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‘Ks~so0i pde~s_~ do~ p4067 doc Patent Application Heraeus Quarzglas GrbH 8 Co.
KG Shin-Etsu Quartz Products Co., Ltd. Method for the C eaning of SiQz
Particle i for the Inplenmentation of the Method, and G ain

Manuf act Ju‘"mﬁ@ﬁmwﬂl%ﬂ@ldance with the Method ThignihveatdONsCiRggr ns a net hod
for cleanin particles, by heating axékbhbecsf 1e panicles in a
reactor with* ®%2rtically oriented center axi sa@ndod hereby exposing it to a
treatment gas which is conducted at a given flow velocity fromthe bottom
to the top through the reac;or and the fill. Furthernore, the invention
concerns a device for the inplenentation of the nmethod according to the

invention, «ggPrising a reactorp ically oriented center axis for
accepting a fill of SiOz parti cﬁyevg%'pm‘r\ﬁg#oé‘as inlet for feeding a

treat an area of the reactor essentially belowthe fill, and
o o TG

I for di dtdraeys Qgatdglas GedtHh@o. ¢ from an area of the
react or above fill. . r ~.the dnvention concerns cleaned Si 02 grain
fromnaturally occurri ng%'\?\?%rrg‘f 8%'5}]& #prgﬁ?tgi(%’z’lp tticles, quartz glass
products are nolten for the chem cal and optical industry and for the
manuf acture of optical fibers and sem conductors. There are high
reoui renents on the purity of the quartz gl ass products Especially al kaline
netal s, alkaline earth gehal g.ﬁpefl Rﬁtf! il arbon and free or
conbi ned water may have a %g?%r men %F e eféloéﬁg'?ﬁéecsdesi red properties of
the quartz gl ass pr odenits forGbeimpternehitatiby ohtiphMethed| nd t he purity

requirenents for the raw mterJjals.o uartz gl ducts. Quartz gl ass
raw naterials wit hi ﬁ@'ﬂﬁ“%‘gﬁﬁ'ﬂ'&’%’f" %ﬁ%%ﬁﬂ%ﬂ{tﬁgﬁe %gh%ﬁcmr phous or
crystalline particles, for exanple SiO particles of naturally occurring

18 SEP 2~2 2 quartz., or contamnated synthetically produced grains,
granul ates, or recycling material A nethod for the continued cl eani ng of

, ' i.an _h desc~~ i -
737" 653V B S el P AP R R S 0 R MReB BT FRER TR qliares
powder theopdrdcied aaan eschctan swith ragyegtioathanrignted pergerzaxis angthagbbekpesmn; 106 um and

250 um_into an electrically heated guartz glass rotar urnace mwhich it
1 p e HeRodth B8 s ke STt RLAG P SR 8T B bokbE o "chanber
and a g&sthdesDrtpe ireattartumahies fill.l n t he preheating chanber, the quartz powder
is heated to approx. 800C and is subsequently treated in the reaction
chanber a tenperature of about 1.300C wi.th a .m xture of chlorine and
hydr oo BN Rs e 1N LR TR S SRl IR BIE e G CIERE TGRS of ¢ ho
quarltz aﬁ:lﬁwﬁ'{jg toefi@investivh, ebrhbridintea Eﬂ”dcgfrivﬁthgﬁ&rﬁﬁaw ofiented @émmigaseous .
nmetal chlorides. e, L.reat ment s_and. aseous, reaction products w
subsequ8ht{FPHS %imaﬁé‘péa'f‘m?ﬁ@ \%ﬁbmazyn@ﬁqrﬁgeqﬁq BB MERHE2T B signi fi cant
reduct i #Mareh odtearebrer edvdntdilyalelonethean, dhdodit AgaRbuteA foridischBgurguar ~z
powder. The purity of the auarr cowder can be_yet inproved even further by
r epeat etﬂeﬂ'§§§%@'é 93¢ fromea#ea R Kg 'proeRovetRiber, in many quar~ powder
applications - such as for exanple as a starting material for quar~ gl ass
conponembeeohar, thEinksRiof fcofcdthe Blaghisd SI0, FRIM @ hdfueal§TocEaringpiwecs - the
purity of the starting materials will be sub~ec; to extrenely high

requi r e®8H'@" whi ch cannot oe achi eved with the known method or only under
great expenditure of tine, nmaterial and cost. Wth the known nethod, the

cl eani ngropf ERS, L paARIRAN d6ar@gihéteprb@adté bRMBEdH REtnefchbMeafamd bptikawder with the
chloric gas m xture and on the reaction tenperature. At _hither

t enper ai"GHEE arthioherfBanEarits 3 2etie fingme PneReMIGRDaqteTE.- dBRIAEnat i ons so
that a Beht-ehuirenfafdiBh SllRfty o GudieVfassorbbuct ReEESslyMikdink NCT €asi ng
tenperatdres. However, at hi'gh tenperatures. agglonerates wll formdue to
t he sof maRingikdine gartymetals. IgBKNhMELals, oAt earpen andireencfagmbiegd walekss of the
treatne t.o, Lk r the. Lndi vigd L ing effect
by ¢ he. (P Yaver e el CRECorihe difirb oL L ART: RRE PR T T o he
r educed.Cormespdredimgy bigh arecthos depunty ehlieerhente foertitksrasnmatesialdved lquapzr i od of

the quartz powder in the reacti [0 r . Coarse in_powder _usual |y
passes t S PEY cfson&%m%srs rﬁ\gs %{P”%@%ﬁf‘i“ﬁ%’“&?%{[‘%%@\'ﬁdg%m?ﬁj‘g‘;‘ di fferent
Aunt i es dmyfpi@sWricrystdlicte paeticiesy én ehemdiefdier particlvd binauraneocdiange, 18 SEP

~ -3 depending on the tenperature, the gramfracticn or throughput. This
conpl i cates



the r eproducibility of the 'known ciean~ng method In the cleaning {gtdwrd 2002
according to DD-PS 144 868, flu!d quaetz sand a cont!nuously charged from
above !'nto a vertically oriented reactor. The quartz sand fill passes the
reactor continuously fromtep to bottom The quartz sand fill therein
passesIuERedt IR TIPS FENthalicqs PrRFLRED BT BBAUIBtRseommedyaingcol i ng down
zone. J9..a4p!d oxygen from penetrating into the chlorination zone and thus
to prevent the reformation of the chlorides forned during chlorination into
metal oxides, an inert gas or nitrogen gas curtain is produced at the
ent r and Eeihehfca e antiowed dsaningpiauact Powderci DeaMRRfi on zone. Wt cheni cal
treat i olpe-TATM r C s, on the surface

na'?ﬁrg ”ﬁ?@ﬂﬁ‘c”%ﬁ'ﬂ‘%%uar ts>zé ]égéng EQ{T%YZE-/ EE% ﬁg{a%@'a@#%u %SE%’SC“ bed for
exarrpl heren USsdmmu@&B/ 18%0 the freargumider Sehedc! éanepr edvireps ectan gpdihor to the
cl eani ng, process b Ph@ mochl og nati.on - means of a two-stage

Y 9

i t
f1 ot at T'oh PIEIEEW HEANE OHT: a?tSPnﬁéfE%agh%%aﬁéH?%%taﬁ i c treatnent

i nhydfeedry yerhiace ao.urdch wil gRsiimgudtetfiedlthadugha sleMéfRgfcBambbe o npl ement ati on
of the nmethod ~n accordance with the aforenenti oned species are known from

EP- A 1reAgYC3atRrMag{&ndiagas A5 e s08mbes: (R KIE RigRARING chamlersthez powder ,

manuf aghalesovider iERditedlo ddore® shpes Sﬁd’@'sﬁbseq‘h@nt‘l’y tY@Jtéd mhéy oriented
reactor to renmove chlorine, and to treat the powder 1ll 1 n a countercurrent

with arepsionFhamber 3 tampeiaturashrbad. SQPrC with étGaF@'&*@Fﬁ:chthm?hr ough the
react ognd h%&ﬂ@né’&éé OfRel Qkérhe ah@palkéh’ﬂetegﬁh EBr?tQmﬂfairBhEeoffthélqua@e gas
m xture haS a linear gas veloc!ty rang! ng between cms and a
t enper aeWeer rerA geary iR theedHoItEIRS mintire Goming Jareogagetd cvondés. f1 ow t hr ough
thefr l; . il Wil be

i ght Hy‘eﬁ'%%”‘ ssélﬁdg?%egﬁuss%a% QUC %glqldsegge etnp‘?p%rr ty cf the S0~
part| cergsausterh as !t !s requlred for use in sem conductor and optical fiber
manuf act ure cannot be achi eved by nmeans of the known nethods. Especi ally
the co [ - , N,

. g R R hednbd bR SRhmEn R RRort ot aline Bne el oans o

t he k nearh mettaousationd insthe rwenz powddrs The peniyioftfleycusasedwear tdarebd ask of

or ovi ai/B et afaC TR dSande Ee iRl BRob Meatnlar PRy BP0

grain fim oranpatuarabbydecpplicatiogs F avehnast fer exampends o aarmed niatenussforg t he net hod

according to the inventio such ra|n ej n a cul a sui tabl e -4
espec; & gWﬁ@sstcﬁ@p%%? 5’%&“@‘58 ?B'ﬁ?”q?"f:{‘?ir %Ht’agture Ph{oéﬁﬁt’fsptﬁ?, ~ gl ass
pr oductgurtcds theBlattigGhkieodls andoeoatu,@@to e:br%ﬁ&lpﬂﬁrglﬁiué‘qurr@ﬂtenismmt*ew of the
nmet hod, this task i n ac dance W t he 1 nvent~cn such that a c;

i
| crouscaPF‘etat%?ﬂ‘eV{j‘&é”'{%sm%gWr dIOﬁQP'y unggr Qrﬁét SPERCHE PhEMRI 11 - s
adj ust eflatkozladdae’dt nent tem,e,-ature of at |east 1,000C and to a fl ow
velcc;ty of at least 10 curls. A chiorcus treatnment gas is used. Many of

th t rticl 1 t t t
at 1 PR RAHT B mEEBbaNE Co90RS Sl SPARAFESULRE "READ EHPOP| B8s of O her

vol at i | f12¢0 AR aithHeCthIdrRIGdeeniRuiraLisd adthferremtbheeme%wé xta the exhaust
gas. Aside froma chlorous conponent, the treatnment gas may contain

addi t i JHSNS" ye@Pﬁ’@ltL"E%)r‘ﬁﬁt?ﬁ‘Qﬁtr%aqs t@sten With the rﬂS‘rat“ﬁéO”‘laSEF%ﬁ'@r‘élso 838® ne, inert

gases OfethydlR0RE ekt XARER: & oM@Ec@&%rtﬁﬂ?&éé&'ﬂgﬁeﬁr‘éb%@e? for the
removal of specific contam nations or for adjustnent speci fic properties

of the $pWpvesr atfiugh tempertdiest aegiemnenstaseyihviosh Queéetheesqﬂeges CAffte particl es.
For  eCORaAM ik IRPRReld Wh RihAr bRsl & HOURSIIARLE, ldnkRErbLLGH MmNt gas so
that the chl orous conponent contain chlorinég 1n a conbl ned but

react i videfiodimduaitgsaing. eﬁb%ﬁ@nlgagﬁw*lbb’ theetrepimeaidgashwivelypnmprlyictsl at a flew
veloc;t I u cur~ds of
the con %Qn{r?a%g‘nsgﬁ%&? Mlbtgbgr é%é?/dl; éés%rlaﬁsetrﬁgrs% g%s% R ?feg?nHté%e particles
and di sch&‘reg@delf pemudtdﬂe'rerq;mﬂzcnowdhbmem/Eaactmtuewambetr.héot’aastgrgas exchange,

the Si O- R rticl S ALe ﬁ'&n uou %\b n a%t B.row aec’ \éyl h.FP nspe. M, t

t r eat meR? 8 )th%ﬁsef‘ TeAPPN T A mbEL IsteR fNAndINg I 3R PEWPRe e eat nent  gas
anc conamfermtupqrr@esl rfiafeshit ghroa&n@paﬁentdeediff@eﬂ;vmhweom tHargere be the "|ow
velocity mthe area :,f ;ne fill. It should here be noted that, wth the
911, the free | ow crosssect;on versus the enpty reactor will be reduced
and the flow velocity acccrdngly incr eased here, and ~n the foll ow ng,
,.fill"™ ~s to mean a Sul k cepos;t cf st;ll tc be cleaned SiO- particles m
the reactor. In the area of the fill, a treatnent tenperature of at | east
1,000C is adjusted for the treatnment gas Cont anmat i ons can generally be
removed fromthe particles the easier and "aster, the higher the treatnent
terrperature Sr nce contanmatrons react vvrth t he treat rrent gas on the free

Y Y b1 - 1 " o o M



the ill are kept ntving in the ~uicized bed, the risk of sintering %8 SERc202
‘par;icles will be reduced so that the 3reatnent tenperature can be set

hi gher Mai ntenance of the nost |lam nar flcw pcssible within the ill ~Ni Il

be mad ' i gt t S5 8 introduced .into the

f1 ui d~?§§é§dér ?'I(‘:I‘hée tFQ‘fga‘?@Iﬁ%@rggr‘ﬁC@?n %rﬁﬁ%ﬂégpﬁ STAMRYEESY | ow possi bl e.
Thi s procepmdicitigy ef the tkrown klzaningmdtioad.i s al ready produced bel ow the fill
of the particles to be cleanea has proves' advantagecus especially for the
renoval

f.LLth t.an [ ) r dyre is,.preferred wherein the
treat né%?‘eg%ésé%gﬁ]gg}%gﬁ@%@?%ﬁ{b?|P 51914%(?0%%5%@?3&%% he fill, to the
t r eat nephtii@uplgrchbrged fam bboe henpesradaily eriafted eedde. tTheaLantadenper at ure.
Here) the treatment gas wll and to a multjple of its volume at normnal
t enper 5%@55.6%8 r?fi‘ﬁ‘% ”W?\Wé&?gmi‘ gpéBr?GﬂP'F‘ehjthe\/ﬁ”?ﬁz 8210k B81§¥hdi ng i ncr
ease Ofpzsbes 5h@éﬂiﬁg%&?ﬁérteya%erﬁﬁ@hlbﬁ@bﬁ&@he aA8 a ctBiiry dwr zdnaC:Tid tate the
formation of a "luidized particle |ayer and a largely |lamnar tiow of the

t r eat MEYOIRYIEMBIRENEHEUTS Nfo thfsRIBEDRICN 2908 ane tusdo pravestiieng of t he

tr eat "e@iorBafion bithe RARYERITHED BEShLAIEIARTAH i meld Sﬁ_ﬁés,"éfnlirlmelﬁe avoi ded.
Due to the contact with the sonewhat colder SiO- particles, the treatnent

t enper 243§ NHIQAIe8 QasSHAPNAS POSECed atthe sRgangsAiea prd attbe gxibaregfofthe till. It
prcved tﬁﬁ ARriRASdrFdNear i y advantageous to use pure inorganic hydrochloric
gas as the tr eatnme”; _as - apart frcmthe inert asses. Such treatnent gas
ccnta~ns in particular the | owest ocssible conmponents wth an oxidizing

ef fect Wetgramisal tipajments a6 eRacusthancienimaydl ofcostaminatisas entthe wast e gas
of Lhe LeRLRAL.BaR £elinh Latdein. A QYENL Rt Ui eldaplpks: @ chl orine
degassi ng of the waste gas” unnecessary so that 1ts ai sposal or recycling

wi || beexanmgie irf U8eA 41888, 3R ahpldeatmsarsics prajtestas crrier hethdateaninigt hout , such as
they ar sed W _ j SES . decassi ng.
Advant aé’é’gng whél%haﬁ?/@géwhl g#rsl?gfgggn%éﬁ%&?oﬁgége gétgﬁ%}lﬁ @?r% St |Sc excess of
ei enent magnétjisepaesior dndca sebdeyderd genstici ttdatmestdn hydrbfiuddd agidcuos m or on t he
SiO- panicles to formwater which is carried as water vapor with the gas
flow so,tk tent . af- 1he. i ced, | roves to
be succésJé]%tlTll&‘{]@el r?g %ﬁgl?c%gv{cﬁemékﬁggﬁ%ﬁte me?gén ?ﬁ{ﬁgqﬁﬁéﬁjwlﬁ%"%?ah%%ns of a
gas showéh theeiorgmeniivped aseanrsz areckroparfrany £Pb8 1 WSt3HE. fTheteinisi ch are

distributed | ateral tQ,.t r .axis. rneath th ill of the

par t1 o 84St B8 Potnludydmiree SREREeR P B BE A Pl i o are
essent i aldingrys)enmetaniectaally omtirsdd icaotoeth ewerveichernne esw-tseetia of the fill -
viewed in direction of the flgw- and fl‘Of‘rT]V\%iCh t he 41;8SEI;~ 18 SEP ~2

t r eat meREWGESTWNE COUNIRRPYIRDT AN 2168 JH¥UFg WARHYAPAUAMH2LEHNE R at the start
cf the cbheudt&ethrough the Sedoiirrirartihlz\bctamsiedhe fdEC UG tHe, ared ofthediiether | ess
straigrt'ine, anc a un~fcrm a]nd hcm:ﬁeneous treac{ nt cf the partcles over
the ant %S MKHENFS @ BRe3E93S VEIRGAGOSRE R5RERS1 )3 ﬁ“ﬁ’éraﬂdcﬁ es are heated to

a t enpenghbé@ird radiPndb&dedn 250r€ dNPSI0TENt TREEREARN Wil floWi :BRougheneexcl usi cn
cf air and oxygen. Wth thjs procedure, gen or air existing .n the

] OX n| ¢ any oxygen
fill or AcTHad peaueretuiviciase degdpidae dof ﬂywért?@t%@'r‘”ygé@%ri or to the heating
of the particles, for ~xanpie by an inert gas or by a treatnent gas which,

apart fnomLeddadAR thaitfe deSreblcB UMl cOMEORNO . Batticied Elichgant isThhsrad ||
prevent that stable conbinations of contamnations in the formof nitrides

or oxi de8" wid N HEIGRHHET aRd APLFRETOS EIRSETAHIP €3NIHPERCRIEHENBY | onger be
removed rﬁé’@r%e&‘{g@kﬁé(wrb)heﬁmst Eﬁéd@@tthgéénta%tiér% Wiethai dhefdhl 0xygen

exclusion, a redox reaction with HClcontam ng treatnent gas is suppressed
whi ch cagiemestslle, Na K Mg, 1ok frat Nof.dfin.chIBR: iPReCgBSNC & canid®8y expl ai ned
further qhoy f trEﬁo%cﬁ)B?ﬁ\%iaHQo%e‘iﬁ&ﬁﬁﬁie%o%f the treatnment gas woul d then
becone considerably nore expensive. In a preferred nethod. the treatnment
gas is simultaneously used for air sifting of the fill. For man

appl i cat Toagvenhen sawooEinghfbashe chitheetask o p@nhdir@fanan@snwd;r@eta@%}/qrabl e since

t he nes 0L = T S I HSt the flew
vel oaty @F rt"héﬁitlr%'a 2@%{%‘9@555?%?%‘?2 p¥qvhdé£be%gﬁ?aet’}1€tzs'glg% %é’%éﬁﬁele ' %d rencved
f rom t heell bt lof apetifgding Sidsgyaid ffomomatutady peacting rad meteealsandecieansd, bya def nmec

f ti t be. oht ai ned.  Ad ly, a fjrst ' t
W1 b BYBS SIS SRS Crenb 0 T Re: S Ea e aRrae R el ¢ ° °0°

conpounds, especially sodium nmancanese. ;.ctassiumand iron ccntammations,
and a second cl eaning stage for the renoval of car~en and carbon conpounds.
During the second cl earnng stage, an oxygen-contamng gas ~s charged to the
treatment gas; whereas in the first cleaning stage, ar oxygen conta~nng gas
is avoided as far as possible. Carbon could cause gas ~nciusions during the
melting of particles so that, during the second cl eaning stage, carbon is

I " oy ~N~



Advant ageously, the gas inlet conprises a gas heating device wni g SEP 2002
-‘arranged before the gas shower - seerfmthe direction of flow of the
treatment gas. Thus. the treatnent gas can be heated - prior to introducing
it int he. fd J [ e the treatnent tenperature The
effectegﬁ% & hgg QSerT&%nQﬁf;c %\%agﬁga H“%f %?‘Q'sﬁ%cbﬁm%asér%o‘é‘i&?% ‘ned above in
nor e daeba:t:lrcon*oth:ed betsiakibets prrmeumﬁnhod according to the invention ~~ 8 SEP
~ Esaec~al ly sinple in design is a gas heating device which is forned as a
heateﬂr@tubula W ? t he tubul ar %oh t he adj ustnent of the

t r eat nBNi*YgAs"t '??8 egtsnﬁnﬁo“[e@n‘béFa‘i' eey %”éa%‘iQ”ys“FeélT% zed by

adj ustd agcrrobertreaﬂnmggﬁersttmdgheeﬁemu e Merdrea oflhe fill eRdiuseda tohe tubul ar coil
i f)e arranged m a

is coommpnly in the range of ters It can
o oo ek 2 R GRhs ), BB e S a sttty 2l et 4B s of o

hi gh-tenperature resistant material, preferably quartz class _g_ The gas
showerA ghgfoeanstméns gak rsauieG[YMrﬁ,'tdﬂ‘ﬁe étﬁﬁérﬁhaf&nsm%hfarde@' in Sty exanpl e of
quartz glass, silicon carbide er preci ous netal, such as pzl atinumor a

pl at i nRARIERS BAC] ‘H‘”ﬂ?’i‘@t'seraﬁﬂ?@sﬂaséé?éﬂpeﬁﬁér&t&aﬁ ag %POQ °§ 18da™yned in the form
of a tuheons %Qeﬂrorraéshorrm@rlv%amn%%ndgf nﬁ.cwgﬁbg%éleve% foful ti tude cf
forms,” for exanple formof a spiral. The gas shower may al so be

desi gnie reacter \pefﬁe(ﬁx_é?eﬂ gBatsidgrirom g chiorousicompenersnthetreatrenti nar gas f 1 ow
w11 Dgad Al bh@inttleltbnaiotherdhfhoRBRL Bsh & nddiRe SiB8ing P YRR ©
symetTically stributed about the center axis o e reactor. Far

exanpl ertitdagenozNdecgspdni sipsRianwhbishant sracidlly satabémfgether ramamdidfar form

ar ound , V. ously havi ng
he. safes eaEaHHindiERS o D Btn B o S e g e

advant hegtorensighibetwees trelatnwb Iges aend alartlckesdésr echinasyc rebgorisnfre®@duct i on of
oxygen ni trogen d e I J he far f chlorine and
thermﬁﬁgﬂ?ec'zglq egr{%% tﬂbe ré&%‘%ndégsg?g é‘gﬁ‘{“ f?éﬁ‘rs c??mmégﬁ% Mas nitrides or
oXi despominlcduﬁrnpﬁreueumeded\mt teacgefodnt o the Si0- grain, the above spec;
tied task ;s sewed r ac~~rcanc~ with the invention by the Si O~ gram of

wei gnt brgegratiey MILE ol a8 By 1l g REY EPhay BB LR OF 1 cos
t han 3Crnrsp.b|nleyrsmer@itcasqemefoerfaiahyeé ersse tbraamﬁ-rapms Wy beeemhted and a |ithium

content_of |ess b referably | than 5 ppb by

wei ght , %?s\ﬁé’faf'blﬁ rogr %‘Sr‘#glﬂes ndvﬁsl‘cg’ g&ﬁ'?mgb %%fd?\ﬁ?ré%?f A€ each 1 ess

. than 2@ pﬁoabygawaxghﬁncean-efaowérycrbes& ctohaurl.olrsmﬁmdﬂﬂﬁ pEbvikzecgagii N accor di ng
to the invention is rranufacture om nat ur al. guartz %rarn or pretreated
quar t z YeafAtdiFehney QFBF"Mrﬁﬂr ML P EWRP R EPRAIREHO®T am or ~t i s

manuf acndred: afnn@énogém!d h’ﬂ@@as%ééﬂbréugbc'ﬂruaw}zn@é ak thdfdwgelstiganed by neans
of the method according invention. The_natural SiO- gramthus

manuf acbePeRd Exeefls 'b?”%‘lﬁr "‘%rﬁe? Wﬁ%ﬁ‘tar”é“orﬁ%@'r W'EE2BnPY &R evabl e with
synt hetéeeaérl verg@@rﬁteeeﬁrdrr RS Qi bd feduSed SUSIHESBRGRICY a844-kigglyas a materi al
to be used for the manufacture of high-purity quartz gl ass For exanple for
t he narbFgasas eHQﬂ’-‘ #rarthe Gllawsscilics K Bsar Bakk 2epedss Pi'4t 88 which are
used as,l,gé}@aogep%gneres%%frbgétghed products for the semi conductor industry,
for optics an tical conmmunications systems. 18 S E P 2002 18 SEP
2002 -~0 Hereinafter, the ~nvent~on is explained in greater detail on the

bass oflnéh%éfﬁan@nh%ﬁlaﬁdreéﬁeefdrt%mp?r@turel'ﬁfeatd?%1r@@ogh@vﬁéilusne%@féﬂel and in

di agr arrt'rr@étrn%npégss%%BéHeraﬂronE'chE@néfa%eeﬂéwbgereﬁ tRé phARICHGNd Ce according
to the inventiTn which is suitable tor a batch-w se cleaning net hod

accor di wiercarrtdrfesér theemgherdhe uatneingtemperatared SiiesecoptArdnationsggatabl e for a
continu t t v e device

accor d.ﬁ‘é’s e%aa%g gté%somqelﬁrgﬁ P ﬁ%éa?ﬁrtfe?%é%mdbg ﬁ??écgﬂ? tdgﬂtlﬂlaé;s with a

verti catcbryamrnaenrﬁsacbnmamttbe saface. Jhrsrs@onaagmhtraﬂytw thfrmorel Boirically

heat abl e chanber ~~ 'ril 1. The reag é ?‘ﬁ Ianhr nsi de_di aneter of 14
cm and a°'?$ém5h‘*f*°'&$'h°b“oi&e° 5§ TFIon PR ¢ RT3 "8VSYS'ufd quar az
grain. Rieet o¥RMmeRBleipefatlireadt principdllg a[SbQ‘thrdeéia\Mdhbr aiffusiongpeed.shower 5
made of a quartz gl ass tube arranged coaxi al | &’he center axis 3 on the
bot t om BloggoveERedyeda dehiShEr ARAPRIFIER e SB?&?fdé?FtW RWRSH FRHPER hol es in
the direction of the reactor's underside. The nozzl e openi ngs each have a
di ameter of 500 umand are uniformy distributed at a di stance of approx.
2.5 mmon an enveloping circle with a ciametar of about 7.cm . he an;

~ul ar shower 5 is arranged via a 10 mlong tubular coil 7 which is arranged
i nside the chanber furnace 1 but outside the reactor 2 and is connected
with a gas c,rculating punp 8. By neans of the gas circulating punp 8, a
treatrrent ~gas |s mroauced |nto reactor 2 vra t he tubul ar cel | 7 and the

Ly Y b1 e . o - o ~



ExanG e 1 The quar~ gramto be cleaned according to Exanple 1 is af BaSEEEZEﬂ}
precl eaned grain cf naturally occurrifg quartz sand which is commerc;ally
obt ai ned under the designation of "I OlA Standard"” (supplier: conpany Unimn
Ccrp., USA). This quartz égrai n has a mean grain di aneter of about 230 wn
with t9R% aPd RRYAFKIAEERT BJRCERAEE. g aWeYeai ABT/e1E Beathenbw 63 ~m bei ng appr ox.
1 10 Zempd¥red, eire isTRE rGRMATFBLABEs IRARIIGRELR 4 B SnidhLe,grain are
specified in Tabie 1 in the line Standard™ On a base | ayer 4a of prior

cl eanedlydoafeigityplng fill aibeg cafused Sviaiso the clegnot affeet fube treatgremtn to be

cl ean | il 1 nt o] l.oose fill 4 w.th fill height of
about %gaé%w{“rdgsrgg%&léﬁg&f\K/otrgﬁ%é;{cbfé\gg ?Lgigfgrgglgnéha”t&gtr\’fl\pi“f’?mff? LbI*ﬁ'e top edge of
base Itbgrens daupdrrdieniigoaine tfammentempsratdre chamult dr409hOWer 5 is presented in
Figure 1 by neans of a dashed line. The annul ar shower 5 is arranged bel ow
the fi

| A4, [ e Tl r 2.0s flushed with a gas which is
free o heo‘ v&%ﬁtac‘ﬂ% Vﬁ.ﬁ]? ?SS ”ﬁ{%ﬂa t@%@%%%&@ﬁief“ﬁeéﬁt%rgeﬁq% ?‘ﬁn‘?’ﬁ%g@uartz gl ass
pl ungese Hebtdchumatha teedtmethgad tousdiragmpastenpeeatprer@ Kepostgagi ¢ NCl gas with
a stoichionetric excess of hyarggen which is also uses as the treatnent gas
for cl'EaPAY tﬁ?’p?ﬁé”rﬁuzpfﬁrdﬁgi\f' ﬂ%dﬁmpﬁba%frﬁg? 65 TRRAPABE 935S @t B2ghnny st age.
A:c reﬁdas mih ke tHahef mqm-mh e Thusfwill bedrevéﬁtddw;@@'s@dd_s?/?dﬁr:iddhéntlso the Iheati ng
of the quartz gr t he continuo as scavengi ng wi argely expel oxygen
and ni?&@@%ﬂ’ %ﬁ&?g}%mi“eeﬁsﬁaﬁt%a?wﬁk%05%%* UBBPd 8. COPRYESan be prevent ed
that t beyorioh)sr aBsorptieiTbCetntaminbidHsenaREBaMBIES oWirképRavdiprimRdnef the
contam-nations to be renoved in the farmcf nmetal n~tndes or netal oxides.
Such tB#fi€PRt ure-resistant netal nitrides or metal oxides which are forned
at higher tenperatures for exanple due to chem cal reaction, phase

conver shmetHoddy Suitbis 2f aldaech-aBk RE walas & dRfhlolsQledniil &ragd |y result in
undesirabl e contam nation effects _in quarz glass and in obtrusive

di scol BRRERBNIAGRS INMBASIAUSSINGFOERER RAST EPEAINES Teroiontamisatians be naned
L thwmyph (1 iNdek, McOBuOKS d@, OF, WIRNO3CPE, € X848 2r And ¥i¥itfed! acbROL@E1 nati on of
the natural quartzZ grain is iron trioxide which can be available in three
di f f er aih thepefhiogRCCoISNICAENE MERRIPN 3re ays inczldli B ACHFENGE r honbohedr al
a-Fe,O= It has been shown that the acid resistance and hardness of a-Fe~O

Wil deg|s SeR&Mty Qv hhgE AR BRkiBY B t&AkdRRIe cHHENE neal ed
a- FeZOs%q’}a? p\ég\}se%ﬁl y di ssgl vc\a/d ~% addts ajrlle cartlﬁﬁ)% eas? Icy rgenoa}//rggfﬂmth t he

t r eat N8t tgaeairie2Qfsedn therpreasf BeHér ThangheathEdZaBnelitemre@tranneal ed at

t enper : @ Nus I LY i 1| be character;
zed by hegERedln SRR SRk ALt Re! IRITYa Rl M |, "acrds. bases
and chlremiomes &@nthecrgasarisiabone exoaged irheetaint Tiregrsatmentieaweraibretfem t r eat ment
gas. _AqE e Gl Ralkan el dich 08 BBIRAGLBE GOLALRY LB rIVELAL TGNy L e o
anneal ed a- Fé<Q, "~s already conpletely renoved as far “as possi bl e at

t enper aberrestment gbo (readtioCOSBrEEturepes pedifickcled Agreneaima wpdibmt he ~rea: nent
gas _al r%%?ﬁ’mnhat(c%@fiﬁe%ahl 'fgagﬁ'f altéa:db 'b@%{g%nﬁarqtﬁarg&&) eczat‘;‘f‘%qur\éﬂ?egg{ I 'ng the
heat i ng”up renod.” Ano r-;yprcal’contam nati on in natural quar;z is
manganesermnhit(d00f € gintbeahloycsvaddtabhieggeaswnargahes er @hoeratereSi02,

br ownst gne) ., heating. in the air or under oxygen at _tenperatures of
over S580SHsAGR0Rs ATre e ek Bgo i Eho L S B O e T el s al pha f or m
(a-M20,) as a brown colored nodification and, after annealing at a

t enper ahdvantdadecasipvee 488G erit gat & owedLeed exb the fiilsece reritedl Iyt wpr e st abl e

t nmanganese tetraoxi de O ). Here tog, it proves to he advantageous to
br vt PRy SO ERr HRLEAEGET bEd, Tt AR e hnd beat: ng up
of reachsw a2in&gf thhr@hitngfiibeed bartde idvae Thawheichidveragsmdgdreoget to the
treatnent tenperature ﬁ[ 1 27}?‘0 At the same tinme, the treatn%nt gas is
char ged 98¢ dsTRutiofhRTaf! shiREMeParRes I RacTagerecss!y £hamed Wil B8R i nary
pressur ge8imdht fadaBlidedpotLRNhé erEaes alelsO) patifle taykh QW deahvbidd ds BP0 | I h. The
treatnent gas I's preheated tc the treatnent tenperature by running it past

t he heatF Pgsebieseital thf CURARBEHOTSATRABIE 19 Tedct RIAPIEIRY anbuMi™®oei | 7. Its

oL UM Whihl 46585 cllinilg BVbL! e rERRLPUEINCA R SHEALdelARER, LD

treat ment gas achieves a vélocity of approx. 12 c
react or a?¢d utliermiass possibie nkiesgdvay dte dnihetact drat theandyitoakparseles bf  slightly

lift up the fill 4, thus formng a fluidized bed where it flows |argely
| ammariy, and - due tc the narrowed free flow cr oss-section because of the
quartz grain - it will flow through ;he bed at a nean fl ow vel oaty pf about

50 cnl's, heating it at the sane tine tc a tenperature of about 1.270C The
essentially lamnar gas flowis indicated by the c~rec;ional arrows 1 7.

The fluidized bed, the lamnar gas flow 1 7 and the h~ch flow velocity of
the treatnment gas will ensure an effective, uniformy thermal and chem cal

e Y b1 e o - B o — 2



fill 4 to be cleaned; it flows through it frombottomto top int f

a gas flow 17 which is as lamnar as-pessible; it will |eave the reactor 2
by the bore of the quartz glass plunger 11 and is subsequently suctioned
of f. Hereinafter, another enbodinent of the method according to the

i nvent fnliae E2p PR N the TBicE=d oeai the 5RK PhntBrrg oghe FRGaee Wil beExanpl e 2:
The quadd2:958Matlnd PediPehl RANRCIACCRRHeNGt h@n&xanple 2 is the same gram as
that m Exanple 1. 6y neans of the feeding device, approx. 16 kg ef the
quartz gram?21 are fillet' into reactor 2 by formng a Icose rill 4 with a
tillinyfaeereancesy thaypast lgn nemicwrResyRiamton the fiswillbgsnede sdsten fahe

i nor gaRk.caldey cAYTLalfdGhy mowaﬂ@ Ak aLehbeRkie 1B GodeOlmydrooen which
al so serves as a treatnent or c;eanng guart granms during the

f ol | owirmagt fanmear g:a%ébzwnﬁ@twagﬁms mer‘ufegaedm tb'et malr‘ef‘]’lmts ayeathi s rinse
during I t.Qr. Lally | ing the quartz
grain f&%rcé?g%’éz%gglfﬂgEﬁﬁ%ﬁ%%éa\teget%ﬁ%ﬁgbﬁr%a bg%\égaﬁatn&%?génatl ons for
Exanpl esgecidilydfocthambmovdwf lithcen tortam@etiortsc t he treat ment tenperature of

1. 270foor heating the gill 4. At the same tine, treatnent g?s at abflowr
23.
The tr Eopoent g e RRCiharphdne BEhBRERE Rekel, AREHEEhaSiO ) owing past

t he heamtnnge éll, emmettsemrhenhenmbeatdlrerortma tmumsratum aﬁuva thidneeatmbui ar coil 7.

Its vol (e erre asesn?ﬁs Hu Q’P‘Jg ulf Ig§ w17 of the
treatrneﬁrt"'pﬁr at éﬁ 'ﬂ% PO R2° YIS PGP AL RGeS L4‘%"9\/?"7"@35|ghtly lift up
the fi Idor%aWﬂ@rmn&g Tnefvoluntk nekabe &, conturfdrowithtadopiegporidivgy fill 4 |argely

I armarl at a

t f .about 60 curls and . thereby heats the quartz
g am { 0V oP PR PGB o SRR 65 i T W CREIGHS Be (HBAGPY Bbt & of ¢ ne
f1 ui di zeflugeed pdiclehsydr aft RA&rc@FIahinanic otthe &rﬁ@tnﬁér@@éﬁ@ﬁéuﬁ&ﬁe reference
is also_made to the above expl anations for n%FbGZ’GB means of the "fling

devi ce P, M?féa&?roFUEZtOJEe prefiegling pf tp foatment gasg t gpentioged cont i nucusl y

¢; | ar geghndehatRBUtech I 86 B06BeE ! DAYIRY the SRt Wt lthe 3BMehRSt i@ amount a
continuously renoved via the dram connecting piece 24 so that the fill

vol ume PiR:rasictesr the tieaiarTSSAPRHRBLT bR trFayRe: sanmy!l cPme 2amet Bdee dwel | time
of the guarsy %f“,al n 21 in reactor 2 is approx. 12 hours. In a separate
procedure, car on and carbon conpounds are renoved fromthe thus cl eaned
quartz graln by treating it wth an oxygen containing gas. Despite the

rel ati vBIPPVERGE PetFRBKEH Vnadb%?tPQRPUéfw 498 PSR LTI M NYDBRRNIRIC S5F 28l kal i ne
cont an pRLIORS eh-RAL Eb&4réh Mé IderlRsed 981dH FaRhEM ;La%dséﬁea@n Whth the quartz
grain thus treated. The contam nation contents of the quartz grain cleaned
accor di RgticdaBreripyest 2oggiele|cogwedents withish oxgizingcrifecExeueplas Xygent is once

mor e po!s?tr?a‘? %&rﬂs{&ér@brnkéﬁh%%ﬁ@ LR tr @il TEe ﬂa'%'té% d 18t ;have

different retention times so ove specl reatrret times wll
vary depeventeg. dinst\wié maked ¢hierneutsgassitgefune w@eistcaskoneesssAplse, a purity

requir e%@ﬁtf\%sltpgsglgsg%fgcl % @8%8%&%%95&?”?&&@ SCr m 89 é) by wei ght

woul d b rea od accordl ng to Exanple
2in ac@ondwﬁbeu*wismd‘n agtbey arecuredovith thakhavricleaning bNae$sesKor~mldme~ iFe ~ Cu
R degassing. Advantageously, such hydrochionc gas cantains a stoichicmetric excess

of elementary hydrogen. Excess hydrogen will react with OH grcues in or on the

SiC, particles to form water which 1s carrnied as water vapor with the gas flow so that

the OH content of the particles can be reduced.

It provec 0 be successful to introduce the treatment gas into the fill by means of a
gas shower having numerous nozzle openings below the fill which are distributed
laterally to the center axis. Underneath the fill of the particles to be cleaned, the gas
shower has nozzle openings which are essentially symmetrically distributed over the

cross-section of the fill - viewed in direction of the flow - and from which the
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treatment gas will lew Due to the gas flow acclied In an area at the start of the &l
the fill is laminarly cassed thrcugh in a mare or less straignt ine, arc a uniferm and

hcmegeneous treatment cof the particles over the entire fill will be anscred

Advantagecusly, the p.‘artlcles are heated to a temperaturz '\n the arza of the
treatment temperature with the exclusien cf air anc oxygen. With this procedure, any
oxygen or air existing in the fill or in the reacter will be repiaced by ancther gas prior
to the heating of the particles, for example by an inert gas or by a treatment gas
which, apart from contaminations, is free of oxygen and nitrogen. This will prevent
that stable combinations of contaminations in the form of nitrides or oxides will be
formed at higher temperatures which can no longer be removed subsequently by the
treatment gas. Due to the air and oxygen exclusion, a redox reaction with HC!-
containing reatment gas is suppressed which can result in the formation of chlorine
gas. As already explained further above, the processing cr degassing ¢f the

treatment gas would then become considerably more expensive.

In a preferred method. the treatment gas is simultaneously used for air sifting of the
fill. For many applications, the removal of the fines content ¢f a grain is desirable
since the fines may result In fine bubbies ¢ the quanz glass By acjusung the flow
velocity of the treatment gas, this fines content can be definecd and remcvec from the
fill and discnarged from the reacter At the same time, a definec grain fraction can
thus be obtained.

Advantagecusly, a first cleaning stage will be provided for the remcval of metaliic
contaminations or their compounds, especially sodium, manganese. gctassium and
iron contaminations, and a second cleaning stage for the removal of carcen and
carben cocmpounds. During the second cleaning stage, an oxygen-containing gas Is
charged to the treatment gas; whereas in the first cleaning stage, ar oxygen
containing gas Is avoided as far as possible. Carbon could cause gas inciusions
during the melting of particies so that, during the second cleaning stage, carbon is

made tc react with oxygen to CO or CO, and will be removed from the fill

In a particularly economic process, the treatment gas is run in circulation. Here, the
waste gas leaving the reactor 1s regenerated and again charged to the reactor as a

treatment gas. For balancing any gas consumption, regeneration may comprise an
admixture of fresh, unused treatment gas.
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15000 The concentrations indicated in Table 1 relate to ppb by weight. The
contami nation contents were neasured by neans of |CP-CES; the val ues
desi grianeegrobgdiaa provsy mamtlyofavcvr@ﬂemere thge‘!onateénmyefmiemattnen@\ met hod for

cl eani ' (A eaf N 4 artlcles in a
react oigg(%%%ﬂtgﬁt%%ﬂgrg%l |’$ (;;btru e%'g e(ﬁé \L glggllysEFﬁ SAG HCS he same tine
exposiwt)be indreasadt Tiwmmtagasxmhmeb in Setpmasm fwtbredanetdpet omto the top

through the reactor and the fil]l specific flow velocity,
char ac %ctrkl AE “r?”iaﬁ%léaztzfnéﬁpg&' rfe?‘é":ff‘r?@ﬁ?g‘sga"stw?g” (RedtFaREni9?st in the area
of theardfdithk v(:ék)anﬁmxohf ealinRTurtBeSorbMc®atoythaintalripd MBBL=d s6Per at ure of at

|l east 1,000 C and the flow velocity to at least 10 cm's. 2. A nethod
ac~ crdtlhﬁﬂ' {blicired paricie 3YsPact eri zed in that the tenperature of the

treatnent gas is set to at least 1,200 Cin the area of the fill (4). 3. A

et hodwae eayt Etgtrfemecloal e labdle gpeciledrnasd ielsbred id sechRfihcd Wih tHeeat ment gas
lifts up the fill (4) by form ng a fluidized particle lLayer. 4. A nethod
accor dinketicp By tae ﬁ?%m'eéﬁamwas £33 shewehhaviehePelPwiherBhta gas is i ntroduced

i nto t hgititlde! Hinesstle RPEAihGd @téralw.stmsmwﬁaﬁﬂ WMedenterlaaf@l figr gas flow 5. A
met hod according to any one of the C ains to 4, characterized in that the
t r eat nmekederiRg the trpatment)gasin e fillo |ntrodUC| ng it into the fill (4), to the

treatnment tenperature or to a tenperature above the treatnent tenperature.
Due to the fact that a gas shower is arranged below the fill, a laminar flow can be

produced beiow the fill, and the treatment gas can be intrecduced into the fill in the
form of a gas flow which is as laminar as possible. Thus, maintenance of the most

laminar flow pessible within the fill will be facilitated.

The cas shower comprises a multitude of nozzle openings distributed laterally to the
center axis. The nozzle openings are essentially distnbuted symmetricaily about the
center axis anc uniformly over the cross section of the fill - seen in the directicn of

flow Due tc the gas flow designed in such a laminar fashicn at the beginning of the
fill the gas wiil flow laminarly and more or less in a straight line through the {ill. and a

uniform and homogeneous treatment of the parucles over the complete fill will be
ensured.

Advantageously, the gas inlet comprises a gas heatng device wnich Is arranged
before the gas shower - seen 1n the direction of flow of the treatment gas. Thus. the
treatment gas can be heated - prior to introducing it into the fill - to a temperature of
abcove the treatment temperature The effect and the special advantages of this
procedure are explained above in more detail on the basis of the method according

to the iInvention

Especially simple in design i1s a gas heating device which is formed as a heated
tubular coil. By means of the tubular coll, the adjustment of the treatment gas to the
treatment temperature can be easily realized by adjusting their lengths to the
requirements. The length of the tubular coil 1s commonly in the range of a couple of
meters It can be arranged in a furnace in which the reactor is located as well, and it

consists of a high-temperature resistant material, preferably quartz glass



6. A nethod according to any one of the Clains 1 to 5, characteri ng éé& 2000
‘that pure inorganic hydrochloric gas.4s used as the treatnent gas.

nmet hod according to any one of the Clainms 1 to 6, characterized in that the
treatnment gas is introduced into the fill (4) by nmeans of a gas shower (5;
23) uﬁ(h\ergﬁééhhwﬁhélsﬁicpmSl%t&)ﬁfaéeimﬁrsﬂwm/\asiswnmaisiahgcraexmmd ¢fude of nozzle

openi i i (3) met hod
accor gﬁgﬁa %Eémé@wgﬁ(e&ao %e%raé E%CPOQS %%??lbgl}k ar'gg?e ﬁaz%a“’HH“ that the
parti cleg brtee lseatiest dase dhe gaperncmannsedesngrtelden tmngen of atdbe treat nent

terrperature t.a sEP 2002 e excl usio and oxygen. -17 9. A
me, | A FER AL EEAN RS SPEPIES 0 ?W@y%laé? ﬁé"%t%t‘% {fo"E?w{ ac, enzed in that
t he t rexaingle, aﬁ\éfogra3:fa$p3a1nﬂrhé gaeew:ay misesisd oF dédignesi ¢t d BQ—.&EteBhe 111 (4)

10. A net hod atlccordl ng to Claim1, characterized by a first c;eanng stage
for tHHPPSAVEY of net aI lic cont anmat ~ons ~~r their conpounds and by a
second cl eaning stace 'or the renoval of carbon and carbon conpounds wth

an oxy@eau@@ntoalanammaggssbwml befatin@teEtine okNE obéMAEBIthe gas during the
second cl eaning sta t hod according to any one of the Clains 1 to

c he{Youief &rs 2x P&'CFWaQ‘Stf‘H\*}”gFE%\‘M%F"""&%@"P%“&“? @actkrefr 1 z. A net hod

aCCOfdé)&%pﬂé’ tRE Yo RAE ofdnihd¥cdal th”ﬁifoﬂml?%rr%ﬂtgedﬁh%hﬁ@%?fdnﬁ%ouﬂ?ﬁ fhat the flow
veloc,ty of the treatnent gas ~s set to at |east 30 curl 13. A device

when u%ﬁé‘t¢frﬁxtsr1é"tf‘rﬁ9l9@ﬁéfrﬂ°éﬁed?ﬁ’eamg§ AEvantagesusiy avingithe semet he i nventi on

cl ai megledsRc@ Y efttotRér clains 1 to 12, conprising a reactor (2) with a
vertically oriented center axis (3) for acceptance of a fill (4) of the

Si 02 particles to be cleaned; with a gas inlet for introducing a treatnent
gas i NAAPPEREROWIC ke pspssiEly a%"‘@ﬂﬂet"{’r‘ewl‘"ich is gleableren 3ll $'8e% gas outlet for

di schatrgidighd xhﬁoau&@hraee&yg@a%r nrtfa@bﬁanélwreeunw@skrcﬁ% farrmat?&v@f the fill

(4), characterized in that gas inlet conpri'ses a gas shower, (5; 23)
whi ch prigrine #rd Mmh@emwa"y(slabﬂe cempeyndstafgentamingtiend, suepehi ngs di stri but ed

| at er aHtﬁ/d(e&%rto?@ege\p”% pqaég eStds3)» for introducing the treatnent gas into

the fi A aevice accordl ng to Caim13, characterized mthat the
gas inlet conprises a gas heating device which is arranged before the gas
shower Wit regad *gébmS*Qt g, thierabove speafieditpeins stiveh e aqcermameamitias. 15. A

~evi C~yaceoLdi NG, tRe S Glator ﬁf@l t&%gﬁlﬂgqm@ﬁgwrﬁé@n Q?Cm@rﬁt@ devi ce

R
ccr~cnsss a heat J tubul ar coi cev~ce acccrd~ng to one of the
Cl ai ns eE8 than Z@ppbham@emrﬁecﬁbﬂm 'emthan Reppgdy weight; a manganese

content of less than 30 ppb by weight, preferably less than 5 ppt by weight; and a
lithium content of less than 50 ppb. by weight, preferably less than 5 ppb by weight,
as well as a content of chromium, copper and nicke! of each less than 2C oppb by

weight, preferably less than 1 ppb

The Si0. grain according to the invention is manufactured from natural quartz grain
or pretreated quartz grain such as for exampie cammercially sclc precieaned grain
or it 1s manufactured from granulate, with such quartz grain being cleaned by means
of the methed according to the invention. The natural SiO, grain thus manufactured
excels by purities which are otherwise only achievable with synthetically
manufactured SiO,. It 1s thus especially suited as a matenal to be used for the
manufacture of high-punty quartz glass For example for the manufacture of quartz
glass crucibles, bars, rods, plates which are used as components or semi-finished
products for the semiconductor industry, for optics and optical communications

systems.



shower (5. 23) is nade of quar s glass, silicon carbide or cf a precg ggp 2002
‘net.al . 17. A device ac~crding tc anygne of the Cainms 13 to 16, character,
zed mthat the gas shower is designed in the "armof a tube (5; 23)
provided with the nozzle 1 8 S E P 2002 openi ngs. _j8_18. A device

accor dHengnafterating Irmm,ntl@rﬂ Ist dxg | ABheai Imgréln'ﬁertdbtﬁﬂqn tbhdaaetoeembedimentd hat the

nozzl e _qpeni pgs h as_shower re distributed synrnetncally
about %”ﬁe“‘é cﬁ%@p Saxi E% %’VS‘Q 70w 0“%?%' d%?@?ﬁﬁ%atﬂ%prﬁﬁ?“ -of the O ains
13 to 18, characterized mthat the reactcr (2) is closed all around. 20.

Cd eaneéfigiieZ gr ainmnwodwaemrcﬁltﬁgld@mﬁdcbmgmahﬁé fvedtloal wieeh By t he process
according to the i ventlon clainmed in any one of clains 1 to 12,

characteri zed |r?uf%?i? fqria hRle-Hips ?ﬂﬁ‘"@dﬁ%‘@ﬁ? ABFCTRIBE & tan 20 ppb by wei ght ,
preferably | ess- tJaan-® 4mab; a nanganese content of | ess than 30 ppb by

wei ght, preferably 5 ppb; a lithiumcontent of |ess than 50 ppb, preferably
S ppb;_as well as a content of chrom um_ copper and nickel of each |ess

t han Z09BfH2 by v@e?ij‘r'ﬁe WHIFR ScTUlBPYS fPred CONtiRUPHSIC'#ARINS metiod £ p 22
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.~ysnid ZU] ca]lg%%q a| c calc”al] ca ca] caj ca'] calcal ca] ca]calca]c

a] caU] e dey '8]"'5 U %&!‘%Sﬂﬂ%éﬁw WELe glessitn @ / 22+3474#:;
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10 pump 8. By means of the gas circulating pump 8, a treatment gas s introquced

into reactor 2 via the tubular ccil 7 and the annular shower £. In the upper part of

the reactor 2, a waste gas line S is provided which is connected via a dust

separator 10 with the gas circuiating pump 8. The waste gas iine 9 here extends

through a bore of a quartz glass plunger 11 which seals off the reactor 2 toward the

top, except for a narrow annular slot 12 between quartz piunger 11 and waste gas

line 9. On the betiom 8 of reactor 2, a closable drain connecting piece 13 is

provided far batch-wise discharge of cleaned quartz grain into a vessel 14. An

exhaust 15 is provided above furnace 1 and reactor 2.

Hereinafter, the method according to the invention is described in more detail on

the basis of the embodiments and the presentation in Figure 1.
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The guarz grain to be cleaned acccrding to Example 1 is an already precleaned

grain cf naturally occurnng quartz sand which 1s commercially cbtained under the

designaticn of ,IOTA Standard” (supplier; ccmpany Unimin Cerp., USA). Thus

quariz grain has a mean grain diameter of about 230 :m with the fines percentage

with grain diameters of below 63 pm being approx. 1 to 2 % by weight. The

contaminations measured in this quartz grain are specified in Table 1 in the line
Standard”.

On a base layer 4a of prior cleaned quartz grain, a batch of about 16 kg of the
quartz grain to be cleaned is filled into reactor 2 to a loose fill 4; with a fill height of
about 80 cm resulting for the base layer 4a and the fill 4. The top edge of base
layer 4a whcese grain just covers the annular shower £ is presented in Figure 1 by
means of a dashed line. The annular shower S is arranged below the fill 4. During
the filling, reactor 2 is flushed with a gas which is free of oxygen and nitrogen and
subsecuently closed with the quartz glass plunger 11 In Exampie 1. the flushing
gas I1s a pure inorganic HC| gas with a stoichiometric excess of hyarsgen which is
also usec as the treatment gas for cleaning of the quanz grain during the following
first cleaning stage. Already while the reactor 2 is filled, and especially prior to the
heating ¢f the quartz grain, the continuous gas scavenging will largely expel
oxygen and nitrogen and prevent entry of air into reactor 2. Thus can be prevented
that thermally and chemically stabie compounds will be formed of the
contaminations to be removed in the farm cf metal nitndes or metal oxides. Such
temperature-resistant metal nitrides or metal oxides which are formed at higher
temperatures for example due to chemical reaction, phase conversion or due to so-
called aging may directly or indirectly rasult in undesirable contamination effects In
quar:z glass and in obtrusive discolorations or transmission changes As examples
for this can be named lithium nitride, iron oxide or manganese dioxide A typical
contamination of the natural quartz grain is iron trioxide whicn can be available in
three different modifications One thereof is the reddish brown rhombohedral
a-Fe.0, It has been shown that the acid resistance and hardness of «-Fe,O, will
decisively depend on its thermal pretreatment. Lightly anneaied cz-FezOs'is easily
dissolved in acids and can be easily removed with the treatment gas here used.
On the other hand, «-Fe,0, which was annealed at temperatures of above

1.000°C and was thus thermally aged wilf be characterized by high resistance to
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Ancther typical contaminaticn in natural quartz is manganese which is generally
available as manganese dioxide (MnO,, brownstone). When heating in the élr or
under oxygen at temperatures of over 550°C, MnQ, converts to Mn,O, which is
converted into its alpha form (a-Mn,0,) as a brown colored modification and, after
annealing at a temperature of above 900°C, it is converted to the chemically more
stable tnrmanganese tetraoxide (Mn,0,). Here too, it proves to be advantagecus to

prevent oxygen from being present already during the filling and heating up of
reactor 2.

For heating the fill 4, the chamber furnace 1 is set to the treatment temperature of
1,270°C. Atlthe same time, the treatment gas 1s charged via the annular shower 5
into the reactor 2, at a preliminary pressure of 0 7 bar (at room temperature) and a
flow rate of 1,300 I/h. The treatment gas is preheated ¢ the treatment temperature
by running it past the heating elements of chamber furnace 1 within the tubular coil
7. lts volume will Increase by a multivie. On a purely caiculated tasis, the
treatment gas achieves a flow velocity of approx. 12 cm/s in the empty reacter 2.
The gas flow emanating from the annular shcwer 5 will shigntly lift up the fill 4, thus
forming a fluicized bed where it flows largely laminarly, and - due 1c the narrowed
free flow cross-section because of the quartz grain - it will flow through the bed at a
mean flow velocity of about 50 cm/s. heating it at the same ume tc a temperature of
about 1,270°C The essentially laminar gas flow I1s indicatec by the directional
arrcws 17. The fluidizec bed, the laminar gas flow 17 and the high flow velocity of
the treatment gas will ensure an effective, uniformly thermal and chemical
treatment of the quartz grain and thus an optimum cieaning effect while preventing
a sintering of the grains among each other. Condensation effects are prevented by
preheating the treatment gas. The high flow velocity ensures fast gas exchange
and a fast discharge of contaminations away from the individual grain and from the
reactor 2 Moreover, the fines part of the quartz grain from fill 4 is removed as

finest dust via the gas flow 17 - as a function of the set flow velacity
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das burdened wi contammatrcns and .mest dustis discharged frem the r2actor 2

via the waste gas line 9 and passed to the dust separator 1C  The treatment gas

will ccol down so that volume and accordingly the flow velocity will be reducad.

The finest dust and contaminaticns which are present in the form of candensed

compcunds will be removed in the dust separator 10. Subseguently, the cleaned

treatment gas is returned again to reacter 2 via the gas pump 8. A small quantity

of pure HCI gas is continuously added to the treatment gas, as is symbolized by

the shutoff valve 16. Excess treatment gas will continuously escape from the

reactor 2 through the annular siot 12 and will be removed via drain 15. This will

prevent any air and oxygen from entering the reactor 2 so that oxidation of HC| with
the formation of chlorine gas will be prevented.

After a treatment time of 23 hours, the fill 4 is freed from carcon and carbon

compouncas by adding oxygen for a short time {o the treatment gas.

The cleaned quartz grain is discharged via connecting piece 13 into the vessel 4
and cools coff. In the accordingly treated quartz grain, the concentrations of
contaminaticns cf Li, Na, K, Mg, Cu, Fe, Ni, Cr, M. V, Ba, P9, C, B and Zr ars
each in the ppb range and partly below the detection limit of ultra tracing analytical
instruments. A chemical purty is thus achieved which is otherwise only known
from synthetically manufactured grain. Tabie 1 lists under Example 1 the

contaminaticn contents measured in the quanrz grain cleaned accerding to the
invention.

The presentation In Figure 2 1s using the same reference figures as in Figure 1 for
designation of the same or equivalent components or parts of the device.,

Referance 1s made to the ccrresponding explanaucns for Figure 1.

The device presented in Figure 2 1s designed for a continuous operation of the
method according to the invention. For this, a filling device 20 1s provided for the
continuous addition of fluid quartz grain 21 to the reactor 2. and a drain connecting
plece 24 s alsc provided on the bottom & of reactor 2 which opens up downwardly
into a closed vessel 25 so that continuously cleaned quariz grain flows from reactor
2 into the vessel 25. Differences to the device according to Figure 1 are also in the
inlet of the treatment gas into reactor 2 and in the outiet from reactor 2. Treatment

gas 1s passed to a quartz glass tube 23 via a gas inlet 22 and the tubular coil 7,
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altogether coming to about 4 mm?. As symbolized by the star-shaped sign, the
treatment gas emanates from the holes in axial symmetry; it is introduced into the
fill 4 to be cleaned; it flows through it from bottom to top in the form of a gas flow 17
which is as laminar as possible; it will ieave the reactor 2 by the bore of the quartz
glass plunger 11 and is subsequently suctioned off.

Hereinafter, another embodiment of the method according to the invention is

explained in more detail on the basis of Figure 2.

Example 2:

The quartz grain 21 to be cleaned according to Example 2 is the same grain as
that in Example 1. By means of the feeding device, approx. 16 kg cf the quartz
grain 21 are filled into reactor 2 by forming a loese fill 4 with a iling heignt of about
60 cm. The reactor 2 is flushed with an inorganically pure HC| gas with a
stoichicmetric excess of hydrogen which also serves as a treatment gas for
cleaning the quarz grains during the following first cleaning stage. With regard to
the effect of this rinse during the filling of reactor 2 and especiaily pricr tc heating

the quartz grain 21, reference is here made tc the corresponding explanations for
Exampie 1.

The cnamber furnace 1 is set tc the treatment temperature of 1.270°C for heating
“the fill 4. At the same time, treatment gas at a flow rate of 1300 \/h is passed into
the reactor 2 via the quart glass tube 23. The treatment gas 1s preheated to the
treatment temperature by flowing past the heating elements of the chamber
furnace 1 within the tubular coil 7. lts volume thereby increases by a muitiple. The
gas flow 17 of the treatment gas emanating from the quartz glass tube 23 will
slightly Uift up the fill 4 by forming a fluidized bed; 1t flows through the fill 4 largely
laminarly at a flow velocity of about 60 cm/s and thereby heats the quartz grain to a
temperature of around 1,270°C. With regard to the effects of the fluidized bed and
the laminar gas flow 17 of the treatment gas, reference is also made to the above

explanations for Example 1 By means of the filling device 20, reactor 2 1s
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velume in reactor 2 remains approximately the same. The average dwell time of
the quartz grain 21 in reacter 2 is approx. 12 hours.

In a separate procedure, carbon and carbon compeounds are removed from the

thus cleaned quartz grain by treating it with an oxygen containing gas.

Despite the relatively short treatment period of 12 hours, the content of alkaline
contaminations in particular will be significantly reduced with the quartz grain thus
treated. The contamination contents of the quartz grain cleaned according to
Example 2 are listed in Table 1 under ,Example 2“. Itis once more pointed out
here that the contaminations of the SiC, grain have different retention times so that
the above specified treatment times will vary depending on the spec:fic purity
requirement. For example, a purity requirement with regard to a sedium content of
less than 20 ppb by weight would be met already after 60 minutes with the method

according to Exampie 2 in accordance with the invention.

Tabie 1
| i i 1 ' f i
Li | Na Kng Fe!CuiNi;Cr!Mn]Ba{Ver ca| ™ | ar |
I R N R | |
Stan- | 750 | 1240 | 980 | 35 | 410 10 | 10 14 . g0 i 10 ! 10 ! 1150 | 860 | 1000 \15000\
dard | \ | i | | | | '1 I l l \
] b R |
Exc 1| <3 ‘ <10* | <107| <5* | <10 <@ <1t | <t !e2r <20m) <17 | <100 | 180 | 100e | 15000
i ! = ! | ! I
Exp 2 | €100 | <20 | <50 | <20 | <60 | <3" | <17 | <1* [<107|<20"i <1* | <100 \ 300 | 1000 ‘15000
| i '
I | | | | | .

The concentrations indicated in Table 1 relate to ppb by weight. The contamination
contents were measured by means of ICP-OES; the values designated by an * by
means of ICP-MS
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Patent Claims

1. A method for cleaning SiO, particles, by heating a fill (4) of the particles in a
reactor (2) with a vertically oriented center axis (3) and at the same time
exposing it to a treatment gas which is passed from the bottom to the top through
the reactor (2) and the fill (4) at a specific flow velocity, characterized in that a
chioric treatment gas is used and that in the area of the fill (4) the treatment gas

is set to a treatment temperature of at least 1,000° C and the flow velocity to at
least 10 cm/s.

2. A method accerding to Claim 1, characterized in that the temperature of the
treatment gas is set to at least 1,200° C in the area of the fill (4).

3. A method according to Claim 1 or 2, charactenzed in that the treatment gas lifts
up the fill (4) by forming a fluidized particle layer.

4. A method according to Claim 3, characterized in that the treatment gas is

introduced into the fluidized particle layer in the form of a laminar gas flow.

5. A method according to any one of the Claims 1 to 4, characterized in that the
treatment gas 1s heated, prior to introducing it into the fill (4), to the treatment

temperature or to a temperature above the treatment temperature.

6. A method according to any one of the Claims 1 to 5, charactenzed in that pure

incrganic hydrochloric gas is used as the treatment gas.

7. A method according to any one of the Claims 1 to 6, characterized in that the
treatment gas is introduced into the fill (4) by means of a gas shower (5; 23)

underneath the fill (4), said shower comprising a multitude of nozzle openings

distributed laterally to the center axis (3).

8. A method according to any one of the Claims 1 to 7, characterized in that the
particles are heated to a temperature in the range of the treatment temperature

under the exclusion of air and oxygen.
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10. A method according to Claim 1, charactenzed by a first cleaning stage for the
remcval of metallic contaminations cr their cecmpcuncs and by a second cleaning

stage ‘or the removal of carben and carbon comecounds with an oxygen

-

centaining gas teing introducad to the treatment gas dunng the secand cleaning
stage.

11. A method according to any one of the Claims 1 to 10, characterized in that the

treatment gas is circulated.

12. A method according to any one of the Claims 1 to 11, characterized in that the

flow velocity of the treatment gas 1s sat to at least 30 cm/s.

13. A device when use in the implementation of the method according to the invention
claimed in any one of claims 1 to 12, comprising a reactor (2) with a vertically
oriented center axis (3) for acceptance of a fill (4) of the SiO, particles to be cleaned;
with a gas inlet for introducing a treatment gas in an area of the reactor below the fill
(4) and with a gas outlet for discharging the treatment gas from an area of the reactor
above the fill (4), characterized in that the gas inlet comprises a gas shower (5, 23)
which has — below the fill (4) — a multitude of nozzle openings distributed laterally to
the center axis (3), for introducing the treatment gas into the fill (4).

14. A gevics accerding to Claim 13, charactenzed in that the gas inlet comprises a

gas hesting device which s arranged before the gas shower

(5, 23) seen n the
direction of flew of the treatment gas.

S. A zevice accerding to Claim 14 charactenzed in that the gas heating device
ccmenses a heated tubutar cail (7).

16. A cevice according to one of the Claims 13 to 15, characterized in that the gas

shewer (5. 23) 1s made of quariz glass, silicen carbide or =f a precicus metal.

17. A device accerding tc any cne of the Claims 13 to 16, characterized in that the

gas shower Is designed in the form of a tube (5; 23) provided with the nozzle
openings.
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each less than 20 ppb by weight, preferably less than 1 ppb.



