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Bl OFI LM AVO DANCE AND REMOVAL PROCESS AND COWVPCSI TI ON 5 '

present i WRMA6%2 rel ates to the use of at | east one PERABR§/15500
component fromthe group consisting of car bohydr ases, proteases,

| i pases and gl ycopr ot eases and a short-chained gl ycol conponent for
t he avoi dance of slinme formation and/or for the renoval of biofilm
on 10 surfaces of water-bearing systens, in particul ar of

oyeal | compiSHAER MYQIDAKTE Ko HEVOVALPRoCESS AN ERMPCRITION,
separately, i.e., at different points, or in the formof an _
enzymatic 15 conposi tion containing the enzynme conponent(s) and the
glng[_conponent. '

5 The present invention relates_to'the use of‘at
least one enzyme component from the group consisting of
carbohydrases, proteases, lipases and glycoproteases
and é éhort-chéinéd giycol component for the“avoidaﬁce
of slime formation and/or for the removal of biofilm on

10 surfaces of wayer-bearing systems, in pafticular of'
industrial process-water systems.'.The enzyme
component (s) and the glycol component can be added to
the water-bearing'system either separately, i:e., at
different points, or in the form of an enzymatic

15 composition containing the enzyme component(s) and the
glycol component.

Industrial process- or operating-water systems,
such as e.g., open or closed water-cycle systems of
paper factories, in particular cooling-water systems,

20 offer suitable conditions for the.growth of

| microorganisms, with the result that a slime known as
biofilm is formed on the surfaces of water-bearing
systems. In the case of cooling-water systems in
particular, these biofilm deposits can lead to a

25 reduced heat exchange, damage to the joints of
pipelines and corrosion within the systems. 1In this

- way, adverse effects on process control are ﬁossible,
which can reduce the efficiency of the industrial
process in question or impair product quality. In

30 addition to this, biofilm or slime deposits generally

lead to higher energy consumption.



| ndustri al process- or operating-water systens, such as e.g., open

or cl.osed water-cycle systens of . paper factories, in particular

cool i ng- waoeg6/19§32t ens, 20 = offer sui tabl e condi tions forPClresevisseoh of

m croorgani sms, with the result that a sl nme known as biofilmis -
formed on the surfaces of water-bearing systens.. In the case of
cool i ng-water systens in : particular, these biofilmdeposits can |ead
to a 25 reduced heat _exchang dana e to the_ j.oints of i pelines
and corrosion w t hMASthd %?Q“@HB%YI reased %\f&@@fe‘ﬂ‘égtg on

Pr OCESS ContrQLeaiﬁdﬁgﬁ§igheprocesseéwgﬁaﬁ‘§§1EH31 ct qﬂﬁ @gncy of the

I ndustri al rocess In-question or i1npalir produ In 30
addition to tpulp, bpabelrm bbasldj enddeestiilesgenamithe case oﬁ q&tbéze hi gher

energy consunpti on. W96/ 17632 .
PCT/ US95/ 1550machines for example, fairly large quantities of water

5 are recirculated in cycle systems called "white water
systems" (primary or secondary cycle, i.e., white water
I or II) (up to ca. 100 to 1000 m’ water per ton of
paper, depending on paper type). The white watér,.
which contains dispersed pulp, forms an ideal culture

10 medium for the growth of microorganisms.

Biofilm deposits consist primarily of bacteria, in
particular gram-negative ones, such as Pseudomonas,
Acinetobacter and Aerobacter plus Flavobacterium,
Desulfovibrio, Escherichia, Bac¢illus and Sarcina.

15 ' The cell-wall structure of gram-negative bacteria
is a factor which contributes particularly to slime
formation. The cell wall consists of peptidoglycan,
which consisﬁs of acetyl aminc sugars and amino acids
plus an outer membrane composed of proteins,

20 lipopolysaccharides and lipoproteins. In contrast, the
cell'wall of gram-positive bacteri; is mostly composed
of peptidoglycan and teichonic acids.

‘Microorganisms also produce extensive slime layers
or'capsules which vary in their composition. Apart

25 from a few exceptions, the slime produced by the
bacteria consists of polysaccharides, such as e.g.,
.dextrans, glucans or polyuronides. The volﬁme of slime
produced by a single bacterium can be up to many times
the volume of the bacterium.

30 The deposition of the bacterial slimes can most

effectively be controlled with_piocides, the effect of



Most affected by an _increased biofilmformation are industri al

pr ocesses such as t he manufacture of pul p, paper, board and
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Although the biofilm matrlx can have a
10 heterogeneous composition, it is prlmarlly bullt up
from polysaccharides. Research 1n;the_f1eld of slime
removal has thus concentrated in_particular on studies
of polysaccharides (carbohydrases). It was récently
found that proteases are effective means of eliminating
15 biofilm or slime (EP-A-590 746). The proteases most
used at this time are alkaline proteases, derived from
various Bacillus strains, which display advantageous
stability properties vis-a-vis bases and are
proteolytically active.
20 U.S. 4,684,469 describes a process in which the
antimicrobial activity of a biocide is strengthened by
a polysaccharide-degrading enzyme.
U.S. 4,936,994 describes a mixture of cellulase,
élpha-amylase and a protease for the removal of
25 biofilm, and the use of a mixture consisting of
glucanase and protease for slime removal is described
in DE 3741583
Described in WO 92/13807 is a process for the
removal of biofilm in which a mixture is used which
30 consists of at least one acid or alkaline protease, at

least one glucoamylase or alpha-amylase and at least



or capsules which vary in their conposition. Apart 25 froma few

exceptions, the sline produced by the bacteria consists of ... .

pol ysacchaWPD®647633uch as e.g., - dextrans, glucans or RITUSISNE50S.

The vol une of sline produced by a 4ingle bacteriumcan be up to nany.
times t he vol une of the bacterium 30 The ‘deposi ti on of
the bacterial slines can nost effectively be controlled with

bi oci des, the effect of , WO 96/ 17632

PCT/ US95/ 1550%ne surface-active agent (i.e., a degergent t hese

bi oci des bein f h kidl off the
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production. HesmeariadiwleiclessifiSend8NYhe micro82ghhssRs Sﬁﬁ%?gh%ﬁkogrOUps-

and, because of their_5 toxicity, pose considerable dangers en

handl ed. For the surfaces of the water-bearing system.

5 A feature common to the pure enzyme mixtures or
enzymatic compositions used to date is that they often
have to be combined with a biocide in order tq achieve
the degree of effectiveness necessary in practiée kcf.
e.g., U.S. 5,324,432). |

10 T?e object of the present invention is-therefore“
to make available a composition or a process for the
avoidance of slime formation and/or fbr the removal of
biofilm on surfaces of water-bearing systems which
avoids the disadvantages of conventional biocides but

15 achieves théir degree of effectiveness.

chording to the invention, the object is achieved
in that at least one enzymé component from the group
consisting of carbohydrases, proteases, lipases and
glycol proteases and a glycol component of the general

20 formula

R’(-0-R') -O-R’

is added to the water-bearing system, whereby n is an

integer smaller than 10, R' is an alkyl residue with 2
25 ~or 3 carbon atoms and R’ and R’ are in each case

independently of each other hydrogen, an alkyl group

with 1 to 6 carbon atoms or an aryl group.

The aforementioned alkyl groups of the glycol

component can be both linear and branched. Understood

30 in particular by the term aryl are radicals with 6 to

14 carbon atoms which can contain alkyl substituents.



this reason, alternative ways of elimnating biofilm wer e sought in
the past, wdgnresy ticular attention being paid to engyRs

Al t hough ?%ﬂ?ﬁg ofilmmatrix can have a 1§ heterogeneousiconp%gy?ghn it
isprimarily built up from pol ysacchari des. Research in the field of
slime.’ renoval has thus concentrated in particular on studies

of -pol ysacchari des (carbohydrases). It was recently found that

prot eases ar @hef faddkyily ormeansd ofesiduésar’,N®? 1&nd R’ kaef idlina&dcis! | me
(EP-A-590 746). The proteases nost used at this tinme are al kaline
prot eases, d&RASPeds the same ox differenti||us strains, which display

advantageous Y, es.Vvis-a-vis bases _an
proteol ytically adt J'|t\i;'}eﬁ'PZ‘ld‘lé f:%r?&%%& §§f é%%fﬁ%@eﬁ strY5e 13npr59855 in
whi ch the enzyn@tddnprdnmi@ls)acarw&ue Of19pcdl Oébﬂﬁohénétafegt hened by

a pol ysacchari de-degradi ng enzyne. 4,936, 994.descri bes a
m xt uPe of comef ly a dedaﬂqnﬁheumatexrbnaran@rayeesm avbr thee renova
of 25 bI%fI|W] %%g the use of a m xture consisting of ' gl ucanase
and protease renoval is described in DE 3741583.

Described in WO 9%1cJe?o%Qi7mgs b Fﬁ%‘ﬁéﬁeff’édtékﬁbodlmentr@fnﬁﬁe of biofilmin
which a m xture is used which .
invention, the comblned addition of enzyme(s) and
glycol component takes place in the form of a

10 composition which comprises at least one en2§he
component from the group'consisting of_earbthdrases,
proteases, lipases and glycol proteasesland a glycel
component of the general formula -

R*(-0-R') -O-R’
whereby n, R', R® and R® have the meaning given above.
The composition of the invention preferably
contains the gl&col component in a concentration of 10
to 80 wt.-% relative to the total composition,

20 preferably in a concentration of 20 to 60 wt.-%.
According to a particularly preferred version of.the
invention, the concentration of the glycocl component is
20 to 40 wt.-%.

The quantity of the enzymes in the composition

25 according to the invention lies between 90 and 1 wt.-%,
preferably between 90 and 20 wt.-%, whereby 50lto 20
wt.~-% are most preferred (relative in each case to the
weight of the composition in liquid form). The
difference to 100 wt.-% of the comp05ition can be made

30 up by water.



30 consists of at |east one acid or al kaline protease, at | east

one gl ucoanyl ase or al pha-anyl ase and at | east WO 96/ 17632
PCT/'USO5/ RpaBnresz - 95715500
surface-active agent (i.e., a detergent 6 (surfactant))

destroys the pol ysacchari de mat eri al which surrounds the

m cr oor gani sns adhering to the surfaces of the water-bearing system
5 A feature conmmon to the purée enzynme m xtures or

enzymati c conposi t iGlnsansse t (alhe- i and Heétahglucdnase) , focobbdaseo be
conbined with a biocide in order to achjeve t he degree of
effectiveness°ﬁé€@§§%ﬁ?qQ1ﬁﬁ%ﬂﬁ#?ﬁg¥¥# as enzymesg fremcthe ghasgsof 10

The obj ect of %@pa& (ﬂy \%%%§F”]ﬁébé£§§§éoqgerln¢ prggegggg avail able a ..

conposition or @ proces
Novo) or Neutrase® (metallo-protease,, Novo) come into

5 consideration in particular in the class of the
| proteases, Liponase® (acetylesterase) is particularly
suitable as a lipase, and endo¥giycbéidase is.preferred
among the glycol proteases. o '
| While the aforementioned'enzymes alone do not

10 remove biofilm sufficiently, it was surprisingly found
that the combination of the enzymes with the
aforementioned”low-dhainédrglycbl'component'in the form
of a composition added to- the water-bearing system or
by simultaneous ﬁée'(addition) of enzymé componént(s)

15 - and glycol component brings with it a dramatic
improvement in slime reduction. The formation of new
biofilm is also greatly reduced. Since even relatively
small quantities of the composition are effective, the
gquantity of enzyme effectively necessary per liter of

20 process or operating water can be greatly reduced.

It is knowﬁ in the prior art that, when the pH
value of the water is neutral, the marked increase in
the bacteria cell count gives rise to increased
problems through slime formation, which experience

25 shows can be éontrolled only with great difficulty even
when biocides are used. It was éble to show according
to the invention that, even when the pH value of the
water is neutral, slime formation can be avoided and/or
biofilm on the surfaces of the water-bearing system can

30 be removed if the aforementioned enzyme component(s)

and the glycol component are added to the system (again



avoi dance of slime formation and/or for the renoval of bi ofi | m on
surfaces of mater-bearlng systens which avoi ds the di sadvant ages of
convent i on¥P MR des but 15 achi evesg their degree of ef?‘éﬁ’p?#é‘ﬁg@s.
According to the invention, the object iS achieved in that at |east
one enzyne conponent fromthe group consi sting of carbohydrases,

pr ot eases, |ipases and gl ycol proteases'and a glycol conponent of

t he gener al %%therféééggéiei§”5} in the f ?%r egntgﬂEpﬁf ter-bearing

system where nt'eger sna han is an al kyl
resi due mnthdbmﬁbs1tldﬁ)3 car bon atons and R2 and R err] are in each case
i ndependently of each ot her hydrogen, an_al kyl group wth 1 to 6
carbon atons or amGRoFdiRGUEP a pParticulariviepaesecned: eobodiment groups

IR SR S s L TR T e Ve
carbors at oms awkd idanaan mﬁ&mléb:@téwﬂ;s SHesh-§UGBhfise and diethylene
glycol, whereby diethylene glycol is preseht in-a
propértion of 10 to 80 wt.-%, preferably 20 to 60 wt.-
%, relative to the total composition;"In the
composition which is particularly preferred according
10 to the invention, beta-glucanse is contained in a
proportion of 43 wt.-% and diethylene glycol in a
proportion of 25 Wt.-%, the difference to 160 wt.-%
being made up by water. _
The compositions of the present invention deve1op
15 surprising effectiveness durihg the degradation of
slime and/or for preventing the formation of slime on
surfaces of water-bearing systems. According to the
invention, water-bearing systéms are understood to be
in particular industrial process- or operating-water
20 systems, i.e., open and closed cycles such as e.g.,
cooling-water cycles. The compositions according to
the invention are suitable in particular for use in
primary, secondary and/or tertiary cycles of paper
factories (i.e., white water I and II, residual waste
25 water; cf. e.g., Ullmanns Encyklopadie der technischen
Chemie, 4th Ed., Verlag Chemie, Weinheim, Volume 17, p.
577 et seq.), which are ideal culture media for
microorganisms and in which the formation of slime and
biofilm deposition represents a major problem.' The
30 tendency towards slime formation is at its greatest in

the chalk water-bearing cycle, and an inadequate
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5 The al kyl or aryl residues Rerr], R2 and R3 can in each

case be two ssrssor different. W thin the franmepotisesissie
present invention, the "~ enzyme conPonent(s) and the glycol conponent .
"are 5 preferably added to the water-bearing systemat the sane
tinme. . According to a preferred enbodi nent of the

i nvention, the conbi ned addition of enzyne(s) and - glycol component

t akes pl ace imemawak @ tiré biofilm teagsstoi anrefiichionnpni pepeat | east

one enzyne ..component fromthe group _consisting of carhohydrases,
prot eases, |i t¥ﬂmF%l9%%$rd?%?£é§%s° %ﬁaﬁlﬁgy%ﬁFgu?ES an, ent of

t he general ﬁﬂgraﬂfinéfééielﬁn operating costs. It has been shown
that the composition according to the,invention is

5 ' suitable to a surprising extent for the elimination of
these problems.

The_composition of:the present invention develops
. its surprising effectiveness in numerous other Qﬁter-
bearing syétems such as open or closed water-cycle

10 ' systems, éoéling cycles and the like. As a result of
the degradatibn.offSIime.and the avoidance of the
formation of new slime, the durability of the water-
bearing systems is improved, with the tendency towards
corrosion in particular being greatly reduced.

15 The present invention also relates to the use of
the cbmposition according to the invention for the
avoidance of slime formation and/or for the removal of
biofilm in water-bearing systems, in particular in
industrial process-water systems, in which the

20 composition is added to the system in a quantity of 5
to 200 ppm relative to the volume of water to be
treated. .

The compositions of the present invention are
eddlogically acceptable, non-toxic and display a

25 clearly higher effectiveness comparéd with the known
enzyme-containing purification compositions.. The
replacement of conventional, toxic biocides is of most
advantage for the aforemeﬁtioned applications.

Enzymes possess a pH value optimum which is

30 - specific to their activity. For the composition

according to the invention, depending on the pH value



mhe}eby n, Rlerr], R2 and R err] have the neaning gi ven above. .
The conpQsjiti f the invention preferably contain I
conponenﬁﬁbhmiﬂ% ncentration of 10 g to 80 mﬂ.-@brela?%b@ﬁ¥§h¥ﬁg tota
conposition, 20 preferably in a concentration of 20 to 60 w.-%
According to a particularly preferred version of the I nvention, ‘the
concentration of the glycol conponent is 20 to 40 wm.-%

The quantity,ofsdie SHZYABSwhBetBea2qRESkY RS the oR g to the

‘i nvention Iﬁ%s between 90 and 1 wm.-% gosbe pre eFa€|§%§%%¥§%n 90 and 20
W . -% wher edgtimtal ce@fymes canwbe- ¥edeetedsfopr ¢ther cetposditdidrve i n each

case to the . weight of the conpposition in liquid fornm). The
difference tRFAHAIRY - 5P oFRBHARVERESOR i on can be made 30 up by water.
20 96/ 17632 The invention is explained belongEEHS%@@E¥g§%e to
5 examples. |
Example

43_wt-% beta-glycanase, 25 wt.—%'diethylene'glycol
and 32 wt.-% water were mixed to produce an enzymatic
10 composition (Enzyme formula a).
This composition was used to remove biofilm and to
avoid the (re)formation of slime in the water cycle of
- two paper machines of a paper factory. The paper '
machines had a total capacity of ca. 180,000 tons/year.
15 SC paper. The structure of the water cycles for the
paper machines which were used to test the composition
.according to the invention is diagrammatically
represented in Figure 1, where'appropriate locations
for the metered addition of enzymatic compositions are
20 marked.

Pre ato work for conducti the field trial
Installation of dosing apparatus
Several days before the start of the field trial,
25 the Grace Dearborn DCS3020 dosing apparatus was
installed. The following feed locations (dosing

points) were selected:

1. The composition according to the invention EUR8830

30 was introduced in a container at the headbox of



G ucanase (al pha- and bet a- gl ucanase), focosidase or pectinase are
preferred-as enzynes fromthe cl ass of t he carbohydrat ases.

Esper ase WO6I116320r ot ease, Novo) Neut rase (et al PCT/PSaV1S&80c, |
Novo) come into 5° consideration in dgrticular in the class of the
prot eases, Liponase (acetylesterase) is particularly " suitable as a
| i pase, and endo-gl ycosi dase is preferred anong the gl ycol

pr ot eases. v%ll t he ntloned enz mes_al pne do,not 10
renove biofilm suf ﬂaaeé:nln}af ine \é&l q’g’rt’r%l d°51ng PRIPE( he

combi nation of thejenzad@BINMddy tSwr in Téﬁf&eimﬁﬁd fhaIHEd

gl ycol conponent in the form of a conposition a
wat er - bear i ng2syst mheoﬂo:.oc:Lde :&ganmlattimebuecmtaaimmbtlam)mof-%enzyne
conmponent (s) 15 and coI c ongnt bripngs wwth it _a dra

i mprovement in slife 4 & ?%}QRE?QﬁPQﬁm+Qﬁv(DBNPA)blU?FIﬁﬁﬁs al so
Gompostti on are ef o 3‘3@"&%&* B P o e R
necessary per |itedosfing point is designated "stock" in Table 1).
3. __The_biqgide_formulation II (containing 45 wt.-%
Preventol AS 2 and 2 wt.-% dithiol) was fed into
the waste "Debro" consistency sensor (the dosing

10 o point is designated "broke" in Table 1).

Two "gamma/5" pumps (ProMinent) were installed for
the addition of the biocide formulations, and a "Vario"
pump (ProMinent) was used for the addition of the

15 composition according to the invention. 2All the pumps
were calibrated before the start of the practical

testing of the composition according to the invention.

Field trial:
20 The field trial was started after the machines had

been thoroughly cleaned. The dosage quantities during
the four cycles of the study are shown in Table 1.
During the first cycle, which lasted 9 days, the

, cémposition'according to the invention Was added to the

25 white water (4 x 30 minutes per day, 1458 ml/min); the
biocides were added into the stock (4 x 30 minutes per
day parallel to the formulation according to the
invention 60 ml/min) and into the broke (3 x 30 minutes
per day 75 ml/min). While the_biocide dose was reduced

30 by approximately 50% in the second éycle, which lasted

20 days, the dosage of the composition according to the



20 process or operating water can be greatly reduced. It is

known in the prigr art that, when the pH val ue of the water is
neutral , t‘ﬂ@’ﬁ‘lﬂ‘géd i ncrease in the bacteria cell cofiftTEi%as0P; se
to -i ncreased probl ens through sli formati on, which experience 25
shows can be controlled only with great difficulty even ' when

bi oci des are used. It was able to show accordi ng "to the invention
that, even wh : I f r eut sl

formation cangﬁggggégg &%ﬁﬁg'% éﬂgﬁged éfg#ﬁ%#és ?56%§prff§§

wat-er - bear i ngmgymiam.camuldng tHee tﬂﬁrﬁﬁlﬁﬁldﬁe ! Mh BRI d Oy ega$azyme
conponent (s) and the glycol conmponent are_added to the system
(agai n the dgsggplpggzhe composition accordlng to the

Ceparately or PRePREPoFREOFMoEL R (4 * 30 Bismes ooz oy,

5 730 ml/min). Immediately thereafter, the 4th cycle was
started without addition of biocide into the short
..CYFlemfi-?;e"WitP9ut addition of D7806), the added
quantity of the formulation according to the invention
| being reduced once again by ca. 68% (4 x 30 minutes per
.10 day, 500 ml/min). The paper machine was how treated
for 20 days with Enzyme formulation A only. A small
amount of biocide I was used for broke conservation,
not part of the white water. |

The outcome of the field trial using the

15 aforementioned enzymatic composition was monitored as
follows: ‘
1. The mixture of the planktonic microorganisms

populations was measured daily by ATP measurements

20 (Bioscan) and total bacteria counts (Petri film
and dipslides) in the white water, in the stock
.and in the broke. (The ATP measurements are based
on the principle that, during the change from ATP
to AMP in the presence of luciferin and

25 luciferase, in each case defined quantities of
light are emitted per ATP molecule, which are
measured by sensitive photometers). The resuits
of the measurements in the white water are shown
in Figures 2-8. There was no significant increase

30 in the bacteria cell counts or the "relative light

unit" (rlu) values. The figures show the typical



According to a particularly preferred enbodi nent of the invention
an enzymatic conposition is nade 5 avai |l abl e whi ch cont ai ns

beta-glu di et hyl ene gl ycol , whereby di et hyl S

pr esent fﬂﬂéﬁnaﬂﬂ proportion of 10 to £ w.-% preferabf@aggg%égﬁk W . -
% relative to the total conposition. In the conposition which is
particularly preferred according 10 to the invention, beta-glucanse is
contained in a proportion of 43 w.-% and di ethylene glycol in a :
proportion of 25 Wh;epbbide Qeéieiepcwta 504t wifich disph® g@ﬂmde up by
wat er . The conpositions of the present invention develop 15
surprising effect|pzmh&emduatnglbh9abégradaslameoformatlonslmme .andfor for
preventing the for tlon of Ilne : surf,aces of wat er-bearing
systems. Accor di ng"#+cRnhERe °rmaFﬁ9EnPFoﬁ11W§téF S%gﬁFﬁév tens are

understood to be uppreggeaartlcular I ndustrial process- or

oper ati ng- wat er 20 ystens, i.e., open and closed cycles such as e. g.
cool i ng- wat er2 cyclHise ﬁhehtnapwastchaskedccbdsmgnmdy for sltilme i nvention .
are suitable in partlcular for use in primary, secondary and/or

tertiary cycles off¢pEparion and fgor; fheeprpoplems ﬂﬁ??@*ﬁ%ﬁg'wltﬁh ,
{gihﬁfgthgﬁSte ? D%ﬁéﬁgé?ﬁﬁtﬁgéaifQEErhggggﬁgéﬁggg&é n ehn %%ﬁune 17, .p
577 et seq.), Wwhi chrébtemsewereubbseeveddiia fthe paper machine. Nor
' was it'necessary'in any case to stop the paper
" 10 " machine because of slime formation.
| o -3.' fhe paper'quality was likewise continuously
monitored. The statistical distribution of dark
spots and hdles in éhe paper before, during and
after the addition of the composition according to
15 the invention was ascertained. It was shown that
there is no significant difference, in terms of
the number of black spots and holes in the
manufactured paper, compared with the.paper
quality when using biocides (cf. Figures 9 and
20. 10).
4. After a successful field trial over a period of
three months, the paper machine was altered to
neutral operation. The paper machine was

monitored as already previously (see above).

It was shown that, even with a neutral pH value,
the additibn of the enzymatic composition prevents the
- occurrence of problems which are attributable to the
formation of slime or biofilm.
30 - The paper machine was cbnstantly monitored, and no

biofilm depositions were observed. The machine looked



m croorgani snms and in which the formation of slinme and bi ofi | m

deposition represents a major problem The 30 t endency towards sline
forrati on Q917683 s greatest in 14 he chalk water- be RCTHPIENINE and
an -i nadequat e WD 96/ 17632

PCT/ US95/ 15500 ' 8 ' renoval of
the biofilmleads to a reduction in paper quality, to paper nachine

has. been showr=y cE58p; 2b, 44 et BePR 5 5: bR0 FaoRE B BERERR &  on 15 5
suitable to %ﬁé&%iéiagiééleﬁioﬁQémtst‘?e%h”h&%@rOQh%f changeovd¥eS&
pr obl ens. The conposition of the present inventlon devel ops
its surprisiMtheffieetradnpdsvaiusumer ous ot her water- beari ng
systems such as Oﬁﬁﬂeoéegégﬁiga lggragygkg bacteria cell count; the
5 . guantitative recording of yeasts and fungi and the ATP
measurements in the white water, in the stock and in
the broke were carried out at regular interva;g.__lt
was found that the bacteria cell count rises initiaily,
finally to achieve an.equ;librium. The reduction in
10 the proportion of yeasts and fungi is attributable to
" the neutral pH value (cf. Figures 11 to 13).
Despite the.increaSe in the bacteria cell count,
' n§ problems attributable to'slime or biofilm formation
were observed when using ﬁhe enzymatic composition
15 according to the invention. The number of black spots
and holes did not increase despite the higher bacteria
cell counts, which indicates that the simultaneous
addition of the said enzyme component(s) and glycol
component is extremely effective according to the

20 invention as regards the suppression of slime

formation.

Summaryv of the Results
"~ The use of the composition according to the
25 " invention led to results which are comparable with the
use of biocides. The slime deposits were effectively
eliminated (even at neutral pH value) and the formation
of new biofilm was effectively suppressed. The use of
the compositions according to the invention for slime
30 removal thus represents an alternative to the use of

biocides in industrial process-water systems which is



10 systens, cooling cycles and the |ike.
degradation of sline and the avoi dance of the formati on of new

sline, th ity of the water- bearing systens i

with the teng%ﬁ?? t owar ds corrosiqg in particular baﬁﬁfiﬁ%g%ﬁﬂ
reduced. 15 The present invention also relates to the use of

the conposition according to the invention for the avoi dance of
slinme formation and/or for the renoval of bi ofil min water-bearing
systens, in pafifietidfe idhd envirdmieistdl By G6RSLEELYE] €in S¥ShLFRsti N Whi ch
the 20 conposition is added to the systemin a quantity of 5 to
200 ppm r el at itpe ieaiesoland ¥ akserfavopable in coseateums.

The conpositions og*the pre ent l,nvention

acceptabl e, non-to rasks B papefl%%??§nﬁ?gﬂ%?q€?fEﬁ?ﬁﬁﬁﬂess
conpared wit hb}ﬁ‘%ﬂ@%’&npos:.t:.oz@é‘@’é@of&ﬂﬁ@' E‘b”ghéuih\fréﬁ@ibﬂ” &RFPOSI ti ons.

As a result of t he

The replfacenment of -conventional, toxic biocides is of nost
advant &ge fordd@?aﬂﬁnh&nmﬂ|aﬁmmbhbp$$dmi¢nnblally caused bleakages possess
a pH val ue optlnuq;mhlch speci fi gbthe t act|V£xy For the
composi tion %rst?fgawq h%yf’?\%n‘f?% edﬁ% REFRYSSR the pH val ue
o ‘combated.
Table 1
10 Dosage Regime -~ Cycle PM1
Phase 1 (9 days) _
DosingﬁPoint Product Interval |ml/min kg/d
broke ~ biozid I 3 x 30 75 7.97
stock biozid II |4 x 30 60 '8.21
SWI enzyme A 4 x 30 1458 '192.45
Phase 2 (20 days)
Dosing Point Product Interval |ml/min kg/d
broke biozid I 3 x 30 50 5.31
stock biozid II {4 x 30 30 4.1
SWI enzyme A 4 x 30 1458 192.45
15 Phase 3 (9 days)
Dosing Point Product Interval {ml/min kg/d
broke biozid I 3 x 30 50 5.31
stock biozid II |4 x 30 30 4.1
SWI enzyme A 4 x 30 730 96.36
Phase 4 (20 days) _ _
Dosing Point Product Interval {ml/min kg/d
broke biozid I 3 x 30 50 5.31
stock biozid II
SWI enzyme A 4 x 30 500 65.4
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Q - present in the water-bearing system the pertlnent

optimal erW@®H7@3n be sel ected for the 3nposit|on ﬂﬁﬂéﬂmo t he

I nventi on. The invention is é pl ai ned be|OM/MAth reference to 5

exanpl es. - - Exanple

bet a- gl ycanase, 25 wt.-% di et hyl ene gl ycol and 32 wt.-% \ mere

m xed to prod ic 10 conposition (E m

Thi s conposi tﬁmk@%ﬂ renove biofilmand to “‘m \‘\ *he

(re)formation of slinme in the water cycle of t wo péper machi nes of a

paper factory. The paper machi nes had a total capacity of ca.

180, 000 tons/year 15 CBPgmspsion fidte she uavoidantetbf sifime cycles for

t he paper nachi nes which_were used to ies% t he_conposition
formation and/or for the remova blof m on surfaces

5 of water-bearing systems, characterized in that the
coﬁposition comprises at least one enzyme component
from the group cons1st1ng of carbohydrases, proteases,
lipases and glycol proteases in combination with a
glycol component of the general formula

00 R*(-0-R') -0-R’
whereby n is an integer smaller than 10, R’ is an alkyl
residue with two or three carbon atoms and R’ and R’ are
in each case independently of each other hydrogen or an
alkyl group with 1 to 6 carbon atoms or an aryl group.

15 |

2. Composition according to Claim 1,
characterized in that the proportion of the glycol

component in the total composition is 10 to 80 wt.-%.

20 3. Composition according to Claim 1,
' characterized in that the proportion of the ehzyme

component in the total composition is 90 to 20 wt.-%.

4. Composition according to Claims 1 to 3,
25 characterized in that the carbohydrase is glucanase,

fucosidase or pectinase.

5. Composition éccording to Claims 1 to 4,
characterized in that the protease is Esperase or

30 Neutrase.



according to the rHavention is diagrammatically represented in Figure
1, where appropriate | ocations " for the netered addition of enzymatic

comeost v rwaosat 2] MMM o oS ooasory, vork memmessassog no

days before the start 6f the"fi®eld trial, 25 the Grace Dearborn DCS3020
dosi ng appar at us was " installed. The following feed | ocations (dosing

poi nts) were sel ect ed: .. L. The _conpositjon according to the :
i nventi on EUR8830 Composition; #¢¢ondiRd FA GledMEainEP 8¢ the headbox

of - A8 IEB%7ed in that the lipadd is Lipolase. _PCT/U595/15500

7. Composition according to Claims 1 to 6,
5 characterized in that the glycoprotease is endo-

glycosidase.

8. Composition according to Claims 1 to 7,
characterized in that the glycol is diethylene glycol
10 or propylene glycol.

9. Composition according to Claim 7, .
characterized in that the enzyme is beta-glucanase and
the glycol is diethylene glycol.

15 | |

10. Composition.according to Claim 9,
characterized in that the composiﬁion cdntains 30 to 50
wt.~-% beta-glucanase and 20 to 40 wt.-% diethylene
glycol.

20

11; Use of at least one enzyme component from the
gioup consisting of carbohydrases, proteases, lipases
and glycoproteases and a glycol component of the
éeneral formula -

25
R*(-0-R") ~O-R’ |
for the removal of biofilm and/or for the prevention of
slime formation on surfaces of water-bearing systems,
whereby n is an integer smaller than 10, R' is an alkyl
30 residue with 2 or 3 carbon atoms and R’ and R’ are in

each case independently of each other hydrogen, an



paper nachine PML (white water: the dosing point I s desi gnated
"SW and Flgure 1)~ 2. The bi oci-de for i |
(cont ai m\@ f§ Q]A? om) 3-nitril opropi é&#’a’ggﬂoh)BNPA))

was fed 5 aH"!lmllHllg(iﬁ Debr 0" consi stency gensor (the

dosing point is design n Table 1).. The bi oci de
formulation Il (containing 45 w. ' Preventol AS 2 and 2 w.-%
dithiol) wasafiefh i ¥é®idue with !LhﬁoW@SEﬁ bL@omeOBS ahersysensor (the
dosing 10 e poi nt i s designated "gFBE Fn TBEI Q&§1 -
Two "ganmma/ esisimes (ProM nent) were installed for the addition of

t he biocide formul ations, and a "Vario" punmp (ProM nent) was used

for the addition of the 15 conposition according to the invention. Al ..
the punps were galki Qrabed;i Ref epe start ‘
testing of the conp05|t$%n accoréﬁﬁ v caﬁgmiﬁgénfﬂgrgg%egaigg E%, eld

trial§ 20 that théTEntymédcbmpehemmsSStanaedhafgeycbhecﬁmgbm&ﬂﬁ had

been thoroughI% The dosage guantities during t he four
cycl es of tHEF rEOSH enwabke¥sbeering system at different

‘points.

13. Use according to Claim 11, characterized in
10 that the enzyme component(s) and the glycol component
o are added to the water-bearing system in the form of an

enzymatic composition according to Claim 1 to 10.

14. Use according to Claim 13, characterized in
15 that the enzymatic composition is added in a

concentration of 5 to 200 ppm.

15. Use according to Claims 11 to 14,
characterized in that the water-bearing system is an

20 open or closed industrial process-water system.

16. Use according to Claim 15, characterized in
that the industrial process-water system is an open or

closed water cycle in a paper factory.

25
17. Use according to Claim 16, characterized in
that the water-bearing system is the white water-
bearing cycle of a paper factory.
30 18. Use according to Claim 15, characterized in

that the water-bearing system is a cooling cycle.



During the first cycle, which lasted 9 days, the conposition
accor di ng W@ %6M2632nventi on was added to the 25° whi t e wat peTr6995 5500
~m nutes per day, 1458 m/mn); the bi oci des were added into the
stock (4 x 30 m nutes per L day parallel to the fornulation according
to the - I nvention 60 mM/mn) and into the broke (3 x 30 m nutes
per, day 75 m/mn). Wile the biocide dose educed 30 by _
approximately 50%in the second cycle, whi ch I/Aéted 20 days, the
dosage of the conposiai on&ccordi ng to the WO 96/ 17632
PCT/US95/15500 ¥ ¥ 3 2 11 i nventi on
was not changed (A5x§0 m nuteg_ per 4 nﬁ?m n). During t he
third cycle, whic S e dosage of B he conposi tion
according to the & g ed by 50% (#x 30 m nutes per

day,
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5 730 mM/mn). Imediately thereafter, the 4th cycle was

started wiwdeoenreazidi ti on of biocide into the short Priusodrisseo -
wi t hout addition of D7806), the added gquantity of the fornmul ation
according to the invention bei ng reduced once again by ca. 68% (4 x
30 mi nutes per 10 day, 500 m/mn). The paper machi ne was now treated
for 20 days with Enzyme fornulation A only. A snall anount of
bi ocide | was used for broke conservati2ym3 not part of the__v@te
wat er . The outconme of the field trial using ghe 15 ~
af orenenti oned enzymati c conposition was nonitored as fol | pws:
1. The m xture of "the planktonic m croorgani sns popll ati ons
was neasured daily by ATP neasurenents 20 (Bi oscan) and jota
bacteria counts (Petri film “di pslides) in the whigle ter,
in the stock and in the b e. (The ATP neasurenents pr€ based
on the principle that, during the c e fromATP to AMP in
the presence of luciferin and 25 . | uci ferase, in each case|defined
gquantities of ~ light are emtte er ATP nol ecul e, mhi:hcﬁre
measured by sensitive photoneters). The results 4 ®
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of the measurements in the white water are shown. I n Figures

2-8. Ther ewowen7632 si gni ficant increase 30 i n the bRCTASHSISS |
counts or the "relative |light unit"™ (rlu) values. The figures
show t he typi cal WO 96/ 17632
--PCT/ US95/ 15500 12
m crobial activity of a system which di splays no ' probl e
attributable to slinme formation, i.egfq3n : whi ch the fogymation
of sline is effectively suppress®d. 5 2. The ngctd ne was
checked constantly for sline forgation and for the prqgbl ens
associated wth it.
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During the trial, no mcrobiologically caused" probl ems were

observed iwowka7gsaper machine. Nor ~was it necespefdoldgy case
to stop the paper 10 machi ne because of sline formation. 3.
The- paper quality was |ikew se continuously nonitored. The
statistical distribution of dark spots and holes in the paper
before, during and after the addition of the conpositio
according to 15 the invention w ascertalned It was s %B t hat
there is no significant difference, int 1 t he nuniger of
bl.ack spots and holes in the nanufactured paper, conpared with
t he paper . qual ity when using biocides (cf. Figures 9 and 20
10). 4, After a successful field trial ®wer a period of
three nonths, the paper machine was altered to : neutralgg
operation. The paper nachi ne was moni tored as~already]
previously (see above). 25 It was shown that, eve®wijth a
neutral pH val ue, ‘the addition of the enzymatic conposjitijon _
prevents the occurrence of problens which are attributafhlg to the
formation of sline or biofilm ®)
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30 . . The paper machi ne was constantly nonitored, and no

bi of i | m depo9sieans were observed. The machi ne | ooked rcTrostéh 17632

PCT/'US95/ 15500 13 ~very clean

and did not have to.be stopped because of m cr obi ol ogi cal probl ens,

even after the changeover to thﬁngutra1 pH val ue. The

determ nation of the bacteria cell court,"’the 5 quantitative recgydi ng

of yeasts and fungi and the ATP measurenents in the white wat€, in

the stock and in t he broke e carried out at regular interjv&s. It
~was -found that the bacteria c count rises initially, finglly to

achi eve an equilibrium reduction in 10 the proportion of |yeasts

and fungi is attributab the neutral pH value (cf. Figurles 11 to ..

o
+ 0
0

13).
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Despite the increase in the bacteria cell count, no probl ens

attri but aweeod/1y632 i ne or biofilmformation - wer e 0bsePCEWSHIESS00LSI ng
the enzymatic conposition 15 according to the invention. The nunber of
bl ack spots and holes did not increase despite the higher bacteria’
cell counts, which indicates that the sinultaneous addi tion of the
sai d enzyne conponent(s) and gl ycol conponent is extrenely ef%sctive
according to the 20 i nvention as reggrﬂf t he suppression of sl

formati on. Summary of the Resul é The use of the~
conposition according to the 25. invention led to results which jare
conparable - with the use of biocides. The sline deggosits wer

effectively elimnated (even at neutral pH vy e) and the fornmation --
of new biofil mwas effectively suppressed. The of t he o
conpositions according to the invention f ime 30 removal t Aude
represents an alternative to the use bi ocides in industrila
process-water systems which is
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14 wooeefibfict i ve and environnent ally conpatible, in cPOIUSENSS00
to biocides, and is also favorable in cost terns. Hol es and
cracks in paper machi nes can be reduced by the conpositions
~according to the invention, and 5 dor problens as well as mcrobially
caused bl ockages in the vvateriye i ng systemcan be effectively
conbat ed. Table 1 10 o
Dosage Regine - Cycle PM Phase 1 (9 days) Dosi ng Ppi%
Pr oduct Interval m/mn kg/ d br oke bi ozid | 3 x 30
75 7.97 st ock ' biozid Il 4 x 30 60 8.21
SW enzynme A - 4 X 30 1458 _ 192. 45 o
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Phase 2 (20 days) Dosi ng Poi nt Pr oduct Interval mM/mn
ky/d WO 96713632 bi ozid | 3 x 30 50 " PCI/B395/15500
st ock biozid Il 4 x 30 30 4.1 : SW
enzynre A 4 x 30 1458 192. 45 15 Phase 3 (9 days)
Dosi ng Poi nt Pr oduct Interval mM/mn kg/ d br oke
bi ozid | 3 x 30 50 5.31 st ock biozid_ Il
30 30 14.1 : SW ' enzyme A 4 x 30 -7%
96. 36 Phase 4 (20 days) 8/13 Dosi ng Poi nt Pr oduc
Interval m/mn kg/d br oke bi ozid | 3 x 3P 50
5.31 st ock biozid Il SW engyne A
x 30 500 65. 4
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15 wO 9671568INT CLAI VE: 1. Conposition feCcrises/mssoo dance
of sline formation and/or for the renoval of biofilmon surfaces 5
of . wat er - beari ng systens, characterized in that the conposition
conprises at |east one enzyne conponent fromthe group consisting.of
car bohydr ases, proteases, | i pases and gl ycol proteases in
conbination with a gl ycol conpongf3 of the general formula 10

[err] whereby n is an integer smaller than 10, R err] is an al kyl
residue with two or three carbon atons and R2 and R err] are I n each
case i ndependently of each other hydrogen or an :

g llﬂlll!lll

mlluJ i

field trial

FIG.9
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aIkyI group with 1 to 6 carbon atons or an aryl group. 15 2.

Conposi t | wo %wn9632di ng to Caimi, characterized in tmrmsgsassoo
proportion of the glycol conponent in the total conpositionis 10 to
80, wt.-% 20 3. Conmposition according to Caiml,
characterized in that the proportion of the enzyne conmponent in the
total conposition is 90 to 20 w.-% 4. Conposition
actording to Cainms 1 to 3, 25 chgyyagteri zed in that the carbohydrase
i s -gl ucanase, fucosi dase or pecti nase. 5.
Conposition according to Clainms 1 to 4, ' characterixedin that the
protease is Esperase or 30 Neut r ase. ' ==
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WD 96/ 17632 PCT/ US95/ | 5500 6. Conposition according to
Clains 1 toW@96/17632 - characterized in that the |ipase i's Li (eEmSs95/15500

7. Conposition according to Clains 1 to 6, 5 characterized in that the
gl ycoprot ease i s endo- gl ycosi dase. 8. Conposition
according to Clains 1 to 7, characterized in that the glycol is
di et hyl ene gl ycol 10 or propyl ene gl §tM3 9. Conposition
according to Caim?7, characterized in that the enzyne is
bet a- gl ucanase and the glycol == dfeth® ene glycol.
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15 . 10. Conposition according to Claim?9, characterized

in that tIWOO6HPS2ition contains 30 to 50 W . - % bet a-ptTgs»8A6590 2Nd
20 to 40 wt. - % di et hyl ene glycol. 20 11. Use of at |east
one enzyne conponent fromthe group consi sting of carbohydrases,
prot eases, |ipases and gl ycoproteases and a gl ycol conponent of the
general fornmula 25 [ﬁﬂﬂ for the renoval of

bi ofil mand/or for the prevention of ' slinme formation on surfaces of
wat er - beari ng systens, whereby n is an integer smaller than 10,
Rlerr] is an al kyl 30 resi dug. W #h %or% carbon atons and Rl err] and
Rlerr] are in each case i;iepydg_ntlgof each ot her hydrogen, an

WD 96/ 17632 n o L PCT/ US95/ 15500
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al kyl residue with 1 to 6 carbon atons -or an aryl resi due.

1Z2. Use acowbdeitsspo Cl aim 11, characterized in 5 that t enzyne
conmponent (s) and the gl ycol conponent ~ are added to th 150 i ng
system at different poi nt s. 13. Use according to Claim
11, characterized in 10 " that the enzyne conponent(s) and the glycol
conponent - are added to the water-bearing systemin the formof an
enzymatic conposition according to Cg q?l to 10. - 14. Use
according to Caim13, characterized | r{ 5 that the enzymatic
conposition is added in a concgant r.giog of ‘5 to 200 ppm
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15.

wat er - bearing systemis an 20.

Use according to Cains 11 to 14,

¢

open or

(o AT e -

system PCT 16. WORLDANTELLECTUAL PROBERTY akcaNtZaTion har act e
that the industrial process-water s B BEM L open or
cycl e INTERNAHON PLICATION PUBLISHED UNDER THE PATENE COORFRATION TREAT (26T)
chaf @f hid-hatiidl Patknt Classificatidn/®at t he wht erf- ring s 'S, The Wil IW =
bear(lgﬁ Y, e fry- A:iO (B?ﬂmgomyﬁ'&%%n %s"%{_']eé'ccor di ?@7632
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(_57) Abstract

The present invention relates to the use of at least one enzyme component from the group consisting of carbohydrases, proteases,
lipases and glycol proteases and a short-chained glycol component for the avoidance of slime formation and/or for the removal of biofilm on
surfaces of water-bearing systems, in particular of industrial process-water systems. The enzyme component(s) and the glycol component
can be added to the water-bearing system either separately, i.e., at different points, or in the form of an enzymatic composition containing

the enzyme component(s) and the glycol component.
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