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METHODS OF | NHI Bl | ON USI NG | SOVERS OF CHLORO- METHYLBENZOTRI AZOLE
FI ELD OF THE | NV lm esent invention relates to the control of
corrosion in agueou ms. More particularly, the present invention

rel ates to the inhibf64%h of corrosion qf] steel and copper alloys in
aqueous systens through application of chloro-nethyl benzotriazoles to the

' I
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vari ety of aqueous a us systens is well known. In industria
cool i ng water systens) B jftriazole and tolyltriazole are us§g1 t often
Tolyltriazole is generally preferred because of its |ower cost. Triazoles
are filmformng materials that provide efficient coverage of netal or

met al oxi_de sur i y e vi.din r tl | nst
corrosive el em@é@%%ﬁilﬁﬁ'ﬁglt o&é@é&é!&” &rﬁ&&gﬁgmﬁgﬁ e film
form ng tendency of vari olGHROROSMETHYLBENZQTRIAZOLE: sol ubl e, dival ent
copper ions. The precipitation prevents transport of copper ions to ferrous
surfaces, where galvanic reactions between copper ions and iron atons |eads
to pitting ' 9E 1N us netal. While the use of azoles for
corr05|g§ [ d, there are drawbacks to their use,
specificdlly with tolyltriazole. The nost inportant drawbacks are

experienced when _azoles are used in conbination wth oxidizing hal ogens.
Oxi di zi ng hal ogenkhes pegsery iavention selataq & ithe, castehiafecorrorion IRyRIHEAUSUS
aci ds, or thgj K el | [ i l.qrsi e Oke 35
nypoby ont t & JEkT 5r pRE PRRGhar Int prEsentAvahl Gl SeBled KPR iffibikin bt

m cr obi ol ogicoatosion @f &epl and weppeSakmis idaqols systeemb tirodgi applicatidm ofn
cool i ng water syste Wen, copper or ion alloys that have previously been
pr ot ect éd wqwaéﬁ?@]%@ogﬁ?@gﬁtot e AAUSRHBSYPI®P-hal ogen) corrosi on
protection breaks down. After breakdown, it is difficult to form new

protective filns
BACKGROUND OF THE INVENTION

The use of triazoles for inhibiting the corrosion of copper and iron alloys in

20 awide variety of aqueous and non-aqueous systems is well known. In industrial
cooling water systems, benzotriazole and tolyltriazole are used most often.
Tolyltriazole is generally preferred because of its lower cost. Triazoles are film
forming materials that provide efficient coverage of metal or metal oxide surfaces

in a system thereby providing protection against corrosive elements presentin an

25 aqueous system. In addition to the film forming tendency of various azoles, they
also precipitate soluble, divalent copperions. The precipitation prevents transport

of copper ions to ferrous surfaces, where galvanic reactions between copper ions

and iron atoms leads to pitting corrosion of the ferrous metal.

30 While the use of azoles for corrosion inhibition is widespread, there are
drawbacks to their use, specifically with tolyltriazole. The most important
drawbacks are experienced when azoles are used in combination with oxidizing
halogens. Oxidizing halogens such as elemental chlorine, bromine, their
hypohalous acids, or their alkaline solutions (i.e., solutions of hypochlorite or

35  hypobromite ion) are the most common materials used to control microbiological



in tolyltriazole treated cooling systens that are being chlorinated,
particularly 5 continuously chlorinated. Very high dosages of tolyltriazole
‘are frequently applied in an attenpt to inprove performance, often with
limted success. The degradation of protection of azole filns in the
presence of oxidizing hal ogens is well-dpcunented in the literature. For
-exanple, R Holm et al., 10 concluded that hypochlorite penetrates an

intact triazole film |eading to higher ggp ragéthﬁ@gtgﬁed fNBedehitr spBs0ONdl y)
hypochlorite attacks the prefilned triazol e surface, disrupting or

degradi ng tdiewth IMeddivg vistarsystdrel \WeEeRt ®
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prefilmed tialtplyittiaasle! featedcempiay sydterhs ahat aty bémgschlbdﬂé@deibartrcularly
deconp05|t|on uring chlorination; 20 (b) the stability of prefil med
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sol utions containing m xtures of t ol yI triazol e and NaQCl . Thus t he

conbi nati on of t ltria th did t produce Sitio
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of the reac I NRel2Xiese n I sina
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chlorine reggfscd displisti ch dégradhgltué r.rnh el Anh@am.@é{rrfgeof the International
N- chl or o- tov\{altrrazole el-‘k/ speci fical sate, "presunably this conpound
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the Coryspsi GBffectsi 6f Halogehktioh &t Yelldw IMetdl (Carpasivne: Inhiliitien Bgéﬁrﬁmﬁesﬂf
Chl orine and Brom ne" CE Corrosion/87) Paper No. 157 (1987) Hol | ander

and May st acefosieay50e422 £194)}. olu.sefiaks 60'10|é'ﬁ13@r o-tolyltriazole from
stored, nore highly concentrated solutions, but they also teach that "at

| ow 10 concentrations (less than 10 ng/L) rapi d hydrolysis nmade it

i npossi bl e (a) i sprefited héolglviazote adducbppér Based brgssn surtdces Nivideageesy/si s,
the materi aI Hol | an er and I\/ﬁiér ?I ated was chloro-tolyltriazole. Another
observati on “P%O’PH%?' %n 9HF'99€' HAVM stic odor is present whenever 15
tolyltrjpazol e and chlorine are conbined in cooling waters. In contrast,

chloro-tolyltriazole does not respond to analytical tests for chlorine,
despite ext éb)dedtheo&tlabiiigl ofnprefitoéd tolyltriazole ohlagppet ahdlbrassitaoNaOCl was
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tolyltriazol e-chlorine reaction product that forms in-situ in cooling water
systens. There are also references in the literature to

5- chl or oben{dt r i elganéi.g.i nen-prefiiwed) aorpersyufagas g]o)notrdevemomtmetegtwﬁ)

;/8: ;:Tteré azo‘"g% \gﬂi%ﬁ?& {é:&\?lé%r llﬂﬁmgor r é\ﬁﬁﬁ%%ﬁﬁ% E?&gﬂ’é}% % %n@l{éd@ar r as a

reference. A literature review of published work by Carr indicates that he
actually teaches_that reactions between tolyltrija oIe nd chI orine do not

occur under cool TRgSwHie coptiratiano Rt telyitiazale with 6’I'd Totyere He@d e in
the Presencg, H‘?ﬁ t fewigh tions™, NACE
30 Corrosion 9@@ égper '%O‘gffgfﬁ%@%' nﬁqtaﬁPQqélegr(%grsdréz)ﬁ @g paper, Carr does
di scuss the inhibiting action of a chloro-azole, but it is a reference to
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halogens in a cooling water system is not clear. The literature teaches that a

compound is formed when chlorine and tolyltriazole are combined in cooling



-4 Repl acenent Sheet dated 17 Decenber 2002 azoles in sulfuric acid
solutions ("Effects of Subsitituted Benzotriazole on the El ectrochem cal
Behavi or of Copper in H2S04", Wi et al., Corrosion, Volume 37, No. 4) 223
"(1981)). Since the 1985 Puckorius reference, there has been w despread use
of tolyltriazole in chlorinated cooling pgystens with well established 5
-performance difficulties, indicating a continuing, unsolved problemin the

art. Cther problens are well-known when t%&térﬁérﬁgﬁée‘?dg}g@?%&g%g 02

hal ogens are conbi ned in cooling waters. ese 1nclude a [oss 1 n the extent

of Preci Pl \hehts 8hd 803 IPRrBR! @ ahafRcaISa: for EARARE: FBFeAERASLNO o

i nproved transpdrt an ani c corrosion, a change 1 n the response of
t he st andarVdasgerpoobphal,staterthat chiarineg reactsakeyétsiblpwith éolyltrezdletg produce

uni ntentional  overteed nd_t he obj ectjonapbl ¢ odor ntioned aboye. This
Sdor enn patshirEobia e TharshebERale S SroSRmabiANS CoBROAN &ingt pom
tolyltri - v Si i . af

ol yl tri azolRif 44 inhfisifor. SRiagtﬁrffePll%g'téﬂc aertbl.Q ré%kﬂ%@ﬁ@@z@d %tl’%’@h%lﬂ%l{)

towers, evaporation and dr ase the objecti e odor to t
| ocal ervi rtohyitgazolelandihypoehiosausiacid so thatdrasdohitiszotebecalesiayailable for

i Fut e sol crdttrogRB o (et Rordsion FRiRk PriGielishy TRlibaqgh ° 1"
reaction i stheUPrdsenge@sfeDhlofihe tarid Bedmine”, NACE Cottosidn/BAZ Paper N&CI 157 20
N-chl oro-t ol ﬁl triazole- (intermedi ate% -> chloro-tolyltriazole. There is no

evi dence of (188VHr {adiander and May-stateditbey weee abledo isalater!-ehferqtalylsiazole
v o ) o . . .
bet wean. hy 2R sgp i, Mafe viaiy Bafipeitel 3ol iBhe, BingY RONEBA IACAF b Cn

25 SUMMBRY édncehitratibvéliés$ a0 pigdisrabid Impizolysisamaae & inhpessibiy todsblats
specific isonmers of chlorp rretqrall benzotriazole are nore effective than
ot her i sondhg Gloreradsiusts.o) Based Hpen proten; MMR,aRalKgs cheratesial Hellagdebus

systens. The § iiggllafgeycwégbmgx&gméi azole 30 isoners are

substantially nore e trve corrosion 1 nhibitors than other isonmers of
chloro-tolyltriazole in the presence of chlorine. Furthernore, when the

speci fic chloro-pethyl benzotyriazole, i sonmer,s are .exposed to chlorine, an
Sbreeti onabl o RBotELPhaEfie’ Eribet & IEDa e SRR Es Is biesent whenever

15 tolyltriazole and chlorine are combined in cooling waters.

In contrast, chloro-tolyltriazole does not respond to analytical tests for
chlorine, despite extended boiling. And solutions of chloro-tolyltriazole,
surprisingly, do not produce the characteristic odor. Thus chloro-tolyltriazole is

20 clearly different from the tolyltriazole-chlorine reaction product that forms in-situ in

cooling water systems.

There are also references in the literature to 5-chlorobenzotriazole (i.e.,

CAS number [94-94-3]). In “The Water Drop”, Volume | No. 2, 1985, Puckorius &

25  Associates state that chlorinated tolyltriazole is effective as a corrosion inhibitor
and cite R.P. Carr as a reference. A literature review of published work by Carr
indicates that he actually teaches that reactions between tolyltriazole and chlorine

do not occur under cooling water conditions (“The Performance of Tolyltriazole in

the Presence of Sodium Hypochlorite Under Simulated Field Conditions”, NACE

30 Corrosion/83 Paper No. 283, 1983). In this Corrosion/83 paper, Carr does discuss
the inhibiting action of a chloro-azole, but it is a reference to earlier literature, and
specifically to the action of 5-chlorobenzotriazole and related aryl substituted



odor does not form BRIEF DESCRI PTION OF THE DRAWNGS 5 Fig. 1 is a graph
of corrosion rate (npy) vs. tinme. Fig. 2 is a reaction sequence for the
preparation of 6-chloro-5nethyl benzotriazole. 10 Fig. 3 is a reaction
"sequence for the preparation of 4-chloro-5nethyl benzotriazole. Fig. 4 is a
reaction sequence for the preparation afq 5-chloro-4nethyl benzotriazole. 15
- DESCRI PTI ON OF THE PREFERRED EMBODI MENTS The present inventors have
di scovered that specific isonmers of chlor i
EQXérpsﬁ'gceﬁ{ﬁté@‘Fp%&te@Fgﬁ 002

significantly nore effective than other isonmers o oro 2 rrazol e
in inhibiti £ Ol LR MR Kid ;

chl or onet hy é%z)g{ ??g% Igeidngr#gﬁgﬁsa?e suE%to g-r%"l gﬁﬂ?}‘éﬁoﬂri%nz&t?%chtlle voe? the
corrosi on iectoclemicahBebavier of Gopperdn dt.SEhI,dVo-at al.yCorrosinal ¥olume BE,

presence of, chlorjhe., ., Jhe, ef fi cacy of specific

i or o et HYPoanzae KIS | SiokE: el 49B8 IR IS  fererse: thete, hendessci f o
chl oro-net Wi'ri@@ﬁ?ééﬂruwlt&])lltﬁéﬁmé i cSI’i"IorIrfl\‘fedeE&:ﬂi‘i!#Q\tzf)]'\lst'é\’ﬁ?sﬂ}i/itH’\W/ef#é§taﬂﬁ§;he%f3
subject to the formation of objectionabl e odors when exposed to chlorine as
i s tol ylt riperfarmance diflicutiies cipdinading eheantinkings unsolvad prelemain the at.

4-chl or o- 5net hyl benzotri azol e, 5-chl oro-4-net hyl benzotri azol e and

6-chl or o- 5met hyl benzotri azol e provided a corrosion inhibitor which
exhibited a suprOfietpromemiOareeaiPrREdeA wheh tolyitiayéle aneowidizing Halogens
treatment conprising other isomers _of chloro-tolyltriazole. The results of

t he studi esarefcontkingd inseanlingiwatets. dihesedagluge aiess inthe extent of precipitation

4- chl or o- 5- . P I - Chl -4- A i -6
Repl acenent@h%ﬁ%’tﬂﬁg@%géliﬁ%e%ecﬁ%esr &52[%3 @Hgg%%aﬁhgﬁgﬁﬁé{dggﬁgtﬁsgggo@ are
mr)nr e eflmeft?aaeamcloasision, ialrah'abgé immeaglepmssetdifahestml rd spegtreprftometric
oot oo o SeBLsh S iage e HUSE R eo SR b AE S "
6- chl or o- 5- ia eRar i CiH set
out i 1 Fi gurngshp B TR OB BB s Bt WA s RoB R St
3- chl or o- 4neidipaliycearainked dppwatolyitriagalee dr fese mSincehdanlingdvatet bffémpasses vi a
acetylation of 10.the aniline wth acetic, anhydride ji.n an ueoqus t hanol
Sol uti on, /OYRGOGIIRS SpWEis, SVBRRTAtRD AN St s Ieebipefithatie ader thificoar t er
formed By nptadEdvirengierdthe acetanilide with sulfuric and nitric acid. The
desired isoner (3-chloro-4-nethyl-6nitroacetanilide) was purified via
recrystallization fromethanol. 3-Chloro-4-nethyl 6-nitroaniline was

prepared via depgotection,of the,acetanili.d it 0 jum1 roxide in
P B hanol ool vt BuseielaR afdeshe Gpoiis Watef i Moo RRId T a28le. thallHF6rPid

3- chl or o- 4nBCHtEvérsibly Mtﬁflbl itigzole fh aifllte @vRAioN éhc_j Mdtat idebkehningh8dinal . The
6- chl or o- 5net hyl benzotri azol e was forned by reaction

f
4- chi or o- 5- PregHgl wheD theuieReHeRIISIHNIRCORIENtEASER saPR.i et dolyliriazsie + OGIET d. 20
4- Chl - 5- ‘ : | .
the f ol o N TIferEABaE0IRZ hErnRaatS LI GRGCRONRYa?O, SRR RISIIIRAL i 2
the reacti oof semrsioneot ehimoitolylirikzagerte 8ithdih¢he eriorows) isteanediate st toout i n

Figure 3 is as follows: 3-chloro-4-nethyl 25 acetani|lide was prepared from
3- chl or o- 4- RBtitRaEolgn; Nohis these @@&t%@n%o oreachans Retwesh [vRochierde and

anhydri de i -ﬁ':g”ﬁ t L 0N m xture of

chl or o- net h?/}rlﬁll%tr ac%’?glni |d§g@é%@n§dsg%@2h? ereafter formed by nitration of
the acetanilide with sulfuric and nitric acid. The desired isoner

(3-chl or.0- 4, k nitroant lide) was purified via recrystallization from
et hanol 4> 3- 4 s art¥ oani | i ne was prepared via deprotection
of the acetanilide with potassi um hydroxide in an ethanol solution.
Reduction of the vitro groups on the 3-chloro-4nethyl-2-vitro aniline was
achi eved wi t h zi hlae guesentrineemtars haveigiscoveradthat Bpecificpsamens of cBlaret
dated 17 Dece reZO 2 th Ibenzoﬁri az%e RS forned Pa/ re c}i an c1f.

3-chl or o- 4- nZofligzale giamore e ectivVe than other isomers of chloro-tolyltriazole in

inhibiting corrosion in agueous systems. The specifc chloro-methylbenzotriazole

30 isomers are substantially more effective corrosion inhibitors than other isomers of
chloro-tolyltriazole in the presence of chlorine. Furthermore, when the specific
chloro-methylbenzotriazole isomers are exposed to chlorine, an objectionable



diamine with sodiumnitrite in acetic acid. 5-Chloro-4-nethyl benzotriazole
can be prepared by any appropriate 5 neans. In the foll ow ng exanples, the
5-chl oro- 4- met hyl benzotri azol e was prepared via the reaction sequence set
out in Figure 4. The reaction sequence set out in Figure 4 is as foll ows:
3-chloro-2 nethyl acetanilide was prepared from 3-chloro-2-nethylaniline via
acetylation of 10 the aniline with acetic anhydride in an aqueous net hanol
solution. A mxture of chloro-nmethylnitro Lanik ¢ i &ﬁs,r

thereafter formed by nitration of the ace?%ﬁ?l’l gkaﬁet%h&agu u%cgﬁg%r 0(r)lzltri C
acid. The 3-gd¥r@ors4idi8diy! -4-nitro isoner was renoved by precipitation
after addition of potassium hydroxide to the m xture of isoner in ethanol.
The 3-chloro-2-nethyl-6-nitroacetanilide was heated to reflux in 15 an
agqueous sodi draoxide sal ution. e solid that forned was 3-chl oro-2
met hyl - 6- ni t S DES '”-! o OF | DEAW on of stannous chloride in

hydrochloric acid yielded a precipitate of
4-chl oro-3-net hyl -1, 2- benzenedi anm ne. Reaction with sodiumnitrite in
acetic adid yiel ddg. hisalgrapsotesrsesion ratet(Muvdaazignei azole. 20 In treating
an aqueous systemin accordance with the present invention, the

6- chl or o- 5- et hyl benzotri azol e, 4-chl oro-5-net hyl -benzotri azol e or

5-chl or o- 4net hyl &gz @ risazolreattiordrstigeienbe Y fore the opepatation Yoft 8-dHIGrovgt er .
A preferred treatnent concentration ranges fromabout 0.2 to 10 parts per
mllion. Corhetivenzobiaroles not, however, a requirenent. The

chl or o- net hyl benzotri azol e i sonmers can 25 be fed at a concentration
sufficient to forma protective filmand thereafter feed can be

di scontinpued for Rigt ehdied apaeactith aeduenee fidre tive eprieblacation of 4-chloro-5-

chl oro- et hyl benzotri azol e i somer treatnments of the present invention can
be used in dBatvhEnzetiagoles ot her corrosion and/or deposit inhibiting 30
treatments known in the art including, but not limted to phosphates,
phosphonat es, acrylic honmo- and copol yners, chel ants and oxi nes. _g_

Repl acenent SheetFigat4disla Deaetidrersezu@nca héorp tles epteparatiom iafn SvéHlbrordw be
further descriaﬁﬂ}mﬁtp.r%gerence to a nunber of specific exanples which are
to be regard@ﬁ KPURZOG:| ystrative and not as restricting the scope of
the preggnt invention. Exangle 1 5 The corrosion inhibition activity of the
treatnment of the present invention was eval uated usi ng a Beaker Corrosion
Test Appar atRES A DE TIME RREFERRES BODIMENTSequi pped with an

ai r/ C02 sparge, a copper electrochem cal probe, and a nagnetic stirrer. The
test solution was 1.9 liters. Air/C02 sparging 10 is continuous during the

test. The referenpge r&sditqnentoms hake _@l%‘éﬁﬁléfedeih%@ts?eeiﬂc%@mé%& cHigr6d Of
Hastel |l oy C22. The beaker is immersed in a water bath for tenperature

control . El geethytianzotiazolmaiessigaificanttyamaks effegivaithariother issmeralaf ghigro+ he
e o cort o el B in Pty BORALEATE RRyAAH §/48RR. | tHBdte Bhlord ot o

methylbenzotriazole isomers are substantially more effective corrosion inhibitor

than other isomers of chloro-tolyltriazole in the presence of chlorine. The efficacy
of the specific chloro-methylbenzotriazole isomers is surprising. Furthermore, the
specific chloro-methylbenzotriazole isomers of the present invention are not

25 subject to the formation of objectionable odors when exposed to chlorine as is
tolyltriazole.

It was discovered that the ex-situ preparation of 4-chloro-5-
methylbenzotriazole, 5-chloro-4-methylbenzotriazole and 6-chloro-5-
methylbenzotriazole provided a corrosion inhibitor which exhibited a suprising and

30 unexpected activity when compared to a treatment comprising other isomers of
chloro-tolyltriazole. The results of the studies of the present invention clearly
show that 4-chioro-5-methylbenzotriazole, 5-chioro-4-methylbenzotriazole and 6-



15 For all tests, a water consisting of 500 pm Ca (as CaC03), 250 ppm My
(as CaC03), 354 ppmchloride, and 240 ppm sul fate was used. The system pH
was 7.2 with the corresponding "M alkalinities being 15 ppmas CaC03. The
“foll ow ng agueous systemtreatnents were al so used: 15 ppm ortho-P04 (P04);
3 ppm 20 P207 (as PO4); and 10 ppmof HRS-1 (a copolymer of acrylic acid
and al |l yl hydroxypropyl sul fonate ether sodiumsalt). The test nethod was

designed to evaluate chloro-tolyltriazol es a% Gen?gﬁ)%e%daci%”.p&lf%%mgr%wl tion

under hal ogenati on. Copper probes were i mrers

Srabi 11 200, BRI EE hEns HETAR 4 mdiRditectie S8p SR AN I IR e
i nto the teasthemgbaters dfiehloestalyliviazdleont i nued for anot her 25 hours.

Corrosion rates of copper were neasured periodically during the 40-hour
test. The changes in corrosion rates after bleach feed were used as an

| ndi cator for t r@c‘hfiéﬂocélﬁ'}’etﬂy {i‘ﬁotﬁgzd{é‘ﬁ@ﬁ? gF to?& PY“ a?gfz%ﬂrf&"té ARGhS":

Table 1 and Figure sumari resu and varrous
-9 Repl écerrhntheﬂmﬁemmmmés MeMor@BQﬁemblbmmeumtyldwasapcé;mred viger
treatments m acti ves. '[abl e l. rage Copper Corrosion Rate O to 15

Hour Avera geéﬁ L sequEsiceRatAUE N @Hf% 3 ppm 4- Chl oro

5- met hyl benzotri azol e 3 ppm 6- Chl or 05- net hyl benzotri azole 3 ppm
5- Chl or 04- net hyl benzotriazol e 3 ppm 7- Chl or 04- net hyl benzotri azol e Corrosion
Rate (np~rl 0. 01ee oeactid Gequences seddwW.i01Figuee L5is assfvliewar 3%0@343—

From the r dagmAcRaniieg wis Sty eRlofoAraRtvianiis 08 ceeburtar of

prot ectiigon thetdiiide Wik a@éﬁéﬁﬁﬁﬁdrﬁe AP B GSous Rt 8BIUtieR Wnﬁﬁh@oﬁur' ng
the first 15 hours are below 0.02 npy as shown in Table 1. After the shot

10 feed of chlgromethhAmittpacetaniideiisomaes wasdbewaftes fipared: by milsation phthes in

corr ot on 4R PLPEERARHOY Bl et e (Aol Ranges!
5- chl or o- 4-fikbhyétanide) wae patifiedvia résrystakipation frorg etieanbl. MOHisrotfithetiopper
corrosion rate for, water treated with 6-chlorg-5 nethyl benzotriazol e

r emai ned es@'@ﬂfqad]'llrkﬁ wasHyagaed vig qgarptectign of; the@qeltaml%wtbemfaa%gm i bed
h
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nuner ous ot ornms an i ons 0 'S |nve vious to
t hose skil Iméthyert-mufoanrﬂmeWas apbieuee dvith aincsdustdn tdtlnanolnv‘élm iBachlgendy al | y
shoul d be con trued ver
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diamine with sodlum nitrite in acetic acid.

20 4-Chloro-5-methylbenzotriazole can be prepared by any appropriate
means. In the following examples, the 4-chioro-5-methylbenzotriazole was
prepared via the reaction sequence set out in Figure 3.

The reaction sequence set out in Figure 3 is as follows: 3-chloro-4-methyl

25 acetanilide was prepared from 3-chloro-4-methyl aniline via acetylation of the
aniline with acetic anhydride in an aqueous methanol solution. A mixture of
chloro-methylnitroacetanilide isomers was thereafter formed by nitration of the
acetanilide with sulfuric and nitric acid. The desired isomer (3-chloro-4-methyl-2-
nitroanilide) was purified via recrystallization from ethanol. 3-chloro-4-methyl-2-

30 nitroaniline was prepared via deprotection of the acetanilide with potassium
hydroxide in an ethanol solution. Reduction of the nitro groups on the 3-chloro-4-
methyl-2-nitro aniline was achieved with zinc dust in ethanol. The 4-chloro-5-
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1. A nmethod of inhibiting corrosion of netal surfaces contacted by an
aqueous system being treated with a hal ogen conprising adding to said
“aqueous system being treated with a hal ogen, 6-chl oro-5-nethyl benzotri azol e
in an anount effective for the purpose of_inhibiting corrosion. 10 2. The
-method of claim1 wherein said 6-chloro-5-nethyl-benzotriazole is added to

sai d aqueous systemat a concentration OfRegfagé%e%Sﬂ&?@at@ub%ecgmger%{ﬁS per

mllion. 15 3. The nethod of claim 1l where

6- chl oro-5-yg fﬁcﬂﬂef %Té %8'f§rd1éd %g%gcﬁcfh ﬁfﬁ%hﬂ%ﬁﬂ Slt’é"’t?eﬂ

concentration out parts per on 10 10" par g per
mllion. 4.didmine With sofiunomitriteginaaceticraeid.on i nhi biti ng I ayer on a netal
surface in 20 contact with an aqueous system being treated with a hal ogen
conprising adding to said aqueous systembeing treated with a hal ogen,

6- chl oro- 5 et g ansiela. hikk)iBehoABzAE6AN 16 [EbhIE BT ahbeagioBAs® of

formng a corrosion inhibiting |ayer. ) od of "redlci ng ori ne
demand i5n ameaqs;eom tlsgfs‘o&a»wmgua@mpleat éhlevﬁ-chlommemetlwlbmzptﬂazbie was

m cr obi ol o awt r| sin I d_agueous system

6- chl or o- 5 W%\Qﬁéﬂ? tSﬁ“ sq e&ﬁ ﬁgBHfmjég'ér&‘Pve for the purpose of
reduci ng chl or| ne demand. 30 6. A nmethod of inhibiting copper ion transport
in an aqueous systembeing treated with a hal ogen in contact with netal

surfaces i ncl udi Heg depelian seapencs 56t AdiiRgFigure 4 is aguedawss Bsehiaio-2-
6-chl oro- 5- rﬁE{H*yYAé%?M?&é \Ai%%odrSpél%daf'?om 3—(1:r]rloro-2-methylanlllne via acetylation of
10 the aniline with acetic anhydride in an aqueous methanol solution. A mixture of
chloro-methyinitro-acetanilide isomers was thereafter formed by nitration of the

acetanilide with sulfuric and nitric acid. The 3-chloro-2-methyl-4-nitro isomer was

removed by precipitation after addition of potassium hydroxide to the mixture of

isomer in ethanol. The 3-chloro-2-methyl-6-nitroacetanilide was heated to refluxin

15 an aqueous sodium hydroxide solution. The solid that formed was 3-chloro-2-
methyl-6-nitroaniline. Reaction with a solution of stannous chloride in hydrochloric

acid yielded a precipitate of 4-chloro-3-methyl-1,2-benzenediamine. Reaction with

sodium nitrite in acetic acid yielded a solid 5-chloro-4-methylbenzotriazole.

20 In treating an aqueous system in accordance with the present invention, the
6-chloro-5-methylbenzotriazole, 4-chloro-5-methyl-benzotriazole or 5-chloro-4-
methylbenzotriazole is preferably fed continuously to the water. A preferred
treatment concentration ranges from about 0.2 to 10 parts per million. Continuous
feed is not, however, a requirement. The chloro-methylbenzotriazole isomers can

25 be fed at a concentration sufficient to form a protective film and thereafter feed
can be discontinued for extended periods of time.

The specific chloro-methylbenzotriazole isomer treatments of the present

invention can be used in combination with other corrosion and/or deposit inhibiting

30 treatments known in the art including, but not limited to phosphates,
phosphonates, acrylic homo- and copolymers, chelants and oximes.
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of inhibiting copper ion transport. 7. A nethod of inhibiting corrosion of
nmetal surfaces contacted by an agueous system being treated with a hal ogen
conprising adding to said aqueous 5 system being treated with a hal ogen,

6- chl or o- 5- et hyl benzotri azole in conbingtion with at |east one other
"aqueous systemtreatnent material in an anount effective for the purpose of

i nhi biti ion. 8. Th thod of clgj ' '
i nhi biting corrosion e method o c&gbgmm%%@?t ?LGD%E’EEH@Q?E?US

systemtreatnent 10 material conprises corrosion I'n

deposit | nhi bit i breddhentioR! il M WetfurhBP dRSEribel wiiSeRikhed gtafa claim

7, wherein said corrosion in Iting treatnents, deposit 1nhi
t r eat nent s, numbenokspedific examples whichare ¢éo peoeghmiedssoldl§ gshibhssitativetars

acrylic honopol yners,. a lic copglyners,, chel ants, oxines, biocides and
m xt ur es tHﬁ@%ﬁes&&t'"ﬁ%%tsﬁﬁﬂeBFRW%N%PN I0yee¥eN-0si on of metal surfaces
contacted hy. yeous system being treated with a hal ogen conprising
adding to sﬁ%ous 20 system being treated with a hal ogen,

4-chl or 6- 5- et hyl benzotri azole in an anount effective for the purpose of
i nhi biti ion. 11. The mqethod. of claim1l [ id,. ,
4" chlor o- &- et hyl B ERBEPRABBPEcNSActhu st 1B Haptimdid e Feseatinyention
concent r at i Qas @halfaged %éi_nbhé“Be%ieﬁ@rﬁﬁos%r?Tééf ﬁgraﬂué“(ét!m@.- THe BETA

met hod of claim 10 wherein said 4-chloro-5-net benzotriazole is added to
sai d aqueousonsjaels efradieakecequipped aithan air/GO2apargeua coppepeleckoghemical | i on

b 10 111, . 30,13. hod of ,for.m i
ot biti ng PRPer Snd SmAnetcYirataTbd tr S S witp 11 RS HESTE S5868 e ng
treat ed| oM ti§ canHALOYEAUGRITIE tebNITHSIif8@nce slectiRAR ARERYouRiaalieatis Ry 17

Decenber 2002 to said aqueous systembeing treated with a hal ogen,
4- chl or o- Sn@engensénietad phidestelioy G2. akbedeaker iscimmersedrintehwatrrrpath doof

dermnd i n agrierele cBtS. Fddoc¥ o Balbsipf HEIER Rl hES ElPGeE & '
ni cr obi ol ogthedrobé dukiRg Gneist asing agsiskarigation resistinee teshitq sy SABtests were
4-chl oro-5-net hyl benzotriazol e in an _anpunt effective for the purpose of
reduci ng ch¢idustediathd®l F1using a 400,BPhbetirgate.nhi bi ti ng copper ion

transpofs in an aqueous systembeing treated with a halogen in contact with
metal surfaces including copper conprising adding to said aqueous system
4- chl or o- 5- met hyForaitests, axadter consistingraf 500 peh Caqas Cad@s), 256 pparivig ¢as of

i nhi biting copper | transport. 15 16. A nethod of inhibiting corrosion of
metal surf aééggwné%f’@_@ "3'38'3‘5?:?(5\% p%’})ssg'_gﬁ*eo‘@?ﬁasw-e b%éyﬂﬁ%ﬂhpﬂ YWad ogen
conpri sing ; @

2 chl or o 2. A PEboTRisBoRGGON RERLRER BRI AERESGAL0D. TaRIBRE
agueous sysaguedusesystemt treativenitaiwere adso asedintS ppireottho-#@40(POUE Dpppose of
I nhi bi tiong IS%;O(SaISO?"OA%‘)? and 10 ppm of HPS-lI (a copolymer of acrylic acid and

allylhydroxypropylisuifonate ether sodium salt).

The test method was designed to evaluate chloro-tolyltriazoles for copper

corrosion inhibition under halogenation. Copper probes were immersed in the test

25  water containing various azole isomers for about 15 hours. As the corrosion rate
stabilized, bleach solutions (NaOCI, the source of chlorine) were shot-fed into the

test water. The tests were continued for another 25 hours. Corrosion rates of
copper were measured periodically during the 40-hour test. The changes in
corrosion rates after bleach feed were used as an indicator for the efficacy of the

30 various azoles under chlorination.

Table 1 and Figure 1 summarize the results for tolyltriazole and various



17. The method of claim 16 wherein said other aqueous systemtreatnent

mat eri al conprises corrosion inhibiting treatnents, deposit inhibiting
treatnments, and m xtures thereof. 25 18. The nethod of claim 16, wherein
"said corrosion inhibiting treatnents, deposit inhibiting treatnents, and

m xtures thereof conprise phosphates, phegsphonates, acrylic honopol yners,
-acrylic copolyners, chelants, oxines, biocides and m xtures thereof. 30 19.

A nethod of inhibiting corrosion of netalg wcgggﬁﬁ%égm%@gq?g KBfoRgueous

system being treated with a hal ogen conprising a 0 sal d aqueous

system bei n&M&gﬂﬁgia\%giggﬂ%?k%@ﬁ%g&z@o gm-éb—tiqgg_hyl -benzotriazole in an

- 13 Repl acenent eet anount effective for the
pur pose of inhibiting corrosion. 20. The nmethod of claim 19 wherein said

5-chl oro-4-nmet hyl benzotriazole is add tQ i d agugous system at a
concentration of greater ?ﬁéﬁﬁé‘f%ﬁge .OPpﬁéit%yoﬁQ% 'ﬁ?rqion. 21. The net hod
of claim19 wherein said 5-chloro-4-nethyl benzotriazole is added to said

aqueous system at a concentration of fromabout 0.2 parts per mllion to
about 10 parts per million. 10 22to A5 ifsuidwesagd or mi 1§ ta 4ddpusAverage

i nhibiting r on a netal surf i.n ith aqueops, system bei ng
treated w t-ﬁ—géfq%ﬁ ogen conpri si M%M aqu%@%ﬂ@;ﬁ—é@@g
treated w t® ppnhTbRAAAZoIE- Chl Or 0- 4- met hyD1pgnzotri azol e in gn3ggpunt
effective for the purpose of formng a corrosion 15 inhibiting |ayer. 23. A

met hod of r3dRM ALRIAMGri ne demand in dh03dBeous system bei nB-84Ceated with
chl orine togi Rk bi ) 0l ogi cal growth conprising adding to said
aqueous Ssys em%-mc?helnglr)g{az-mﬁet hyl - benzotri azole in an anmount effective for
the 20 pur pdppnob-Clldresi ng chl ori ne derh@d2224. A net hod of 0.046®iti ng
copper ion fran rt in an aqueous system being treated with a halogen in
contact wit '%&&%%‘69&@5@? i ncl udi ng copper conprising adding to said

aqueous Ssys (g?rﬁ C )- 4- met hyl - benzot piggpl € in an 25 ano fective
for the pur% e gfcélléﬂﬁm)bi ting copper iog'transport. 25. A rre@%ggéof

i nhi biting 4anethylbenzofriazeteal surfaces contacted by an aqueous system being
treated with a hgl ogen conprising addin sai d agueous sys ei ng
treated wit p&’“’hir@@@ﬁ?' 5- chl or o- 4- et paggnzotri azole in %gg@%bl nati on
with at | eagimemglodn2striazgleeous systemtreatment material in an anount

effective for thé purpose of inhibiting corrosion.
5

As can be seen from the results, all of the azoles gave excellent copper
corrosion protection without the presence of chlorine. Average corrosion rates
during the first 15 hours are below 0.02 mpy as shown in Table 1. After the shot

10 feed of 2.5 ppm NaOCI, dramatic increases of copper corrosion rates in the water
treated with tolyltriazole were observed. Slight increases in corrosion rate for 4-
chloro-5-methylbenzotriazole and 5-chloro-4-methylbenzotriazole can be seen in
Figure 1, while the copper corrosion rate for water treated with 6-chloro-5-
methylbenzotriazole remained essentially unchanged.

15 While this invention has been described with respect to particular
embodiments thereof, it is apparent that numerous other forms and modifications
of this invention will be obvious to those skilled in the art. The appended claims
and this invention generally should be construed to cover all such obvious forms
and modifications which are within the true spirit and scope of the present

20 invention.
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wherein said other aqueous systemtreatnent material conprises corrosion
inhibiting treatnments, deposit inhibiting treatnments, and m xtures thereof.
5 27. The nethod of claim 25, wherein said corrosion inhibiting treatnents,
deposit inhibiting treatments, and m xtypes thereof conprise phosphates,
‘phosphonates, acrylic honmopol ymers, acrylic copolynmers, chelants oxines,

bi oci des and m xtures thereof. 10 15 20
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4, A method of forming a corrosion inhibiting layer on a metal surface in

20  contact with an aqueous system being treated with a halogen comprising adding

to said aqueous system being treated with a halogen, 6-chloro-5-

methylbenzotriazole in an amount effective for the purpose of forming a corrosion
inhibiting layer.

25 5. A method of reducing chlorine demand in an aqueous system being
treated with chloride to inhibit microbiological growth comprising adding to said
aqueous system 6-chloro-5-methylbenzotriazole in an amount effective for the
purpose of reducing chlorine demand.

30 6. A method of inhibiting copper ion transport in an aqueous system
being treated with a halogen in contact with metal surfaces including copper
comprising adding to said aqueous system 6-chloro-5-methylbenzotriazole in an
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aqueous system being treated with a halogen comprising adding to said aqueous

5 system being treated with a halogen, 6-chloro-5-methylbenzotriazole in

combination with at least one other aqueous system treatment material in an
amount effective for the purpose of inhibiting corrosion.

8. The method of claim 7 wherein said other aqueous system treatment
10 material comprises corrosion inhibiting treatments, deposit inhibiting treatments,
and mixtures thereof.

9. The method of claim 7, wherein said corrosion inhibiting treatments,

deposit inhibiting treatments, and mixtures thereof comprise phosphates,

15 phosphonates, acrylic homopolymers, acrylic copolymers, chelants, oximes,
biocides and mixtures thereof.

10. A method of inhibiting corrosion of metal surfaces contacted by an

aqueous system being treated with a halogen comprising adding to said aqueous

20  system being treated with a halogen, 4-chloro-5-methylbenzotriazole in an amount
effective for the purpose of inhibiting corrosion.

11. The method of claim 10 wherein said 4-chloro-5-methyl-
benzotriazole is added to said aqueous system at a concentration of greater than
25 about 0.2 parts per million.

12. The method of claim 10 wherein said 4-chloro-5-methyl-
benzotriazole is added to said aqueous system at a concentration of from about
0.2 parts per million to about 10 parts per million.
30
13. A method of forming a corrosion inhibiting layer on a metal surface in
contact with an aqueous system being treated with a halogen comprising adding
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10 156. A method of inhibiting copper ion transport in an aqueous system
being treated with a halogen in contact with metal surfaces including copper
comprising adding to said aqueous system 4-chloro-5-methylbenzotriazole in an
amount effective for the purpose of inhibiting copper ion transport.

15 16. A method of inhibiting corrosion of metal surfaces contacted by an
aqueous system being treated with a halogen comprising adding to said aqueous
system being treated with a halogen, 4-chloro-5-methylbenzotriazole in
combination with at least one other aqueous system treatment material in an
amount effective for the purpose of inhibiting corrosion.

20

17. The method of claim 16 wherein said other aqueous system
treatment material comprises corrosion inhibiting treatments, deposit inhibiting
treatments, and mixtures thereof.

25 18. The method of claim 16, wherein said corrosion inhibiting
treatments, deposit inhibiting treatments, and mixtures thereof comprise
phosphates, phosphonates, acrylic homopolymers, acrylic copolymers, chelants,
oximes, biocides and mixtures thereof.

30 19. A method of inhibiting corrosion of metal surfaces contacted by an
aqueous system being treated with a halogen comprising adding to said aqueous
system being treated with a halogen, 5-chloro-4-methyi-benzotriazole in an
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5 about 0.2 parts per million.

21. The method of claim 19 wherein said 5-chloro-4-methyl-
benzotriazole is added to said aqueous system at a concentration of from about
0.2 parts per miilion to about 10 parts per million.
10
22. A method of forming a corrosion inhibiting layer on a metal surface in
contact with an aqueous system being treated with a halogen comprising adding
to said aqueous system being treated with a halogen, 5-chloro-4-methyl-
benzotriazole in an amount effective for the purpose of forming a corrosion
15  inhibiting layer.

23. A method of reducing chlorine demand in an aqueous system being
treated with chlorine to inhibit microbiological growth comprising adding to said
aqueous system 5-chloro-4-methyl-benzotriazole in an amount effective for the

20  purpose of reducing chlorine demand.

24. A method of inhibiting copper ion transport in an aqueous system
being treated with a halogen in contact with metal surfaces including copper
comprising adding to said aqueous system 5-chloro-4-methyl-benzotriazole in an

25 amount effective for the purpose of inhibiting copper ion transport.

25. A method of inhibiting corrosion of metal surfaces contacted by an
aqueous system being treated with a halogen comprising adding to said aqueous
system being treated with a halogen, 5-chloro-4-methyl-benzotriazole in

30 combination with at least one other aqueous system treatment material in an
amount effective for the purpose of inhibiting corrosion.
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