FI XED- BED Bl CREACT OR AND CARRI ER B(I)Y BL&RI&;:gIQNQL

FLUI DS 5 The invention relates to a fixed-bed bioreacto

purlfylng fluids with the aid of i croorgani sms, con- ° talnlng kFC;
plurallty of carrier bodies for mcro- or gani s e sw. pat hs
for the fluid. along the carrier bodies, wth said cpar ﬁﬁ@%ﬁHeSBbgm ]
sheet- 10 like structures with a small thickness in cohpari-RERLACED wj t

the carrier body surface and having a porohs

5 ' _ FIXED-BED BIOREACTOR AND CARRIER BODY
FOR PURIFYING FLUIDS

10  The invention relates to a fixed-bed bioreactor for
purifying fluids with the aid of microorganisms, con-
taining a plurality of carrier bodies for micro-
organisms and flow péths for the fluid along the
carrier bodies, with said carrier bodies having a po-

15 ‘rous structure with pores adapted  to be penetrated by
the fluid and to have microorgaﬁisms.attach thereto.

Such fixed-bed bioreactors are known, with the carrier
bodies having in particular a tubular shape. Deemed

20 fdlsadvantageous in this respect are the comparatively
high manufacturing expenditure for the carrier bodies

and the inconvenience of positioning the required
number of carrier bodies in the bioreactor in a sen-
sible relative arrangement. ' |

25 ' ' _
| It is the object’ of the invention to make available a
-.fixed-bed bioreactor the carrier bodies of which can
be manufactured in uncomplicated and efficient wmanner

" and can be positioned in particularly simple manner in
30 . the bioreactor in a sensible relative arrangement. to
each other. '

To meet this object, the fixed-bed bioreactor accor-
ding to the invention is characterized in that the
35 carrier bodies are sheet-like structures having a

—

‘This Sheet Has Been R,

0 1



structure with pores adaptéd to be penetrated by the . fluid and to have

M croorgani sms attach thereto, and bei ng conposed| Wyidg

particles bonded together 15 by the application of heat. é%%%j%ﬁgﬁhﬁN

'f.i xed- bed bi o- reactor of this kind (WD92/22505) tte—Ccart++e+—oedHes
are planar pl at es or circular .plates. TheZearrier " bodies are held in
“position and.in y.spaced, apart manner at their er_a d | ower
ends each by -‘#§& h's"caff‘eﬁ"f‘ppb?t scompaprlsonlf”ﬁtg‘tﬁgeotﬁ%ﬁf%‘f

i Pv\%t i (r)]n to mmieFzoei | able an thatf i xed bedrhiiereabodidse agar r keupt-bodi es
and can be poSPASHEAaFPRLar FHEM a7t Spl Brreaer ia bers 't RESERS¥oact or
in a sensibl edediatiing tthe afijewepathe betweegadihetdmyrrier bodies.
S :
The simplest form of a suitable sheet-like structure
is.that of a plate; substantially plate-shaped carrier
quies are in so far particularly preferred. However,
configurations different from the exact planar plate
10 shape can also be used in advantageous manner, espe-
cially configurations of the type “bf corrugated
plates, with the course thereof relative to the main
plate plane having a more rounded péttern or a more
rectilinear and sharply bent pattern. It is, however,
15  preferred when the shape of the particular carrier
~body - seen roughly and in its entiréty - is plate-
shaped in the last-mentioned cases as Well, since the
carrier bodies can then be installed in the bioreactor
in particularly advantageous manner.
20 _
The material thickness of the carrier bodies does mnot
" have to be constant for the entire particular carrier
body. However, it 1is preferred when the particular
carrier body at all locations has;at'least substan-
25 tially the same material thickness. The term "carrier
body surface" in a strictly plate-shaped carrier body
is understood to be the size of one face of the
carrier body, and, in case of.corrugated plate-like
- structures, the size of the respective face that may
30 be conceived as having been created by corrugation of

~ the planar face of a plate.

‘The carrier bodies, either on one or on both carrier
body surfaces, preferably are formed integrally with
35 spacing bars. In this case, the carrier bodies can be

placed édjacent each other in especially simple manner
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To neet  this object, the fixed-bed bioreactor accor-
i Avention is characterized in that the carrier

THAS BE
apart with the aid of .spaci ng bars, thereby defining ) %.ths

bet ween

the carrier bodies; and in that the spacing

. fornmed integrally with the plastlcs materiar of a re- 35 spectlvely
‘assoti at ed Carﬁf”hﬁ@g%g the spacing bars abut the adjacent cabrier

10

15

20

25

30

body or bodies, either directly or via spacing bars of
the adjacent carrier bodies. However, it is possible

:_as well to manufacture the spac1ng' bars separately
from the carrier body. In that case, the arrangement

of the carrier bodies in the bioreactor takes place in
the form of an alternating sequence of carrier bodies

" and spacing bars.

It is preferred to unite a plurality of carrier bodies

in the form of a carrier unit package and to install

it in the bioreactor as an interconnected package.

This is effected in particular by joining the integral
spacing bars of a particular carrier  body with the
adjacent carrier body on one side thereof or with the

adjacent carrier bodies on both sides thereof. Alter-

‘natively, this may be effected by attaching separately
- produced spacing bars to a carrier body, attaching the

adjacent carrier body to the spacing bars, attaching
further spacing bars on the "free" side of the last

~carrier body, and so on. For connecting the spacing
bars to carrier bodies or also for connecting spacing
“bars of adjacent carrier bodies to each other, adhe-
.Sive bonding or welding are particularly preferred.

It is pointed out that the spacing bars indeed have

"preferably the shape of elongate material strips,'how—'
ever, it is irrelevant for the function of the spacing
‘bars and the bioreactor that -these are continuous

spacing bars for each carrier body. For example, thé

. spacing bars may have spaced apart openings or be com-

posed of a series of spaced apart spacingimembers The.
spacing bars may be solid or porous. They do not. have:

to be, but may be, made from the same matnrlal as the?"

carrier bodies. i
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Fi xed- bed bioreactors with carrier bodies that are __Spaced apart by

spaci ng nenbers are known from US- A- 2 458 163 Bid sbEeg 6.
ybmever, the carrier 5 bodi es thereof do not haye a prEMUseS! re
made of - plastics particles bonded together by the appt i '
of heat; the spacing bars are not fornmed-ivtegrally t herew t h. 10 -

-The sinpl est. formof a suitab]e sheet-lik strfcture~ . is that of _a
pl at e; subst ant P&l | VAL shRpdesar Rgterably hogPsiste MRiHLY or OF
particularly ppebetied. pawedeiles conneetfadjubsti ohe dappeieatibnonofhe

caper 15 ci AT O Bie Pof S PRSS BySe SN C AN dof SEPELas!
pl ates, wth t heweverse with eofheel gtliastiias thetenials being suitable
5 - 'as well. The carrier bodies preferébly contain in
addition particles of fine porosity, such that an
' overall construction of the carrier bodies with larger
pores e.g. between the plastics particles and smaller
pores within the fine-porosity particles results. The
10 microorganisms will then attach themselves not only in
the coarser pores, but also in the finer pores.
' Suitable fine-porosity particles comnsist e.g. of
coarsely ground expanded clay, acEivated carbon or
other organic substances. What is important is that
15 the carrier bodies in their entirety, i.e. inclusive
of the microporous particles, can be penetrated by the
fluid to be purified. The carrier bodies thus are
. structures with'open pores which, possibly inclusive
of the fine-porosity particles, are adapted to be
20 flown through by the fluid.

. The carrier bodies furthermore may contain additives,
with nickel being indicated as an example, having a
catalytic effect for the processes -of life of the mi-

25 croorganisms.

A further subject matter of the invention are carrier
bodies for fixed-bed bioreactors for purifying fluids
with the aid of microorganisms, with the carrier body

30 having a porous structure with pores adapted to be

-penetrated by the fluid and to have the microorganisms
attach thereto, characterized in that the carrier body
is a sheet-like structure with a small thickness in
comparison with the carrier body surface; and in that

35 | the carrier body has spacing bars_fqrmed integrally

/

e
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plate plane having a nore rounded pattern or a nore . rectilinear and

sharply bent pattern. It is, however, preferr e_shape of the
.particular carrier 20 body - seen roughly and in |T%Bé%EETeM$ ER
pl at e- shaped in the |ast-mentioned cases.as R@ﬂmcenthe

carrier bodies can then be installed in the bi oreactor

“parficularly atarhweigEOUEJMNARFining?5the THEsFRLGE a&o”&'ncka §§c%fntt he
carrier bodles does nqt . have to be constant for the entire parficul ar

carrier ST er, it is preferred when the particul ar
carrier body at all Iocations has at | east substan- tially the sane

t | th f " t
ol at e shaped A Gk SulTlied| nePeinBRtYes’ a8 eld Za%or Hie’
face of 5t he afore1m&nurmn®@dypraﬁérredn<d£nekﬁpmamﬁ@gaheﬁdplahalb-ke
structures, t@%&%ff Qisbm%éfsEﬂg'égiéfgf ﬂ%élégwéccordlng to the

invention.

The invention relates furthermore to a process for
10 ' producing carrier bodies of porous structure adapted
to have microorganisms' attach thereto; said process
comprising the following steps:
- {a) providing plastics particles;
(b) introducing the plastics particies into a moulding
15 ‘space; and
(c) supplying heat to the plastics particles contained
in the moulding space such that the plastics par-
ticles are bonded together forming the porous
carrier body structure. |
20 _ _
According to the invention, this manufacturing process
is to be carried out in such a manner that a con-
tinuous or semi-continuous or an assémbly line-1like,
cycled intermittent operation results.
25 '
fAccording to a first solution provided according to
the invention with respect to the process, the pro-
duction process. is characterized in
(d) that an endless extrudate of carrier bbdy material
30 is withdrawn from the moulding space; and in
{e) that the individual carrier bodies are separated
from the extfudate, e.g. by cutting, sawing or the
like.

35 . When the moulding space is designed and operated in
- terms of the process such that it provides a con-
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be conceived as having been created by corrugation [of

face of a plate. .
carri.er bodies, either on one or on botn carrier

3o--the _pl anar
) E,Li FiAS TS L];h

EPaces,
bodi es can

can be
| aced

f or med |ntegrally wi th spacing bars. The carrier

adj acent each
spaci hg bars ab
or via spacing

10

15

other in especially sinpfe manner by having the 5
gé.rng& ﬁ%%e acgml g.pte)Ody refgggiafy’ by 11%1'1ttr:lLenrg dItE'L%Ct Ly
mouldlng space on two opposite sides by endless re-
volving belts or by rotary rolls of sufficient dia-
meter and when, in addition thereto, the plastics par-
ticles are fed to the moulding space in continuous or
quasi—continuous manner, a continuous production pro-

cess is realized.

Alternatively, it is possible to limit the moulding

space by mould parts adapted to be opened and closed,

in particular mould halves, and to introduce the
plastics particles when the mould parts. are in their
respective closed condition. This "batchwise" intro-

duction does not exclude that an endless extrudate of

.carrier body material is formed in stepwise and inter-

-mittent manner. Such a production process may be re-

-ferred to as a semi-continuous one.

20

The invention provides furthermore an assembly line-

like, cycled process for producing -separate carrier

bodies which, in addition to process steps (a), (b)

iand (c) mentioned hereinbefore, is characterized by

" the further steps

25

30

(d) that the particular moulding space'is confined by
a first and a second mould half; _

(e) that a number of the first mould halves is mounted
on a first conveyor and a number of the seécond
mould halves is mounted on a second conveyor;

(£) that the mould halves in the closed condition
thereof are adapted to be moved through a station
for introduction: of the plastics particles and
through a station for the supply of heat to the
introduced'plastics particles; and .

- {g) that the mould halves, due to the desigh of said

first and second conveyors, are closed and opened
automatically. '
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P
“\\ii\\\\\\\\\\\\\\\\\\\\\



carrier bodies. It i.s preferred to unite a pIUraiity of carrier

badi es 10 in the formof a carrier unit package p install it
in the bioreactor as an interconnected package. % ed in
partlcular by-joining the integral spaci ng ba ofREPum@@'

carrier body with the adj acent carrier body on.one sroe or
with-°the 15 ] adj acent carrier bodies on both sides thereof. For
connecting the spaC| bars to carrier bodies_or also, ectin
spacing bars of O] {ngc apRPETt B0 B8 dwentotjg‘ﬁ%hlﬁ’chﬁ‘e aﬂﬁé‘gagé‘g )
bondi ng or wel gipagear endPddssary forCUkdk y hurelaig edm@@ther offt ithe

2?’5253&%2?%31 Sediiqbe pHenicies: " Ge, Beskicr, BrevarSror P U
functionsof théesasd ngrior to introduction into the mouldlng space.
There is a number of technical poséibilities for
supplying heat to the plastics particles contained in
the wmwoulding space. To be mentioﬂéd as preferred
examples are the supply of heat by'heating confining
- 10 surfaces of the moulding space and/or microwaves
.and/or heat radiation and/or addition of preheated
fine-porosity particles.

The production processes according to the invention,

15 _3'also the continuous ones, permit a particularly effi-
cient production of carrier bodies having spacing bars
integrally formed thereon when the moulding space con-
fining means are designed in corresponding manner. In
accordance with a particularly preferred development

20 of the processes according to the invention, it is to
be possible to manufacture carrier bodies having

' spacing bars of different height since, depending on

the fluid to be purified and depending on the micro-
‘organisms employed for purification, flow paths of

25 different dimensions between the carrier bodies are
- advantageous. To this end, it is advantageously
possible to employ exchangeable moulding space ‘con-
fining means. Another preferred alternative consists

in providing a moulding space confining means having

30 .one or more grooves (for forming-the.spacing bars},
with the groove depth corresponding to the maximum
spacing bar height to be produced. When carrier bodies

with spacing bars of lower height are to be made, ma-

terial inserts may be disposed in the grooves, re-

35 ducing the effective groove depth.
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each carrier

nenbers

constituent of the carrier bodies preferaﬁiy
tonnéct ed bhy- t?ﬁe

body. For exanple, the spacing bgrs nma
apart openings or be com posed of a series of

spacing bars may be solid or porous. 30
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his end, it is merely necessary to add such micro-

‘porous particles, at best in evenly distributed

manner, to the plastics particles introduced in the
moulding space.

The bioreactor according to the invention and the
carrier bodies according to the invention, respec-
tively, are suitable for treating a ﬁmltipiicity of
fluids. Typical examples thereof are, in particular

Highly polluted, sewage or waste water of a large

number of different origins (in particular waste water
with organic pollutions, e.g. from slaughterhouses,
breweries, dairies and from food processing industrial
plants in general). The bioreactor preferably is a
bioreactor operating in anaerobic manner, but may also

be a bioreactor operating in anoxic or aerobic manner.

It is possible to use either microorganisms with ana-
bolic metabolism, i.e. directed to the decomposition
of specific products or pollutanfs. Or it is possible
to make use of microorganisms with catabolic meta-
bolism, i.e. directed to the formation of specific
desired metabolic products, e.g. production of anti-
biotics, alcohol etc. The treatment of gases and

‘liquids may be combined with each other.

As regards the production processes for carrier bodies

according to the invention, it is to be mentioned in
addition that the carrier bodies produced or the
carrier body extrudate produced, respectively, are
normally cooled prior to and/or during and/or after

discharge thereof £from the moulding space, e.g. by

blowing air thereagainst.

[ —
———
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| arger pores e.g. between the plastics particles and . snaller pores

within the fine-porosity particles re- sul ts. - 5 W |
then attach thensel ves not only in the coarser poreﬁEPL n t he
finer 5 pores. Suitable fine-porosity particles CO 2 of
-coarsely ground expanded clay, activated c&bon or ot her organic

subst-ances. What. is [nportant is

rier od|e their™
entirety, i.e. Fpelusfpygntion oan he£H¥EPSﬁ %ﬁge QPFFEI %anQB 1n
penetrated by thent@on MWilild be beundﬁahaai1nThereaduualMxhhr51maﬁseare

structures wth_open_pore |b| us he,
fine-porosity p Ytlgﬁg oiree§%§ 5@4% %hé%ﬂ ééﬁ%mat1c§il§ in the

draw1ngs in Wthh

5

- Fig. 1 shows a sewage purifying plant comprising a
fixed-bed bioreactor;

Fig. 2a shows a horizontal cross-section of the bio-

10 ' reactor of Fig. 1;

'Fig. 2b shows a horizontal cross-sedtion of a modified

bioreactor;
15 '-Fig. 3 shows a perspective view of a carrier body '
having integral spacing bars, of the bio-
reactor of Fig. 1;
'-Fig. 4 shows a horizontal cross-section of an
20 - ' arrangement of two carrier bodies according to
Fig. 3;
Fig. 5 shows a horizontal cross-section of a modified
embodiment of a carrier body with integral
25 - spacing bars;

"Fig. 6 shows a horizontal section of a further modi. -
fied embodiment of a carrier body with inte-
gral spacing bars, in the form of an arrange-

30 ment of several carrier bodies;

"Fig. 7 shows a horizontal section of an arrangement
of a plurality of carrier bodies having sepa-
rate spacing bars disposed therebetween;

35
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flown through by the fl uid. 15 The carrier bodi eg

contain additives, ~ with nickel being indicated p T having a

catalytic effect for the processes of life of the m 5

20 A further subject matter of the invention are carrier

fixed-bed bioreactors for purifying fluidslO- with the aid of )

m cr gor gani sns,.sai d, caryier body . bei "a_sheet-like strugture with a
o ene R % %k N

smal | thickness i R8Fpati SHT aPPFERIB0d5°PERPFEEe Ahd @
having a 25 porous stpluraléty of gpenesieaddpidiesp be penetrated _ by
the fluid and to have the m croorgani sns attach ‘thereto, and being
conposed with plastics particles bonded together by the application
of heat, chara&ilg. 2 shows the moulding space of an apparatus for
5 making carrier bodies in a continuous opera-
tion;

Fig. 10 shows the moulding space of an additional em-
bodiment of an apparatus for making carrier
10 bodies in a continuous operation;

Fig. 11 shows the moulding space of a still further
embodiment of an apparatus for making carrier
bodies in a continuous operation;

15 L

'_Fig. 12 shows a schematic wview of an apparatus for
making carrier bodies in a semi-continuous
operation; '

20 Fig. 13 shows a schematic view of an apparatus for
making carrier bodies in a cycled, inter-
mittent operation;

Fig. 14 shows a section of a carrier body according to
25 the invention. '

The plant for the biological treatment of sewage or
~waste water, as shown in Fig. 1 with its main consti-
tuent parts, consists in essence of.é fixed-bed bio-

30 . reactor 2 upstream of which are disposed a container 4

with quasi-continuous or semi-continuous passage for
neutralization of the sewage to be treated and a heat

. exchanger 6 bringing the sewage to be treated to a

temperature that is favourable for the biological -

35 - treatment. By means of a pump 8 and a pipe distri-
- bution system 10, the sewage 'is evenly distribute



terized in that the carrier body has spacing bars 30 formed integrally
with its plastics material for de- fining the dis e to an adj acent
carrjer body. . The aspects outlined herelnbeforéTU&uHE

t-he af ore-nenti oned preferred devel o nents hol d .
also for the carrier bodies according tot |nvent|on
" 5.—_ .

over the floor 12 of the bioreactor 2 and is pumped
into the bioreactor 2 in the form of_d@wnwardly di-
rected beams in the lower portion thereaf. Bioreactor
2 on the whole has the configuration of an upright
5 .cylinder, with the upper closure wall being possibly
slightly curved in upward direction. As an alterna-
tive, bioreactor 2 may be of square or rectangular
‘cross-section. Preferred materials fbrftha bioreactor
2 .are stainless steel -and, in particular in case of
10 very large volume, concrete. “.;“fﬁ

Above the pipe distribution system ‘10, bioreactor 2
has multiplicity of carrier bodies 14 disposed
' "therein, as will still be described in more detail
15 further below. Above the carrier bodies 14, bioreactor’
2 contains therein a quiescent 2zone 16 with a sludge
‘sedimentation space. An outflow pipe 20 leaves bio-
reactor 2 behind an overflow weir 18. Shown further-
~more is a recirculation line 22 having -a pump 24 in-
20 stalled therein. Through said recirculation 1line,
‘sewage can be withdrawn from the quiescent zone 16 and
supplied to the pipe distribution system 10. By recir-
culation of part of the sewage that has already passed
through the arrangement of the carrier bodies 14, the
25 average dwell time of the sewage in fhe bioreactor can
be enhanced. Gas produced can flow, off through a cen-
tral upper conduit 25.

It can be seen in Fig. 2a that the carrier bodies 14
30 have the configuration of planar plates piaéed in up-
right positions. The carrier bodles are arranged
parallel to each other and - as measurad in horlzontal
direction - are of different width so that the in-
terior of bioreactor 2 can be utlllzed as completely
35 &as possible. The sewage flow in bloreac*or 2 is from
the bottom upwardly along the: faces of-.qhe plate-




The invention relates furthernore to a process for

producing carrier

bodi es of porous structure adapted to have nlcroorganlsns attach

t hereto, said process 5 conprising the foll ow ng :

providing plastics particles; (b) introducing t EiStHAasppag )i cl es
into a noul ding space; and -12(¢) sup i

‘plastics parti
plastics par-

conflnlng nmeans, are entrained in the
‘haV1n9en§ ﬁeWﬂgemﬁl@anflé@acéi%d tiop t-Hewewarsd yof The

di schar ge
5

10

15

20

25

30

' 10 .. int | di t th
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I rection

carrier bodies 14 do not have to be as wide as the

“bioreactor 2, but could be subdivided into a plurality

of juxtaposed carrier bodies.

In the modification according to Fig. 2b, a plurality

of parallel carrier bodies 14 each form a triangular
- carrier body package. A plurality of carrier body
- packages 1is circumferentially placed adjacent each

other such that a total configuration of nearly circu-
lar outer circumference  with polygonal cross-section
results, with the carrier bodies 14 each extending
tangentially.

'Fig. 3 illustrates the construction of a carrier body
..An more detail. Integrally formed, projecting spacing
bars 28 are provided on a face 18 of carrier body 14.

Spacing bars 28 extend vertically when carrier body 14
is installed in bioreactor 2. The end surfaces 30 of
all spacing bars 28 are located in a common plane. On

..the opposite face 32, carrier body-1l4 is not provided
- with spacing bars 28, but is completely planar.

Fig. 4 shows the manner in which carrier bodies acécor-
ding to Fig. 3 may be placed parallel against each
other so as to form an arrangement of a multiplicity

of carrier members 1l4. To this end, the end surfaces

- 30 of the spacing bars 28 of the, in Fig. 4, upper,

first carrier body are placed adjacent Lace 32 of the,
in Fig. 4, lower, second carrier body 14, and a firm

~connection is then established at the resulting con-
" tact areas 34 between the two adjacent carrier bodies

14, preferably by adhesive bonding or by welding. This

e
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C -t v -

entrai ni ng novenent are bonded together to form . t he porous

carrier body structure by supply of 20 heat . Flnally t he
|nvent|on relates to a process for pro- duci ng dﬁﬂsmg . _
porous structure adapted to have m cr.oor gani snk aid
process com 25 prising the follow ng sF%bs (a) provrdirag :

particles; axrﬁfgé$2néngf0q8§h@9nﬁgﬁ %ﬁ%iéééﬁ&@%taﬂ‘%h ﬂ%grg

noul di ng space; hé pla s paf%lcles
con- 30 rectinmedni Fiche 4ouhtiig asmkmhoﬁh@t g.hecen to 100

plastics partighfSAishhonded £agetRer vbaiWdd4 is formed. the porous
carrier body structure, characterized In . (d) that the

parti cul ar nmoul di ng space is confined
5 It is to be understood that the horizontal width of

the carrier bodies 14 as seen in Fig. 4 may vary so as
to adapt the overall configuration of the carrier
.package e.g. to a cylindrical bioreactor 2 as shown in
- Fig. 2. It is ?ossible to arrange several carrier body
10 packages according to Fig. 4 in bioreactor 2 in Jjuxta-
- posed manner. It is to be understood, furthermore,
that this length of the carrier bodies 14 is selected
to match the height of the particular bioreactor 2.

15 ' Flow paths 36 of substantially rectangular cross-
section are defined such that they are confined each
on two opposite sides by spacing bars and on the two

-other opposite sides by carrier body surfaces 18 and

32, respectively. It is pointed out that spacing bars

20 28 do not necessarily need to have a continuous ledge-
- shaped configurations as depicted in Fig. 3. Certain
transverse flows from flow path 36 to flow path 36

have no negative effect. What is important in terms of
function is mainly that the carrier bodies 14 are po-

25 . sitioned in stable and spaced apart‘manner by means of
the spacing bars 28. | '

Fig. 5 shows a.modification in which éarrier bodies 14
_each are provided on both faces thereof with integral

30 spacing bars 28. Upon abutting placement of an ad-
.jacent carrier body 14, spacing bar 28 is positioned
in abutment with spacing bar 28. o

Fig. 6 shows a further example of a multiplicity of
35 possible modificaticons for the geometry of the carrier
bodies 14. Shown therein is a modification that may be

e —
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35 by a first and a second nould half;

-6 - - (e) that a nunber of the first nould
nounted on a first conveyor and a nunber of Ad. noul d
hal ves is nounted on a second conveyor ; Bthat | t he
nmoul d hal ves in the closed condition -14 - t hereo ted jto be

-moved through a station for introduction of the plasticsS par-
referred to as corrugated plate in which about semi-

.circular bulges equally follow each ~other in suc-
.cession. Here, too, one can see spacing bars 28 inte-:
grally formed on the two "large area sides" of carrier

5 bodies 14. Adjacent carrier bodies 14 abut each other
in the form of a mirror image. Flow paths 36 of two
geometries are formed, namely a substantially circular
one and a substantially square one with inwardly
bulging confining walls. |

10 _
Fig. 7 illustrates a modification in"_which spacing
bars 28 are .not formed integrally on the plate-shaped
éarrier bodies 14, but are provided in the form of
separate strip-shaped members. Spacing bars 28 are

15 connected to the two adjacent carrier bodies each, for
example by means of adhesive or by welding, so that in
total a carrier body package analogous with the embo-
diment of Fig. 4 is formed.

20 Fig. 8 shows the manner in which a carrier package 38
is mounted in a kind of frame 40. Frame 40 consists in
essence of four vertical angle sections 42 at the
corners of the carrier body package 38. These angle

_séctions 42 are connected at the top. and at the bottom

25 by four connecting rods 44 each. The carrier body
package 38 is installed in bioreactor 2 in this over-
all configuration, e.g. with frame 40 restihg on the
floor of bioreactor 2. In case of relatively high bio-
reactors 2, several such carrier body packages 38 may

30 be disposed one above the other. A typidal height of a
carrier body package 38 is between 1 and 2 m. The ho-
rizontal dimensions may be, for example, 0.5 to 2 m?2.

:The carrier bodies 14 preferably consist of plastics
35 particles, e.g. particles of polyethylene of average
‘density, bonded together by the application of heat.

‘This Sheet Has Been-Réplaced
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ticles and through a station for the appli- - .cation of heat to

the introduced plastics par- 10 ticles; and |

t he nmoul d hal ves, due to the design of saifd fi

conveyors, are closed and opened automati cal

manuf act uring processes according to the-ixwention can be pert

tn such a nanne ‘that a conti.nuous or sem -conti nuous or an assenbly

line-1ike, cyclfé§ iptastics pagpficles ietealby heyehasparaﬂcle whieze t he

nmoul di ng spacethstdesd hEdn apd lglpq:rl,pé ePaﬁge om 20RO 48 roces such
that it prOV|des a_con- t I nuous ext udafe shape, pre era

limting the the hﬁnﬁ%ﬁnBr§§§@énﬂ$QAMﬁm@p©§lt@empaﬁtﬂglmmdhessngea
partlcle size of 630 to 1600 um. Moreover, the carrier

5 - body 14 contains coarsely ground particles of expanded

clay, which a microporous per se. The size of the

pores between the plastics particles is 0.1 to 5000 pm,

with the by far predominant part of the pores being in

the pore size range from 100 to 500 pm; The pores in

10 the expanded clay particles are on the average consi-
derably smaller.

Fig. 9 illustrates the manner in which an extrudate 46
of porous carrier body material can be produced in
15 continuous manner. There are provided two endless
fmetal belts 48 each passed around two spaced apart
rollers 50. In the centre of the arrangement, the two
metal belts 48 extend almost parallel to each other,
but at the bottom of Fig. 9 between the two lower
20 rollers with a slightly smaller distance than at the
' top in Fig. 9 between the two upper rollers. The raw
material, - namely " plastics particles and coarsely
Qround particles of expanded clay, are introduced from
above into the - roughly speakiné -  funnel-shaped
25 space between the two belts 48 extending there around
‘the two upper rollers 50. Belts 48 are heated, and the
length of the contact between the plastics material
and the two belts 48 is dimensioned and matched to the
movement speed of the belts 48 such that the time is
30 - sufficient for making the plastics pafticles tacky at
their surface by increasing the temperature and to
cause them to bond together. A temperature range
- suitable therefor is 160 to 190 °C. Upon leaving the
pair of belts 48, the extrudate is cooled. Further
35 below, the extrudate is cut transversely of its longi-
\\‘\\;\\\
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volving belts or by rotary rolls of sufficient dia- 25 i
in addition thereto, the plastics par- ticles are feg
space in continuous or . guasi -continuous manner, a coh

producti on pro- cess is realized. 30 Al ternatively,

possible to Iimt the noul ding spacelpy noul d parts adapted to be
epened and cl osed in particular nmould halves, and to introduce the
pl astics partlCW%élﬂhéndﬂﬁécmmﬂnj%RNQS;%@efcnmthher1nle1duaixnarmeer
cl osed conditi gpegidgsiabatchwi se” intro- 35  duction does not exclude
that an endl ess extrudate of carrier body material i-s fornmed in

stepwi se and inter-
Fig. 10 shows a modlflcatlon in which the two belts 48

5 are replaced by a pair of rollers S4. The operation is
"basically the same as described hereinbefore.

“Fig. 11 shows a modification similar to the embodimeht
"of. Fig. 10, in which however each of the two rollers
10 .54 is an end deflection roller of a‘hprizoﬁal endless
'cbnveyor belt 55 of metal. The plastics particles are
conveyed on the conveyor belts 55 to the moulding
- space between the two rollers 54. From above, coarsely
ground particles of expanded clay drop from a supply
15 hopper 57 into the "moulding gap".'The expanded clay
particles are preheated to a temperatufe of e.g. more
- than 200°C and introduce so much heat into the
..moulding space that " the bonding together of the
plastics particles takes place there with simultaneous

20 integration of the expanded clay particles.

~Fig. 12 illustrates a process which, with respect to

the moulding operation of extrudaté 46, takes place in
a stepped sequence. Instead of the pair of belts 48 .

25 ~and rollers 54, respectively, there is provided a
'méuld 56 consisting of two mould halves 58 and 60.

With the mould halves 58, 60 in the closed condiﬁion,

the raw material is introduced from above into the

- mould cavity. Upon introduction, the mould halves 58,

30 .60 can still be moved somewhat closer towards each
" other, so as to exert pressure on the mould contents.

At this time, the extrudate 46 to be formed is statio-

nary. Heat is supplied to the mould contents for bon-

ding the plastics particles together. The mould halves

35 58, 60 are then slightly opened and the extrudate 46
to be formed is .withdrawn downwardly by a length cor-

--\“
- This Sheet Has B

o TN



-7- mttent manner. Such a production process may b
tpo as a sem -conti nuous one. For making shorter the
the moul ding 5 space necessary for the .bonding toget

plastics particles with the application of heat, the pl astics
particles may be heated prior to introducgi.on I nto the noul di ng space.
_Ther:e i s a nunber of techni cal possibilities for supplying heat to

the plastics i@spguiingl| embstenttaiaikly o the bewighti ngf speekd 4Ba be

ot oned 25, PURDS [45) FAURbERa"ABSIE S b e 5 HlplEELATS
'Fig. 13 shows a production process which does not re-

5 ‘sult in a continuous extrudate 46 of carrier body ma-
terial, but in cycled, intermittent manner provides a
sequence of separate carrier bodies 14. Left-hand

mould halves 58 analogous with the left-hand mould

half 58 of Fig. 12 aré attached in series on two con-

10 veyors which are each in the form of a pair endless
'conveyor chains. The lower ends of the mould halves on

"the left side in Fig. 13 are attached to a pair of
conveyor chains deflected via lower chain wheels 62,
whereas the, in Fig. 13, upper ends of the left-hand

15 mould halves in Fig. 13 are mounted on an additional
chain pair whose chains are deflected by upper de-
flection wheels .64. On the xright-hand side of the

plant shown in Fig. 13, the same arrangement, in a
mirror image, is provided for right-hand mould halves

20 ' ?O. With this construction, a pair of a left-hand
mould half 58 and a right-hand mould half 60 closes in

the upper region of the plant. The raw material is
filled in from above. The endless chains along with

the mould halves travel continuouély downwardly  in

25 -+ Fig. 13, passing a heating station 66 and thereafter a
cooling station 68. Further below, the mould halves

move apart so that the finished carrier body can be

- removed therefrom. The sequence of operations ma? also
take place in stepped or intermittent manner such that
30 the individual moulds each stop in the material intro-
duction station, in the heating station, in the
cooling station and in the discharge station. In the

. material introduction station, the mould may be vi-

brated for compaction of its contencs.-

———
———
————
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and/ or m crowaves and/or heat radiation and/or addi - tion of preheated
fi.ne-porosity particles. 15 The production procespag,; rding to the
i nventi on, al so the continuous ones, pernit a parfticu %HH@r 2

ci-ent production of carrier bodies having spacing bars Rliseg M&w
forned thereon when the noul ding space congg 20 fini ng means esi ghed
l.n correspondi ng- manner. In accordance with a particularly prefe
devel opnent It dfs the pbece&s&&@@@@ddlmﬂ 0 ihechav st méht &S 40

be possible to fagt ur. i es_hayi.n _ spaci ng bars of
di fferent hei ght % ncg gopeglléf‘El g‘& mo‘tlTYlglgngé’aﬁ? LS pﬁg e8d ke
dependi ng on tHerakly, i.e. bmqhﬂnmnﬁrenplofe@ﬂantqnmhélﬁahromffHHHV

b
avant zgg,us g LA b2 S oSl R E0R yFE 2RCaERel finens,

empl oy e changé’oﬁﬂ"@%u‘l“ﬁ%ﬁ& g belhe ‘8@) or fihe mpkiewns. SAncumewith
preferred alterdlaide/el £O&843t lay.

_As was pointed out already several times, the plastics
particles to be bonded together by the'application of
10 heat must have a temperature suitable . therefor in the
moulding space (in case of polyethylene particles e.g.
in the temperature range from 160 to-190°C). The most
preferred possibilities for obtaining such tempera-
tures in the moulding space are, either alone or in
15 - combination: |
= heating at leat part of the confining areas of the
moulding space, i.e. for example heating of the
belts 48 or the rollers 54}
- - preheating the plastics particles and/or the ex-
20 _ panded clay particles. Preheating of the expanded
” clay particles is especially efficient since these
may be preheated to a higher temperature before
" addition to the plastics particles and since they
. have a relatively high heat capécity; _
25 - ~other supply of heat to the contents of the
'~ moulding space, preferably by blowing hot air
therethrough, heating by microwaves and the like.
In the embodiments accdrding to Figs. 9, 10 and
11, the last-mentioned mode of_ heating may be
30 _ carried out e.gq. perpendicularly to the drawing
plane.

‘The preferred weight ratio between piastics ?articles
-and fine-porosity particles is 10 to 65 %, preferably
35 ‘30 to 55 %, plastics particles, remainder fine-porosi-
ty particles. ' |

This Sheet Has Been Replaced
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in providing a noul di ng space confining means havi ng one or nore

groeoves (for form ng the spacing bars),- with the gr ept h
correspondi ng to the maxi num spaci ng bar height to/b
carrier bodies. 35 wi th spacing bars of |ower height a

re-

-8 - terial inserts nmay be disposed-i%-the grooves,
" the ef fective groove depth. .

Fig. 14 illustrates the manner in which the plastics
particles 70 and the €£fine porosity particles 72 are
present in the finished carrier body 14.

It has already been mentioned that the bioreactor 2
gccording to the invention is suitable for treating
either liquids or liquids in the presence of gases. In
both cases, the main flow of the liquid to be treated
10 . or of the gas to be.treated may be prefefably from the
bottom upwardly or from the top down&ardly. However,
it is also possible to treat in a bioreactor 2 both a
liquid and a gas at the same time. Liquid and gas may
flow therein either in co-current flow or in counter-
15 flow. By way of Fig. 1 it is conceivable easiest that
" in addition to the sewage distribution system 10 a gas
distribution system is provided in the lower portion
' of bioreactor 2. Sewage and gas flow upwardly in a co-
current flow. This is at the same time an example for

20 '_an aerobic water treatment.

The continuous processes according to Figs. 9, 10 and

11 may also be used without any problems for producing

carrier bodies 14 having integral spécing bars 28, by

25 providing e.g. belts 48 or rollerxs 54 with correspon-

ding recesses in longitudinal direction and circum-
ferential direction, respectively. ' | o
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The production processes according to the invention 5 are also suitable
for making carrier bodies containing . m croporous particles, as pointed
out .herei nbefore. To this end, it is merely necessarpy~tgQ_add such
M cr o- porous particles, at best in evenly dlstrlbuteﬂﬂssHEE-hA--
the plastics particles introduced in the -1ZD - noul di ng sn- . _REPy 4 STHBEN

bi oreactor according to the invention and the car bodres—e ¢or di
to the invention, respec- tively, are suitable for re
multiplicity of. 15 fluids. Typical exanples ther eof J/

hi ghly pol |l uted, sewage or waste water of a Iarge 8”!7
origins (in particular waste water Fateffifl Bﬂﬂ§n|c pollufldns /

sl aught er houses, |
5 1. A fixed-bed bioreactor (2) for purifying fluids

with the aid of microorganisms, containing a plu-
rality of carrier bodies (14) for microorganisms
and flow paths (36) for the fluid along the
carrier bodies (14), with said carrier bodies (14)
10 : having a porous structure with pores adapted to be
penetrated by the fluid and to have mlcroorganlsms
attach thereto, _
characterized in that the carrier bodies (14) are
sheet-like structures with a small thickness in
15 comparison with the carrier body surface; and in
that the carrier bodies (14) are kept spaced apart
with the aid of spacing bars (28), defining the
flow.paths'(36) between the carrier bodies (14).

20 . 2. A fixed-bed bioreactor according to claim 1,
characterized in that the spacing bars (28) are
integral with a respectively associated carrier
body (14).

25 3. A fixed-bed bioreactor according to claim 1,
characterized in that the spacing bars (28) are
attached to a respectively associated carrier body
(14), preferably by adhesive bonding or by

welding.
30 _

-4. A fixed-bed bioreactor accdrding to claim 1 or 2,
characterized in that a plurality of carrier
bodies (14) 1is wunited to form a carrier body
package (38) by mutual connection thereof with

35 inclusion of the spacing bars (38), preferably by

adhesive bonding or by welding.



breweries, dairies and from food pr Ulu 20 plants in
general ). The bioreactor preferabl ﬂm“mﬂ“‘ MH act or ' i1

anaer obi ¢ manner, but may al so & b or'eact or oper at if ng
ader obi ¢ manner. It is possible to use either m croorgan

bolic nmetabolism i.e. directed to the decimposition 25 of speci
products or pollutants. O it is possible to make use of

m croorgani sne Wi th catabolic neta- bolism i.e. directed to the
formation of spaci fAcCfixed-biebi be6r8BEABR! iLedyRHiEd Stol ot PéQQHCUn@‘ of
anti - biotics faI iohol gt% The treatment of gases and 30 | i qui ds
may be conbined wi thteGERBEN As regards the production

processes for: carrlehabadtesn.zed 1raaﬂmujlu1gat@afhﬁei'n}d©dié9n(1idl) leaidip be

mentioned in dﬁ%d d!ﬁ& hf]égarrl er Bodl es rodu ed or the 35
‘carrier Body extrudafe procﬁtjce TaT R &8RS VeligPe & Tanar place
possibly with 1ntegrally prov1ded spacing bars.

6. A fixed-bed bioreactor according to at least one
'_ of claims 1 to 5,
10 characterized in that the carrier bédies (14) con-
sist mainly of plastics particles (70) bonded to-
gether by the application of heat.

7. A fixed- bed bioreactor accordlng to at least one
15 of claims 1 to 6,
characterized in that the carrier bodies (14) con-
tain fine-porosity particles (72).

8. A carrier body (14) for fixed-bed,bioreactors (2)
20 for purifying fluids with the aid of micro-
organisms, said carrier body (14) having a porous
structure with pores adapted to be penetrated by
the fluid and to have the microorganisms attach
_ thereto, _ . : .
25 . characterized in that the;carrier body (14) is a
' sheet-like structure with a ‘'small thickness in
comparison with the carrier body surfaée; and in
that the carrier body (14) has spacing bars (28)
fprmed integrally therewith for defining the
30 - distance to an adjacent carrier bpdy (14).

9. A carrier body according to claim 8,
characterized in that it has substantially the
shape of a planar plate with spacing bars (28)
35 projecting therefrom. _
.
et Has Been Replaced
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normal |y cool ed prior to and/or duwﬂ gﬂgm
-9: discharge thereof fromthe no ﬂ” by b oﬂﬁmgﬂggf

t her eagai nst . REPLAC AS BEEN

-22 -

10. A carrier body according to claim 8 or 9,
characterized in that it consists mainly of
plastics particles (70) bonded together by the
application of heat.

5

11. A carrier body according to at least one of claims
8 to 10,
characterized in that it contains fine-porosity
particles (72). '

10 .

12. A process for producing carrier bodies (14) of
porous structure adapted to have - microorganisms
attach thereto, said process comprising the
following steps: ’

15 : (a) providing plastics particles'(70);
- (b) introducing the plastics particles (70) into a
moulding space (52; 58, 60); and
(c) supplying heat to the plastics particles (70)
contained in the moulding space (52; 58, 60)
20 such that the plastics particles (70) are
bonded together forming the porous carrier
body structure,
characterized in _
(d) that an endless extrudate (46) of carrier body
25 o material is withdrawn from the moulding space
(52; 58, 60); and in _
(e) that the individual carrier bodies (14) ‘are’
separated from the extrudate (46).
30 13. A process according to claim 12,

characterized in that the moulding space (52) is
confined on two opposed sides by endless revolving
belts (48).

35 14. A process according to claim 12, -
' Been'Replaced
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- 10- - The. i nvention and furth t hg>y
will be elucidated in nore detail m m '“mml t“[ oy
shown schematically in the 5 ramnngSC|nL i Ra%

sewage purifying plant conprising a flxed bed bio JoYs
Fig. 2a shows a horlzontal cross-section 023 the bio-
of Fig. 1; . :
characterlzed in that the moulding space (52) is

confined on two opposed sides by rollers (54).

_ 15. A process according to at least ‘one of claims 12
5 . to 16,
characterized in that the plastics particles (70)
are introduced continuously into the moulding
space (52).

10 16. A process according to at least one of claims 12
to 15, -
characterized in that the plastics particles (70)
are preheated prior to introduction into the
moulding space (52; 58, 60).

15
" 17. A process for producing carrier-'bodies (14) of
| porous structure adapted to have ‘'microorganisms
attach thereto, said process comprising the
following steps: '
20 . .(a) providing plastics particles (70);

(b) introducing the plastics particles (70) into a
moulding space (58, 60); and-’
(c) Supplying heat to the plastiés particles (70).
contained in the moulding space (58, 60) such
25 that the plastics particles (70) are bonded
' together forming the porous carrier body
structure, . )
characterized in _ _
- {(d) that the particular moulding space is confined
30 by a first and a second mould half (58, 60);
(e) that a number of the first mould halves (58)
is mounted on a first conveyor and a number of
the second mould halves (60) is mounted on a
second conveyor;

35 - (£) that the mould halves (58, 60) in the closed
condition thereof arxre adapted to be moved
S
Been Replaced

\\I\\\\\\\l\\\\\\\\\\ il



Fig. 2b sh_c)ws a hori zé_nt al cross i m a odifie -
ﬁ:';l\?ir_ﬁgc}[ ﬁ[ égrlgl spaci rl?ggbafs Shomg ,gﬂﬂl ﬂm"ﬂlt/l © T Q Ras Firy 1,

20 Fig. 4 shows a horizontal cross- sectlon of
‘arrangenent of two carrier bodies accordinggto : Fig. 3;
Fig.”5 shows a horizontal cross-section of a nodified 25

enbodi ment of a- carrier tedgught hai nsegtabn for introdugpasenndoFarshe

plastics particles (70) and.through a station
(66) for the application’of heat to the intro-
duced plastics particles (70); and

5 (g) that the mould halves (58, 60), due to the
design of said first and second conveyors, . are
closed and opened automatically.

18. A process according to at least one of claims 12
10 | to 17, ,
characterized in that the moulding space (52; 58,
60) is designed such that carrier bodies (14) with
spécing bars (28) integrally formed thereon are
produced.
15
19. A process according to claim 18,
| characterized in that the confining means of the
moulding space (52; 58, 60) can be exchanged or,
if necessary, can be equipped with material in-
20 : serts so as to be able to produce carrier bodies
| (14) having spacing bars (28) of different height.

'20. A process according to at 1eastfone of claims 12
to 19, . '
25 N characterized in that fine-porosity particles (72)
' are added to the plastics particles (70).

21. A process according to at least one of claims 12
to 20, _
30 o characterized in that heat is supplied to the
plastics particles (70) contained in the moulding
space (52; 58, 60) by heating confinement areas of .
the moulding space (52; 58, 60) and/or microwaves
- and/or heat radiation and/or addition of preheated
35 fine-porosity particles (72). |

e

e
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Fig. 6 shows a horizontal section of a further nodi- fied
enbodi nent of a carrier body with inte- 30 ' gr g
the formof an arrange-
Fi.g. 7 shows a horizontal section of an arrangenent

paci ng bars
ment of several cparfHiegghs

plurality of carrier bodies having sepa- -35 - : rate

di sposed t her ebet ween;

10

15

20

Abstract
FIXED-BED BIOREACTOR AND CARRIER BODY FOR PURIFYING FLUIDS

A fixed-bed bioreactor with porous carrier bodies (14)
.for microorganisms. The carrier bodies are sheet-like

structures with a small thickness in comparison with
the carrier body surface. The carrier bodies are kept
spaced apart by means of spacing bars (28), defining
flow paths (36) between the carrier bodies. In a pro-
cess for produd%ng porous carrier bodies for micro-

.organisms, plastics particles (70) are introduced into

a moulding space (52) and bonded together therein by
application of heat. With this process, an endless
extrudate (46) of carrier body material may be pro-

quced, from which the individual carrier bodies may be
cut off. Alternatively, the process may be carried out

by means of a series of pairs of mould halves passing
through a mould f£filling station and a heat supply
station.
(Fig. 8)

in
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Fig 11 shoms the nDuIdlng space of a- stlll further - — ..
of an apparatus for making carrier... . - bodi es in.ja
operation; 15 Fig. 12 shows a schematic view of an_é&
making carrier bodies in a seni- continuous,

Fig. 13 shows a schematic view of an apparatus for
carrter bodies in a cycled, inter-
Fig. 13ashows a schematic view of the'app&?&t
as seen itn a S|de VTeM/acccrdlng to — - %Z
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-12- exchanger 6 bringing the sewage to be treated tg
tenperature that is favourable for the biologica
of a punp 8 and a pipe distri- bution system 10,

distributed 5 over the f loor 12 of, the bloreactor'
i in the form of d%mnmardly.
2

confi gurat#®n of an upright i
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/,Above t he plpe di st
of, carrier bodi es

i
2
S

an oeverflow weir 18. Shown f

h
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S
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di sposed t herein,.
n nore detail " furtheg below Above §he car
0O ' 2 contains therein a 0 |escent zone 16 with, e
edi nentati on space. An out{l| dy Y% bi i reactor 2

is arecirculation line 22°

aving a punp 24 in- st \(} Lheér, Through said recirculation
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- thé"pbottom upwardly along the Tacés of the plate- 5 SHaped CarTTer -~ T

~ bodies T4 Through The of STante SPaces 26 herWeem v i Ccartier ——
- bodi-es -14—each.-—As anm—-- — at t er nat i-ve;--one’ could-al so corfst ructH. @TH“*\ -
bi'of eact-6+ —-----havi-ng a-sewage f -0 f—{&m—{—he t op ~dowrwai-di 37 EPLA AS -------
carri er-hodi-es- 14 .de not ,have to-be ..m,d-e, s the 10 ..biereactor: ,‘ but -
coul-d ..be .subdi vi ded i nt cé? plurali ty : ] uxtaposed carrier bodies. .
- I'n.the nodification accar.diTs . /a . fity . __.of parallel_ — e -
_carrjer bodies 14 each form/a tr| an_ W15 / ' body_package A
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JFig. 3 illustrates the construction of a carrier body in nn?e‘éeééﬁ. 2
1ntegrally formed, projecting spacing ' bars 28 are provided on a face

18 of carrier body 14. 25 Spaci ng .bars 28 ext'end verticall e

body 14 is installed in bioreactqr 2. The end suff ;

all spacing bars 28 are |ocated in'ajégnnnn pl ane. On Rﬁ?ﬁﬁ?ﬁ@Egﬂﬁﬁﬁer
face 32, carrier body 14 is not provided wth splac ngﬁ?gﬁfﬁi@ﬂ ut}is
conpletely planar. 30 Fig. 4 shows the manner in{ whi [ d| es
accor - ding to Fig. 3 may be placed parall el agaj nkt_each t her
so as to forman arrangenent of a nultiplicity of carrier nmenbers {4.
To this end, the end surfaces 35 30 of the spacing L5288 0of the—i-H

Fig. 4, upper, first carrier body are placed adjacent face 32 of the,

FIG.1

..r—_—\.r'

26 b

FI6.2a



14 -, in F|g 4, | ower, second carrier body 14, and afm-

connéct ion is then est abl i shed at the resulting con- t gcREmAeEMEmr SHEET
bet ween the two adjacent carrier bodies 14, preferably}b Si-v-e-
bondi ng or by wel ding. Thi-s 5 arrangenment is continued alaloqf@ QE ﬁﬁﬂ
downward di - rectionin Fig. 4 ugyfl a package of e.g.|td 6

i nterconnected carrier bodies 14 is forned.

FI16.3




It is to be understood that the horizontal width of 10 the carrier

bodi &s 14 as seen in Fig. 4 may vary so as t o adapy—tte—overatt
configuration of the carrier package e.g. to a cyl | RERLAGEMENSr SHlhTo
2 as shown in Fig. 2. It is posgpple to arrange seyerat——TcarTTer oojly
packages according to Fig.- 4 in broreactor 2 injuxta- 1 ?eggqamgpr

It is to be understood, furthernore, that this | enpgtih the carrier
bodies 14 is sel ected to match the hei ght of the particurar

bi oreact or 2. Fl ow paths 36 of substantially rectlangul ar cross- 20
section are defined such that they are confined each . on (W0 opposite

si des by spacing hars and o

28wo otRgr opposite sides _hy carrier

body surfaces 1§ respectr E y. It is nt ed out at spaci ng
bars 28 dd T Ee0 10 1 ggﬁzggzlggggg 25

- shaped confrgurqz]ons as deq:}gsd in Frq:]S CErtarﬁj ' [] :

— 1
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transverse flows fromflow path 36 to flow path 36 have no negative

effect. What is-inportant in terns of function is mainly that the
carrier bodies 14 are po- sitioned in stable and spacge—apart—rarher
by nmeans of 30 t he spaci ng bars 28. Fig. 5 shows| RERMDAGEMENT i SHEET
in which carrier bodies 14 each ar®provided on both

with integral spaci ng bars 28. Upon abutting pl acenen

jacent carrier body 14, spacing bar 28 is positioned
spaci ng bar 28.

: .
Tanae]




+, 15-, Fig. 6 shows a further exanple of a multiplicity of

possi bl e nodifications for the geonetry of the carrier bodi es 14.
Shown therein is a nodification that may be 5 referred to as corrugated
pl ate i n which about sem - circular bulges equally foll ow each ot her
In suc- cession. Here; too, one ca&jf7see spacing bars 28 inte-

grally formed on the two, "l arge area sides" of carrier bodi es 14.

Adj acent carrier bodi eg/12N\abut each other 10 in rmof a mrror

i mge. Fl ow paths 36 geonetries are foy
substantially circular
I nwar dl y

on
bul gi ng confi ning

T

REPLACEMENT SHEET
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.15  Fig. 7 illustrates a nodification in which spacing bars 28 are

'not forned integrally on the plate-shaped carrier bodies 14, but are
provided in the form of separate strip-shaped nenpers. Spacing bars
28 are connected to the two adjacent carrier bodile

exanmpl e by neans of adhesive or by welglizng, so that in ﬁEpmM%\w g%@ET
carrier body package anal ogous wth the enbo- di ment of FEi .§§i5

f or med. Fig. 8 shows the manner in which a carrji ey 3&k&ﬁ§é1 g 25
is mounted in a kind of frame 40. Frane 40 consists in} | gssence of
four vertical angle sections 42 at the corners off the carrier body
package 38. These angl e sections 42 are connected-at_the top and at
t he bottom by four rg~Tpds 44 each. The carrier body

96

A~60

F16.12




3D . rpackage 38 is installed in bioreactor 2 in this over- al |
configuration, e.g. with frane 40 resting on the fl oor of bioreactor
2. In case of relatively high bio- reactors 2, several such carrier

body packages 38 may be di sposed e above the ot hgT, WeF:1
hei ght of a 35 carrier body package §Z7i S between 1 aﬁcﬁEfmg@ﬁ‘ﬁﬂ%{EET
rizontal dinensions may be, for exanple, 0.5 to 2 nferr]

- 16- | | 20 0CT 1997
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The carrier bodies 14 preferably consist of plastics parti?léeqsfgé?'.?—

particl es of polyethylene of average density, bonded together by the
appllcatlon of heat. 5 ‘The plastics particles typically ha Ttie—
si ze * that is mainly in the range frpom 200 to 3000 [err]nﬁEE§A¢EHENT SHEET
the by far .predom nant part of the particles having a arfti cle stzeof
630 to 1600 [err]m Mor geyes.odd @16REACRIR AND cREEMERL40pENt §i s PaNE¥! 1998
ground particles of expanded 10pog ChiiteyrMBi Eiymds Croporou$ per_se. The
size of the pores between the plastics particles is 0. to 5000

[err]m with the by far predom nant part of the pores ing in

the pore size range from 100 to 500 [err]m The pores-in t he expanded

clay parisi cl esTRé € ioRrehnte ol eF DR E9NTo- 45 fixdd-deldy biwtéactor for Fig.
goh;lﬁzigffgf égﬁl fﬁsgghgéahlchtﬁh ?ééﬁ#ﬂfte 4glcroor gngg&guscﬁgfrler
taining a plurality of carrier bodies for micro-
organisms and flow paths for the f£fluid along the
carrier bodies, with said carrier bodies being sheet{_
10 like structures with a small thickness in comparison
with the carrier body surface and having a porous
structure with pores adapted to be penetrated by the
fluid and to have microorganisms attach thereto, and
being composed with plastics particles bonded together
15 by the application of heat. In a known fixed-bed bio-
reactor of this kind (WO92/22505), the carrier bodies -
are planar plates or circular plates. The carrier
bodies are held in position and in mutually spaced
apart manner at their upper and lower ends each by
20 means of supports.

It is the object of the invention to make available a
fixed-bed bioreactor the carrier bodies of which can
be manufactured in uncomplicated and efficient manner
25 and can be positioned in particularly simple manner in

the bioreactor in' a sensible'relative'arrangement to
each other. ' '

To meet this object, the fixed-bed bioreactor accor-
30 ding to the invention is characterized in that the

carrier bodies are spaced apart with the aid of

spacing bars, thereby defining the flow paths between

the carrier bodies; and in that the spacing bars are

formed integrally with the plastics material of a re-
35 spectively associated carrier bbdy.




continuous manner. There are provided two endl ess 20 nmet plREp

passed around two spaced apart - rollers 50. Inthe c ntREPEMEBY’%@r%?ﬁT
arrangenent, the two nmetal belts 48 extend al nost pgr Ifl tN each

ot her * but at the bottomof Fig. 9 between the two Ijoweré? %V 1998
rollers with a slightly smaller distance_ than at the 25 t op—-p-Elg. 9
between the two upper rollers. The raw -2- material, nagely pl astics
particles and coarsely ground particles of expanded—etray—ate
introduced from above into the - roughly speaking - funpel -shaped -
space 52 bet watikadrdado biereacsorsxt whBhnCaRerer 3dodigsyk th'ea’fgo upper

[)g![ L\g;s th Bf‘éﬁq{?cé@ é‘é&rﬂeﬁtyfcbpacling nebé RS heégﬂdlmdwfn t fueont OUS aAt
n e plastics erial _-a t t elts [ .eensi oned
and mat chetP o 1fRe %‘b‘gfengﬁtA‘é}eeﬁgofJb[%e %&’?geﬁ8 ?‘3‘& éaﬁu:ggghat t he
ti rf? i s suffi hedied cEherkdbHgdbhaopl amivieca Fworoywarstrhesurackgdat ofheir
surtace by"“%fgg%{g%tggrticles bonded together by the application
of heat; the. spacing bars are not formed integrally

therewith.

10 The simplest form of a suitable sheet-like structure
is that of a plate; substantially plate-shaped carrier
bodies are in so far particularly preferred. However,
‘configurations different from the exact planar plate
shape can also be used-in'advantageous.manner, espe?

15 cially configurations of the type of corrugated
plates, with the course thereof relative to the main
plate plane having a more rounded pattern or a more
rectilinear and sharply bent pattern. It is, however,

_ preferred when the shape of the particular carrier

20 - body - seen roughly and in its entirety - is plate-

' shaped in the last-mentioned cases as well, since the
carrier bodies can then be installed in the bioreactor
in particularly advantageous manner.

25  The material thickness of the carrier bodies does not
. have to be constant for the entire particular carrier
body. However, it is preferred when the particular
carrier body at all locations has at least substan-
tially the same material thickness. The term "carrier
30 body surface" in.a strictly plate-shaped carrier body
is understood to be the size of one face of the
carrier body, and, in case of corrugated plate-like
structures, the size of the'réspective face that may
be conceived as having been created by corrugation of

35  the planar face of a plate. |
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tenperature and to cause themto bond t oget he

REPLACTMENT

perature range suitable therefor is 160 to 190 [err]C éEEET
the pair of belts 48, the extrudate 1is cool ed. Furth aelomntgge
extrudate is cut trans- 5 versely of its |ongitudinal dii r bc2i b0 1988 ¢fo
form the individual carrier bodies 14. Fig. 10 shows_a

nodi fication in which the two belts 48 -3- '

10

15

20

25

30

35

The carrier bodies, either on one or on bo
body surfaces, can be formed integrally with spacing

bars. The carrier bodies can be placed adjacent each

other in especially simple manner by having the
spacing bars abut the adjacent carrier body or bodies,
either directly or via spacing bars of the adjacent
carrier bodies. '

It is preferred to unite a plurality of carrier bodies
in the form of a carrier unit package and to install
it in the bioreactor as an intérconneqted. package.
This is effected in particular by joining the integral

- gpacing bars of a particular carrier body with the

~ adjacent carrier body on one side thereof or with the
adjacent carrier  bodies on both sides therecf. For
connecting the spacing bars to carrier bodies or also-
for connecting spacing bars of adjacent carrier bodies
to each other, adhesive bonding or welding are parti-
cularly preferréd.

It is pointéd out that the spacing bars indeed have

preferably the shape of elongate material strips, how-

ever, it is irrelevant for the function of the spacing-
bars and the bioreactor that these are continuous

spacing bars for each carrier body. For example, the

spacing bars may have spaced apart openings or be com-

posed of a series of spaced apart spacing members. The

spacing bars may be solid or porous.

The main constituent of the carrier bodies preferably
"are plastics particles connected by the application of
heat. Polyethylene particles are particdlarly pre-
ferred, however, with other plastics materials being
suitable as well. The carrier bodies preferably con-
tain in addition particles of fine porosity, such that
an overall construction of the carrier bodies with




are replaced by a pair of rollers 54. The operation is

e PR S

sane as descri bed herei nbefore. Fig. 11 shows a _ r
to the enbodi nent of ‘Fig. 10, in which however each of the.two rolTlerfs
54 is an end deflection roller of a horizonal endless 1 Jch?v«NﬁtVr?BﬂBlt

of netal. The plastics particles are conveyed on tlheLconveyor bel tls

‘55 to the nmoulding space bet ween th&-two rollers H4. From above,

coarsely I | cLes of d I f
hopper 57 into%ﬁ%?gﬁiéﬁgé%ggggp"Péﬁﬁgggfﬁb%egxggg$eio:= particles are
preheated to asmaideratperesf witinngthe Line-paEpsIby| PRAEECASF ¥R T oduce

so much heat inhAdde The mif8PYbehafiSRACR1LDALNERE AN KaEed Dpds of the
pl astics particles takes_plagg there with S|nultaneoEs , i nt gﬁatlon of
t he expanded MQ%FFRR¥YC+%SF gr coarser pores, but also in the er

5

pores. Suitable fine-porosity particles consist e.g.

of coarsely ground expanded clay, activated carbon: or
. other organic substances. What is important is that
the carrier bodies in their entirety, i.e. inclusive.
of the microporous particles, can be penetrated by the
10 fluid to be purified. The carrier bodies thus are
structures with open pores which,-pOSsibly inclusive
of the fine-porosity particles, are adapted to be
flown through by the fluid.

15 The carrier bodies furthermore'may contain additives,
with nickel being indicated as an example, having a
catalytic effect for the processes of life of the mi-
croorganisms. |

20 A further subject matter of the invention are carrier
bodies for fixed-bed bioreactors for purifying fluids
with the aid of microorganisms, said carrier body
being a sheet-like struéture with a small thickness in
comparison with the carrier bédy surface and having a

25 porous structure with pores adapted to bé penetrated

by the flﬁid and to have the microorganisms attach
thereto, and being compbsed with plastics particles
bonded together'by the application of heat, charac-

. terized in that the carrier bddy has spading_.bars

30 formed integrally with its plastics material for de-
fining the distance to an adjacent carrier body.

The aspects. outlined hereinbefore as well as the
afore-mentioned preferred developments hold analo-

35  gously also- for the carrier bodies according to the
invention. ' '



Fi.g. 12 illustrates a process which, with respect to the moul ding
operation of extrudate 46, takes place in a stepped REPEKHEMENT'SHEPPL
of the pair of belts 48 and rollers 54, respectivelly,thetre s
provi déd a 30 nmoul d 56 consisting of two noul d hal ves |58 %ﬂg ﬁg
Wth the nould halves 58, 60 in the closed condition, t M,‘IBQB
material is introduced from above into the- - moul d cqvidy—Upen

i ntroduction, the nould hal ves 58, . 60 can still be aned somewhat
cl oser tomards each 35 other, so as to exert pressure “ef—the—reui-6

contents. . That inventiem, naieat@@rsﬁuatbez@org beo f & nPgoresst afeH-
producing carrier bodies of porous structure adapted

to have microorganisms attach thereto, said process
5 comprising the following steps:
(a) providing plastics particles;
(b) introducing the plastics particles into a moulding
space; and '
(c) supplying heat to the plastlcs partlcles contained
10 in the moulding space such that the plastics par- -
ticles are bonded together  forming .the porous
carrier body structure,
characterized in
(d) that the contents of the moulding space, by move-
15 ment of movable moulding space confining means,
are entrained in the direction towards a discharge
end of the moulding space and in the course of the
entraining movement are bonded together to form

the porous carrier body structure by supply of
20 heat.

Finally, the invention relates to a process for pro-
ducing carrier bodies of porous structure adapted to
have microorganisms attach thereto, said process com-
25  prising the following steps:
' (a) providing plastics particles;
(b) introducing the plastics particles into a
moulding space; and
(c) supplying heat to the plastics particles con-
30 o tained in the moulding space such that the
plastics particles are bonded together forming
the porous carrier body structure,
characterized in _
(d) that the particular mouiding space is confined
35 o by a first and a second mould half;



,-18 - nary. Heat is supplied to the mould cont nREPEAﬁENENT SHEET i ng
the plastics particles together. The nould hal ves JO,'UU areth
sl'i ghtty opened and the extrudate 46 to be forngd \ytqqy
~downwardly by a length cor- 5 respondi ng substantifal to 13%:yalght of
noul d 46. Moul d 56 is closed again, and the proceSa s Tepeat ed.
Fig. 13 shows a production process mhlch6does not re- sult in a
continuous extruda{ee) [*:(ixa(?:f garr{dn%e:pog¥ NBhe 1@ rsterhdhiia PWavesCYLs ed,
intermttent nmannetr provid sequence of separate carrier bodies 14.
Left-hand -~ nould mux@@%soana ofbEst weeRvVENeT| id handURART © hal f

58 of Fig. 12 are att%@i@%éébrﬁ&%&ﬂ&%&ﬂ&éé?% mount&&® Yot Sa Wseéebndr e each

in the formof a pair endless

: conveyor; '

5 (£) that the mould halves in the closed condition
thereof are adapted to be moved through a
station for introduction of the plastics par-
ticles and through a station for the appli-
cation of heat to the introduced plastics par-

10 ticles; and

(g) that the mould halves, due to the design of
- said first and second conveyors, are closed

and opened automatically.

15 The manufacturing processes according to the invention
can be performed in such a manner that a continuous or
semi-continuous or an assembly line-like, cycled in-
termittent operation results.

20 When the moulding space is designed -and operated in
terms of the process such that it provides a con-
tinuous extrudate shape, preferably by limiting the
moulding space on. two opposite sides by endless re-
volving belts or by rotary rolls of sufficient dia-

25 meter and when, in addition thereto, the plastics par-

ticles are fed to the moulding space in continuous or

quasi-continuous manner, a continuous production pro-
cess is realized.

30 "Alternatively, it is possible to limit the moulding
space by mould parts adapted to be opened and closed,
in particular mould halves, and to introduce the
plastics particles when the mould parts are in their
respective closed condition. This "batchwise" intro-

35 duction does not exclude that .an endless extrudate of
carrier body material is formed in stepwise and inter-



15 conveyor chains. The | ower ends of the mould hal ves OREPLACHMQTPSPEET
chains-detl ecie

side rn Fig. 13 are attached to a pair of conveyor

via | ower chain wheels 62, whereas the, in Fig. 13,
| ef t - hand nmoul d halves in Fig. 13 are nounted on an
chain pair whose chains are defl ected by upper de- fl

oeg S0 o

64. On the right-hand side of the . plant shown i'n Filg. 13, the sane

he-

arrangenent, in,a nirroré%qgge, i S gro i.ded for right hugd q?n}ﬂ
hal ves 6BLLHPRR MFNEoNnsTHTEt PoRF CFUTATPRo PRI -Tdhd 85 *¢~ noul d

hal f 58 and a feghtedhandagoul dehdl-tofiliahoaesona. t he upper region of
the plant. The raw material is filled in fromabove. The endl ess
chains along with t he moul d hal ves travel continuously downwardly in

Fig. 13, passi fgra hakingg shontemn 6beandwehkr duifieer in 3ohe wmyiding

station 68. Fugbhge b%'e%\@sgtg% mMpdyd RaleVeghondin | MRt E thate the

finished carrier body can renoved there he_sequence of

operations mayP3fagsics particles with the application of heat, the
plastics particles may be heated prior to introduction.
into the moulding space. There isg a number of techni-
cal possibilities for supplying heat to the plastics
10 particles contained in the moulding space. To be
mentioned as preferred examples are the supply of heat
by heating confining surfaces of the moulding space
and/or microwaves and/or heat radiation and/or addi-
tion of preheated.fine-porosity particles.

15 _ : -

The production processes according to the invention,

also the continuous ones, permit a particularly effi-

cient production of carrier bodies having spacing bars
integrally formed thereon when the moulding space con-

20 fining means are designed in corresponding manner. In
accordance with a particularly preferred development

of the processes according to the invention, it is to

. be possible to manufacture carrier bodies having
spacing bars of different height since, depending on

- 25 the fluid to be purified and depending on the micro-
organisms employed for purification,. flow paths of
different dimensions between the carrier bodies are
advantageous. To this end, it 'is advantageously
possiblé to employ exchangeable moulding space con-
30 fining means. Another preferred alternative consists
‘in providing a moulding space confining means having

‘one or more grooves (for forming the spacing bars),
-with the groove depth corresponding to the maximum
spacing bar height to be produced. When carrier bodies

35 with spacing bars of lower height are to be made, ma-



take place in stepped or intermttent manner such that REP&MEMENT SHEEIBI

nmoul ds each stop in the material intro- 35 duction statifom,—Tm—the
heating station, in the cooling station and in fhe cg cha
station. In the -19 A 7 vg@gg Al
i ntroduction station, the nould may be vi - brated f¢r conmpactiomof
Its contents. : -8-

terial inserts may be disposed in the grooves, re-
ducing the effective groove depth.

The production processes according to the invention
5 are also suitable for making carrier bodies containing

microporous particles, as pointed out hereinbefore. To

this end, it 1is merely necessary to add such micro-

porous particles, at best in evenly distributed

manner, to the plastics particles introduced in the
10 moulding space.

The bioreactér according to the invention and thé

carrier bodies according to the invention, respec-

tively, are suitable for treating a multiplicity of

15 = fluids. Typical examples thereof are, in particular

highly polluted, sewage or waste water of a large

number of different origins (in particular waste water

with organic pollutions, e.g. from slaughterhouses,

breweries, dairies and from food processing industrial

20 plants in general). The bioreactor preferably is a

bioreactor operating in anaerobic manner, but may also

be a bioreactor operating in anoxic or aerobic manner.

It is possible to use either microorganisms with ana-

bolic metabolism, i.e. directed to the decomposition

25 of specific products or pollutants. Or it is possible

to make use of microorganisms with catabolic meta-

bolism, i.e. directed to the formation of specific

desired metabolic products, e.g. production of anti-

biotics,  alcohol etc. The treatment of gases and
30 liquids may be combined with each other.

As regards the production processes for carrier bodies
according to the invention, it is to be mentioned in
addition that the carrier bodies producéd or the
35 - carrier body extrudate produced, 'respectively, are
normally cooled prior to and/or during and/or after



REPLAGEMENT SHERS
It is to be understood that in the enbodi ments of 5 Fi gb. [97T0and—1%;
t he, noul di ng space is closed | a- terally, i.e. both i rQm Va to
the rear of the drawi ng pl ane. For exanples, plates afejattached therg
bet weeri which the belts 48 or the rollers 54 run with close Taterar
play.- 10 As was pointed out already several tinmes, thg plastics

particles to be bonded together by the ap‘b’ri cation of '"heat nust have a
tenmperature suitable_therefor i : [ p in e

pol yet hyl ene pgﬂ'ﬁgk‘f’lggee.%@{ﬁéf }f%%%et?%mn?*uérugldt}?igs rgﬁgggf ro&rﬁ '60%&0
190[err] C). Thblpwing air tpevkagaduspessibilities for obtaining such

t enper a- - tures in the noul ding space are, either alone or in

conbi nat i on: —{reattng—at—te A f the 20
nmoul di ng space, i.e. for exanple heating of the _ or the
rollers 54;




- preheating the plastics particles and/or the ex- panded..cl

particles. Preheating of the expanded cla A '
especially efficient since these 25 may be p?’eﬁefEﬁhgﬁwgﬂ'LiS&%T
tenperature before addition to the plastics particles pnd i Cﬁ g

have a rel atively high heat capacity; ot her suppl ? W@ géla tp
the contents of the nDuIdrﬁQ'Space, pr ef e} ably—by—bl-owi-ag! h
air 30 t her et hrough, heating by m crowaves and | he I|ke

In the enbodi nents according to Figs. 9, 10 and +H th

| ast - ment i one@heodénwvénhiani r@pdra)flbﬁ:her developmenitad @gt ghg

~ perpendi cul ar I\r)éntﬂ.otrlh%uq.rla‘%é'geluc:.dated PhaR@re3Yetail hereinafter
by way of embodiments shown schematically 1in the

5 drawings in which | '

Fig. 1 shows a sewage purifying 'plant comprising a
fixed-bed bioreactor;

10 Fig. 2a shows a horizontal cross-section of the bio-
reactor of Fig. 1;

Fig. 2b shows a horizontal cross-section of a modified
bioreactor;

Fig. 3 shows a perépective view of a carrier body
having integral spacing bars, of the bio-
reactor of Fig. 1; '

20 Fig. 4 shows a  horizontal «cross-section of an
arrangement of two carrier bodies according to
Fig. 3; '

Fig. 5 .shows a_horizohtal cross-section of a modified
25 embodiment of a carrier body with integral
g - spacing bars;

Fig. 6 shows a horizontal section of a further modi-

fied embodiment of a carrier body with inte-

30 gral spacing bars, in the form of an arrange-
ment of several carrier bodies; |

Fig. 7 shows a horizontal section of an arrangement
of a plurality of carrier bodies having sepa-
35 rate spacing bars disposed'therebetween{ ' '



- 20-

fine-porosity particles is 10 to 65 % preferably 3Q tpE—559% pr aathS
particles, remainder fine-porosi- - ty particles. 5 F%

i'fustrates the manner in which the plastics particljes the f| nﬁ
porosity particles 72 are present in the finished cdrrrer uouy T

10 It has al ready been nentioned that l{he bioreactor 2

10

15

20

25

30

35

The pre.ferred wei ght ratio between plastics pdrREEILM‘EEMENT SHRE!

Fig. 8 shows a carrier body package composed of a
plurality of carrier bodies;

Fig. 9 shows the moulding space of an apparatus for

making carrier bodies in a continuous opera-
tion; '

Fig. 10 shows the moulding space of an additional em-
bodiment of an apparatus for making carrier
bodies in a continuous operation;

Fig. 11 shows the moulding space of a still further
embodiment of an apparatus for making carrier
bodies in a continuous operation;

Fig. 12 shows a schematic view of an apparatus for
making carrier bodies in a semi-continuous
operation;

Fig. 13 shows a schematic view of ‘an apparatus for
making carrier bodies in a cycled, inter-
mittent operation;

- Fig. 13ashows a schematic view of the apparatus of

Fig. 13, as seen in a side view according to
the arrow;

Fig. 14 shows-a section of a carrier body according to
the invention.

The plant for the biological treatment of sewage'or
waste water, ‘as shown in Fig. 1 with its main consti-
tuent parts, consists in essence of a fixed-bed bio-
reactor 2 upstream of which are disposed a container 4

with quasi-continuous or semi-continuous passage for

neutralization of the sewage to be treated and a heat



according to the invention is suitable for treating REP Q%MENT §UFEIE
ligquids in the presence of gases. In bot h cases, |the main flow of
liquid to be treated or of the gas to be treated|mdy d@ NMfE&Bny
fromthe 15 bottom upwardly or fromthe top downwardlly.l_However, [
Is al so possible to treat in a bioreactor 2 both a : liquid and a gas
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oreactor 2 in the form of downwardly di-

rected beams in the lower portion thereof. Bioreactor

2 on the whole has the configuration of an upright

cylinder, with the upper closure wall being possibly'

slightly curved in upward direction. As an alterna-
tive, bioreactor 2 may be of square or rectangular

‘cross-section. Preferred materials for the bioreactor
2 are stainless steel and, in particular in case of

very large volume, concrete.

~Above the pipe distribution system 10, bioreactor 2

has multiplicity of carrier bodies 14 disposed
therein, as will still be described in wmore detail

 further below. Above the carrier bodies 14, bioreactor

2 contains therein a quiescent zone 16 with a sludge
sedimentation space. An outflow pipe 20 leaves bio-
reactor 2 behind an overflow weir 18. Shown further-
more is a recirculation line 22 having a pump 24 in-
stalled therein. Throﬁgh .said recirculation 1line,

sewage can be withdrawn from the quiescent zone 16 and

supplied to the pipe distribution system 10. By recir-
culation of part of the sewage that has already passed
through the arrangement of the carrier bodies 14, the
average dwell time of the sewage in the bioreactor can

. be enhanced. Gas produced can flow off through a cen-

tral upper conduit 25.

It can be seen. in Fig. 2a that the carrier bodies 14
have the configuration of planar plates placed in up-
right 'positions; The carrier bodies are arranged
parallel to each other and - as measured in horizontal



providing e.g. belts 48 or rollers 54 with correspon—38 eH-Reg—eces

H-Ae
in |ongitudinal direction and circum ferenti al| REPIGMOEMENT SHEET
respectively. ' 121
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direction - are of different width sL that..the..if=

terior of bioreactor 2 can be utilized as completely
as possible. The sewage flow in bioreactor 2 is from
the bottom upwardly along the faces of the plate-

5 shaped carrier bodies 14, through the distance spaces
26 between two adjacent carrier bodies 14 each. As an.
alternative, one could also construct a bioreactor
having a sewage flow from the top downwardly. The
carrier bodies 14 do not have to be as wide as the

10 bioreactor 2, but could be subdivided into a plurality
of juxtaposed carrier bodies.

In the modification according to Fig. 2b, a plurality

of parallel carrier bodies 14 each form a triangular
15 carrier body package. A plurality of carrier body

packages 1is circumferentially placed adjacent each

other such that a total configuration of nearly circu-

lar outer circumfererice with polygonal cross-section

fesults, with the carrier bodies 14 each extending
20  tangentially.

Fig. 3 illustrates the construction of a carrier body
in more detail. Integrally formed, projecting spacing
bars 28 are provided on a face 18 of carrier body 14.
25 Spacing bars 28 extend vertically when carrier body 14
is installed in bioreactor 2. The end surfaces 30 of
all spacing bars 28 are located in a common plane. On
‘the opposite face 32, carrier body 14 is not provided
with spacing bars 28, but is completely planar.
30 '
Fig. 4 shows the manner in which carrier bodies accor-
ding to Fig. 3 may be placed parallel against each
other so as to form an arrangement of a multiplicity
of carrier members 14. To this end, the end surfaces
35 30 of the spacing bars 28 of the, in Fig. 4, upper,
first carrier body are placed adjacent face 32 of the,



5. 1. A fixed-bed bioreactor (2) for purifying fluiREELACEMENT SHEGTt
the aid of m croorganisns, containing a plu- raf Tty of—Tarrrar
bodies (14) for mcroorgani sns ) and fl ow pat hs- 38)7%\]?@ fll uj d
along 'the 10 carrier bodies (14), with said carr|ief bodies (14)

bei ng sheet-like structures with a small thickness - I nconparts
with the carrier body surface and - 14 - having a pdrous structure wth

pores adapted to he . enet |,d.gnd have: '
m cr oor gani smsniSplg' 4 étotwaecrﬁ t{ee#%%,?g%ﬁiggi {ﬁéa orjr%dseat %VI %h%ﬁg‘st i cs
particles (70)ctmmeictiomgéshsheny estakbbishedt apnthe resultimghean: '

characterized j h e3gapkk-hbelO® ) iesPReAdeapart
with the aid o-gg%ag%%%gbggs5%58%eh2%h%§tﬁ&ﬁ_%ﬁé%ﬁﬁﬁF carr%?om/patﬁs (36)

] ( the_f| )
bet ween t he cat%i preferably b50%¢%%5%1§)Poﬁﬂﬂn9n°¥th vYR&dipgci AGifar s
(28) ares arrangement is continued analogously in downward di-
' rection in Fig. 4 until a package of e.g. ten to 100

interconnected carrier bodies 14 is formed.

It is to be understobd that the horizontal width of

10 the carrier bodies 14 as seen in Fig. 4 may vary so as
to adapt the overall Configuration of the carrier
'package e.g. to a cylindrical bioreactor 2 as shown in
Fig. 2. It is possible to arrange several carrier body
packages according to Fig. 4 in bioreactor 2 in juxta-

15 posed manner. It is to be understood, furthermore,
that this length of the carrier bodies 14 is selected
to match the height of the particular bioreactor 2.

Flow paths 36 of substantially rectangular cross-
20 section are defined such that they are confined each

on two opposite sides by spacing bars and on the two

other opposite sides by carrier body surfaces 18 and

32, respectively. It is pointed out that spacing bars

28 do not necessarily need to have a continuous ledge-
25 shaped configurations as depicted in Fig. 3. Certain
transverse flows from flow path 36 to flow path 36
‘have no negative effect. What is important in terms of
function is mainly that the carrier bodies 14 are po-
- sitioned in stable and spaced apart manner by means of
30 - the spacing bars 28. .

'Fig. 5 shows a modification in which carrier bodies 14
each are provided on both faces thereof with integrél
spaéing bars 28. Upon abutting placement of an ad-

35 jacent carrier body 14, spacing bar 28 is positioned
in abutment with spacing bar 28.



formed integrally with the plastics material of a - respectively

associ'ated carrier body (14). 25 2. A fixed-bed bioreactor according

to claim1,

bodies (14) is united to forma carrier body
mut ual connection thereof with

characterized in that a plurality of carrier

(38), preferably by 30 adhesi ve beH1ng or by wel di ng.

fi xed-bed bioreactor according to claim1 or 2,
that the carrier bodies (14) each

a planar plateF3gy. 6 showstn | fueghar sxaodg baf sa(myltiplicity of

10

15

20

25

30

35

possible modifications for the geometry of the carrier
bodies 14. Shown therein is a modification that may be

. referred to as.corrugated-piate in which about semi-

circular bulges equally follow each other in suc-
cession. Here, too, one can see spacing bars 28 inte-
grally formed on the two "large area sides” of carrier
bodies 14. Adjacent carrier bodies 14 abut each other
in the form of a mirror image. Flow paths 36 of two
geometries are formed, namely a substantially circular
one and a substantially square one with inwardly
bulging confining walls.

Fig. 7 illustrates a modification in which spacing
bars 28 are not formed integrally on the plate-shaped
carrier bodies 14, but are provided in the form of
separate strip-shaped members. Spacing bars 28 are
connected to the two adjacent carrier bodies each, for
example by means of adhesive or by welding, so that in
total a carrier body package analogous.with the embo-
diment of Fig. 4 is formed.

Fig. 8 shows the manner in which a carrier package 38
is mounted in a kind of frame 40. Frame 40 consists in
essence of four vertical angle sections 42 at the
corners of the carrier body package 38. These angle
sections 42 are connected at the top and at the bottom

by four connecting rods 44 each. The carrier body

package 38 is installed in bioreactor 2 in this over-
all configuration, e.g. with frame 40 resting on the
floor of bioreactor 2. In case of relatively high bio-
reactors 2, several such carrier body packages 38 may
be disposed one above the other. A typical height of a
carrier body package 38 is between 1 and 2 m. The ho-

- .rizontal dimensions may be, for example, 0.5 to 2 m2.

package (38) by

I nclusi on of the spacing bars
3.
characterized in
have substantially the shape of

A
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of claims 1 to 3, characterized in that the c '

con- tain fine-porosity particles (72). 5 REPLAGEMENT

(14) for fixed-bed bioreactors (2) for puriflyi pg—ft+teds—uLt h
the aid of mcro- organi sns, said carrier [bgdyy @1 InBg ja
sheet - _ like structure with a st thi ckness i# cogpggpiv?ﬁgg

The carrier bodies 14 preferably consist of ptasties—- .}
particles, e.g. particles of polyethylene of average
density, bonded together by the application of heat.
5 The plastics' particles typically have a particle size
that is mainly in the range from 200 to 3000 um, with
the by far predominant part of the particles having a
particle size of 630 to 1600 pm. Moreover, the carrier
body 14 ‘contains coarsely ground particles of expanded
10 " clay, which a micr.opordus per se. The size of the
pores between the plastics particles is 0.1 to 5000 um,
with the by far predominant part of the pores being in
the pore size range from 100 to 500 um. The pores in

the expanded clay particles are on the average consi- —
15 derably smaller.

Fig. 9 illustrates the manner in which an' extrudate 46
of porous carrier body material can be produced in
continuous manner. There are provided two endless
20 - metal belts 48 each passed around two spaced apart
rollers 50. In the centre of the arrangement, the two
metal belts 48 extend almost parallel to each other,
but at the bottom of Fig. 9 between the two lower
rollers with a slightly smaller distance than at the
25 top in Fig. 9 between the two upper rollers. The raw
material, namely plastics particles and coarsely
ground particles of expanded clay, are introduced from

above into the - roughly speaking - funnel-shaped
space 52 between the two belts 48 extending there
30 around the two upper rollers 50. Belts 48 are heated,

and the length of the contact between the plastics
material and the two belts 48 is dimensioned and
matched to the movement speed of the belts 48 such
that the time is sufficient for making the plastics
35 particles tacky at their surface by increasing the



10 son with the carrier body surface and having g
structure with pores adapted to be pene- tratZREﬁkﬁqgngglgﬁgﬁgrd
to have m croorgani sns ' attach thereto, and bé¢ing conposed wi{h
pl asti ¢s particles (70) bonded together by the aﬁb??gavrﬁﬁﬁls

of heat, characterized in that the carrier bpdy(14) has

spacing bars (28) forned integrally with-11s pl astics materi al
for defining the distance to an adj acent car H-erbody _(14). 20

6. A carrier Bewpersdons mnd ¢ |eauss, them to bond eP3RERPF 7ol FANT hat it
has substanti alderdthifre range Eedel O cacklbdnar Db augowi ¢d Spaci ng. bars
t he

s
(28) rojectin efrom 25 7. A carrier_bo accordi ng
to claim5 or éfpor{ feavgngcﬁé‘r%c?%ﬂ'z% DRl 48t % aﬁ’ﬁtsrq“?%tee- pdPosity
cooled. Further below, the extrudate is cut trans~
5 versely of its longitudinal direction so as to form
the individual carrier bodies 14.

Fig. 10 shows a modification in which the two belts 48
are replaced by a pair of rollers S54. The operation is
10 basically the same as described hereinbefore.

Fig. 11 shows a modification similar to the embodiment
of Fig. 10, in which however each of the two rollers
54 is an end deflection roller of a horizonal endless
15 = conveyor belt 55 of metal. The plastics particles are
conveyed on the conveyor belts 55 to the moulding
space between the two rollers 54. From above, coarsely
ground particles of expanded clay drop from a supply
hopper 57 into the "moulding gap". The expanded clay
20 . particles are preheated to a temperature of e.g. more
than 200°C and introduce so much heat into the
moulding space that the bonding together of the
plastics particles takes place there with simultaneous
integration of the expanded clay particles.
25 ‘
Fig. 12 illustrates a process which, with respect to
the moulding operation of extrudate 46, takes place in
a stepped sequence. Instead of the pair of belts 48
and rollers 54, respectively, there is provided a
30 mould 56 consisting of two mou1d halves 58 and 60.
With the mould halves 58, 60 in the closed condition,
the raw material is introduced from above into the
mould cavity. Upon introduction, the mould halves 58,
60 can still be moved somewhat closer towards each
35 other, so as to exert pressure on the mould contents.
At this time, the extrudate 46 to be formed is statio-



particles (72).
porous structure adapted to have mnicroorgani sns
said process
provi ding plastics particles (70); 35 (b) i'ntrcdu i Ag MY iﬂ%st
particles (70)
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- 30 8. A process for producing c
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conprising the - follow ng stgp

into a nDuIding space (53);l.and.

C

nary. Heat is supplied to the mould conte
ding the plastlcs particles together. The mould halves

58, 60 are then slightly opened and the extrudate 46

to be formed is withdrawn downwardly by a length cor-
responding substantially to the height of mould 46.
Mould 56 is closed again, and the process is repeated.

Fig. 13 shows a production process which does not re-
sult in a continuous extrudate 46 of carrier body ma-
terial, but in cycled, intermittent manner provides a
sequence of separate carrier bodies 14. Left-hand
mould halves 58 analogous with the left-hand mould
half 58 of Fig. 12 are attached in series on two con-
veyors which are each in the form of a pair endless
conveyor chains. The lower ends of the mould halves on
the left side in Fig. 13 are attached to a pair of
conveyor chains deflected via lower chain wheels 62,
whereas the, in Fig. 13, upper ends of the left-hand
mould halves in Fig. 13 are mounted on an additional
chain pair whose chains are deflected by uppei: de-
flection wheels 64. On the right—hénd side of the
plant shown in Fig. 13, the same arrangement, in a
mirror image, is provided for right-hand mould halves
60. With this construction, a pair of a left-hand

- mould half 58 and a right-hand mould half 60 closes in

the upper region of the plant. The raw material is
filled in from above. The endless chains along with
the mould halves travel continuously downwardly in

Fig. 13, passing a heating station 66 and thereafter a

cooling station 68. Further below, thé mould halves
move apart so that the finished carrier body can be
removed therefrom. The sequence of operations may also
take place in stepped or intermittent manner such that
the individual moulds each stop in the material intro-
duction station, in the heating station, in the
cooling station and in the. discharge station. In the

of
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. (c) supplying heat to the plastics par1| ‘Q?E _
contained in the noul di ng space (52) such that Rﬁ g&%N£s§H§§;.

partlcles_(70) "are bonded to- gether formn t he. porous
carriér body 5 structure, char act pr i z@d7 i MOV 1398
(d) that the contents of the noul ding space (52), by nmovengn
of novabl e noul di ng space con- -19- fining nmeang (48; 54), are
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t he Course of
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carrier body
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structure by supply of heat. 15

It is to be understood that in the embodiments of
Figs. 9, 10 and 11, the moulding spaée is closed 1la-
terally, i.e. both in front of and to the rear of the
drawing plane. For examples, plates are attached there
between which the belts 48 or the rollers 54 run with
close lateral play. ' |

As was pointed out already several times, the plastics
particles to be bonded together by the application of
heat must have a temperature suitable therefor in the
moulding space (in case of polyethylene particles e.g.
in the temperature range from 160 to 190°C). The most
preferred possibilities for obtaining such tempera-

tures in the moulding space are, either alone or in .

combination:

- heating at leat part of the confining areas of the
moulding spacé, i.e. for example heating of the
belts 48 or the rollers 54;

- preheating the plastics particles and/or the ex-
panded clay particles. Preheating of the expanded

clay particles is especially efficient since these

may be preheated to a higher temperature before
addition to the plastics particles and since they
have a relatively high heat capacity;

- other supply of heat to the contents of the

moulding space, preferably by 'blowing' hot air

therethrough, heating by microwaves and the like.
In the embodiments according to Figs. 9, 10 and
11, the last-mentioned mode of  heating may be

carried out e.g. perpendicularly to the drawing
plane.




- 9. A process accbrding to claim8, characteri

Zq Crat—t+he
- moul di ng space (52) is confined on two opposed <|BQ@- NEﬁH1SHEET
revolving belts (48). 20 10. A process acg¢or{di ng toctarm
8, characterized in that the noul ding space (52) ifs2 7 NOV 1398
confined on two opposed sides by rollers (54). 25 11} A process
according to at |east one of clains 8 rd0- 10,

cont nuausty. FhEoEREREGG A PRLS bifuediipacyjos pldd tg el

according to andléase-@neoehuﬂapan;n;has is 10 to 55 '

12. ATproces
preferably
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30 to 55 %, plastics particles, remainder fine-porosi-
ty particles. '

Fig. 14 illustrates the manner in which the plastics
particles 70 and the fine porosity particles 72 are
present in the finished carrier body 14.

It has already been mentioned that the bioreactor 2
according to the invention is suitable for treatihg
either liquids or liquids in the presence of gases. In
both cases, the main flow of the liquid to be treated
or of the gas to be treated may be preferably from the
bottom upwardly or from the top downwardly. However,
it is also possible to treat in a bioreactor 2 both a
liquid and a gas at the same time. Liquid and gas may
flow therein either in co-current flow or in counter-
flow. By way of Fig. 1 it is conceivable easiest that
in addition to the sewage distribution system 10 a gas
distribution system is provided in the lower portion
of bioreactor 2. Sewage and gas flow upwardly in a co-

'current flow. This is at the same time an example for

25

an aerobic water treatment.

The continuous processes according to.Figs. 9, 10 and
11 may also be used without any problems for producing

carrier bodies 14 having integral spacing bars 28, by

30

providing e.g. belts 48 or rollers 54 with correspon-
ding recesses in longitudinal direction and circum-
ferential direction, respectively.



characterized in that the plastics particles (70) - are' preheat ed .
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porous structure adapted to have m croorgani sns ttach theretd,
sai d process conprising the fol [ owi ng steps: 27 NG 1998
provi ding plastics particles (70); -21-
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1. A fixed-bed bioreactor (2) for purifying fluids .
with the aid of microorganisms, containing a plu-
rality of carrier bodies (14)  for microorganisms
and flow paths (36) for the £luid along the

10 carrier'bodies (14), with said carrier bodies (14)
being sheet-like structures with a small thickness
in comparison with the carrier body surface and
having a porous structure with'pores adapted to be
penetrated by the fluid aﬁd to have microorganisms

15 attach thereto, and being composed with plastics-_
particles (70) bonded together by the application
of heat, L

characterized in that the carrier bodies (14) are

spaced apart with the aid of spacing bars (28),

20 defining the flow paths (36) between the carrier

| bodies (14); and in that the spacing bars (28) are

formed integraliy with the plastics material of a
respectively associated carrier body (14).

25 2. A fixed-bed'bioreactor éccording to claim 1,

' ' ‘_chaféctérized in that a plurality of carrier

' bodies (14) is united to form a carrier body
package (38) by mutual. connection thereof with
inclusion of the spacing bars (38), preferably'by

- 30 : adhesive bonding or by welding.

3. A fixed-bed bioreactor according to claim 1 or 2,
 characterized in that the carrier bodies (14) each
have_ substantially the shape of a planar plate
35 with integral spacing bars (28).
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.(b) introducing the plastics partj

space (58, 60); and o the plastigs r

(70) . contained in thes (58, 60) duch a%ah}d‘fl'gegg
that the plastics particles (70) are bonded t dgether—form ng
t he porous carrier body structure, haracterized in

(d) that the particular noul di ng space i22confined 15 first
and a second uId hal, 5 t hat qpbf first
nmoul d hal ves ?g %lxeﬁ % (pﬁor?ﬁﬁﬁﬁ da%é§%§%Q SF%bghvey%?génégg nunber
of tb€ skabmd hotbd3hal ves (60) is nounted on a

second conveyor; 20pnsrg teri%édtbgtthge gﬁ@lgaP§H¥§Sb65§eﬁ6Qi4%ncBHe cl osed
condition thereof are a apte a station

for introduction oFa%ﬁeflne POfOSltY pprhicies patlicles (70) and through a
station s |

S. A carrier body (14) for fixed—bed bioreactors (2) -
for purifying fluids with the aid of micro-
organisms, said carrier body (14) being a sheet-
like structure with a small thickness in compari-

10 son with the carrier body' surface and having a
porous structure with pores adapted to be pene-
trated by the fluid and to have microorganisms
attach thereto, and being composed with plastics
particles (70) bonded together by the application

15 | of heat, : _ -
characterized in that the carrier body (14) has
'spacing bars (28) formed integrally with its
plastics material for defining the distance to an
Iadjacent carrier body (14).

20
6. A carrier body accordlng to claim 5,
. characterized in that it has substantlally the
shape of a planar plate with spacing bars (28)
projecting therefrom.
25
‘ 7. A carrier body according to claim 5 or 6,
characterized in that it contains fine-porosity
particles (72) . |
30 8. A process for producing carrier bodies (14) of

porous structure adapted to have microorganisms
attach thereto, said process comprising the.
following steps:
(a) providing plastics particles (70)
35 (b) introducing the plastics particles (70) into a
_moulding space (52); and



(@6) for the appllcatlon of heat to the intro- dueet—p-ast

particles (70); and (g) that thecjm Mj“mull F 60) , dLRfHLéCEMEﬁTMSﬁIEIE?
design of said first and second ctosed—and

opened autonatically. 30 14. A process accordlng tof a f
clains 8 to 13, - characterized in that “elzerr@jf%\]’ﬁﬁso

space (52; 58, 60) i s desi gned23uch that carrief bBodres—td)—wr-th
spaci ng bars (28) |n5egr i;ifor gtt@%%¥h f%é%lcs partBéQSHC%Qn)
contained in the moulding space (52) such that
the plastics particles (70) are bonded to-

gether forming the porous carrier body
5 structure,

characterized in |
(d) that the contents of the moulding space (52),
by movement of wmovable moulding space con-
fining means (48; 54), are entrained in the
10 direction towards a discharge. end of the
~ moulding space (52) and in the course of the
‘entraining movement are bonded together to
‘form the porous carrier body structure by
supply of heat.

15
9. A process according to claim 8,
characterized in that the moulding space (52) is
confined on two opposed sides by endless revolving
belts (48).
20 '
10. A process according to claim 8,
characterized in that the moulding space (52) is
confined on two opposed sides by rollers (54).
25 11. Alprocess according to at least one of claims 8 to
g 10, . |
' 'characterized in that the plastics particles (70)
are - introduced contlnuously intp the moulding
space (52).
30

12. A process according to at least one of claims 8 to
11, _ _ o '
characterized in that the plastics particles (70)
. are -préheated prior to introduction into the
35 moulding space (52). o
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| 15. A process accor charact-er—zed
in that the confining nmeans of t “l mul W“Mﬂ"dl ng sppdRERLAGEMENT MET

can be exchanged or, *neceslsary, scamn be equi ppgd—wrtirmatert
serts so as to be able to produce carrier bpdi
(14) having spacing bars (28) of di ffere% hei ght . 27 NOV 1338
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the plastics particl
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| east one of clains 8 t©

A process

15, 1p

porous structure adapted to have microorganisms

attach thereto, said process comprising the

following steps:

(a) providing plastics partlcles (70);

(b) introducing the plastics particles (70) into a
'moulding'space (58, 60); and

(c) supplying heat to the plastics particles (70)
contained in the moulding space (58, 60) such
that the plastics particles (70) are bonded
together forming the porous carrier body
structure,

characterized in _

(d) that the particular moulding space is confined
by a first and a second mould half (58, 60);

(e) that a number of the first mould halves (58)
is mounted on a first conveyor and a number of
the second mould halves (60) is mounted on a
second conveyor; '

(£) that the mould halves (58, 60) in the closed
condition thereof are adapted to be moved
through a station for introduction of the
plastics particles (70) and through a station
(66) for the application of heat to the intro-
duced plastics particles (70); and

(g) that the mould halves (58, 60), due to the
design of said first and second conveyors, are
closed and opened automatically.

A process according to at least one of clalms 8
to 13, _
characterized in that the'mduLding spacé (52; 58,
60) is designed such that carrier bodies (14) with
spacing bars (28) integrally“formed thereon are
produced. ' B
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characteri zed
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fine-porosity partlcF s (72).
A process according to claim 14,

characterized in that the confining means of the
moulding space (52; 58, 60) can be exchanged or,
if necessary, can be equipped with material in-
serts so as to be able to produce carrier bodies
{(14) having spacing bars (28} of different height.

A process according to at least one of claims 8 to
15,

characterized in that fine-porosity.particles (72)

are added to the plastics particles (70).

A process according to at least one of claims 8 to
16, _ _
characterized in that heat is supplied to the
plastics particles (70) contained in the moulding
space (52; 58, 60) by heating confinement areas of
the moulding space (52; 58, 60) and/or microwaves
and/or heat radiation aﬁd/or addition of preheated
fine-porosity particles (72).
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.- Abstract
FIXED-BED BIOREACTOR AND CARRIER BODY FOR PURIFYING FLUIDS

A fixed—bed bioreactor with porous carrier bodies (1¢)
for microorganisms. The carrier bodies are sheet-like

- structures with a small thickness in comparison with

the carrier body surface. The carrier bodies are kept
spaced apart by means of fpacing bars (28), defining
flow paths (36) between thé carrier bodies. In a pro-

- cess for producing porous carrier bodies for micro-

organisms, plastics particles (70) are introduced into
a moulding space (52) and bonded together thersin by _
application of heat. With this process, an endless

-extrudate (46) of carrier body material may be pro-

duced, from which the individual carrier bodies may be
cut off. Alternatively, the process may be carried out
by means of a series of pairs of mould halves passing
through a mould filling station and a heat supply
station. |

(Fig. 8)



