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KG Shin-Etsu Quartz Products Co., Ltd. Method for the Cleaning of SiOz
Particles, Device for the Implementation of the Method, and Grain
Manufactured in Accordance with the Method This invention concerns a method
for cleaning the Si02 particles, by heating a fill of the panicles in a
reactor with a vertically oriented center axis and thereby exposing it to a
treatment gas which is conducted at a given flow velocity from the bottom
to the top through the reac;or and the fill. Furthermore, the invention
concerns a device for the implementation of the method according to the
invention, comprising a reactor with a vertically oriented center axis for
accepting a fill of SiOz particles, with a gas inlet for feeding a
treatment gas into an area of the reactor essentially below the fill, and
with a gas outlet for discharging the treatment gas from an area of the
reactor above the fill. Moreover, the invention concerns cleaned Si02 grain
from naturally occurring raw matena!. From Si02 particles, quartz glass
products are molten for the chemical and optical industry and for the
manufacture of optical fibers and semiconductors. There are high
reouirements on the purity of the quartz glass products Especially alkaline
metals, alkaline earth metals) heavy metals, iron, carbon and free or
combined water may have a detrimental effect on the desired properties of
the quartz glass products. Correspondingly high are thus the purity
requirements for the raw materials of quartz glass products. Quartz glass
raw materials within the meaning of this invention are amorphous or
crystalline particles, for example SiO; particles of naturally occurring
18 S E P 2~2 _2_ quartz., or contaminated synthetically produced grains,
granulates, or recycling material A method for the continued cleaning of
quartz powder by means of thermochlorination has been desc~~bed in EP-A1
737 653. It has been suggested therein to continuously feed the quartz
powder to be cleaned) having a mean grain size ranging between 106 um and
250 um, into an electrically heated quartz glass rotary furnace m which it
will pass in succession through a preheating chamber, a reaction chamber
and a gas desorption chamber. In the preheating chamber, the quartz powder
is heated to approx. 800C and is subsequently treated in the reaction
chamber at a temperature of about 1,300C with a gas mixture of chlorine and
hydrochloric gas. The alkaline and alkaline earth contaminations of the
quartz powder here react with the chloric gas mixture, forming gaseous
metal chlorides. The treatment gas and the gaseous reaction products will
subsequently be exhausted. The known cleaning method leads to a significant
reduction of alkaline and alkaline ear`h contammat~ons in the quar~z
powder. The purity of the auarr cowder can be yet improved even further by
repeated passage of the cleaning process. However, in many quar~ powder
applications - such as for example as a starting material for quar~ glass
components in the use of semiconductor manufacture or for optics - the
purity of the starting materials will be sub~ec; to extremely high
requirements which cannot oe achieved with the known method or only under
great expenditure of time, material and cost. With the known method, the
cleaning effect depends on the reaction period of the quart powder with the
chloric gas mixture and on the reaction temperature. At hither
temperatures, chlorine reacts faster with the metallic contaminations so
that a better ~ieanmg effect would have ;o be expected with increasing
temperatures. However, at high temperatures. agglomerates will form due to
the softening of the grain which will interfere with further access of the
treatment gas to the surface of the individual grains. The cleaning effect
by the treatment gas which primarily acts on the g ram surface will thus be
reduced. Furthermore, the cleaning effect depends on the dwell period of
the quartz powder in the reaction chamber. Coarse grain powder usually
passes the reaction chamber faster than fine grain powder. Thus, different
Aunties may result which may even be different within one charge,   18 SEP
~ -3 depending on the temperature, the gram fracticn or throughput. This
complicates 



the r eproducibility of the 'known ciean~ng method In the cleaning method
according to DD-PS 144 868, flu!d quartz sand a cont!nuously charged from
above !nto a vertically oriented reactor. The quartz sand fill passes the
reactor continuously from tep to bottom. The quartz sand fill therein
passes a heating up zone, a thermochlorination zone and a ccoling down
zone. To avo!d oxygen from penetrating into the chlorination zone and thus
to prevent the reformation of the chlorides formed during chlorination into
metal oxides, an inert gas or nitrogen gas curtain is produced at the
entrance area and at the exit area of the chlorination zone. Wet chemical
treatments are also customary for removal of contaminations on the surface
of naturally occurring quartz sand. In such a method as is described for
example in US-A 4,983,370, the quartz sand !s pretreated - prior to the
cleaning process by thermochlorination - first by means of a two-stage
flotation process, a magnetic separator and a subsequent caustic treatment
in hydrofluoric acid. A cleaning method and a device for the implementation
of the method ~n accordance with the aforementioned species are known from
EP-A 1 709 340. There!n a suggesteo" to continuously feed SiOz powder,
manufactured by means of flame hydre!ysis , to a vertically oriented
reactor to remove chlorine, and to treat the powder ill in a countercurrent
with a gas mixture of water vapor and air which is concucted through the
reactor from the bcttom to the tap. In the area of the fill, the gas
mixture has a linear gas veloc!ty rang!ng between 1 and 10 cmis and a
temperature ranging between 250C and 600 C. The gas flcw will flow through
the fill forming a so-called ,.fluidizeo' bed", and the fill w!II be
slightly raised. It ~,as been shown that the degree of purity cf the S!0~
particles such as !t !s requ!red for use in semiconductor and optical fiber
manufacture cannot be achieved by means of the known methods. Especially
the contaminations with the chemical elements L:, Na, K, Mg, Cu, Fe, N:,
Cr, Mn, V, Ba, Pb, C, B and Zr cannot be sufficiently removed by means of
the known methods. Th!s Invention !s accordingly based cn the task of
providing an improved method for clean!ng the Si0= particles and of also
providing a suitable simple device therefor; as well as of spec~fymg SiO~
grain from naturally occurring raw material and cleaned by using the method
according to the invention, such grain being particularly suitable   -4
espec;ally fer the manufacture of semi-finished or finished puar,~ glass
products fcr semiccrGUC;or and optical ~bers produc;~on. In view of the
method, this task is solved 'n accordance with ;he invent~cn such that a c;
,Icrous treatment gas is being used !hat - in the area cf the fill - is
adjusted to a treatment tem:,e,-ature of at least 1,000C and to a flow
velcc;ty of at least 10 curls. A chiorcus treatment gas is used. Many of
the ccntaminaticns contained in S~OZ particles react with the treatment gas
at temperatures of above 1,000C to form gaseous metal chlorides or other
volatile compounds which can be exhausted from the reactor via the exhaust
gas. Aside from a chlorous component, the treatment gas may contain
additionally other components - such as fluorine, iodine or bromine, inert
gases or hydrogen for example - which are specially suitable for the
removal of specific contaminations or for adjustment of specific properties
of the SiOz or for the heat transfer between treatment gas and particles.
For economic reasons, free chlorine is undesirable in the treatment gas so
that the chlorous component will contain chlorine in a combined but
reactive form. The ;reatment gas will be passed through the fill at a flew
ve!oc;ty of at least 10 curls. This will ensure ;hat gaseous compcur~ds of
the contammat~cns will be removed as fast as possible from the particles
and discharged from the reactor. Moreover, due to the fast gas exchange,
the SiO~ particles are continuously and fast proviaec' with unspe.^,t
treatment gas so that the rate cf c;~emical reac;ion between treatment gas
anc contammations is as high as possible. Dec;sive will here be the `low
velocity m the area :,f ;ne fill. It should here be noted that, with the
9i1, the free `low crosssect;on versus the empty reactor will be reduced
and the flow velocity acccrdmgly incr eased here, and ~n the following,
,.fill" ~s to mean a Sulk cepos;t cf st;ll tc be cleaned SiO~ particles m
the reactor. In the area of the fill, a treatment temperature of at least
1,000C is adjusted for the treatment gas Contammations can generally be
removed from the particles the easier and `aster, the higher the treatment
temperature Since contammations react with the treatment gas on the free
surface of the particles, it is required that the contammations come to the
surface. This is done essentially by diffusion. The contamirat~ons show
specific diffusion speeds in the SiO~ particles; however, a higher
treatment temperature will principally also achieve a higher diffusion
speed. Moreover, due to the higher temperature, the speed of reaction
between treatment 18 SEP ~   'i 8 S E P 2002 -5 gas and contaminations is
mcr eased. However, at verb high treatment temperatures, there is the risk
that the partic;es will agglomerate in the fill so that nct only the
fluidity of the fill will be reduced but also the cleaning effect of the
treatment gases will be reduced as well due tc fewer sur,`acss being free
With regard to this, there ~s an upper limit for the treatment temperature
cf abcut 1,a00C. The treatment gas wilt be adjusted to the treatment
temperature. SiO~ particles will be heated up by the treatment gas to the
treatment temperature or kept at the treatment temperature. Accordingly,
the temperature of the treatment gas is at least as high as that of the
particles. Thus will be prevented that gaseous components condense out of
the treatment gas and thus will also be prevented a concurrent adsorption
or absorption of contaminations on the particles or, respectively, into the
particles. The method is suitable for a batch-wise as well as a continuous
cleaning of the particles. Taking into account the soeafic reaction
temperatures for contaminations with Li, Na, K, Mg, Cu, Fe, Ni, Cr, Mn, V,
Ba, Pb, C, B and Zr, the purities achievable with the method according to
the invention are always in a sub-oob range It has proven particularly
advantageous to adjust the temperature ef the treatment gas tc at least
1,200C in the area of the fill. The higher the treatment temperature ~s
adjusted in the area of the fill, the easier and faster contarni;,ations
can be removed for the reasons above exolamed in detail. The treatment
temperature from which a significant reaction can be cbserved between a
contaminating element and the treatment gas (reaction temperature) is
saecific tc the ele.^,~ent. ~ hue sodium cortam~nations for example can
already be significantly reduces at temperatures of aoprcx. 1,000 C with
the chiorcus treatment gas, whereas higrer temperatures of at least 1,050C
are more favorable for the removal of fith~um contam~nat~ons.
Advantageously, the treatment gas is introduced into the ill such that it
will lift it by producing a fluidized particle layer (fluidized bed). The
treatment gas will largely flow ;aminarly through the fluidized particle
layer. This will achieve a homogeneous gas distribution m the fill so that
the particles are homogeneously charged with the treatment gas. Blind spots
m the area of the SiO~ particle layer will be avoided as far as possible so
that the contammahons are able to react completely and uniformly. This will
achieve a cleaning effect by the treatment gas which is done as completely
and uniformly as possible Mcreover, due to the fact that the individual
particles of  



the ill are kept mcving in the ~uicized bed, the risk of sintering of the
par;icles will be reduced so that the treatment temperature can be set
higher Maintenance of the most laminar flcw pcssible within the ill ~Nill
be made easier if the treatment gas is already introduced into the
fluid~zed particle layer in the form of the mcs: laminar gas flow possible.
This procecure where;n t~:e laminar low is already produced below the fill
of the particles to be cleanea has proves' advantagecus especially for the
removal of lithium contaminations. A procedure is preferred wherein the
treatment gas is heated, prior to its introduction into the fill, to the
treatment temperature or to a temperature above the treatment temperature.
Here) the treatment gas will expand to a multiple of its volume at normal
temperature. The volume increase is concurrent with a corresponding incr
ease of the flow velocity of the treatment gas. This will fac;litate the
formation of a `luidized particle layer and a largely laminar tiow of the
treatment gas through the fill. Morecver, due to the preheating of the
treatment gas, the above mentioned condensation effects will be avoided.
Due to the contact with the somewhat colder SiO~ particles, the treatment
temperature m the treatment cas will come about in the area of the till. It
prcved to be part~culariy advantageous to use pure inorganic hydrochloric
gas as the tr eatme^; _as - apart frcm the inert asses. Such treatment gas
ccnta~ns in particular the lowest ocssible components with an oxidizing
effect - such as oxygen so that the fcrmation of chlorine n the waste gas
ef the treatment gas can be largely prevented. This will make a chlorine
degassing of the waste gas unnecessary so that its disposal or recycling
will be simplified. For example gas scr uobers can be done without, such as
they are used with the known cleaning processes `or cnlonne decassing.
Advantageously, such hydrochloric gas contains a stoichicmetric excess of
eiementar/ hydrocen. Excess hydrogen will reac; with OH grcuos m or on the
SiO~ panicles to form water which is carried as water vapor with the gas
flow so that the OH content of the particles can be reduced. It proves to
be successful to introduce the treatment ass 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 18SEP~   1 8 SEP ~2
treatment gas will `Icw Due to the gas `low acplied in an area at the start
cf the `II, the >-~il ;s !arn~narly passed ;hrcugi^; ~n a more cr less
straigrt'ine, anc a un~fcrm and hcmcgeneous treatment cf the partcles over
the antirs III will be enS;:red Advantagecusly) the partic;es are heated to
a temperature :n the area of she treatment temperature wish the exclusicn
cf air and oxygen. With this procedure, any oxygen or air existing .n the
fill or in the reader will be .epiaced by ancther gas prior to the heating
of the particles, for ~xampie 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 HCIcontaming treatment gas is suppressed
which can result in the formation of chlorine gas. As already explained
further above, the processing cr degassing cf 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 cf a gain ;s desirable since
the mes may result ~n rine bubbles ~; ;he cua~.z grass oy aciustmg the flew
veloaty cf the treatment gas, this fines content can be defined and remcved
f rom the fill and discharged from the reactor At the same time, a defmec
gram fraction can thus be obtained. Advantageously, a first cleaning stage
wil! be provided for the removal or metallic contam;nations or their
compounds, especially sodium, mancanese. ;.ctassium and iron ccntammations,
and a second cleaning stage for the removal of car~en and carbon compounds.
During the second clearnng stage, an oxygen-contam;ng gas ~s charged to the
treatment gas; whereas in the first cleaning stage, ar oxygen conta~nmg gas
is avoided as far as possible. Carbon could cause gas ~nciusions during the
melting of particles so that, during the second cleaning stage, carbon is
made tc reac; with oxygen to CO or CG, and will be removed from the rill In
a particularly economic process, the treatment gas is run in circulation.
Here, the waste gas leaving the reactor ~s 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.   -8
One procedure proved espec~aily favoraole where the flow ve!oc;ty of the
treatment gas ~s adjusted to at least 30 curls. Due to the high flow
velec~ty, the gas exchange will be increased. The advantages explained in
detail above, with regard to the disc"arce of contam~nationg and high
reaction speeds between the t-eatment gas and the contammaticns, will be
further promcted by maintaining a rluidized bed cf the fill (fluidized
particle layer). Wth regard to the device, the above specified task is
solved m accordance with the invention by the gas inlet camprising a gas
shower, having - below the fill - a multitude of nozzle openings laterally
distributed toward the center axis, for introducing the treatment gas in
the fill. Due to the fac, that a gas shower is arranged below the fill, a
laminar flow can be produced below the fill, and the treatment gas can be
introduced into the fill in the form of a gas flow which is as laminar as
possible. Thus, maintenance of the most laminar flow possible within the
fill will be facilitated. The gas shower comprises a multitude of nozzle
openings distributed laterally to the center axis. The nozzle openings are
essentially distributed symmetrically about the center axis and uniformly
over the cross section of the fill - seen m the direction of flow Due tc
the gas flow designed in such a laminar fashion at the beginning of the
fill the gas will `low iammarly and more or less in a straight line through
the ill. and a uniform and homogeneous treatment of the particles over the
complete ill will be ensured. 



Advantageously, the gas inlet comprises a gas heating device wnich ~s
arranged before the gas shower - seen m 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 above the treatment temperature The
effect and the special advantages of this procedure are exalained above in
more detail on the basis of the method according to the invention ~~ 8 SEP
~ Esaec~ally simple in design is a gas heating device which is formed as a
heated tubular ccil. By means of the tubular coif, 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
is commonly in the range of a couple of meters It can be arranged m a
furnace in which the reactor is located as well, and it consists of a
high-temperature resistant material, preferably quartz class   _g_ The gas
shower also consists of a temperature resistant material, for example of
quartz glass, silicon carbide er a precious metal, such as platinum or a
platinum alloy In the simplest case, the gas shower is designed in the form
of a tube provioed with nozzle openings. The tube may have a multitude cf
forms, for example, the form of a spiral. The gas shower may also be
designed as a perforated plate or a frit. Production of a laminar gas flow
will be facilitated if the nozzle openings of the gas shower are
symmetrically distributed about the center axis of the reactor. Far
example, the nozzle openings can be uniformly an-anged in annular form
around the center axis, with adjacent nozzle openings advantageously having
the same distance to each other. A reactor proved to be espec;ally
advantageous which is closable en all sides. Thus, the introduction of
oxygen or nitrogen and the resulting risk of the formation of chlorine and
thermochemically stabile compounds of contaminations, such as nitrides or
oxides, will be prevented. With regard to the Si0- grain, the above spec;
tied task ;s sewed 'r ac~~rcanc~ with the invention by the SiO~ gram of
naturally occurring quartz having an iron content cf less than 20 ppb by
weight, preferably less than 5 ppb by weight; a manganese content of less
than 30 ppb by weight, preferably less than 5 ppb 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 nickel of each less
than 20 ppo by weight, areferably less than 1 ppb The Si0- grain according
to the invention is manufactured from natural quartz grain or pretreated
quartz gram such as for example commercially sole precleaned gram or ~t is
manufactured from granulate, with such quartz grain being cleaned by means
of the method according to the invention. The natural SiO~ gram thus
manufactured excels by purities which are otherwise only achievable with
synthetically manufactured SiO~. It is thus especially suited as a material
to be used for the manufacture of high-purity quartz glass For example for
the manufacture of quartz glass crucibles, bars, rods, plates which are
used as components or semrfinished products for the semiconductor industry,
for optics and optical communications systems. 18 S E P 2002   1 8 S E P
2002 -~o Hereinafter, the ~nvent~on is explained in greater detail on the
bass of embodiments and one drawing. The drawing shows ;n aetail and in
diagrammatic presentation: Figure 1 an embodiment ef the device according
to the inventicn which is suitable for a batch-wise cleaning method
according to the '~nven:i~n, and Figure 2 a device which is suitable for a
continuous cleaning method according to the invention. For the device
according to Figure 1, a cylindrical reactor 2 of quartz glass with a
vertically oriented center axis 3 is arranged within an electrically
heatable chamber _ ~~ furnace 1. The reactor 2 has an inside diameter of 14
cm and a height of about 150 cm. It contains a fill 4 of fluid quaraz
grain. The lower part~of reactor 2 is provided with an annular shower 5
made of a quartz glass tube arranged coaxially to the center axis 3 on the
bottom 6 of the reactor 2 and which ~s provided with 100 nozzle holes in
the direction of the reactor's underside. The nozzle openings each have a
diameter of 500 um and are uniformly distributed at a distance of approx.
2.5 mm on an enveloping circle with a ciametar of about 7 cm. . he an;
~ular shower 5 is arranged via a 10 m long tubular coil 7 which is arranged
inside the chamber furnace 1 but outside the reactor 2 and is connected
with a gas c,rculating pump 8. By means of the gas circulating pump 8, a
treatment gas is mtroauced into reactor 2 via the tubular cell 7 and the
annular shower 5. In the upper part of the reactor 2, a waste gas line 9 is
provided which is connected via a dust separator 10 with the gas
circulating pump 8. ~ he waste gas line 9 here extends through a bore of a
quartz glass plunger 11 which seals off the reac;or 2 toward the top,
except for a narrow annular slot 1. between quartz plunger 11 and waste gas
line 9. On the bcttom 6 of reactor 2, a closable drain connecting piece 13
is provided for 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 m more detail on the
basis of the embodiments and the presentation in Figure 1.  



ExamGie 1 The quar~ gram to be cleaned according to Example 1 is an already
precleaned grain cf naturally occurring quartz sand which is commerc;ally
obtained under the designation of "IOTA Standard" (supplier: company Unimin
Ccrp., USA). This quartz grain has a mean grain diameter of about 230 win
with the fines percentage with grain diameters of below 63 ~m being approx.
1 to 2 % by weight. The contammations measured in this quartz grain are
specified in Tabie 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 60 cm resulting for the base layer 4a and the fill 4. The top edge of
base layer 4a whose grain just covers the annular shower 5 is presented in
Figure 1 by means of a dashed line. The annular shower 5 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 Example 1, the flushing gas is a pure inorganic NCI gas with
a stoichiometric excess of hyarogen which is also uses as the treatment gas
for cleaning of ;he quartz grain dur;ng the following first c;eanmg stage.
Already while the reactor 2 is filled, and espec;ally prior to the heating
of the quartz gram, 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 stable compounds will be Formed of the
contam~nations to be removed in the farm cf metal n~tndes 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 socalled aging may directly or indirectly result in
undesirable contamination effects in quarz glass and in obtrusive
discolorations or transmission changes As examples for this can be named
lithwm nitride, iron oxide or manganese d~oxsde A typical contamination of
the natural quartz grain is iron trioxide which can be available in three
different modifications One thereof is the reddish brown rhombohedral
a-Fe,O= It has been shown that the acid resistance and hardness of a-Fe~O,
will decisively depend on its thermal pretreatment. Lightly annealed
a-FeZOs is easily dissolved ~n adds and can be easily removed with the
treatment gas here used. On the other hand, a-Fe203 which was annealed at
temperatures of above 1,000C and was thus thermally aged will be character;
zed by high resistance to 1 8 S E P 2002   1 8 S E P 2002 _i2_ ac;ds. bases
and chlorine and can thus no longer be entirely removed wah the treatment
gas. Acc:,rdingly, with the method according to the ~nver;t~cn. the non
annealed a-Fe~O, ~s already completely removed as far as possible at
temperatures of about 1,COCC by the fill 4 being treatea with the ~rea:ment
gas already ,`rpm the time of filling the reactor 2 and even during the
heating up renod. Another ;ypical contamination in natural quar;z is
manganese which is generally available as manganese dioxide (Mn02,
brownstone). When heating in the air or under oxygen at temperatures of
over 550C, MnOz converts to Mn20, which is converted into its alpha form
(a-Mn20,) as a brown colored modification and, after annealing at a
temperature of above 900C, it is converted to the chemically more stable
tnmanganese tetraoxide (Mn,O,). Here too, it proves to be advantageous to
prevent oxygen from being present already during the filling and heating up
of reactor 2. For heating the ill 4, the chamber furnace 1 is set to the
treatment temperature of 1,27CC. At the same time, the treatment gas is
charged via the annular shower 5 into the reac',or 2, at a preliminary
pressure of 0 7 bar (at room temaerature) and a flow rate of 1,300 Ilh. The
treatment gas is preheated tc the treatment temperature by running it past
the heating elements of chamber furnace 1 within the tubular coil 7. Its
volume will increase by a multiple. On a purely calculated basis, the
treatment gas achieves a flow velocity of approx. 12 cm/s m the empty
reactor 2. The has flow emanating from the annular shower 5 will slightly
lift up the fill 4, thus forming a fluidized bed where it flows largely
lammariy, and - due tc the narrowed free flow cr oss-section because of the
quartz grain - it will flow through ;he bed at a mean flow veloaty pf about
50 cm!s, heating it at the same time tc a temperature of about 1.270C The
essentially laminar gas flow is indicated by the c~rec;ional arrows 1 7.
The fluidized bed, the laminar gas flow 1 7 and the h~ch flow velocity of
the treatment gas will ensure an effective, uniformly thermal and chemical
treatment ef the quartz gram and thus an optimum cieanmg effect while
preventing a sintering of the grams amone each other. Condensation effects
are prevented by preheat~na the treatment gas. The high flow velocity
ensures fast gas exchange and a fast discharge of contammat~ons away from
the individual gram and from the reactor 2 Moreover, the fines part of the
quartz gram from fill 4 is removed as finest dust via the gas flow 17 - as
a function of the set flow velocity   1 8 S E P 2002 The treatment gas is
circulated and regenerated thereby. Fcr this, the treatment gas burdened
with contaminaticns and finest dust ~s discharged from the reactor 2 via
the waste gas line 9 and passed to the dust separator 10 The treatment gas
will cool dawn so that volume and accordingly the flow veloc,ty will be
reduced. The finest dust and contaminaticns which are present in the ,form
cf condensed compounds will be removed in the dust separator 10.
Subsequently, the cleaned treatment gas is returned again to reactor 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 slot 12 and will be removed via drain 15. This will prevent any air
and oxygen from entering the reactor 2 so that oxidation of HCI with the
formation of chlorine gas will be prevented. After a treatment time of 23
hours, the fill 4 is freed from carton and carbon compouncs by adding
oxygen for a short time to the treatment gas. The cleaned quark grain is
discharged via connecting piece 13 into the vessel 4 and cools off. In the
accordingly treated quartr grain, the concentrations of contam~naticns of
L., Na, K, Mg, Cu, Fe. Ni, Cr , Mr;. V, Ba, Pb, C, E and Zr are each ~n the
ppb range and partly below the detection limit of ultra tracing analytical
instruments. A chemical purity is thus achieved which is otherwise only
known from synthetically manufactured gram. Tabie 1 lists under Example 1
the contamination contents measured in the quar~ grain cleaned according to
the invention. The presentation in Figure 2 is using the same reference
figures as m Figure 1 for designation of the same or equivalent components
or parts of the device. reference is made to the corresponding explananens
for Figure 1. The device presented in Figure 2 is designed for a continuous
operation of the method according to the invention. For this, a filling
device 20 is provided for the continuous addition of fluid quartz grain 21
to the reactor 2. and a dram connecting piece 24 is also provided on the
bottom 6 of reactor 2 which opens up downwardly into a closed vessel 25 so
that continuously cleaned quartz gram flows from reactor 2 into the vessel
25. Differences to the device according to Figure 1 are also m the inlet of
the treatment gas into reactor 2 and in the outlet from reactor 2.
Treatment gas is passed to a quartz glass tube 23 via a cas inlet 22 and
the tubular coil 7,   -14 the tube protruding frcm above into the fill 4
dcwn into the area of the flccr 6 ef reactor 2. Underneath the quartz glass
tube 23 - symbolized by a dotted line there ~s a sublayer 4a of already
cleaned quartz grain. The bottom part cf tf^~e quar',z glass tube 23 is
perforated over a length of 10 mm with several holes uniformly cistr~buted
around the c,rc~mferenc~; their epenmg cress sections altogether coming to
about 4 mmz. 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 leave 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 bass of Figure 2. Example 2:
The quartz gram 21 to be cleaned according to Example 2 is the same gram as
that m Example 1. 6y means of the feeding device, approx. 16 kg ef the
quartz gram 21 are fillet' into reactor 2 by forming a Icose rill 4 with a
tilling heic^t of about 60 cm. The reactor 2 is flushed with an
inorganically pure HCI gas with a stoichicmetnc excess of hydrogen which
also serves as a treatment gas for c;eanmg the quart grams during the
following first cfean~ng stage. With regard to the effect of this rinse
during the filling of reactor 2 and especially prior tc heating the quartz
grain 21, reference is here made to the corresponding explanations for
Example 1. The cnamber furnace 1 is set tc the treatment temperature of
1.270C for heating the gill 4. At the same time, treatment gas at a flow r
ate of 1300 Ilh is passed into the reactor 2 via the quart class tube 23.
The treatment gas is preheated to the treatment temperature by flowing past
the heating elements of the chamber furnace 1 within the tubular coil 7.
Its volume thereby increases by a multiple. The gas flow 17 of the
treatment gas emanating from the quartz glass tube 23 will slightly lift up
the fill 4 by forming a fluidized bed; it flows through the fill 4 largely
lammarly at a flow velocity of about 60 curls and thereby heats the quartz
gram to a temperature of around 1,270C. 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 `fling
device 20, reactor 2 ~s 1 $ S E P 2002   1 8 S E P 2002 - 15 continucusly
c;larged with about 130 glrnin cf quartr grain 21, and the same amount a
continuously removed via the dram connecting piece 24 so that the fill
volume in reactor 2 remains approximately the same. The average dwell time
of the quar`s grain 21 in reactor 2 is approx. 12 hours. In a separate
procedure, carbon and carbon compounds 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 Tabfe 1 under Example 2". It is once
more pointed out here that the contaminations of the SiOz 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 sodium content of less than 20 ppb by weight
would be met already alter 60 minutes with the method according to Example
2 in accordance with the invention. Table 1 Li ~ 'Na I ~K ~ ,Mg ~ iFe ~ Cu
'I 



I ~Ni ; Cr ~ Mn ~ Ba ~ V ~ . ~ , .Zr ~Ca I,Ti iA1 iStan-  dardi 750 ~  ; I
I1240 ~  I ~g80 ~  ~ ~35 410 ~ 10  ~ ~ ' ~ 'I ~10 14 ~ 90 ~ 10 ' 10 '.  ~ '
~, '~ i j1150  j~ 560 ~  I1000 I15000Ex., 1 ^I <3` I<10`<10`<5'  I<10' ~
<3' j 



I ~<1' ` <1' ~ <~' ~  i I t<20` I <1  ~<100 ~ 160  i~ 100015000Exp 2< 100~
<20 I~ <50<20<60<3' ~<1' ~ <1` ~ j i I<10` I <20` I <1` I~ <100300~ 1000~
15000 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   -16 Patent Claims 1. A method for
cleaning SiOZ 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 chloric 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
ac~crding 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, characterized 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 is 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, characterized in
that pure inorganic 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 t a sEP 2002 under the exclusion of air and oxygen.   -17 9. A
me,I^~od according to ary one of the Claims 1 to c~, charac,enzed in that
the treat.;.e^t gas ~s s~multanecusly used for air sifting cf the III (4)
10. A method according to Claim 1, characterized by a first c;eanmg stage
for the removal of metallic contammat~ons ~~r their compounds and by a
second cleaning stace 'or the removal of carbon and carbon compounds with
an oxygen containing gas being introduced to the treatment gas during the
second cleaning stage. 11. A method according to any one of the Claims 1 to
10, characterized in that the treatment gas is circulated. 1 Z. A method
according to any one of the Claims 1 to 11, characterized in that the flow
veloc,ty of the treatment gas ~s set to at least 30 curls. 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
Si02 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 aevice according to Claim 13, characterized m that the
gas inlet comprises a gas heating device which is arranged before the gas
shower (5, 23) seen ~n the direc;~on cf flow of the treatment gas. 15. A
~evic~ according to C;aim 14 characterized m that the gas heatmc device
ccr~cnsss a heated tubular coil (7). 16. A cev~ce acccrd~ng to one of the
Claims 13 to 15, characterized m that the gas 



shower (5. 23) is made of quar`s glass, silicon carbide or cf a precious
metal. 17. A device ac~crding tc any one of the Claims 13 to 16, character;
zed m that the gas shower is designed in the `arm of a tube (5; 23)
provided with the nozzle 1 8 S E P 2002 openings.   _j8_ 18. A device
according to any one of the Claims 13 to 17, characterized in that the
nozzle openings of the gas shower (5; 23) are distributed symrnetncally
about the center axis (3). 19. A de~ucn according to any one of the Claims
13 to 18, characterized m that the reactcr (2) is closed all around. 20.
Cleaned SiOZ grain of naturally occurring quartz obtained by the process
according to the invention claimed in any one of claims 1 to 12,
characterized in that it has an iron content of less than 20 ppb by weight,
preferably less than 5 npb; a manganese content of less than 30 ppb by
weight, preferably 5 ppb; a lithium content of less than 50 ppb, preferably
5 ppb; as well as a content of chromium, copper and nickel of each less
than 20 ppb by weight, preferably less than 1 ppb. ~ 8 S E P 2~2
.AfU9.A3.AfA.Aa .A{E.ASl.As.A,L.A.A E .Af%.AUFe.A.A@.A3Y
.A@.l.AA.Al)K^~/[GP  U ^
.~ysnid_ZU]ca]ca]ca]ca]ca]caU]ca]ca]ca]c^a]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca]c
a]caU]caU]caU]caU]caU]ca]ca]caU]ca]caU]ca V=P"u%((((((!(%(j((,/22+347#;
<<<<<5==zuojd_ZU]ca]ca]caU]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
U]ca]caU]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!===PACFFGGGHlHIJLyN|NNsPwPRpS
TV~YYYYYYYZ
[<[aytoje`[V]]ca]ca]ca]ca]ca]ca]caU]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca!aabbbd=l?lOl^lclmHm)pvvvHzzz
}`}}})}xsnid_Yje`[V]]c]c^a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU
]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]ca]c^a U]c^a]ca]ca
)ACSbhS_Voqh{|wrmhc^Y]]c]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]ca!$yM4_-}
SSA}xsnid_Z]]c]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c"a]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!Y~!tSA}xsnid_Z]]c]]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]U]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca
]ca]ca]caAK^~fG10%&'()-
10%&'()-9y10%P&'()-9y10%&'()-ly10%&'()-9'10%&'()-~/[dEf#10%&'()-fYS
10%&'()-z10%&'()--10%&'()-f10%&'()-10%&'()-GP  bC3SY10%/&'()-s'310%/&'()-
10 



10 10/g 10%&'()--:10%&'()-+10%&'()- U ^  dYNC 10/ 10/ 10/f)g 10%/&'()-FfYS
10%/&'()-S10%/&'()-(10%/&'()-10%/&'()-.dEYNC l10%&'()-f
10%&'()-yt&10%&'()-f 10%&'()-l10%&'()-9'10%&'()- UVxmbCZ10% U&'()- 10 10
10` :F10%&'()-&, 10%&'()-&, 10%&'()-Lf 10%&'()-  3=P"u%(dEmbC. 10%
U&'()-f`S 10% U&'()-@@ 10% U&'()-y10% U&'()-10% U&'()-10%
U&'()-(((((!(%(j((bCsf 10% h&'()-10% h&'()-SZ10% h&'()-'10% h&'()-  10 U 10
U 10 U& 10% U&'()-()+,/2222dYNC 



10 h 10 h 10 h.z 10% h&'()-y, - 10% h&'()-P 10% h&'()- 10% h&'()- 10%
,&'()-22+3457#;dEYNC !g 10%&'()- yy@ 10%&'()-zyy@ 10%&'()-zf@ 10%&'()-
fs10%&'()-S@ 10%&'()-#;<<<<<<5==bC10%&'()-s10%&'()-&10%&'()-  10 10
10&l10%&'()-&93@ 10%&'()-==PACEFFFFdYNC 10 10 10f&@ 10%&'()-f&@ 10%&'()-l
10%&'()-@ z 10%&'()- ,10%&'()-FFGGGHlHIdEYNC
910%B&'()-z10%B&'()-@G10%B&'()- 10%B&'()-10%B&'()-
fm10%B&'()-IJLyNNpPqPrPsPdYNC 10B 10B 10B2z 10%B&'()-@&,,10%B&'()- (-
10%B&'()-TS,y 10%B&'()-@310%B&'()-ysPwPRpSSTVdEYNC Sy 10% h&'()-,@ 10%
h&'()-f,@ 10% &'()-f- 10% h&'()-f 10% h&'()-Sm10% h&'()-V~YYYYYYYYbC10%
U&'()-y10% U&'()-&' 10% U&'()- 10 h 10 h 10 h&10% h&'()-9*@ 10% h&'()-YZZZ
[<[[~_@bC(10% &'()- 3 10% U&'()-9310% U&'()-` I9310%VV&'()-` !10%qq&'()-10%
U&'()-[;\aabbbbbxmbCl10% h&'()- 



10 U 10 U 10 U310% U&'()-210% U&'()-(10% &'()-(10%
U&'()-bd=lLlMlNlOl^lclbC10%4|&'()-L'F10%4|&'()-  10 h 10 h 10 h'f10%
h&'()-f@ 10% h&'()-:'10% h&'()-4 clmHm)pvvvvvxmbC'10% U&'()- 104| 104|
104|- 10%4|&'()-F 10%4|&'()-10%4|&'()-10%4&'()-yvHzzz }`}}dEmbC3+10%
U&'()-)h10% U&'()-S10% U&'()-IS,10% U&'()-D10% U&'()-@ 10% U&'()-}}bCS
10%&'()- @f10%&'()- 10%&'()- 10 U 



10 U 10 U1/10% U&'()-,10% U&'()-)dEbC
10%&'()-Z10%&'()-y,10%&'()-y-10%&'()-fF10%&'()-ff310%&'()-APQRSbhbC10%&'()-
zy10%B&'()-s'310%B&'()- 10 10 10&10%&'()-* 10%&'()-4S_dEbC@F10%B&'()-,F
10%B&'()-f 10%B&'()-,910%B&'()-10%B&'()-@10%B&'()-VdJ+C1%`'10%B&'()-
1%`'10%B&'()-
f`!10%B&'()-fl10%B&'()-S10%B&'()-Sl10%B&'()-@y10%B&'()-eF+C1%`'10%B&'(1%`'1
0%B&'()- 1%`'10%B&'()- 1%`'10%B&'()- 1%`'10%B&'()- 1%`'10%B&'()-
1%`'10%B&'()- ,45jK1C1%`'10%B&'()- 1%`'10%B&'()- 1%`'10%B&'()-
1%`'10%B&'()- 1%`'10%B&'()- 1%`'10%B&'()- 1%`'10%B&'()- 56;
>AFKiJ1C1%`'10%B&'()-1%`'10%B&'()-  1%`'10%B&'()-  1%`'10%B&'()- 



1%`'10%B&'()- 1%`'10%B&'()- 1%`'10%B&'()- KLRSX`lM.J1C1%`'10%B&'()-
1%`'10%B&'()- 1%`'10%B&'()- 1%`'10%B&'()- _ @
{Eo!y$\'`acgnoqsnO0C1%`'10%B&'()- 1%`'10%B&'()- 1%`'10%B&'()- 1%`'10%B&'()-
1%`'10%B&'()- 1%`'10%B&'()- 1%`'10%B&'()- syz|~jP1C1%`'10%B&'()-
1%`'10%B&'()- 1%`'10%B&'()- 1%`'10%B&'()- 1%`'10%B&'()- 1%`'10%B&'()-
1%`'10%B&'()- tU6C1%`'10%B&'()- 1%`'10%B&'()- 11%`'10%B&'()- 1%`'10%B&'()-
1%`'10%B&'()- 1%`'10%B&'()- 



1%`'10%B&'()- sT:C1%`'10%B&'()- 1%`'10%B&'()-  1%`'10%B&'()- 1%`'10%B&'()-
1%`'10%B&'()- 1%`'10%B&'()- 1%`'10%B&'()- $sT_ @ {Eo!y$\'%1%`'10%B&'()-
1%`'10%B&'()- 1%`'10%B&'()- 1%`'10%B&'()- iJ+1%`'10%B&'()- 1%`'10%B&'()-
1%`'10%B&'()- 1%`'10%B&'()- 1%`'10%B&'()- 1%`'10%B&'()- 1%`'10%B&'()-
+nT511%`'10%B&'()- 11%`'10%B&'()- 1%`'10%B&'()- 1%`'10%B&'()- 1%`'10%B&'()-
1%`'10%B&'()- 1%`'10%B&'()- 



+,23=>@KsT511%`'10%B&'()- 11%`'10%B&'()- 1%`'10%B&'()- 1%`'10%B&'()-
1%`'10%B&'()- 1%`'10%B&'()- 1%`'10%B&'()- KLNOV\nsT511%`'10%B&'()-
11%`'10%B&'(1%`'10%B&'()- 1%`'10%B&'()- 1%`'10%B&'()- 1%`'10%B&'()-
1%`'10%B&'()- \]cioqgH)sT51%`'10%B&'()- 1%`'10%B&'()- 1%`'10%B&'()-
1%`'10%B&'()- _ @ {Eo!y$\'qw{eF51%`'10%B&'()-1%`'10%B&'()- -1%`'10%B&'()-
-1%`'10%B&'()- 1%`'10%B&'()- 1%`'10%B&'()- 1%`'10%B&'()- jK,1%`'10%B&'()-
1%`'10%B&'()- 1%`'10%B&'()- 1%`'10%B&'()- 



1%`'10%B&'()- 1%`'10%B&'()- 1%`'10%B&'()- hxfE$jK 610%C'&'()- 5F10%C'&'()-
3- 10%C'&'()--1%`'10%B&'()- _ @ {Eo!y$\'xyz{vU4610 fsM10%'&'()-0 f
10%'&'()-S0 @10%'&'()- ,10%'&'()- S10%'&'()-10C'10C'10C'$yM|[:vU4610
L$10%'&'()- !Z10%'&'()- yS g10%'&'()- 10%'&'()- yl10%'&'()-
10%'&'()-4_|[:vU4610  3S/10%'&'()- -10%'&'()-  Y+`10%'&'()- )l10%'&'()-
`'m10%'&'()- %g10%'&'()-_-}|[:-410' Y710%'&'()- L'l10%'&'()- Y`6M10%'&'()-
410%'&'()- 3f210%'&'()- 3010%'&'()- SbA410'  L 10%:E&:&'()- |y 10%&&'()-
9s10%:}':&'()- 10%:}':&'()- f10%:}':&'()-10'10'SA|[:A410' f#10%:}':&'()-
@3!10%}'&'()- m10%:}':&'()- ,sZ10%:}':&'()- sm 10%:}':&'()-
m10%:}':&'()-AY~|[:A410' /Z10%:}':&'()- s- 10%:}':&'()- +s10%:}':&'()-
)-10%:}':&'()- (M10%:}':&'()- y&m10%:}':&'()-!t|[NA41010:}':10:}':10:}':
F610%:}':&'()- L'10%:}':&'()- Ff510%:}':&'()- 3m10%:}':&'()-
l1y10%:}':&'()-|[:NA41010 ,!10%C'&'()-@ 10%C'&'()- , m10%C'&'()-
sF10%C'&'()- 10%{C'{&'()- 10%C'&'()-|[:NA41010 ,!10%C'&'()-@ 10%C'&'()- ,
m10%C'&'()-  sF10%C'&'()- 10%{C'{&'()- `'l10%C'&'()- Normal" "Heading 13]c"
"Heading 23]c" "Heading 33]c" "Heading 43]c" "Heading 53]c" "Heading 63]c"
"Heading 73]c" "Heading 83]c" "Heading 93]c"A "Default Paragraph
Font%/9CrMV_Nis}Rz=a)efghijk~ ((2#;
=FIsPVY[bclv}5K`s+K\qx_Almnopqrstuvwxyz{|}~6Times New RomanArialCourier
New"h Root EntryWordDocumentF   !"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~ 


