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I the separation of substances
Description

The invention concerns a device for the separation of substances, in particular of solid
substances, of liquid phases of varying density and/or of gases, from a liquid, by rotation with
several filter elements that allow the filtered liquid to pass through and that are rotatably
mounted around an axis of rotation inside a housing that exhibits an inlet opening for the liquid,
at least one discharge opening for the unfiltered components of the feed liquid separated by the
rotation of the column of liquid and at least one discharge opening for the filtered liquid.

Such devices are exemplary in their application for wastewater treatment. In physical processes
for the treatment of effluents, the wastewater contents undergo concentration enrichment by
using various methods depending on the physical properties of the contents such as particle size,
density and settling rate. Included amongst these are all separating processes that use solid
auxiliary materials (such as in adsorption, filtration, ion exchange), liquid auxiliary agents
(extraction), gaseous auxiliary agents (flotation, stripping), thermal energy (distillation,
vaporization), gravity or centrifuging power (settling, floating). In particular,



Description The invention concerns a device for the separation of

subst ances, in particular of solid substances, of |iquid phases of varying
density and/or of gases, froma liquid, by rotation with several filter

el enents that allowthe filtered liquid to pass through and that are

- rotatably nmounted around an axis of rotation inside a housing that exhibits
an inlet opening for the liquid, at |east one discharge opening for the
unfiltered conmponents of the feed liquid separated by the rotation of the
colum of liquid and at | east one di scharge opening for the filtered
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operation. These essentl a Ty CrFe § r309n one another in that there is no
forcible menbrane feed flow in the case of DEF and therefore, the

sedi nentary deposition can accumul ate uncontrollably, while in the case of
CFF, the nmenbrane is targeted for throughflow, whereby the sedinentary
deposition accunul ates in a controll ed manner and can be restricted. In
spite of this, a slowdown in filtrate current does occur after a |onger
period of filtration operation that is caused by the formation of

sedi nentary deposition that is reversible. It has been common practice,
both in DEF as well as in CFF operations, to conduct periodic backwashi ng
so as to obtain a constant flow of filtrates. The typical specific power
requi renment resulting fromsuch an operational node as cross-flow
ultrafiltration lies, for exanple, in the range of 3 to 7 KWHnB with
filtrate flowrates of 10Qto 150 liters/n2 per hour and with a
transmenbrane pressure of 3 to 5 bars. For a DEF operation, conparable

val ues are yielded ranging fromO0.1 to 0.5 KWW nB with filtrate flow rates
of 50 to 80 liters/n2 per hour and with a pressure of 0.5 to 2 bars. Wth
hi gh volunetric flow rates and a | ow product value creation, which are

i ndeed the case for nunicipal and industrial wastewater treatnent or for
the exploitation of drinking water fromsurface waters, this |eads to high
operating costs and renders such applications prohibitive on a w despread
scal e.




In the German patent DE 100 04 096, wi thout prior publication, filtering

di scs are proposed as filtering elenents that can be set into rotational
operation, and based on their stacked nanner of configuration, they ensure
a very efficient filtering surface within a small space. The formation of

* sedinentary deposition on the filtering discs is exclusively influenced and
controlled by the centrifugal forces exerted on the suspension during
operation. Over the course of testing conducted in the franework of the
currenglggﬁﬁnbiogf it ﬁgfane evident that in, the colum of liquid, whichis
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the case of substances with a density |lower than that of the liquid, we are
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characterized in that the filtering el ements areé basically disc-shaped, in
particular, circular ring disc-shaped and the inner spaces of the filtering
el ements stand in connection with the inner space of a hollow shaft through
which the filtered liquid is |led away. Thus, the filtered |liquid passes
through the filtering elements and arnves in the inner space of the holl ow
shaft. Preferably arranged in each filtering elenent, in the proximty of
the holl ow shaft, is at |east one throughflow opening for the unfiltered

| i quid. The additional throughflow openings allowthe passage of |ight
substances through the filtering elenent, said |ight substances being found
inthe liquid that, due to their | ow specific gravity, collect in the area
of the rotational axis of the filtering el enents. Because the filtering

el ements rotate around their rotational axis during operation, the |ight
substances floating upward in the housing can rise up through all of the
filtering elements, and can do so even in those instances where there is
only one single throughflow opening in each filtering el enment. Another
preferred exenplary enbodi nent of the device is thus characterized in that
t he throughfl ow openings in the filtering elenents are essentially arranged
at an equal radial distance fromthe hollow shaft in alignment. In
particular, when the filtering elenents are standing still or are rotating
slowy, this ensures a direct throughflow through several filtering

el enents that are axially spaced apart fromone another in their
arrangenment on the holl ow shaft.




Anot her preferred exenplary enbodi nent of the device is thus characterized
inthat the filtering elenents are basically designed to be circular ring
di sc-shaped and the inner spaces of the filtering elenments stand in
connection with the inner space of a hollow shaft, arranged concentrically
to the rotational axis of the filtering elenments, via several holl ow
spokes, spaced apart from one another in the circunferential direction,

t hrough which said hollow shaft the filtered liquid is led off. The hol | ow
spokes QQ§%.a.doubl function. On the one hand, they provide a fluid
passagd " CHNHER pesordracqaaath theinventiarsis tobe simpiypainstraded ifecRpbiresvelpal t .

On then%PHgPuﬁﬁﬂﬂ, they permt the passage of |ight substances in fhe
proxin%%é gf the hol l ow shaft in the direction of the rotational axis of
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the current intother ce|§|ng space. Furthernore, a central throughflow
passage is forned radially inside of the filtering el enents, said passage 7
ensuring the unhindered upward rising action of the |ight substances.

Anot her preferred exenpl ary enbodi nent of the device is thus characterized
inthat filtering elements are connected to a drumin a torsionally secure
manner, said drum being rotatably supported in the housing and allow ng the
filtered liquid to flow through in the area of the filtering elenents. The
filtering el enments can be brought to rotate together via the drum The

t hroughfl ow design of the drumin the area of the filtering el enents
ensures that the filtered liquid can exit out of the filtering el enents.
Anot her preferred exenpl ary enbodi nent of the device is thus characterized
inthat the drumis essentially designed in a circular cylinder shape, and
that, on the lower front face of the drum an inlet port is provided for
the liquid, and that, on the upper front face of the drum an outlet port
is provided for |ight substances. By this arrangenent, it is ensured that
the light substances will arrive unobstructed at the outlet port based on
their upward driven lift.



Anot her preferred exenplary enbodi nent of the device is thus characterized
inthat the inlet port and the outlet port are concentrically arranged in
relation to the filtering elenents and are used to support the drum The
resulting sinple design of the device results in |ow series production

+ costs. Furthernore, it is advantageous 8 that the drum can be
preassenbl ed together with the filtering elenents. Another preferred

exenpl ary enbodi nent of the device is thus characterized in that, in the

| ower portion.of the housing, a discharge opening is provided radially on
the out®As¥ge ofightisubstansas throughohe 8eiingclomeit, tailighittsabdtarice®beihp foudiYiMhe
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in detail while referring to the draw ngs. Shown in: Figure 1 a first
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the i n\fbianmiﬂ on, .in longitudinal cross section and
other preferrqd exemplary embodiment of the device is thus characterized in that the filtering

elemfents are basically designed to be circular ring disc-shaped and the inner spaces of the

filtering F:lements stand in connection with the inner space of a hollow shaft, arranged

concentrically to the rotational axis of the filtering elements, via several holl’ow spokes, spaced

apart from one another in the circumferential direction, through which said hollow shaf"t the

ﬁlter.ed 11qu1c} is led off. The hollow spokes have a double function. On the one hand, they

provide a fluid passage connection between the filtering elements and the hollow sheift.



Figure 5 an individual filtering element fromthe device illustrated in
Figure 4, seen in top view The device illustrated in Figure 1 conprises a
housing 1, in which a hollow shaft 2 is rotatably taken up around a
rotational axis 3. Connected to the hollow shaft 2 are nunerous torsionally
* secure filtering elenents 5, 6, and 7, which are all designed in the sane
manner. I n the design enbodinent illustrated in Figure 1, there are 19
filtering elements connected to the hollow shaft 2 in a torsionally secure
rranner.OT e ﬁ" lLow shaft 2 can be designed of one piece or conprised of
sever al Sher-pand.they parmifdhe pessesetof lighesubstapeds s theqiroxiBIty GTNRSHARG, ar e
hol | ow YAl ihEeidiregtionsef thepatatiapial atieoftbatfiltariegelemientyi d can penetrate from
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off on the top. The upper en 5 YT E elements, jt §85%88%ning for the filtered
liquid, or the so-called filtrate. The released filtrate is indicated by an
arrow 36. The entering liquid 30 arrives into the interior of the housing 1
by way of the inlet opening 28 and fromthere, it energes into the hollow
shaft 2 by way of the filtering elenents 5, 6 and 7 as a filtrate and exits
said hollow shaft through the upper end 32 of the hollow shaft 2. By neans
of screw connections 38 and 39, the upper cover 34 is secured to a flange
41 that, on the outside, is radially nounted to the upper edge of the
housing 1. In the proximty of the shell surface of the circular cylinder
shaped housing 1, a discharge opening 44 is designed in the upper cover 34
for the concentrates yielded by the entering liquid 30. Radially further

i nward, away fromthe di scharge opening 44, a di scharge opening 46 for

| i ght substances is designed in the upper cover 34, in the proximty of the
hol | ow shaft 2.



As a result of the rotational nmovenment of the hollow shaft 2 executed
during operation and of the torsionally secure filtering el enments connected
to said shaft, the colum of liquid |ocated in the housing 1 is set into
circular nmotion. The centrifugal forces resulting fromthis ensure that the
+ substances contained in the liquid will wander into the field of the
centrifugal forces. Heavier active substances will be transported away in
the countercurrent to the lighter substances. Such substances are

desi gnat ed. as_heavi er substances that exhibit a specific density greater
than t HRFUIE the anhinderpd upwetdaising dstivant te lmhesubeahgrat ed as | i ght er

subst ances that exhibit a specific density lower than that of the |iquid.
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I.Si upward. Accordjng to the current invention,
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illustrated in figure 1 are designed as a circular ring disc provided with
a central opening 49. The central opening 49 of the internally holl ow
filtering elenments ensures that the filtrate can arrive fromthe interior
of the filtering elenents into the hollow shaft 2 via the correspondi ng
openi ngs. The centrifugal forces effect the continuous deportation of the
sedi nentary deposition (concentration polarization) fromthe filter surface
of the circular disc or circular shaped filtering elenments and ensure a
continuous and snooth flow through the nenbrane. The ratio of the filtrate
volume to the feed volunme determ nes the concentration of the
non-filterable substances in the yield 44, 56. In Figure 3, an alternate
enbodi ment formof the filtering elenent 50 is represented. The filtering
el enent 50 is also designed as a circular ring disc, however, it is
provided with a |arger central opening 51 than the filtering elenent 5
represented in figure 2. Fromthe central opening 51, holl ow spokes 52, 53,
54 and 55 extend outward, which radially run inward and connect the
interior of the filtering element 50 to the holl ow shaft 2. It is self
evident that in the region of the interfacing sites between the spokes 52
t hrough 55 and the holl ow shaft 2, correspondi ng openi ngs are provided in
t he holl ow shaft 2 13
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which allow the filtrate to pass through. At the sane tine, the spokes 52
through 55, in a state of integration with the filtering el enent SO, ensure
that the |ight substances can penetrate unobstructed through the spokes 52
to'55, in the direction of the rotational axis 3 of the hollow shaft 2.

» This guarantees the nearly unhindered upward rise of |ight substances in
the region of the hollow shaft 2. In Figure 4, another design enbodi nent of
a separating device in accordance with the invention is represented. The
separating device is conprised of a housing 60, in which a circul ar

cyli ndéh@ﬁlaﬁp@unnhaurhe@teassemldémt@bihyr Wik ecfilterial cldigentower front face of the
drum 61, a holl ow openended tap 62 is arranged that enables the entry of

the | i cricthdrprdferréd éxeaipatyiertbadinieit bIHher n =4
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cover
ﬂ%ﬂhat Iarger di aneter than the drum
61. Th%hgﬁ 1 |s S orted by the hollow taps 62 and 63 in the base 65 of
t he hou EP Heershigsindgpesifics pletha gysniien @uereq iomethe foliowingr al i ty
of fil t g beygtes o thayarions design embatlimentad ddthiy while referring toviich t he
shel | éE?Y% © S8PWRRE drum 61 in a torsionally secure manner. The filtering
el ements 66, 67 are 14 secured in the direction of the rotational axis 3
by meakéguse 1ri ng affistdesignend@dinét of he dEvics hedcaordance Wit fHonGvd @Sk BR8f & 68,
69, 70 al so ser véongitudmal crofs settien;i nt er f aci ng sites between the fllterlng
el ements 66, 67 and the shell surface of the drum6l. In the region of the
filteri rek enmentag inditidulrii | f t thro
The fi IF]tigelrr ng el ewnts 66, %ﬂ%g%‘g&{l F}g&g tg%)g&ﬁ%qg%t% djm fqr‘%‘%g%df%eé“ y&%t h a
central throughflow’ opening 72, as can specifically be seen in Figure S

e, ot oS OMARRIAES AR P ERH S, MGL AT EaaLanses, v ch

collect Tn the regi i g the
oper at i on of t he sep AEE IS s designe Fignﬁt"éoﬂ@én‘(ﬁ%%,tsﬁmmédpw@% he
di schar, enin A dlscharge openi ng for heavy substances is radially
provi d si de (ngrq fesigpabodimgrt afthe dexicgrin pscordaanel with theEivgnaneih by 73.
Heavy subst ances oargrtrl@@ali @% seeféonasdl ow f or med cover 64 via the di scharge
opening 73 and fromthere, into a discharge opening 74 that is radially
provi ded on the outside of the cover 64. An additional discharge opening
for heavy substances is provided radially on the outside, on the | ower edge
of the drum 61 and is designated by 80. Heavy substances arrive into the
hol | ow fornmed base 65 via the di scharge opening 80 and fromthere, into a
di scharge opening 79 that is radially provided on the outside of the base
65. The filtering elenents 66, 67 are provided with outward radi al

t hr oughf | ow openings 78 running in the direction of the rotational axis 3
of the drum 61. The throughfl ow openings 78 ensure the passage of solid
substances and thus prevent sedinentary clogging of the filtering el enents
on the radial exterior. In 15



the lower front wall of the drum 61, one or several throughflow openings
are radially provided on the outside (not represented here). They allow the
passage of solid substances, exhibiting a specific weight that is greater
than that of the liquid to be filtered, to pass through at |east one

+ di scharge opening 79, which is radially arranged on the outside in the

| ower front wall of the housing 60. The circular ring shaped filtering

el enents can al so be designed as segnents in such a manner that gaps all ow
t he passage of solid bodies, or they can be arranged as in turbines. During
t he opdigedn of atlh@lf’lldllaleﬁltmggdkamanefromnhedm&eeldiummt&i aUFigsre l, sRRONMED S, a
liquid to be filtveaved, such as a suspension, for exanple, Is fed via a punp
through the inlet opening 28, 62 into the housing 1, and into the drum 61.

The | i qihedevise iusitated i FizuRlDEorhpesel b hb&ind'g i WaREN & f
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negat i VEHP&E H‘FBtsch?n? Waexe; if then prives atthe interjoriof thedimblomcsiaftdy vodfy of spitatile i ve
pr essuPBYAES iRdhg shedisutipeaniibe bollanghagephe Gltenng c;laucnieS 6-amd herersecaredibly i S
benef i ¢yhndrical shsls 19l Irandrlds imethe exial ditegtiondheaylindrivabstslls €0 pY CERINY dah bEBNY

of t he eqripped witk gasketstto sgad béfithe irfierfacirysitehbetpeerpDB dilRfing eRaleats g thde
requi r ddllewahaftrenbr ane pressure and suitable for the application of the
descri bed separating device. Mdern water treatnent pI ant s exhibit, for

exanpl €he dde@ionT r6@A6H @fﬁle%néﬁlsha@@w@ tH@ERén% é‘ax’icf HEIE‘Bed""”e
gr adi el apafsSU6E TRE VR hY 18 oPRehofi 9%@5 t e
S L A i M@L g ey o
end, ¢ e\r/ J.ona u@(ﬁlrl &?43?% Ffﬁ%‘r ¢4 ’|W111Flht°inon
menbr an @gch{ g%géiﬁ(:%% Wéﬁ KdpyaEsoveedbibareis
menbr aﬁ’ 1aplr38tr(§°e eHrPY‘fi %on menbranes, micr Ofl I trati on menbranes or

nanofiltration nmenbranes. The hol | ow shaft 2 represented in Figure 1 can be
constructed of one piece or fromseveral parts conprised of various holl ow
sections, for exanple in the shape of a cylinder, whereby the various
sections of the hollow shaft are separated by filtering el enents interposed
bet ween said sections, in particular by filtering discs, and said sections
being interconnected by the latter discs are inperneable to the |iquid yet
to be filtered. It remains essential that, between the interior of the

hol | ow shaft, or between the interior of the ring chanber, between the drum
and the housing, a fluid continuum be established in the formof at |east
one opening that nakes it possible for the filtrate to pass through. The
separating or the filtering device can be used in aerobic as well as

anaer obi c operating systens, for exanple for the treatnent of waste water
or 17
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for water purification systens. The filtering device can, for exanple, be
integrated in the activated sludge stage of a sewage treatnent plant and
represents a nodern system for biomass hol d-up and therefore, for the
enrichment of the biomass. It is self evident that the filtering device can
~also be applied in the resolution of the sewage feed headed for the sewage
treatnent plant after or in place of prelimnary clarification. This
permts the separation of the feed into a carbon-rich concentrate, which
can be anaerobically converted to biogas and into a carbon-poor filtrate,
whi ch cafiuyeyede E%ﬁﬁanewh%wéw@d biyranharrgly J9e i promimicyethers b @vweharge bERAGHOT S
for exargh also providedy inethe dire¢tyicinisooftbs housie wall, us@uph & hidhl He@YY bsRYdsCE t O
obt ai n Véifh ¢ausitigs aeeater tifanchatsitedamidyabebs drawhe f5 R sadrtbrdfVotRioh aRd &l SO
be i ndidseuradlated conratration wshgdinsatheansdl,i n which air or gas is intro%uced,
t hus meki ng an aerobi c node of operation possible. Preferably, the housing
1, 60 cwappéradnd)32hashd RSTlcWaHR® O sBororted | whose | ongi tudi nal
ﬁXi s, p;ocgfiﬁ abk‘f;lio;}t!ﬂeft(ﬂﬁ m@&bbfr@nd@b%ﬁﬁa"&ﬁﬁ?'{ %ﬁaﬁ%ﬁ? tvgglg tgqe T?@H{dgg’i to a
or i zonkedo-&Ae 16 o) X 0 r S
al so preferablg or?gz?gﬁ@%ﬁ&gfggggfigpl3%?33?P3H°3 11, thus

per pend . hori zont.a oundatian. Furthernore, the inlet opening
28, GZ?ﬁlgﬁgéEiﬁégﬂngg%nanﬂesalﬂg t@&ﬁe%é’? ugne il dyavaveigbeinlel opheinpae of

t he ho¥ﬁt|r¥%mld or 'y V% ygdne shaf 20hy Way efthe fillgpng flemnntsiSatend7 as he
drum 61" Tk ARI @Ysrsplsiholiopoihal tnen g thepapen ang B2 of thsshallomeshafidnt ai ned i n t he
housing 1 or in the drum61 will rise parallel or alongside the rotational
axi s 3OFfMEd 0?§qr9\§,cpﬁ©ecpgns 3% prdhih the upipar covend4lBrseeured tda fligze 41MBAT bON,

the ned?q et bstadisdly saounteskinttholipter gige cfulshaivgs . IS thERexiRAS by t he
t hr oug RIfRAR o phargireytar 48linden shappd hessid@ 1 tahdisuighye Dpedng 4 ks @aé?ﬁ@ i RB bR

t hr ougI@ﬂYQlf\M_(prﬂlb ngscerittated YieldeBdlyand ertbrii g quRe Y0, Feadi Ay Hﬁeﬁﬁ&?{daﬁ\b of
subst affivestheidischapt opeting 4072 EQhbtbeDPbSh a@?&zli@%ﬂt SidstnPhas ?1% i gx} egdahious
densi t ypperdoosr Jafehe pfdx@mitd of iHEHH QXag tation wth several =111t ari ng

el ements (5, 6, 7; 66, 67), which all'ow'the filtered liquid to pass through
and which are rotatably supported around a rotational axis (3) in a housing
(1; 60), said housing exhibiting an inlet opening (28; 62) for the liquid,
at | east one discharge opening (44; 74) for the heavy substances separated
by rotation and at | east one discharge opening (32; 71 ) for the filtered

| iquid, characterized in that, in the region or in the proximty of the
rotational axis (3) of the filtering elenents, a throughflow (48; 72) is
provi ded for substances exhibiting a density |lower than that of the Iiquid.
2. Device in accordance with claim1, characterized in that the filtering
el enments (5, 6, 7) are basically designed as disc shaped, specifically as
circular ring disc shaped, and the inner spaces of the filtering el enents
stand in connection with the inner space of a hollow shaft arranged
concentrically relative to the rotational axis of the filtering el enents,

t hrough which holl ow shaft the filtered liquid (2) is led off, and that in
each filtering element (5, 6, 7) at |east one throughfl ow opening (48) is
arranged in the proximty of the hollow shaft (2).
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20 3. Device in accordance with claim2, characterized in that the

t hr oughfl ow openings (48) in the filtering elenents (5, 6, 7) are
essentially arranged to be radially equidistant to the hollow shaft (2). 4.
Device in accordance with claim1, characterized in that the filtering

* elenments (50) are essentially designed as circular ring disc shaped and the
i nner spaces of the filtering elenents, via several hollow spokes (52, 53,
54, 55) spaced apart fromone another in the circunferential direction,

st and i& conqecéi on wiith the inner space of a hollow shaft (2)
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Apcordmg to the current invention, throughflow openings 48 are designed in the circular rin g
disc-shaped or cirgular disc-shaped filtering elements 5, 6 and 7. As can be seen in fi gure 1, the
throughflow openings 48 are respectively arranged radially equidistant to the rotational axi; 3of
the hollow shaft 2. As a result of the rotational movement of the hollow shaft 2 in unison with

tbe filtering elements 5, 6 and 7, it is ensured during the operation of the separating device that
light substances,

12



8. Device in accordance with claim6 or 7, characterized in that the drum

(61) is essentially designed as circular cylinder shaped, and that on the

| ower front face of the drum an inlet port (62) is provided for the liquid

and that on the upper front face of the drum an outlet port (63) is

© provided for the light substances. 9. Device in accordance with claim 8,

characterized in that the inlet port (62) and the outlet port (63) are

arranged concentrically relative to the filtering elenents (66, 67) and are

used for supportl ng the drum (61 ). 10. Device in accordance with one of
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interior of the filtering element 50 to the hollow shaft 2. It i 1s self-evident that in the region of the
1nterfac1ng sites between the spokes 52 through 55 and the hollow shaft 2, corresponding
openings are provided in the hollow shaft 2
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which allow the filtrate to pass through. At the same time, the spokes 52 through 55, in a state of
integration with the filtering element 50, ensure that the light substances can penetrate
unobstructed through the spokes 52 to 55, in the direction of the rotational axis 3 of the hollow

shaft 2. This guarantees the nearly unhindered upward rise of light substances in the region of the
hollow shaft 2.

In Figure 4, another design embodiment of a separating device in accordance with the invention
is represented. The separating device is comprised of a housing 60, in which a circular cylinder-
shaped drum 61 is rotatably mounted. On the lower front face of the drum 61, a hollow open-
ended tap 62 is arranged that enables the entry of the liquid to be filtered into the interior of the
drum 61. On the upper front face of the drum 61, a hollow open-ended tap 63 is arranged that
enables the exit of light substances out of the interior of the drum 61.

The housing 60 is sealed off on the bottom by a base 65 and on the top by a cover 64. The
housing 60 is designed in the shape of a circular cylinder, just as the drum 61, and exhibits a
somewhat larger diameter than the drum 61. The drum 61 is supported by the hollow taps 62 and
63 in the base 65 of the housing 60 and in the cover 64 of the housing 60.

There is a plurality of filtering elements 66, 67 that are outwardly radially connected with the
shell surface of the drum 61 in a torsionally secure manner. The filtering elements 66, 67 are

14
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secured in the direction of the rotational axis 3 by means of ring fasteners 68, 69, 70.

Furthermore, the ring fasteners 68, 69, 70 also serve to seal off the interfacing sites between the

filtering elements 66, 67 and the shell surface of the drum 61. In the region of the filtering

elements, the drum allows the filtered liquid to pass through. The filtering elements 66, 67 have
the shape of circular ring discs with a central throughflow opening 72, as can specifically be seen

in Figure 5. The central throughflow openings 72 ensure that light substances, which collect in
the region of the rotational axis 3 of the drum 61 during the operation of the separating device,
are able to rise unobstructed to the discharge opening 63. A discharge opening for heavy

substances is radially provided outside on the upper edge of the drum 61 and is designated by 73.
Heavy substances arrive into the hollow formed cover 64 via the discharge opening 73 and from

there, into a discharge opening 74 that is radially provided on the outside of the cover 64. An
additional discharge opening for heavy substances is provided radially on the outside, on the
lower edge of the drum 61 and is designated by 80. Heavy substances arrive into the hollow

formed base 65 via the discharge opening 80 and from there, into a discharge opening 79 that is

radially provided on the outside of the base 65.

The filtering elements 66, 67 are provided with outward radial throughflow openings 78 running

in the direction of the rotational axis 3 of the drum 61. The throughflow openings 78 ensure the
passage of solid substances and thus prevent sedimentary clogging of the filtering elements on

the radial exterior. In
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the lower front wall of the drum 61, one or several throughflow openings are radially provided
on the outside (not represented here). They allow the passage of solid substances, exhibiting a
specific weight that is greater than that of the liquid to be filtered, to pass through at least one
discharge opening 79, which is radially arranged on the outside in the lower front wall of the
housing 60. The circular ring shaped filtering elements can also be designed as segments in such
a manner that gaps allow the passage of solid bodies, or they can be arranged as in turbines.

During the operation of the filtering device represented in Figures 1 through 5, a liquid to be
filtered, such as a suspension, for example, is fed via a pump through the inlet opening 28, 62
into the housing 1, and into the drum 61. The liquid is drawn in through the filtering elements
and is drawn out through the hollow shaft standing in flow association with the filtering elements
or via the ring chamber between the drum 61 and the housing 60. Based on the movement of the
liquid occurring during the rotation of the filtering elements and on the centrifugal forces
effected on the liquid, it is possible to effectively prevent an undesirable buildup of
sedimentation on the filtering elements. The transmembrane pressure required for filtration can
be implemented, for example, by the application of a negative pressure on the filtrate side or by
the application of a positive pressure on the inlet opening of the separating device. Furthermore,

it is beneficial to use the hydrostatic or hydrodynamic pressure present in many of the water
treatment systems
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for the purpose of generating the required transmembrane pressure and suitable for the
application of the described separating device. Modern water treatment plants exhibit, for
example, aeration reactors as tall as 20 meters in which a transmembrane gradient pressure of
nearly 2 bars can be generated by hydrostatic pressure. '

The filtering elements can be designed as hollow bodies or as hollow frames exhibiting
membranes or covered over by membranes. To this end, conventional industrial membrane
applications from ultrafiltration membrane technology can be used such as for example, polymer

membranes, membrane filters, ultrafiltration membranes, microfiltration membranes or
nanofiltration membranes.

The hollow shaft 2 represented in Figure 1 can be constructed of one piece or from several parts
comprised of various hollow sections, for example in the shape of a cylinder, whereby the
various sections of the hollow shaft are separated by filtering elements interposed between said
sections, in particular by filtering discs, and said sections being interconnected by the latter discs
are impermeable to the liquid yet to be filtered. It remains essential that, between the interior of
the hollow shaft, or between the interior of the ring chamber, between the drum and the housing,

a fluid continuum be established in the form of at least one opening that makes it possible for the
filtrate to pass through.

The separating or the filtering device can be used in aerobic as well as anaerobic operating
systems, for example for the treatment of waste water or
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for water purification systems. The filtering device can, for example, be integrated in the
activated sludge stage of a sewage treatment plant and represents a modern system for biomass
hold-up and therefore, for the enrichment of the biomass. It is self-evident that the filtering
device can also be applied in the resolution of the sewage feed headed for the sewage treatment
plant after or in place of preliminary clarification. This permits the separation of the feed into a
carbon-rich concentrate, which can be anaerobically converted to biogas and into a carbon-poor
filtrate, which can be aerobically converted in high performance wastewater reactors for
example. Of course, it is also possible to use the filtering device to obtain drinking water from
surface waters. The separating device can also be indicated for use in installations in which air or
gas is introduced, thus making an aerobic mode of operation possible.

Preferably, the housing 1, 60 essentially has the shape of a circular cylinder whose longitudinal
axis, preferably in the vertical direction, is arranged perpendicular to a horizontal foundation.
The rotational axis of the filtering elements is also preferably oriented in a vertical direction as
well, thus perpendicular to a horizontal foundation. Furthermore, the inlet opening 28, 62 into the
housing 1 and into the drum 61 is arranged in the base of the housing 1 or in the lower cover 20
or in the lower front face of the drum 61. This configuration ensures that light substances

contained in the housing 1 or in the drum 61 will rise parallel or alongside the rotational axis 3 of
the filtering
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elements. In accordance with the invention
made possible by the throu
throughflow openings 72.

» the nearly unobstructed ascent of light substances is
ghflow openings 48, the spokes 52 through 55 and/or by the central
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Patent Claims

1. Device for the separation of substances, in particular of solid substances, liquid phases of
various density and/or gases, from a liquid, by rotation with several filtering elements (5, 6,
7; 66, 67), which allow the filtered liquid to pass through and which are rotatably supported
around a rotational axis (3) in a housing (1; 60), said housing exhibiting an inlet opening (28;
62) for the liquid, at least one discharge opening (44; 74) for the heavy substances separated
by rotation and at least one discharge opening (32; 71) for the filtered liquid, characterized
in that, in the region or in the proximity of the rotational axis (3) of the filtering elements, a

throughflow (48; 72) is provided for substances exhibiting a density lower than that of the
liquid.

2. Device in accordance with claim 1, characterized in that the filtering elements (5, 6, 7) are
basically designed as disc shaped, specifically as circular ring disc shaped, and the inner
spaces of the filtering elements stand in connection with the inner space of a hollow shaft
arranged concentrically relative to the rotational axis of the filtering elements, through which
hollow shaft the filtered liquid (2) is led off, and that in each filtering element (5, 6, 7) at
least one throughflow opening (48) is arranged in the proximity of the hollow shaft (2).

20



10), 810%&' ()-! Ky#10%&' () - ( " He ( " He g
33% c" " Hea((ji) ng 23] c" "Heading 53]c" "Heading 63]c Headi ng 73] c Headi ng
83] c" "Heading 93]c"A "Default Par agraph" _

FO‘]nt =91 #*/[ 4. @B, Z f - mUsEy| & TVWKYG Kk, " - ~257[ @-JPVci .

Nor mal " "Headi ng 13]c" "Heading 23]c" "Heading

hi j kl mo6Ti mes New RomanAri al Courier New'h Root EntryWrdDocunent*
I"H#B9& ()*+,-./0123456789: ; . N
<=>?@A\BCDEFGHI JKLMNOPQRSTUVWKYZ[\ ]~ _"abcdef ghi j kl mopqr

3.

Device in accordance with claim 2, characterized in that the throughflow openings (48) in

the filtering elements (5, 6, 7) are essentially arranged to be radially equidistant to the hollow
shaft (2).

Device in accordance with claim 1, characterized in that the filtering elements (50) are
essentially designed as circular ring disc shaped and the inner spaces of the filtering
elements, via several hollow spokes (52, 53, 54, 55) spaced apart from one another in the
circumferential direction, stand in connection with the inner space of a hollow shaft (2)
concentrically arranged relative to the rotational axis of the filtering elements, through which
hollow shaft the filtered liquid is led off.

Device in accordance with one of the claims 2 through 4, characterized in that an additional

discharge opening (46) is arranged in the upper face (34) of the housing (1) in the proximity
of the hollow shaft (2).

Device in accordance with claim 1, characterized in that the filtering elements (66, 67) are
essentially designed as circular ring disc shaped and stand in connection with a ring chamber
(between 60 and 61), said ring chamber being arranged concentrically relative to the
rotational axis (3) of the filtering elements, radially outside of the filtering elements.

Device in accordance with claim 6, characterized in that the filtering elements are

torsionally securely connected with a drum (61), said drum being rotatably mounted in the
housing (60) and, in the area of the filtering
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elements (66, 67), allowing passage of the filtered liquid.

8. Device in accordance with claim 6 or 7, characterized in that the drum (61) is essentially
designed as circular cylinder shaped, and that on the lower front face of the drum, an inlet

port (62) is provided for the liquid and that on the upper front face of the drum, an outlet port
(63) is provided for the light substances.

9. Device in accordance with claim 8, characterized in that the inlet port (62) and the outlet
port (63) are arranged concentrically relative to the filtering elements (66, 67) and are used
for supporting the drum (61).

10. Device in accordance with one of the claims 7 through 9, characterized in that in the lower

region (65) of the housing (60), a discharge opening (79) is provided radially on the outer
side, said discharge opening standing in connection with the interior of the drum (61).
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