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dramatically reduce the efficiency of process equipnent and can result in
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Inorgamc phosphates, a|though having the capacity, could not be used effectively. The present
inventors, after much mvestlgatlon have discovered a treatment(s) which has successfully established the
much desired but elusive passive oxide film (also believed to be a gamma ferric oxide film) on
ferrous-based metallic surfaces in contact with aqgueous systems, and in particular cooling water systems.

The present inventors discovered that if the aqueous medium contained in or being conveyed by a
metallic system was first adjusted to a pH of 5.5 or above, and secondly measured to assure a particular
calcium ion content, that the elusive passive oxide film is formed upon the metallic surfaces to thereby
protect such from corrosion through the use of a treatment comprising a water-soluble orthophosphate
together with a water-soluble polymer composed primarily of units derived from acrylic acid (or its
65 water-soluble salts) and units derived from an hydroxy lower alkyl acrylate. Additional protection is
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srae: 15 R R 20

25 ferein Ris hydrogen or a lower alkyl of from1 to 3 carbon

; [err] is OH OMor NH2 wher®e 083 412 wat er-sol ubl e cation; R2 ib5a
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~thes85 netal surface in contact Wlt ai d aqueous nedi um which net hod
qinprises (i) assuring that the a| aqueous nediumis 5.5 or above;
(1) assuring that in the aqueous mtﬁe concentration of cal cium or
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sodtm or t hophosphat es, the potasgi hosphates, the |ithium
érthophosphates and amoni um ort hgphosphates. The fol | owi ng specific
gonpourds may be nentioned as exe rr] phosphoric acid
éo [err] lithiumdi acid phodphate [err] trisodi um
©r t hophosphate 55 [Brr] di sodi um

o1 t hophosphats lower alkyl dTABASIQH s LIbH hHRARLEH, Rl &'OM, where m :
e 08 S B S DS L et ie 8ot
err] acrylate (HAA)daspepra&etedrbvma fooplkosphat e 65 KH2PO4

smonopot assi um ort hophosphate 4 0 033 417,
15 [err] tri ammoni um ort hgphosfhat ef ,
iflerr] s di anmoni um ort hoph ] monoanmoni um
,Grthophosphate In addition to thelinordganic|orthophosphates set .-forth above
iy be nentioned the organi c orthdphosfhateg which possess the basic
‘formula: 10 [err] 15 where Ris anf alkyl raflical having 1 to 25 carbon
atons, X is Aor R and Ais H , Li,y Kof [err] Conpounds of the above
.nature are an excel |l ent source of orthaphm-SJEha'te.

P

| p where R is H or lower alkyl of from 1 to 3 carbon atoms, and R; is a lower alkylene having from 2 to 6 carbon
R atoms.
< 45 In terms of mole ratios, the polymers are considered, most broadly, to have a mole ratio of AA:HAA of
from 1:4 to 36:1. This mole ratio is preferably 1:1 to 11:1, and most preferably 1:1 to 5:1. The only criteria
that is considered to be of importarice with respect to mole ratios is that it is desirable to have a copolymer
which is water-soluble. As the proportion of hydroxylated alkyl acrylate units increases, the solubility of the
copolymer decreases. It is noted that, from an efficacy point of view, the polymers having a mole ratio of
50 AA:HAA of 1:1 to 5:1 were considered the best.
The polymers could have a molecular weight of from 1,000 to 50,000, with from 2,000 to 6,000 being
preferred.
A preferred polymer is one in which the hydroxy alkyl acrylate is hydroxyl propy! acrylate. It is also
preferred that in such a polymer the ratio of the acrylic acid units to the hydroxy! propyl acrylate units is 3:1
86 and the polymer has a molecular weight of 6,000.
The polymers utilized in accordance with the invention are described together with their methods of
manufacture in U.S. Patent 4,029,577. This patent is directed in particular to the reduction of scale
: formation on metal surfaces in contact with cooling water.
1 The polymer prepared either by copolymerization of AA with hydroxy propyl acrylate (HPA) or reaction
" 60 of AA with propylene oxide would be composed of units having the structural formulas:
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t_?lz'he pol ;‘;rrersleffective for the purpose of the present invention contain ¥
tunits derived froman acrylic acid conmpound (AA), i.e., 20 R 25 where R i s
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icar bon~4t ons. 45 I'n yof |mol e r 839 os, are considered, %
imost broadly, to have alnol ect@t)i o of AA HAA off fr to 36:1. This nole

and nost pref to 5:1. The only
e of inportanc ect to nole ratios
is that it is desirable'to hMve “a copol yrmer whijch i r-soluble. As the
proportien of hydroxylated al kyl acrylate unit , the solubility
of the copol yner decreases. It is noted that, i cacy point of
view, the polynmers having a nole ratio of 50 1 to 5:1 were
consi dered the best. The polyners could have a!nol e€sl ar! wei ght of from

1, 000 t 010,090 wﬁmﬁgp i%ed?00 to 6,000 being preferred. A preferred
pol yner i's ONfheiwaterbul sjq%hiwhwesmpa&&aybvha@ﬁsr%a&m for thY Fre %Y durgds &% herally
acryl ate. fdclutis thal sdeiur miyphdspbhtdshle pofassuit PolppHaePHEta® rthd MBiumagdlyphésbhdtdicand
acr yl i ¢ aciaomgniumspolyphashiatdsy Bhreofelidwing engific eompplingls enayrhietrsentigned:ag efdinpdang t he
fpol yner kas a nol geylar wei ght of 6,000Q. The I rs utilized in
kac{;_gpdance with tﬁaéyﬁol’fv-enti on are dessgfg'f"f)’etap"['@g%%ﬁa‘e?? with their nethods of
yranuf acture in U §plat ent 4, 029, 577. tetfdibdurp dl@plosptiatedi rected in particul ar
0 the reduction of scale formation on netal surfaces in contact with
fcooling water. Th¥af&Qmer prepared efigoHiem myyorbessbatyneri zati on of AA with
nydr oxy propyl ac e (HPA) or reacti, i,.f h propyl ene oxide
woul d be conposed[Né%@%ni ts having thestog'twr?'uh% ?ﬁ% pﬁé&ﬁ%l as: 65 5 0 033
417 H KP,0, thtrdpetagsjun] pyroghoddhatd5 where Mis as
earlier gefined. The water-sol ubl e pol yphosphate conpounds which are
oper abl e for the WB¥EeOpur poses gerfOFiYM MMM, BEoRREPhatdi um

pol yphosphat es, 't jeypet agshjem pol yphogglal s traz.‘_hgg,_hhépm& um pol yphosphat es
iand amoni um pol yphosphates. The fol |l owi ng specific conpounds may be

nent i oneg, as exenkPdhy: [err] potassium tripolyplaspliatem t r i pol yphosphat e
¥ err] : t et rasodi um BY.LO thosler‘g%% 25
Hi sodi um pyr ophosPitEt%s [err] sottum tetrapolyPNogRIPtfm hexanet aphosphat e
gerr] NaoP30, t et r apot assphiin tmbapdesRat e
o
; 0 NasP404. sodium tetrametaphosphate
a &.4 {NaPOQ,), sodium heptametaphosphate
E '
; e (NaPOs), sodium octametaphosphate
3
g‘ Basically any polyphosphate which is known to inhibit corrosion in aqueous systems may be utilized.
; The organo-phosphonic acid compounds are those having a carbon to phosphorous bond, i.e.,
. °
—C—P—OM
2 |
OM
56

Compounds within the scope of the above description generally are included in one of perhaps 3
categories which are respectively expressed by the following general formulas:

0

i
60 () ' R—P—OM

l
oM

R R LR R AL &

agen e

where R is a lower alkyl having from one to six carbon atoms, e.g., methyl, ethyl, butyl, propyl, isopropyl,
pentyl, isopenty! and hexyl; substituted lower alkyl of from one to six carbon atoms, e.g., hydroxyl and

6

b




Na2( NH4) 2P207 sodi um amoni um pyr ophosphat e

30 N

[ e «: sodium acid tripol yphosphate 35 [err]

pot assi um tri pol yphosphate [err] sodi um ' 1
t'etxapol yphosphate [err] 0 033 417 sodi um tri net aphosphate 40° 7

Na4P4012 . sod] tetr hat I .

. ino-substituted alkyls; oggr{uglg;r afomal FPM%P e.g. ﬁe Pt;r banene or a substituted
sodi um ____h_ept mﬂﬂﬁggﬁ%ﬁg@cﬂound, e.g. h ﬂxgﬁiﬁo, lower aﬁcy'lj_ sur{t:lstituted a$<9\¢yt|l:! r@.g., b_enzeyl
oct anmet aphogpuapHotic Beig; analM i aaviyer-BENIERaGH) B!, BodiiM, GBadsiimk BRAMBNILM, littiih, Bkcl o
corrosion i hydsggemous systens may be utilized. The organo- ph(_)s|phoni c acid
conpounds %ar e SPPRFSExpraRIEnY camesting®s which aisHRHSIMRIPISE &Y Bhiprmyla includgy 50 [err]
Conmpounds within the scope of t v Jption generally are included
in one of perhaps 3 categories ?@E&gfgpehgﬁg%&ecti vely expressed by the
foll ow ng general fornulas: 60 (1) CH;POH, [err] 65 where
Ris a |ofer alkyl having fromone to six carbon atons, e.g., nethyl,
ethyl, butyl, propyl, isopropyl,etpékesphonis adghentyl and hexyl ; substituted
| ower al kyl of fromone to six car HE, €.9g., hydroxyl and 6 0 033
417 RARAFRA 17 ami no-substituted al kyl s;
a nmononucfear aromatic (aryl) raglhfflyetfidlospRbied¥dia OF benzene, or a
substituted nononucl ear aromati c conpound, e.g., hydroxyl, am no, | ower
al kyl substituted aromatic, e.g., E8azZGH—PBbHsphonic acid; and Mis a
wat er - sol ubl e cation, e.g., sodi umalot assium amonium lithium etc. or
hydr ogen.295 Speci fic exanpl es of conpounds which are enconpassed by this
f orwal a include: net hyl phosphoni £ arfifib-thiiHoEdhomit a8G hY! Phosphonic acid [err]
2- hydr oxyet hyl phosphonic acid [err] 20 H
2-am no- et hyl phosphoni c acid [ err] CAs—CH,—PO.H, 1
ferr] isepropyl phosphonic acid 30
CH3 [err] benzene phosphonic acid é":'i"[err] benzyl phosphoni ¢ acid 40

s[ err] isopropylphosphonic acid
f 30 (l:Hs
CH;—CH—CH,—PO4H,

benzene phosphonic acid

3 35 :
' csHs—PO:gHz

benzyiphosphonic acid

_ 40 CQH5CH2P03H2

5 0 0

SR TR

3 (2) MO—P—R,—P—0OM

‘_ 45 o |

. oM OM

. where R, is an alkylene having from one to 12 carbon atoms or a substituted alkylene having from 1 to 12
: carbon atoms, e.g., hydroxyl or amino substituted alkylenes, and M is as earlier defined for (1) above.
* 50 Specific exemplary compounds and their respective formulas which are encompassed by the above
‘ formula are as follows:

iy methylene diphosphonic acid

55 Hy05P—CH,—PO3H;

ethylidene diphosphonic acid

i

. 60 H203P-—CH(CH3)P03H2

: isopropylidene diphosphonic acid
{CH,).C{POH,),
65 1-hydroxy, ethylidene diphosphonic acid (HEDP)

7




7
. .

O 0 (2)
r] 45 where [err] is an alkylene having fromone to 12 carbon atons or 138 1
stifuted al kyl ene having from1 to 12 carbon atons, e.g., hydroxyl or
'no substituted al kyl enes, and Mis as %i q? defined for (1) above. 50
i fic exenplary conpounds and their & e formul as which are
onpassed by the above fornula a+ as follows: nethyl ene di phosphonic
d 55 | [err] ethylidene di phosphonic
d 6o/ H20,P—C(CH—POsH or 1] sopropyl i dene di phosphoni ¢
d[err] 6% . . 1- hydroxy, ethylidene
hosphoni ¢ acid ( HEDP) 7hexa"Tg'ylﬁn‘T)%"%h‘)ﬁ'lhfmmc'Ferr] 5
amet hyl ene di phosphoni ¢ ach@H-aH,cHhichpeidiy) ene di phosphonic acid [err]
amet hyl ene di phosphonic acid 15 _ [err] 1-hydroxy,
pyl i dene -gi phosphoni ¢ adfreetipdene diphosphonic acid [err] 1, 6-dihydroxy,
-di met hyl , hexanet hyl ene dj ghosphoni cid [err] 25 di hydroxy, diethyl
yl ene di phosphoni ¢ aci d [(ejﬂr'zre}pigmfserprsi'—e% where R2 is a | ower al kyl ene
ing fromone to four caibiamedyiefBdiptdkptdnicagtine or hydroxy substituted
r alkylepe; [err] is [err] H OH amno, substituted am no, an alkyl
ing fromone to six carborfQforf8Hhea®Utst it ut ed al kyl of fromone to six
bon atons (e.g., OH, NHi SclJbStitUtl'gdr%e’ .a mononucl ear aronmtic radical
a substituted nononucl SAYTRYoRRPYIigere diphesaroniaadd - o4 NH2 substi tut ed);
is R3 or jhe 40 group repr&gge@ﬁ;@w%,#&@ ormula [err] where [err] and
- are each hydrogen, lower alkyl of fromone to six carbon atons, a
ituted | ower al kyl (e1@-dihydbky, NbfinsstHys thietadiethliene diptehsprpaia,acidydr oxyl ,
no group, substituted am no %r oup, a nmononucl ear 50 aromatic radical,
~a substituted nononucl ear™@ SRR QHIPHYGERHOMEOY: * O and ani ne
stituted); Ris R5 R6, ,0r e rd . | fined above) [err] is
unber of from1 throughdﬁbdéi’{g' T%?‘a%y[fﬁ%d%ﬂﬁ%oﬁco{i%ﬂom 1to 14; and- M

as earlier defined. ConpoupdgcmHitorioidHis.HReHef or e whi ch can be
si dered %errpl ary for the above fornulas are as

R, (I)I
N—R,—P—OM
/ l
Rq oM

35
where R, is a lower alkylene having from one to four carbon atoms, or an amine or hydroxy substituted
lower alkylene; R; is [Rz—PO3;M], H, OH, amino, substituted amino, an alkyl having from one to six carbon
atoms, a substituted alkyl of from one to six carbon atoms (e.g., OH, NH, substituted), a mononuclear
aromatic radical and a substituted mononuclea- aromatic radical (e.g., OH, NH, substituted); R4 is R; or the

40 group represented by the formula

Rs 0
C‘— —l\i z_Fl’:—OM
|

45

where R, and R; are each hydrogen, lower alkyl of from one to six carbon atoms, a substituted lower atkyl
(e.g., OH, NH, substituted}, hydrogen, hydroxyl, amino group, substituted amino group, a mononuciear
aromatic radical, and a substituted mononuclear aromatic radical (e.g., OH and amine substituted); Ris R;,
Rs, or the group R—PO;M, (R, is as defined above): .n is a number of from 1 through about 15; y is a
number of from 1 to 14; and M is as earlier definca. '

Compounds or formulas therefore which can be considered exemplary for the above formulas aré as
follows:

50

nitrilo-tri{methylene phosphonic acid)
N{CH,PO;H,),

imino-di{methylene phosphonic acid)
NH(CH,POzH,),

n-butyl-amino-di{methyl phosphonic acid)

C4H9N (CH2P03H2)2



gs. 55 nitrilo-tri(methyl ene phosphonic acid) N CH2PG3H2) 3 60
I(met hyl ene phosphonic acid) [err] n-butyl-am no-di (et hyl
honi ¢ aci d) 65 [err] 8 0 033 417 13
- am no- di (et hyl phosphoni c 4433 41Z; | 5 |
jodi um pent adedai-amiFoafmethyl PRbMISnidORRF Phonat e [err]
it yl - am no-di (et hyl phosphonic acid) 10 CAHON( CH2CH2PCBH2) 2 :
‘asagi um n- but yl CaliMEHED¢het hyl phosphonate) 15 [err]
niumtetr | -am _no-di (et hyl phosphonate) 20
]nghenyI - ani ?\tggogi?{'(" n%ﬂ?gefc"'p o"s°pl{i15'\éllh¥' ReraP ' %rr] 25 4
oxy- phenyl - am ng;sHj,NeRPOHNORBENANI C acid) [err] 30
yl propyl am no-di (nethyl phosphonic acid) [err] tetrasodi um phenyl
hy | (,,;lm' no- di ( met-brfy-apingsifiettid ipbosphanit) acB® [err] et hyl ene di ami ne
ra(nmet hyl phosphanj | [err] trinmethylene
am ne tetra(net hyﬁmﬁﬁggiﬁl}%ﬁ’%gaci d) [err] 45 hepta nethyl ene di am ne
L ra( met hyl  phosgplhdsdiem-abugh-antifd-difne®it phosphonate) decanet hyl ene di am ne
ra%;ret hyl phosphonic acid) [err] tetra decanethyl ene di am ne
ra(met hyl phosph&MNCHELN:} err] et hyl ene di amine tri (methyl phosphonic
d) 60 [err] et hyl ene di am.ne dli&@(”g%h ‘Emgp%ghonl c acid) 65

rr triammonium tetradecyl-am nate}

20 C14H29N(CH,PO3(NH,),)CH,PO;HNH,

-\ phenyl-amino-di(methy! phosphonic acid)

o £

CeHsN(CH,POSH,),

oy

RO

25
4 hydroxy-phenyl-amino-di{methyl phasphonic acid)

HOCgH,N(CH,PO4H,),
30 ' phenyl propyl amino-dilmethyl phosphonic acid)

CHs(CH2)sN(CH,PO3H,),

tetrasodium phenyl ethyl amino-di{methyl phosphonic acid)
> . CoHs{CH,)N(CH,PO;Na,),
ethylene diamine tetra(methyl phosphonic acid)
40 {H,0,3PCH,),N{CH,);N{CH,PO;H,),
' trimethylene diamine tetra(methy! phosphoniq acid)
{H,03PCH,),N{CHz)sN(CH,PO3H,),
hepta methylene diamine tetralmethyl phosphonic acid)
{H,03PCH,),N{CH,);N{CH,PO3H;), |

50 decamethylene diamine tetralmethyl phosphonic acid)

{H205PCH,),N{CH,)1oN{CH,PO4H,),
55 tetra decamethylene diamine tetralmethyl phosphonic acid)
{H,03PCH,),N(CH,),,N(CH,PO,H,),

ethylene diamine trilmethyl phosphonic acid)

60
(Hz03PCH,},N{CH,),NHCH,PO;H,

ethylene diamine di{methyl phosphonic acid)

65 H,03PCH,NH(CH,),NHCH,POzH,




§9 0 033 417 n- hexyl am ne di (nmet hyl phosphoni c aci d)

{20 C8H13)N( CH2PG3H2) 2 5 : di et hyl ene triam ne penta(nethyl
lphosphonl c acid) [err] ethanol am ne di(methyl phosphonic acid) 10 [err]
Q{i(yl am no(i sopr opyl i dene phospH®»0A3 4di7d) net hyl phosphonic acid 15

‘[ ert] trihydroxy ne m no dj (nmet hyl phosphonic acid) 20 _

[err] triethylene ?}é"tx Eming agx%rggg'(%mwlmﬂ&osphoni c acid) [err] 25 20

:nonoet hanol , di et hyl epg,Nier o tri (methyl phosphonic. acid) [err] 30

«chl or oét“hyl ene am ne di (net hyl phosphonic acid) C CHZCHZN( CH2PQ( OH) 2) 2 For

:addi tiorfal corr osHB?ThY;!ﬂ“et“éRf't'"eoPP"?én'Qf%V' @hosphanieedeid) cobal t, chromi um or

‘cadmi um such as for orates, brom des,
(ESFER Rk saf *(Eﬁ £b mz)géc é’tglg‘?g’spgq{ﬁ)é nzoat es,

bromates, borates, nitrates, ates: butyrates,

carbonat es, citrat&ranor aiad tiadtRs pAdphdait dciigl uded in the treatnent so | ong
.as the S"alt I's water-sol uble to an acceptabl e degree. In special instances
certain waters to be"‘Pﬁ%’k"@B"aﬁP#Hﬂzneed pH adj ustnent to ensure that the
.systemis above 5. S uc sodi um hydr oxi de,

‘sodi um car bonat e, po'? gsaé'?"ff = '°d’§]3d>%?éd8h°5§'°ﬂﬁ a&'él"ben\.‘fﬁnﬁ I may be
wtilize® In situati @gﬁsmd:‘(en,gpo;uz)(mzﬁmggm that acid or base addition is
necessary for pH control, the acid or base may be included in the

‘conposi tion cont aitfihyseexy trethyt eyh @oiph sliteetbd rAYowphenic Slidice conposi ti ons

icont ai ni ng the poly 'l—m d the orthophosphate are not particularly -
rstabl e when m-xed a%% ac’?‘p?/e product for delivery to a user, it is
;dewabl e to treattr.athﬂe,&msﬁdeammemmgnﬁ@l phaphdnlt&cikindust ry consi ders a

st wo-barrel approach, i.e., feed mgredi ent s se&?‘ratel y. Since the

ol yphosphat es, the &h@spﬁﬁdﬁ\&‘f*'é@,oa*' Wﬂz)tNﬂ"é“aB%gi DNeH-BRHdn i nhi bitors,

e.g., tzstylthlazol th the orthophosphate, these are
i ncl uded in one drTeR %}’@W' g{efqv|egeeglag\gwttﬁ(§1efqvbgﬁom ic af'&’ i s possible

thowever, to blend al ho@ﬁ2cﬁMH2MH9@H9%ﬁ§CFg£Mcﬁ2$oQQM\UeI’ or crystals and nake
i

't he I|qU| d fromat the use sites ty is not a significant problem
pwhen t ha make i s ehletbethwleds amipe gitroetbyl phosphonixOacid) Accor di ngly, the invention

contenpl ates the useﬁﬁ"{?ﬁgﬁﬁ I-E;Bﬁ@-l Lon containing the polyner and the

borthophosphate and o referably the phosphonate, the

D0 | yphosphatg, %ﬁg&hﬁ SorfoIBR Errotegtﬂ)rn ISARioP RedeNEbhH, Emglﬁi‘uggé&%d% s@cq S RPBARb O n
cont ai Nss @fd chlokEesOdhlordtet] bRmRAAS  bForMitesPBYrdtaE hitrbtes, Qltta S15125) Bbio SED bAPE
err] of tarborates,2itrites dNecaproBesmuly pp h:claq!ddaﬂ the (rdd@tiant $dcordiae tie saitfis waehseluble wl an

_‘\/\ater Conél‘F"F’?‘@H‘ﬂ reegt h Edition, 1]“? g}g es 394-396, Betz Laboratories,

c”,f'ybhléﬁ .@::ﬁ ee‘f:f?fs b 'gm%’%éf as s s 1§‘}¢?&'§?§f‘"§f§@8p§ﬁ§§@%\g§@ * 5. 1

0 1:1.. Sinithait aﬁonsmiherbhes Khb\gﬁfh@t-qnh(w pdsa beition is recdsseefdr pH d‘bﬁtrdilahé a:lcnfr badee
tor t hophosphatbe includedhin tph mnmeo mqastlsemthmo peat commu é\rr |s 1:2 to

%ﬁ%:@dﬁ&fﬁmn&,@g T e A .,m b

fconposi ti @Blyyasshate dphb@heﬁaiee,@num cbisher &ﬂaﬁlm llnb.fb& .5 to6MMAGIE, rﬁ&huuwemn in
}a given s elm moemat#l thes e(}rei)iﬁclu@d 1!00 ovs wihén pm;nzeomsnhe weutrpant. titsis péssibiat er
in t he sy A l|ty |s pl pélfg t%;fdlegtstd é§alsm\ e liquid from at the use sites.

|

a slgm ican blem when t e make i used wit |n a short time.

50 Accordingly, the invention contemplates the use of a composition containing the polymer and the
orthophosphate and optionally but preferably the phosphonate, the polyphosphate and the copper
corrosion inhibitors. A preferred composition contains on a weight ratio basis of polymer to
orthophosphate expressed as PO,= of 1:6 to 2:1. When a polyphosphate (Betz Handbook of Industrial
Water Conditioning, 6th Edition, 1962, pages 394—396, Betz Laboratories, Inc., Trevose, PA) is included, the

55 weight ratio of orthophosphate to polyphosphate on a PO,= to PO,= basis is 15:1 to 1:3, and preferably
2.5:1 to 1:1. Similarly, if the organo-phosphate is included, the ratio of the orthophosphate to the
phosphonate expressed as PO,= to PO,= is 1:2 to 13:1, and preferably 2:1 to 8:1. Any copper corrosion
inhibitor may be included in the composition in an amount of 0.01 to 5% by weight of the composition
which will be effective for controlling the copper corrosion in a given system by providing 0.05 to 10 parts

- 60 per million parts of water in the system and preferably .5 to 5 parts per million.

- In treating the aqueous systems the following dosages in parts per million parts of water in said
aqueous systems of the respective ingredients are desirable, with the dosages of course being based upon
the severity of the corrosion problem foreseen or experienced:

orthophosphate (expressed as PO,=): 2 to 50 parts per million parts of water {ppm) and preferably 6 to
65 30 ppm;

AT g AP
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ating the aqueous systens the fol |l owing dosages in parts per nillion
of water in said aqueous systens of the respective ingredientg.are
rabl e, with the dosages of cogréi bﬁfg based upon the severit &f the
osi on probl em foreseen or exp®r B CEH. ort hophosphat e (expressed as
: 2 to 50 par.t Mahd bRfrdds 3 & 25 ppvabiewatfr and . RE GHilader:6 tO
0 porn e U A e R s 1 s LR
© 0.0 sdoRonktiexppissed e PR {0DA 1hHi0yend Pf“ée'h Y péyggfny\@.{dﬁﬁé ratios of various
\wo! ypiRe preterrsdbrateck partieatieniof s wRgmant G L0 Aarerai tmewfoot @ipreferably o 10,
S [ekompohéntgep .t°§; :ib?é‘“é'l?, ‘,f,','an'bQ,ﬁ@f@ﬁﬁda&iu(rewphiemnﬁﬁhiwgi - .‘;34 to
- and perisd od‘ﬂ;‘{h'pm;'% B vaHGH frdm D€ ko 83iat1, the weightrate QS PARAR & o PRISRPE 6 1 ed
0 Woil 190 @511 NI S treatnent to cqol | NG At ek Gidfiant Bgehetae
t
J‘éatct GhloPhds bt lalab iadse dve 1@ he

0s of " VAJ dafivsdisciosadatreanthephdenhatp waichs ot

200 | NGy Wataimed byl q@ct_a@spweg%é;{g{;g‘g'g 2L dhobRGNphEEs, bhanyather spPIRRNAHE Ut ween
5 ppm andleﬁiooebe‘;?%’ﬁoﬁ;‘lf%ﬁ“t?ipﬂlﬁ? in this range the weight ratiQ Qfwb@ cium
i w?;;ée %sa.gér lofi@sehf (81 rosl desirald3 _-rqgugeslsmq:rgg: %Mrernﬂ'd Rst§ ThAA/ HAA
£.0 “0r t hORhQSUARNiSher Sosudes bre germissitrie when thestt fl'ﬁt’::\f:;“ AL it hating @IpASEES ankle
orthophg ienesslu Gk inventive iraafeapts :ﬁ?dieﬁ‘gfc%%&ﬁ&hu&iawtm vatstpecetiipeperts ¢

gener al | yabbee, enst ripferably ‘r‘gjr?tq: f,o oA obdsaly for biaveetiectiveness tosedd gilis BT Hat

the ort hgﬁ}ﬁé}%@%‘a %ni@fln.sg arise due to reversion of eifher, | O@haabda

pol yphos pte1, 25aer tol irae gneonplios phibities proserizs s/ t&lﬁrﬁquénpra%maﬁeamﬂouisce or
Pr ecur sgr cJntpasitonk, tests averdh candudiesss uili@ goraem?ﬁa%g iclldt EretiDsvé sudgemtioddind waterdate s

Si cg MDstecteyamb.ered. pietipanertant PENEHIE LT DR giad dtiméiTg e matioio thedath Jyaddod (7o
peri ssi bihe waiesf Whith s AR b Goiesied Béfain dossgesohtes the caspons usupffy S SEBITITR 1 The
15 ef f ect PYERARS 0 Retulaldy @Vthib evirbrmezat ioparedetsrrain O%é’ o HaRcH i ifizeaddleoUS
medi um haVeii,arisdndivelghds taceterainoweightdons. THIs XD 8 B il pbr. year tup) with

pe

tio.ort hopti @3

cont ai Ni NgoraRUte barmsion e far 2aYepOpnd iBe o cigt@&&esﬁiﬂelt{vpemo ion gcyfringedfer  or
fgbove. Beleguivalentsdn pm pakyear I "fmd’égpﬁggﬁw gepaamon@t;sea'awrr@%eeﬂ‘i"i'feﬁgg"s’st 0
add net al |krce'r;|gyr959%‘a'8 as'zinc, nickel and chro UM LN OreShePatibhd b T at e
k he cor LoSTBRe . mbd Ridw iﬁ%dﬁleﬁmﬁés@&sw'“’m@ﬁ?ﬁg T RY wober il @B tarEgHiod and
PO cONPOSig iRriad of @ing aneanerde enyaen ROASTER P I 7L Aol @on8iM V@S bebasd Whilg corrosion -
t echni que. comssammmrfg@cw f‘w&ﬁﬁ%‘; ﬁ&%ﬂn% regBridecbolingrveter eystqme hayp g drastic
bre- wei ghetavdsa e igutdri.CUl ar metal are suspended in a water bath,

he wat PR as a particul ar constituency, for a period of tine. To
he watér in the bath is added the cor M%Edn i nhi biting treatnment to be
Lested in certain ddieagitens: After the coupgns tosually six specinens for a
feal i stic study) are ci rcil ated in this environnent for a pr edet er m ned
nmount ojo time they are rfjmuafire 25 cl eaned, ARUBELH wei ghed to determ ne
ight 10ss. This weight loss for the spegifigq,a riod is utilized to
onpute corrosion rate foPuratiofear and is reported as a corrosion rate of

i ks, per year (npy) with ?qgtiio\(‘al ents in [err] rogsent year. The coupons are

al so i nspected to assess fie type corrosion occurri NG+ ais'c%co | ocal pitting,
general &rrosion, or bot lrgedauter hdndresfer arTy déﬁ%)?ﬁmi@ﬁasoéac@gaal e, corrosion
broducts, etc., has occurred. 30 Recorded Relpwsim, Table | are the test
Fesults, the conditions of the testing, and any observati ons PBQE‘AA% A&
end of testi r;gﬂ a@ [ CURMPR RN Mading & Romnda weibbt oipiout HRECFITYERT 7t o ? he

wor ker i 2 tHRYERPE " ggad corrosion i nhibiti g’g@ﬁpﬁqg&juwodm hble Atib 6rdhea HPA of
Heposi tion }@,@N&%WA&@WW&‘F”M@PH@E&‘U@ Whi 7€ corrosi on nay be abat ed,
-npedance of flow an@: ower he{a};tl transfer as regards cooling water systens
have a dr asbi-es=Feayaepd 1% BF ECF on the system 35 TABLE | Conditions: pH
12 7. 0°°40 Tenperature = 120[err]
¢48.9[err]) Duration = 3 days
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Aer at i on = constant 45 Feedwat er hardness
ppm,Ca[err] as [err] 110 ppm My as CaCO3 15 ppm Si @2 50 Pol yner No. 1: 1
WA/ HPA copol yner having a nol ecul ar wei ght of about 6,000; nole ratio of AA 3
{ o{HPA of 1.8:1 Polymer No. 2: AA/HPA copol ymer having a nol ecul ar wei ghtZd ‘
f about 6,000; nole ratio of AA to igPgagfaPyl. PtLCS=Pretreated | ow carbon

170

teel. 55 i 60 65 0 033 417 TABLE I, cont'd Treatnent, in ppm
cti Veé‘d Corrosion rate, TABLEhoRdl yner Pol yner
W th ui val ent inli.er;n]e in{gg‘ra kets) 5 . .1 No. 2
réatment_|n ve Corrosion rate, jn mpy. . .
I er r] Polymer atnln i% (with eq%fivalent in udﬁncggdcﬁété?n
prom nents (167.6) No.1 = N6 ZOUP@A-POR= PILCS
15 3383825 S P o —F8—FA—15 5
5 2.0 (50.8) 5 10 6.6 7 5 deposition promigent, 2Q
(63.5) 10 10 UE768 (7. 6) Ypeouron 5
{0 10 3.0 little dgposition §46.2) 5 "
A5 3.2 (81.3) 30 5 (83.8) 20 2.7
168.6) 5 25 2.0 35 Y 3
(50.8) 5 5 6. 5° l‘%%&l e deposition (165.1) 40 % -
1) 5 (.5 0.5 (12.7) 10 ~10 2.0 (50.8) 45 ¢
5 5 2.0 - S ' L
(50.8) o F
o 5 75 25 |
v (63.5) - 7
10 10 0.3
{7.6)
25 5 10 3.0 little deposition
(76.2)
5 : 15 3.2 "
(81.3)
30 _
5 20 27
(68.6)
5 25 2.0
35 (50.8)
5 5 65 little deposition
i (1685.1) _
- 40 5 75 0.5
g\ ; | (12.7)
| 10 10 2.0
{50.8)
5 10 3.5
; (88.9)
5 20 2.7
L 50 "{68.6)
i 5 25 _ 2.3
(58.4)
56 Additional testing was .conducted to establish the enhanced activity of utilizing the polymer in

conjunction with the combination of the phosphonic acid derivative and the orthophosphate, as referred to
in Tables 4 and 5 of U.S. 3,837,803. The conditions of this comparative testing were exactly those as set
forth in the patent, namely: '

60
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10 3.5 (88.9) 5 20 2.7 50

o) 5 25 2.3 (58.4) 55 Addi ti onal testing was
‘uct’ed to establish the enhanced activity of utilizing the pol ymer

unction with the combinati ongqjzs @a7rhosphonic aci.d derivative ang:?he
ophosphate, as referred to in Tabl es 4 and 5 of U S. 3,837,803. The

itions of this conparative te%®5j 'Wé\s Suk@CI2l tterk hose as set forth in
2 pat ent sp.mﬂailsﬁm 60 65 12 0 033 417 Test condi tions Spinner System

_iurr‘P«22 liters Calci D Gemcentrati on 9 rpey r] 340 ppm
nesi um Fdﬂ“'ﬁd‘ﬁ‘c‘é’ﬁﬁ”g? |°3% as [err] 220 ppm Chl oride ion

centrat 'NB hesium ion concentration as CaC0240 ppm StA%®8%e i on concentrati on:
ppm Coppé&r i on concentration:

240 ppm 0.4 ppm pH
Tenper ahidrids ion concentration: 120[err] (48.9[err])
w rate: (Suifgse jon concentration: 210 pp 5 ft/gecd(o 42 n sec) 20
2: gﬁ? 'cl)'e&,tp S R&E bowedhtration: 4 pphiT €€ (3) days Aeration:
p

Hi gh carbon st eel
In describing the test cond;dlons t he patent makes the _
| ow ng detscl osure as pertains to the test " ?aa%p‘gl nt shoul d be expl ai ned
ggardi ng the te§té ng conditions. The cor r osi2Bh ¢ s set forth in the

:Tabl es are FePRiE Vel y high for practical pur

Pfﬁﬁéc Aowmear, this was
pur posel y prewirsted for by the selection 30

t he constituency of the
agueous testing environnent. The aqueous testhireggBhBa¥um was produced so as
to preyide Qurplenyof 8¥y 0si ve environment. It was felt that if the

co sition egﬁﬂ‘ treatment techni ques of the ContP8hti on were as effective as
' e

clained, th enhanced activity woul d begicamdneed Asd0¥asi |y
di scer ni bl e.TeBasﬁédnaérisy, the theory followed is that if a corrosi

i hhi bigor is to be onsi c(?nrdﬁ'gnsetné ﬁﬁgdt\ﬁ&kesrtdefoug@mplaqlqsyreéﬁ perains \}Se) n%tel tgsrt] ally
f ound condllf‘ldﬁ?%'b'"?f s so exhibit this erongt.‘lhggg}ﬁ,g,gn kdedt fatietre and
35 dr ast"P'&‘?.&%Qﬁ,qin{ ielxa bmaﬁhearesarains geftesting

0 ow Bipravides for mat-q %hsmand
iparti cul appledhé RASvebihighlier ,L"‘QTé;g o ,(f dﬁeods Imetumenegl;ug\ was drod ﬂﬁg

28 ngl5t b508 r% tﬁﬁ%?;g?‘ﬂ%ﬁaﬁ en\?ﬁg: dN4E R afat |f1f1e dolmpogitfon regte %ﬁ:ﬁﬁm ‘bd'

e pro

imed, that the enhanqed actMtV W effective under
|nventlos| wgre ta::“y t?\ce“:,:e:rsy :(l)?llcr)nwed is that if a corrosion |nh|b|tor is to be consuiered
discernible. Basically,

']
g r

program”.

Sl 1090 25
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40
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45
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24 0 033 417 TABLE || Data taken from Table 4 of U S. 3,837,803 Eval uati-'o__
gof Nitrilo-tri (methylene phosphonic acid) [referred to as AWMP], and
(Tri‘sodi um phosphate [referred to as TSP] Corrosion rate (npy) (W|th i (}1%

i a{/o equivalent in [err]m Treat mTenip33 417 AMP:. TSP in brackets) k
110 Treatment | evel =20 'P/PTE'??NP -38
( 965) TSP ata taken fro ble 4 o %ﬁPS) 15 3 :
;_‘ANP"'TS:P Evaluation of ﬁltrﬁ-tn methyle osphonic aElé% td -£§RMP], and
101 14 (356) AMrisddulth phosphate [referred to as TS@I 21
+(533) 20 AVP+TSP 5:1 28 Corrosion rété'll) Tr eat ments of :
'U.S. 3,837,803 plus 20 ppm AA/ HPA AVP{TSP LAy (mpy) (with
'10.8  (274) 25 Treatment (8l P_ 55;“ in, um 11
7.5 (190) AMP+TSP 21 (224) 30 AWP+TSP .
bl w 11.2 ( 23reptmaAAeveH28; ppiol ecul ar wei ght about 6, 000 35

ABLE Il Data taken fAMf Table 5 of U S—3, 837, 883 Cor (%8 on rate (npy)

‘{with Weight ratio i valent in gm 40 Treatnent .
AVP: TSP in brggéliets) Treat ment Level =40 %zpm AV ‘
B.0 (2903) 46 ~ AMP+TSP TSP 1:2 23 (584) - 16
406) AVP+TSP 1:2 -6 (152) AMP+TSP
01 4 (8250 AvP+TSP 141 14 1358): 1 5.0
127) Treatnent plus 2Q,ppmAA HPA AVP+ISP 2 533 1:2
B.5 (889 55 ANP+T%B@ T2l o (102
P+ TSP AMP+5SPL 455 (1129 60 (711)
BIr €at ment: 40 ppm AAl HPA al one 69. 5 (1765 SAA1HPA, nol ecul ar
ei ght about 6,000 65 FERTees of 1. 3837803 i 20 poim (0CFA 7ay
25 {at 20 ppm)
AMP+TSP 11 7.5 (190)
AMP+TSP 2:1 8.8 (224)
30
AMP+TSP 5:1 1.2 (284)

*3AA:1HPA; molecular weight about 6,000

35 TABLE Hit
' Data taken from Table 5 of U.S. 3,837,803
Corrosion rate

AT VT TR Y A A NPATY W} WORENTRIT TN, XA LTy T e SYTPA IR T TR e

(mpy) {(with
Weight ratio equivalent in um
40 Treatment AMP:TSP in brackets)
o Treatment Level=40 ppm
o AMP — 8.0 (203)
45 TSP _ 16 (406)
AMP+TSP 1:2 6 (152)
] AMP+TSP _ 2:1 4 (102)
3 50
: AMP+TSP 5:1 5.0 (127)
i Treatment plus 20 ppm AA/HPA
' AMP+TSP 35 (88.9)
56
AMP+TSP ' 2:1 4.0 {102)
AMP+TSP 5:1 45 (114)
60 Treatment: 40 ppm AA/HPA" alone 69.5 (1765)

"3AA:1HPA; molecular weight about 6,000
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00 25 it is clear
f r omie .above that the addition of the polynmer of the present invention
provifled enhanced corrosion inhibition in nost cases when used in

con| Yl nction with the conbination of ©.Q33 31337, 803. Addi tional Spi nner 25
testy were COpAURLARntRe SRbARMR kG & HASbimer o%sbaéegt VerticH dalideld EnraRley TET

i N cdnj unct joResion iktibifonGR st éabdsQhen fusédl ih ROMIMHREM \GitrEthe REMBIFKEOS BNAL £3,8878032
phosphonl C acAdiitibpesliSpinher\tests Were yoridndtaizto lestabli$ the bmaﬁtsedemmbmukmnjﬂ\d pbiganeri it S
copper or r@EJPWW yiith buc?m'wt? gherthophosphatey, golyphesphete apda phesRbinic asidcderyativeie

Lest are ¢ debAERe IS e e COUEALr o e e ARG 40 45 6055

60 65 15 26 .
iD>:
CL 00. E1 6 0 033 417 27

It is evilent fromthe results of the testing that treatnments including the
pol yirer were nore, or at |east as, effective as | ower dosages than those
whi ch did not use the pol yner. Additional studies were conducted to
establish the effectiveness of one of the treatnents of the invention under
various ddnditions. The test procedure utilized is referred to as a
recirculation test which is 5 disclosed in U S. 3,960,576. The conditions
of testing and the results with regard to certain metallurgies are set
forth in the following Table V. As will be apparent, corrosion rate,

corrosi of°type, and deposition, if any, are noted for both coupons and

tubLng used. TABLE V to AA/ HPA Concentrati on versus
cal cium hardness Treatnent, conc. in ppm AA/ HPA TSP TKPP Test
ppm as as 15 No. actives O P04
P04 25 HEDP BZT 1 5.0 12 6.0 2.4
@ 2 5.0 15 3.5 2.4 2 20
? 30
!
35
4
!
3 _
40
3
B
:.' 45
; 50

8§

60

Voem g fN veemaeiemes
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+ 7.5 15 2.4 2 4 .5
§ 2 6.0 2.4 2 25 5 10.0
12 ° 6.0 2.4 2 6 5.0 12 6.0
6/ 2 7 10.0 12 6.0 2.4 2 30
5.0 6 3.00033 417 2 19 15.0
4.5 1.8 1.5 35
ABLE.V (Contd.) AA/HPA Concentration versus cal ci um hardness (contd.)
ter Yeheni stry Test Ca as My as M Al k
fConductivity in 40 ¢ No. pH [err] [err] [err] d
hs mcro-nhad |CaCBml o 7.4 8R 4 4Q, 56 0
| o ' o~ : : ™~ o 2 0
15 2 TE( 180 § g110° gliog 1 g @3 § 6.5
.00 200 2)( 280 20 4 7.4 40 200 ~ 200
P80 32 50 5 7.3 600 300 400 420 26
P100 6 7.0 900 450 450 630 0 55 7
i 0 800 244D 400 560 0 2400 8 7.0 800
00 400 56%%? @’&f 09 g?.Oﬁ 800 400 400 560
.60 65 17 0933 flirg TABLE X8 Corfli d. SAAIEPALGRNCEJL r Q| on _vers@s
lal ci um har dness gcso ) DRpoRift i SrECP BosPén FPate REpyy S 2 8K
pmin brackets)3<g Coupons Dep. tube Test No.
1 CS PtLCS = | ADM LCS Pt LCS LCS Pt LCS
| 2.0 0 o " 0 None to
50. 8) (0) L]lo (§ 28 8 1,33 g 0% § g0 s
_%€8(33.0) (1]2 7y § (3158 F g @408 g g0 = 1.2
Yery slight film (10R) £0) (90.5) 4 0.8 0
.3 Film XioNone & Thin o o Thgn (&.3), , (08
17. 6) T = Biim FRIim# 5 = @6
.2 0 <clerr] loc None None None (15.32)
5.1) (0) 6 Ef° Gl.0o e @7 2 w 0.8 o 0 o &
~ a o Q
I 2 2
S sf_ 7
y 18%lc 3§ o 3 o § g o & 2 o E
L == - a
=8 £
g B
" £
L fﬁ’jc_’_%% o 2 o 2 e N o N 9 §
3 S A
g £
: ‘s s 3 s s s 8 3 g 8 g &
i a |7 - - - & & & & & & & o©
E
3 i o2
]
1,9 3
t oG &
3%3/8 8 8 8 3 8 8 8 8 8 § &
: g |- c%
; Sz N ™ < 0 © ~ © o =4 = ¢
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" (25.4) (17.8) (20.3) 7 0.8 1.5

¢ <Thin Thin (20.3) (38.1)

FL) Film None i Film 30 8 1.5
Y 0 Thk o' 083 417 Thk (38.1) (0)
Filfn it Y@WAent from the ksl of the testing tH¥PRRtnTents including thd polymer were mors, or at least
0 as, effective as lower dosages thipnwbosgOghich did not use the polymer. (0) 35 40 45 50 55
60 B5 10 vastion bades barions mcitons, Theiat ebotd e e 0 e e Eire i um

- ¥: procegure utiiz S rererre recirculauo
har _dnesss Q%‘i@}eﬂ; Sﬁé?' %gﬁg‘gnr htY::ﬁn iti§ns of testing and the results with regard to certain metmg%gg:g
De t Ub€ sl&Shh in the foilowing Table V. As will be apparent, corrosion rate, corrosion type, and deposition, ¥§ No.
LCS ard’hdtédSfor both co and tubing l@6ddCS run 1
Gerter al 4 2 TABLE V Gener al
6 3 er al 7 15

3 10 ncentration versus calcium hardness
4 1 %% ?gl Trelatment, conc. in ppm 75
Certer al L.6 : Gener al
5 40 7 AAHPA"  Cenerssl TKPP 4 8
Ger Gen Test | ogppm BdC as 2 2 9
Gereral " No. actives 4 ¢ ow EPbon sf*tfé’f’ Pt L Pretreated Low
Carbon Steel ADMFAdRiralty g30 AN HPA=3sd: nol eeul ar wepght about 6, 000
BZT=Benzotri azol e GEN=General Corrosion Loc=Localized Corrosion/Deposition
Thk=Thi ck 35 Sl 2Sl i ght 5@ondi ti o%: Bul k39at er Téfper at ukRe=120[err]
(48.9[eff]) Heat FI x=8000 BTU Ft[err]/hr (9Q79 joulgs/cn) ,40 Wt er
Vel\ogity=2 ft/sec (0.61 nmet'@rs/sec) %coupons) 3 f/seCc (0.91 neters/sec)
(deposition tube) Make-up Rat e=one 3y¥stem vaelune/ day.4 2
f 25 5 10.0 12 6.0 2.4 2
!F' 6 5.0 12 6.0 24 2
F 7 10.0 12 6.0 24 2
! 30
! 8 5.0 6 3.0 1.2 1
P 9 15.0 9 45 1.8 15

35 TABLE V (Contd.)

-y

AA/HPA Concentration versus calcium hardness {contd.)
Water chemistry

Test Ca as Mg as M Alk Conductivity in
40 No. pH CaCO; CaCO; SO, cl as micro-mhos
- CaCO;,
Y 1 7.0 80 40 40 56 0
: 45 2 7.0 170 110 110 119 0
: 3 6.5 400 200 200 280 20
: 4 7.4 400 200 200 280 32
t 50 )
5 7.3 600 - 300 400 420 26 2100
k. 6 7.0 900 450 450 630 0
: 55 7 7.0 800 400 400 560 0 2400
‘ 8 7.0 800 400 400 560 0
' o 3 70 800 400 400 560 0

65
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'eci rcul ati ng System 45 It is clear that the inventive treatnent

br ovi des superb corrosion control with little or no attendent deposition
br obl errs.  Conparative tests A series of recircul ating, heat transferzg
orr03| on studies were conducted to denorgd3 &1 t he uni que 50 and

‘n.expect ed behavi our of the orthophosphate-based corrosion prograns of the

inventi on. The corrosion trﬁﬂﬁﬁ?@&n%en?r\éﬁa\%s%s cacm %ar a%sgi Eerfor mance of

lhe conventi onal phosphat e-based corrosion prog % By Gaupp |n
). S. “Patent 3,992, 318 andcdriekibs rastas) i n U. S. ~Batent 3, QA &

rograns cl ai rred in the pré&oeintbraghessli cati on. TablCeupdhs SUMar | zesoe‘phe.be
onposi tions of Negti'ue t regd ment Spcey UaLgl A sWe corrgsion
esults of these studieS is presént edAf Tabl K experignt al FHCS
rocedure and test condigti ons can be faqund i nthe Experi nagynh,al—Section
ler eunder. &t udi es con@®ted w ®h Treatarents D and E conpared the

er f ormance of the nost 3effectlve Gaupp. formul ation (Col. 7, Conposition |)
,th an identicd forr(g:; tion ﬂfvvhlch n acryrtc actarz- None

ydr oxypropyl acryl ate copol ymer ZAA/ HPA) was substituted for polyacrylic

i d (PAA) .1sAs evi dent 4for om Tabbe VI the perfornance—ofery HghehilihWo—pr0grans
B very simlar with r@@rd to @orrosil®®) protection and 60 deposition. Both

éeat nent s provi4ded corr,0si on prot ectiE throu?_lh the formati og_of a bi&: er

il m and suffered fror@%8 cal i ze@, und eposF' corro¥®8n. suf¥fituti

gV HPA (a kj@own cal ci um phosphate dep05|t control agent) for di d not

U‘ ovide any sigmficanto.éreductitn in fauling SIned Npr oN&@d COr r 86meON

b%‘ectl on. Studies A" and C(fc’dnpar et he performance of the Gaupp

prnul ation, ingnhich higgh |evels of @€ 65 and AA/ HPA wer g enpl oyed
Qolah

I r eat ment s;A and B) Vibd.4) that(1§)§, an ophosphat e- based conposition 19

; 033 417 clained in the present application (Treatment C). The corrosion
ntroI obt ai ned with PBeat nentl.&C is clearly Bimperior to that obtainedhinith
ﬁeat ments A and B. Ad&¥ional 881 TredBibnt ~ Eilpy ovi delonexcel | EKe cor r &P on
1; otection gi thqut relyisng on the formgfion of ,a barrier fil conpari son
. the corrosion rategssftai ned wth Tigpat meng;g, A andnbhet 0 t hemg obt ainagsl
th Treatnments D and E denonstrates that corrosion 5 protection conparable
‘» Treat nent C ®annot Gg% obt ai red by irfcreasi ng—e'r-t-l'rer—t-l'reNP'ﬁA—Ufﬁvﬂv‘-HPﬁr
fncentratign in the pp formulation®in fact, a reduction in corrosion
giot ection occurs with the Gaupp formul ations Wnen t he pol yner
#incentration is increased from1.7 ppm (Treatnents D and E) to 7.5 ppm
fr eat nents A and B). Treatnents F and G conpared the performance of a
il yacrylicg,aci d-orthophosphate conposition 10 disclosed by Hollingshad
llth that of an AA/ HPA-ort hophosphat e conposition disclosed in the
hove-i dentified application. As can be seen from Table VII, the
N i ngshad pol yacrylic acid- orthophosphate fornulation (Treatnent F)
.ovf'des cogrosion protection through the formation of a cal ci um phosphate
irrier fil'mand suffers fromthe inability to prevent |ocalized deposition
\d subsequent under deposit corrosion, a comon problemw th this type
eatment. The AA/ HPA- 15 orthophosphate treatnment (Treatnment C) is clearly
Miperior in _that it gives |lower corrosion rates and does not rely on the
@r mati on of a cal ci um phosphate barrier film The ability to inhibit steel
prrosion with an orthophosphate-based treatnent that does not rely on a
arrier filmto provide corrosion protection was previously unattainabl e
#d therefore represents unique and unexpected behavi our. A conparison of
he perforrﬁgnce of Treatnents C and Hillustrates the simlarities between
he 20 orthophosphat e-based programclained in the present application
freatment C) and chromate (Treatnment H). Both treatnents give nearly
i@lentical corrosion rates without fornmation of a barrier film |In order to
iRl ustrate £he enhanced results achievable with a treatnment usi ng the
B/ PA, an orthophosphate, and a pol yphosphate as conpared with an identical
g cat nent wi thout the pol yphosphate, i.e. the equival ent polyner and [err],
gidi ti onal Gsét udi es were conducted. These treatnments are desi gnated

None
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s,l through L and are specifically described in Table VI. It is

eviggnt fromthe results set forgh 53% le VI1 that when even a small
prdg (lt/l on of the orthophosphate ig epl‘aced wi th pol yphosphate, the
ovgeel | benefits are obtained in taABee wagoned) corrosi on rate and deposi t@
cofmred with Treat reMVHRA Conpertation veosus ceitiemn hatdhesgficobidé ort hophosphat e ™3

faced- by pol yphosphate, a tot alPyofa%e& ent result is achieved. Tubes
coupdrs were si gni ficant gy, Garroded wt Ee&“?ub‘éndeSi rabl e amount of
jsition. Theseregtat a clearly—30 __establ ish T he “unexpect egysr esul ts

ki nabl e using Wde threCSconporf®S syst ¢@% over RS two. @& 40 45 50 55 60
40 0 03 = ' i mas [err]
posi ti on 1 enera ppm [errf 5 A

i UM hexanet aphasphat e General 1¢. 8 (15. 3)
irilo tri-nethyl enephosphonic acid 6.7 (3.2

byl i ¢ aci d/ 2- hyd® oxypr opyteaerytiec—aeietl copotyner—— 7.57 (0.0) B

8| um hexanet aphosphat e 16. 8 (15. 3)
: 4sNi tri 1o Tri-met hyPeB8bRospRoni ¢ aci d ¥
(3.2) Pod yacrylic acidlerr Beneral 7
(0.0) C Tri sodi um phosphat e, hydrated
£ 0 (12.0) Tetr apotassTommpyTroftEshrate 5
k6% (6.0) 15 &addvgiroxy et hylidene digsphosphonic acid

v\ (2.2) Tolyltriazole
: (0.0) Amylic agerdll 2- hydeoxypr opygé acryl aoe copol yener
! (0.0) D Sodi um hexanet aphosphat e
. 8% (15.3) Ntrilo rr=mernyreRepmbsprontc acro 4
. {(B=fdw 05o¥l kfeerdCi d/ 2- hydr oxypr opyl acryl ate copol yner

3 #ilcgLPrereated Low Carfed0stedn hexanet aphosphat e
. 8 AON=Admitdity ri | 0 tri-methyl enephosphonic acid

30 .Hg2=g5_: molecular weight about 6,46 yacrylic acid[err]
§7 @Gez%gi@jﬁ si# S. 3,992,318, col. 7, Conposition I) F
g i1 sodi um Sdé @Cm‘ﬁx hiBtgeition 80.0 (20.0)

#0! yacryl i Thkathiek( 3) 40.0 (0.0) 30

.....

k3 Si=Babtii um phosphat e, hydrated 80.0
®20.0) %cr nlloinc_ aci d/ 2- hydr oxypropyl acryl ate copol yner[err] 40.0
&0.0) (raf e afatep%r)(‘;ge;mrggzgnpr(‘{sly@: 1) 35 H Sodi um di chronat e,
i hydr at € Heat Fiux=8000 BTU/Ft2/hr (9079 joulesiem30 ppm as CrO4[err] Acrylic
F.Ci d142- hy dwetey \delaity+2aft/secl (D.81 meteck/sedd foligamelr [ er 1 | 40.0 (0.0)
% ctrapotassi um pyr ophty H&?bmz":;z’:;"’ (deposition tube) 8.8 (5.0)
_.rLiOdl um m@ﬂﬁf Eint gles ey 60. 0 (15.0) 40
a5 It is clear that the inventive treatment provides superb corrosion control with little or no attendent
,s; deposition problems.

Comparative tests
A series of recirculating, heat transfer corrosion studies were conducted to demonstrate the unique
50 and unexpected behaviour of the orthophosphate-based corrosion programs of the invention. The
corrosion treatments evaluated compare the performance of the conventional phosphate-based corrosion
programs patented by Gaupp in U.S. Patent 3,992,318 and Hollingshad in U.S. Patent 3,941,562 with the
programs claimed in the present application. Table VI summarizes the compositions of the treatments
evaluated. A summary of the corrosion results of these studies is presented in Table VIl. The experimental
56 procedure and test conditions can be found in the Experimental Section hereunder.

Studies conducted with Treatments D and E compared the performance of the most effective Gaupp
formulation (Col. 7, Composition I) with an identical formulation in which an acrylic acid/2-
hydroxypropylacrylate copolymer (AA/HPA) was substituted for polyacrylic acid (PAA). As evident from
Table Vii the performance of these two programs is very similar with regard to corrosion protection and

60 deposition. Both treatments provided corrosion protection through the formation of a barrier film and
suffered from localized, under deposit corrosion. Substituting AA/HPA (a known calcium phosphate
deposit control agent) for PAA did not provide any significant reduction in fouling or improved corrosion
protection.

Studies A, B and C compared the performance of the Gaupp formutation, in which high levels of PAA

65 and AA/HPA were employed {Treatments A and B) with that of an orthophosphate-based composition
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& y Acrylic acid/2-hydroxypropyl acryl ic acid copolyner[err]
(0.0) Tetrapotassi um pyrophosphate 17.6
{(10.0) Trisodi um phosphate, hydrat ed 40.0
(10 0) 45 K Acrylic acidl 2- hydr oxypr opyl acrylic acid
cépe)l ymer[err] 40.0 (0.0) T@t03DH&lFAssi um pyrophosphat e
26.4 c:llﬁ‘\eg)n tﬂ_é ﬂr@éem aHmcpcnﬂ m%&t C). The corrosion control obtained with Treatment C is clearly
20.0 (sTpeldr th-that obtained wilk Tightimenta A bed B ABYiGEnamy Preamytt E@kovided exdéliest corrosion

copol Wr [ @rqtqctlon withd @t rflying on the (oﬁnz@i))n 6i(h barrier film. A companson of8bei¢orrmsion rates obtained
hexanmet aph agments A and B to those obtained with Treatments D demonft Q%at cgLrgsjon
&s

Acrylic %%%W Qwﬁéﬁﬁ?h&ﬁ%"’é?éﬁ@& R J,%F’ e

nol e rathf& Rbnt RrGLincrBassHo aﬁﬁeh IFand €)
havi ng a rmTreatruémsrAvmd@mt =5,.000 55 [err] Pol yacryl | c acid having a

mol ecul ar \g/eu %?qtmgnteg,@ngsﬁaw reff the peNarmpnce of pEglyaerylic amgoreispl%r,gphfst; ger;mgn%tmﬂ
scl %‘ﬂ
32 TABLE®VI L ove-identi {e zg%:rpllc I’Nﬁ}s cg‘ ‘ge seen roéJo le wﬁ%ﬁ é:Hgl‘ o, acrylic acid-

d ~po
Cor r 0si 0N QYpnophosphate formulatlon (Treatmeh B%ds corrosion ﬁfgt@ctrbﬁ] th bgt%ﬂat néﬂimatron of RPM
[err] calclurffmhosphate barrier film and s@ﬂa&@ fro@t the Nsabifity to prevent localizedl8epbsition and
8.3 FF‘?PP ui%s’ndgn ?ertﬁoglatcoeosm:rg)n ooge mntou heolatrre mtbvtbvsetslpwredtmwtcgteci&gvgﬂm
phosphat’& 1° ok e %‘@‘H‘ d¥ ’!j!ﬁ‘g esion{pfesrg does
ormatron of a calct sphate barrler fil ability to- mhr
exc hanger hate-based treatment t d s not rely on a b. r ilm to provide m{%ﬁ,% m rﬂ‘ﬁﬁt

‘exchanger tp 3us1 unattainable and therefore represents unique and unexpected behaviour.
severel y corrAdedpasisch éfaté eetfonirine bhireitmaatp CsantiH illlseaeb nlmeﬂinMﬁesd@wmn the
co g’p/o ns 2&ndrtheriespeste-hzpad eraen Mgmpeg irstbq,gps@nt appjication (Treatr@nt C}) and chromate (Tregtgregt

£ earl ithqut: far
2. .n*ﬂ? A ﬁ;i’fa@ Find St gfé A AN % § ety vggwgw a0
FEXC hanger to ho hate, and a polyphosph as-tompared with an i al treatment oliY @§0I sﬁﬂ@@
;ex chan ger . vl eqbivalent polymer and PO,=, additional studies were conducted. These treatments are dd6ignated

LC over ed %\ tah! belugh Um ity desdﬂmd ih Deted V1AV exidant foxm the rasgtsaetifertivio Tahte VI
Fcoupons anq)h agn ro[pa e orthophosp te ls replaced with poly S| ate, the overall
5.2 re [} aﬁﬁg corrosmn rate and de compared with 'Iliglrg:nt G. In addmﬂi|
t e |s replaced by polyphosp totally drfferent achieved. Tu
uni f orm Ca'aﬁdl btmp ﬁérﬂf yreoﬁedeammanenaaa plEMhouRXST IBSUGRIBN. LTHEG dat@erye
| ocal i zeel 38tablish the unexpected results obtainable using the three-component system oveyGhe B®L ON
fevi dent on heat exchanger tube and coupons. G : 20.0 -

f6. 2 Heat exchanger tube and coupons
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: 42 free of dep05|ts and 40

Prrosion. H 0.0 2.2 Only slight localized
GPrrosion on coupons. 45 20.0 5.8

pBriy mld amount of 'l otalized ngﬂ <¥%<3n coupons and heat exchanger tub%l
@upons devel oped a nmulti-col or %i vated netal oxide film No
geposition. 50 J TABLE VI—@fBroflon compositions edal@hted Very |ight

Rt - ored passivated filmw th superficial mld |ocalized(morasosi on. No
geposi f&r‘ﬁ'ﬁ“eﬂbser ved. 55 KComposition 20. 0 3Ppm PO~ toupons
gnd 4 ube Rave a \EGhiNm!HeiMetdiHdshhad OF OUred passivated Tilgy Al ngggy no

lgocal i zed cor r osiNaRloaféhethPlertPREEPhdnicOdtid 60 L 6.20.0 32 21.0

gevere | ocalized Aauhtaaﬁdlalugek\tmpvmwlh agidsoparyrhar¥ant anourd of deposition.
$5 1 Gaupp, U. S Pat nt 9 2,318, Conposition | at 25 mac}ive sol i ds.

2 ,, 33 0 033 4 m “;Eg\ﬁ Q%?} ti spns were made bet wi¥h the (ggieat ment s
'f the Gaupp i nveBlican “,8, @h nventi on substituti ng”a pol yigey of
codl ewski et al US-A-4,029,577), the treatnments of Hollingshad, and the

.reat ment€in accd’rlwwcephmnﬂqtet h\@'rqtndesent i nvention. Cer#&n coﬁag)tlons such
Es pH and flow r%ﬁﬁoxv‘astt‘hy" o d'%’é‘osp sijice Gaupp was 496 ent :g))to these 5

arameters and cqpPftazdid PR % rom the t est er si@gge this ion
s sel dom enCOUnmw&dadm-la{dm»ﬁﬂpyﬁ&-ﬂﬁﬂe)bo@(wt as a by-pseduct gh) t he.
,orr03|on of the copper parts of a system It was felt that using the Gaupp
echnijque woul E" 41@3'3?%@ T astﬁlﬁ’t cl osely resenbl é?%t he gﬁegm ques
Isdgd y Applican r% «hand uses roce which is
bnadequate for therylpur 6ses 0 GQMW nventi on. T?Pe technlgue
it i 1 i zed Eher ei nsmuurfefeednyet@hmuhaor y, screening type proegdure(isihe test
condj tions 10 andt"tt'k?dmm sepbttspm'dare rmre represent&ll ve of8.2t he system
heife the treat mﬁ?u%" {Bl mately find their use. Tht? par an@Pers of the
| ests conduct ed 718p'conp05 I 6Ns’ Use t§'° h [tinate results as to
COr r 0Si ONF pr ot ectrrisvdiumaptebsgiafeP Gydratdddr mati on, i f any, ar @.shown(2ol) t he
Tabl es VI and VI [Polyddndic facidfte of corrpari son i s treatnent 40.¢', whio®h was
t est®d |nGaccorda'nce vmth e nj ques usi ng sodi um bi roma#a s the 15
..nh| bitor.” This t E@}' Q{e%ag‘ﬁn&(he type pagggvate tal oxide
ich is the obj e.@,t.éuepd; méa\(@po L1perfor nance i.s to be obtai neg A review
f the tests clearly indicates that the only treatnments which dupllcate t he
hr 8fat e Hr eat nerfiedigmedichramete. dihvdseieh of V\/m ch were tre®pronesCiOs “accor dance
Wi th the present wsconpar i treat ts D and
€ Wi'th A bnd Bt HeHERERaroderiuaBORAF ool DTER A0 o B 2,
20 provi de prot ecmsmm pliosp¥ate, bydrated Ot al | y di fferent neaos of psovi d| ng a

har " er | ayer. o

A J Acrylic acid/2-hydroxypropylacrylic acid copolymert 40.0 (0.0
- L Tetrapotassium pyrophosphate 17.6 {10.0)
3 Trisodium phosphate, hydrated 40.0 {10.0)
- 46 K Acrylic acid/2-hydroxypropylacrylic acid copolymer? 40.0 (0.0)
3 Tetrapotassium pyrophosphate 26.4 (15.0)
Trisodium phosphate ' 20.0 {5.0)
5 L Acrylic acid/2-hydroxypropylacrylic acid copolymer™ 40.0 (0.0)
k- &0 Sodium hexametaphosphate . ) 220 (20.0)
L M Acrylic acid/2-hydroxypropylacrylate copolymer (AA/HPA) having an AA:HPA mole ratio of 3:1 and a
molecular weight=6,000

3 55 @ Ppolyacrylic acid (PAA) having a molecular weight=5,000

® polyacrylic acid having a molecular weight=1,800, ratio of polymer to PO,=2:1.
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!,Experi mént al “section Procedure Al |aboratory corrosion studies were
tonduct ed in arecirculating systemwhich is designed to provide 25 a
tealistic nmeasure of the ability of agt bsﬁtﬁ?t to prevent corrosion and

f oul i ng under heat transfer conditions. s systemtreated water i g2
ci rcul ated by a centrifugal 1purrp TABLEOMIHRSunntoy birosiorc daipon by- pass i nto
Whi ch corrosion coupons are Y°ferted, and past a non-pretreated nmld steel
Al SI -1010) heat exchangerp% ;econt 8bfRloni N a pl exiglass block. The inside
of theséxchanger tube is fibduRshtwi th &td mcone oil and heated with an

el ectric heat erTreathenti nt erppad POghper atrapye of the sil Doenetios| s

controll abl e. ‘Hw—wme—vehm-ry—pasr—ﬁmm t
(PR I 7
1

exchanger tube i sfequival ent™®3t any gi¥én flo E%{gggr o1 "YR®%nut e)

and can bg,control I ed anywhere fromO to 4.5 fjysaHate M. S&e lized
reters/sec.). The pH and tenperature of the butdtrowad evident n adlipomsaindcal | y
controll ed. The treated water is prepared by chetrexchéngerdbe-i on t o dei oni zed
ater. Provisiops_for continyqus nake- and bl.owdown are de by punpi ng
resh tregged watér from sup ?jy tanks P8 the s °\',':y§|3d?b'f NEF ﬁ'&%&r\di(b;%om t he
unp serving as 35 bl owdown. Corrosion rates apgn aeakareaasngd_o Jze@XPOSi NQ
br ecl eaned and wei ghed nmetal specinens for a speosibh ed cpeonghddieat | ne,

hfter which they are renoved, cleaned and rewepthtnger tGor is8Yefm rates are
fal cul ated_by dividing the tgtal coupon wei ght er of days

Df _exposu%oe. 40 T%st par arret%;zs A. Wat g'rs Chem %‘ﬁ%ﬁ?&%’ﬁf%ﬁ%ﬁm or

hS | ppm Cal ci um heat exchanger tube.

err | 300 45 Magnesi um

paccs - 169 onlortde b ° o bovered with calstum phosphats O
p00 50 * Sul fate \?lll’ﬁac (I).:ia?izedlcorrosion isp P :

jerr] 500 Iron evident on coupons and heat Fe
)i 5 Total Alkalinity exchanger tube. CaCCs 30
b5 pH : -

28. 2 B. %est DuFation: 3 d¥Ps C Met &3 urgy: SEBe 2 D above 5y A g -1010
pn-pretreated cogrosi on coup@ns b) Alqgls- 1010 RQR-uRkEh SRIuRCpHISERkteEXChanger
iube D. Water Velocity: 3 ft/sec. (0.91 neterskiBeen rodponsBandkheltat er
[enperature: 122[err]2[err] (50[err]1.1[err]) PxchSigei tbhSedird lofaipgder at ur e:
850[ err] C476.7[err]) 65 G Makeup (Bl owdofffjesiRar¥ienyin nedlst em vol ume
111 1/ day) 23 0 033 417 Additional studies \ﬁ/’éraenggronaﬂct e olillustrate

li) that distinctgy differenfpoand noreehenefi CiHadt ex@andet Subarad ehitpansned when
in acrylic acid/ hydroxypropylacryl ate copol ynere fe8/Af [dBsits enduti | i zed in
enj uncti éh with an orthophosphate 5 conpodPitPs®e: conpared with those
fesul ts obtainabl g when the igenti cal lymer i Lt 11 &S fked Porftidh UNCti oN
lith a pol yphosphgte or a phoog)phonate %%en [errf,f"élg&ld;%égntrgti ons are

fqli valent; (ii) that in addition superior results are obt ai ned when the
fopol ymer 4 s used!in conjunc?®n with &8conbi n¥eivanildodmaynt pfopteizeAhat e,

ioI yphosphat e and phosphonate as conpar ed Wth:xcﬁr@:}i’é‘] “ggﬂgiﬂz? %JpLX With
the copol ymer when the [err] concentration renglpsiedéted atkivated fetal

' oxide film. No deposition.

o 50

J 20.0 4.0 Very light multi-colored
passivated film with superficial
mild localized corrosion. No
deposition observed.

55 .

K 20.0 3.0 . Coupons and tube have a very
light muiti-coloured passivated
film. Almost no localized
corrosion and no deposition.

60

L 20.0 21.0 Severe localized attack together
with a significant amount of
deposition.

65 1 Gaupp, U.S. Patent 3,992,318, Composition | at 25 ppm active solids.
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*10 W i) that there is no performance advantage in using AN HPA in place of
"pol ygcrylic acid (PAA) with pol yphosphate alone; In order to illustrate the
lunex'ect ed activity of the conbinations as enconpassed by the present 33
; vejtion, the particular formulatio segf treatnments together with the

ilfts are recorded in Tables VII| 3% respectively for all of the
't rea ment s wWhitedaboeée orhpsisonel wiete inbdeUtstwierh Shel treatrbinBXd) @iad @abipp rivintioh,\the Ghuppl | |
be s¢en t hanventipn sulpﬁlwlm poiwmer eflcmilpw@(wtel UB-efat 420,575, tbet@t'aﬁdstt_waa&St@keﬂ
Tr om Ml es hVFre%ﬁﬁnﬂ‘;n Ilg:‘:l% SU as w{ te ?%gnb SiNc E s||eat as to
| ngr ¢di enj - i icrd 3 aSHTaK tn Wes aﬁﬂrﬁsﬁ“ﬁrﬁa\ﬂh gty éfiﬁaaﬁ bﬁeeuataeﬁ
much|l ower &Jeréum&c@sas%mafd ofthé Loriokien SFHRGBHHGF Suirts 6 siyflenhlitwhe fal? 3} using
i ndi ¢at i ng mhaaupbhshmqueermuwcm mast dfective asif ¢lasely irasemigessthe wmchniqdes us pplicants.

copoly ﬂ'@# at;etc thezcband us'r?ne Pf"é%qyret‘sh'?ﬂ 'émaﬁji PtP i dhet RUTRORRE O g present
-conpgr abln? f ‘?aﬂ‘\; ﬁ‘m@?ﬁ %’ﬁﬁﬁgf ents wo Id u mateH
_concentrat |m5the| U nat| he cog ner vmt an orthophosphat e

(Treptment Q The;pe{ednrﬁmarls yf taomiastu nmdpﬁebt, a@dlcympaspiens wed, as Miqmreantsm toh:otrJSBB)n

“identical cmp'ter?‘t It:@r\d deniobit fze@tm@sfpemate\ﬁwvyntmheﬁaelﬂtq\ﬂend \‘,';l" @OQB

'(Tr at mang :'r% |b|t:‘§ TR%?rgﬁ earl es type slva r?\hq1 %ssqs‘ Q vei e all )
(ii)f the co %c“l ate an

(Trgatnent’s | A ereﬁv d{tr@ftesﬁabkmﬁn&’eateamdt thé &n)y tl'e‘étrrﬁzh@ m.a‘ch maheyheadhdamate treatment
*unexpect edl are GendG.iothet whigle wera dreatinbres nratdosiahes syith a!te@mentﬁrhentlpmll grpitdrom

*(Tr eéat ment scomPaNg teaimey E{F’rﬁﬁjt“a'l ‘Er‘ﬂ'é SE‘tH gWEﬁ' e‘"e'F' et 9! didhe
‘c nb nat i’ onp'8‘f'§et WB‘GE}PPhESﬁ%nEbﬁa{g%"V i BTeﬂ?h "i' ®phosphonat e
: t he copgbomadtal 3kktion (Treatnments C and prOV| des vastly superi or

corr03| on ppProde@arti on when conpared with conbl nations of the copolyrrer W|th
rt he ort ho hosmis%ﬂbefa?m @ﬁ' ﬁ?‘:’d@ waeeondvcttwwemelaﬁnsdvsm h'-’r ﬂ'@ﬁglt mnsfer

1
&al one, eﬂ fﬁgtz?s S stem ?ei ter |§qé:p6rr }}E% ntrif éirglﬂy on

(Tr eat ment as3 T vanich Qorsdsibi ch BasPY Rin-pio ééP(AlS? aand
; ‘pol yphosph aéxehanaé thble cOMSing af £ﬁléﬂcdl§es abaeme:ss.de loethe p:&hﬂv*gbrl’tqpe(lé‘ fille@ Mtﬁisnmfoné die

S R e e S
b al so t he “PrareEtyp ?%9"8 PrugoHeRss 'gv Y e
Lnote the coRfrd} aé‘ } the e"’k @iqm,ﬁo b, irhe tye‘i{euwhﬁhgalrgﬁd?&

'since it peﬁy}’rdh'&ﬁvcal anImd?PQaaa rffizell Waﬁr RV |bﬁl{3‘or\/ﬁhtﬁfuo&pﬁk&h|bm blohdowh &re
 uni npeded f puowpingf frdsh @resta@bivatergframeslippiyntanks o the ghn;h wab owrﬂmsﬂrtml ti'@apab sérving es,

pronpt i ng® ablewdawni i cant cost advant age bec ter effici '
Toer and | e e S i e 2

033 417 dividing the total coupon weight loss by the number of days of exposur
VI 11 -Corrosion conpositions evaluated (ppm as Treat nent
- Conposi t |‘€'5nTests&:;z:Yr\z%nete(rj1 ppm [err] 5
Tri sodi um pho «x p%t ed 48.0 (12
[TeL,apot assium_pyTopht g%ohate 10.6 * pg%"
~1-Hydroxy ethyl igigum di phosphonic acid 2.4 CaCO, (20(2)
~To| yltri ol e 3.0 (0.0)
YAcrylic acid/ 2- HYaaestyibr opyl acryl ate copol ymer 7.5 CaCOs (30
Chloride cr- 500
50 Sulfate $0, 500
; Iron . Fe 0.5
5 Total Alkalinity CaCO, 30
pH - 7.240.2
i B. Test Duration: 3 days
- C. Metallurgy:
60 a) AlISI-1010 non-pretreated corrosion coupons

b) AlSI-1010 non-pretreated heat exchanger tube
. D. Water Velocity: 3 ft'sec. (0.91 meters/sec.)
; E. Bulk Water Temperature: 122°+2°F (60°+1.1°C)
’ F. Silicone Oil Temperature: 350°F (176.7°C)
65 G. Makeup (Blowdown) Rate: One system volume (11 I/day)
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tf__'lo G ° ° Trisodi um phosphate, hydrated 80.0 k
£(20.0) Acrylic acid/2-hydroxypropylacrylate copolymer[err] 40. 0

t(O ‘0) (ratio of polymer to P04=2: 1) L Acrylic

i d/ 2- hydr oxypropyl acrylic acid copoﬁ?%eﬁfgrr] 40.0 (0.0) Sodium
he imet aphos pldditienal studies were conducted to illustrate 22.0 (20.0) M
'Acryllc aci dl 2-h droxypro Iacryllc aci d copo Xner[err 40. 0
i Tet r apot as éll E g&a at;d mo;:Nl:f;\:)f'clal trlsug are obtanrﬁg hen an %ﬁ
_ copplymer is utilized in co th
LTr I sodlum thrR @as ith those results obtainable whe(r:1 rt?'nl:enld pof’y:‘me:zt E% d in

:1- Hydroxy et kyjirdesnewiei 9 polgjHoeshiae @G ghosphonate when PO,= coRcedtrations are (eduiigienhy
i1- |—|ydr oxy &# thet indaddision] ispperiarpiesits @reqetitained when the copolymer i9 ysefl in conjunctu®, \@ith a

“ACr y| ic acid /c?m P ? y@h Phosphonate as com pared with ga us
serylic oyl e x%ﬁg“%x*?"ﬁ{%?‘? Lt ?}am e A Lt
-Tol yl tri azol @olyphosphate alone; o & b ?w
, Sodi um hexanet aphosphat e 22 0 (20 0) 30
; Pol yacr y| iC gtprd ?uustrate the unexpected activity of the combinations as encomppgpsed by th

(o]

Lerr] Agg Y&Yeg %ﬁ n%t,gpf‘%wﬁiﬁzi%é&gﬁ%%ﬁﬁ fr Eﬁsvgj:f on

EAA HPA nol e T ,,ga

'aci d havi ngpode. VHile QvdaiienseC ghd W a8 Ginilar @igredlientwifkplitystiBuid the nB@d thit the3BAMBA 45
50 55 60 6@"@5"“'0"36(3 9 "@@8'014!§f7(7 FABhEs Ict)(nl@mmwyhmn@otmesmdhmﬂ apr). indicating

i phOSph at that p ye over a v& ran Sf c¢opolymer concentratlfa t ITE nt

[ er r ] qm I ncoI{: %’Lt B f early IB ca e t at on com%arab ektretatrgent dosages at constanéﬁospo? ng r{-’g,,%rrpy

€
\,./ No dep05| t ion or |localized corrosion evi dent (63.5)
..on coupons nhefmaxbmmha ?FE eopolymierwith(@n orthophosphatg@Tr@tment G)is clear a unexpeﬂg%i
™ s wi al cop tlllzed it er olyphos
&gécgangezr tUl?Ep gt‘{? ‘Q Fj'IPea méﬂ: gﬁyl rlazo %[rnreﬁ,t %ﬁg oFt \6’ n.
r (u) t binati léi (g th @bpofindeN (Treatimeatiil-J 8 & of
;( 533) fi aﬁﬁlemm\lll)q si ﬁmﬁtl dnarime)lb’bctedly more effé’&lv&than the orthophdspfiate or th¥/er
y

'm | d anount  @blyptesptatez@ckatrents 63 amhl mpe(ctl@h/z)lsed akmuptbrfbe am'v it exchanger

't ube. Coupti ghekepd f the osphat |t the copolyme

FOXI de f I3Pm NFeR I"e"p%d’ g hﬁﬁh;:}gcm?smv?sty |or corrosnon O%EFJ‘ en é?gpaé‘eedmyvggl on
cgm ons of the topolymer with the o osphate and p hate i e d

‘on coupons aqﬁggﬁg E o

'y (iv) the comblnatlon of copolymer and polyphosphate alone (Treatment P) offers no significant advantage
over a combination of PAA and polyphosphate;
: 35
3 If one carefully observes the operating criteria of the invention, not only is exceptional corrosion
' protection obtainable, but also the protection is obtained without any significant deposition (please note
the comments in Table IX).
The lack of deposition is very important since it permits, for example in a cooling water operation,
40 virtually unimpeded flow of the cooling medium with high heat transfer capabilities, prompting a
significant cost advantage because of greater efficiency at lower and less expensive energy requirements.
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tubes. Coupons and heat exchanger tubes heavily covered with

#sit. .25 0 0.0 146.0 Severe corrosion on coupons
and¥heat exchanger (3708) t ubes. Coupons and heat exchanger tubes heavily
coyered with deposit. 30 P 0 033 4170 9.7 Coupons and =~ 35
heaf exchanger tube are coveifd m_t&rrggodfpgomposiﬁ@,ggi,méghosphate film
Local i zed corrosion is evident on coupons and heat exchanger tube. pdhas
resil ts showeetment Tabl e | X i | | Qobwosltien t he unexpect ed i nprovermnt obtP@Ted
ool not e g
does not “suggest that - rticul ar conbi nati qif;of polyirer
andj phosphate fromt hefu’%%%%%wg%zﬁ?gﬁﬁgg%&bﬁdi ties set for?’bjgi n itga
specification that excupurigoeal corrosion protection is obtainsed in (0.0
acciordance with the cridadiciagdd@hydrprgpopdacetate ¢apolgmen on. The udéxpect ¢xp)
ef flecti vV8@ness cf_’f t he p{r%sgpt ihglsv Q.Eihoé‘réé evident fromthe ¢ rorosiq g at a
injthe Table. LlLittle OAcnﬁQ a _qé;er}!;,g p é&),;a;escopg,gmg,hary to tl’%or esul %?mof
US-A-4, 209, 398. It showdid oklpsomberoF,£2:6d out that the 40 testing
conditions enployed in the Table are nuch nore severe than those utilized
inithe t@stind procedu ‘EY"GfaC'E’!QJ‘NmP‘,VE%M@%c asidi copetyBedi ngly 98 a befQWr
representation of act uBIYEbRARRTEPACSRM8Kdi ti ons general Iy encBint er 689 Thus
US- A- 4, 209, 398uof f er s Rcrfid shiaRHpdRSlyp@bylschMt 668 coolyiamt any 4@l cati @y of
t he superior results atduagitakilie pytophosphatey a speci fi c conbi naieon of (gl ymer
and phosihat es. 45 Fi ef'godjummbesphatgthyditedesti ng of the i nverf8idve cdiz®pt
was_conduct ed at vari olidYdrdief fUwvlideas dehesgRonifAfidk producti on oBérati ng?
conditions. These caseqfdiclyStyRdefe dphstbh&iet R&I ow. 50 Case sjiydy Nqgggl A
m dwest ern petrochem cadryiiglagiaR-hydoxypobystndets opsmesonal 1.7 (0.0)
:phosphat2/ di spersant pr og{_r amin their open recircul atﬂi ng cooling systemto
lcantrol corros?on. Wt ’Yﬁéc'gﬁ@!‘tSPPS{P@Pﬂ?‘@fﬂi@P@‘éﬁ?pqvf"@hf ment ( [gplied( ) a
icdncentration that woul¥"§P3€ 3 ppm ort hophosphate in the reé®r cul af$%g

;vvat er), mld sgeel (Al Saivhdhékme@pHogsHan rates average 15 npgo( 381 (#.gir ons
[py) W t heosever e pitti neolymowyticosidSh present, and fouling of hewto 55 temsfer

ysurfaces ip process equi pment was a chronic problem The cooli n_ﬂ s¥_stem has
fa [hi story of pGtlc ggden ;fgﬁgﬁ%vmvmﬁ COpPYBT NN RN AL A T Pole 1R ot and 2
dgposi ti oneceyiabihc did &a‘vi'ﬁg almolddlr @ight=M8005 Yatib @FpORErab @ogda:A recircul ation
irgt e of %5, 000 gpm (56,780 litres per mnute) with an 18[err] (100

it gnperature drop across the cooling tower. Untreated well water was used as
ngkeup to maintain the recirculating water at 2.5 cycles of concentration.
EArlal ysis of the recirculating water typically gave: 1230 ppmtotal hardness
(gs 60 pm CaCO3), 740 ppm cal ci um hardness (as ppm CaCC3), 40 ppm net hyl
Forlange al kalinity (as ppm CaCO8), 34 ppmsilica (as ppm [err]) and 2360
rmijcr omhos conductivity. Application of a conposition of this invention
"aﬂt‘]slf‘i ed at a concentration that woul d give 15 ppm AA/ HPA pol yner at 10 to
-1% ppm ot hophosphate was nmade to the cooling system with the pH being
‘controlled at 7. Over an 8-nonth period, mild steel corrosion rates were
719 mpy (48.3 jimpy) without any 65 significant pitting corrosion present.
tAdditionally, no fouling problens were incurred with process 26 0 033
r417 50 37 equi pnent. Monitoring
rheat transfer coefficients (U of a process exchanger indicated fouling had
isubsided after the application of the AA HPA-phosphate treatnment. ' In this
:case study the actual treatnent concentrations were: 10.2 ppm[err] 5.1

: pyrophosghate; 2 ppm hydroxyet hyl i dene di phosphonic acid; and 1.7 ppm5

. benzotriazol e (BZT). _
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? 15 ppm AA/HPA (3:1; nol ecul ar wei ght about 6,000). Case study No. 2 A west 3
@; coast facility, operating an open recirculating cooling systemw th cal ciun
- hardness levels 10 typically below 100 ppm (as ppm CaC33) in the 36

i recircul ating water, had al ways fO” & %t {fcessary to supplement its
ptosphat e/ di spersant treatment wt 3 o control mld steel corrosion.

; The addition of zinc was necggsaf Mﬁ{;ﬁdﬂ@&f ¢dnasiphasphat e/ di sper sant

; treatnent al one was bl e to establish an adequate diffusion barrier film

- in the | ow har dnesghdspiiass . Idotresiaat eel corrosion rates were as high as 9 npy

. (229 [err]lmpy), W|¢0hc pfttin t%dh osi on occasionally a problem The cooling

: syst em eper at ed at vgatPe r ¢ rate of db‘i,e,:l,&mQQO gpm (56 780 litres per
m nut e) V\Frﬁﬁm ,H 8[ Eq_l'? f)gf4 4[ Pr r%ng fF\I'YT\Dr atitHe dv‘

} u €1 0SS t |I tower — R ver

-water was~usgd as nmakepp to mea.st ai rNotmom@olwdeP'&‘?Hgmg\}@T &y "'é‘{ 1.5 cycles
“of concentrafion. Applicationteds a OrfgeRA"t PoRGFTHIY MiVent i on (appii ed

at a coscentration that woul d %Ive S1eBP RN, AR GbeP&HdYodBIona 8@ fieB df 0 16 ppm
i H ﬁ

* ort hophosphafe in thé®Pecircul Ji NO d&pdshs X mﬁl-.dnl’dikumt ed the pitting corrosion
~and reduced mld steel corr03|on rates to 1.4

35 vﬁm ?pgé wi t hout

sincurring any foulingo@0 problags. Tyeseradacalizpd ”oﬁtp%{t Bt dPplied in
this came study were: 12 ppm [@P’r] pfﬁ?ﬁ'i'tta@’ﬁ“%tp‘gta Si um pyr ophosphate; 2.4
. ppm hydroxyet hyl i dene (1| phospheni ¢ agid mildRfhourd of utalkena@obsiomen| e.. 5 ppm

o pr—

“AA/HPA (3:1 Mol ecul &4wei ght (@kput &upéHs)and Bbat exchanges peEFOPen, t he
:l aboratory data and the field studi edevelbpedrd y'u'l"ﬁeIP't‘a‘{ gaspivled 62 c e nent
Lprovidego by the treatments of the preddnfim; No @RR:BR™ O ai ns 30 1. A

scowgosition for provi di J'g apr oectlgg,egac%%g(@, S bdliorfsi dnghest exttengsur f ace of
ta ferrous mefMallic pa?Ot in co fg‘ t Wijbbs. RBupdesl eaibeat etcangentubdst h I'ittle or
tno attendant deposition of scal e on seaviy awered withidepesitonpri ses (a) a

L wat er-sgfubl e pol yner conprising uni ts derl ved qu Q Gl rehd &cﬁ%ﬁbeﬁl or
rwat er - sol ubl @ sal t t he®®of an ‘% itsS ﬂ,}ﬁ ang@M\Ribesoth

;acryl ate, wherein the units of37t e pqli,‘x,mw. 5@ t he foIIovm ng 35
if or nul ae: - R

[err] V\A}grel n R is hydsegen or v | ov\mougan%pd befatp ;ﬂégarh? r:gc reé’nw'zti onE:

{err] is OH OMor NH2 where M8 a W&‘P‘é’f“n OIH@T Hebk, ex rféh tmtﬁ a | ower
pal kyl ene of from2 to 6 carbon atons % RA% Pe™ratio of x:y is 36:1 to

L: 4 and 50 AoWiRinEFab® O Wibteatedtht luo@ipesqhi aip@v aiged ﬁ‘ﬂ@ th e n a
i ght haSiaenty J‘.’%‘Ea.ﬁpawmrif uo-thazesen mg Apisuase ng{‘g@i shioseed sa ﬁ;fn g

f’
from1:8 t@,mbmiitlortdﬁGOIWOMQP'Equtﬁ dm acgbr a ‘I)t?l he ¢ritdri Qm6bk$e@ﬁnmnon
¢l ai med | nthetlewqwq!‘a' A\ §" gg"% entiGHis &vidd tf,s,aitde qaabymtauruhgaqb& thtle
or t hophospTﬂft de os ‘é@e"e résGlts of 083-A—8,209:898. It shoul alsg be @ ce
cl ai med bfm" aiph .o oISV tHe oo okt mére setore than Hage Wizen i 'gq? gn ";‘;,,e,a“y
ter-solu o/Eav0, 398 une adsordingly ave i HettepieprasRRERtigy of Al Fommes
h

reof . 4enclurte OS' L & ¢ Lidiche vathoiRy ﬂHlBat'bﬁlefthESugéTtor rea\thso
of said ort%}%\?@g el ?%ﬁ?ﬁ&ﬁ%&%&%ﬁgma&d ﬁhlgsmaies both expressed as
j'_err] |s‘ ¥igng 3.2 A conposition as clainmed in claim4, wherein

sai d rati ofgjef duide® 2: 1 to 81. 6. A conposition_as JTEHall sResAiherogtedueion
clains 1 to Sactyshestinigrefithe 'DY?@"‘fet fiap avgga?gﬁd Va"&lr?qgnd R2is 60 a | ower
al kyl ene ofopgaWr%Bﬂ“?i‘PoﬁEse se RYEBnposition as cI ai ned | n any one of

el ai s 1t al so contains (c) avvater-soluble

gonpound * 8% M‘w@m ,sduedshems:amlamt wesdusmﬂ a@P@Mﬂ F’\Wl’ﬁg’at E’ﬂ, "ﬁ@éﬁ?{ﬁ v the"

bf said or td»e@haapiamwmmsmﬂt rﬁ@ *g* o G0
S

15:1 to 1: 3atagoncghtrg Y"fg’ tf,sﬁ, ea,m’ng&owvafn@rasem.andfonlmg|°6hqa's
2 5:1 to 5;' '?igl::fsé:’;t::ftae:es mr apgu'ZcesLnEZumment was a chronic problem The cooling system has a history of pH

trol difficult. The cooling system
| problems which made corrosion and deposition con N
. gz:;:ea:tdai:z:::ulgtlon rate of 15,000 gpm (56,780 Iltre‘sj per n:'r(\:‘::) t‘glmai::tl?n':t :‘13 0:2;232:?;%:&:0;
asm
across the cooling tower. Untreated well water was use o e el hardness (s
antration. Analysis of the recirculating water typicaily g
60 i::‘yg;%soj c;tﬂ)cppm calcium hardness {as ppm C:CO,,) 43 pc;:m tmethyl orange alkalinity (as ppm CaCO;),
: m, SiO,) and 2360 micromhos conductivi
. pxm I::L':lzn(a:f ';pcompogltlon of this invention applied at a concentration that woutI: tghl;e lilsb‘;?r:;
ANHIEK polymer at 10 to 15 ppm orthophosphate was made to the co:)gnrgps;;/ﬁgrg,uﬂ D i 3\ e
er an 8-month period, mild steel corrosion rates were
65 ‘s:?gnr::-f?cl:fr?t a:)|7tt|(n); corrosion present. Additionally, no fouling problems were incurred with process
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0 033 417 equi prent. Mnitoring heat transfer coefficients (U of a process
exchanger indicated fouling had subsided after the application of the

AA/ HPA- phosphate treatnment. In this case study the actual treatnent
concentrations were: 10.2 ppm [ er91033 #1&r ophosphate; 2 ppm 37

hydr OXY eguiprhent] MBRItdHin RSN coebibrts (URRTY prbcels BRI f
pm A PRRA 1 napjbhcamm e A, - ghtspbo trbatigerd00) . i y*%q'lags‘fbﬁ@

coast /f aciln jthis, cas “??EE‘H" CRNEpMtEtionstw cooI i ng systemw t h cal ci um
har dngs geJZ‘F g <E_ Y'P& 138502 PeT 'Bﬁ’ﬁi‘y(eé@?"ﬁ icjafid 3nd 1.7 ppm
recircul attsrtgmvm/ﬂm <é1ﬁdnaéaaﬁv&efgﬂumuﬂéooﬁﬁcessary to supplement its

phosphat e/ di spersant treatnment with zinc, to control mld steel corrosion.
The addF?ﬁecﬁ‘PdeN%? c..\Was necessary because t he phosphat e/ di sper sant

e , i rdness levals fj | m
e AT wg‘ﬁe@g?:rmgﬁsam% n?gf 5y

(229 pneipgivas nedebdanfbietdutetie HoSThaRIRPerMERGtrRERtdidrs was (Bl kod3tablibh @n sdRGuatd g
system d'ﬁeﬂm agrieq filmein rfsdqvv tandraess waterr Mildstepf cOB'O:ﬁ.@t 8o werp B (ifiG3s B3Pyl (R2%es per

m nutg) %«% Rl pasiopipn pop ﬁiva%i g—.‘p}Z wsesvete@ ey esieuletanaste oy ver
ééaseﬁakgﬁ;( stft?;m Bin Qtn \ﬁtﬁﬁgfy@@ ‘L?Fg? weé'tR'Tr ‘3""88/c| es

of concentmp@tma%h of ADImpoaitiorOF thik inveRANsYRlidd 413 @ cehiilétisn Itlml%&w Qive 53pR 1 ed

at a coAs&HAmatymenardtt toviGurpch grthephdsplmin AR teEiAuaUhgy water) alirdindt@d the pltbngopm

ort hop hB%" gﬁ’&f‘ é"‘? fediRe Myl gted comrasiangesat dreyepl-frim avlewithaybingyiring amy faubisg osi on

an@ed ceq Bhésl R 6% Lo tta@tg & hftylughe:PY (356 [err]mpy), without

i ncurring arbbmf' OUPO B4 6 phm stk hBRhAE zﬁmmwxaé:ma&m%wbépﬁmé n

thi s cased: satnd pmbe'izotm&oppm err] ppmtetrapotassi um pyrophosphate;

ppm h dro H!I’értyd m;wtlbalmt 8000hnd 2 ppm benzotri azol e. m
3; ?Qggﬂ thefi %ﬁydnesz@ar Y mqnﬁtestm?rveq\% ﬁrowgﬂ:g

Iaborato dxa a a studies clearl y indicate the advancenent

provi dedlah)s t he treat rrent s of the present invention. Cains 30 1. A

corrp03| tion for row ding a protective passive OXI de filmon the surface of

a fer¥fous hfcen ‘?SB'° P'°Y‘ ing & Ato "e\EP’tsi’Ye pihe ofiaderranp pstaliic part ¢ or
no at t el oo P e sﬁ"*'%‘a“r' TR s RP T SopFEEN 3 S5, e oty when

wat er - s oI uB) Bvdesrsyome pa«,maa ebriipridGhg UnitsldBrivde krbM @A adrjiie Biid6r vidker¥oliitle it hithredf
wat er - sehdilite of &l lydtorgatedfowermakylLiavryizse, eherain tipohitoafthapahoindr baving thé folldwing
acryl Bt @&™yRerein the units of the pol yner having the follow ng 35
formul ae: - R F?,404§
[err] wherein Ris h drogqn of a | ower alkyl} of to 3 carbon atons;
[err] is OH OMor [ H M i sand wat er—s0H ion; R2 is a | ower
al kyl¥ne of from2 td 6 cdrbop atonms and thej nol el ratjo of x:y is 36:1 to
1:4; and (b) a water-{solu rt hophosphat e fonpagind, jthe ratio on a wei ght
ba@s of the polymer jto the ofthophosphate ekpresged as [err] being from
1:8 to 4:1, the conposition bel'ng zinc-free.}2. A conposition as clained in
cl ai nfe1, V\,herel n the weight ratio of sal d polynerRtOHiai d orthophosphate
expressed as erhr I S fr?m} 6 tor2 A .conp 03|t|on as cl ai rregl I.n
one of d\:rvgaer -$0! utgecéé lgrg‘e% ‘}éﬂllmrgl H rom% aﬂ @gtr%?‘ fe é@'«f %\greé ﬁ“ﬁgno
phosphoni.£ 3 nd o P &Lt G5 donpos! ti on
as cl®&i rred(bl) a vfakeaJsmtBe omfwl‘\&bﬂaté bBenpbahd) ke datd bmamtengaabainsmf trteqph/afep kathe t o
sai d phcsqusnhaamxglrewd 28 PO,= bmmfrvmﬁr&a@s‘bu thes cqrenosition) heifg zienflee? to 13: 1.
A composition as claimed in claim 1, wherein the weight ratio of said polymer to said

orthophosphate expressed as PO,= is from 1:6 to 2:1.

3. A composition as claimed in any one of claims 1 and 2 which additionally contains a water-soluble
organo phosphonic acid compound or a water-soluble salt thereof.

4. A composition as claimed in claim 3, wherein the weight ratio of said 'orthophosphate to said
phosphonic acid or salt, both expressed as PQ,=, is from 1:2 to 13:1.

5. A composition as claimed in claim 4, wherein said ratio is from 2:1 to 8:1.

6. A composition as claimed in any one of claims 1 to 5, wherein in the formulae R is hydrogen and R; is
a lower alkylene of 3 carbon atoms.

7. A composition as claimed in any one of claims 1 to 6 which also contains

55

60

{c) a water-soluble polyphosphate compound.
8. A composition as claimed in claim 7, wherein the welght ratio of said orthophosphate to
polyphosphate, both expressed as PQ,=, is from 15:1 to 1:3.

65 9. A composition as claimed in claim 8 wherein said ratio is 2.5:1 to 1:1.
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5. conposition as clained in claim4, wherein said ratiois from2:1 to
8:@ 6. Aconposition as clainmed in any one of clains 1 to 5 wherein in
t h forrrul ae Ris hydrogen and R2 | ﬂ§8 ‘i\'tower al kyl ene of 3 carbon atons.
7. \eorrp03|t|on as clainmed in any™o 0 laims 1 to 6 which al so cont aigg
(c a wat equirsehu betopag heptiasgtrabeticRor 1) b ichrodBss eAcheryetindidatdd Boulimha bubkig®d | N

they ??Pt'qq@'\mﬂh?ﬁwﬁ&é-rdwafha@aredtmm ho rphosphat e to pol yphosphat e,

ex as ¢ :f‘ ;f%ﬁ“ﬁ;’t ?Z{ ai‘;?'.‘ i on..as imed in
- T%E&;z&h 'ﬁ“‘fﬁ#‘i’%’[ elrsiebay 2 b oeyividor AR R

i 05|t|on 1@ppal Mnml(an nedhgéulameeight abéuliemsor.l to 9, which al so contains at
st one cop r corrosi on inhibitor. 11. A corrpositi on as cI ai med i n claim
vvhere corrosi on inhi b.l t i s sel ted g’o e,

R o b e
e o

f I med | Bupplabhe@n€ p e?dléiSErsﬂnt Er@atrilaant 8h& td tohthd rth QE&Wr

hylir oxy pzumpryds naressytv&b@usell& phéspbnemisnershmtcraataentalbae wiB dndble teésteblish b adeqdedsr ei n
8¢ q‘f's'ftfﬁe"at?' |'n @emmrqmswtgt dild steel cw%xtambga 18 hg%es{c Rt (@290 t s
IS 3 1 i@n% 6&% ﬁnu Vé ﬁ@‘ F (X\ﬁcqm‘?pe atu rosg%he tg{w ?‘Qﬂggﬁgﬁ on
af | ai Meqlad Gsed (Sl Ab ol GETS

orfgsalt 10 |naaprbpdmoofyr@prémodemmsjinmﬂ&phamm aaa:bdiomratammmula@tvulsl @nsal t
fer eof  r AA{HEA trolympryand 112 to A6 mmumpsnmmubthwwgcwm;; water) plimiated thefpittinaous
e al par f;%" 'ﬁ“ enshredicpd (ilq #feeh coryopign fates do L4 ey (FS-© 418 ryb wReuhineying any fouling. o
..ggxdant By lnt.s;cmnﬁtt s86 dbpfll) i HidlodsE 1,8 oA L S, whi ch corrosi on

AT ti on i% pphtelmg BVpr@Eéﬂ’d;b isEl@m IpPropasghated b.APprh BifdrSlyetylidéreldithbdphénic
pgssi ve omndjeanﬁml mrrohertéteazde.t al surface in cont act W|th sai d aqueous

Tgeli um F)'?T"P'S“é@' we'eht)aba'g g at @H of said aqueous
el um ¥ sb ,,g;;gj ;at‘éﬁmgnﬁg'e o - Gord i e >dtenrm R prrdoes
tdncentrat| on of ca CI um or ot I ons sel ected from ni ckel and chrom um
and m xt ucesnst hereof is at |east 15 parts per mllion parts of vvater' and
{l ii) adding to sa| d aqueous medi um a conp 03|t|on as cI a| med in one of

cl '3a| ns -’T tO 11Ac rovudm % §sn erroys
oV nt | a%)%

1 n_contact Wlth an a ueous solutlo |t Il ie.or n en an de sca n
addi tion o e MOUNE qor anoun Fl %n‘tt slioivd cPe & substa

#t hod as aud @ritseban hydokdater 1dwer aWelemlate wireeeinothe hmphbﬂ'np lheltreer (havipy the foliaiviag
ferr]) Psfumuets—to sai d aqueous nediumin an anount of 6 to 30 parts per

jl 1ion parts of water rand gai & polynmer is added ip an_25 amount of from3
25 parts per mllionf parts water. 17. Alnethod ag clainmed in claim

, Wherein the pH is—#a ; -or aod ust ed-—+aHaH range of 6.5 to

5. 18% A nmethod as cllaimed inl claim 16, whepein §he drgano phosphonic

id conpound or salt there pressed as [efr] | ddqed to said aqueous

pdi um i n an anmount of |1 tog rts per mlli f water. 30 19. A
bt hod as clainmed in any one of *laims 15 to 18, wher eijn t he pol yphosphate
tekpresst¥d as [err] is added to the aqueous rre i ; \armunt of 3 to 10

tparts per nillion parts of wat e ascalme
tg\/ater

N d
S i a,ﬁw%’ttmf M%t’%’%t‘%‘%?@" nsﬁt.%“%t el ST 4 ot ©

i passi vew OXI' gbs amter-wbnmobﬂdsﬂhe compolnidS®a o ain| & weighe masusnofaar pdwnmga e t
ei ner wBr |ogm0phlgmtlatn xpregsed/ey PR ssckepingrfrpro #81to widi the spmpasisinel éeing/gine-freeger ung der

§ Ansat zbi | du RRPStioR s, dlgimed i, plaig) iR rthe Ayejobt gtio (s | spidppalmes, 1 sai
E nhei t en ﬁgﬁﬁ;ﬁmﬁﬁc&ﬁ@&?‘ﬁf&%g& @%EQP.{ wﬁ&ra@&tlonally contains a water-soluble

organo phosphonic acid compound or a water-soluble sait thereof.

4. A composition as claimed in claim 3, wherein the weight ratio of said orthophosphate to said
phosphonic acid or salt, both expressed as PO,=, is from 1:2 to 13:1.

5. A composition as claimed in claim 4, wherein said ratio is from 2:1 to 8:1.

6. A composition as claimed in any one of claims 1 to 5, wherein in the formulae R is hydrogen and R, is

50  a lower alkytene of 3 carbon atoms. -
7. A composition as claimed in any one of claims 1 to 6 which also contains

: {c} a water-soluble polvphosphate compound.
y 8. A composition as claimed in claim 7, wherein the weight ratio of said orthophosphate to

polyphosphate, both expressed as PO,=, is from 15:1 to 1:3.
65 9. A composition as claimed in claim 8 wherein said ratio is 2.5:1 to 1:1.
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lasser | 6slichen Salz und Einheiten eines hydroxyl gruppenhal tigen mit

ii ederen Al kyl gruppen substituierten Acrylats, wobei die Einheiten

;ol jgenden For nel n ent sprechen R R 45 [err]
\g—l y worin R ein Wasserstoffatom oder eine niedere Al kylgruppe mt 1
Bi S~3 Kohl enst of f at onen; [err] ei ne O@ 08B qg¥pr [err] Guppe ist, in

f‘Icher M ein erlosjlche jon bed rr]. eine ni ede

\| kyI engr uppg %mg't'%" ?(s i‘f‘@f“f 3% %hlms lkf‘?nHL %E'S‘Mﬂ" Ver ﬁgﬁ?sﬁ P PPper
6 beir ng&mwaﬁkoms BhiMedVihSchdith [16,SAHefdiothe GYgpBORNBSSH RhibitoMERlectdd from
e cht sver hadlwmamlerdnydtmzoIz,wnﬁrmhmmm@braﬁpoahds 60 PO4= 1:8 bis 4:1 betrigt
nd das M £tel 12i Alepmegsitiongs cigimeg/firy mlonnatﬁalmﬁém dbtwherein ihe pydrejgcpliyl acrylate is

Eewi cht hY4resY haph
}[N![ gl ﬁ\ég[] %11‘5 § mslgﬁ%? as c%;r:‘%\d;&%%l O&F &fsr:'ﬂl-?n%hlzblﬁ of t'lhegcrglc acng HﬂtsQEE& g&drox%
rgam sche Pho Sﬂh@cfhﬁﬁﬂﬁﬁm&délém’dei’neﬁlm\ﬂ&ﬁﬁ’ Hesdin ala Qﬁga %sﬂﬁhlb&ﬂldcomﬁ&md or shit

ttel nacH is rou\cethﬂldemlmmsn!’aac @eidvior htveatersdialiie prltstherent repedivgin hat zu

hosphonsaur e f ighipiin ’I"°§'°a fepew-mg.gga ﬁ? "é"ﬁ 'ee eous

' QS| [v (¢ -]} n on Is

oy BT A e R sﬁx il
et ragt . 6. aa@gbs ReMiEH) WREh 5 worin in en Formeln R

I n WAsserst offatom und Rg eine ni edere Al kyI engruppe mt 3

fohl enst of f at (imspuringithat The pif oft w8jd snmedys anadiom WSS webeysiche 1 bi s

nthal tend zUSap e el T AT &fs“gzeb,;f:»rpﬂg;,gwaf:::&“ e

ach Anspr uc'ﬂu)idd lth Qald% E@é’\h rﬁ\éeJo tﬂinsas a‘imn ﬁ;h daims 1 to 14 or the
o{ yphosphat - | essip ﬁen&|o$s mpdsitioh irtépwise ddiinlirbghtamolint oMarhduats sifficiént A BRAde@N

, Worin das Vesuhgtbrtialyssc@le red phyitestive; daswmmlmm the/metallit svrfech ei nem der

nspruche 1 bi 3169 e nd zum nql rrosio t 10
Lo g Sl R AR
ol ytri azais- gm P bma rpe hglzp I ndung 1 st

ach ei nem der ﬁmrmmhodns claubedSn axa;m mmhereudae‘pl-l-tydwamxayﬁﬂ kgddaxstag'wwtm the range of65

droxypropylt‘a& | at |st Mttel nach Anspruch 12, worin das Verhaltni S

cryl saur eei nh ss’éﬁe F@/ﬂi?i?ggﬂﬁp%‘? %'F&F'Higﬁﬁg “ a " ggi qugfﬂcg

ol yrrore. eion MEISXAE COSEN veh wher »Pp%&lpha@ BH@

2 oder 14, \M)iddad (31 ene@agaanaopbaxsrnhmrasauwentaﬂiertoderpem @ nFillion parts of water.

dr oxyet hyl i deibdh platheparmiriraedieanydoe ofdizineal 5819z whesein the Bauepismiegiymancontsined in a

er hi nder ung °€R§'F‘9 N@'fef &%t h von Eisennetallteilen in BerOhrung nit einer

| nkfreiengs V\EI% Lrgsung mt geringer oder keiner Ansatzbil dung auf den
e s'"\?\'f) man den Korrosionsschutz erhalt, indem auf der

bt al | fl ache, dii, Riwdi Zur BIRGAgWReF $cf GscNE bitiél passivBROKM aufr Seefiache voh Bisehetallteilen
hut zuber zutp Besdhreignein epus o/ikrmen (Dnsuug geerrUedeﬂwn ragler Wﬁ&etmﬂe)‘dege\(ﬁamﬂews flert

ird, dag @eﬁnﬁyﬁb Pg eef g‘h t, 5,508t k8GLard oder deren
) oo e\ e N i B o
il oi u Iats, Eln@lfeﬁﬂ%lﬁﬁhﬂéh Eddmiein ﬁl‘iﬁreclﬁn ppm bezogen auf
sser-bet ragt und 25 i1i) man dem waBrigen Mediumein Mttel nach ei nem
er Ansprughe 1 bis 14 ode onponent en sdhrit fwei s in Mengen
jugi bt, um ei nen i mwesent i arfsat zf r ei en Schéﬁz erz§ig aus passivem

i d jderl. 16. Verfahrjen ‘nqch Apspruch 15, wobei
gas Ot hophosphat -al s PO4mjdem @#orfi gen Medi um ijn 30 Ceonef Menge von 6 bis
0 ppm undgdes Pol ymere injei neg nge von 3 big 25 %Dm ezogen auf

Msser, oo X '

|
L R—OHly

5% worin R ein Wasserstoffatom oder eine niedere Alkylgruppe mit 1 bis 3 Kohlenstoffatomen; R, eine OH, OM

oder NH,— Gruppe ist, in welcher M ein wasserlgsliches Kation bedeutet; R, eine niedere Alkylengruppe
mit 2 bis 6 Kohlenstoffatomen ist und das Molverhéltnis x:y 36:1 bis 1:4 betrégt und

b) ein wasseriésliches Orthophosphat, wobei das Gewichtsverhéltnis Polymer zu Orthophosphat—als
PO,=—1:8 bis 4:1 betragt und das Mittel zinkfrei ist.

2. Mittel nach Anspruch 1, worin das Gewichtsverhéltnis Polymer zu Orthophosphat—als PO,=—1:6 bis
2:1 betragt.

3. Mltgtel nach Anspruch 1 oder 2, wobei es zusétzlich eine wasserloshche organische Phosphonséure
oder deren wasserldsliches Salz enthélt.

4. Mittel nach Anspruch 3, worin das Gewichtsverhéltnis von Orthophosphat zu Phosphonséure oder
deren Salz—jeweils als PO,=—1:2 bis 13:1 betrdgt.
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ben wird. 17. Verfahren nach Anspruch 16, worin der pHWert auf 6,5

], 5 gehal ten oder eingestellt wird. 18. Verfahren nach Anspruch 16,
worin di e Organophosphonsaure oder deren Sal z-als PO4= in el ner Menge von 1
bi s\& ppm bezogen auf Wasser, dem wgy ?geaﬁ/bdl um zugegeben wird. 35

19. Verfahren nach ei nem der Anspruche 18, worin das

Pol yphosphat--'-all\@ﬁ@@m-@enmch‘« Worm das Verhiiisi bh'smdb%rﬁstr n ei ner Menge von 3
bis 10, ppm nagh pineyp, des A éBéﬁ‘?"W"r‘B“ Formeln e WassestioffatarhundiRe 8iRs

der_mnHuchs ?t%. | Sk ama ki m gch %ﬁ’isé‘mwmwmsmh KONl wasser syst em i st.
40 Revendiscat i @ &ass JddQickea MR phdsptRll pour forner une pellicule protectrice
d' oxyde passi f8. Mrtteanasmmﬁsnmeh umnedqsaemcmsmm:s mrthdsmamtrsum@mmeﬁems als

avec une solP@stol: Eﬁréﬁs@“a%ans dep6t ane |ncrustat|ons ou tartre

8,
sur cette partj,du %Af%":rg Aﬁ”“éﬁ‘g}% ol &ﬁﬁ%ﬁfﬁm H SRR Ao
- 4S  so(@) HNIMRE! dERArRpridHH 'd Keipfe H(H?Jo@&@.ﬁ\hb 2indPdiythidzoll BeH2otAzb0Sd
acryl i que oBedfotipzawtbidiyey &6 Ol ubte de t cet acide et des
motifs d' un act Mm@aﬁ*mmd@ bfkgﬂeé bis Af. avofiedas HY‘#WF'WC k Hysirxyprenylagryletist] es

suivantes: f Orlaterr:EIeleln %ﬁgbeﬁfg E{%ﬁg‘eg’ow r(gg'r\ﬁ:i?ﬁ(ul rgewic %ﬁ: t "lYﬂméXWlé
i mﬁb

en C A G3 "Ryl o 0 CorihobbebricHssaid” Wk Cadd Sal
eau; R2 est wa\ro;a,lehyuﬁmprﬁ&: aé}eGﬁefeaerAnasazaaport nol ai re X'y est conpris *

60 entre 36: 115eVerfbhrdn ztet/er(r?oylermds sen eniEsepintat! rsrtgirmbt#l@rddrfrswn
| Veau, e r mer' ?H'i'eé? perigger ﬂac =pild ﬁ?? M&ﬁ m@ ﬁ
en P04= 6508‘ aueg gr%:g; e bil I ? %nm f % msg
aé»de zi nc. osr t1on selon evendi cation 1 dans | aquelle le

r appor t ponderge#varduuspﬂbvymaraa dér pH Weh@llei epiges Medings Ganindd&d]s,9 besiyt: conpri s
,ent re 1: 6 etii)lpewdhripigtey] wird, daf@ ©B Walrigen Medium die Konzentratron an Calciumionen oder Nickel-

40 3 Co %rk)tqnqﬁ:e%éﬂwlgmeﬁwgmﬁar a l;e_zl_ogggler 'gns che ﬁmaﬂa Jﬁg (?ergn%Fnlbgnemgn
fconpose d acl d%h g e gt L Ubi tlrgﬁ thtibers \?d aus passivem
hydriosol ubl e dBuccatf daaCMdteuﬂaé'he zG(H'IWSI t i on sel on a revendr cat ion 3 dens

|l aquel | e Ie raP ort ponderal de |’ orthophosphate al’ acrde : phosphonrque
ou A son s

5. Corrposr t i 'E&ﬁ:’éf %b'%ﬁw"égft; % "Zfzed'g i E"EeY"I"é 2T—rp BB ez"rge'éést'?“gsser’
iconﬂr s ent r € 1%7 Ver@ihreR nheh KnsplBHIB&bdid 847 pRSVeA bt 6,588 Sglyiiwéh%lﬂdﬁ? eliGdstellt wird.
revandi cat i ons 18l Verfabreo ass Anspause 16, szonmlaa Qrdawhésphmit@swerﬁbr tséles-pls PO.= in einer
br epriesent e IM‘W? by ﬁewnsze{ﬂsera we&rtsﬁrweeremczases

rCorrposr t | on i Is s Pol " . Franr
 6gale G Eoemw tja As.ei 1 .%gzé%waiﬁ Meé; %W:E; Qi

ysel an Ia rewgndlcatron 7 dans | aquel | e Ie rapport ponder al de
| ' orjt hophosphat e au pol yphosphate (les deux exprinmes en P04=) est conpris

Fent e 15: f° dRevendigatiogs Conposition selon | a revendication 8 dans | aquelle ce
rgpport est CorlertescoﬁBI:Jnﬁ)n Zot fhrkeh urte peliichie pr%@%‘oﬂdg Rasif laGd sdrfabl'@une partie

-queticonque  dfsaliiddy Gandiseah cshtstt dvedurid,sokitidn 2q0elibe, Stk dEBOLIMEIIAE d'IhBrustations biStaer S

£1 nhijbi t eur s soordteeattia, moa\re@setonunhml @én&rcemptistﬁlon qunqpmp@ndposr tion sel on I a

revendi caff on SP@“ ,FQ“@'El"‘"i“ f‘P%del B PRI pnss!
éE'est choi si p‘iﬁ} ?ﬁ'decfé ?) a9 a?%'f"yl P’ 3’?’8 ?q{?ese"'b'é“r’lt'zo 'r'|°5tz% |°(ﬁurqes s"tva"tes

f benzot hi azol i ques. 12 Oo si tigon
frevendr cations 1 a 11 dens |l aquel |l ejl " acryl ate d hydr bxyal

vt e

e R T

o g ey oy

| airyl ate d' hydroxypropyl ¢ est
ol

es
yl e est

nmposi®i on seféi: ndi cation 12

d' aci de acrylkiqueg 0 notifs de
apport 3 et le copolynere a une masse
culaire de 6000. 14. osrrt,r of,selon I a reyendigatiopn 12 ou 13 dans
el l e I*®aci de organophosphoni que ou son sel e$t |'&ci
rloxy- 6t hyl i dene di phosphoni que ou un sel hydrdsol u

formules dans lesquelles R représente I'hydrogéne ou un alkyle en C, & C,; R, représente OH, OM ou NHz,
M étant un cation soluble dans I'eau; R, est un alkyléne en C, & C, et la rapport molaire x:y est compris
entre 36:1 et 1:4; et

{b) un composé orthophosphorique soluble dans I‘eau, le rapport pondéral du polymére au composé
orthophosphonque exprimé en PO,= étant compris entre 1:8 et 4:1, et cette composition ne contenant pas
de zinc.
2. Composition selon la revendication 1 dans laquelle le rapport pondéral du polymére a
Yorthophosphate (en PO,=) est compris entre 1:6 et 2:1.

el on | " une ggel comque

X

F 1" aeryl at € d' hydr oxy- prop
.dans | aquelle | e rapport des mot i fos

| aq

i hyd Ycet acide.
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3 . .
1. Une nbt hode d'inhibition de |la corrosion de parties netalliques

fgrreuses qui sont en contact avec une solution aqueuse ne contenant pas de
zjnc, sans qu'il se produise en neme tenps un depot r 25 40
di iqgrustations ou tartre sur ces p6r033341'érreuses ou avec seul enent un

fai bl e d6p6t 5 ¢ ik QanquH'rev%ﬁ icatiGh ?%H% d?,%onk.é’nzaﬁ R LiP Borfpodd §a 6 +Jg&‘61 €
protectrij Cho SHOXi g& dAdRSddns Pébu dudurSedl oRlble R 1cad acRid. CONt act avec
mlieu \égueuxt Cd?f&:bhmﬁ&eldelasevhmﬁpaﬁinlSe!ans(léo).lelarle rapRE purdéralded’ ofti@ppddpblite Niakitieu

aqueux E5t phpsphenined o155 Sorb sel dlgs deuwyexpridips (ep l)"%ﬁ’%ﬁ‘&@‘wﬁ@" ézleaWéneur du

S en dan S is
mlieu aﬁueu g?{nqoa?:'on sg f‘%f uﬂigoagkr%ﬂdesa l'?vendlcata ns(?%p%ﬁ%?néﬁg%gl ans %es formtué ESt
d' au Moi NSik30ddETR ebrésdt IHyltobdnd bt RS ulb dpirieSa Tarbone. j o
ajoute au mlzl equm&uwunmnsqw&&n&e a3 r&%hd)&htlbnsl nyenﬁu« @6ntidht dyblomedtes
conposant s ddcleetrolypixs sonubbndapaieades addi tions star 6es, dens une ou des
propor ti'8ns_Sufameos efe Bt ﬂﬁns I‘%“@'ﬁr‘? sfeEo 'P' dguertinpEospbae Peul e
prot ectr i c&'ff g}ﬁ&&%ﬁ.ﬁ? i L‘ o bo! st e 181 Hylode
sel on la revep Sifidh %Héq ev&r @gar@neﬁnmPQél 1
est aj out epladieund inhnBtbuﬁi]ddrﬁtdé(ladﬁﬁGStmm ar\a@ortlon de 6 A 30 parties par

m|lion ‘de pdftGogwositicazelon btfe\lleed'@awo W@@Msnh}w&w}ypmﬁd? eqregsioni du Quivee ¢85

gart I les pazhc ’ﬁz P’%Wbﬂessc |orﬁ sg?én tI('%mterl qgéémduszieostr rev ndlcatg)ngé;‘u?w}?o a:I:%lvc?u% ai;[ryllla Q 16
ens | aque J<¥S € entre

l\/bt hode sel oﬁ’s‘%@rﬁpeymcueﬁald fe\nma,&m rnzsddnaweéube,- Hap@alddemerfga'eawms,p@quue

ou son <8l mptfs dPRéryla teeﬂrtvd Mpeleast levabrog(3 ehig Genslymiderpoune Masse MEiFoyldirecia 6009. 1 A

6 parties ar14rﬁ°NPP%t|'P ara "é&ﬂ””l@"s' %WP'P"S é'qEﬂfé‘Iseﬁ)Fﬂhue
bﬁeﬁ?ﬁmms W W

des revend élf__ﬁ'gmﬁémd ﬁg
pj out6 au [hd EdHioRd @aaxe BontdhBR Jak U] Qks .spar. m@absmld ,s

le part i2s dthcRistdtiond Gu tdviad v aa p%ﬂlleﬂférrbusus’,l eu quee lsedamgpnturdieiblerdépi@ iohioddni quhest 15

19 dens bbtepuelphrda foematiph d'ane neticidanrotesiticeciokyrde pBssi syrip sytface dupétg) angontepbavec
r ef roi di ssEnBiieu agyeus mégigdg dangdaquelle:
b {1) on s'assure que le pH du milieu aqueux est d'au moins 5,5, ou plus;

30 (2) on s'assure que la teneur du milieu agueux en ions calcium, nickel ou chrome ou mélanges de ces ions
est d’au moins 15 parties par million de parties d'eau; et

i, (3) on ajoute au milieu aqueux une composition selon I'invention ou bien les composants de cette

composition par des additions séparées, dans une ou des proportions suffisantes pour former sur la

_ surface métallique une pellicule protectrice d‘oxyde passif, pratiquement sans incrustations.

3 35 .

’: 16. Méthode selon la revendication 15 dans laquelle I'orthophosphate (exprimé en PO,=) est ajouté au

‘. mitieu aqueux dans une proportion de 6 a 30 parties par million de parties d’eau, et le copolymére dans une

- proportion de 3 a 25 parties par million de parties d'eau.

17. Méthode selon la revendication 16 dans laquelle le pH est maintenu ou réglé entre 6,5 et 9,5.

" 18. Méthode selon la revendication 16 dans laquelle I'acide organophosphonique ou son sel (en PO,=)

est ajouté au milieu aqueux dans une proportion de 1 & 6 parties par million de parties d'eau.

" 19. Méthode selon I'une quelconque des revendications 15 & 18 dans laquelle le polyphosphate (en
' PO,=] est ajouté au milieu aqueux dans une proportion de 3 & 10 parties par million de parties d'eau.
20. Méthode selon 'une quelconque des revendications 15 4 19 dans laquelle le milieu aqueux est celui

d'un systéme d‘eau de refroidissement.
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