Granulate Process for the Production and Use Thereof Description The inventiones to granulates, a
process for the production, in particular for the continuous production of these ganulates, and use of
the granulates for the manufacture of green compacts or compacts and further processing thereof into
corresponding products. 10 Granulates arc grainy, easily (.pourable solids that are composed of a.
powdery base material, such as glass, ceramic, carbides or other materials, and contain a binder
made from one nr a plurality of binding agents. The binder usually contains polymeric materials that
are soluble or at least swellarbl_% 1iar%a _ ?é%@gﬁsiQ{gﬁggﬁ&%&é{@@Q&W@&‘e used. The range of
applications for granulates%@ery diverse, itis used preferentially for dry moulding. These granulates
are used, for example, for the production of@@@_&y composite materials or material compounds
such as insulation and 20construction materials in“electrical engineering, for example as electrode
material orgresistor material, in the automotive industry, the chemical industry, in coatings, Tenders,
filing matetials, adnesives, and.coveringsdn ne casirustian inditiry, pasiiciaaily i ceramic
compounds. The mineral raw materials.ara-dmiiallymiledinte powdees theheconverted into granulates
for the productign,of.ceranicreacampaunds:fapexamplenTheseargnssedsfdiéxample, as dry
moulding, compayklds:@-g ptidascietc. Granulates in general are made into the appropriate shape, for
example, hy compression, plastic deformation, such as extrusion or injection moulding or casting.
Following apprapsiate:meidingy theinatsridlisTabribatat rB e Hesn? BOU B §igen cornpact which,
after a. mechan@&r@t@@hgm@%ﬁepﬂ#ﬁﬁ@eé@?ﬁﬁﬁqg%‘ﬁﬁfé?%&’?éﬁﬂ%‘%?%ﬁl NG in a compact that may
be further processiedtependirigbretieRaiad e pgg s The tmderusually conLns

polymeric materials that are soluble or at 1zast swellable in & dispersion of carnes
15 medium to be used.

" The range of applications for grannlates is very diverss; it iz used Prc—:f_erantiﬁalky_fm‘
dry moulding. These granulates are used, for exampie, for tbfe pma}zcttmn of high-
quality composite materials or material coppounds such as insulation and o

50 constructon materials in electrical engineering, for example as glectrods mawnal or
resistor material, in the aufomotive industry, the chemical mdustry, In coatmgs,
renders, filling materials, adhesives and coverings n the cqnstmmipq i.ndustry,‘
particularly in ceramic cornpounds. The mineral raw materials are zmt;aﬂy milied
into powders then converied info granulates for the production of cerarnic
compounds for example. These are used, for example, g8 dry moukding compounds,
e Gles, ete. Granulates in general are mads into the appropriate shape, for example,
b; comp%ession, plastic deformation, such a5 extrusion or injection _mcsulding of* )
casting. Following appropriate moulding, the material is Tabricared mnto 4 green body
or green cén:xpact which, after a mechanical processing step if necessary, is siniered
30 {ﬁ;éd} resulfing in a compact that may be further processed depending on the field of
use.
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The production of granulates is carried out, as is known, by producing a suspension
of the base material(s), the binder and a carner mediom, in particular water, with a
defined solid content and by adding appropriate additives, and subseguently spraying
the suspension through a nozzle. It is possible to modify or adjust vanous gagulatg
properties, such as particle size distribuiion, btk density. flowability and stmilar, via
the parameters of the spray drying PrOCess, SUCh as spray pressure, norzle geometry,
drying temperature and drying speed.
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There are numercus suggestions in the prior art for improving the material properhes
of composite systems that contain particies:

WO 2006/018347 Al for example describes a ceramic electrical resistor that can be
aroduced by the pyrolvsis of an organosiiicon polymer based on 4 poltysiloxane or a
polysilesguioxane, containing at least one filler, whereby the cerarmic resmstor has an
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The production of granulates is carried out, is known, by producing a suspension of the base
‘material(s), the binder and a carrier medium, in particular water, with a 35 defined solid content and by
adding appropriate additives, and subsequently spraying the suspension through a nozzle. It is
possible to modify or adjust various granulate properties, such as particle size distribution, bulk
density, fiowability and similar, via the parameters of the spray drying process,. such as spray
pressure, nozzle geometry, drying temperature and drying speed. There are numerous suggestions in.
the prior an: for proving the material properties of composite systems that contain particles: WO
2006/018347 Alferexampledeserizaracaipmic ieleatricabrasistaithat ©anie, 45produced by the
pyrolysis of an gﬁg;aﬂgsi{iggﬁnmjmmsb%eﬁé ostdepelysilokareidea polysilesquioxane” containing at
least one filler, whereby the ceramic resistor has an aluminium S|I|cate as the filler to improve its
long-term durab%&;eawilﬁ@ic@%@‘hfp@mmm@ﬁm@ﬁﬁéﬁi Fﬁ@‘?éé HEHESH S YiRerical particles.
Moreover, WO @E@WH@@WH@@‘%@H?@P@H@%B "6?@ %ﬁiﬁ@%ﬁlp & as tungsten, that
is composed of%ﬁéﬁ@&l%%%a%ﬂémﬁ%?@ggiﬁ%ﬁ/ uﬁ%ﬁtlc“’re 458 T Ween 5 and 70 m and
the particle sizePdrStFRATBAGRASHBROSITS T thé average particle size by no more than 20%. WO

031072646 Al deseribes acast resin ystam i ehthe pranortianal lstissloingreased to values
50 vol.% b corglg I (ﬁ wit LQQV{? IIQ,H%FCaSt resin gystems yithaut restricting the workability of the
casting resif ah fhctease o Viscoslty,c 1o do dhis. llers thatare presentsas:a,combination of at
least two Filler frl%c o5 Wi, 2. S%t ﬁmeﬂ%}é%@a%%% riputionsare.adided da;ithe wasting resin. These
are generally inQrganig,fi g@imaagﬁﬁ@ﬁ%t@@x{ﬂ@@zmmmgrﬁmemespIakermheﬂgl|ntery, flaky 150r
short-fibred. In agdition, W B3104 26284l alatesctarcesarmial commposingsifor thésproduction of
ceramic materials and-praducts with low shrinkage by means of extrusion, casting and/or injection
moulding whereby the solid content accounts for at least 60 -vol.% and there are at least two fractions
of different partl(ﬁk&i&im)ﬂ|§fﬂ1ﬁ$ﬁ@5/ﬁ;ﬁ@h¢éﬁ#&@tl@ﬁ%@if?@@@?ﬁé§pé@ﬁ}@fftﬁ@#c&%ﬁage particle site by a
factor of 4 to 5 amtkaersitaiethbyniechs of tﬂﬁféﬁ@ﬁ#%ﬁiﬁ’ﬁi@“ﬁ%%‘é@@%‘ﬂ?fﬁﬁ@g%ch milling is carried

out (down) tO d|f$@(ﬁéﬁtlrpm@}éﬂ§}%@§ﬁ whereby the solid content aceounts for at least 50%vol%
and there are at least two frastions of differant particie size distriburion. The two

fractions differ in respect of their average particle size by a factor 6f 4 to 5 and are
obtained by means of different milling processes dunng which milling 15 carried out
(down) to different particle sizes

25 As already explained, the powders normally used in the prior urt are generally milled.
These powders produced in this way therefore contain particies that have z splintery
surface and an irepular shape. Both the sufface and also the shape of the particles
iead to a bulky arrangement of these particles in the granulates, particularly in each
individual granulate particle. Investigations by the inventor have shown that even

30  when using sich particles that have esgentially the seme size, this results i

granulates whereby, for exampie, the volume of the free spaces between the

individual spherical particies, i.e. the pore volune, docounts for over 40% of the total
volume. This is ifustrated in the form of a diagram in Fig. Tu. Fig. la shows a single
granuiate particle 10, subsequently also referred to a5 a “granuie”, that is composed
of particies 20 with an irregular shape and splinter'y surface acccmﬁng o the pror art
whereby the result is an extraordinarily large pore volume 15, Such particles
contained in the eranulates according to the prior art are referved to subsequently
simpiiy as “standard parficles”. The binder has been lefl out in Fig. Ia for reasons of
clarity.
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Irregolarly shaped granuies, such as doughnut-shaped granules that are hollow inside,
are formed daring gramulate production using the standard pariicles uccording to the
prior art that have a splintery surface and frregular shape. These doughnui-shaped
hollow gramiles are illustrated for exampte in Fig. ?D based on a micrescopic Tnage,
These doughnut-shaped hollow granules are cansed on one hand by the wregularty
shaped standard particles and on the other by the explosive escaps of entrained
caxrier or dispersion medivm during drving. In addstion, the formation of a skan
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25As already explained, the powders normally used in the prior art are generally milled. These
powders produced in this way therefore contain particles that have a splintery surface and an irregular
shape. Both the surface and also the shape of the particles lead to a bulky arrangement of these
particles in the granulates, particularly in each individual ganulate particle, investigations by the
inventor have shown that even 30when using, such particles that have essentially the same size, this
results in graHﬂ’lﬁé?WH@% "Fon‘Sei?&rr\ﬁl@“ﬁﬁ%‘:%%?ﬁ@eof’fh@efréé‘ gpacesibesieen thedindividual
spherical par{‘cﬂ‘é‘ée‘]te’ é Y oritRea YN fol i d 0vstis sherd i oraRiE TSR & Weistrated in
the form of a LASGY H‘?ﬁuﬂ R AE E‘H&ﬁg d BiRgikigrislses iaric R 10 csubbsshaenay Bro
referred to as°s- AP SIS L 8”8??)&&?’(9@39% ARt G rheath aff %tgﬁﬁ@dﬂﬁt@}y surface
according to 8 G654 ﬁ%%rs W el AT B Sor Qe e g p dPetvis 1sr8hchiparticles
contained in {he Granuiateesb_brd) Wﬁ?%t briof art ﬁPé“F@fér@’é)ijé'%‘éﬁﬁ%g?ﬁﬁ giripilrag'*_tandard

particles". Thé Bln%é(r”ﬁageg(é%%s R B n Flg Ia for reasons of clarity. 40 Irregularly shaped granules,

such as dougﬂnyt %fgran%e,gr;[ glt\%r vKa{Ce ggrm%%gu ggnulate roductign usmg the
standard panfﬁe cg{ ding. @ da;PJ'Pr ar av ﬁSp F ery i_g ggmbej ?%gg;%??gg% 'These
doughnut-shape J%ﬁvevzg;daﬁ sl st ol sramplein 9515 61 Eroscdc mage
45 These dol&l ngs %pl{ %S %&&L{) §f0 raf uqates % h§ % ryds a ed
standard parwaﬁ aag g ih aﬂ erhy a%vgﬂ%ﬁﬁap ot sitined carm eeﬁt%n pSISion medium

during drying, I@V%dgvaauy&eJarmﬂoae%muk&@dwﬁm ensure g& ?éeggcqoa'é 'rg deg e es%ape of the
carrier or dlsggﬁ%amglgmlqglfrequently observed during the rying o standal partlc es-and thus

contributes to the destruction of the structures formed. This ultimately results in an irregular shape of

the granules jTBe;granulesthus Rreduced have a@%@%@%@'%I?ASQuﬁfz{@@téotﬁmW'&b’ @fproducts
manufactureddisigythase grapyiates Jargvamplaidugfoia reduseddansiiv of.thegreggempact or
compact. Mom&ﬁ@cﬁ‘ﬁﬁi’ﬂp@@kpr@g{@@ﬂ M@QG@%@&%&{S%QEE as no homogeneous structure.
Embodiment of the present invention seeks to overcome the disadvantages arising from the prior art
described anddeoptiide granuapesiwhich havatmnraved propadies.sa-ihatkit isRassihle 4 produce a
product with jfhpatived ptopéstesmfratditheno Thadntentarisalseitp providein prasessifed the
production obgranutatésewhidihedlivertithe Hesiqshardaulates inspisimplesanskingangssiv@panner. In
addition, the firteptidshés alsdae proviseproaucts théateah foe prgdyuced ysing e granpdatelesuch as
green compacis)rdorapacts andesimitar. IThecinventotishawenaw asgertainesthatihe goomatry and
surface conditioicitheigowtenlibase maenapisodecisive for the gualipjofithe granulateand the
products progideddtom ithsushfaseyteaitroompdits, compact arfd tbimilaradegamding 4dya fiirst aspect of
the inventionPeHehé s (prtvidied aarmiatehavinepori@ord phirality phbinters ith adslitimnitaspherical
particles witFBXHEEHorHsoEth ek e pelreiduiarfive ipdlisheid! Suwaeeoﬂ'MSelgarﬁubésmma
spherlcal sha)p%/an(ﬂoﬁréfe‘i’%ﬁwlfﬁéﬁdbﬁéﬁé@ﬁé@ﬁace are subsequently referred to simply as "particles"
or "particles accordlng to the invention", If necessary, the granulate may also contain non-spherical
particles, su ‘%e’itﬂﬁﬁ’éﬁcﬁlﬁfgﬁﬁérﬁhdb% pritities f%‘tce‘itiaﬁpﬁé thratipteve Hoteeed sapjeted to any
surface treattHiaHt AeShosthitlly dPiRBtSyAkan pattaritly Areapatishintrdetasidard partidles”). The
proportion oi%@sr‘? fi ?i 5}%@ hijih %Sgﬁi’ﬁc}{}?‘o?%BfH@af% Betrealefireponeiediagrnsée in the
total volume ﬁ]t??) |:]> b %‘aa’éc??t{&i bt% K thihiisho e shbées according
to the invent oré‘ 18 ec:gar1 r? ofER Eie ﬁ ﬁwé@lfﬁb@‘&f BHERRT ettt mean
such partlcleia%na:?‘ 6%Pﬁdé }éc g ’r‘?ts z%s%{ (f BAVE Y LR E AP R8P oximated
as closely as Q Heee?lar% “e |ls"‘6H% iSRS RS SHIRERERIERLSS SHGRI B8 round

and not oval andl ave no p0|n scratches and sharp edges There should also be a continuous

surface of the sph él(; e |th of there bein far as po sibl deVIat fro the
round shap ?ﬁ% t' éﬁ%%rﬁ %C?&%% egﬁ)ss IB? 1%%5 agc%% mﬁm C%ﬁscﬁ%lseéh/% ssible to
the exact sphﬁﬁgﬂﬁb ﬁ)ﬁg\p{g ‘F&%% as close y as’ poss ble 1o the %eal sphericals |s defined
according to the |nvent|on by way of the roundn£§s an%jlng to Retsch Technology GmbH by the

following formylla.4 X it x A/U

A.....is the area of the particle image
U.....is the circumference of the particie image.

-~

D



Where: Ais the area of the particle image Uis the circumference of the particle image. 3 Roundness
describes the ratio between the area of a particle image and the circumference. According to this, an
ideal spherically shaped particle would have a roundness close to one (100%), while a jagged,
irregular particle image would have a roundness close to zero (0%). The measuring instrument used to
measure the roundness accordln to the present invention is the CAMS IZER by Retsch Technology
GmbH. Acco fﬁ& Beah ErTHSaTHETREP PRSI ADAA PoamarEds Em?@”/@ﬁébﬂf@&%%ﬁ?ﬁé&ﬁo be
sufficient as sﬂ ”f%ri‘f ‘Feé‘Bh‘ a%?%ﬁfé‘? "’té%%@@ﬁ&%ﬁw%% hissumsydpestadespivere to
have a roundﬂ%% tiBﬁ” @u@ﬁ'é HRemEse ‘ﬁﬂﬁﬁf&%%arﬁéﬂl@lﬁsbykﬁﬁyt@f
processes kndth § }?OP§ %f‘?ﬁésﬁﬁal\}“&d&“géﬂ?é?eé%‘é@%@s@BE@
demonstrated’ 'tf‘)?er’ﬁtéﬁ?ﬁ%a Pl}ﬁ% [:Zf}r?h %1 § RIS GERPES optical methods, e.g.
microscopy, meas z(r)nz?]tré% Qéo de%tte(gmwe ghe specific su rface or S|m|Iar methods. The particle
may either alre é/ ] Smg ge Oif[le Tec ljied %%ﬁ |ﬂﬁ:§|t ng‘ll? léBZr the’ Pﬂa’e’%erﬁ%/”%dc@ rted into
the desired SQ erlczi{] ‘%x' o% (sihig AV AP AL PHILES  PRRIE May be

£
é) Cre un HCSS fg
achieved, for examp e ame-round Ing, t soI gel route, pyronS|s or milling or in another manner.

Preferentially gaq%cgrgan&f@natn R T e S
carried out. T‘LIP:@ ‘ie;ﬂff‘ ﬂ]@'&ﬁ%ﬂlé ?Sﬁ ga t n&%’&ﬁ ;tg,leas}fil‘r%{n % Q?Sﬂnsuaicg%am asa
smooth surfage., [Ois isH3ade L RXAMPIS: AL HRARREL, % oS YR tﬁe 20lS %lisucce ds in
controlled rerpelting af HeiQIass SIAcE, oMl SEUCUTas A6, 3@% i d herestll s Ahigher
degree of smoothness. The surface is therefore smooth or smoothed. T Isckness or smoothness of
the particles' spfagerisdefinediassording o somedimentof %w&&g&a #aéﬁ%ﬁa%@ thie foughness
of the surface.figeEoughness fdheinalicie sulaceSRISRENLRGLOMING IR A embadimentof the
invention is piefierablyaoyneap:Rasalng <4l nmamete preferably ﬁ5ma%\@%m9r§gpfﬁéefab'y <l
nm, quite esgec@lym@fgﬁblym ;ﬂmi@aﬁlguaﬁgﬂ@f@[ﬁgy@@y the Ra value is in the range of 0.3 to
0.511111. The Ra value is measured using an AFM (atomic force microscope). The instrument used
for the measirefaentiinlaceordéingawiih antedibedinentoftheipresenm inyentiopayas an AEM
"Dimension 3k0Rhiny BigitaldaginichcHiaxplishedsglassongiass Grramicpriicles withawreunding of
preferably > £08% atevespesially preferret aochrdingite an embotimenhgfithednventios: Reference is
made to DE 108:88563AlHnlespectot diré-polishing)ithe [diseldsedocantentaf which s ingluded by
reference in teigresentcdissiobereaithepacanieters fgphfirelpolishifigmusthesdatesmingddnseach
individual casectiéprridingtbothametetial selected, its size and shape and intended use. The person
skilled in the art can readily determine the type, duration and extent of fire-polishing by a small number
of orientation'é@gpélithesis basedeteletmed ohhisagtelesal knbwiedgelafickbasedolnthepresent
disclosure in@hdsRes Hi8eriareifio b ditdhstopeghness of the surface. The roughness of the

particle surfaces present according to an embodiment of the invention is preferably

around an Ra value < 10 nm, more preferably < 5 nm, even more preferably < I nm, quite

especially preferably < 0.8 nm, particularly preferably the Ra value is in the range of 0.3

to 0.5 nm.

The Ra value is measured using an AFM (atomic force microscope). The instrument used
for the measurement in accordance with an embodiment of the present invention was an
AFM “Dimension 3100” by Digital Imaging.

Fire-polished glass or glass ceramic particles with a rounding of preferably > 70% are
especially preferred according to an embodiment of the invention. Reference is made to
DE 198 39 563 Al in respect of fire-polishing, the disclosed content of which is included
by reference in the present disclosure.

The parameters for fire-polishing must be determined in each individual case depending
on the material seiected, its size and shape and intended use. The person



Naturally, it is also possible to use commercially available products that already meet the described
criteria for shape and surface condition. Full glass beads are one example of commercially available
particles that meet these criteria. The particle size of the spherical particles is not especially restricted
within the scope of the invention. Average particle sizes d50 ranging from 0.2 to 100 pm are
particularly preferred The granule preferably has a diameter ranging from 20 to 500 m, more
preferably frofi 46300 #i, Bt HITH IR 5488 sy diseling Butsri e istavlishing 48 aThe
number of p ﬂ}ﬁ JHH raﬁﬁféema‘ PSS RRAAIENNI B8P FER HAY rinbissiTerakbnepiedgome to 100
particles per GFaRUREMA e'?b%?”t‘n‘ijésﬁ Bid8 AV HRB Mo BRAER dp@dhené akidles used and may

also, therefor%,a ceed The tlcles may also re resent a mlxture of particles with different
diameters. The §ﬁs r%\?ﬁtﬁ BU5F éﬁ’f&e RARS HRE B iy e Eist sphere
diameters, eac wrlfﬁ C” ena ] ?%)I? |§Wr ?ocr? HO8- o YHeSlAIERE PR SiZBPEetction of
the particle drame?er ava $'on the grcasntu 'S 1‘63—:‘6%6 Hiidky and the granulate's intended use, the
area of use anpll urSrle eegtr ) 1%1; he [C(?e ucts tPCbSe mar Eag:ttd(r:?f% Fog' le, th(—}; packing
density of theirl lfc 51768 dgoranuf)al;[e a% further ind b% gfrcally
mixing large gp¢ greama ek Ea m} s a I“Q cles res of the

large particle n [ der a @se 31
conespondm*:zrrgrarzmrma Sr%ﬁ?’g%“f?rﬁ? itk de ol e e
may have a d5Q,p ré%a%mmﬂ%&%@%&& Eov@%% %t 8 Bmé/r{ f efhe g Solieyica

particles have;a.ds(Rayficle 8ize JARYING HOM AR o2, %&%%%% 30 pm. Accor ng to an
embodiment of the invention, nanoparticles may also be used. Due to the particles according to the
invention, whi: arg-sBerical inshapsaos have a.:0epthhalwaothed: {0 partigwiar fire-pglished,
surface, the regulilis preterablygranasaithoan apeieximatalysrhrsical shapesfaus s aessible
with the sphetiealpasiieles ofipowdesaceqieing todbeiventiando aradusa;grantlaiag I8 the spray
process wheraiiythe: individuslgranulrmefdiedgranidaia are Riafelaklisphepicalin.gharemEhese
spherical grapules peefanablyddave thie pasdiclessinadlerse grharinabparking @y angrment.sEhe pores,
i.e. the spacesabetweendthe spherical particles then leave a defined space free so that during the
drying process of the granules the carrier medium can escape readily without destroying or altering the
shape of the lndividuad grérutatéipardiolesyorfghanulbsidevenrinudeanulades manufaciunad fiom
suspensions iy fiméans iofrspral ing sphel iivatbrialicompope ntsiafrwhich tand:-tesformavakinsairing
drying, escapkabfiieescattigrmediucaniscgimianisedoria tifetpoles:fopmedi withdutdastrayingethe dense
spherical padkisg @réated e meritiontiches gfanwder of tipeegeanwithe produpeddigihgstheoparticles
according to BRETmVEhtisnrales st Koo - ilmlikenitdegtan shey Imatruted et by spralyadeyiniin the
prior art. TheP8fdfés Heedrdivigadiam eniiodinhéntopthe iHvemionthibcampletbisisrbvertisithe
formation of Bﬁﬂ?y@?ian@@g F i RBHGE odoagpistit-Shapedriranulds. imheAyredlatetof the
invention ma§ 88 FepreskiiedRtife BrapMetesr paviele’ batsedsmooth or smoothed, particularly
fire-polished surface and non spherical particles with a non-smooth or non-smoothed surface, i.e.
standard parPé’I%éO ierasih ﬁ%&Fﬁ%ﬂiE%E"ﬁf&’y‘Bléeattj’i‘ad’éhdfhpaﬁrél%@r\rﬁh g siRgreihhister or a
mixture of asrlﬁ'(?l%g itF R B e BT AR S A BT riA RE pafticiEd b miafeR® pastrsalsof equal
size or may rapreSbME IR osltp aH? ethi'f’h drﬁerent sizes. It is possible to improve the strength of

the granulateﬁparuqfactrg)gg:-1 w;t%”fi Pa nsrt mrxrng standard articles, i.e. particles
produced wrrp E}%f%‘ I m i dﬂ? Gu CQSS ere %‘ ar Ejr’?‘aé d ug n%;g;a?fg@bodrment
of the Inventﬁ(l)lg W b cg 1]1 S 1611(2& ran £8 aeil?? ? % le size
ratios and prgp%rtr%rﬁe S %’a g5 possr r’% lf 8 ;a&@fé? 4t are

ust

r,
further proce d% § g na éele Ve, a erlcal
e by g%,,;g.%g?fi%a %%j% L et o
modify the 9@%@@&9&99%‘%% gﬁ i sprE Hq ét%gg%xanu éure fram

invention, the myxiurs,ohshhesical P vrrr@ ﬁa’%&?ﬁ?&'&ﬁ SRRt [gparticles is
in the ratio ogﬁgllytg, 9115@@;@@%% %%rla,ylgé 2l Eslpécrally pggfe]rﬁsgllsgf%t% or?r%o%eao
particles in the granulate are spherical or rounded and fire-polished particles according to the

invention, particularly 50 to 100%, preferred contents lie between 80 and 90%. Quite especially
advantageous are compositions of rounded or round;particles to standard particles of an average
particle size d50 of approx. 10 m: an average particle size d50 of approx. 5 m The diameter of the
standard particles is determined in that an (ideal) sphere that specifically surrounds the irregularly
shaped patrticles is constructed around the existing irregularly shaped particles and the diameter of
these spheres is determined. This describes a normal procedure known to the person skilled in the art
from the prior art. During processing of the granulates, the spherical shape of the granules and their
smooth, in particular fire-polished, surface has a further positive effect on the granulate's flow and
filling behaviour. This is illustrated by Table | below in which the granulate properties are reproduced
as a function of the mixture composition of the particles. Table 1 | Composition:



100%R 90%R: 80%R: 50%R: 20%R:100%R ' Rounded ( R) to standard (5) particles 10%S 20%5
50%S 80%5 0%S Flowability in [s] 40.02 44.24 46.87 57.91

is guaranteed via the pores formed without destroying the dense spherical packing
created. In addition, the granules of the granulate preduced using the particles according
to the invention are not hollow - unlike the granules manufactured by spray drying in the
prior art. Therefore, according to an embodiment of the invention, this completely
prevents the formation of bulky granules or even hollow or doughnut-shaped granules.

The granulate of the invention may also represent a mixture of spherical particles with a
smooth or smoothed, particularly {ire-polished, surface and non-spherical particles with a
non-smooth or non-smoothed surface, i.e. standard particles. The spherical particles may
be a grade of particles with a single diameter or a mixture of particles with two or more
diameters. The standard particles too may be particles of equal size or may represent a
mixture of particles with different sizes.

It is possible to improve the strength of the granulate manufactured as well as the packing
density by mixing standard particles, i.e. particles produced with a splintery surface and
irregular shape, with particles used according to an embodiment of the invention, which
are rounded or are already present as round, in the appropriate particle size ratios and
proportions. Moreover, it is also possible to improve the properties of products that are
further processed, particularly in respect of strength and density.

Selective adjustment of spherical smooth, in particular fire-polished, particles to standard
particles in varying ratios makes it possible to modify the granulate’s properties.

In accordance with a preferred embodiment according to the invention, the mixture of
spherical particles with a smooth or smoothed surface to standard particles is in the ratio
of 2:1to9:1, preferably in the ratio of 4 : 1. Especially preferably 50% or more of all
particles in the granulate are spherical or rounded and fire-polished particles according to
the invention, particularty 50 to 100%, preferred contents lie beiween 80 and 90%. Quite
especially advantageous are compositions of rounded or round particles to standard
particles of an average particle size dso of approx. 10 um : an average particle size dsg of
approx. 5 pm.

The diameter of the standard particles is determined in that an (ideal) sphere that
specifically surrounds the irregularly shaped particles is constructed around the existing
icregularly shaped particles and the diameter of these spheres is determined. This
describes a normal procedure known to the person skilled in the art from the prior art.

During processing of the granulates, the spherical shape of the granules and their smooth,
in particular fire-polished, surface has a further positive effect on the granulate’s flow and
filling behaviour. This is illustrated by Table | below in which the granulate properties
are reproduced as a function of the mixture composition of the particles.



62.84 73.4 Bulk density in 1.014 0.937 0.901 0.819 0.739 0.71 1 [g/m111

lowmedium

[ Breaking strength

Table ¥
Composition: 100%R | 90%R: 80%R: 50%R: 20%R: | 100%R
Rounded (R) to 10%S 20%8S 50%8 80%S (%S
standard (5)
particles
Flowability in [s] 40.02 4424 46.87 57.91 62.84 73.4
Bulk density in 1014 0.937 0.901 0.819 0.739 0.71
[2/ml]
Breaking strength low medium high high high high

Experiments have shown that the granulates according to the invention lead to an
improvement in the filling ratio of at least 30% compared to standard granulates from the
prior art.

Advantageously, at least 5 weight %, preferably at least approx. 20 weight %, particularly
at least 25 weight % of spherical particles with a smooth or smoothed surface are present
in the granulate. Particularly advantageous properties are achieved with a content of
particles according to an embodiment of the invention ranging from approx. 5% to
approx. 100%.

The material of the spherical particles is not further restricted according to an
embodiment of the invention. Any material that can be converted into a granulate may be
used. The use of glass or glass ceramics is especially preferred.

According to an embodiment of the invention, the binder is not especially restricted. Any
appropriate binder or a mixture of two or more binders may be used. Homopolymers or
copolymers, for example, may be used. The following are merely mentioned by way of
example: (meth)acrylate, (meth)acrylamide, epoxy compounds, vinyl ether or mixtures
thereof.

Naturally, the granulates may also be modified in the usual way by means of surface
coatings and/or treatments. The spherical particles may then be coated at least in part on
the surface. To do this, functional groups, for example, which correspondingly modity
the properties, may be applied to the surface of the particles. By this means, for example,
it is possible to increase the adhesion to the binder or to modify the setting behaviour.

The special properties of the granulates according to the invention with their preferably
spherical shape and smooth or smoothed surface also affect the products manufactured
using these granulates. For example, the advantages of dense spherical packing become
important. By using preferably spherical granulates produced from spherical particles,
green compacts, for example, are created with cubically face-centred and/or hexagonally
the densest spherical packing. The maximum packing density of spherical particles of
theoretically equal size is 74% in these types of packing. Filling the pores then results in
packing densities of over 90%.



high high high hid Experiments have shown that the granulates according to the invention lead to an
improvement in the filling ratio of at least 30% compared to standard granulates from the prior art.
Advantageously, at least 5 weight %, preferably at least approx. 20 weight %, particularly at least 25
weight % of spherical particles with a smooth or smoothed surface are present in the granulate.
Particularly advantageous properties are achieved with a content of particles according to an
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also be modn‘e mat a n ﬁs accﬂ é]egc atings an dPo m 0 }e glrrcal
? 8 U!&m} YV y?ié/ %? (? ?
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behaviour. The special propertres of the granulates according to the invention with their preferably

spherical shape-gdRMotQl slnaothed guriace RISa,aftect.the prodiclz.manyiachued.using these
granulates. F@t&rqﬂt@t@zm Yantages Qfs %%%ﬁt%&%cmgpg@&om@@9@@5&%&% sing
preferably spg@{gqelg,m{eggél@r)gggg%égg%spherlcal particles, green compacts, for example, are
created with cubically face-centred and/or hexagonally the densest spherical packing. The maximum
packing densityah&rheusabpariciesrektbeprsiicalhyequal siza 4% i esedyRemobRasking.
Filling the popasithen kesults inpACK BaHseRstIRS RS ANEH % calnmﬂﬁwadutiaﬁgwwé%m@POSIUOﬂ

(see e.g. Tallehtehove)alse hagarpifaciionthediling depth-afianressingdealvihadiling septh in a
pressing toolrsitheddistance the die travels between the top and bottom dead centre. The lower the

filling depth, the better the filling behaviour and the denser the green compact. The tilling space of the
pressing toolNiliscapeoppirdthtsvhen wsifigiie gracskate laseonding to thadnvertiomst:ecdense spherical
packings alsevidiras omithéograntifsite tievelnds, the dgighulessthemselves gneferably savsf anspherical
shape and asbothl mgardticuidrdirg-palisHedeSudacd ardyas theyhanes esaentiathncamyjased of the
particles accordingttorthe iaventibiiothelgrarulgstis.thd fdrerotbthechravudatelaishi girefarably form a
densest spherealapacking. The density of the granulate according to the invention is, therefore, also
high due to the high packing density of the granules. Small spaces in particular (< 0.1 mm) can be
filled significantii erracefidetivens Diriahd prexsiong ipeotedirén thatigrarules:the refeiblow into one
another moré@a&ily itefistass siélsybh thay rtdrécm%rmecré AveAusarallreveldrifpalsts saith adhigh
packing denétﬂf@é{ﬁﬂfﬂﬂﬁn&@é%&g%%be@ﬁdﬁ1lAhcsﬂrréPha@amag@@umﬁigum%érqog@@eégtmg of the
granulates al&BidigREThe inbeRtEhp AHREUIAI5F tHETEIIA BRCONBAIRE s tatiitesitigitan be
baked out ediff8Te 1 A ftrerbAt Kiflbtdrey B th&upREskrparies aHY adasedinngd vblume of
bubbles can B&TEEITEEY. Moreover, products that are further processed have an homogeneous
microstructure as well as ver Iow Wer tolerances i.e. high constancy in weight in the case of

mass-produce p%gﬁ'ﬁe g?e ?‘t“"é‘r’e‘ hea{}‘e TSV\PEI|ﬁ?éh§t6?fapf61%féﬁ8ésf6'fﬂfﬁb products
manufactureﬁr rcc?ﬁts' ’ lmonuj%t?—:% Which’ %fh Fﬁé\)’é EL 3%%& o
Furthermore Wi en SE?I ,ﬁg ‘QESS Tatdn}a’((:”ég(r“ izg‘“ 6}; eh fg ] s S5 2RIy
manufacture 8| mpacis with, %Ifliv(f/??flo o (hevs;ireous 30 et%fvé ?‘551’515(1 ﬁht to width

i
10duce n cm ac 3 m TOIm g t€S a to the w
ratios which cannot e manu cture usmg‘the gran ales romcthe pl’l%l’ alt. IEO(HJ]G granulate

according to the inyentign.itwag,alsg deneraliy.Pasaifie o ingieass, he.yisld; a%'ec'%’s'rﬁgmﬁved by
approx. 20%,was QRirings '&%Q@Eﬁﬁ%ﬂrﬁng the steps:

- Production of a slip, containing dispersion medium, spherical particles with a
smooth or smoothed, m particular fire-polished, surface, if necessary standard
particles (non-spherical particles with a non-smooth or non-smoothed
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The granulates according to the invention are also of particular benefit for further processing into
compounds such as glass/metal, glass/glass, glass/glass ceramic, glass/ceramic or glass
ceramic/metal compounds that may be manufactured from compacts. Further preferred areas of
application are vitreous solders that may be produced from compacts manufactured from granulates
according to the invention. According to a second aspect of the invention, there is provided a process
for the production of Fi6ilatds iphishiy the shipds e radutitiorremar EIW%@Yﬂalﬁﬁig@éﬂmﬁlon
medium, spherical pEHRIEE it SRBo il BF ShatiHoEs mrpardliErtrasiolished, surface, if
necessary standard particles (non-spherical particles Wlth anon-smooth or non-smoothed 8 surface),
one or a plurality of binders and. if Npcess addltlve cte fro efoa ers abijlisers, ressing
additives and S|m|Iagp S wel Gr}qh%prgy?n%%o% <fip o o’o a?r%“r% af " dﬁ‘(j? ’a{fiﬁrlé ules of
which are not hollow. In the process accordlng to the invention the granulates accordlng to the
invention are mapufactured by, ﬁw g peen W@%&? A6 ghandlates haye one or a
plurality of b'ﬁﬁﬁ(ﬁil{hﬁ%t@qzﬁgsﬁg r %?0 :316 ; agle%qla & Icujar
fire-polished, sifage ang; ;Ida?scsﬁéeam%@ o %ﬁm 95 %%f P%e dran 3@5 st of all a
slip is producggwiigh d. 3ddiien, e SHRETL Iles,0f8 a}v%ra fion, also contains an organic
or inorganic carrier or dispersion medium. The slip preferably ha water as the dispersion medium.
Traditionally, furthenadeitivemsuet s delormers stakilissts, RiaRsng, afditives and similar, are used
in addition to {hremxistipa-hindesrAssordingiima shisdaspest ahthednuention,Jhergds.Rrovidsd a
suspension-stagiliseehslipdgnthe mﬁpuﬁﬁgturﬁe@&@fgya%gatgwggm@glsmlg dgﬁ%gggg mediym, in
particular watefdinenana plueality-atihindersimaddition o sphereal Rarticleswith.a smeeth.or
smoothed, ingaitiaulas ﬁgedpalﬁiaﬁdmsmfﬁ@%ﬂagdd&mﬁ@sary non-spherical and non-fire-polished
particles in addition, if necessary, to additives. The slip is subsequently processed into a granulate in
the usual waysusimgi@esprayhiltyingdpredess iThaparametsrspeb thr saraysning Ri9sess: sish as
spraying speéd; spraypuéssure oficzzleryéomety pdiying dempsiatuiedand, diyingspeadweepend on
the material usedyrqueintitlitand kizdeof thedquhrticles stierchoieebf bindes(ssandiEairiensoedium as well
as the desirethgramiglite fropetisdsuctfas padtitlesizedistinutipnrulkadensityfloywshilitt and
similar. One &ektameadie wiltherslipnovhichris mandiiotsred using die granulate according to the
invention, is that the slips of the invention produced from rounded or round or spherical particles lead
to significantly 16wl eHbstirsaghineoaerdestintn arpari amd therefdre simsitaregusjydeyisyre less
contaminatioR'Bftfie JARIGRIGITFIS IS bébarsethd sprencsopartivle withitheimgmoett, syrface held in
the slip exhibX ESHSdBPABI 88 &bradioisricserisnive and dridoaiskecbrpoments, bachessinbzzles in
the spray pro‘&?§s OHEHY Sp a5 e RisEsks: H?ﬂ{) il dlEslonen endshinteryrsulitanes inadddition, it
has been shéyrt %l‘ﬁﬁg I IR hiBRBr Sisspststoisbfii)e o iffe diifibatidve Aetiedetsiny means of

the spherlcal%VﬁEIQQ’ i‘ﬁ’@rto the invention with a correspondingly smooth or smoothed, in
particular fire- ollshed sur The process accordln%to the invention may be carried out in batches
g Bs& 4 La it B ﬁ%&é{@;}%&%&ﬁf@ 5@ Adect of the

or continuousR greYaviH
|nventlcl)nu trllje?g/ lS 01’?7\/5?35/ % GeBS o él?fr‘?BHﬁ‘i’a B(’fi r@BHB‘é $Hoth e R nacakcording
to the |nvent| i m Sn‘gél;fcam{l OIW of. ‘Ff%?fé&llﬂﬁﬁﬁ@l@st\lﬂﬁthf%f%mooth or

i (fl neously re less confanmgna 0 5
;gggth;daﬁ%a Ul ?wgn plisae, Shrtat, B ¢ ' H%? oy TR L S to an
ge partiGi§vles gu gqﬁnegcomponents stich 2¥'nozzl es in the spray process, than a slip that

is composed (}rEJ of particles with a splintery surface. In addition, it has been shown
surprisingly that a higher suspension stability of the slip can be achieved by means of the
spherical particles according to the invention with a correspondingly smooth ar
smoothed, in particular fire-polished, sutface.

The process according to the invention may be carried out in batches or commuously
preferably the process is carried out continuously.

According to a fourth aspect of the invention, there is provided a process for the
manufacture of a compact from the granulate according to the invention, containing oné
or a plurality of binders as well
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-polishing of the spherical particles to  Production of a granulate from the. pa 10with the addition of
non-sphthcal par if necessary further additives; Pressing of the granulate to obtain a green
compact; and 15-Sintering of the green compact to obtain a compact, The process according to the
invention for the manufacture of a compact is based on the process described above to manufacture
the annulate according to the invention which is subsequently followed by corresponding pressing and
sintering, as known 10 from the prior are The individual process parameters depend on the materials
selected and the intended use. The subject of the invention is also a compact or _een compact,
manufactured ySIQ1S YARIEG AGERIRG O e e nloDa e puuciomiodcabie usng he
compact, such,as; , 1‘Hg.etal. compound or a vitreous solder. The spherical particles according to
the haventi to a number of significant benefits: 30Thus the granulates provided according to the
invention, having sphetical:partictesewith arsmieothesurfaces erérotiFbIoWBHEETE low residual
moisture i.r addition tezmpreved. flow properties compared to conventional standard granulates. The
properties of the granulates can. be correspondingly modified and sometimes even considerably
improved by using mikturesisfisphbtieab g har &R cAIEISE $5For example, dining processing
of the granulates, the spherical shape of the granules and. their smooth.surface has a positive effect
on the granulate's floRrastftiPiG BERAG G e@i%mﬁiﬁ&é%ggégzgﬁ (%téﬁﬁ%%%\%ggion lead to an
improveméfit of the filfitg Pt BF 'I’éé‘ag(fé vk €orpared to standard. granulates from the prior art.
Furthermore, when uéiﬁ’ﬁcﬁﬁ;%&g&% Sté a”é%‘ésr‘aing to th.e invention, it is also possible 40 to produce

difficult compacts with,small W@é&é@%%&g&gg%@t%_gg@%w%h@ight to width ratios that are not

accessible via standard 'ga%?ates. t1s also possible to signifficantly increase the yield of the products
produced. Rurthermorg, hy uUsing the-grapuialeseesetdingtpdhe invention, a high density

The process according to the invention for the manufacture of a“c?cmpac:t %SA b&sefi‘ ox
the process described above Lo manufacture the granula.ic according !’cfa'&m imventlon
which is subsequently followed by corresponding pressing and sintering, as _]s:.nmafn

20 from the prior art. The mdividual process parameters depend on the materials
selected and the intended use.

The subject of the mvention is also a compact OF green compact, manufacinred using
the granuiate according to the inveniion and the products producable using the
25 compact, such 25 2 glasg/metal compound of a virreous sulder.

The spherical particies aceording to the nventon with smooth surfaces therefore lead
w0 & mormber of significant henefits:

30 Thus the granulates provided according to the invention., having spherical pa@ioles
' with 2 smooth surface, are not hollow and have low residual moisture in addition to

improved flow properties compared fo conventional standard grazm‘.aatﬁs“. The
properties of the granulates can be correspondingty modified and samﬁt;iﬁes even
considerabty improved by using mixtures of spherical and non-spherical particies.

35 For example, during processing of the gramulates, the sphericat shape of the granules
and their smooth surface has 2 positive effect an the granulae’s fiow and filling
hehavicur. The pranulates according to the invention lead to an mmprovement of the
Sltine ratio of a least 30% compared 1o standard gramulates from the prior art.
?urt’rﬁzmom, when using the gravalate according to the invention, it is also possible

40 to produce difficult compacts with small wall thicknesses ang unfavourable height to
width ratios that are not accessible via standard granulates. [t is also possible to
significantly increase the vield of the products produced.
Farthermore, by using the eranuiates according to the invention, a high density

45 oocurs which also leads to 2 high density of the resulting products when further
processed. For example, a high green compact density or & high density in compacts
can be obrained.
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450ccurs which. also leads to a high density of the resulting products when further processed, For
example, a high green compact density or a Mali density in compacts can be obtained. 5 Accordingly,
the use of the spherical particles according to the invention with smooth or smoothed surface leads to
a significant increase in quality of the granulates produced and of the products manufactured from the
granulates. The present invention is subsequently explained on the basis of Figures which ate
intended to illustrate but not resnict the teaching according tothe invention. The Figures show: the
prior art in a simplified schematic diagram; copic image of a granulate from the prior art;
embodiment of a granule according to the invention a simpnfied 15schematic diagram; 2ba
microscopic Image,af.an emhedimentpigrniiaie-accarding toltheimuertion 20 Figure 3another
embodiment of g, granulg-aseeidingte thesinvestishdmensimplifictdeienibtisraiagiam; a further
embodiment of a.gliasidecacaptding-tostherinvemtidiim asimplfggschematic diagram a diagram that

illustrates the effect of the particle composition (standard &article/rgunded \aarticle) on the filling depth
The present invention is subseguently explained on ihe basis 0 Figures wineh are

) S N,
intended To illustrate but not restrict the teaching according to-ihe invention. The
Figures show:

an

10 Figure la & gramule From the prior art in e simplified schematic ciegrar,
Figre 1h s microscopic image of & granulate fram the prior art;
Figure 2z an embodiment of a granule according to the invention in a simpithed
ps = A S . A - o o)
15 schematic diagram;
Figure Zb 2 microscopic image of an embodiment of 2 oramulate according to the
imveniion;
20 Figure 3 another embodiment of & granule according fo the inventon w 2

simpiified schematic diagram;

Figurs 4 a further embodiment of & granule according to the invention in &
sinplified schematic diagram,

2
Ln

1t

i
41
L¥ )

a diagram that illustrates the effect of the particle composition
(standard particle/rounded particle) on the filling depth

Figure 6 a granulate according to the invention, poured into a sonventionat
3G pressing tool, in & simplified schematic diagran, and

Figure 7 the packing density of compacted granules according 1¢ the invention
in a smpiified schematic diagram,

(]

L

Figure 1a illustrates in a simplified schematic dingram a grannle 10, composed of
narticles 20, such as are used in the prior art. Pores 13 occur within gramue 10
formed by particies 20, The binder hes been left outin Fig. 1a for reasons of clarity.
These powder particles 20 are manufactured by mitling, for exampl_e: afld havg a
splintery surface and an irregular shape. Both the surface and aiso the shape of ‘
40 particles 20 lead to a bulky arrangement of particies 20 in granuie 10, This results in
the creation of exiremely large spaces between powder particles 20.

Figure 1 shows a Hght-microscopy image of a granulate 30 from the prior att. The

image was taken using a reflecied-light microscope. The granulaie in QuUesHon is &
45 glass gramulate
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Figure 6a granulate according to the invention, poured into a conventional 30pressin.g tool, in a
simplified schematic diagram; and Figure 7the packingof compacted granules according to the
invemion in a simplifiedmade diagram. $5Figure la illustrates in a simplified schematic diagram a
zranule 10, composed of particles 20, such as are used in the prior art. Pores 15 occur within granule
10 fofmdc by particles 20. The binder has been left out. in Fig. la for reasons of clarity. These powder
particles 20 are manufactured by milling, for example, and have a splintery surface and an. irregular
shape. Both the surface and also the shape of 40 particles 20 lead to a bulky arrangement of particles
20 in granule 1@, Jhissesulisinthaereationoaiextemnaly Rigespatasbetteinipowder particles 20.
Figure Ib showsiadightomiergscopy imagessfmsgramulate $O-flomtite ﬁér‘"é?tm’f"ﬁe image was taken
using a reflecteghdightdniatascopes 5@@@@2@@@(@%@@@@%@?@ “&"fZF% §§a5ra Granulates 30
manufactured withvstaridarerpartivies ROhae Preferadis do “"ﬁ”*é” WSﬂ%‘\N%ranules 10, as
emerges frém Rigdretbichecause @ﬁ?ﬁé?%ﬂﬁﬁﬁ“@ﬁ’ﬁ?ﬁiﬁeﬁ'mﬁ‘f ‘éﬁ?r g e&8pes explosively and
thus determineshéisisapehaprgacoss MIPRGHTHHe prior art have a low bulk density and lead to further

processed products, for example peen_compacts or. co p il ggp(gcegdg@@sg@y and insufficiently
homogeneous i AT F eI 38 gematslc({me‘“g] %@1 gﬁ;@g& iiagram an embodiment of a

granule 4036100&53 “fe g"? ‘ngvi@;;;tu fj W@qﬁ%é&gﬁgh@gmogﬁa surface. 10 Unlike
in the prior'art, (e 10 m%n m@&&&@%{gﬂé%%%@é@ aotholewisRuederthe spherical shape and
smooth surface o? lgmglg@ﬁ gg&m%ngmgﬂg@m&gﬂ-@;mmeueeaﬂm gensastspherical packages
with correspondv noly.Feduced:nore, volumedsi-Naturally; notevery-granutéctd Hvdys has the same
number of parth{%@guﬁg‘@l@ugmhe&@amﬁies Bovstyowrsdsoidy 7 by way of example. Figure 2b
shows a light-microscopy image of a granulate 60 according to the invention whereby the result is full

granules 40 Wlth?@nﬁ’ﬁnemhzabshagﬁmdwwsm@@ﬂi@l?f@ﬁ@&ﬁfﬁ@%’é‘%ﬁ%Hl%urface in the main
phase, the granidatetisscuimptised ofgikigdull granules 40 with a spherical shape and
correspondingly smooth or smoothed surface. In the main phase, the granulate is

comprised of glass.

20
Figure 3 illustrates in a simplified schematic diagram another embodiment according
to the invention whersby gramuie 70 according to the invention is composed o a
mixture of particies 75, 80 according to the invention having two different diameters.
Granule 70 according to the invention has large spherical or rounded particies 80 and

25 . small spherical or rounded particles 75, Grannie 70 also has a spherical shape and a
smoother surface per se due to existing spherical particles 75, 80, In the example case
ustrated, small spherical or rounded particles 75 can correspondingly il out pere
volumes 72 formed by laree spherical or rounded particies 80, Naturally, 118 also
possible to have size ratios of particles 73, 80 other than those shown,

30
Figure 4 illustrates in a simplified schematic diagram & further embodunent

~ according to the invention of a granule 90 according to the invention which is

composed of a mixtuare of particies 105, 110 according to the invention and standard
patticles 93, 100. Both particies 105, 110 and also stendard particies 95, 100 each

35 represent mixtures with two different sizes or diameters. As a vasult, large particles
105 and small partcies 110 as well as small standard particles 95 and large standard
pariicles 100 are presert next to one another in granule 90. As a result of this, small
particies 110 and small standard particies 93 can fill out pores 102 formed. Standard
particles 95, 100 lead, due to their splintery and irvegular shape, 10 ieriocking which

40 increases the break strength of granule 90 according to the invention. This also gives
rise 1o further processed products with increased breaking strengti,

Figure 5 illustrates in a chart the effect of the particle composifion on the fitling
depth. The filling depth in mm is plotted against the % value ot the spherical or

45 rounded particles. The lower the filling depth. the better the filling behaviour and the
denser the granulaie. The best filling depth in the sxample case iliustrated s thus
ebtamem with a proportion between 90 and 95% of the spherical pariicies.
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Figure 3 illustrates in a simplified schematic diagram another ernbodimen.t according to the invention
whereby granule 70 according to the invention is composed of a mixture of particles 75, 80 according
to the invention having two different diameters. Granule 70 according to the invention has large
spherical or rounded particles 80 and small spherical or rounded particles 75. Granule 70 also has a
spherical shape and a smoother surface per se due to existing spherical particles 75, 80. In the
example case illustrated, small spherical or rounded particles 75 can correspondingly fill out pore
volumes 72 formed by large spherical or rounded particles 80. Naturally, it is also possible to have size
ratios of particles 75, 80 other than those shown. Figure 4 illustrates in a S|mpI|f|ed schematic diagram
a further embogiment aceargding:fe-thiednventioi thagranaule8e Wﬁmﬁ@ tHahe invention which is
composed of a mixiure ubpadticies £05s ElGneceording T BV RIBH B sn@Stahtlard particles 93, 100,
Both particles Jiaanga;&@mammamlpmcm@@r%@%&@hIr PR RHERAIFSE with two different
sizes or diaieterstiAsgaimssUif, Mm@%ﬂﬁdl@%@@@éﬁtfs fié Q?LTB”&GW 1l as small standard
particles 95 andlargésstawierart @&rﬁ’@ﬁé@“i@@lﬁ%‘ﬁ ‘é@é t X ?f‘e u%erélmlg{@nule 90. As a result
of this small parfilesaTpsidsivafStahds rit cni% % ﬁ 1 oUf Qﬂ}r&q‘; ul 2.formed. Standard
particles 95, 105 {8adetfaYs’ t‘i"kﬁ" i Té} téi i ;::ﬁm 1 Qe?hgq_,zl%ggg {Q%WI@,I@W 4A0increases the
break strength éF“_mm I@‘Q@ d o’ e | lﬁ Egg%glmg@@&@g Jenfiurther processed
products anln‘é“r“ ?ﬁaﬂﬁcé‘l “m i a?'gé @H@@%A&r@%ﬁrt the effect of the particle composition
on the filling de&h T gwlaﬁgméep%ﬁlm mm is plotted against the % value of the spherical or 45rounded
particles. The lower thefilling depth,ithe: bettarthestiling befiaviousard:thedtiegsér the granulate. The
best filling depth,in.the xample.case dustEatedis ihusiobtainetiwithoa propertion:between 90 and
95% of theigphefigalpartistes:friglnein shews ki Simplified. schematic diagram the &rise
arrangement of a granulate 120 according to the invention, containing spherical particles, after the
filling operation of a schematically represented pressing tool 150. Filling takes place 5via filling shoe
160 into a mould 170 above a die 200 with a defined filling depth 300. The cavities of the pressing tool
fill up optimally in this case by using granulate 120 according to the invention, i.e dense spherical
packings form on tnegranulate level. The density of granulate 120 is exceptionally high. due to the high
packing density of the granules. So during the pressing procedure, the granules flow into one




10another more easily under pressure such that it is possible to manufacture compacts with a high
packing density and homogeneous compaction. Figure 7 shows in a simplified schematic diagram
the dense spherical packing of compacted granulate 120 according to the. invention in addition to a
homogeneous 15distribution of compaction in pressing tool 150. Claims 10 Granulate comprising one
or a plurality of binders in addition to spherical particles with a smooth or smoothed, in particular
fire-polished, surface and. necessary non-spherical particles, whereby the proportion of spherical
particles with a smooth or smoothed, ill particular :ire-polished, surface amounts to 0,5% - 100% of the
total quantityintroduced. Granulate according to claim 1, characters of the granulate have shapes
approximated that the individual crannies e spherical shape. Granulate according to claim 1 or 2,
characterised in that the spherical particles are&3gmeted from glass or glass ceramic and have a
fire-polished surface. 4. Granulate according to one of the preceding claims, characterised in that the
20individual granules of the granulate are not hollow. 5. Granulate accordln to one of the preceding

claims, characterisedGinthiattrespheaear %ﬂ%‘rés‘%ﬂﬁ Eﬁ@rﬁﬁ ﬁ rticular
fire-polished, surfaceﬁaﬁm#?ﬁé@%@ﬁ?ythﬁﬁsgﬁﬁgﬁﬁdf‘ ”*gﬁ]é 1 ace ampé

AR ﬁqug I5: RSTESS (EBT0 cmon QP&}t%%L%Pth or non- 25smoothed
surface are present Igﬁgﬁ with 2 smotth of sm%cﬁm\h n pamgmgaeéqggmhed, surface
10 Amnoumts io §.5% - 100% of the total guantity of particles mirodueed.

O]

Granulate according o claim 1, characterised in that the individual granules
of the eTanulate have shapes approximated to the spherical shape.

—t
A\
3

Granulaie according to claim 1 er 2, characterised in that the spherical
particles are Sme”zm from glass or glass ceramic and have & fire-polished
surface,

4 Granutate according to one of the precedmg claims, characterised m that the
20 individual granules of the granulate ave not holow.

5. Cranuiate according to one of the preceding claims, charagterised in that the
sphcm,m par’m} es with & smooth or smoothed, in particular fire-polished,
surface and if necessary non-spherical particles with a HOn-3mosth of non-
smoothed surface are present in the individual granules in tie form of & dense
spherical packing,

|
h

&, srarlate according fo one of the preceding claims, characterised in that the
cranules are present in the form of & dense spherical packing.

7. Granulate according to one of the preceding claims, charactenised in that the
spherical particles with 2 smooth or smoothied, in particular fire-polished,
surface reprasent particles with substantially the same dlameter,

[F5)
LA
o0

Granulate according o one of the proceding c}a..imsz c%zara:terl:isaj m t‘i’lat the
spherical particles with a smooth or smoothed, 1n particular fre-polished,
surface represent a mixture of particles with different diameters,

G, Granulate according to one of the preceding claims, charactensed in that the
40 spherical particies with 2 smooth or smoothed, m particular fire-polished.
surface have two different dlamerers.

10, Cwanulate acoording to one of the preceding claims, characterised in that the
spherical particles with a smooth or smoothed, in particular firg-polished.
surface have three or more different diameters.

A
in



spherical packing. Granulate according to one of e preceding claims, characterised in that the granules
are present in the form of a dense spherical packing. Granulate according to one of the preceding
claims, characterised in that the spherical particles with a smooth or smoothed, in particular fre-polishe
surface represent particles with substantially the same diameter. Granulate according to one of the
preceding claims, characterised in that the spherical particles with a smooth or smoothed, in particular
fffe-polished, surface represent a mixture of particles with different. diameters. Granulate according to
one of the preceding claims, characterised in that the 40spherical particles with a smooth or smoothed,

in particular fire;polished, surfage have, we differpatdiametess, #0:Granuate meoneding to one of the
preceding claims, ch%@g}g{&%&é&%&h@t@@@@ﬁ&l@ﬁ%&}lﬁawﬁhﬁm@mr@r smoothed, in particular
fire-polished, surface have three.of:moredifferantdianetersd Graminate! insoirigEo one of the
precedings, charactetised indhatthegeanulate, iepresetis mmfixturdigfespiefical particles with a
smooth or smoothed, in particular fire-polished., surface and non- spherlcal particles with a non-smooth
or non-smoothed, in [iamwtalamrd-mﬁp@tﬁshéﬂ” f%“@ﬁ%ééé “ErEh R SEES tbﬂi‘ﬁwe of the preceding
claims, characterised gruthiatethis géh@@ﬁé”ﬁ‘ésoa‘t TEASK appox S %e‘?@ﬁtﬁé’ ﬁ rably at least approx.
20 weight %, particularijeat Seast B kisighHe -t oF Eshen CAITp ARt Wit = Smboth or smoothed
surface. tare of sphéﬂ@&ﬁlﬁéﬁﬁ&%@%?ﬁ@%mooth or smoothed in partlcular fire-polished, surface to

non-spherical partlcles with a nongmooth or pon-smo the ] particular nen- firgspolished, surface is

present in themtio of W@T Flhlgle?h?etés 8% ta c :f raqulate aceording.te one of the

preceding claims, ch rfieey hd f}% S&o@eﬂ%@m@arg@{g@ is,selgcted from glass Or

ti
glass ceramic. Granul et%éts:oi’?dmé to one of the precedlng claims, characterised in that additive,

selected front defoarners stahiii.sers, pressing additives are included. Granulate according to One of
the preceding claims, ghata.eterisedrn ithattbeispheticaloparticlesarecoatéd dtdedst in part on the
surface. Process for tﬁam@dﬂeﬁmafﬁ@aﬁ&mmﬁpﬁﬁn@me@ewﬁm in particular fire-
polished, sarface {0 non-sphenical particles with a nor-smooth or non-
smoothed it particular non-five-polished, surfacs is present in the 110 of2:
20 i to @ 1, preferably in the tatio of 4 1 1

15, Granolate according 1o ong of the preceding claims, characterised in that the
material of the spherical particles is selected from glass or glass ceramic.

16,  Granulate sccording to one of the preceding claims, characterised in that
additive, selected from defosmers, stabilisers, pressing additives are mchuded.

g
T4

17.  Granulate according to one of the preceding claims, characterised in that the
spherical particles are coated at least in part on the surface.

30
18, Process for the productdon of granulates comprising the steps:

- Production of a slip, containing dispersion medium, spherical particles
with z smooth or smoothed, in particular fire-polished, surface, if
necessary non-spherical, non-smecthed particles, one or 2 plurality of
binders and if necessary additives. selected from defoamers,
stabilisers, pressing additives and similar; as well as

[75]
th

. Spraying of the stip to obtain a granlate, the individual granules of
AL which are not hollow.,

ko

[ e 3 3 1 that &
Process according to claim 18, charecterised in that the

continoously,

ot

p=y
L
g=3
o

Process according to claim 18 or 19, characterised i that the dispersion
medium is selected from an erganic or ingrganic carrier or dispersion
medium, preferably organic solvents or water o mixtures thereof,

15



Production of a slip, containing dispersion medium, spherical particles with a smooth or smoothed, in
particular fire-polished, surface, if necessary non-spherical, non-smoothed particles, one or a plurality
of binders and if necessary additives, selected from defoam.ers, stabilisers, pressing additives and
similar; as well as Spraying of the slip to obtain a granulate the individual granules of
40which are not hollow. inProcess according to claim 18, characterised in that the process is carried
out continuously. 4523.Process according to claim IS or 19, characterised in that the dispersion -
medium is selected from an organic or inorganic carrier Or dispersion medium, preferably organic
solvents or water or mixtures thereof. 21..Suspension-stabilised slip or the manufacture of a ganulate,
comprising dispersion. medium, in. particular. water, o rality,f hi s;and spherical particles
with a smooth or smogiiie ‘Eﬁlﬂwsﬂé‘{ﬁ%ﬁé Er’LII ﬂitgw %[j’ﬁﬁmL ,%E%ﬁ%%%%%@é%%&?on-sphencal,

. . aispersion LT, L ..
non-fire-polished partg%%i@@ﬁ&w hecessany, (oadditivessklsefa-granuate., contuining one or
a plurality of binders ig,additign to.sphericakpastisies wish Brspnsithi orsimeothetjdnrparticular
fire-polished, surface and fnecassantnan-spherical particles with a non-smoothed surface for the
manufacture of a compact. Use of a granulate, containing one or a plurality of binders in addition to
spherical partictes witlya smaethvonsmeothed surfacepforethie ofiintdfactrelsPtScompounds,
comprising glass, metaarictos:giass eerarmiciriaedition telcormpiraliofsthe¥éstlyia the intermediate
stage of a tompact. Psocessaferithecpran et i eainsact i orrthEgrRAIStE *Containing one or a
plurality of hinders as {vefragaptiefizarpafiei@éivith a smooth or

23, Use of a granulate, containing ene or 2 plurality of binders 1 addition to
spherical particles with a smooth or smoothed surface for the manufacture of
15 compounds, comprising glass, metal and/or glass ceramic in addition to
combinations thereof via the intermediate stage of a compact.

24 Process for the manufacture of a compact from the granulate, containing one
or a plurality of binders as well as spherical particles with a smooth or
20 smoothed, in particular fire-polished, surface having the steps:

- Milling of the spherical particles to an average particie size ds) ranging
from 0.2 1 100 wmy

25 - Fire-polishing of the spherical particles to smooth the surface;

- Production of & granulate from the particles obtained, binder, 1f
necessary with the addition of non-spherical particles with & nop-
smoothed surface and if necessary further additives;

30
- Pressing of the gramulate to obiain & green compact anc
- Simering of the green cormpact W obtain a compact,
a5 25 Compact, manufactured using a granulate zccording to one of preceding
claims 1 to 17 as well as further additives,
26, Green compact, manufactured using a granulate according to one of preceding
ciaims 1 to 17
40
27. Glass/metal compound, manufactured using a compact according to claum 25,
28, Glass/gless compound, manufaciured vsing a compact according o claim 23,
45 15 Glass/{giass) ceramic compound., manufactared using a compact according to
claim 25

16



smoothed, in particular fire-polished, surface having the steps: Milling of the spherical particles to an
;age particle from 0.2 to 100 um; Fire-polishing of the spherical particles to smooth the surface;
Production of a granulate from the patrticles obtained, binder, if necessary with the addition of
non-spherical particles with a non-smoothed. surface and if necessary further additives; Pressing of
the en-anulate to obtain a green compact and Sintering of the green compact to obtain a ¢ Compact,
manufactured using a granulate according to one of preceding claim.s 1 to 17 a.s well as further
additives. Green compact manufactured using a aranulate according to one of cowing claims Ito 17,
Glass/metal compound, manufactured usin{g a comga%;t, acpordingdgo cja_i&g@% Glass/glass compound,
manufactured using a%@éﬁ%ﬁ%a@ﬁ%‘?@ﬂ&r‘? BEm 5" GlasSigtass) €eramic compound,

manufactured using a~€ 5’515? %%cording to claim 21 30. Compounds, manufactured using one of the

compounds according g one of S 27,1929, 3. \iegus.seldes, manufestured using a compact

according toiclal“m 25. raﬁﬁgte, Process for the Production and Use Thereof Abstract

17



The invention relates to granulates, a process for the production thereof, in pa a process for the
continuous production of these granulates, and use of the granulates for the manufacture of p-een
compacts or compacts and further processing thereof into corresponding products, whereby the

granulates have spherical panicles with a smooth or smoothed, in particular fire-polished, surface. Fig,
3 :

Granniate, Process for the Production and Use Thereof
Alstract

The invention relaies to granulates, a process for the production thereod, m particular

a process for the continuous production of these granulates, and nse of the gramulates

for the manafacture of green compacts of compacts and further processing thereof

inio corresponding products, whereby the granulates have spherical particies with a
10 smooth or smoothed, in particular fire-polished, surface.

Fig. 3



