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Field of the Invention The present invention relates to new uses
of synergi stic fungicidal conbinations of 2-
(t hi ocyanonet hyl t hi 0) benzot hi azol e (TCMIB) and a t hi ophanat e conpound
to control fungal growh on a d i n aqueous
systens. Description of th Y§F#&?§§&§rFauﬁiﬁihﬁiﬁﬁiﬁﬁgl, al so referred
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devel op from microscopi ¢ spores, are onn[-resen In nature (in
soil, water and air), to nacro=% ' o g8 JeENIIN gr ow on al nost
any substance whiggfeld goéﬁgrm&geggﬁe of i sture and sone form of

nutrients. cause fun are w, del ¥ Eresen t hr oughout g$
envi ronnent, they are ‘HIPFHUTH |ﬁnV3?F68§ RUBLER; &o new %(?p?@raﬁ'ons
where they can cayemrismid cEutaghgbdal combﬁnhtiogsfn&nﬂbheir growt h on

detoriorati on i Geidtvancmet BpHAP3FRensUlRTn 0180 (AR AN 4 1,

materi al or tgvmphaneé:%bsowmmmwomgn@cghoﬁuugﬁl ecowth on a An
exanpl e of an i ndustigk s colbiAhe 46 Whd THYaqueoud’ aTBklral | v reduce the
val ue of the end product iIs the _»eatherA stry fferent species of

fungi, such as RRcLOn, d fLEari ous stages in the
processing of |eatherFdﬁyllr&l@@Cﬁefébﬁeal§5|a§9molds, rusts, mildews,

smuts, etc., are multicellular organisms that are
typifiéd by a branching cellular structure. °Fungi
develop from microscopic spores, which are omnipresent
in nature (in soil, water and air), to macroscopic
structures that grow on almost any substance which
offers a source of moisture and some form of nutrients.

Because fungi are widely present throughout the
environment, they are also found in various industrial
operations where they caﬁ cause economic damage
resulting from their growth on industrial raw materials
and goods. Fungal growth can cause deterioration, i.e.,
discoloration or actual degradation of the material or
good, thereby-réducing its economic value.

- An example of an industry where fungal growth may
dramatically reduce the value of the end product is the
leather industry. Different species of fungi, such as
molds, are encountered at various stages in the
processing of leather. For instance, the pickling
stage, wherein the hides are transformed into an acid
environment for tanning,-eveﬁ strong pickle solutions
are subject to attack by some microorganisms. Fungi,
molds in particular, may be troublesome and cause
discoloration of the pickled'stock, especially if the
stock is held for a period of time before tanning.



stage, wherein the hides are transformed into an acid envi ronnent. for
tanni ng, even strong pickle solutions are subject to attack by sone

M cr oor gawoygRoed2UNJi | "nolds in particular, may be troubkeass%16586
cause di scoloration of the pickled stock, especially if the st ock

Is held for a period of tinme before tanning. WD 96/ 20602
PCT/ US95/ 16586 2 Finally, the

_noisture, pH, and tenperature . charactegistics of the tanning process
creat e al nost ideal conditions for the growmh of a variety of fungi

i ncl udi ng Aspergidd '-&5{ P@Hé%bh.bﬁﬁ‘r%nd ﬁ?ﬁe(‘aﬂ@nﬂéﬁﬁeraturevml ch may
di scol or and per nane 1 onom c val ue f|n|sq§d

Ceat hor CHE TR YR PI: PEoL s SARniTY, BEOGEgY, feats ALtos
probl em i ncl udg;dddle d¢omd@etibngusory thwlgkawtiht dfoa variesmyodeh fungi,

substrates, so-called. sapstainin th !qu
particle boardﬁﬂﬁ}Q) aﬁgﬁgﬁlgl%gppro ?fﬁlfﬁm agge%%%%ﬁhélln ustry
fungal growth ovhich mazlﬁmboeéopubpﬂ1pﬁnﬁﬂn%mthﬁ dnwpsmadanhesystenB

t he text|I éé&ﬁférya%ﬁglgfg@@qi iéétﬁgfultlng st ai ni ng and

decay of textile ricultural 1ndustry nol d .and ot her
fungal growth on secdehep| indystzies whexs o%‘énSI%ﬁdgFﬁ@t@o&ﬁ RS hdust ry:

fungal attack Qﬂ-éﬁl@ﬁ includBd el Qﬁﬁﬁéﬁtiﬁ&ﬁst@mmlwm&iwtﬂ'pemhes
that grow hese tgges of natenéﬂﬁ%éjmlude As

Penicillium and" | Bpeerates, so-c SRPPERLE B oﬁ“ltﬁ#s&?c-)%‘-ﬁ 0%

agueous systenmntreated lumber, particle board and other wooden
products; the papermaking industry: fungal growth on
cellulose pulp; fungal slime in paper mill systems; the
textile industry: mold growth and its resulting staining
and decay of textile.fabrics; the agriculturdl industry:
mold and other fungal growth on seeds, plants, and
crops; and the coating industry: fungal attack on glues
and surface cdatings.f Common fungal species that grow
on these types of materials include Aspérgillus,
Penicillium and Paecilomyces.

In addition to solid substrates, aqueous systems
containing organic materials are also subject to
microbiological attack and degradation. Microorganisms
may grow, for example, in aqueous systems such as
latexes, metal working flﬁids, cooling water, aqueous
emulsions, aqueous detergents, and resins formulated in
aqueous solutions, emulsions, or suspensions. Such '
products frequently contain relatively large amounts of
water. The temperature at which these prdducts are
stored as well as their pH makes these products
susceptible to the growth of fungi.

Fungal degradatidn of such aqueous systems
containing organic material may manifest itself in a
variety of problems, including loss of viscosity, gas
formation, objectionable odors, decreased pH, emulsion
breaking, color change, and gelling. Additionally,
fungal deterioration of agqueous systems can also cause
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fungi ci de has been descri Nos 293 559, 4 866 081,
4,595 691, in U.S. Patent Nos. 4 293 559, 4,866, oél ,595,691
4,944,892, 4,839,373, and 4,479,961. TCMIB is
manufactured by Buckman Laboratories International,‘
Inc., and sold as Busan® 30WB, Busan® 1030, Busan® 1118
and other products. ' '

Another example of an industrial fungicide is
thiophanate-methyl (TPM). TPM is also known as 4,4'-o-
phenylenebis [3-thicallophanate], as dimethyl [(1,2-
phenylene) bis- (iminocarbonothioyl)]biscarbamate, and
cerocobin-m. TPM is used as a fungicide in agricultural
applications, such as seed treatment to protect against
fungal growth on the seeds. TPM is manufactured by .
Nippon Soda Co., Ltd., Japan, and sold as the product
Topsin-M.

Despite the existence of such fungicides, there
remains a need for cost-effective technology that
performs in a particular system and offers equal or
better protection at lower cost and lower concentrations
of fungicide. When used, the concentration of
fungicides and the corresponding treatment costs for
such use, can be relatively high. Important factors in
the search for cost-effective fungicides include
efficacy in the particular industrial application, the
duration of fungicidal effect,'the ease of use, and the
effectiveness of the fungicide per unit weight.
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I nvention offers %%und in a combined amount synerglstlcally effective

to control the growth of at least one fungus on the (

leather.

Another: related embodlment of the invention
provides a liquor used in a leather-tanning process.
The liquor comprises TCMTB and a thiophanate compound
where these two ingredients are present in a combined
amount synergistically effective to: control the growth
of at least one fungus on the leather,td be tanned.

-Another embodiment of the invention provides a
method for controlling the growth of at least one fungus
on a textile substrate in a textile manufacturing
process. The textile substrate is contacted with TCMTB
and a thiophanate compound in a combined amount
synergistically effective to control the growth of at

- least one fungus. - :

Yet another embodiment of - the present invention
relates to a dip bath used in a textile manufacturlng
process. The dip bath of the present invention
comprises TCMTB and a thiophanate compound in a combined
amount synergistically effective to control the growth
of at least one fungus on a textile material.

A further embodiment of the present invention
relates to a method for protecting lumber. from fungal
deterioration. The lumber is contacted with TCMTB and a
thiophanate compound in a combined amount o

L
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conpound in a coghyapdeaBRURLpporting the growth of a fungus wherein the
aqueous system is treated with TCMTB and a thiophanate
compound in a combined amount synergistically effective
to control the growth of at least one fungus

The methods of the invention result in improved
fungicidal effectiveness at lower concentrations and at
lower cost than the application of either TCMIB or
thiophanate compounds individually. ~ The synergistic
combination of TCMTB with a thiophanate compound
achieves superior fungicidal activity at lower
concentrations than either fungicide alone against
typical fungal organisms that grow on and cause
deterioration of industrial'materials such as leather,
lumber, including particle board and plywood, textiles,
and of aqueous solutions, suspensiohs, or emulsions.

The foregoing and other features ‘and advantages of
the present invention will be made more apparent from
the following description of the preferred embodiments.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows the standard evaluation of
synergistic effects as commonly used in the literature.
The minimum inhibitory concentration (MIC), as
determined using the binary dilution method, is plotted
against the respective microbicide mixture ratio.
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i nhi bitory conmadnvaduaﬂlywlcmﬁaﬁescrlbed below, the synerglstlc
combination of TCMTB and a thlophanate compound are

fungicidally effective against typical fungi that grow
on and cause deterioration of industrial materials such
as leather, lumber, including particle board and

- plywood, textiles, and of aqueous systems.

According to the present invention, control of
fungal growth means that the fungal growth on a
substrate is_reduded to desired levels, and/or fungal
growth on the substrate is maintained at or below
desired levels for substrate preservation. The methods
of the invention employing a synergistic combination of
TCMTB and a thiophanate compound can in many cases even
reduce the total fungal count to undetectable limits and
maintain it at that level for a significant period of
time. L S
The methods of the inveq;ign_employ the synergistic
fungicidal effect between;TCM?B'and a thiophanate
cbmpound to control fungal grthh in a variety of
industrial systems. That is,.the_éombination of TCMTB
and a thiophanate compound achieves superior fungicidal
activity at lower concentrations to control the growth
of fungal organisms as comparéd to the fungicidal
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enpl oying a syne} n of
S o)
RING NH-C-NH-C-O-R
HERE NH-C-NH-C-0-R?
Rl and R2 are the same or different and.are a Cl-C6

alkyl group, preferably ethyl or methyl, most preferably
methyl. Particularly preferred is the dimethyl ester or
TPM. TCMIB is discussed above. '

The present invention provides a method for
protecting leather during a leather tanning process
comprising the step of contacting the leather to be
tanned with TCMTB and a thiophanate compound. The TCMIB
and the thiophanate compound are present in a combined
amount synergistically effective to control the growth
of at least one fungus on the leather. The TCMIB and
the thiophanate compound may be used in the tanning
process in the similar amounts and manner as other
fungicides. This, to some extent, will depend on the
degree of fungal resistance required and may be readily
determined by one skilled in the art. Depending on raw
materials and processihg conditions, protection from
fungal attack will be obtained within the general range
of 0.075% - 0.200% of white stock weight using the
inventive synergistic combination of TCMTB and a
.thiophanate compound. Higher dosages will enhance

results.
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: The TCMTB and thiophanate compound may be used _
during all processing stages in the leather tanning - ‘
process not or only those stages where the fungal
problem is occurring. Preferably, the TCMTB ‘and the
thiophanate COmpound:combination is uﬁiformly3dispersed
under agitation into the relevant liquor depending on
the'process to which it will be added, e.g., the
pickling liquor. This method of application ensures
that the invention is applied on to the hides or leather
in such a manner so as to result in the desired
protection of the hldes or leather agalnst fungal attack

~and degradation. '

Typical tanning liquors. 1nclude, for example, a
plckllng liquor, a chrome-tanning liquor, a vegetable-
tanning liquor, a post-tan washlng liquor, and a
fatliquor. .The present-invention_is,ithe:efore, also
drawn to a tanning liquor used in a leather-tanning
process. The liquor comprises TCMTB and a thiophanate
compound present in a combined ampunt_synergistically
effective to control the growth of at' least one fungus
on the leather to be tanned. .

The present invention also provides a method for
controlling the growth of at least one fungus on a
textile_substrate in a textile manufacturing process.
The method comprises contacting the textile substrate
with TCMTB and a thiophanate eompound-present in a
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of the appropnaﬂeagégg1rgh fqgrlc legﬁt using the inventive synergistic
combination of TCMTB and a thiophanate compound.
Preferably, the contacting step comprises dipping the
textile substrate . in a bath containing the TCMTB and the
thiophanate compound. _

The present invention is also drawn to a dip bath
used in a textile manufacturing process comprising TCMTB
and a thiophanate compound present in a combined amount
synergistically effective to control the growth of at
least one fungus on a textile material.

The present invention additionally provides a
method for protecting.lumber from fungal deterioration
comprising the step of contacting the lumber with TCMTB
and a thiophanate compound. The TCMTB and the
thiophanate compound are present in a combined amount
synergistically effective to control the growth of at
least one fungus on the lumber. The contacting step is
accomplished by spraying the lumber with an aqueous
dispersion of the TCMIB and the thiophanate compound or
dipping the lumber into a bath containing the TCMTB and
the thiophanate compound.

Preferably, the step of contacting the lumber
comprises dipping the lumber into a bath containing the
synergistic combination of TCMTB and the thiophanate
compound. The TCMTB and the thiophanate compound are
preferably uniformly dispersed in an aqueous bath (for



t he | eat her undergoi ng tanning. |Incorporating the TCMIB and the

t-hi ophanat e conpound in the tanning |iquor protects the | eather from

f ungal de‘(vé)r%@gngi on. The TCMIB and t hi ophanat e c@6¢FOH1658¢ be
used during all processing stages in the |eather tanning process
not or only those stages where the fungal problemis occurring.
Preferably, the TCMIB and the t hi ophanat e conpound conbi nation is
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on the process_to which,it wll be added, e.g.,, the - i ckling
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t herefore, also rawn to a tannlngma(nun used in a [eather-tanning
process. The FPREERtcBApEhRgedumbers e ang sansike of thenweedd present
I n a conbined gp@unt synergi-stically ef fectiive to control the growth of
at | east one fungus on,the.Leath%r t 0 ,be . t.anned. ent
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amount synergistically effective to control the growth {
of at least.one fungus on the lumber. The TCMTB and the
thiophanate compound may be used to protect the lumber
in similar amounts and manner as other fungicides.
This, to some extent, will depend'on the degree of
fungal resistance required and may be readily determined
by one skilled in the art. Depending on the types of |
wood and cbmponents in the treating solution, protection
from fungal attack will be obtained within the general
range of 0.70 - 4.50 % by weight of the treated solution
using the inventive synergistic combination of TCMTB and
a thiophanate compound. . e

Yet another aspect of the present invention is a
method for preventing fungal deterioration of an aqueous
system capable of supporting the growth of a fungus.
The aqueous system is treated with TCMTB and a
thiophanate compound'present in a combined amount
synergistically effective to control the gfowth-éf at
least one fungus. The aqueous system may be selected
from a latex, a metal working £luid, an aqueous
emulsion, an aqueous detergent, ahd*an agueous resin
formulation. - ' n

Another embodiment of the_preSént invention is a
method for preventing fungai'déteribration of paper or
of pulp, particularly in a papermaking process. The



9 conbi ned anount synerngticaIIy effective to control the

grow h of one fungus. The TCMIB and-t he . thio ound
may be use??%ﬁﬁ'ﬁéztexti | e process in the simlar am)uﬁts an% n%er

as ot her fungicides. This, to some extent, will depend on the materi al
to be treated and the degree of fungal resi stance required. Thi s
may be readily determ ned by one skilled in art. Depending on the
degree of preservation required and pr8 eSS|ng -condi tions, protection

f f | attack -
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manuf act uri ng Pr&ERssc et R Bh Nehd (MiFergistad cembinapidnaiof TOMTEBIHhd
present in a conbined gnount %HS glstlcall effective todpgﬂ}r Hpe
routh of ar & qiieghanale somRSYAT.DY cRbERY hg, o auebus’ dithdd
present inventi & aﬂfh tpresdnty pmesntionaonto thet padpf mftamttém ipnglp unber

win rovte o UndVel e pranfits A s TR R pirE PRl G e Tumber
t hi ophanat e conpmnthcted reseixing theoWEMABdandothe thiophamats stically
effective to Corgc{anggcd&? ﬂi@(‘!"tfh@f?@i%/wh%tleeﬁﬁi:e?”ﬁtﬁ&'&&'és pdrhed Higs -

The contacting st acco y spraying the lunber with an
aqueous di isaahing dihe h%OMBOEnHJ-Fﬁe t hi ophanat e conmpound or

di pping the lumber i jem tb@éé‘tfﬂ@t ﬁéﬂgahheﬁiﬁwaoa&d the TOMTB and

t hi ophanat e e ste

conp d f
inber . ComiHS EPARTIATACE HEOTERBER. FARoDS BRPY8Shia Aq NAILe
synergistic Corr‘twarrfér my@lfe:ifCI\EB tndotperahiophdnape the bodynijedurtde The

T e A SRR a2 AL cernBEELBAPY! s Wikd Yool SRS
: funglc1des, the TCMTB and the thiophanate compound can
be mixed into a coating used to coat the finished paper
or paperboard.
Depending on the application, the fungicidal

composition used in the methods of the present invention

' may be prepared in various forms known in the art. It
may be prepared in liquid form as an emulsion or as a
solution by dissolving the TCMTB and the thiophanate
compound in a solvent or combination of solvents.
Suitable solvents include, but are not limited to,
monochlorobenzene, cyclohexanone, tetrahydrofuran,
diethylene glycol monomethyl ether, etc. The fungicidal
composition can be prepared as a concentrate for
dilution prior to its intended use.

| When prepared as an agueous compositibn, a
surfactant may be added to obtain a formulation that
will emulsify in the aqueous éystem or in water. An
emulsion in water can be prepared by adding a surfactant
and emulsifying the composition in water. Preferably,
the surfactant is a nonionic surfactant, such as, for
example, polyoxypropylene alkyl phenol ether,
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the bath. In general, the lunber is dipped into the bat

allowed to drip dry, and then air dried. The dip time wll depend, as
I's knowmn in the art, on a variety of factors such as the noisture
content of the lunber, type and density of, the wood, etc. The
present invention is also drawn to a dip h used to protect |unber

from fungal d ' Ly - I.S] t hi _ e conpound.
The Towe ¢ BELYBEReEAM epe ERTR by TE Atode LBRIGRGLT, TR
anount syner gi Be1¥axygtbylese adkyd evhewl and pefyexyethyleheafatsyst one

fungus on the jgffeestdpe TCMIB and the t hi ophanat e conpound nay be
used to protect the_] unber . ion simlar anobunts and manner as ot her

f ungi ci des. Thi The; GOUBRELLALE L KNS RﬁﬁﬁﬁﬂFtﬁPY?EFHGErﬁénoﬁlso_
fungal resist ameepregafeddiangom)erbcffdmdi I3 (@j@tlﬁgéﬁé@ﬁed meEMoanarf]Skl Il ed
in the art. L.0g. on the tvpes.q . . Wwood and, conponents_jn the
treating so|u5?§%§g%$§%§Eti§§M&£' PRG dify SomeLa Iaﬁﬁliﬁ#g?neﬁ a
within the geneechnicalrihguidf peoddct,4.i50 degosited)dn od taerieeasadh
sol uti on L NGl 4 PEmké i n St (gqa L d a
t hi ophanat e couén%onrglﬁéi. E¥8ﬁé g%é?ﬁa%(%?#?rdlgggéc 'gl?ilf%&]e v%;tel:s[ecggﬁl %@ent i on
is a met hoeRe oFOPReQENRi Rgchpagal mewseror ath cunfachant umaysbe
system capabl ea@ded U Ofhé NBolvB8rImWciref td Prdpsre a wdtCaBiepdnagyst em
Is treated wt rhTCI\/ITBlfng a t hi oahanat e conpound present I n a conbl ned
anount that wi isperse in water and-aqueous systems.
Preferably, the surfactant is nonionic..  .More (
preferably, the nonionic surfactant is polyoxypropylene
alkyl phenol ether, polyoxyethylene-polyqupropylene
block copolymer, polyoxyethylene-alkyl-ether, or '
polyoxyethylene fatty acid ester. The composition of
the present invention can additionally be prepared as a

paste by dissolving it in an organic solvent and adding

a surfactant. : _
The TCMTB and the thiophanate compound may be used
. together as a single formulation and added to a system
or applied to a substrate. Alternatively,;the;TCMTB and
the thiophanate compound may be added to_a.system or
applied to a substrate as separate compoﬁents7such that
the combined amount is synergistically effective to
control the growth of a least one fungi. In a preferred
-embodiment, the synergistic cdmbinationsfof TCMTB and a
thiophanate compound are‘those.combinatiqns having a
weight ratio of the TCMTB to the thiophanate compound
between 99:1 and 1:99, more preferably between 60:40
and 20:80, and most preferably, between 50:50 and 30:70.
The ratio méy vary depending on the intended use, the
fungus, and the material or produét.to which it is
- applied. _ : .
The method using the compositions described above
has been shown to have synergistic activity as confirmed



Synergistically effective to control the'gromﬁh of at | east one fungus.

The aqueouswayégbgd;?nay be sel ected froma |l atex, a netal Mrﬁ daitebgeli d.
an agueous sion, an aqueous detergent, and an aqueous resin

formul ati on. Anot her enbodi nent of the present invention is a
nmet hod for preventing fungal deterioration of paper or’ of pul p,
particularly in a papernaklng pr ocess. The 13 WO 96/ 20602
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Alternatively, aSswth o ungi ci des,
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added, in an appropriate amount to achieve
concentrations df_O.l; 0.5, 1.0, 2.0, 4.0, 8.0 ppm etc.,
of TCMTB or TPM in 10 ml aliquots of sterilized nutrient
broth in minimum inhibitory concentration (MIC) test
tubes, i.e., 10 ml tubes made from borosilicate glass
and having plastic screw-on caps.

After agitation, 0.1 ml of a spore suspension
containing a mixture of at least three types of fungi,
identified as Penicillium, Aspergillus niger, and

- Aspergillus ninulans, was added to each tube as
inoculum. The mixture had been isolated and cultured
from molded chrome-tanned leather samples and contain at
least these three fungi. The test tubes were agitated
to ensure proper mixing of the fungal spores into the
nutrient broth. The tubes were then incubated at 32°C
for 7 days. The lowest concentration of each fungicide
or fungicide combination that prevented growth of the
fungi in the broth, i.e., the minimum inhibitory
concentration (MIC), was taken as the endpoint and is
shown in Table 1 below. ' '

'As shown in Table 1, 2.0 ppm of TCMTB alone and
higher concentrations showed no growth, while
concentrations below 2.0 ppm did show growth. Thus, the
Minimum Inhibitory Concentration (MIC) of TCMTB (100%)
is 2.0 ppm. Where Table 1 shows "80% TCMTB and 20% TPM
with a corresponding MIC of 1.1 ppm, this means that 1.1
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prepar ed inp ¥does!S fornms known in the art. It may be *%@W
liquid formas an emul sion or as a sol ution by dISSO|VIn e B
and the thiophanate compound in a solvent or conbination of solvents.
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cycl ohexanone, tetrahydrofuran, diethglene gl ycol nononet hyl et her,
etc. The fungi cidal conposition can b prepared as a concentrate for

di lution prior | 3 aqueous
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Su

in water. Prefe Q& t he surfact I'S.a nQnionic surfactant
as, for YIEROBLY | wRed aFRthﬁhéﬁGFr@$H§P he mjigimum
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The conpositi orespeadis ye esitturevention oﬁnthésm:.crobb.e:.ﬁeeparlefd thre powder

form 10 a prebaidRld BRo% Form a LELRLGHE Ollin progrn MUY hines x

comercial ly avai te hni ca |qU| eposited on a
carrier such andd.ditheRienrieidah effeasl in anéryﬁasaédtwweh T@W i n

the formof a hediMicRd SIBKEY medhsWHAE!ERE PBYrBemanceddFedned the

owder m xture to r wet t abl g powder
P p égicomponents 1sF%he same .as the sum of the

performance of each of the components used 1nd1v1dually. ‘

If the plotted MIC'’s form a curve: ‘above the additive
line, the microbicidal effect is antagonistic, meaning
the_two-components counteract eaeh other. The
performance of the combined components is poorer than
each wused individually. However, if the plotted MIC’s
form a curve under the additive line, the microbicidal
effects are synergistic. When-a'sYnergistic effect is
achieved, the performance of the combined components is
greater than the sum of the performance. of the
individual components.

Table 1 below shows the MIC’s for TCMTB, TPM and
the various mixtures determined according to this
technique. Figure 2 shows these same MIC values in
graphic form against the mixture of fungi described
above. Figure 2 also shows that TCMTB/TPM combinations
are clearly synergistic in their microbicidal
performance against the mixture of fungi used in this
study. As can be seen from the curve, the strongest
synergistic properties were exhibited at TCMTB/TPM
ratios between 60/40 and 20/80.

3
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bel ow. The foll ow ng ex ed to Il lustrate, not Iinit
the presewo sgmogsr i on. Tﬂnlmﬂillm mmngl ci dal Act I Vi ty og,% TPM
The synergistic effects of thetconbisned use of agalnst _
fungus were neasured by the binary di lution nethod. The two conponents,
in solid form were di ssolved in methylcarbitol or acetone. Sol uti ons
were prepared having concentrations ranginggfromO0.01 to 1 % by wei ght
of TCMIB or TPM Each sol ution was then added ~in an appropriate amount
to achi eve m&c%?r%! w8 OfgP- 1, 0.5, 1.0, 2.0, 4.0, 8.0 ppmetc.,

of TCMIB or TP uots of ‘sterilized nutrient broth in

i ni num i nhi bi tory doncedt MA%RRE (¥P¥)pPretecting igasher during @ tubes
made from borO&ldaJtCh%t:e tﬁirﬁﬁmg prédébd aroMPr 2§ Eh&CERWPOBECAPS.

Af ter agltatlon por.e sus S containing a m xture of
at |east three®P 3§t .'ngf Lfﬁ’gﬁ S‘Lea&?’deﬁ? n}f’?eﬁaﬁge@eﬁi‘%ﬁl lium Aspergillus
ni ger, and AsperglIIwaMMZHN%hmncyunnmddhdlthleabénkubhia&ole

i noculum The &bﬁﬁ% been isolated and cul tured from nol ded
chrone-tanned I'éather sanples and contain at | east these three fungi.
The test tubes were agltggéda-th%QPhﬁni#% eempewndi xi ng of the funga

spores into thﬁherelﬂUt(h')e'&hdJr((B)h a@%f%“@ﬁ%@@ﬂb%ﬁ%&b%ﬁﬁ gt

32[err]C for 7 day The | owest concentration of eac | Cl or
f ungi ci de conbFX&FFS&SFﬁgﬁﬁ&Maﬁ§ﬁ%§Fkﬁ?w&¢1?ﬁn¥¥@4 thefgrgwt noﬁhétbroth
i.e., the nini leastnbne fongus orf WL Mether. (M C), was taken as the

endpoint and is sho in_Tabl e 1 bel.ow own.i,n Table 1,
2.0 ppm of TCMIB al 8ne an®c ™ %ﬂnﬂg)Qﬁﬁiﬁn}%uVQﬁEe§ﬁoﬁ£ﬁ RBigpbarate
whi | e conceampauindnd shéhdwphahagenmetthysho[TRMbwt h. Thus, the (

\I\/A\hglr gu'rpalblngl ?I tsﬁ(r)\{/sg:?ggoe/o%%?/ﬁdg ogivlfg/o%WB “‘%‘%pa %o?lrl?als%gﬁtdﬂﬁg MC of
1.1 ppm this ﬁggagnghgrogegs comprises a p1ck11ng stage and the TCMIB
and _
the thiophanate compound are contained in a pickling
liquor applied to the leather during the pickling stage.

4. The method of claim 1, wherein the leather
tanning process comprises a chrome-tanning stage and the
TCMTB and the thiophanate compound are contained in a
chrome-tanning liquor applied to the leather during the
chrome-tanning stage.

5. The method of claim 1, wherein the leather
tanning process comprises a vegetable-tanning stage and
the TCMTB and the thiophanate compound are contained in
a vegetable-tanning liquor applied to the leather during
the vegetable-tanning stage.

6. The method of claim 1, wherein the leather
tanning process comprises a post-tan washing stage and
the TCMTB and the thiophanate compound are contained in
a post-tan washing liquor applied to the leather during
the post-tan washing stage.

7. The method of claim 1, wherein the leather
tanning process comprises a fatliquoring stage and the
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Figure 1 shows eval uation standards for %yderd|sf|c ef fects as

commonly used in the literature. The m ni num i nhi bitory.concentration
(MC), determ ned using the binary dilution nethod, is plotted agai nst
t he . respective mxture ratios of the mg¢ obicide. I f the plotted
MCs forma straight |ine connecting points ~~and Y, the mcrobicidal

effect is only aqgjgﬁy' e AR2gse! Bahthigaeerifpramance
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perfornance of e&é# ﬂ“ﬂﬁa%ﬂﬂﬁiﬁﬁwﬁ% the L eabRer dduring the” fat lyguoring

plotted MC s foghagecurve above the additive li-ne, the m crobicidal
effect is antagoni sti ni the fwo_c onents_counteract each
other. The perfo(rénancg‘ q?“}%rclﬁﬁﬁ‘?n’eﬁ %oﬁﬁn%ﬁgﬁfégﬁgnﬂrﬁgr EFRGFET
each used indivi dompry sidgvever, if the pIotted MC s forma curve
under the additive line, t%;f“féﬁ%ﬁ‘a - effects are synergistic.

Wien a synergistic effect achiéved, the performance of the conbined
conponents is great er ﬂﬁam&ﬁh&@phamateh@ompﬂﬂudnance of the

| ndi-vi dual  compoggRbin (a) and-E§%ern1ﬁ&%@%%%g?gﬁnéhEOHB%hﬁdfthESNWB

TPM and the various m xtures

to t
t echni que. F|guréY@Qﬁ&iﬁ?#ﬂ%&%ysﬁﬁﬁ?Qﬂ%Y%a#%e%oﬂﬁrog theagrP¥thoth &fai nst
the mxture of fuyeaistdene iffiGus o:ﬁb.qy@ 1&hEhée 2oabsotahaed,t klerein
TCNWB/TPNIconblnabF 3 are clear S nerglstlc # thfLr n1crob|%5gal
per f or mance agai i ﬁgqﬂ%dﬁﬂe§?ﬁeQE€E) TP PR Ehting 1igpRgy. @ e
seen fromthe cutaaninke ldigupmest vegeﬁabmegtammtngrmmqubresamgbst tan
exhibited at TCNEE E Mb liquor, and a fatliquor.

9. The liquor of claim 8, wherein the’ thiophanate
compound is thiophanate-methyl [TPM].

10. A method for controlling the growth of at
least one fungus on a textile substrate in a textile
manufacturing process comprising the step of contacting
the textile substrate with

'~ (a) TCMTB and
(b) a thiophanate compound
wherein (a) and (b) are present in a combined amount
synergistically effective to control the growth of at
least one fungus.

11. The method of claim 10 wherein the thiophanate
compound is thiophanate-methyl [TPM].

12. The method of claim 10, wherein the contacting

~ step comprises dipping the textile substrate in a bath
containing the TCMTB and the thiophanate compound.

13. A dip bath used in a textile manufacturing
process comprising

(a) TCMTB and _

(b) a thiophanate compound-
wherein (a) and (b) are present in a combined amount
synergistically effective to control the growth of at
least one fungus on a textile material. |
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- (a) ~TCMTB and
(b) a thiophanate compound -
wherein (a) and (b) are present in a combined amount
synergistically effective to control the'growth of at
least one fungus on the lumber.
- 15. The method of claim 14, wherein the
thiophanate compound is thiophanate-methyl [TPM].

16. The method of claim 14, wherein the contacting
step comprises dipping the lumber in a bath containing
the TCMTB and the thiophanate compound. |

17. The method of claim 16, further comprising the
step of uniformly dispersing the TCMTB and the
thiophanate compound under agitation.

18.. The method of claim 16, wherein the path
comprises an aqueous bath.

19. The method of claim 14, wherein the contacting
step comprises spraying an aqueous dispersion of the
TCMTB and the thiophanate compound onto the lumber.

20. A dip bath used to protect-lumber from fungal
deterioration comprising :

(a) TCMTB and
- (b) a thiophanate compound _
wherein (a) and (b) are present in a combined amount
synergistically effective to control the growth of at
least one fungus on the lumber. o

21. A method for preventing fungal deterioration
of an aqueous system capable of supporting the growth of
a fungus comprising the step of treatlng the aqueous
system with

(a) TCMTB and
(b) a thiophanate compound
wherein (a) and (b) are present in a combined amount
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GISTIC COMBINATIONS OF 2-(THIOCY. ANONI_E'I‘HYL’I'I-IIO)BM‘I’HIAZOLE AND THIOPHANATE COM-

A method for preventing the deterioration of various types of industrial raw materials and products by contfolling the growth of
fungus, wherein the material to be protected from deterioration is contacted with TCMTB and a thiophanante compound present in a
combined amount synergistically effective to control the growth of at least one fungus.




