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1 CARRI ER MATERI AL FOR:I MVOBI LI ZATI ON OF M CROORGANI'SMS The mvenf‘ﬁ"%&f’i""5
relates to:a n1croorgan|sn1carr|er material (1) conprising a st ruceére
suitable for the. inmobilization of m groorgani sms, for use in biological
renoval of inpurities from [iquid or gaseous nedia, wth the
inherently stable carrier material (1) consisting at |east of a first
gooponent in the form'of mcroporous grains and a supporting second

component havi ng the n1cr@p9Lgus-g;a;ns_enbedded_LheLeJn.
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The invention relates to a carrier material for immobilization
of microorganisms, especially for segregation of impurities from
gaseous or liquid media, which is dimensionally stable and is '
provided with a plurality of pore-like openings of different
sizes. '

In order to segregate contaminants which consist of dissolved
liquid or gaseous media from mixtures of gases, it is known to
employ for material transformation microorganisms which are
brought in contact with the substrate. The substrate can consti-
tute a gas or a liquid. The liquid can be water wherein the
substrate for the microorganisms is formed by contaminants in
the form of dissolved gases or SOllQ substances or by other
liquids or'solld substances. The situation is similar in the
case of media in the form of gases which are contaminated, e.g9., LY
R odorous substances or in the case of other gases which serve

as a feeding ground for microbic decomposition.
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In order to segregate contamnants. which consist of dissolved liquid

or gaseous nedia from m xtures of ga%es it is known to enpl oy for
mat eri al transformation nlcroorganlsns which are brought in contact

with the substrate. The s bstr te can constjtute a ui d.., The
li qui d caﬁ°5§aﬁ§tgﬁ § RPRYBRRT§Pe HPo etﬁchwgpas ﬁqgﬂ§%%:?¥Qﬁ%ed
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substrate is a. liquid.. However, it.is also possible. to combine
the microorganisms with carrier substances, namely to immobilize
the microorganisms so that the microorganisms. move in the liquid -
with the carrier substances, e.g., in a fluidized bed. These
‘microorganisms can further -remain ‘at a standstill in a reactor
(fixed bed) wherein the medium flows -through them. However, -
tests indicate that'especially an immobilization of microoxganisms
brings about a higher degree of purification because the surround-
ing zone of the medium which can be reached by the microorganisms
-~ is larger and, accordingly, the microorganisms can find a larger

"foraging ground”.

The most frequently examined possibilities of immobilization for
the purpose of decomposing contaminants in media or substrates

include:

a) Confinement of cells in interlaced gels or membrane like

formatiocns,
b) Intercellullar interlacing,
c) Covalent bonding of cells to organic material,

d)} Adsorption of cells on the surface of a suitable carrier

material.

In the case of adsoption of microorganisms on carrier materials,
there become effective physical bonding mechanisms in order to
retain the microorganisms. The probably best known example of
utilization are filler.bodies (pefcolating filters) in liquid
waste cleaﬁing,plénts to which the microorganisms adhere to form

micellae.
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odorous substances or in the case of3other gases which serve as a feeding
ground for m crobic deconposition. 2 Cont act betmeen t he substances
to be deconposed and the mcroorganisns can established in

di fferent croorgani n, RY
redi um - edfect i 1B 7ObhetSRet FaFelr o EE PebEE a?%“aa‘{eo B pladble
possi bl e material in specific shapes but w1thout pores, Or of vulcanlc

porous natural stone.

Howevef, if the microorganisms which adhere to smooth surfeces
are to be utilized in other reactors, wherein external.forces
act counter to the physical bonding forces, such d&s for example
the shearlng'forces generated by a flowmng lquld 1n stirrer.
type reactors, the bonding forces at the smooth surfaces of the-
polypropylene percolating filters do not suffice any longer ‘and

the microorganisms are r insed away.

A substantial improvement is achieved by utilizing porous

) carriers on which the microorganisms grow into the pores and
are thus capable of gaining a stronger hold. This is achieved
in the aforementioned porous vulcanic stone which, however
exhibits the drawback of high density to liguid waste and the
resulting greater weight which must be taken up by larger

‘reactors and which must be coped with during evacuation.

It has further become known to use a porous foamed substance

with a density of 10 to 200-kg/ﬁ3 and with open macropores of

0.1 to 5 mm which serves as a carrier substance. Though the
lower aens1ey facilitates convenient c1rculaelon in the substrate
" to be treated, it is necessary, even in Fhe ‘event of utilization
in a fixed-bed reactor, to provide suitable fastening and holding
devices in order to prevent continuous floating and unintentional
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cénbiﬁe the microorganisms with cargier substances, nanely to inmmobilize
the m croorgani sms so that the m croorgani sms nove in the liquid with the
carrier substances, e.g., in a fluidized bed. These m croorgani snms can
further remain at a standstill in a reactor (fixed bed) wherein the nedi um
flows through them However, tests indicate ,that especially an
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reached b organi snms is larger and, accordingly, the
n1croorgémnmﬁ;Qﬁﬂpﬁgﬁﬁﬂ%@$a§@ér l$o?§@%ﬁ§°§roﬁﬁﬂm°tes an advantageous

multiplication of microorganisms in its macropores and, moreover,

its micropores store foodstuffs for microorganisms.

In accordance with the lnventlon, thls object is - accompllshed
Wlth a carrier material of the aforedescrlbed type in that the
carrier material consists of at least two material -components
wherein at least one of these material components is provided
with the micropores and can consist especially of activated
carbon or -clay with fine pores, and a second material component
) consists of coarser grains, in that.various components of the
mixture are connected to each other in accordance with a bonding
or sinfering technique so as to develop macropores in addition
to micropores, and in that all of the pores are suitable for
adsorption of microorganisms as well as of dissolved harmful
substances and can be put to use for biological decomposition

of substances in liquid or gaseous media.

With these undertakings, there is .provided a carrier material
which, in dependency on the field of its utilizat4on, can assume
_differehL geometric snapes and can Drov1de a sufficiently large
épace for reception of mlcroorganlsms. In addition, the weight

per unit volume of the carrier material can be determined by
appropriate selection of its porosity to meet the existing require-
ments and, especially if used in liguids, to constitute a swimming,
floating or sinkable body. In view of the possibility of confining
secondary materials in the primary material of the carrier body,, it
is conceivable to add to primary material even such materials

which are especially suited to promote the growth of microorganisms.
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The -nbst frequently exam ned possi bilities of inmobilization for the

pur pose of deconposi ng contam nants™in nmedia or substrates include: a)
Confinenent of cells in interlaced gels or nenbrane |ike formations, b)
Intercellullar interlacing, c) Coval ent bonding of cells to organic
material, d) Adsorption of cells on the surface of a suitable carrier

mat eri al .I4 masheeanefwtthesorprevhabredi thasr §hS shavdrcks rehergeefars,

known carrier materials can be avoided with the invention in that

a) a relatively coarse-grained basic material, such as for
example a thermoplastic substance or another material which
is provided.with an adhesive outer layer, can be converted
into a coarse—pore material skeleton under the action of '
temperature and/or preséure by resorting to a sintering or
bonding technigue. Such a material, with a pore size of
approximately 10 to 200 pm, .can serve for the settling of
smallest ) and up to largest ( )

microorganisms.

b) an additive material which is provided with very small pores
from the beginning, such as for example activated carbon with
pore sizes of 0 - 500 A or a fired clay material with a pore
width of up to 10" 'm. It is well kndwn that, for example,
activated carbon is best suited for adsorption or absorption
not only of small microorganisms but also of harmful substances
and can store substantial quantities due to it large internal
surfaces and number of pores. A drawback is a low scuf:f
resistance in the event of an action by external forxces,
be it due to forces which are developed by the flowing liquid
or as a result of collision with other parts. Scuffing is
largely avoided by embedding the microporous substance in
ﬁhe macroporous base frame and, therefore, the storing action
is fully effective. Especially pronounced fluctuations of
harmful substances, which can be decomposed by the microorgan-
isms but can have a toxic effect upon the microorganisms in .
large concentrations, can be stored in the micropores to be

processed at a later time.
c) further additive materials, which are of advantage for the
" metabilism of the microorganisms, can be added to a gcertain

extent. K
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there‘becone effective physical bqqging mechani snms in order to retain the
M GFOOr gani sms. The probably best” known exanple of utilization are filler
bodi es (percolating filters) in liquid waste cleaning plants to which the
m cr oor gani sns adhere to form m cell ae. 3 At the present tine, the

fitler bodies are made of plastic :
Thus, it is known that nickel, e.g. in fine pulverized

form, is effective catalytically in metabolic activi-
ties. In addition, it is possible to influence the
density of the carrier material within certain ranges.
A 10 % nickel powder content could be realized.

Additional advantageous further developments of the 1nventlon

can be found in the remaining dependent claims.

he drawing shows schematically two possible embodiments of the

)

invention. There are shown in:

a side elevational view of a shaped body with two

’1’_]
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differently designed carrier materials,

Fig. 2 a sectional view of the shaped body according to Fig. 1

in .the plane II - ITI,

Fig. 3 a section of the shaped body according to Fig. 1 in

' the plane III - III and

hj

b

Fig. a cylinder-shaped shaped body.

The carrier material.l according to the invention is formed essen-
. tially by a shaped body which consists of at least two material
components one of which is a'polYmerized synthetic material and
the other, e.g., an activated carbon. The two components, of which
the synthetic material can constitute a powder and activated
carbon can be of a gritty consistency, are mixed with each other
in a ratio which is determined in advance and are thereupon
introduced into a shaping tool. In this shaping tool, the two ¢
_components. are bonded to each other by sintering, namely in such
a way that larger and smaller.openings, i.e., pores, remain
between the material parts which are connected to each other.
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material in specific shapes but withgut pores, or of vulcanic porous
natural stone. However, if the microbrgani sms which adhere to snooth
surfaces are to be utilized in other reactors, wherein external forces act
counter to the physical bonding forces, such as for exanple the shearing
forces generated by a flowing liquid in stirrer type reactors, the bonding
forces at Thieses rovat mm:t:aa:bsc@ﬁooﬂnen’psl 9pnopy| eméipurated #td ﬁgstﬁrla epy Fagdred

not SUff!gﬁ ﬂ@%gfyg¥w ﬁgg eveﬁ&%rggn SIS Lar @5 gnsid a%ey . A

substanti nprovene ¢ ufPrizi'ng porous. carrlers

Due to such mode of bonding, namely the sintering of material
components, there develops a material which,'on the one hang,
exhibits macropores- attributable to the ganular shape of
synthetic materlal and actlvated carbon but, on the other hand,
is exceotlonally mlcroporous in the actlvated carbon.. Both
characteristics 51gn1f1cantly promote immobilization of the
microorganisms. This is shown, e.g., on the basis of tests '
during which it was.ascertained that extinction takes place as
a function of time. A substantial decrease, indicative of a

pronounced growth of bacteria, can be ascertained already after

a few hours.

Furthermore, the thus obtained carrier material 1 exhibits a
density which is below andvery close to 1:0 and hence the matsrial swims in
customary substrate liquids in such a way that it is nearl

submerged.

The utilization of the carrier material in a £fluidized bed
necessitates only a minute consumption cf energy and a low flow
velocity so that its shearing forces.upon the solid materials are .

also relatively small.

A further modification of the novel carrier material 1 is consti-
tuted by a porous body towhich, in additicn to its percentagés of
thermoplastic synthetic material and activated carbon, there is
added a gquantity of up to a maximum 10 percent by weight of metallic
powder (e.g., nickel) prior to sintering. In this manner, the *
density can be increased up to a value of slightly above 1.0
(specific weight) to thus influence the swimming capability.
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on whi‘ch the microorgani sns grow into the pores and are thus capabl e of
gakming a stronger hol d. This is acABéved in the aforenentioned por ous
vul cani ¢ stone which, however, exhibits the drawback of high density to
liquid waste and the resulting greater weight which nust be taken up by

| ar ger reactors and which nust be coped with during evacuation. It has
further ook kivd, t BhdSRedafibieupoirdatedasukdddendlilly aaariod yarof 10

to 200 kg/pferr] .and with open cropores of. 0.1 ta mmwhi.ch .serves..as,_a
carrier Gh LT oRHRMPHE S| GREr ng.ﬁ.glet o5 X3 elrt"ffa'és' %\fe%ik@rﬂwn that,
circul atieoygi p nivkslbattat eatalpeitaddyedn the course of certain material

changing processes.

Another field of utilization is seen to reside in microbic

purification of waste air containing constituents which can be’

decdmposed-by biotechnical means. In such instances, the described

sintered plastic/activated carbon material again acts as a carrier

material 1 for microorganisms.

The carrier material 1 can be furnished in the form of a flowable
granulate, preferably alsoc in various dimensionally stable shapes
which may be of a complex geometric configuration. The Figures
show a few examples, such as substantially cylindrical at 2,

box~shaped at 3, accordion at 4, and others.

The geometric shape of a carrier material 1 or a shaped body
will be determined to a large extent by the circumstances of in-
stallation, not only in connection with the use in ligquids but also

in gases, so that it need not be further discussad here.
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it is'necessary, even in the event of utilization in a fixed-bed reactor,
fo.provide suitable fastening and hol di ng devices in order to prevent
conti nuous floating and uni ntentgonal evacuation fromthe reactor. - 3a
Finally, Docunent EP-A-0 124 438 discloses a micro- organismcarrier

mat eri al having the features indi-

-

PATENT CLATIMS

1. Carrier material for immobilization of microorganisms,
especially for segregation of contaminants from gaseous
of'liauid media, which is £furnished in a dimensionally stable
form with a large number of pore-like ovenings having different

pore sizes, characterised in that the carrier material exhibits

macro— and micropores and consists of at least two material

" components wherein at, ieast 6ne'of these material ccmponents,
exhibits the micropores, espec1a11y in the form of activated
carbon or fine-pore clay material, and a second material
component consists of coarser grains, in that various components
of the mixture of different components are bonded to each other
in accordance with a bonding or sinterihg process to thus
-develop also macropores in addition to micropores, in that all’
pores are suitable for adsorption of microorganisms as well as
of dissolved harmful substances and can be put to uée-for

biological decomposition of substances in liguid and gaseous

media.
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cated’in the introductory paragraph of the specifi- cation. This known
carri-er material is produced by ex- truding a m xture of polyvinyl chloride
particles, activated carbon particles and swelling agent par- ticles, while
bei ng heated and foamed. As a comdB- quence thereof, the polyvinyl chloride
in"the extruded product fornms cell walls of cells forned by foam ng. The
activat ed2car bamrpatt maltes idldest ar@impt ts upbasadll ochareedleed 268d N that
potyvinyl chl ghdgobisl idliddh WitddHY SlmplSe B E0aS: 8t S T dnlS

" thermoplastic material or of another material with adhesive
surface which can be converted with a .microporous material
into a carrier substance under the action of pressure or

temperature.

3. Carrier material according to claim 1, characterized 'in that

additional metallic powders of up to a maximum of 10 percent
by weight, which catalytically promote the conversion of
material, are added to the basic materials which form the

macro- and micropores.

4. Carrier material according to claim 1, characterized in that

density of carrier material approximates that of the liquid

wherein the microorganisms develop their cleaning effect.

5. Carrier material according to claim 1, characterized in that

the shape of the carrier material can conform to different

geometrical configurations and that they by themselves exhibit

a s ®bility as to form.

_—
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probably be achieved in essence only for the activated carbon-particles

| ocated on the outer surface of the product.

There is no description that

the product has throughout a structure with open pores or open cells. 4
An object of the invention is to providk a carrier materi al of such nature

that it exhibits a pronounced adsorption capability
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ABSTRACT
CARRIER MATERIAL' FOR IMMOBIL:IZATION OF MICROORGANISMS

Carrier material for immobilization of microorganisms,

especially for segregation of contaminants from

gaseous or liquid media, saild carrier material con-
sisting of at least two material components bonded to
each other by a specific sintering process and having
a macroporous as well as microporous structure adapted
to adsorb therein cultures of mlcroorganlsms remov1ng
the contamlnants from the medium. '
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for mcroorgani sms and, in addition, pronotes an advantageous

mul tiplication of mcroorganisns in its macropores and, noreover, its
m.cropores store foodstuffs for mcroorganisns. To neet this object, the
m croorganismcarrier material accdrding to the invention is characterized
in"that, in the carrier material (1) ready for use, the second conponent
consists of coarser plastics grains or co&téer grains of a different
substance havi ng a bondi ng surface; agp t the grains of the second

conponentdEgvlng f he qungprqu -q DQ:Q onponent - enbedded

therein i ,gl’lbutcu nemrer—coirstt tc.a Ferer-opeoralUs Sintered or
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bonded"ba5| c structure in which the enti rety both of the mcroprts)ﬂrﬁ(‘é*&'~"a$'iﬂs of
the Jmacropores are accessible for inmobilizing mcroorganisms and for the
mediumto be treated. Wth these undertakings, there is provided a carrier
mat eri al which, in dependency on the field of its utilization, can assune
di fferent geonetric shapes and can provide a sufficiently |arge space for
. Eceptlon of m croorganisns. . In addition, the weight ‘per unit volunme of
e carrier material can be determ ned by appropriate selection of its

porosity to neet the existipg~eguitenents and, especially if used in
liquids, to constitute a - REPLACED SHEETS SG
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T i tle: Carrier material for immobilization of

microorganisms

'The invention relates to a carrier material for immobilization
of microorganisms, especially for segregation of impurities from
gaseous or liquid media, which is dimensionally stable and is
provided with a plurality of pore—11ke openings of different
sizes.

In order to segregate contaminants whch consist of dissolved
liquid or gaseous media from mixtures of gases, it is known to
employ for material transformation microorganisms which are
brought in contact with the substrate. The substrate can consti-
tute a gas or a liquid. The liquid can be water wherein the
substrate for the microorganisms is formed by contaminants in
the form of dissolved gases or solid substances or by other
liquids or solid substances. The situation is similar in the
case of media in the form of gases which are contaminated, e.g., by
odorous substances or in the case of other gases which serve

as a feeding ground for microbic decomposition.
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sw ym ng, floating or sinkable body. In view of the possibility of _
confining secondary materials in the-primary material of the carrier body,
is conceivable to add to primary material even such materials which are
especially suited to pronote the growth of m croogranisns. 5 1t has been
further axeardet nedcwdst the dubehaake softddyetddaomposed and the micro-

organisms can be established in different ways. The microorgan-
isms can freely swim around in the medium, especially if the-
substrate is a.liquid. However, it.is also possible. to combine
the micrborganisms with carrier substances, namely to immobilize
. the microorganisms so that the microorganisms.move in the liquid
with the carrier substances, e.g., in a fluidized bed. These
microorganisms can further remain at a standstill in a reactor
(fixed bed) wherein the medium flows .through them. However,
tests indicate that especially an immobilization of microorganisms
brings about a higher degree of purification because the surround-
ing zone of the medium which can be reached by the microoréanisms
is larger and, accordingly, the microorganisms can find a larger

"foraging ground"®.

The most frequently examined possibilities of immobilization for
the purpose of decomposing contaminants in media or substrates

include:

a) Confinement of cells in interlaced gels or membrane like

formations,
b) Intercellullar interlacing;
¢c) Covalent bonding of cells to organic material,

d) Adsorption of cells on the surface of a suitable carrier

material.

In the case of adsoption of microorganisms on carrier materials,
there become effective physical bonding mechanisms in order to
retain the microorganisms. The probably best known example of
‘utilization are filler.bodies (pefcolating filters) in liquid
waste cleaning plénts to which the microorganisms adhere to form

micellae.
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known carrier materials can be avoided with the invention in that a) a
refatlvely-- coarse-grained basic _gaterial, such as for exanple a

t hernopl asti ¢ substance or another material which is provided with an
adhesi ve outer layer, can be converted into a coarse-pore material skel eton

tnder t h%@%ﬁ%;p@éséﬁgpéiﬁéur ehan%querzr Sililes hyrd afi@déi 69 plastdiont ering
or bondin ue. Such _a material, wth a pore size of aggroxhnateky 10

to 200[emq¢ﬁr:eaah o sReFofienshapes P ST RRTSRd 8P

mcroorgeggﬁ@s A tural gddhgl ve material which is provided with very snal |
por es

However, if the microcrganisms which adhere to smooth surfaces
are to be utilized in other reactors, wherein external  forces
act counter to the physical bonding forces, such ds for example
- the shearing forces generated by a flowing liquid in stirrer
type reactors, the bonding forces at the smooth surfaces of the
polypropylene percolating filters do not suffice any longer and

the microorganisms are r insed away.

A substantial improvement is achieved by utilizing porous
carriers on which the microorganisms grow into the pores and
are thus capable of gaining a strongex hold. This is achieved
in the aforementioned porous vulcanic stone which, however,
exhibits the drawback of high density to liquid waste and the
resulting greater weight which must be taken up by larger

‘reactors and which must be coped with during evacuation.

It has further become known to use a porous foamed substance

with a density of 10 to 200 kg/m3 and with open macropores of

0.1 to 5 mm which serves as a carrier substance. Though the
lower density facilitates convenient circulation in the substrate
to be treated, it is necéssary, even in the event of utilization
in a fixed-bed reactor, to provide suitable fastening and holding
devices in order to prevent continuous floating and unintentional

evacuation from the reactor.
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fromthe beginning, such as for exanple activated carbon with pore sizes of
O - 500 Aor afired clay naterialgwith a pore width of up to 10 [err]m

I't i's well known that, for exanple, activated carbon is best suited for
adsorption or absorption not only of small mcroorganisnms but also of
harnful - substances and can store substantial quantities due to it large
I nt er nal surfacescggd nunper

dr awback i_s
resi st aRe eﬁﬂecﬁn¥ﬁP5t$?oﬁsb§°e?F8yﬁ§g Fofcgglﬁﬁgﬁé%%ﬁéf% of
fO{fes th@hnﬂﬁhﬁkﬂﬁﬁéweﬂtb&xhhﬁxﬁkomnpgohbqucédoa&mpnptxnnnQamﬁblllty
cottt SI_%rclaertJ.Q:rcgohregrarP 2ItS ana chgxf[agglltlona}r %?: oL dgd %m&@g the
multiplication of microorganisms in its macropores and, moreover,

its micropores store foodstuffs for microorganisms.

In accordance with the invention, this object is accomplished
with a carrier material of the aforedescribed'type'in that the
carrier material consists of at least two material .components
wherein at least one of these material components is provided
with the micropores and can consist especially of activated
carbon or clay with fine pores, and a second material component
consists of coarser grains, in that.various components of the
mixture are connected to each other in accordance with a bonding
or sinfering technique so as to develop macropores in addition '
' to micropores, and in that all of the pores are suitable for
adsorption of microdrganisms as well as of dissolved harmful
substances and can be put to use for biological decomposition

of substances in liquid or gaseous media.

With these undertakings, there is provided a carrier material
which, in dependency on the f£iéld of its utilization, can assume
different geometric shapes and can provide a sufficiently large.
space for reception of microorganisms. In addition, the weight

per unit volume of the carrier material can be determined by
appropriate selection of its porosity to meet the existing reguire-
ments and, especially if used in liguids, to constitute a swimming,
floating or sinkable body. In view of the possibility of confining
secondary materials in the primary material of the carrier body, it
is conceivable to add to primary material even such materials

which are especially suited to promote the growth of microorganisms.
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m cropbrous substance in the nmacroporous base franme and, therefore,
the storing action is fully effectiéwe. .Especi al |y pronounced
fluctuations of harnful substances, which can be deconposed by the

m croorgani sms but can have a toxic effect upon the microorganisms in |arge
concentrations, can be stored in the mcropores to be processed at a | ater

Lgrgbwlﬁﬁhgﬁgiﬂgéﬂ1g %hvgnrgtht%&%eggqggg:gﬁfOQ%FCer%g%%gggngrEQ%fore

known carrier materlals can be avoided with +the invention in that

a) a relatively coarse~grained basic material, such as for
example a thermoplastic substance or another material which
is provided.with an adhesive outer layer, can be converted
into a coarse-pore material skeleton. .under the action of
temperature and/or pressure by resorting to a sintering or
bonding technique. Such a material, with a pore size of
approximately 10 to 200 jum, .can serve for the settling of
smallest ( ) and up to largest | )

microorganisms.

b)  an additive material which is provided with very small pores
from the beginning, such as for example activated carbon with
pore sizes of 0 - 500 A or a fired clay material with a pore
width of up to 10 'm. It is well known that, for example,
activated carbon is best suited for adsorption or absorption
not only of small microorganisms but also of harmful substances
and can store substantial quantities due to it large internal
surfaces and number of pores. A drawback is a low scuff
reSLSgance in the event of an action by external forces,
be it due to forces which are developed by the flowing liquid
or as a result of collision with other parts. Scuffing is
largely avoided by embedding the microporous substance in
the macroporous base frame and, therefore, the storing action
is fully effective. Especially pronounced fluctuations of
harmful substances, which can be decomposed by the microorgan-—
isms but can have a toxic effect upon the microorganisms in
large concentrations, can be stored in the micropores to be

processed at a later time.

c) further additive materials, which are of advantage for the
metabilism of the microorganisms, can be added to a certain

extent.
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-6- This, it is known that nickel, e.g. in fine pulverized form.is
effgctive catalytically in netabokee activi- ties. In addition, it is
poSsible to influence the density of the carrier material within certain
ranges. A 10 % ni ckel powder content could be realized. Additional

advant ageous further devel opnments of the invention can be found in the

renaini?ﬂmﬁ??%ﬂgefé b8P enat nickel, e.g. in finé pulverized
form, is effective catalytically in metabolic activi-
ties. In addition, it is possible to influence the
density of the carrier material within certain ranges.
A 10 % nickel powder content could be realized.

.
e e ettt et 1 ¢

Additional advantageous further developments of the invention

can be found in the remaining dependent claims.

The drawing shows schematically two possible embodiments of the

invention. There are shown in:

Fig. 1 a side elevational view of a shaped body with two

differently designed carrier materials,

Fig. 2 a sectional view of the shaped body according to Fig. 1

in the plane II -~ II,

Fig. 3 a section of the shaped body according to Fig. 'l in

the plane III - III and
Fig. 4 a cylinder-shaped shaped body.

The carrier material .l according to the invention is formed essen-
tially by a shaped body which consists of at least two material -
components one of which is a polymerized synthetic material and
the other, e.g., an activated carbon. The two components, of which
the synthetic material can constitute a powder and activated
carbon can be of a gritty consistency, are mixed with each other
in a ratio which is determined in advance and are thereupon
introduced into a shaping tool. In this shaping tool, the two
components are bonded to each other by sintering, namely in such
a way that larger and smaller.cpenings, i.e., pores, remain
between the material parts which are connected to each other.
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The draw ng shows schematically two p055|ble enbodi nents of the invention.
There are shown in: Fig. 1 a side-elevational view of a shaped body with
two'differently designed carrier materials, Fig. 2 a sectional view of
the shaped body according to Fig. 1 in the plane Il - Il, Fig. 3 a .
Section of the shaped body according to Fig. 1 in the ptane I'll - 11l and

Fig. 4 a cyljnder- sha ed bad rd Al
the | nve#l’?ﬁ% *:gof B‘F%ﬁzfp@g‘secno BShertd ¢ a8 6p & YohE RS TRLE écﬁasé&&oéﬂyr&stﬁed
geometrical shapes as shown, e.g., in Flgs. l_and 4.

Due to such mode of_bonding,'namely the sintering of material
components, there develops a material which,.on the one hand,
exhibits macropores attributable to the granular shape of
synthetic material and activated carbon but, on the other hand,
is exceptionally microporous in the activated carbon. Both
characteristics significantly promote immobilization of the
microorganisms. This is shown, e.g., on the basis of tests
during which it was.ascertained that extinction takes pPlace as
a function of time. A substantial decrease, indicative of a

pronounced growth of bacteria, can be ascertained already after

a few hours.

Furthermore, the thus obtained carrier material 1 exhibits a
density which is below and very closs to 1:0 and hence the material swims in
customary substrate liquids in such a way that it is nearly

submerged.

The utilization of the carrier material in a £fluidized bed
necessitates only a minute consumption of energy and a low flow
velocity so that its shearing forces upon the solid materials are

also relatively small.

A further modification of the novel carrier material 1 is consti-
tuted by a porous body to which,_in addition to its percentagés of
thermoplastic synthetic material and activated carbon, there is
added a guantityof uw to a maximﬁm 10 percent by weight of metallic
powder (e.g., nickel) prior to sintering. 1In this manner, the
density can be'increased up to a value of slightly above 1.0
{specific weight]} to thus influence the swimming capability.

REPLACEMENT SHEET 1

31 OCT 1996

g



tially by a shaped body which consists of at |east two material conponents
oné of which is a polymerized synthetig _material and the other, e.g., an
acti vated carbon. The two conponents, of which the synthetic material can
constitute a powder and activated carbon can be of a gritty consistency,
are mxed with each other in a ratio which is determ ned in advance and are
t hereupon i ntroduced into a shapi tool. In this shapln t ool , the t wo
conponenfFyrihermordod the éa%ﬁabfherpaydgrnpéﬂ AGdirtdian %1 P V@ t hat

larger ap¢rat@l k@i PHYAEStes - €he PRARSe b@wma&e&qta\&een mqmrmw@ltm;s
whi ch are connected to each ot her.
e.g., nickel acts catalytically in the course of certain material

changing processes.

Another field of utilization is seen to reside in microbic
purification of waste air containing constituents which can be
decomposed - -by biotechnical means. In such instances, the described
sintered plastic/activated caibon material again acts as a carrier

material 1 for microorganisms.

The carrier material 1 can be furnished in the form of a flowable
granulate, preferably aléo'in various dimensionally stable shapes
which may be of a complex geometric configuration. The Figures
show a few examples, such as substantially cylindrical at 2, '
box~shaped at 3, accordion at 4, and others. '

The geometric shape of a carrier material 1 or a shaped. body
will be determined to a large extent by the circumstances of in-
stallation, not only in connection with the use in ligquids but also

in gases, so that it need not be further discussed here.
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Z7- These two material conponents can be configurated to assune any desired
geonetrical shapes as shown, e.g., in Figs. 1 and 4. Due to such node of
bordi ng, nanmely the sintering of material conponents, there devel ops a

mat eri al which, on the one hand, exhibits nacropores attributable to the
granul ar shape of synthetic material -ahd activated carbon but, on the other
hand, . : _

N, o

PATENT CLAIMS

1. Carrier material for immobilization of microorganisms,
especially for segregation of contaminants from gaseous
of liquid media, which is furnished in a dimensionally stable
. form with a large number of pore-like openings having different

pore sizes, characterised in that the carrier material exhibits

macro—- and micropores and consists of at least two material
components wherein at least one of these material components
exhibits the micropores, especially in the form of activated
carbon or fine-pore clay material, and a second material
component consists of coarser grains, in that various components
of the mixture of different components are bonded to each other
in accordance with a bonding or sintering process to thus
‘develop also macropores in addition to micropores, in that all’
pores are suitable for adsorption of microorganisms as well as
of dissolved harmful substances and can be put to use for
biological decomposition of substances in liquid and gaseous

media.
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i s exceptionally nicroporous in the activated carbon. Both characteristics
significantly pronote |nnDb|I|zatfon of the mcroorganisns. This is shown,
‘e.g:, on the basis of tests during-which it was ascertai ned t hat extinction
t akes place as a function of tinme. A $@bstantial decrease, indicative of
a pronounced growth of bacteria, can be ascertai ned al ready after a few

hours. Fyrthernore t hus aqbt |

whi ch |sEbeI W’éﬁagepﬁ 8%‘?2’ acc%%iq‘r?ga%%n%%aﬁ  Bhalaftiil ey Sdlcarity

customary subsér aberkeqgirds.nied s:\aﬂeza.a/ﬂayccvmnentl gonsastty of sinterable
- thermoplastic material or of another material with adheSLVe

surface which can be converted with a .microporous material
into a carrier substance under the action of pressure or

temperature.

3. Carrier material according to claim 1, characterized "in that
additional metallic powders of up to a maximum of 10 pércent
by weight, which_catalytically promoﬁe the conversion of
material, are added to the basic materials which form the

macro- and micropores.

4. Carrier material according to claim 1, characterized in that the

density of carrier material approximates that of the liquid

wherein the microorganisms develop their cleaning effect.

5. Carrier material according to claim 1, characterized'in that

“the shape of the carrier materlal can conform to different
geometrical configurations and that they by themselves exhibit

a s-ﬁbiliﬁy as to form.
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subnmerged. The utilization of the carrier material in a fluidized bed
fnetessitates only a minute consunption of energy and a low fl ow vel ocity so
that its shearing forces upon the solid materials are also relatively -
small. A further nodification of the novel carrier material 1 is consti-
tuted by a porous body towhich, in addition to its percentages of

t hernopl astic synthetic material and activated carbon, there is added a
guantity of up to a maxi mum 10 percent by weight of nmetallic powder (e.g.
nickel) prior to sintering. In this manner, the
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ABSTRACT

Carrier matefial for immobilization of microorganisms,
especially for segregation of contaminants from
gaseous or liquid media, said carrier material con-
sisting of at least two material components bonded to
each other by a specific sintering process and having
& macroporous as well as microporous structure adapted
to adsorb therein cultures of microorganisms removing
the contaminants from the medium.
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density can be increased up to a ‘val ue of slightly above 1.0 (speC|?F%Ims.._;~»
wei ght) to thus influence the swinm ng capability. -8- Furthernore, the
netal I'i c powder can additionally devel op an effect which pronotes the

change of material. It is known that, e.g., nickel acts catalytically in

the course of certain material changing processes.

CARRIER MATERIAL FOR IMMOBILIZATION OF MICROORGANISMS

B TRACT

Carrier material for the immobilization of micro-
organisms, especially for segregation of contaminants
from gaseous or liquid media, said carrier material
consisting of at least two material components bonded
to each other by a specific sintering process and
having a macroporous as well -as microporous_strﬁcture
adapted to adsorb therein cultures of microorganisms
removing the contaminants from the medium. "

Fig. 1
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Hoses-S Ise

Another field of utilization is seen to reside in nmicrobic purification of
wast e air containing constituents which can be deconposed by bi ot echni cal

means. |n.such instances,
nat eri al again acts-as a carrier
mat eri al

mat eri al

1 for

1 can. be furnished in the formof a flowable granul ate,

t he described.sintered plastic/activated carbon

m croorgani sns. The carrier
.preferably

al so in various dinensionally stable shapes which may be of a conpl ex

geonetric configuration.
substantially cylindrical
ot hers. _

The Figures shaw a few exanpl es, _
at 2, box-shaped at 3, accordion at 4, and

such as

- of nmicroorganisms,

- CARRIER MATERIAL FOR IMMOBILIZATION OF MICROORGANISMS

The invention relates to a microorganism carrier material

(1) comprising a structure suitable for the immobilization

for use in

removal of

the

biological

impurities from 1liquid or gaseous with

(1)

media,

inherently stable carrier material consisting at least

of a first component in the form of microporous grains and a

supporting second component_ having the microporous grains

"embedded therein.

In order to

segregate

contaminants

which consist ef

" dissolved llquld or gaseous media from mlxtures of gases, it

is  known to employ ~ for  material transformation
microorganisms which are ‘brought in contact with the
substrate. The substrate can constitute a gas or a liquid.

microoganisms

dissolved gases or solid. substances or by other liquids

“solid substances.

media in the form of gases Wthh are contaminated,

" The liquid can be water wherein the

is formed by contaminants

substrate for the
in the form of

or

The situation is 51m11ar in the case of

e.g., by

odorous substances or in the case of other gases which serve

as a feeding ground for microbic decompos1tlon,
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The geonetric shape of a carrier material 1 or a shaped body wil| be _
determned to a | arge extent by the circunstances of ‘in- stallation, not
only in connection with the use in liquids but also in gases, so that it
need not be further discussed here. 9 Cainms 1. A microorganismcarrier
material (1) conprising a : '
_ , |
Contact between the substances to be decomposed and the.
microorganisms can be. established in different ways. The
. microorganisms can freely swim around in the medium, especially if
the substrate is a liquid. However, it is also possible to
combine the microorganisms with carrier substances, namely to
immobilize the microorganisms so that the microorganisms move:in
the liquid with the.carrier substances, e.g.,'in a- fluidized bed.
These microorganisms can further remain at a standstill in é
reactor (fixed bed) wherein the medium flows through them.
However, tests indicate that especially an immobilization of
microorganisms brings about a higher degree of purification
because the surrounding zone of the medium which cah be reached by
the microorganisms is larger and, accordingly, the microorganisms

can find a larger “foraging ground”.

The most frequently examined possibilities of immobilization for

the purpose of decomposing coéntaminants in media or substrates

include:

a). Confinement of cells in interlaced gels or mémbrane_like
formations, '

b) Intercellullar interlacing, .

) Covalent bonding of cells to organic material,

d)  Adsorption of cells on the surface of a suitable carrier
material.

In the case qf adsorption of microorganisms on carrier materials,
there'become_effective'physical bonding mechanisms in order to
'retain the. microorganisms. The probably best known example of
utlllzatlon are flller bodies (percolatlng filters) in 1liquid

waste cleanlng plants to which the mlcroorganlsms adhere to form

micellae. "REPLACEMENT SHEET
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structure suitable for the imobilization of m- croorganisns, for use in
bi ol ogi cal renoval of inpurities fromliquid or-gaseous nedia, wth the

i nherently stable carrier material (1) consisting at |least of a first
conponent in the formof m- croporous grains. and a supporting second
conponent -having the m croporous grai-ns enbedded therein, characterized in
that, in the carrier material (1) ready for use, the second conponent

consi sts of coarser plastics grains or @oarser grains of a.

At the present time, the filler bodies are made of plastic'
material in specific shapes but without pores, or of wvulcanic

porous natur al stone.

However, if the microorganisms which adhere to smooth surfaces are
to be utilized in ot'l_'xer. reactors, wherein external forces act
counter to the physical bonding forces, such as for example the
shearing forces generated by a flowing lié[uid in stirrer type
.reactbrs, the boﬁding forces at :the smooth surfaces of the
polypropylene percolating filters do not suffice any longer-and
the microorganisms are rinsed'away. | '
A substantial improvement'is achieved by utilizing porous carriers
on which the microorganisms' grow into the. pores and ére thus
capable  of gaining a stronger hold. This is rachieved in the
aforementioned porous vulcanic stone which, however, exhibits the
drawback of high density to liquid waste and the resuiting greater
weight which must be taken up by larger reactors and which must be
coped with during evacuation.

It has further become known to use a porous foamed -substance with
a density of 10 to 200 kg'/m3 and with open .macropores of 0.1 to 5
‘mm- which serves as a carrier substance. Though the . lower density_
facilitates convenient circulation in the substrate to be treated,
it is necessary, even in the'eve'n_t of utilization in a fiied—bed
reactor, to provide suitable faétening and holding devices in

order to prevent continuous floating and unintentional evacuation

from the reactor.
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di fferent substance having a bonding surface; and in that the grains of the
second conponent having the mcroporous grains of the first conpo- nent
enbedded therein in distributed nanner con- stitute a macroporous sintered
or bonded basic structure in which the entirety both of the mcro- pores
and of the macropores are accessi-ble for immobilizing mcroorgani sns and
for the nmediumto be treated. 2. A mcroorganismcarrier material (1)
according to - 3a

mic

H
o

T Finally, Document EP-A-0 124 438 discloses a
organism carrier material having the fsatures in

i-
cated in the introductory paragraph of the specifi-
cation. This known carrier material is produced by ex-
truding a mixture of polywvinyl chloride particles, '
activated carbon particles and swelling agent par-
ticles, while being heatad and foamed. As a conse-
quence thersof, the polyvinyl chloride in the extruded
product forms c2ll walls of cells formed by foaming.

* The activated carbon particies,indeed ars not supposed
to be coated with a polyvinyl chloride £ilm, but in.
‘the light of the manufacturing process this can

- probably be achieved in essence only for the activatad
carbon-particles locatzad on the_outér surface of the
product. There is no description that the product has
throughout a structure with open porss or open cells.

Ak
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claim 11, characterized in that the grains of the second conponent consi st
of thernoplastic plastics ma- terial. 10 3. A microorganismcarrier
material (1) according to claim1 or 2,

An object of the invention is to provide a carrier material of
"such nature that it exhibits a pronounced adsorption capability
for micfoorganisms and, in additionm, promotes an advantageous
multiplication of microorganisms in its macropores and, moreover,

" its micropores store foodstuffs for microorganisms.

To.meet this object, the microorganism carrier material according
to the invention is characterized in that, in the carrier material
fl) ready for use, the second.'component consists of coarser.
plastics grains or coarser grains of a different substance having
‘a bonding surface; and in that the grains of the second component
having the microporous grains of the first component embedded
therein in distributed manner ccnétitute a macroporous sintered or
bonded basic structure in which the- entirety_lboth of éhe
micropores and of the mncropores are accessible for immobilizing

-microorganisms and for the medium to be treated.

With these undertakings, there is provided a carrier material
which, in dependency on the field of its utilization, can assume
different geometric-shanesnand can provide a sufficiently large
space for réception-of microorganisms. In addition, the weight
per unit wvolume of the carrier material can be determined by
appropriate -selection of its porosity to meet the ekisting
.‘requirements and, especially if uSed_in liquids, to constitute a
swimming, floating or sinkable'body._.In view of the possibkbility
of confining secondary materials in the‘priméry material of the
carrier body, it is conceivable to add to primary material even

such materials which are especially.suited to promote the growth
of microogranisms. a '




characterized in that the mcroporous grains of the first conponent consi st
of activated carbon. or mcroporous clay material. 4. A mcroorganism
carrier material (1) according to any of clains 1 ta 3, characterized in
that- it contains a maxi mumof 10 % by wei ght of nmetal powder catal ytically
en- hancing the renoval of inpurities fromthe nediumto be treated. 5. A
m croorgani smcarrier material (1) according to '

It has been further ascertained that the drawbacks of heretofore

known carrier materials can be avoided with the invention in that

.a) a relatively"_coarsé-grained_.basic material, such as for
example a thermoplastic substance or anqther material which is
provided with an adhesive outer layer, can be converted into a
' coarse-pore material skeleton under the action of temperature
and/or pressure by résorting to a sintering.or bonding technique.
Such a material, with a poré_size of approximately 10 to 200um,
can serve for the settling of smallest and wup to largest
microorganisms. '
b) an additive material which is provided with very small poré;
from the beginning,.such'as for example activated carbon with pore
- gizes of 0 - 500 A or a fired clay material with a pore width of
up to 107'm. It is well known that, for example, activated carbon
is best suited for adsorption or absorption not only of small
microorganisms but also of harmful substances and can store
substantial quantities due;'to it large internal surfaces and
- number of pores. A drawback is a low scuff resistance in the
event of an action by external forces, be it dﬁe to forces which
are developed by.the flowing liquid or as a result of collision
with other parts. '~ Scuffing is 1argé1y avoided by embedding the
‘microporous sﬁbs;ance in the macrcporousi'base frame and,
therefore, the storing action. is fully effective. Especially
pronounced fluctuations of harmful substances, which can be
decomposed'by the microorganisms but'gan have a toxic effect upon
- the microorganisms in large congentrations, cén be stored in the

micropores to be processed at a later time.

c) further additive materials, which are of advantage'for the
metabilism of the microorganisms, can be added to a certain
extent. ' ' '
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any one of clainms 1 to 4, characterized in that its density is close to the
density of the liquid nmediumto be treated. '

: 9..

i _ Claims

I_l
.

A microorganism carrier material (1) comprising a
structure suitable for the immobilization of mi-
. croorganisms,"for ‘use in biological removal of
impurities from liquid or'gaseous media, with the
inherently stable carrier material (1} consisting
at least of a first component in the form of mi-
roporous grains and a supporting second component
having the micropbfous grains embedded therein,
characterized in that, in the carrier material (1)
ready for use, the second component consists of
coarser -plastics grains or coarser grains of a’
different substance having a bonding surface;
and in that the grains of the second component
having the microporous grains of the first compo-
nent embedded therein in distributsd manner con-
stitute a macroporous sintered or bonded basic.
structure in which the entirety both of the micro-
pores and of the macropores are accessible for
immobilizing'microorganisms and for the medium to
be treated. ' '

2. A microorganism carrier'material (1) according to

| claim 1, L . ' '
charactefized. in that the grains ‘of the second
'component consist of thermoplastic plastics ma-

terial.
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A microorganism carrier material (1) according to

claim 1 or 2,
characterized inm that the microporous grains of.
the first component consist of activated carbon or

. microporous clay material.

A microorganism carrier material (1) according to

any of claims 1 to 3,

‘characterized in that it contains a maximum of

10 ¥ by weight of metal powder catalytically en-
hancing the removal of impurities from the medium

‘"to be treated.

A microorganism carrier material (1) according to
any one of claims 1 to 4, : ' -
characterized in that its density is close to the
density of the liquid medium to be treated. |
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