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~32-  obj ect %’ig&lgﬁiiiiiﬂorﬁé Jdecreased pH, emul sion breaking, color ®tange,

and gel i ng. ecti onabl e phenonenon occurring in industrial
process sy.stekm ter is sline formation. Slinme consists of
mat t ed deposi

ani sns, fibers and debris. It may be stringy,
pasty, rubbery, tapioca-like, or hard, and may have a chetractertsty
undesirabl e odor that is different fromlthat of the Ii UTWSsanA%ﬁgENr
which it is forned. The microorganisns_involved in its [f or matREGhAGEDe
primarily different species of ShEHEQRINVENTION nonspore- form ng

bacteria, particularly . r 1B | lch secrete
gel atinous subst ang\eé IZ%%%%@E%J"{:?%E 5:%'3 i .
m croor gani sns al sO | nclude a Bo a , 1Tane fungi of the

nmol d type, yeasts, and yeast-like or " Slime reduces yields in paper
product i oFacheicaVSPSePquUggi ng and QhBHBan ens in water systens. Some

N- dodecyl” hejerocyclic. conpounds are_known to have pharnacol ogi cal uses.
For exanpl esﬂiﬁ (B%%ﬁ??ﬁb‘?'gﬁﬁnggnaﬁﬁlﬂ-t&&dé&lq mﬁ%ﬂa&? Belln shown to
be |ysosaadecyl chdee:sogyclscv\bbmbogndsufe&u Iimﬁzséum‘alcaﬁmolsmmh amds ?nd
sperm ci dg T n P sa " [ Behavi or, 0
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J. N Dodesdvirtth 08 OhfchasrfeRsflisc! osed to be an inhibitor of cholesterol
bi osynthesig in rat |iver gﬁ@ gm | nhi bitor of epoxidation of aldrin of rat

liver. SRS e saye ey et al., Biochem cal Pharnmacol ogy,
24 (20),, 1¥WSHair®d2nimbef 6fFcommercial, industrial, agricultural,

and wood products are subject to microbiological attack which
reduces or destroys their economic value. Examples of
materials that may be subject to microbiological degradation
are surface coatings, wood, agricultural seed, leather and
plastics, including flexible plastics. The temperature at
which these products are stored and their intrinsic
characteristics make these products susceptible to the growth
of microorganisms. These microorganisms can be introduced

products and by the introduction of cdn
stir or remove material. :
Agueous systems containing organic u-gﬁghi )

highly subject to microbiological attack. “Sub queous
systems include latexes, surfactants, dispersants,
stabilizers, thickeners, adhesives, starches, waxes,
proteins, emulsifying agents, detergents, cellulose products,
and resins formulated in aqueous solutions, emulsions or
suspensions. These systems frequently contain relatively

- large amounts of water causing them to be well-suited
environments for microbiological growth and thus attack and
degradation. Microbiological degradation of aqueous systems
containing organic materials may manifest itself as a variety
of problems, such as loss of viscosity, gas formation,



W1 kinson et al., Biochem cal Pharnacol ogy, 23 (17), 1974, 2377-86.

N- Dodecyl - norphol i ne has been reported t:o help the transport of anionic
_drugs. See N. Barker and J. Hadgraft, International Journal of

“Phar macol ogy, 8 (3), 193-202. Cher pharnacol ogi cal uses for N dodecyl ated
het erocycl i c conmpounds have al so been nmentioned in the literature.

- 3- However, the utility and effectiveness of N-dodecyl heterocyclic
conpounds as industrial nicrobicides and Breservatives has not been known
or appreciated in the prlor art. Di scl osure of the

| nventi on ect of hIS |nv net hod for
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‘'susceptible to deterioration or

| gur enent E};Pglcroor ani sns._ |
fourth objReRTHE -1 hild MAVehS SGHIINTH PRFTYe EFﬂblﬁgﬁ&PQ§mﬁﬁkﬁleﬁl
cont ai ni nchasd \- dadeaaly haver ecvHaracosPdstilc undesirable odor that is

different from that of the liquid suspensions in which it is
formed. The microorganisms involved in its formation are

primarily different species of spore-forming and nonspore-
forming bacteria, particularly capsulated forms of bacteria
which secrete gelatinous substances that envelop or encase
the cells. Slime microorganisms also include filamentous
bacteria, filamentous fungi of the mold type, yeasts, and
yeast-like organisms. Slime reduces yields in paper
production and causes plugging and other problems in water
systems. |

Some N-~-dodecyl heterocyclic compounds are known to have
pharmacological uses. For example, N-dodecylmorpholine and
N-dodecylimidazole, have been shown to be lysosomotropic
detergents which are useful as anti-cancer compounds and
spermicides. See R. A. Firestone and J. M. Pisano, "Solution
Behavior of Surfactants: Theoretical Applied Aspects" [Proc.
Int. Symposium], Meeting Date 1980, Volume 2, 1455-64, edited
by'Mittal, K. L. and Fendler, Eleaner J. N-Dodecylimidazole
has been disclosed to be an inhibitor of cholesterol
biosynthesis in rat liver and an inhibitor of epoxidation of
aldrin of rat liver. See, respectively, K.H. Baggeley et
al., Biochemical Pharmacology, 24 (20), 1975, 1902-3 and C.F.
Wilkinson et al., Biochemical Pharmacology, 23 (17), 1974,
2377-86. N-Dodecyl- morpholine has been reported to help the
transport of anionic drugs. See N. Barker and J. Hadgraft,
International Journal of Pharmacology, 8 (3), 193-202. Other
pharmacological uses for N-dodecylated heterocycllc compounds
have also been mentioned in the literature.



khe first object of the present invention is acconplished by a nethod for

i nhibiting the growh of m croorganisns in an agueous system conpri sing the
step of contacting an aqueous system susceptible to the growth of

m croorgani sns with an N- dodecyl heterocyclic conpound in an anount
effective to inhibit the growth of the m croorgani sns. The second obj ect
I's achieved with a nmethod of inhibiting-the-formation of sline conprising
the step of contacting an aqueous system susceptible to the formation of
slime with an N-dodecyl heterocyclic conpound in an anount effective to
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M croor gani sms. . ' .- 4- The fourth
object is realized by a m cres=ereaen ' SHpT+si ng an N-dodecyl
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descri pti onafktta¥IPhiladbIRd dos practice of the invention.

Detailed Descipt o0 O onyeat 1ot Srovide a method for inhibiting the
formation of slime in an aqueous medium such as industrial
cooling water or pulp and paper systems.

A third object of the present invention is to provide a
method for inhibiting the growth of microorganisms on a
substance susceptible to deterioration or disf;gurement by
microorganisms.

A fourth object of this invention is to provide a
microbicidal composition containing an N-dodecyl heterocyclic
compound.

The first object of the present invention is accomplished
by a method for inhibiting the growth of microorganisms:in an
aqueous system comprising the step of contacting an agueous
system susceptible to the growth of microorganisms with an N-
dodecyl heterocyclic compound in an amount effective to
inhibit the growth of the microorganisms.

The second object is achieved with a method of inhibiting
the formation of slime comprising the step of contacting an
aqueous system susceptible to the formation of slime with an

N-dodecyl heterocyclic compound in an amount effective to
inhibit the formation of the slime.

The third object is realized using a method of inhibiting
microbiological deterioration or disfigurement comprising the
step of contacting a substance susceptible to microbiological
deterioration or disfigurement with an N-dodecyl heterocyclic
compound in an amount effective to inhibit the growth of
microorganisms.



Fhe N-dodecyl heterocyclic conpounds enployed in the present invention

preferably have the follow ng general formula: [err] The heterocyclic

ring defined by NR may be a ring having five to ten nmenbers and is

preferably a five-, six- or seven- menbered ring. Al though the heterocyclic

ring always contains one nitrogen atom the remainder is generally a

carbocycle. However, the ring may contai & ene or nore additional

het eroat ons selected fromN, O, or S. The ring may be saturated or

unsaturated. The rin na¥,also.have comon substituents such as al kyl

gr oups, subs?h?u?@&rg:lhqﬂ psups rgakhgedgbyups micnehiaidal al kenyl
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-pyrroliding rr i.nyl , pyrazolidinyl, pyrazolinyl, pryrazolyl,
i mi di zo|i%ﬁ§£¥‘?§u§¥ti“-&ﬁé&¥’f% %% i dinyl, imdizolinyl, inidazolyl and
oxaquinyl. Detailed Description of the Invention

The N-dodecyl heterocyclic compounds employed in the

present invention preferably have the following general
formula:

~
--N R

CyoHa5=N_J

The heterocyclic ring defined by ﬁf\k may be a ring having
five to ten members and is preferabl§>;’five-, six~- or seven-
membered ring. Although the heterocyclic ring always
contains one nitrogen atom, the remainder is generally a
carbocycle. However, the ring may contain one or more
additional heteroatoms selected from N, O, ox 8. The ring
may be saturated or unsaturated. The ring may also have
common substituents such as alkyl groups, substituted alkyl
groups, alkenyl groups, substituted alkenyl groups, amino
groups, an oxo group to form a cyclic ketone, halogens, etc.
The heterocyclic ring may also be part of a multiple ring
structure.

The following lists illustrate possible heterocylic ring
structures contemplated for the N-dodecyl heterocyclic
compounds utilized in a preferred embodiment of the present
invention. One of ordinary skill will recognize that other
ring structures may also be used in the present invention.
The rings may be substituted or unsubstituted as described
above. Examples of five-membered heterocyclic rings include:
pyrrolidinyl, 2-pyrrolidinonyl, pyrrollinyl, pyrazolidinyl,
pyrazolinyl, pryrazolyl, imidizolidinyl, substituted.
imidizolidinyl, imidizolinyl, imidazolyl and oxazolinyl.



-5-  Types of six-nmenbered rings include: piperadinyl, piperazinyl, and

nor phol i nyl . Seven- and ei ght-nenbered rings such as hexanet hyl enei m ne and
hept anet hyl enei m ne are al so usable in the present invention. The

ni t rogen-contai ni ng heterocycles are avail able either commercially from

| aboratory supply houses or can be prepared fromreadily available starting
mat eri al s using well-known |iterature < hods. The foll ow ng N dodecyl
het er ocycl i ¢ conpounds are preferred in the practice of the present

i nvention_and further illystrate prefejr eterpc cli.¢c groups: N
dodecyl mot¥RGFi R 3 %%deE'}P sagingiluyet hyl nor phol i ne,

ﬁ gggggy: p.Spehhalinyg.t hl)alndZnWXdJJidiylone ,Sévendegnd - @ight~nembefede,

N dodecyl FEAGET Wh 43 Beltnely IR |4 DiEeanethuienpining ape
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of the present |nv§ y prepare by react

ni t r ogen-SORPEFRLA 1ie £&08c DAYy SHPR sﬂo%ﬁﬁss@%oﬁéﬁr?eaﬁrﬁpagﬁdup
wi thin t hfremngeatilgt available tadfiing Mt {wEls Ngs 8ng oReL L LRnbysr 0gen

atom obt s_descr d above, with dodecyl brom de, chloride or

i odi de, ﬁ%eﬁg?§E§FuW\5§F§5nate or other suitable base, in the presence of
a suitabl e stheefiollowinige Nsylotleeyils heftextatryteict ¢mmpmuudslareconpounds
can gener agLi 0 chg a sol vent
for at Ieﬁ;i.s%f%%ge& 5'5 ‘i’:ﬂe gEtaE%%?éb%{fgﬁe 3 enem y a so?@%nt for the
desired pFedteer i uﬁ%ﬁa?@ﬁé%ﬂ%hﬁtﬁﬂm i growps £ ali-be run

pr ef er abl dodge} BhokpABIA%Y, N dbRetyilehitdaaore renm&ié‘eg Ly ghe reaction

for 2 to dEnet bimo EBodinny b S5 g gt Sy L1 e
conpl ete Nedodéoynm-h)‘pmoahdﬁmhégr Wpeldiod etiFl Wit sme WPl drbahi 98, Pyoduct
can be Woik€dev1pyrrolidine, N-dodecyl-3-methylpiperidine, N-
dodecylpiperidine, N-dodecyl-4-methyl- piperidine and N-
dodecyl~2-methylpiperidine. Most prefeired of these
compounds are N-dodecylmorpholine and N-dodecylimidazole.

The compounds of the present invention are preferably
prepared by reacting a nitrogen-containing heterocycle having
at least one secondary amino group within the ring structure,
i.e. an amino group having a reactive hydrogen atom, obtairned
‘as described above, with dodecyl bromide, chloride or iodide,
and potassium carbonate, or other suitable base, in the
presence of a suitable solvent.

The synthesis of N-dodecyl heterocyclic compounds can
generally be carried out in an organic solvent which may be a
solvent for at least one of the reactants but which is
generally a solvent for the desired product. The temperature
at which these reactions can be run preferably varies from
ambient to 100°C, more preferably the reaction temperature is
between 50 and 70°C. The reactions are generally stirred for
2 to 16 hours, preferably for 6 to 10 hours.

After the reaction is complete, as shown by gas
chromatographic analysis, the reaction product can be worked
up using well-known techniques to isolate and purify the
desired N-dodecyl heterocyclic compound. Excess base and any




up using well-known techniques to isolate and purify the desired N-dodecyl
het erocycl i ¢ conpound. Excess base and any

-6- solids forned during the reaction can be filtered off, and the
filtrate evaporated to yield the crude product. The crude product, i n nost
cases, is an oily liquid which can be dlgtllled to yield the pure conpound.
In case the desired N-dodecyl heterocyclYc conpound is a solid, it can be
recrystallized frontan appropriate organic solvent to yield a pure

compound. éif'o ‘}m%% wﬁqxgo;w{@éact EQBthUﬁ.ﬁ: od Wlee cogpgunds
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m croor gani sns. erocy I ¢ conpounds are non-corrosive and
may be adéB¥entiem-y to the system under wor ki ng conditi ons.

Repr esent at | YheA@iiRaraBATEBE té WedSdik@PUSheferbegtlic compounds is
not limited to the exact process or steps described above.
Any equivalent procedure which yields the desired end product
may be used.

According to the methods of the present invention,
inhibition of the growth of microorganisms includes both the
reduction and/or the prevention of such growth.

The N-dodecyl heterocyclic compounds can be used in a’
method for inhibiting the growth of microorganisms in an
aqueous system which comprises contacting the system
susceptible to the growth of microorganisms with the N-
dodecyl heterocyclic compound in an amount effective to
inhibit the growth of the microorganisms. The N-dodecyl
heterocyclic compounds are non-corrosive and may be added
directly to the system under working conditions.
Representative aqueous systems include aqueous solutions,
emulsions and suspensions. Specific systems include water-
based paints and metalworking fluids.

The present invention also relates to a microbicidal
composition comprising an N-dodecyl heterocyclic compound
present in an amount effective to inhibit the growth of
microorganisms and a non-pharmaceutically acceptable carrier.
Non-pharmaceutically acceptable carriers include solvents,
surfactants and other carriers used in industrial
applications as would be known to those skilled in the art.
These non-pharmaceutically acceptable carriers do not have
the low toxicity profiles and purity required of
pharmaceutically accetable carriers. Non-pharmaceutical



enul si ons and suspensi ons. Specific systens include water- based paints and
nmet al wor ki ng fl ui ds. The present invention also relates to a

m crobi ci dal conposition conprising an N-dodecyl heterocyclic conpound
present in an anount effective to inhibit the growth of m croorgani sns and
a non-pharnmaceutically acceptable carrier. Non-pharnaceutically acceptable
carriers include solvents, surfactants~add~other carriers used in

i ndustrial applications as would be known to those skilled in the art.

These, 1O BRATRARAL LI o SPERLANLE SALILACR % Wlodgugodle | on toxicity
Non- phar mpharfiacsutical carriers. . -7- grade wat er
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slurry fohedkerdayqldereanpoundrmayobedadded: dimettily tovtthe systémg
device. ypnder working conditions. These compounds can be used to
kill slime forming organisms, both bacteria and fungi. This
method is effective in aqueous liquids such as a pulp slurry
for use in papermaking or liquids contained in a water
cooling device.
A further use of the compounds in the present invention
resides in a method of inhibiting microbiological
deterioration or disfigurement comprising the step of
contacting a substance susceptible to microbiologidal
deterioration or disfigurement with an N-dodecyl heterocyclic
compound in an amount effective to inhibit the growth of
microorganisms. These microorganisms include fungi. The N-
dodecyl heterocyclic compound may be applied to the substance
or admixed with the components which make up the substance.
This method is effective on substances such as wood, paint-
film, leather, flexible plastic, textiles and the: like. 1In
the preservation of leather, these compounds can be absorbed
onto the hides and thus can be used in the long term
preservation of leather. Similarly, in wood preservation
applications, the N-dodecyl heterocyclic compounds provide a
method for inhibiting the growth of wood-decaying organisms
over a short or long period of time.
The compounds used in accordance with the present
invention have a number of advantages over other known
microbicides. They are excellent microbicides to be used for
both preservation of paint while in the can and after
application on the painted surface. They are hydrolytically
stable over a wide pH range (3-11) and can be used in both



A further use of the conpounds in the present invention resides in a method
of inhibiting mcrobiological deterioration or disfigurenent conprising the
step of contacting a substance susceptible to mcrobiological deterioration
or disfigurenment with an N-dodecyl heterocyclic conpound in an anmount
effective to inhibit the growth of nicroq;ganisns. These m croorgani sns

i nclude fungi. The N- dodecyl heterocyclit conpound may be applied to the
substance or adm xed with the conponents which nake up the substance. This

met hod i s {4&&%%&& 801 58REbAN S LM asrl’(@fdar@aéaiubié! ih heagher,
flexible plastic, textiles and tThe like. Inthe preservatign of [eather,
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a mcrobi¢jdes a non-solvent. One of ordinary skill would therefore
recognize that the particular application desired will
generally dictate the method of use.

The effective amount or percentage of active compounds
necessary to achieve the desired result will vary somewhat
depending on the substrate or aqueous system to be protected,
the conditions for microbial growth, and the degree of
protection desired. The concentration of the compounds of
the present invention generally ranges from about 0.0001% to
4% (w/w); preferably 0.0001% to 0.2%, and more preferably
0.0005% to 0.0050% in the composition applied. One of )
ordinary skill can readily determine the effective amount
required for a particular application by simply testing
various concentrations prior to treatment of the entire
effected substrate or system.

With aqueous systems, a'preferred effective amount of
active compound ranges from about 20 to 5000 parts per
million, and more preferably, from about 250 to 2000 parts
per million of the aqueous system. The amount of N-Dodecyl
heterocyclic compound effective to prevent the formation of
slime in an aqueous liquid preferably ranges from about 1 to
200 parts per million, and more preferably, from about 1 to
25 parts per million of the aqueous liquid.

The following examples are given to illustrate the nature
of the invention. It should be understood, however, that the
invention is not to be limited to the specific conditions or
details set forth in these examples. '



bn plastic, and for inpregnation in or application on the surface of wood,
paper, cloth or other materials. The N-dodecyl heterocyclic conpounds
.may be applied in various ways or incorporated into a coating or
conposition, applied as dust by m xing with powdered diluents, dissolved in
a solvent, or enmulsified into water and then dispersed into a non-solvent.
One of ordinary skill would therefore recognize that the particul ar
application desired will generally dictate the nethod of use. = The

ef fective anount or percentage of active conpounds necessary to achieve the
desired result will vary sonewhat dep@ke the substrate or aqueous
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det ai | s seR2Hz)t,h 2.3 t(MpdH=)xand 3.5 (M,4Hz). Elemental analysis,
observed (theory) is carbon 74.96 (75.25), hydrogen 13.21
(13.02), and nitrogen 5.38 (5.48). Close proximity between
the observed and theoretical values indicates the positive
identification of this compound. Similarly prepared
compounds are shown in Table I:

TABLE I
COMPOUND PROTON NMR (5) DATA*
2. N-Dodecylimidazole 0.8(S,3Hz) 1.2(M,22Hz)

7.1(D,2Hz) 7.7 (S,1Hz)

morpholine - 1.2(M,22Hz) 2.6(M,4Hz)
' 3.6(M,2Hz)

4. N-Dodecyl~5-chloromethyl-2- 0.8(S5,3Hz) 1.2(M,22Hz)
oxazolidinone 3.4(M,2Hz) 3.7(M,2Hz)
4.8(M,1Hz)

5. N-Dodecyl-2-pyrrolidinone 0.8(S,3Hz) 1.2(M,22Hz)
2,2(M,4Hz) 3.4(M,2Hz)



- 9- EXAMPLES Exanple 1 Prepar ati on of

N- Dodecyl nor phol i ne (Conpound 1) 174.2 g of norpholine (1 nole), 69 g of
pot assi um carbonate (0.5 nole) and. 300 nL of acetone were heated to refl ux.
To the above solution 124.5 g (0.5 nole) of dodecyl brom de were added
dropwi se. After the addition was conplete, the reaction m xture was heated
at reflux for four hours. The reacti ommM@tdre was filtered, and the

sol vent evaporated in vacuo to |l eave an oil, which was distilled under
vacuumto give_a colorless liquid. Yield is 112.9 Sag%of the theory).
Prot on NVRO| er FyrDgdgcyd henpam Pﬁ%%)?-ﬁ(@?%? y 248 22B2 ) V| 4Hz) .
El enental anal ysis, observed (theory) is caibe(s78H2§ Q78.(¥5uHZYdr ogen
13.21 (13.02), and nitrogen 5.38 (5.48). Close proximty between the
observed and theoretical values indicates the positive identification of

t hi s conpotnd. NSDodeayilpymreddddomes onpounds0 aB ¢SsBBa) il 2T¥L122Hz )

TABLE | COVPOUND P N [ ar * 2.
N- Dodecyl i mi dazol e 0.8(S, 3Hz) 1.2( ?@ﬁ&?ﬁés . ki, W
7.1(D,2Hz) 7.7 (S, | Hz) 3. N Dodecyl - 2, 6-di net hyl 0. 8(S, 3Hz)
1.1(X, 6Hz)8, N-Dodecyl-3-methyl 0.8(S,3Hz) 0.9(D,3Hz)
piperidine : 1.2(M,22Hz) 1.7(M,4Hz)

2,4(M,1Hz) 3.0(M,4Hz)

9. N-Dodecylpiperidine 0.8(S,3Hz) 1.2(M,22Hz)
' 1.5(M,6Hz) 2.8(M,4Hz)

10. N-Dodecyl-4-methylpiperidine 0.8(S,3Hz) 0.9(S,3Hz)
' 1.2(M,22Hz) 2.2(M,5Hz)
2.8(M,4Hz)

11. N-Dodecyl-2-methylpiperidine 0.8(S,3Hz) 1.1(D,3Hz)
1.3(M,22H2) 1.5(M,6Hz)
2.8(M,3Hz)

* Chemical Shifts in PPM, Solvent: CDClj



nor phol i ne 1.2(1,22Hz) 2.6(X 4Hz)
3.6(M 2Hz) 4. N-Dodecyl -5-chl oronet hyl -2- 0.8(S, 3Hz) 1.2(M 22Hz)

oxazol i di none 3.4(M 2Hz) 3.7(M 2Hz)

4.8(MIHz) . 5. N-Dodecyl-2- pyrrolidinone 0.8(S, 3Hz) 1. 2(N122FE)
2.2(M 4Hz) 3. 4(M 2Hz) 6.
N- Dodecyl hexanet hyl enei m ne 0. 8(S. 3Hz) 1. 2(N122FE)

1.6(S,8Hz) 2.8(M 4Hz) 7. N-Dodecyl pyrrolidine 0. 8(S. 3Hz)

1. 2(M 22HExample 2 1.7(M 4Hz) 2. 4(M 4Hz) 8.

T'?? ﬁ/le%:—h) gﬁﬁh Iz‘ﬁﬁ?rred comgéuthZ):f t?x%Dp%.lggent 11&5‘%{.&\ nﬁefe

3.0(M 4Hz)testesl b thelepylpi pebstirate method @l Hapgad salis) vethpd
described in U.S. Patent No. 2,881,070 at column 5, beginning
at line 12 and extending to column 6, line 53. The
disclosure of U.S. Patent No. 2,881,070 is specifically
indorporated by reference herein. As set forth therein, a
percentage kill of 80% or higher represents an extremely
useful microbicidal composition, but it does not follow that
higher kills are necessarily better or more desirable. The
minimum inhibitory concentrations are those in which a
percentage kill of at least 80% is obtained. The results are
presented in Table II.

TABLE II
Minimum inhibitory concentration
Organism/Substrate
E. aerogenes/ P. aeruginosa/
Pulp Substrate Basal Salts

Solution
Compound pH_6.0 pH 8.0 PH 6.0 pH 8.0

1 25 25 8 40

2 - 1000 >1000 4 10

3 1000 1000 |

4 1000 1000

5 1000 1000

6 >1000 1000

7 1000 >1000

8 1000 >1000

9 1000 1000

10 100 >1000

11 100 >1000



. 5(M 6Hz) 2.8(M 4Hz)

0.9(S, 3Hz)
2. 8(M 4Hz)

11. N- Dodecyl -

1. 3(M 22Hz) 1. 5(N16FE)
Shifts in PPM Sol vent:

Chem cal

2,881, 070
53. The d
i ncor pora

Eaniflle/® 5, beginning at
I SC re, of U S .Pate

| oq TP e HeR of

10. N- Dodecyl

- 4- et hyl pi peri di ne 0.8(S, 3Hz)

1. 2(M 22Hz) 2. 2(M 5Hz)

CDC13 _
preferred conpounds of the present
substrate nmethod and basal

! écéﬁ?&%

her el n

2- et hyl pi peridine 0.8(S,3Hz) 1.1(D, 3Hz)

2.8(M 3Hz)

Exanpl e 2

The

I nvention were tested by the pulp
salts nmethod described in U S. Patent No.
line 12 and extending to colum 6,

RowRE saprifioliy,

*

i ne
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of 80% or heitghmcyaehieseomsounds xone fbley fungus Aﬁkﬁiﬂﬁélﬁﬁlnéﬁﬁﬁbyﬁﬁlon
S laddl | Vil

but it do
desirabl e

33.

844 skiddse A e d SGE W8 | |B’a@§ﬁ£61vool‘ mor e

y concentratlons &e t hos

per cent agét 4849 » A9 at column %0@?9
The disclosure of U.S. Patent No. 4,945,109 is

The minimum inhibitory

or

incorporated herein by reference.
concentrations are those that completely prevented the growth
The results are presented in Table III.

of fungi.

TABLE IIIX

in

skt 1 SoHvEn

gh i:l.ne

Minimum inhibitory concentration of N-dodecyl heterocyclic
compounds against fungi in parts per million

Compound

W oo 3 o Ut > W N H

-
- o

Aspergillus niger
pH_6.0

> 100
32
128

> 512
32
256
128
256
32
1000
1000



presented in Table I1I. TABLE ||

M ni mum i nhi bitory concentration Organi snf Substrate

E. aerogenes/ P. aerugi nosa/ o Pul p

Substrate Basal Salts Sol uti on Conpound pH 6.0 pH
. 8.0 pH 6.0 pH 8.0 1 25 25 8

40 2 1000 >10083 - 4 10 3

1000 _ 1000 4 1000 1000 5

1000 0 6 >1000 1000 7

1000 Exempigtd 1000 >1000 9

1000 Thepgarowth @@hibiting activitgoof the methodpof thil

100 invaheddn against the three algae leorella loidds# Pl e 3

h act|V|t of N—dodec heterocyclic
LoroundeCtS Sm"%rﬁ(ﬁ)'ghgf RARSRATEG A (BhoRgddinn Inndatin was |

evaluated in Difco Algae Broth, the content of which was as

follows:

Compound Grams per liter
Sodium nitrate 1.000

Ammonium chloride 0.050

Calcium chloride 0.058

Magnesium sulfate 0.513
Dipotassium Phosphate 0.250

Ferric chloride . 0.003

Forty-gram portions of the algae medium were added to 250
mL Pyrex Erlenmeyer flasks fitted with loose metal caps and
then sterilized. Each of the following substances was then
added to the flasks in the order listed:

1. Sterile algae medium as required to bring the total weight
of the contents of each flask to 50 grams, after allowing for
all subsequent additions specified below.

2. A solution of the N-dodecyl heterocyclic toxicant or of a
control agent to be evaluated in each test, to give the
concentration desired in parts per million by weight.

3. Chlorella pyrenoidosa, Chlorococcum hypnosporum and
Phormidium inundatum in amounts sufficient to give excellent
growth in the controls after 14 days. This was achieved by
adding 1 milliliter of a 14 day old culture having luxuriant
growth. The Chlorella pyrenoidosa culture was obtained from
American Type Culture Collection No. 7516; Chlorococcum
hynosporum, from the University of Texas at Anétin; and
Phormidium inundatum, Wisconsin No. 1093, from the University
of Washington.

As a control experiment, WSCP was used as a positive
control agent. WSCP is a known toxicant which kills C.
pyrenoidosa at 2 ppm, C. hypnosporum at 2 ppm and P.
inundatum at 10 ppm. Control experiments were also carried
out where no toxicants were also employed. In the algicidal



eval uated. The nethod is described in U S. Patent No. 4,945,109, colum 5
beginning at line 47 to colum 6, |line 33. The disclosure of U S. Patent

No. 4,945,109 is incorporated herein by reference. The m ni mum i nhibitory
concentrations are those that conpletely prevented the growh of fungi. The

results are presented in Table I11. TABLE 1| |
M ni mum i nhi bitory concentration of N-do&écy1 het erocyclic

conpounds agai nst fungi in parts per mllion

{fsperg' T 4 dtiP%he growth gP%‘ESHQdin the nutyrient medium PEL 61 8sn
32 green and can be seen with the naketb®ye. Because the
35212 minimum irhibitory concentrations of th compounds i% fnis
256 example re those which result in compilete inhibitiong
1000 evaluatidnd of the test results is notl@¥bjective.

S 13- Bl nd SR SEPLRL L0 R Yl A0S £aLle
were incubated at a temperature of 28°+2°C under fluorescent
illumination of 250 foot-candle intensity (8 hours light, 16
hours darkness) for a period adequate for growth in the
controls (those portions of medium which contained no
toxicant). Observations of growth were made at 7-day
intervals. Minimum inhibitory concentrations are those that
prevented complete growth after 28 days. The results are
summarized in Table IV.

TABLE IV
Minimum inhibitory concentration of N-dodecyl heterocyclic
compounds against algae in parts per million

C. pyrenoidosa C. hypnosporum P. inundatum
Compound PH 7.0 pH 7.0 _PH 7.0
1l 1 1 -—
2 0.5 0.7 2.0
3 10 < 1 1000
4 100 100 100
5 10 10 10
6 1 1 10
7 1 1 1
8 10 1 10
9 1 1 10
10 1 1 < 1
11 1 1 S



I-nventi on agai nst the three al gae Chlorella pyrenoidosa, Chlorococcum
hypnospor um and Phorm di um i nundat um was evaluated in Difco Al gae Broth,

t he content of which was as follows: Conpound G ans per
I'iter Sodiumnitrate 1.000 Annnnlun1ch|d?TaE\\‘“‘~\~O‘Q§QﬁE?ICium
chl ori de 0. 058 Magnesi um sul fate ssi um Phosphat e
0. 250 Ferric chloride 0.003 =~ E&rt=y- gramﬂm wn | gae
medi um were added to 250 nlL Pyrex Erlenneyer flasks ¥i tet I e netal

caps and then sterilized. Each of the follow ng substances was 1 hen added
to the fl &M4&IMS, the order listed: 1. Sterile algae mediumas required to

bring the totil vRigbthed £be mmisntsngf tnaclgrfdwaﬁk dmaaﬂnsm oRét er

I f b fied b | f th
N dodecy! TRAHTRIAR LN B8 eartharebr AL Bmeghe, sty @R R0 ATARRR 10

each testbaﬁngysuscepttbheeubraheogrdwthre& hnnﬁammnqgannamjlon by
i ght di
nundat urcoR L Eng UEFRELE 5, cOHLAERIRGC MR PR ATAY B o) O

after 14 @xpkemiwithagn aﬂﬂ@d@qybyhaaemgyglmq |qqm°&ndoﬁ1aarmg deye ol d

cul ture h@§Nbwing§éhérdl OPbAnuidhe Chlorella pyrenoi dosa culture was
obt ai ned from Anerican Type Culture Collection No. 7516; Chlorococcum

hynosporum fromthe Unlver5|ty of Texag at Austin; and Phorm di um

i nundatum W sconsin No. 1098 Nhe Rniversity of Wshi ngton. As a
control experinment, WSCP was h% as “-plsitive control agent. WSCP is a
known toxicant which kills C. pyren0|dosa at 2.ppm £™Nhypnosporum at 2 ppm
and P. i nwhexein sthecheperocyciiol rirngedefidned war 8 al Roisam i ed out where

no tOX'Ca@%%é%ifhf%&Oofnﬁﬁgﬂﬁgtléﬂtéaegﬁbﬂbcb@ibctés—from
pyrrolidinyl, 2-pyrrolidinonyl, pyrrollinyl, pyrazolidinyl,
pyrazolinyl, pyrazolyl, imidizolidinyl, imidizolinyl,
imidazolyl, oxazolinyl, piperadinyl, piperazinyl,
morpholinyl, hexamethyleneimine or heptamethyleneimine, in an
amount effective to inhibit the growth of said microorganism.

2. The method of claim 1 wherein said aqueous system is
an aqueous-based solution, an agqueous-based emulsion or an
agqueous-based suspension.

3. The method of claim 2 wherein said agqueous-based.
emulsion is a paint.

4. The method of claim 2 wherein said aqueous-based
solution is a metalworking fluid.

5. The method of claim 1 wherein said N-dodecyl
heterocyclic compound is selected from the group of N-
dodecylmorpholine, N-dodecylimidazole, N-dodecyl-2,6-
dimethylmorpholine, N-dodecyl-5~chloromethyl-2-oxazolidinone,
N—dodecyl-2-pyrrolidinone, N-dodecylhexamethyleneimine, N-
dodecylpyrrolidine, N-dodecyl-3-methylpiperidine, N-
dodecylpiperidine, N-dodecyl-4-methyl-piperidine and N-
dodecyl-2-methylpiperidine.

6. The method of claim 5 wherein the N-dodecyl
heterocyclic compound is N-dodecylmorpholine or N-
dodecylimidazole.

7. The method of claim 1 wherein said effective amount
is from about 20 to about 5000 ppm of said aqueous system.




--14 - tests the growh of algae in the nutrient nediumis lush green and
can be seen with the naked eye. Because the nininuaLthLDLLQLM______T_
concentrations of the conmpounds in this exanple are those which result i
conplete inhibition evaluation of the test results: |ﬁ| “ﬂ

After the inoculumof the test al gae was added, th muﬂ Ilgmmmat ed
at a tenperature of 28[err][err] 2[err]T unhder qu rescent L | funsnat i on of
250 foot-candle intensity (8 hours light, 16 hours darkness) for a period

adequate for grow BhbNmblbfoROBYE 1% it hP%@h@féihoaalaf emm'eﬁﬁb nt

cont ai ned po toxicant). (pservations de at 7-day

i nterval s. lﬁﬂﬁFﬁﬁnPPﬁth?§9r§°b§hﬁﬂﬁr%ﬁéhwﬁpﬁrﬁ t fBde PANCOWS. A¥ftem.

conpl ete grovwh af hefneﬁaodabs ihhd bigdild stle efoxmBRibAcfi B1iad € | V.
TABLE |1V i mum. i nh ré concentrati,on of N—dercx itero%ych
t an indudstria

conpounds ﬁ%?lﬁgg Br £ ﬁ&nqﬁqﬁ*ﬁﬁl enoi dosa
C. hypnospsystem sﬁscepuiBAEUno@mhanﬁurmatlon ofHslife with an N-pH 7. 0

pH 7.0 - e 1 : 5
0.7 do&ecylzpsterogyclié compound:R?VLng the goléow1fg generé&
1000 formula:
H N
CiaHas=-N_ R

N\
wherein the heterocyclic ring defined by N R is a
substituted or unsubstituted group selected from
pyrrolidinyl, 2-pyrrolidinonyl, pyrrollinyl, pyrazolidinyl,
pyrazolinyl, pryrazolyl, imidizolidinyl, imidizolinyl,
imidazolyl, oxazolinyl, piperadinyl, piperazinyl,
morpholinyl, hexamethyleneimine or heptamethyleneimine, in an
amount effective to inhibit the formation of said slime.

10. The method of claim 9 wherein said effective amount
is from about 1 to about 200 ppm of said agqueous system.

11. The method of claim 10 wherein said effective amount
is from about 5 to about 25 ppm of said agueous system.

12. The method of claim 9 wherein said aqueous systenm is
a pulp slurry.

13. The method of claim 9 wherein said aqgueous system is
contained in a water cooling device.

14. The method of claim 9 wherein said N-dodecyl
heterocyclic compound is selected from the group of N-
dodecylmorpholine, N-dodecylimidazole, N-dodecyl-2,6-
dimethylmorpholine, N-dodecyl-5-chloromethyl-2-oxazolidinone,
N-dodecyl-2-pyrrolidinone, N-dodecylhexamethyleneimine, N-
dodecylpyrrolidine, N-dodecyl-3-methylpiperidine, N-
dodecylpiperidine, N-dodecyl-4-methyl-piperidine and N-
dodecyl-2-methylpiperidine.

15. The method of claim 14 wherein the N-dodecyl
heterocyclic compound is N-dodecylmorpholine or N-
dodecylimidazole.
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_ 15 - Cl ai ns- 1. A nethod for inhibiting the dromﬂh of " at" | €ast* one

m cr oor gani s n an industri al syst.e sai st bei n
suscept?ble P%étheAg?Sﬁsﬂ OP% 1ﬁﬂ§$&6§§§%' rQQRﬁ&i§%¥ﬁ%fFa%tEFgﬁrBFl°n
cont act hng:nadﬁsfﬁdusbment eanpeis ings tthe wWtidp aof Namtiecyingeaer ocycl i i:
compoun eper err
whorei n t naEPabdt SRpEOHERLICES BicxPiTitbatanl, doterioration oF
unsubst i t iif igenementewith anonrgydesmldmercz:mlmwmmm having
pyrrolhln@herygg;g&iﬁbnggneggiafg gyks Pyrazolyl, imdizolidinyl,

i mdizolinyl, imdazo , oxazol I ny pi per adi nyl , piperazinyl,
nmor phol i nyl , hexanethylenelnlne or hgp%agethylenelnlne, in an

wherein the heterocyclic ring defined by ﬁ:::h is a
substituted or unsubstituted group selected from
pyrrolidinyl, 2-pyrrolidinonyl, pyrrollinyl, pyrazolidinyl,
pyrazolinyl, pyrazolyl, imidizolidinyl, imidizolinyl,
imidazolyl,_oxazolinyl, piperadinyl, piperazinyl,
morpholinyl, hexamethyleneimine or heptamethyleneimine, in an
amount effective to inhibit the growth of at least one
microorganism, wherein said substance is selected from the
group consisting of wood, paint-film, leather, flexible
plastic, and textiles.

17. The method of claim 16 wherein said contacting step
is a step of applying said N-dodecyl heterocyclic compound to
said substance. | ,

18. The method of claim 16 wherein said contacting step
is a step of admixing said N-dodecyl heterocyclic compound
with the components which constitute the surface of said
substance.

19. The method of claim 16 wherein said N-dodecyl
heterocyclic' compound is selected from the group of N-
dodecylmorpholine, N-dodecylimidazole, N-dodecyl-2,6-
dimethylmorpholine, N-dodecyl-S5-chloromethyl-2-oxazolidinone,
N-dodecyl-2-pyrrolidinone, N-dodecylhexamethyleneimine, N-
dodecylpyrrolidine, N-dodecyl-3-methylpiperidine, N-
dodecylpiperidine, N-dodecyl-4-methyl-piperidine and N-
dodecyl-2-methylpiperidine.

20. The method of claim 19 wherein the N-dodecyl
heterocyclic compound is N-dodecylmorpholine or N-
dodecylimidazole.

10



amount effective to inhibit the growmh of said m croorgani sm 2. The
met hod of claim1 wherein said aqueous systemis an aqueous-based solutio

n,

an aqueous- based—enutsionmor—anmagueous- based suspensi OsTg‘Spép{;FﬁT HX.S'UEE_EN

met hod of cl aim ' ' gqueous- based enul sion i :
The met hod of 'cl1[ ﬂlam @i d aqueouss based sol uti LS Phﬁ@%ﬂ_v\or__kj
fluid. 5. _ m Ol i m1 wherein said Ndodecyl heterocycliC

conmpound i s sel ected fron1the-%roup.of N- dodecyl nor phol i ne,
N- dodecyl i ni Rkeol eThe: nethed| of eladimekth Wherghs| faéd at least one

N-dodecy! -t POOF§ARE BN/ 13- aX Fadlgudi.none, N-dodecyl - 2- pyrrol i di none,

N- dodecyl hexapet hyl enei m pe,. N- decyl pyrrolidine, . .
N- dodecyl - 3- n%r:t"E hyl 'H‘ﬁe?“ggp‘ﬂg, o %&ﬁ’pi‘ﬂ%??ﬁ?‘ﬂe,sald aqueous system is
N- dodecyl -delettbed - profr pdlpeandd papeinderstefls peihguptpdaldeoeling 6.
The net hod, o | & rel h ecyl heterocyclic compound is
N-dodecylﬁ%ﬁéﬁgl$h§1§?%%§ gé%&éyﬁfﬁ?lggble. 7. The nmethod of claim1
wherei n sai d 23§ ecTheematbodt ofs cladim £howhevein aaddt agueougpsystemaiics

aqueous Syslfddted from pulp and paper systems, indust®fal cooBing!he
met hod of clai m? V\:ﬁe?glﬁ Sgl 8 ef Pe_gtlve %rmunt'ls from about 2535n

2000 ppm dfaker qapduwatershasesd pPaings. A nethod of inhibiting the

ng

?o about

formation of 24l meacfephbal BecbiRivieRdicXonh alt whgreini tRespRi 8F &Hgeous

systen1suaﬁggéégées§gtggeigoggi&kon of slime with an N

25. A method according to claim 1 wherein the pH of the
aqueous system is 3-11.

26. A microbicidal composition comprising an N-dodecyl
heterocyclic compound present in an amount effective to
inhibit the growth of microorganisms and a non-
pharmaceutically acceptable carrier, said N-dodecyl
heterocyclic compound having the following general formula:

~
-N R

Cc st-

12
wherein the heterocyclic ring defined by N\_/R is a
substituted or unsubstituted group selected from _
pyrrolidinyl, 2-pyrrolidinonyl, pyrrollinyl, pyrazolidinyl,
pyrazolinyl, pyrazolyl, imidizolidinyl, imidizolinyl,
imidazolyl, oxazolinyl, piperadinyl, piperazinyl,
morpholinyl, hexamethyleneimine or heptamethyleneimine.

27. The microbicidal composition of claim 26 wherein said
N-dodecyl heterocyclic compound is selected from the group
of N-dodecylmorpholine, N-dodecylimidazole, N-dodecyl-2,6-
dimethylmorpholine, N—dodecyl—5-chloromethyl-2—oxazolidinone,
N-dodecyl-2-pyrrolidinone, N-dodecylhexamethyleneimine, N-
dodecylpyrrolidine, N-dodecyl-3-methylpiperidine, N-
dodecylpiperidine, N-dodecyl-4-methyl-piperidine and N-
dodecyl-2-methylpiperidine.

28. The microbicidal composition of claim 27 wherein the
N-dodecyl heterocyclic compound is N-dodecylmorpholine or N-
dodecylimidazole. T
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dodecyl heterocyclic conpound having the following general fornula:

[err] wherein the heterocyclic ring defined by N Ris a substituted or
unsubstituted group sel ected from pyrrolidi nyl, 2-pyrrolidinonyl,

pyrrol l'inyl, pyrazolidinyl, pyrazolinyl, pryr azol yl, imdizolidi nyI ,

i mdizoli nyI i m dazol yl, oxazol i nyl, pi peradi nyl, piperazinyl,

nor phol i nyl, hexanet hyl enei m ne or hept anet hyl enei mne, in an amount
effective to inhibit the formation of said siine. 10. The met hod of

cl ai m 9 wher cABSTRACTOE THE ®ISCLOSURE from about 1 to about 200 ppm of
sai d aqueous system 11. The method of claim 10 wherein said effective

is f 2. . Th
ﬁen?ﬁgtj IofS cIr alm Ig)?hFe‘ri\le\?%Ngmt aqﬁg%agfsdigtg &%?mfy eggz%tégé%S Tﬁe

met hod of claim9 wherein said aq I'n"a wate

cool i ng devi ce. 14. The net ho W@@% €$n sai d N-dodecyl

het erocyclic conpound is sel ect ed from t he group of N- dodecyl nor pholi ne,
N- dodecyl i m dazol e, N dodecyl - i met hyl nor phol i ne,

N dodecyl - 5- chl or oﬁénﬁmadzf%xa&lbltmthsrwowth b dBisgaCrgapismeoin; whichran N-

N- dodecyl hexanet hyl enei m ne, N- dodecyl pyrrolidine,

N-'dodecyl - 3- ndodsdyb hgtarbcvclie coMpqmmieiuﬁrpfameuhuefﬁmtive to inhibit the growth of

N- dodecyl - 4- et hyl - pi peri di ne and N- dodecyl - 2- et hyl pi peri di ne. 15. The
nmet hod of cl amigrddrgdmisms ris topntadted dgitty lanha@ea Ry systent elBesptiblé o such

N- dodecyl nor phol i ne or N- dodecyl i m dazol e.
growth. N-dodecyl heterocyclic compounds are also shown to be useful as
microbicides in the inhibition of the formation of slime in aqueous systems or
the deterioration or | disfigurement of susceptible substances due to
microbiological growth. Microbicidal compositiohs containing an N-dodecyl

heterocyclic compound in a non-pharmaceutically acceptable carrier are also

-described.



. o013
- 17 - 16. A method of inhibiting mcrobiological deterioration or

dlsflgurenent cohprising the step of contacting a substance susceptible to
ni crobi ol ogi cal det erioration or disfigurenent with an N-dodecyl

het erocycl i ¢ conpound -having the fol | owi ng Substitate sheeli;t A8 January 1999
[err] wherein the heterocyclic ring defined by N R is a substituted or
unsubstituted group selected from pyrrol #8imyl, 2-pyrrolidinonyl,

pyerol linyl, pyrazolidinyl, pyrazolinyl, pyrazol yI i mdizolidinyl,

i m-di zol i nyI i m dazol yl oxazol i I per adi n Ri_perazi nyl
mor phol i nyl , 2hexafBenPeshadiafe %\'g:ﬁ%pfén’é’f‘ﬁf FRlfe 2% ﬁ'%?%lﬁﬂﬁt

ef fecti vmicrbobghnusimdQWMQisat | east one mi croorgani sm V\/nerel n said

b I f f
oat her 11 o3Pl o ThEaBACBEd K ks by uibkhin ge il AR Siniin oo
wher ei n saebleebﬁdatmmpsﬂ@o amd papep systepsyi Apdusitsinldcdedjing
heterocyc&aeefogaau%thg_ﬂs%ds%%e 18. The method of claim 16

wherein sald contacting step Is™a step of adm xing said N dodecyl

het er ocycl i c283onp&hRdMEthed oL &irﬁb’éhe%t swhprehncsadd ﬁGPéOPEeSWMeLSJf

sai d subsiglegted £+om PRAP TR batier! éﬁsmshauatﬁhﬂ Rodad g
het erocyclic und 1S sélecte from e group of dodecyl nor hoI i ne,

N- dodecyl‘t"i‘a:ﬁ"élzg“t'i vRtsSgbaped | Hﬁnﬂ?ﬁw‘et hyl nor phol i ne
N-dodecyl - 5-24l or Anﬁél&hbdZaww:lrﬂj nemeclaifogeenerdinythel pai BQ”Qhe

ﬁgggggg:ggéﬁéﬁ%y%f?g m ne 'i'q'_ dodecyl pyrrolidine,

25. A method according to claim 1 wherein the pH of the
agqueous system is 3-11.
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a3
dodecylplperldlne N-dodecyl - 4- met hyl - pi peri di ne and N

dode¢ é i-di ne. :20. The nethod of claim 19 wherein the
N- dodliak @yﬂAG%Mgﬁac&ﬁFEb compound i s N-dodecyl nor phol i ne or N
dode¢yli m dazole.
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22. The met hod of cljaijm 1, wherein sai d haqueous systemis sel ected from
pul p{ a , industrial cooling water and water-based paints.
23. fhe nethod of claijm9, mheréﬂﬂl§a§§.§§ﬂ@ﬂﬁ§!§ysten1|s sel ected from

pul p and paper Syste maL?r-based pai nts.
24. A nmethod accordi %mm%%%%& Hlous systemis
7-11. 25. A net h# B he aqueous
systemis 3-11.

: Technical Field

The present invention relates to a method of using N-
dodecyl heterocyclic compounds for industrial microbicidal
and preservative purposes. N-Dodecyl heterocyclic compounds
have been found to inhibit, that is reduce or prevent, the
growth of microorganisms.

Background of the Invention

A large number of commercial, industrial, agricultural,
and wood products are subject to microbiological attack which
reduces or destroys their economic value. Examples of
materials that may be subject to microbiological degradation
are surface coatings, wood, agricultural seed, leather and
plastics, including flexible plastics. The temperature at
which these products are stored and their intrinsic
characteristics make these products susceptible to the growth
of microorganisms. These microorganisms can be introduced
during the manufacturing of these products by exposure to
air, tanks, pipes, equipment, and humans and/or during their
use from multiple openings and reclosures of packaged
products and by the introduction of contaminated objects to
stir or remove material.

Agueous systems containing organic materials are also
highly subject to microbiological attack. Such aqueous
systems include latexes, surfactants, dispersants,
stabilizers, thickeners, adhesives, starches, waxes,
proteins, emulsifying agents, detergents, cellulose products,
‘and resins formulated in aqueous éolutions, emulsions ox
suspensions. These systems frequently contain relatively
large amounts of water causing them to be well-suited
environments for microbiological growth and thus attack and
degradation. Microbiological degradation of aqueous systems
containing organic materials may manifest itself as a variety
of problems, such as loss of viscosity, gas formation,

Descn tion



