonal (A |=ns7uI0Qt edd After
1; he 1cbe$>lols edih@aeermﬁeem%et%ee has t?r@r%‘}s%@a‘iﬁeghet he

t
ot BP0 000, O cesed ol Lol Dealiag gprc €5
cqr38 stangab$g) 50 3BOQ) - afo skhpleheed ¥ 10 imlg ofodeinégerslized
wd%%%ft%9dr5@%16¥£8f%HﬂdﬂQoﬁG%;&h'E&&uﬂ?kﬁ%bﬁheH%@Qtiéh of 0.5

sep atio Iter and for, establl sh ing a ¢
n0%i daaE P HOChIERE 116 BRC bro eyt ah GEobs 1 is
estlad liishked B&ﬂanseMthewaQenlubrxmmraymeaentohehe1h1¢é|anp the’
fz%%a%§§él9fcéﬁﬁed9||s %%%aBlEQHQ£Q§ﬁ%d%h%w999rQtﬁgltlng time

g y npzzle in the start phase and urlng

°f iLP) F“ﬁ@ 13 TG c‘?ﬁfPﬁE fn Fjrnae}xﬁeatdéﬁ‘ﬁef’ tE]F% acd
copeompttoﬁeed1HSmbe@an whiehh¢ hehssedrevartinpsocgssubstance and
coB@Eﬁ@?E@IénéS ref re-gébh?dg%cﬁf&lccp%%tl@nkonlpﬁp{:f@rg in ml

rate i s regul ated as a funcfion he resultin
corrgsePPiRrditsEam TPhEne| adkr+1 erderealifi e ujr%ntfe%a"t%
witeedtrdieensicgisch a way that about 70% of the nom nal
fIOM/cannot be exceeded A speed controll ed
g -vane feeder neters e feed 20_nat er.i al
ASfF‘ %t%errbtg‘ém%’nté ﬁe?x%lf‘%leas 8|’°(r SROUS F%Eklllusuatlon
andemviragiesaid eplaespeétnatich oslirgd dneoenhéom | banhglo not
llgggnperlngg;wgdperatnospherlc pressure acts as feed
(4). "The commi nution of the coarse material is
effected in the expandi ng vapour jets (mlling gas).
Together with the let-down 25 milling gas, the product
particles ascend in the centre of the mll container
to,the cl.assifying wheel. Depending on the set
§E%£%%%$¢¥%§E§€ééd and anount of mlling vapour (cf.
Table 1), the particles which have sufficient fineness
sipass 1ogether with the mlling vapour into the fines
outlet and fromthere into 30 the downstream
separation system while particles which are too

The gaF el pides cBaskl At 029k af |9tes§ ipenas kel ak o be milled

waSUbp&sded ecording 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/l, 27.0% by weight of Si0O;, 8.05
% by weight of Nay0

Sulphuric acid: density 1.83 kg/l, 94% by weight
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further comm nution. The discharge of the fines

separated off 48 fromthe separation filter into the
subsequent storage and packing is effected by nmeans of

a rotary-vane feeder. The mlling pressure of the

mlling gas which prevails at the mlling nozzles and

the anmount of mlling gas re?glting 5 therefromin

conmbi nation with the speed of the dynam c paddl e whee
classifier determne the fineness of the particle,
147 et idfutiesn i anet 1okt iadd vt Hatsodresd eltiqriar 159he’ precipi-

t&@icﬁya@ss@noaes,@n@a&@rﬁ&iﬁﬁ&e@r Boshemn i 1r{tl_Eé11|@H9b2ad@nﬂIG

t he produc%ﬁgara ers e 3: Ta Eé Z £

R % o

wéﬁ%ﬂtghq§snatera@ﬁedsﬂﬂha:gaxlsubicmat?r glass to water is
adjusted so that an alkali number of 7 results. The initially
taken mixture is then heated to 90°C. After the temperature has
been reached, water glass, at a metering rate of 10.2 m3/h, and
sulphuric acid, at a metering rate of 1.55 m*®/h, are metered in
simultaneously for the duration of 75 min with stirring.
Thereafter, water glass, at a metering rate of 18.8 m3*/h, and
sulphuric acid, at a metering rate of 1.55 m?*/h, are added
simultaneously for a further 75 min at 90°C with stirring.
buring the entire addition time, the metering rate of the
sulphuric acid is corrected if required so that an alkali

number of 7 is maintained during this period.

The water glass metering is then switched off. Sulphuric acid
is then added in the course of 15 min so that a pPH 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 90°C.

The suspension obtained is filtered using a membrane filter
press and the filter cake is washed with demineralized water
until a conductivity 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 is effected in a spin-flash

dryer.

The data of silica 1 are stated in Table 1.

Hydrogel preparation
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Silica 3a Silica 3b Silica 3c Nozzle dianeter i 2.5
2.5 2.5 2.5 2.5 Nozzle type Laval Laval Laval Laval
Laval Number [units] 3 3
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A silica gel (= hydrogel) is prepared from water glass (density
1.348 kg/1, 27.0% by weight of S$i0O;, 8.05% by weight of Nay0)

and 45% strength sulphuric acid.

For this purpose, 45% strength by weight sulphuric acid and
soda water glass are thoroughly mixed so that a reactant ratio
corresponding to an excess of acid (0.25 N) and an Si0O; concen-
tration of 18.5% by weight is established. The resulting
hydrogel is stored overnight (about 12 h) and then crushed to a
particle size of about 1 cm. It is washed with demineralized
water at 30 - 50°C until the conductivity of the wash water is

below 5 mS/cm.

Silica 2 (hydrogel)

The hydrogel prepared as described above 1s aged with addition
of ammonia at pH 9 and 80°C 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 um. The hydrogel has a residual

moisture 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, Touwr = 130°C) so that it has a '

final moisture content of about 2% after drying.

The data of silica 3a are stated in Table 1.
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333 Internal mll pressure [bar abs.] 1.306 1.305
1.305 1.304 1.305 Entry pressure [bar abs.] 37.9 37.5
36.9 37.0 37.0 Entry tenperature C] 325 284
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Silica 3b:

The hydrogel prepared as described above is further washed at
about B80°C until the conductivity of the wash water is below 2
mS/cm and is 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 result, the xerogel is precomminuted to a

particle size of < 100 pum (Alpine AFG 200).

The data of silica 3b are stated in Table 1.

Silica 3c:

The hydrogel prepared as described above is aged with addition
of ammonia at pH 9 and 80°C for 4 hours, then adjusted 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 oxrder to
achieve a more uniform metering behaviour and milling result,
the xerogel is precomminuted to a particle size of < 100 pm

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

Table 1 - Physicochemical data of the unmilled starting

materials

Silica 1 [S8ilica 2 |S8ilica 3a(Silica 3b|Silica 3c

Particle size distribution by means of laser diffraction

(Horiba LA 920)

dso [am] {22.3 n.d. n.d.

dgg [1am]




10

327 324 326 49 MII| exit tenperature [C] 149.8 117
140.3 140.1 139.7 C assifier speed [mn-1] 5619 5500
5491 5497 5516 C assifier current [A%

46
dio [pm] (8.8 n.d. n.d. n.d. n.d.
Particle size distribution by means of sieve analysis
>250 pm |% n.d n.d n.d 0.0 0.2
>125 um (% n.d n.d. n.d 1.06 2.8
> 63 um |% n.d n.d n.d. 43.6 57.8
> 45 pm (% n.d n.d n.d 44.0 36.0
< 45 pm (% n.d n.d n.d 10.8 2.9
Moisture |3 4.8 67% < 3% < 5% < 5%
pH value |- 6.7 n.d. n.d. n.d. n.d.
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 according 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 is shown in

Figure 1) through which hot compressed air at 10 bar and 160°C

is passed.

For depositing the milled material, a filter unit (not shown in
Figure 1) is connected downstream of the mill, the filter
housing of which filter unit is heated in the lower third
indirectly via attached heating coils by means of 6 bar
saturated steam, likewise for preventing condensation. All
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54.5 53.9 60.2 56.0 56.5 Dip tube dianmeter [nm 100
100 100 100 100 Table 3 Exanpl e 1 Exanpl e 2 Exanple

3a Exanple 3b

47

apparatus surfaces in the region of the mill, of the separation
filter and of the supply lines for steam and hot compressed air

are specially insulated.

After the desired heat-up temperature has been reached, the
supply of hot compressed air to the heating nozzles is switched
off and the supply of superheated steam (38 bar(abs), 330°C) to
the three milling nozzles is started.

For protecting the filter material used in the separation
filter and for establishing a certain residual water content
of, preferably, 2 to 6% in the milled material, water is
sprayed into the milling chamber of the mill via a compressed-
air-operated binary nozzle in the start phase and during thé
milling, depending on the mill exit temperature.

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-controlled 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 {(milling 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 into the milling zone and are subjected to

further comminution. The discharge of the fines separated off
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Exanple 3c dso 1) nm 125 106 136 140 89 dm 1) nm 275

175 275 250 200 d99 1) nm 525 300 575 850
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from the separation filter into the subsequent storage and
packing is effected by means of a rotary-vane feeder.

The milling pressure of the milling gas which prevails at the
milling nozzles and the amount of milling gas resulting
therefrom in combination with the speed of the dynamic paddle
wheel classifier determine the fineness of the particle

distribution function and the oversize limit.

The relevant process parameters are shown in Table 2, and the

product parameters in Table 3:

Table 2
Example |[Example |Example |[Example |Example
Example 1 2 3a 3b 3c
Starting Silica 1iSilica 2iSilica Silica Silica
‘material 3a 3b 3c
Nozzle
i : 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
Internal mill | [bar
1.306 1.305 1.305 1.304 1.305
pressure abs.]
Entry [bar
37.9 37.5 36.9 37.0 37.0
pressure abs.] :
Entry
o 325 284 327 324 326
temperature [°C]




625 BET surface area ma/g 122 354 345 539 421 N2 pore
volume nmug n.d. 1.51 1.77 0.36 0.93 Average pore size
nmn.d. 17.1 20.5 2.7

49
Mill exit
o 149.8 117 140.3 140.1 139.7
temperature [°C]
Classifier
N 5619 5500 5491 5497 5516
speed [min "]
Classifier
54.5 53.9 60.2 56.0 56.5
current [A%]
Dip tube
) 100 100 100 100 100
diameter [mm]
Table 3
Example [Example |Example |Example |Example
1 2 3a 3b 3¢
dso nm 125 106 136 140 89
dgo Y nm 275 175 275 250 200
des nm 525 300 575 850 625
BET sur-
. m2/g 122 354 345 539 421
face area
N, pore
ml/g n.d. 1.51 1.77 0.36 0.93
volume
Average
. nm n.d. 17.1 20.5 2.7 8.8
pore size
DBP _
{anhyd- g/100g (235 293 306 124 202
rous)




8.8 DBP (anhyd- rous) g¢/100g 235 293 306 124 202 50
Tanped density g/1 42 39 36 224 96 Loss on drying do
4.4

50
Tamped :
g/l 42 39 36 224 26
density
Loss on
. % 4.4 6.1 5.5 6.3 6.4
drying

D petermination of the particle size distribution by means of

transmission electron microscopy (TEM) and image analysis
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6.1 556.36.4 |) Determnation of the particle size
di stribution by neans of transm ssion el ectron

“mcroscopy (TEM and inmage analysis 51 List of

reference nunerals 1Jet m Il 2Cylindrical housing 5
3MI1ling chanber 4Feed for material to be mlled
5MIling jet inlet SaHeating_nozzles 6Product outl et
107Air classifier 8CIassifyiﬁé wheel 8aCl assifier gap
9l nl et opening or inlet nozzle 1510MI1ling jet

List of reference numerals

1 Jet mill

2 Cylindrical housing

3 Milling chamber

4 Feed for material to be milled
5 Milling jet inlet

5a Heating nozzles

6 Product outlet

7 Air classifier

8 Classifying wheel

8a 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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11Heat i ng source 12Heating source 13Feed tube
1l4Tenperature-insul ati ng jacket 2015Inlet 16Qutlet 52
17Centre of the mlling chanber 18Reservoir or
generation device 19Pi pe devices 20Qutl et nozzles
5210 assifier housing 22Upper part of housing 23Lower
part of housing 24C rcunferential flange

25C rcunferential flange 10 58J0i nt 27Arr ow

280 assi fyi ng chanber housi ng 28aSupport arns

17 Centre of the milling chamber
'18 Reservoir or generation device

19 Pipe devices

20 Outlet nozzles

21 Classifier housing

22 Upper part of housing

23 Lower part of housing

24 Circumferential flange

25 Circgmferential flange

26 Joint

27 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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29D scharge cone 1530FlI ange 31Fl ange 32Cover disc
33Cover disc 34Bl ade 20 350 assifyi ng wheel shaft 53
35aRot ary bearing 35bShaft | ead-through 36Upper worked
pl ates 31Lower worked plate 5 38Housing end section
39Product feed nozzle 40Axis of rotation 41Cutl et
chanber 42Upper cover plate 10 43Renovabl e cover
44Support arms 45Coni cal ann®Bar housing

35a Rotary bearing

35b Shaft lead-through

36 Upper worked plates
37 Lower worked plate
38 Housing end section
39 Product feed nozzle
140 Axis of rotation
41 Outlet chambef
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 Deflection cone
50 Classifying air inlet spiral
51 Coarse material discharge
52 Flange

53 Flange



461 ntake filter 47Perforated plate 15 48Fi nes

di scharge tube 49Defl ecti on cone 50C assifying air
inlet spiral 51Coarse naterial discharge 52Fl ange 20
53Fl ange 54 54Di spersi on zone 55F anges wor ked
(bevell ed) on the inner edge, and lining

561 nt er changeabl e protective tube 571 nterchangeabl e
protective tube 5 58Fines o4 et 59Blade ring 55
Patent Clains 1. Process for mlling anorphous solids
Dy nea@% érghéﬁ|édﬂ%g system (m | 1ing apparatus),
prefera Fg ling systemconprising a jet mll,

characterlzed |n Sthat the m Il is operated in the o
56 | | i nglphasse wetkedaribevelled) on the inner edge, and lining

56 Interchangeable protective tube
57 Interchangeable protective tube
58 Fines outlet

59 Blade ring
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operating nedi um sel ected fromthe group consisting of
gas and/or vapour, preferably steam and/or a gas
contai ning steam and in that the mlling chamber is
heated in a heat-up phase, i.e. before the actua
10operation with the operating nedium in such a way
that the tenperature in the mlling chanber and/or at
the mll exit is higher than the dew point of the
vapour and/or operating medegm 2. Process according
to daim1l, characterized in that 15the jet mll is a
fluidized-bed opposed jet m Il or a dense-bed jet m |
grtansff¥ai™§ et nill. 3. Process according to Claim1
or 2, characterized in that the mlling systemor the

T Il ﬁrsoc%%%r %E?dmﬁ.mli ;ﬂvrﬁfg;pe@)ﬁspgé§ﬁiél\ﬂﬂyh mﬁ@hsg@S a

and/ or gas m xture, r abl th and/or
corrbd%lt]l]dﬁlgg§§§§e‘§nél‘}‘bjr %%Ftppﬁﬁg‘g%g\g re%era Eﬁr es
t her epf11ihg Bygceascampxnsﬁn@gatoetjmnlﬁ,scharacterlzed in

Char%ﬁ§§!'éﬂ%dmiﬂ thgt %gﬁéﬁgﬁ 1Qa§h§nﬁUI¥1d@a hﬁbétwiﬁh an

IS passed into durin
phaseRaFasigH RUCEINE S etolaBhy o ALY SahreR S of
di ff efad raﬂm/blﬁOS'prhpr@ﬂ‘eﬂmma@ﬁlyt hecoperaai/ng egkam

;icgft Owggﬁé{g?%?éhec n!Qﬂa9h§§§rm§la&gceﬁ§mber is

aracteri th h
gas eﬁﬁﬂﬁﬁd gésanﬁﬁﬁﬁr%P|R?ﬁ§§ssédéeﬂ??£h a%ﬁnfgf?%ﬁ
chanbgfeduriongwi br tieatepgraphagentdiwughint sechnk etay
prefenabl y %Oéé{ngér%t!@f&g%ht%' g 1Ng, 2BuBRer 8hd)@r at

nedlun1 I's a uring the I
the mill exit is higher th%n thergewlﬁan@hggethe

vapour and/or operating medium.

2. Process according to Claim 1, 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 nozzles, 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 nozzles, through which the
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6. Process according to any of Clainms 3 to 5,
characterized in that the inlets for the heating gas,
prefer- 5ably heating nozzles, and/or the inlets for
the operating nmedium (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 all neet at a point in
10the interior of the mlli&§ container. 7. Process
according to one of Clainms 1 to 6, characterized in
that dr agca's and/ qq.tmalgrglgoagLe@ )é,'é%[:ledup[ éet_r IntYLlQly.tg
air anR7 ot EEhBS as and/ I'nert gas” and/or a

m xt upeassereof is passed through the m Il 15for
cooling. B.Process according to one of Clains 1 to 7,

har té%ésézggbkﬁlk at,C Qg%ﬂﬁ%ﬁ'@ﬁs F EQQSSQQ%EEQEer—

ssenbf 75 an " “componen | I'ng 'syst em_or
of thezed [4n ithasr éRentBict 209, P%c@?%té’&%o‘??ﬁ'né’rﬁéer'
one oib1d ateré&lllgt fdodzlebaraci/er- theednl at s hizdr tthe
tenperat ure of e operat| humi Py Ie]
phase ¥ & G T Eh & Eﬁﬁme?o i%g%;gggéon%#gi%Pg%gécess ng
accorepzrl o G¥e eﬁfréilat—’%lf& & §lonechar bt ekqwrad thard of
t hlalt tihe nﬁ.l.rla.i%@r %h@f’nbﬁben@&ﬁm&ﬂ angapedham tie 2EEhéng
millin as nt r.an f 5 11, .
Pr oces accéje r t&l ml?lll%ﬁ %%t% a%? aneg %tbaapoﬂtl: in
charammqnmnﬂailpﬁ Pﬁathel@&%%HQSC§PP6ﬁ16Frthe mlled
material is effected, preferably by means of an

Lnt egy écee%sa% cg&dg¥§a Corfd %%S'cﬁgs{qs 15L70162 cﬁe@seesr-

accor char acteri ze £
cl assjrzr'ﬁ dtni c‘iﬁlatsdéf’f%%t eactldd;?rneaf%gYo@a%rf“t’fﬁ%ngraPéa er-
dynamisiypandl aiwheall/ 6t assithiserioandasr aadfoc|iassitf ges.

5 13Pr DERSS o agﬁgggkggtﬁ&e%é her Fg%s%a«tﬂ?odg]h angd &211

char act ér1zéd et ml conprising an
i nt egheit @ dyianmi c air cI assifier (7) is used, the
speed of a classifying rotor or wheel (8) of the air

Stgdc%r o Zt)cc@}?élﬁgeté ng.&r pal cagphifi C@& 0N dhathet Y-

bei n osen or set so that the
C|rCLHﬁ%§%%¥ tpﬁélcgﬁé%Qﬁ%ﬁlQPhB opBf af T AY" AT SrR) L 5F
a di puid/foe @bmpuhbets noZ Alte (20)icgosdsnen et wift hheheill
cl assjfying reaches up to 0.8 tines the sound
veI00|t§)of the operatlng medi um (8). 15 14Process
according to any of Clains 11 to 13, charac-
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 to 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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terized in that a mlling systemis used in which
flushing of the gap between the classifying wheel and
the classifier housing (classifier gap) and/or the
shaft | ead-through between the cl assifying wheel shaft
20and the classifier housing is possible and/or is
carried out. 15. Process according to any of Cains 11
to 14, characterized in that a jet mll (1) conprising
an integrated dynam c air clsgssifier (7) which
contai ns a 25cl assifying wheel (8) and a classifying

wheel haft (3 |
&zﬁleaggiy??%§ (agc%or%g)g Eél gf‘g rﬁyilng E@?g\gté%?yéécpﬁr( NN

cl asskhyi elpadidelcy8prand Ehee a1 FERGS Wieetn inted

housi pgr ¢21dyane A pshait Weast tdrapisghie35a)d bet rrgr
formed. between the 30classifying wheel shaft (35) and

the cFa88FFF€¥  housing (21), is used, and in that
flushing of classifier gap (8a) and/or shaft

l,ead- bpggggﬁu#@ﬁ&ﬁiﬁﬁﬁboC@ﬂﬁﬁ@ﬁ&ﬁﬁagases ot 4wy her gy
content is effec 1 s agc O 4,2 any
of C]Sf“%acitbe]fjbzefg mcﬁgrggc }%Dgzgrg&lsln t§ a(?(gt b ETrI%UI’H
of m Lhtegrages whinemienper sciaws idiigdsilfy e?slgse

regul é‘b@é’ds@f that1 Adve et aro e tdxchiesl z¢s | TEN)tids@ir

of the n1|l§§ﬁpa§8rlal ggtalqﬁgﬂgﬁ/gh§§afggg@lgnfiggmo v

and/ of L#R&* Vuéts 2= 2" value is
< 2 pitr DIMBCws nac cOPERPNGRE oseaﬁny‘a%fthél:a?]ﬂ% ‘i“f%mifberen‘

char agt g1 -spad d thabpt her aPrphaus $8) i ds ardigdube

or particle contalnl egat nelk e classgifyvin
aggFoﬁEr%Y% fﬁﬁ?%fbr28?3g%%%$b%§u? go?fl thcoﬁ%almji; .

or cowbesllrgpqﬁeﬁawpléasﬁ Briel TRR dheafare? Bl eHst

one mehal ocxifdeingPaiicrl as) y preferably anorphous
oxi des of netals of the 3rd and 4th main group of the

Peri odic Table of the El enents., 15 18. Procef$ azac-
ddcor 8Fpeetod FRPreing 5Pnnd Yo ARIMEhAtakPelT 26t
t hat aepiﬂﬁﬂwglnﬂbklala$1mhm@rsjﬁnﬂm akr eadg b@éﬂhlch

subj e #ng trgg a n%agt Egtw?é& myd ed,s19f Pﬁ@Qﬁ%}cel and

accor to 18, charac %} the

t hat ah¢|¢lf€5i“83c%i4@é‘ BPUEHDBT pHorRS PareFcPER) of Y OF
20hydepgel idadridnedglr bet wekd aneoudkyshiyied wrekl shaft
drled

nd the classifier housing is possible and/or is

carried out.

15. Process according 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
(35) and a classifying wheel housing (21), a classi-
fier gap (8a) being formed between the classifying
wheel (8) and the classifying wheel housing (21) and a
shaft lead-through (35b) being formed between the
clagsifying wheel shaft (35) and the clasgifier
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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20. Anorphous pul verulent solids having a nedian
particle’ size d50 (TEN) of < 1.5 pmand a d90 val ue
(TEN) of < 1.8 pmand a d99 value (TEN) of < 2 pm
21Anor phous solids according to C aim 20,
characterized 25in that they conprise a gel or a
particul ate solid containing aggregates and/ or

aggl onerates, preferably solids containing or

consi sting of at |east one sgtal and/or netal oxide,
particularly preferably anorphous oxides of netals of

the 3rd and 4th n g et hodi ¢ cTa e\
t4%e EFBEREGTS 2C n%éﬁ gﬁog o%%srhgl&%%gsiggtg%rls th%

d ai nt2tjzehdmacheri zbd amox@mtatoﬁ ey Lare $3% gt &elegters
whi ch,gddii]onailey Raveegupor&s vl umetothd m&liam @a7 -

m / 23. Anprphous sqlid cord
cha?aE{L%}? z%‘dzagl {2 afse K yggF i?&cgn%t %In gﬂtalnEd

addi t ienetdy there la Spomeandl emretlof 9o | %PG 155<n?/‘t§“

24. Us, S, | dsy1aeeqidicng fie. O ai m 21,
chargg?ée}ra%ed i n 1 hat thej are silica gel S whi ch

additionally have a pore volune of 1 .5t0 2.1 rﬂ Lcter-
10 .25 Ao ph Gusosdlinds taceey o hig-ied e él fpotp, character

charagtesi zed Har that aFnB@ héh€ fslridecukat geboldds

cont al ni ng .aggr egat es ,and/ or_aqgal o a YA
sol i dEaEB%?]a?g iSTe Cor e BAsFEET n%gC JT%%Q ggst%ﬁﬁn%?al

and/ opregtabloxisterppanti sol b et aias| 9F ARNITSUS
Oxi dege Of ¢ 115é£%1ta|o§1e0fneEQ§ %@/@ﬁ%énbaﬁal m@rmqﬁlofomde,

t he PerlodlcT bl e of El ene 2
anorpﬁgﬁglgﬁﬂq gg@é;ﬁﬁﬁb amor hq) gra?§§ éﬁ)@éﬁ%ls of

coat | Agesyst emsl 4th mal@?Qr@@mWﬁwgth‘?aPéFil%‘F“%o?ﬁb%"m
at | eggt %e@@r phous 20solid according to any of
d ai rrB 20 - :

18. Process according to any of Claims 1 to 17, character-

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 um and a deo value (TEM) of

< 1.8 pym and 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 of the 3rd and 4th main group of the

Periodic Table of the Elements.



22.
23.
5
24,
10 25.
15
26.
27.
20

Amorphous solids

in that they are

pore volume of O.

Amorphous solids

in that they are

pore volume of 0.

Amorphous solids
in that they are

pore volume of 1

Amorphous solids
in that they are

59

according to Claim 21, characterized
silica gels which additionally have a

2 to 0.7 ml/g.

according to Claim 21, characterized
silica gels which additionally have a

8 to 1.5 ml/g.

according to Claim 21, characterized

silica gels which additionally have a

.5 to 2.1 ml/g.

according to Claim 20, characterized

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.

Use of the amorphous solids according to any of Claims

20 - 25 in coating systems.

Coating material

containing at least one amorphous

solid according to any of Claims 20 - 26.



