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SYSTEI\/IS FI ELD ION 5 The present invention relates to the
treat ment of %@ \“@WMM' t scale and control corrosion of nmetals in
contact with a stens. More particularly, the present invention
relates to the use*%{etrazoliumsalts to inhibit scale or e nt
}érg.‘ ryf803

corrosion of f netals in coni act with aqueous sy &
BACKGROUND Gl@mﬂmmﬂu m@m In industrial "cooling systens, water such as
fromrivers, akeg on etc., is enployed as the cooling nmedia for heat

exchangers. The coo ng wat er from heat 15 exchangers is typically passed
t hrough a cooling tower, spray pond or evaporative systemprior to
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t he evaporation which takes place during cooling, dissolved materials in

t he water becone concentrated, making the water nore corrosive. 20 In

cool i ng syEtEB OFcOHEINVENTKINes two basic problems. The first and nost
obvious_is the failure of equipnment, resulting in replacenent costs and

pl ant downti ne. Al so, decreased plant efficiency occurs due to the | oss of

heat transfer. The présatituhvéntion Riatesitd dse aeafmestus watents athibiestadirnger
fouling, resulting'in 25 the | oss of heat transfer. Ferrous-based netals,

e.g., ironcontralicoragionsafinetals mrﬁmtwthﬁwqus@ysmms dMere paiticularly, the

and avai | apeeer vkdiof 20 gt of Bitdz0R D SHETES G shale B brevaht <Ot
f er r ous- bag@wosion mfétkousabégedwmemwevcomctthmagaecuwtastemsed to corrosion
processes. Corrosion inhibitors are generally added as part of a water

treatnkht programin cooling -2 19 February 2003 systens to prevent and

I nhi bit tth éﬁétﬂqtgp Ffl-g":_r p@'q nmet al contai ni ng devi ces.

Mol ybdat es,” ZI ht ates or poI yphosphat es, and phosphonates have 5
been used to inhibit the corrosion of ferrous- based nmetal s in contact vvith
the system wat er of coo| IQQ& syst ens. Each treat however resent
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contact w eous syst
15 exchangers is typically passed through a cooling tower, spray pond or evaporative
system prior to discharge or reuse. In these systems, the cooling effect is achieved
by evaporating a portion of the water passing through the system. Because of the
evaporation which takes place during cooling, dissolved materials in the water
become concentrated, making the water more corrosive.
20
In cooling systems, corrosion causes two basic problems. The first and most
obvious is the failure of equipment, resulting in replacement costs and plant
downtime. Also, decreased plant efficiency occurs due to the loss of heat transfer.
The accumulation of corrosion products causes heat exchanger fouling, resulting in

25 the loss of heat transfer.

Ferrous-based metals, e.g., iron metal and metal alloys containing iron (mild
steel), are routinely used in the construction of cooling systems due to their low cost
and availability. As the system water passes over or through these ferrous-based

30 metal containing devices, they are subjected to corrosion processes. Corrosion
inhibitors are generally added as part of a water treatment program in cooling




10 Preventing the corrosion and scaling of industrial heat transfer

equi pnent is essential to the efficient and econom cal operation of a
cooling water system Excessive corrosion of netallic surfaces can cause
the premature failure of process equipnent, necessitating downtine for the
replacenent or repair of the equipment. 15 Additionally, ttua§¥gb qu?ﬁ
corrosi on products on the heat transfer_surface reduces eff|C|ency er eby
limting production or requiring downting for cleaning. SUMWARY OF THE

I NVENTI ON 20 The present invention provides an effective method for
controlling corrosion of netals Partlcularly ferrous-based netals in

cont act wi Systagsetouprenest ansl lrrhm; the gerosion: akfefrauschased matel epntaising i ses
treatlng 'ﬁgﬁﬁéé'al waters with a tetrazoliumsalt of the general formula:
25 R~ ~. RB NR2 30 n wherein Rl, R2 and R3 can be vari ous
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positive or negative counter 1ons in order to bal ance the charges

above st r uvateref cooling systeots. dfach treatmentc howeven présentocertain sirawhacks!
conmpound produces tetrazolinyls and formazans that readily adsorb on netal
surfaces and provide filnms for corrosion protection. 10 In agueous systens,

the follow ng C‘Fhé@'e&l%ﬁ %afhbbdnf’thélfeféfét Fbp §hfd"reaénﬁkﬁ'%erﬂﬁwlraccgﬁtablé:e 2+
+ 2e Fe (OH2 + OF -> (OH)3 + a 15 V\hentetrazollumcorrpounds

possessi NgCeEaYAN pmhlbmr @ﬂfgrrauybased magtalshptcoptact Mathaguestisisystamsil s or
al | oys Gre enpl oyed, reduction of tetrazoliumnol ecules readily occur on
t he st}a surface to forminsoluble materials and, hence prevent steel from

further corrosi Preve?ﬂn'g" ltiee canea‘bncandmddhng mmsmen theat trdesfer e§apmert lis
reference to a nunb ich are to bhe regarded solely
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25 DETAI LERLESTR Eortddibirbr mtalfidSiirfadds can&dee '\@‘E@mature failure of process

equipment, necessitating downtime for the replacement or repair of the equipment.
15 Additionally, the buildup of corrosion products on the heat transfer surface reduces
efficiency, thereby limiting production or requiring downtime for cleaning.

SUMMARY OF THE INVENTION

20 The present invention provides an effective method for controlling corrosion of
metals, particularly ferrous-based metals in contact with aqueous systems.

The method of the present invention comprises treating industrial waters with
a tetrazolium salt of the general formula:

25 R,
/
N = T‘l‘
N
*\ / N\
Rs N R2
30 n

wherein R4, Rz and R3 can be various organic and inorganic substituents, e.g., from



The filmformation and corrosion inhibition activity of the treatnent of
the present invention was eval uated with a Beaker Corrosion Test Apparatus
(BCTA). The BCTA includes a beaker equipped with an air/C02 sparge, |ow
carbon steel 30 (LCS) coupon, electrochenical probe and magnetic stirrer.
The beaker is imersed in a water bath for tenperature cont r‘lglﬂm_bru 2003

El ectrochem cal corrosion data were 19, February 2003 -4 obtained'usin

| i near pol arization resistance technique. Al tests were conducted at 120
F, 400 RPM for 18 hours. Conpounds TestedConpoundR R2R3

nNBTCHSOCGHSNOZC6H4C6H5 21 NTI C6HANO2C6HACsHS 1TZVC10H7CoH~Cs HS
1TTCCsH5 cdhe aserp gomsisiing ofdower alkyl, aryl, aralkyl, and heterocyclic substltuted aryl with

2. tet randl oo ED St EFhRRRIRTER Sotakrop(e B A FBNA piato Sl A ey,

tetrazoli LhiB thr@. i deTZV : 2, 5-di phenyl - 3- ( 1- napht hyI )-2Htetrazolium
chlorideTTC :2,3,5-tri phenyl -2Htetrazoliumchloride EXAMPLE 1 10 Testing
Water: 250 ppm Ca (as CaC03), 125 ppm My (as CaC03), 10 ppm Si 02 {as Si 02),

300 ppm C) 200riRpebripbuhds rﬁﬂ;‘”cBﬁiaYr?B@éﬁé‘er' Hidatite duntErions in ordér o

Copol yner of acrylic acid and allylhydroxypropylsul fonate ether sodi um salt
( AA/ AHPSE) balan@theditiasges an ther a!wetsztrmtwes Ghemicalar electmblem:qalfred udtion

b t
i bi ¢ or uthie et SEFOrEUobER e8P ol A oiatBhS el ¥Ry Bt on
2- (4- IOdon’ﬁétw'shrfacéélaﬁdgmﬂ@@ﬂuﬁé fdr-don®Ridn protéctiol | um chl ori de (I'NT). 20
-5 TABLE 1 19 February 2003 ppmm Al kAvg. CorrosionTreat nent Acti vepH( ppm as

CaC33) Rat e (npyl Bl ank- 8. 49038. 4NBT208. 4902. 061 NT208. 4908. 00 EXAMPLE 2 5

pom SO 5. pprm PESHEBLE SFREf, e Bloyind hoPRRIcresfdgehibtals SlfiBses o1

| ow car borocgiueel in 10 testing water containing inhibitor

2, 5-di phenyl - 3- (1- napht hyl )-2Htetrazol i um chlori de (tetrazoliumviolet, or
TZV), vitro blue tetrazoliumchloride nonohydrate (NBT),

2- (4i odophenyl ) - 3- (4L} FREPRQYL-) - 5- phenyl tetrzol i um chloride (INT). TABLE
2ppmm Al KAvg. Corrosi onTr eat nent Acti vepH(ppm as CaCO3) Rat e

(nmpy) Bl ank- 8. 637535. FTfOHEY. € OFb 18 FETUR8: 63753. 68NBT208. 63752. 641 NT208. 637
53.19 ]55 EXAMPLE 3 Testing Water: 100 ppm Ca (as CaC03), 50 ppm My (as
CaCI)S) 100 ppm Cl, -6 100 ppm S04, 5 ppm PESA, 5 ppm AA/ AHPSE.

When tetrazolium compounds possessing redox potentials higher than that of the
corroding metals or alloys are employed, reduction of tetrazolium molecules readily
occur on the steel surface to form insoluble materials and, hence prevent steel from
further corrosion.
20

The invention will now be further described with reference to a number of
specific examples which are to be regarded solely as illustrative and not as restricting
the scope of the present invention.

25 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The film formation and corrosion inhibition activity of the treatment of the

present invention was evaluated with a Beaker Corrosion Test Apparatus (BCTA).

The BCTA includes a beaker equipped with an air/CO, sparge, low carbon steel

30 (LCS) coupon, electrochemical probe and magnetic stirrer. The beaker is immersed
in a water bath for temperature control. Electrochemical corrosion data were



19 February 2003 Corrosion rate results are sunmarized in Table 3 for | ow
carbon steel in testing water containing inhibitor

2, 5-di phenyl - 3- (1- naphthyl )-2Htetrazolium5 chloride (Tetrazolium Violet,
TzZV) and 2, 3,5-triphenyl-2Htetrazoliumchloride (TTC). TABLE 3ppmm Al kAvg.
Corrosi onTreat nent Acti vepH(ppm as CaCO3Rat e r

(npy) Bl ank- 8. 637523, 1T2V208. 63753, 48TZV0g. 63751. 48* TTC208, 637512 £FC508. 63
758. 2Bl ank- 7. 63245. 5TZV507. 63222. 2TTC207. 63242. 6TTC507. 63240. 1Bl ank- 6. 8485.
3TZV506. 8433. 2TTC206. 8458. 5TTC506. 8462. 3 10 *LCS was treated with 20 ppm
TzZV for 18 hours before tested in this water without TZV. The treatnment of
t he presenfbiainedhvsing lipaar peladzatian resistancedsshniaueull jess were spnductedat y .
The conpoupgpsean ql#ﬁ\ﬁ treatment to passivate the netal 15
surfaces p??grpt%% at e\?%'??%ggpfsgati on chosen. Testing Water: 100 ppm Cl,
100 ppm S04 EXAMPLE 4 5 10 19 February 2003 Corrosion rate results are

summarized in Table 4 for |ow carhon steel in,testing water containing
inhibitor 2, 5-Biphenyl-3-(1- naphg%—%qim 0 : oliumchloride (tetrazolium
vi ol et, TZQ_,I?%E%_;QO bl ue tq_jhlrazol ium CIRZOI‘I de nonolydrate (NBT), and

2(4-iodophenyl’)-3-(4-nitrophenyl)-5-phenyltetrazoli chloride (INT). TABLE
4 15 20 ppNBfreat ment AGHIRCgH m Caldg. Corr d3gtbn (ppm as ZaCO83 Rate

(npy) Bl ank-8. 634283TZV28. 534220. 9TZ 3424. 92
BT208. 63425‘.‘?& NT208. 6342ééé§13| ank- 7@%9&2%7. MmTzvzo?. 63116.3 In

bench top Tgwircul ating ug,pH¢ BTU) testsHs the BTUQHs s were degigned to
nmeasure the ability of the treatnent to prevent corrosion and scale
formati on. TTRe treated watlsHs s circul t hr ougtCellsby- pass ratk, into
whi ch c§)rrosi on coupons and probes are inserted, and passes through a heat
exchange tube. The velocity of water passing through the unit can be

control | eNBT t he | 32898, 3ddirhethoxpadiibighenylehed-bis-[2s itr@@lﬁén?\ﬁ)'-@ph.éﬁ*llﬂ wer e
obt ai ned Qising |inear polarization nmeasurenment of L probes. Stainles
steel probes wer e | ¢btteteazolivmfdoridalect r ode and reference electrode. | g_

Git ook . =1 : o ikl |-
2 7 day t BYT indeq S HsPRaP T Aa R oR e SRR e A LT PRBrEE o) [ 50°
ppm My (asTZyC03) | 2194ighemy (8- (1-HAphthyP2H-StazdliuppohiBESe. S ppm AA AHPSE.

Bul k wat e| perature; 120 owW-t-ate: LS ec-. catnent—N-B 10 15
20 25 TABLETEDosage.3:prifnbenyl=H-tetezotivm shierides pHs01 107

. 6251 58. 6

EXAMPLE 1

10 Testing Water: 250 ppm Ca (as CaCOg), 125 ppm Mg (as CaCO3), 10 ppm SiO; (as
Si032), 300 ppm CI, 200 ppm SO4
7.5 ppm Polyepoxysuccinic Acid (PESA)
7.5 ppm Copolymer of acrylic acid and
allylhydroxypropylsulfonate ether sodium salt (AA/AHPSE)
15
Corrosion rate results are summarized in Table 1 for low carbon steel in blank
testing water and in testing water containing inhibitor Nitro Biue Tetrazolium chloride
monochydrate (NBT) and 2-(4-iodophenyl)-3-(4-nitrophenyl)-5-phenyl tetrazolium
chloride (INT).
20



19 February 2003 m Al k Avg. Corrosion (ppmas CaCO3l Rate (npy) 32 375 0.57
1.90 In a preferred enbodi nent of the present invention, the conpound is
added to the aqueous systemat active treatnent |evels ranging from about
0.1 to about 50 parts per mllion, with treatnment |evels of fromabout 1 to
about 25 parts per mllion particularly preferred. Systens c egr QP
benefiting fromthe treatnents of the prgsent i nvention incl ¢6a R%

wat er systens, steam generating systens,”gas scrubbing systens, and pul pi ng
and papermeki ng system The pH of the aqueous systemto be treated is about
6 or greater. Wiile this invention has been described with respect to
particul ar enbodi ments thereof, it isTABbEr®nt that numerous other forns
and rodifications of this invention will be obvious to those skilled in the
art. The-appended clains and this invention generally should be construed
to cover all such obvippm fornms and nndiﬁhaakions whi clAvgt €onidisiorn t he true
spirit and_scope of th resent invention, claim 19 February 2003
1. A nethoaﬁﬁﬂgéﬂﬁtrol theQEbrr05|on(BP"T@§ af@le Xl s in contact
Wi th an aqueous system at a pH of about 6 or greater which conprises

i nt roduci nBlamki nt o sai d aqueous &ystem a Ionpound of tB84ornula: R N = N+

N 10 R3 N wher ei n nd R3 are selected fromthe group consisting
of | ower a , aryl, a&m kyl tﬁj heteroc%%l ic substit@t@® aryl, with the
proviso th nelther Rog R2 org 15 contgg n nore thanglgy car bon atons; and
nis 1 or 2 The rret%od as reC|ted in claim2l wherein the conpound

corrpri ses at | east one of:

-(3,3' -di net hoxy-4, -4" - b| phenyl mMﬁg i:néz p- ni trophenyl)-5-phenyl 2Hte
trazol iumchl oride]; 2-(4-iodophenyl 4 t rophenyl ) - 5- phenyl
tetraz? ium chl ori de 25 2, 5-di phenyl - 3- (1- napht hyl ) -2Htetrazol i um
chloride; and 2, 3,5-tri phenyl -2Htetrazoliumchloride. 3. The nethod as
recited i nTesting'Wiatend00ippra Siad(asea®Os), SPapemMgs(as GaCOe) [108¢praClr 100
system -10 %@ a%br ua'{,%s 003 4. The nmethod as recited in claim1l wherein
said corrpo%'a “auHRY e aqueous system at active treatnent |evels
rangi ng fromabout 0.1 to about 50 parts per mllion.

Corrosion rate results are summarized in Table 2 for low carbon steel in

10 testing water containing inhibitor 2,5-diphenyl-3-(1-naphthyl)-2H-tetrazolium chloride

(tetrazolium violet, or TZV), nitro blue tetrazolium chloride monohydrate (NBT), 2-(4-
iodophenyl)-3-(4-nitrophenyl)-5-phenyltetrzolium chloride (INT).

TABLE 2
ppm m-Alk Avg. Corrosion

Treatment Active pH (ppm as CaCQ;) Rate (mpy)
Blank - 8.6 375 35.5

TZV 2 8.6 375 18.7

TZV 20 8.6 375 3.68

NBT 20 8.6 375 2.64

INT 20 8.6 375 3.19

15
EXAMPLE 3

Testing Water: 100 ppm Ca (as CaCOz), 50 ppm Mg (as CaCO3), 100 ppm Cl,



5 5. The nmethod as recited in claim4 wherein said conpound is added to the
agqueous system at active treatnent |evels ranging fromabout 1 to about 25
parts per mllion. 6. The nmethod as recited in claim1l wherein said aqueous
systemis a 10 steam generating system 7. The nethod as recited in claim1l
wherein said aqueous systemis a gas scrubbing system 15 8.;9Hig. ORtbhef as
recited in claim1l wherein said aqueous_gystemis a pul ping an pg%ermaki ng
system 9. The nmethod as recited in claim1l wherein the conpound is added
continuously to said agqueous system 20 10. The nethod as recited in claim
1 wherein the co und is ded intermttently to said agqueous system 11.
The et hod1%PP€bn§69d5Pﬁ"b$%ﬁﬁv§ Mr@/ﬁhﬁé‘icomound conprises 25

3,3 -(3, 3 -di met hoxy- 4, 4' - bi phenyl ene) - bi s-[ 2- (p-nitrophenyl)-5-phenyl - 2H-t
etrazoliumchloride] - 12. The nethod as recited in claim?2 wherein the
conpound conpr i €egofiofdateorbsplisaye sudhniatizedt in dizbden § 1for Bwoderbph steslimzol | um
chloride. 30,13. The thod as.recited. in claim 2 er.el.n, the conpound
compr | ses B3N waldr eaTTRBig PRIIEE 7 sElphanyt Sl rap b, 10
February 2¢Mi8ridé (TthezdMBhIOBISS TZVT ah82, 3 B-tFibAEAYIZ2 R ioliuft éhissd@ound
conprises 2,3,5-triphenyl-2Htetrazoliumchloride. 5 15. The nethod as
recited i n(IdI@ m 1 wherein the ferrous based netal conprises steel. 16. The
met hod as recited in claim11l wherein the ferrous based netal 10 conpri ses
steel. 17. The nethod as recited in claim 12 wherein the ferrous based
metal conprises steel. 15 18. The netTABLE3 recited in claim 13 wherein the

ferrous based netal conprises steel. 19. The nethod as recited in claiml4
wherein the ferrous baR¥® netal conprisednééel . 20  Avg. Corrosion

. AFN% A@ AY. ~AS. Af A Y. Ar? 3* 20,
zupkf a\ V\]ﬁ%‘%@é@ﬁ"@' cajc cal %‘IE'I] c)alt] c;] C a %%?%%%?a] gﬁ%@% ca] cal ca] ca]

ca] ca] ca] CzBiI]a(r:\a] cal] ca] cz-a] c(ay é:.%U] cal (%5Y

23.1
TZV 20 8.6 375 3.48
TZV 0 8.6 375 1.48*
TT1C 20 8.6 375 12.1
TTC 50 8.6 375 8.2
Blank - 7.6 32 455
TZV 50 7.6 32 22.2
TTC 20 7.6 32 42.6
TTC 50 7.6 32 40.1
Blank - 6.8 4 85.3
TZV 50 6.8 4 33.2
TTC 20 6.8 4 58.5
T1C 50 6.8 4 62.3

10  *LCS was treated with 20 ppm TZV for 18 hours before tested in this water without
TZV.

The treatment of the present invention can be added either continuously or
intermittently. The compound can be used as a pretreatment to passivate the metal

15 surfaces prior to whatever application chosen.
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QaB, (10%& ()-!19' -109%&' ()- 1$ "109%& ()-1"!109%& ()[ tg)
L$10%& () - 3" 109E0(rpsinpaBte Tesuiis(gre sunmprized ip) Talje b dar loy cabon steel in

A kel i W i

1 10%&' () - Ftoaadliom vubledllDZ)&&) h)tro ﬂlﬂ%&e(rézol{um(cmﬁﬂ&@ mdnohydrate (NBT), and 2-
9$10%& ()-1109%& ()- @ 109&' () - )n 109&' () - S109& &)DY
(4-iodopheény 3 -(4- nntrophenyl) 5-p enyltetrazollum chloride (!

10
TABLE 4
ppm m-Alk Avg. Corrosion
Treatment Active  pH (ppm as CaCQ,) Rate (mpy)
Blank - 8.6 342 83
TZV 2 8.6 342 20.9
TZV 20 8.6 342 4.92
NBT 20 8.6 342 9.18
INT 20 8.6 342 6.95
Blank - 7.6 31 126
TZV 2 76 3 116
TZV 20 7.6 31 16.3

In bench top recirculating unit (BTU) tests, the BTU units were designed to
15 measure the ability of the treatment to prevent corrosion and scale formation. The
treated water is circulated through a by-pass rack, into which corrosion coupons and
probes are inserted, and passes through a heat exchange tube. The velocity of water
passing through the unit can be controlled in the range of from about 0 to 4.5 ft/sec.
Corrosion rates were obtained using linear polarization measurement of LCS probes.

20 Stainless steel probes were used as counter electrode and reference electrode.
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Results of LCS corrosion rate during a 7 day test under the following
) conditions are summarized in Table 5. .
Testing Water: 100 ppm Ca (as CaCOs), 50 ppm Mg (as CaCOs3), 100 ppm ClI, 100
5 ppm SQ4, 5 ppm PESA, 5 ppm AA/AHPSE.
Bulk water temperature: 120° F
Flow rate: 4ft/sec.

TABLE 5
Dosage (ppm
active) Shot/ m-Alk Avg. Corrosion

Treatment Continuous pH (ppm as CaCQas) Rate (mpy)

NBT 50/10 7.6 32 0.57
NBT 25/5 8.6 375 1.90
10
In a preferred embodiment of the present invention, the compound is added to
the aqueous system at active treatment levels ranging from about 0.1 to about 50
parts per million, with treatment levels of from about 1 to about 25 parts per million
particularly preferred.
15
Systems capable of benefiting from the treatments of the present invention
include cooling water systems, steam generating systems, gas scrubbing systems,
and pulping and papermaking system. The pH of the aqueous system to be treated
is about 6 or greater.
20
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
25 modifications which are within the true spirit and scope of the present invention.
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2-(4-iodophenyl)-3-(4-nitrophenyl)-5-phenyl tetrazolium chloride;
25 2,5-diphenyl-3-(1-naphthyl)-2H-tetrazolium chloride; and
2,3,5-triphenyl-2H-tetrazolium chloride.

3. The method as recited in claim 1 wherein said aqueous system is a

30 cooling water system.
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7. The method as recited in claim 1 wherein said aqueous system is a gas
scrubbing system.

15 8. The method as recited in claim 1 wherein said aqueous system is a
pulping and papermaking system.

9. The method as recited in claim 1 wherein the compound is added
continuously to said aqueous system.

20
10. The method as recited in claim 1 wherein the compound is added

intermittently to said aqueous system.

11. The method as recited in claim 2 wherein the compound comprises
25  3,3'-(3,3'-dimethoxy-4,4’-biphenylene)-bis-[2-(p-nitrophenyl)-5-phenyl-2H-tetrazolium

chloride].

12.  The method as recited in claim 2 wherein the compound comprises 2-
(4-iodophenyl)-3-(4-nitrophenyl)-5-phenyl tetrazolium chloride.
30
13.  The method as recited in claim 2 wherein the compound comprises 2,5-
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19. The method as recited in claim 14 wherein the ferrous based metal
comprises steel.
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