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:The. !nvent6r, of this· myention; iw1.t11e sense . of bemg the acajardevis~ theroof within the 

ineanirig Of. Sectfon · H> of~ J.?atents Acf J949. is: FRED NQR~ .TimMAC; 2227 Rocky 

... :: t, I . . I<iloll, Drive, Charlotte; _<;A>uiity. o~ Mecklenburg,: State: of Norj:h ::ca!,"Oljna, lJnited StateS' 

: · of America, :a citizeii' of.-tl_le United States Of Am:erica. ' ' .. : · . .., . · . 

,, • ' ~~fofthe~*~~!t~et.fl~ . 
. · . We, THE ·Dow :CHBMICAL · ... QjM:eANY; a moval of scale ~rid)roii-.oxides. The' copper' is 

. Corporation 1:>~88J.lis~d lU14 existing ~imder 4ie ·oxidized''11nd •si+ipped)ro~ the ferrot;fmetal ... 

·• J!lVIS ·of th~: .State· of Delaware; ·:{t(ni~ Sta~s . surface;· the 'li'.l~ .. ;eadily ;:1f the solution oon:-

'.'of Ametica,:·l>f Midland, Countyrdf .Midland, tains materia11('.cllp11b•e: ::of complexiilg'_·ot 45 

: s ':StateJofiMichiglln)Utiited States.of Americjl, chelating roppc;i::. · · ~·:; · • · 

· dO: ~ereby. d~~ th~ ,invention :fort!Which,'\v:e Suitable oxi~ziµg ·'agents· are ferric ·citrate, 

: .. pray that-a·:·pa~ent may be 81'411ted"tO US .. an(i the' ferric 'chelate'.of ethylenediiUnineteti'aa~~ic 

the methOd . by .. whi<;h it. J~ to befp¢ortri.e4; acid and· its · sall:S, : sod;unt :ni~rite, aild: · otjTgert 

_ to be .partici.ilii:i:ly described dn atidi by the or ait bubbled th#>~gh::the cleaning s0lrition; 50 

.. · · io foll6wing statemeµt:~ . -.. · .. ·.,. Also usable. \~f~ )>th~''solUbie: .f~c salts; 

The inventi0I1.*claf¢s:·.to.an.improvementiri nitric' add; ···feadny··501ubJ.e.-'·ttiligstates.· 'and 

the· meth()d'•:()fpassivatioii of a:fetr6us iiietal m0lybdates;' aiitjriOnium persitlfate and 'am;.. 

·> ... ' ... 

surface, : e~gi;· Steel,: especially -<follo'Wing'..'re'- monium broriJ.ate; . · . . . · · · 

. \ in.oval of·· metallic _coppef from ;ther>SUrla.ce: · Upon employing,~44.itional oxidizing agent 55 

: 15 . ~' 11rt -: ·ot cleii,njng '.steam;! milers: imd beyond that requ~d . for· copper strippiµg; .it 

associated piping• arid ve8scls. :has pr-ogre~ has been>:founcf, th,at we:.feri:ouS metal surface 

frQ1ll the·:·use· of'highly acidie solutions_ ;for is occasionally b1'9ught<to a passive condi.:. 

the :dissolution of hard:-water 11cale and rust tion in whicli,'the metal appears clean and 

or magnetite toftlie ~t.use· .. of ·materµlIS bright, ·anci the :~e~l' -doe~ -·hot o:iddize 0(;'r 60 

' ·2() which. complex -~ catioJ1S·of metals stiCh- :a:s rust· readily :fo('.·• time. However, not iri-:­

iron,•.: ~akium and: niilgnesiumi' ,iS~utions\ '()f frequently the. ferfous :-m~tal sUrface has faited 

complexing ;agent$'.do not;·rely •oxi.flhyqrogen to become pa:SSive, andiin fact; has cai'ried··a _,. 

ions: .:to . accomplish ,scale ·lo.ose.ningJ .~or./ s~fo1. thin .film of: yeli~W'. surface' oxidation· af ·the 

tion. .lit faet; SliCh:cleaning:aolutiobS novt·~¢- conclusi9xr of the: cleaning operation. The 65 

2'· ployed,:. ate' often ·~ade' <alkaline, l)y,• th( ad(ii.;.; cause ·of the. ~etllingty. random occurrence' of 

tion of ammonia and amines. •:t:~. . . . <.; . thiS condition ·has :ifot-been undei's'tood and :50 

·A· comm~ problem ~ing.:int1tbe d~iilg it has not:~ p~~ible to avoid die 'con-

Of . ferrous. metal eqtiipment diaving ; 1i9#1e dition with certajniy: . : . 

. copper :or copper alloy -portions, e.g;;· heat fo has no\\f.been found, and the dis¢0very 70 

so . exchange:t» ~ions in a boiler .USte¢iin a;p~w~ forms <the:. basi,&' ,f9f :the . present inyeritioo:; 

•.·. < generating:;plalit, lies in' the reduetion.pf>dis~ that' mo~itriJ,-ipg _othe oxidation potential '.'of 

·. :: solved copper by newly cleaned fe.rrou~ .metal the cleaning solqnon to a value of 175 to 250 

surfaces with ronc<)mitant dew. • · n of :):he . . ;1Ilillivo~~ < .~hen · measured with iron and 

copper ox('the ferrous metal".ir ·ces;· Such satub~ted :caloinel at a temperature from 75 

· 35 \pl!lt~d copper ril~ b~.yery;,}h9,roug~lt. ,re- 37'.s_;; C:·an~ 9,05°. C .. pte,ferl,'ops me~l. ~ur"'. 

···: :;moved else deleterious J>uneta1liCi;eouple ·cor- face" 1s >brought to a bf1ght passive condition. . .. 

· • · f:s~~~:1~ariil~i~:hen'. t11~r~eq~P:eFt ~~~1,~:J!~t!~~ ~~Ttism~~~~:~ ~-

-· One solution. to th~ probldnl"has been )o ~tderrous metal surface is brought to the; de- 80 

... ·~ inttOduce •in::Oxidizmg. ,_agerl.t_ ~l:o"'.the deaq- Si,feg _tj)ilditiOn when·· there,, .ob.tam$. an appro.::· 

mg'- so.Iuti(ln · a~er subs~~ia~f :5c)<jnp1ete fe-:-· l'~~te_.•,.t:atio of oxidi.Zed ·foil ·species, e.g~, . . , 

'[Prit~ 41:''6tl.] ::> . . . • >J· .... .' ·•. . ., .• .,... ............ 
"'· .. 

u-
.!ri.!.. [~,·.·~· ,.. ~, ... :.:·.: 

.. 

·~ .. 



2 1,149,200 . . >{{' 
. . . . ·· ferric ion, to reduced ion species such as 

1. -Verrotis ion in the solution used for cleaning 
l- and passivating. :The ratio of ferric ion -sp~es 

to feirous ion species may be measured in any 
5 suitable manner. The most convenient way 

is simply to measure the oxidation. potential 
· of · the solution. Both a sattirated cilomel 

electrode (S.C.E.) and a platinum. or ferrous 
metal electrode are inserted into the solution;. 

10 employed for cleaning and passivating, and 
~re interconnected through a high -iniptjiarice · 
'voltmeter, conveniently, a digital voltmeter. 
It is generally desirable to employ a ferrous 
metal electrode having the same or a similar 

15 composition as the ferrous metal surface being 
treated since such an electrode will, hi general, 
more accqrately retlect the condition of the 
treated surface. However, if the metal electrode 
cannot conveniently be of the same cQmp,osition 

20 as the metal being passivated, a platinuni 
electrode is i:pore likely to give the. most re­
.liable determinations. Under a given set of . 
-conditiOns, a platinum electrode versus a 
saturated calomel electrode will exhibit about 

25 10 millivolts less potential difference than the 
·iron-saturated calomel. couple. 

The present invention, therefore, relates to 
a process for passivating a ferrous metal sur­
,face which comprises contacting the· surface 

30 with an aqueous alkaline solution having an 
·:. · ()Xidation potential of 175 to 250 millivolts 

when measured between iron and saturated 
calomel electrodes . at a temperature between 
37.8° C. and 90.5° C. and· which solution 

35 contains ferric and ferrous ·salts <>f one .or 
more aminocarboxy lie acid chelating agents. 
The. process may very conveniently follow a 
cleaning operation in which the passivating 
solution of the invention is formed in place 

40 by the rea~ion of an alkaline solution con­
taining aminocarboxylic. acid chelating agents 
with scale and oxide residues on the surface, 
the oxidation potential being controlled as 
required by the addition of an oxidizing 

45 agent. MetalHc . copper, when present,. is dis-' 
solved as the Qxidation reaction proceeds. 

Preferably, in the process of the present 
invention, the aminocarboxylic acid chelating 
agent is . a polyaminopolycarboxylic . acid 

50 chelating agent. · . ·-

110 

115 

The passivation is effected at a temper­
ature in the range from 37.8° C. to 90.5° C. 
generally with a solution containing from 

wherein n and m · may each ind~pendentl~ 
be 1, . 2, 3,. or 4, up to . two· of the carboxy­
~ethyl . groups .may be replaced with a {3-
hydi"oxyethyl grQup and one or ·mo~ of the 
carboxymethyl .grolips may b~ replaced· fiy 
ca~boxy~yl gr<?Ups .. Sp~ci:fic examp!es of such 
aads which are partJ.cularly suitable are 
ethylenediaminetetraacetic acid (EDTA ), 

0.5 ·to 40 weight ·percent o_f. the -combined 
ferric and ferrous salts. Pteferabfy>6Q :to. 97 5,. · 
percent of the metal rjlelating ·capacity: of 
the aminocar.boxylic acid chela~g age,nt is 
occupied by · ferric and ferrous ions. · It · .. is 
parti~rly,._ ad-vantageous wh¢re a cleaning 
step precedes the passivating step to employ 60 
. an illkaline solution containing one· or mote 
aminocarbo~ylic acid chelating ag~ts and 
ammonia, aniine, polyamine, or .. polyalkylene 
po.lyamine in a. proportion to render the soiu-
tion alkaline. The oxidizing agent generally · ·6S= · 
employed is oxygen or air. . =.· , 

In carrying out the method of the present 
invention immediately following stripping of 
copper, and generally also following dissolu-
tion of all scale deposits, the cleaning solu- 70 
tion is brought to a temperature less than 
195° F. (90.5° C.) usually to less than 

· 180° F. (82° C.) and preferably to less than 
160° ·F. (71° C.) but above· 100° F. 

7 
.• 

(37.8° C.). The optimum temperature is ap- ~ 
proximately 140° F; (60° C.). The pH of the 
solution is adjusted, if necessary, to an alkal-
ine value; preferably in the range of from 
7.5 to 10. In the alkaline .pH range, iron solu-

80 tions . iii contact with ferrous metal exhibit 
broader more reproducible rest potentials, or 
plateaus on . polarographic examination; t,han 
at lower pH values. During the oxidizing step, 
the ferrous substrate· would be adversely 

8
_ 
5 affected if the solution pH were allowed to 

drop below ·ibout 7.0. 
· In solutions used for stripping copper 

there. will ·generally . be present ferric citrate, 
or an ammonia; aniine or· alkanolamine salt of 
a ferric chelate of an aminocarboxylic acid ~ 
Chelating agent. ·· -Such iron · complexes 
or chelates ·readily react with copper to oxid-
ize it, leaving · ferrous species :in so!Ution. 
Oxidation of. the copper is effected .by the 95 
addition of an oxidizing. ·agent which · gener-
ally reacts most readily with such ferrous 
species which in turn oxidize metallic copper' 
Most conveniently. used as ·an oxidizing agent 
is air. which -is ·simply bubbled through the 100 
solution, substantially does not change ·the 
liquid volume, causes little loss ·of ammonia 
or volatile amine and builds up no residue of 
salts· or foreign ion species. 

Suitable aminocarboxylic acid · chelating W5 
agents -include the · alkylene polyamine poly-
acetic acids of the formula . · 

N-hydro;xyethylethyl~ediaminet;riacetic acid, 
.nitril~tr.iacetic acid, N ., 2 :- .hydroxyethyl., 
iminodiacetic acid, dietbylenetriaminepenta~ 
acetic acid,.-and mixtures thereof. · 

.. Examples. of suitable paired combinations 
of ammonia, amines, and alkanolamines with 
such aminocarboxylic acids are listed, jn the 
following table, . - · · · 

120 



.· .,·: 

·'·. 

r r mrrznrmwr-wzwz 

' 
--~- .····:.· 

.•.... 
.· .. : l.,149~2()0 ': : ·. . , . 

3:. .. \/ ... 

, · ~ .... :·:.>···~ A~es·. ·,.· · :;'.~t;~!}~(~us~ ~iilfr~~~b~~li
<:·J\~J ·•· .. _., 

·. ·' ·: ."··.'.· ... ··.A.1Dllio·ma·.... " ... .,,.,, .. (,,-.;.-...-. .... 
·....... ..... .. .... , 

....... ...... . · .-; l-.$·,,Ii·r":EDTA ::.·.:.::-· ···:<:: :·:c-.:.·· ···-:·~ :·:·:·:· 

. ·: ~~~olamm.e .... '.'.;,::~si~i ~~;£!>±~· _·::< .· :·' ·. ,, .. >i< . ,:-,:. :~;-:/·'· 
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:~.:.:: : .•• 

. , . ~ : 

. ·•·, ·_''S~hyl~!!m!~~ .... ~~ ·?ilW, !" ED+N';'.;::'.;-,: " 

.. _., . · .. · .. ··bi~y~~~~-:~::7:~+. ~~!:t.:·."··>;.\' ,_.;· ... , ·:,, . .' ". '";'_,.,.< 

;:; . /. · · . ., Pentaetl1-yleµdi~
!Yfi!~~,;r! :~i1··

 EDT,t\ ... :. .. ·r:r ... :. · 

·'.': .:. ·····D··· ..... t.. ·~--!- '.)fh ~-i:.n~1i E""n· ·~A.,.,:«. .'.::•.-:><:'.«' ··.· ".' .. :: ... :·· .. 

:·'>· .. ·.· ........ · 1Dl1;wy.uu.uwe :1i1 :11,..rl:· r · ·~. ,._. · . :.'!i ,., ... ,.. 
"·;:· 

< T~methylam.ine ~~!'l~"l~~;:<fr1
... ~~~A':,, .. ,:.··":-::'·:.,:' · ' · · .'.' : · ... 

Eth ·1 ., · • e cllH.i f,;· · · · ~:tiTA '. ., · ... ·: "·' . · 

·. Y~-
{:,,;>·iL>; ••··· .... · 

" ,, .. _,, 

~tjuuio~e ;,/;;. ):;,:~~ :~'.. ,;.:B~f.·~~ian>i~~¥,llp~pi
~~c-~aci~ :. _: .. ... ,.·:-

··i'.: 

. : ;. 

,·,:.';" u: .. 

····,,, . _, .. , · :;· ~~yiene,diami#ej~~ 
3 :;t ... T.. ··~~".fil(p_~".h,riiri>~ethy

l) il~~~e,'.'._:;; ;·.. . ... 

. . :·;·:. ·.··. --.:. ~· : . ;·~··-rt'=! f' ('.,;J 

·. ~onia . <,inmm;:ir. ~c 

·:. r:·. 

·.· .. ·:·:· .. ·;··.:· 

_ .. T~i~J~~Fne:.N;~~
~\~f: , .. 

·• «'If' p,.;;,.,,~f14 
. ·O: ,. .. ,,.. ' 

"" '< • '· 
";:; _:; ,.,. 

. ,·•. 

"'.-;'" 
·:, .... 

··<·-- :; ~;·:;;:~:~=j;~~;.:. · . ·: •:.• (2-hidJ:~thylijp:ino) .dil\~~
-,~~f· ·~- .. 

. . . . . . ~ 

Amnionia 
' .. :jf(rrfl:t ~~rr. ·!·· 

·IIT·R b.":.n~·sr· 

.G~era!ly 0.5 t? a 40 w~' · ~ aq~~~ 

ous- ~luu9n. of ~ron <; .. · · • chelat;;; 

iiig agent_ is 'suitable .for. · ""' . r. and 

·i11~si~:J;e~ ~r:e':i~ :r.:.
~ tJ'.1= 

more preferably a 4 to . solution. 

:rypic~y aw 6 to .1t '.P.Ctc ., ·:·:fiii i~ useci 
5 

in conunercial type op¢r~ jlt(J ,,1:ivotd" urt~ .. 

10 'due attack .'on the ferrous• -~mtrate; ·.the 

il:oµ: <;omplexil1g or chelatblg ag~t is esst;llti­

ally in:the condition of ho14ing 60 to 9.7 'per.:. 

cent of the, theoretical maximum· amount of. 

iron.. . . , .. · ,: ; 
.... · . . 

While ,the' iron· .complexing _.or Cp,el~ting . 

15 
ageiif' .jilay be reacted or " spent., With iron 

ppwd,e~ )o exhaust the requisite proportion of 

its• ch¢1~ting power, as a ptacticid matter; the 

irori ' complexing or c~elatiµg agent is 

2() 11orinally . used. in the reqUJsite amounts Pl a 

· priof :<:leaning step, invQlving-tbe reiii()val of 

~n o:Xide-containing sc.al¢,. ~t the : desired 

. degree' of binding or chela'$g is ~chieved 

preparatory to copper sttiPt>ini: and/or_. :pa$Si". 

25 ·-vating~ ~ : . . .· ·. . · · ~. · · . , 

. ~dditi0n of the oxidizing agent. ~lecte':l is 

·· 9~Iititiued , after stripP~' of ; t;he .·coj>pei: ·, pi 

· · order. ~ effect pass1vati00 wg:b. the solugQn 

pH ·and temperature a!Jjus~ as described. 

30 A.s Oxidizing agent i~ · a~d~ the· solution 

o~iclation potential ,fall$. . ' .. vation, as de­

. t¢rmined by visual ex . . of ex:posed 

· •sPetjmens, or coupons, -c~ces o
n at least 

partof. the steel substrate W.hen the oxidation 

.. ·::· ' 

.<· .• 

·.~:" .. >· :·. 

.· •,, :, ... · 

,,., . . ,_.:;· 
.. :· :-~: ... 

· .. :\; .. 
r··-

; ~ ; 
~ \. :. : ~· 

' .. :"";.;; 

ffet-~~~;,,~~5~~~~~aJ~;~,~r~:~
~~~ ;;f 35 

. ~:c,1q· and; diminishes. ~rid .qJ~pp~r
s., aft~r 

· ~bout ~75.lfi
llliv~~ (iron. vs~: S~(;.E.) .~r

 .165 

iriilUv<>lt~ · '(platinum ; v~~., S.G,:~.) •. Gerierally 

, g()q(j. passiv;ition is obtained with 'greater assur~ 40 

ahte' wh~'oxidatiori<i
s s~opped ~whcii

' the' so1U~ 

'tion oxidation. ·potential .. is iri ihe . range. 'o'f '.' ;.. 

i10 to .180. J,'iiillivolts:.a~ detenajlled .J:>y the 

ferrous· 'fuetaf:electtooe ·versus· ·sa:tu.ratecl calo-

meI elecuode. A¢culacy and assurance are also 45 

increased· by, a+fding the oxidizing agent slow-

ly eiio\igI,, ·· fot· ptQmpt reaction and prompt 

indication of thif'' State of the solution as 

shown':by the.·oxidation potential readings; 

thus''"~ overshQ()'tirig ,, the desired potential is 50 

avo~ded. Sftjw~f; rates of addition have no 

notice~ble effect ~in: the degree of passivation. 

The temperature. of the solution within the 

rangei of 100, to_· 180° F. has very little 

effect on.· the. ()"idation potential readings, the 55 

dei;it'~d terminal ·voltage varying not more than 

10 millivolt~-- at .the extremes of this range. 

. WJ:len tile 5oln,tlon oxidation potential has 

reacij~d. a' predetermined value in the stated 

rang¢;::, dle .. ·adc!~tion of oxidizing agent is 60 

stopped. 1If' the#tf' is any time lag in reaction, 

a8 .. with residual·.··. eopper deposits, the oxida-

tiOri pritengal Will climb again within a few 

minutes 8.nd :·fui'ther oxidizing agent is re­

qui,red to ~a:ch . the predetermined oxidation 65 

potential~· ()n
~: · the potential becomes stable, 

the SQ!utiott js· promptly withdrawn from the 

12 
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vessel or equipment being treated, and the the practice of the invention ammoniated 
vessel or equipment· rinsed With · watet at · ethylenediaminetetraacetic acid ( ammoniated 
ambient room :temperature; The cleaned ·· EDTA) and water were added to a small 
ferrous metal surfaces are clean, bright and •simulated boiler having a steel ·pot connected 45 

5 passive, and ready to be returned to service. to a glass header, disposed above the steel 
The passivation process of the invention pot, by means of two foreshortened replace­

need not be carried out following copper able steel boiler tubes and a glass downcomer, 
stripping where the equipment does not con- all three tubes being connected· in parallel. The 
tain, and has not just been cleaned of copper. boiler was also fitted With an iron electrode, 50 

10 Where copper is not involved, the vessel or a platinum electrode, ·and a saturated calo­
equipment is cleaned so as to provide entire,.. mel electrode. Sufficient ammoniated EDTA 
ly clean and bright surfaces throughout. The solution was used to bring the liquid level 
vessel or equipment ·is then substantially well up into the glass header. 
·filled With an aqueous solution containing an The boiler tubes, in each case, were cleaned 55 

15 electrolyte such as one or more of the com- by bringing the boiler to 21.2° F. (100° C.) 
plexing or chelating agents listed herein- for a short time. Then enough copper oxide 
above. It is highly desirable that such com- (CuO) was added to the solution to bring 
plexing or chelating agent has been spent in the dissolved copper level, on a theoretical 
some manner to hold at least 60 percent by basis, to 0.06 percent by weight of copper. 60 

20 weight of the. theoretical amount of dissolved This solution was circulated until all the 
iron. The pH is.adjusted~. an alkaline value, .copper oxide dissolved and the copper plated 
if necessary, preferably in the range of 7.5 on the steel substra:te. The solution was then 
to IO, and maintained. at an a1kaline pH. The spent to the desired level with iron powder 
temperature is maintained at less than 195°·F. and cooled, after which the pH was ad- 65 

25 (90.5° C.), usuaUy at less than 1800:F' ... (8:2° justed to 9 with a concentrated aqueous solu­
C.) and preferably at less than 1600 F. (71° C.) tion of ammonia. 
but above 100° F. (37.8° C.) during the Air blowing was then carried out to remove 
addition of one of the abQVe listed oxidizing plated copper and •to bring the steel substrate 
agents, converiiently, .· air. . The oxidation to. a passive condition. Air was admitted to 70 

30 potential of the solution is monitored as the stecl pot through a fritted glass plug. The 
described hereinbefore; and the addition of pH remained alkaline during each test. At 
oxidizing agent is stopped when. the oxidation the termination of the air blowing step the 
state of the system, as reflected• by the ratio of oxidation potential of the solution . was re-

. ferric ion to ferrous ion species, corresponds corded. The solution was drained out to per- 75 
35 ·to an· ·oxidation potential in_ the range of mit disassembly of the boiler and inspectiOn 

250 to 175 millivolts, arid preferably 210 of the boiler tubes. . 
to 180 millivolt& (Fe · v. S.C.E.). The solu- The solution concentrations, temperatures~ 
tion is then drained, and the vessel ·or equip- and tenninal oxidation potentials and the con-
ment rinsed with clean water. · · dition of the treated boiler tubes are suinmar- 80 

40 E'xAMPLES iZed in the following table. 
I. In each of a series of runs illustrating 
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TABLE I 

Passivation Op~ned Under Variotls Gonditjons 

'-cdri~h-~tibri;·'or .:. :i>egt~'of ;. ··':'."''temp;'· ··< .,., Potential at end of Air Blowing 

~ . ··:S~~--~~t,:::;:::: '-•i8P:;~tn~8:. °F. .0 c. mv. (Fe.vs. SCE) Mv. (Pt vs. S(JE) 

Degree of 
Passivation 
Obtained 

r.··. 
'. 
3.· .. 

···.1 

4. 

5 
'· .. '·· 

6 . ~'. 

7 
. 8 .... 

·: · .. · 
9: .. : 

10 

11 

12 

-- -- . '76.5 --- -----242' . 
Fair 

21.5 
\;: 

12,5 

12.5 

15 

18.5 
,:·.: 

10 

.-:.::· .·· 

:Jw< ,_,. :<; · 16' ~-· ".' .... ':'.·" 

10 

10 

10 

-- .. 16 

"'96 

84.6 

92 

79. 

1q 
'• ~: 

·'90~2··· 

_:;'64::.: .. •: 
,._:·;·; .. •.>., 

79. 

71 

96 

• .. ·· . 

l~: ... 89 -2i~ 

·· 1~~··~ ·· > 89·. ·-·~- · •. 242 
:'.1" > 

185 85. l~~ 

185 85 ... 200 
::-r ~ .. '. 

185 85,. 2()1 

185 8?.·. 2QQ .. 

·175 :·-. .. ·79_~~ .... ····, .. 2QQ ·.·. ·:' .. :.:· .. 

:zzj,., ... 

l~~-. 

19~ 

19~ . 

1~5 .. 
. ,)• .. 

Faj.r to . poor 
. : '•Gbrid.\~;_·f~r' ._, ... 

~~4·.: 
Good, s01ne, sm.all 
local deposits of 
red iroi;i . oxides 

Good.· to : fair 

Fair .. · 

194 .:·· ·.:.···· .. GoOd.'·· .. 
,.,. .. 

175 : ;,._79.4'"' Joo·.·;. . ..... _ _,J94,· .. :.··· G<>Qd": m:.: t~ 
175 •,;.·,7~.:·4.: . ;,_ 199 ., 193 Good to fair .. •. 

162. . 72,_ .,. . 198 190 Fair 

162 72 200 197 Good to fair 

..... 
~ 

J{-\ 

···: .. =·:.:. 

it~~-~ ... ,. 
•:-o. 

.··•.:·~·: 
·o· 
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TABLE I (Continued) 

Passivation Obtained Under Various Conditions ~ 
Concentration of Degree of Temp. Potential at end of Air Blowing Degree of 

Run Chelating Agent, Spentness · Passivation 
No. Weight% % op, oc. mv. (Fe vs. SCE) mv. (Pt vs. SCE) Obtained 

13 12.1 69 140 60 203 198 Good 

14 10 97.5 140 '60 . 195 190 Good 

15 12.5 92 142 61 200 199 Fair IJ--.,.. 
16 10 95 130 54.4 199 197 Good I~ 

8 
17 10 93 100 37.8 199 195 Good 

18 10 69 100 37.8 197 187 Good 
' 

19 10 58 100 37.8 .199 1~5 Good to fair 

., mv. = millivolts ' ... 

SCE· ·= saturated ,calomel electrode 
. ' 

Chelatirig Agent .:.... ammoniated ethylenediaminetetraacetic acid 

i~-. ·I 
~:.; I : 

' 
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:Nor 
20 

21 
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II. In each of additional runs accordin~:t~ afte.r :wbicli ·µie pH vvas~ adjusted to:. a. levc;L:io ~<. . , ., .. 

the present invention, a simulated boiler ~ch > becyV-een,,9:1 and 9,:3,~th'~q\ieoo.s·::ammOri.ium L '.' . '· ... 

as that described above was charged with :a : .. bycfu>Xide ... Ai{:: blo~g. ·was;:; carried,' ouf t9 ::; } ::;" .. 

.. 10 .. percent. ·solution, .of .~op.~ted EDTA;· , strip o~'-Plated~·copper:and~obriiig:tbf: ~tee! .. :· ·· 

·. $· )1eated to:212° F .. Jl~.? ... .C.) ~()~a .. short time; · substr~te to a p~iiSive conditio~. Iii T~~J.¢ ll. '.: ·: ·:; 

and then copper · oxide was· mtroduced:-. to . foll<>wmg, solu:non . ®ncentrat10ns, temper- 15 

cause copper to plate out on the steel SUb'- ·· atufea, initiahand~''@iley.:.eJ.s 3P,d· termin- ,.:. . 

strate. The solution was spent to a pred~~ l!J, ~J.P..tion3JSOt@t.W"V:fi.lu~'S:.are -~ed.:· ~ ~~. > · ~ ::· ... 
. d 1 1 .th . d d ··:1-::1 ····' '"' u •. - - --· .... , .. t"'" •. . .... '• 

mme eve wt iron P.OW er an cop!."'1' c: ~~ - · :· .~ . • .- . ·• · ,. . : ' : · · - ;: <::. ~ ::.• r: :·. . . 71 t · : 

..... :·:-'" 

Weight% 
of Chelating 

Agent 

Degree 
of 

Spen~ 

., . , . . .· ~&rail t'.l:r :; "' -~ :· ~-·· · ;.: ··· ~; .·. ·,. · ~· ? ... :~- ~ ~-~ ;2. ·" .: 

·.:; 
;' . .' .. · 

~~;c~,~iE~~~: .. ,~i'.~;:.~ .. \~ti,;,: ··.•· 

·~··· 

, .. , 

-
6.25 

··. 6·;25 

6;9 

3.9 

-
80 

82 
. ", . 
:ss 
87 

:'~ :" ··. .210 •• • • ~: " •.•• : ;1.;1::. • i!:~·: '.T§: ~ ·; • •••• " 175 

160 

.110· :::: ; • '.fjt .. •• ... >~:::· 
168 

;,'.:::··;··._·.:.·· 

.• ,. ~.:; -.-: :·;·· .. -.... '> 
.· ·' 

·.; 

·:· .'.:_:::· 

{"} 

.:: .. ~· 
., . :::"' :$ 

,. ::·~ 

... 
•T'•' ~,·,· ·:.~~ 

/'.: 

\t" ... 
:~ 
~-· 

~·::: 
o·· 
G> 

_, 
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The da~ll in the table shows that there is 
a negligible drop in pH due to loss of am­
monia during a typical air-blowing step. 

III. The following tests illustrate the 
5 deleterious effects upon carrying the oxidation 

step too far following stripping of copper 
from steel substrate;. . · . · : . 

(1) Sufficient afumomuni hyc;lroxide was 
added to a 5 percent aqueous·· citric acid solu-

10 tion contained in a simulated boiler such as 
that described hereinabove •to reduce the 
acidity of the soluti_on to pH 5. The $oludon 
was "spent" on iron. powder at: ~85° •p. 
(85° C.) after which the pH-was adjusted to 

15 a value of 9 by the further additidn of ain:­
monium hydroxide. While the soluti9n tein:­
perature was maintained at 185° F., (85° C.) 
air was rapidly introduced mto ·t:he .$olutjon 
through a fritted glass . robe. Throughout t:he 

20 air-blowing period. the oxidation pQt:ential 'of 
the solution was measured using a fe):rous 
metal electrode formed of 1010 Steel (AISI. 
designation) versus a satura·ted calomel elec• 
trode. · · , : 

25 The initial potential of 812 millivolts (mv.) 
became smaller as air was bubbled through 
the solution. At , 248 mv., a copper plated 
steel coupon suspended in the boiler · Wlls · 
stripped of copper. Once the potential had 

30 fallen to 212 mv., it $-opped ·suddenly fo 
12 mv. and the surface -Of the stecl specimens 
suspended in the boiler began oxidizing. 
Upon removing the specimens from the "Solu­
tion severe local after-rusting occurred. 

?·5 (2) On repeating the test of part (1); im-

mediately above, the initial potential was · 
found to be 808 mv. Copper stripping was 
substantially complete at 315 mv. The 
oxidation potential subsequently fell to 46 
mv. At this stage of ·the process steel sur- 40 
faces w~e deteriorating badly. Steel speci­
mens removed from the boiler exhibited 
severe local after rusting. 

(3) The test of part (1) above was repeated 
but with a ·slower rate of air addition. Wi·th 45 
changes taking place more slowly,, it was 
observed that surface deterioration of steel 
specimens suspended iri the boiler became 
noticeable when the oxidation potential of the 
solution had decreased to about 180 mv. 50 

IV. A series of aqueous sooium nitrite solu­
tions was prepared and employed respective-
ly in using the simufated boiler described 
hereinabove .. In each ~ase steel coupons were 
suspended iii water in the . boiler during the 55 
addition of the aqueous SQdium nitrite solu­
tion. Sodium nitrite addition was carried out 
under various temperature conditions and 
terminated a:t vatfous. potentials. 

The steel. : couporis ·were removed, rinsed, 60 
dried, and subjected to•· visual examination. 
Then the coupons ··were stored 16 hours at 
ambient room temperature under conditions 
of 40 percent relative;_ humidity before making 
a second visual examination to determine sur- 65 
fate coriditiori. 
Sol~ion · concentrations, temperatures, 

termimll . potentials, and the results of visual 
exammatiOiis are sutnri'larized in the follow-
ing table. 70 
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::J ··.• ~ul~:~of, Passi~tion with NaN09 Sblud<in ' •,:• · · 

··: ::·.· 
··,·. :;' ... :: .. 

·; •. :.:.·· ·;.• 

·.:\ ;, 

Temp. 

:-; 
:> }>asswatifui·.. ::, 

·TCrminal 
Run 
No.· 

. . . comparison ..... 

Comparison 

24 
. ·2~·-···· .· 

.·.··26·· 

'¥/ 

.. ·28. 

CQm.parison 

Solution:,
0

,, 

CQnc:., WJ.J7a, ,· 
·IO" .. 

10 

5~> 
s ;::,· .. · 
·2j<r·~-~-, 

:~ ' :.: . 

.<?l( 

25 

177 

25 

.. i77 . 
.25 

...• 

177 

25 

. Pot,Cntial, mv. 
!3C, . . . {Fe_ v. S,(Jll) 

>~4 . 

~.6 

·, _;;;4;.:. ,-.. 

80~6· 

··~4. 

80.6 

.. ..,.4:· 

132:, . 

. < 123 

;" 197 

181 

'.: 230 

228'. 

154· 

Very ,good· 

Very good 

-Good to fair 
2:~_;::-

1.2~···. 

1.25. ·.. . Fair'. to poor 177 80.6 .. 167 

. '· 

v,...., 
.. -,.,,~ 

GOod . i_-·: •. 

Good .... '. 

Very, sood, 

Very good 

Good 

~~r t9 poQr 

Solomm = "'. Ndtoi~) , ; ; ;< ·. •; ~ :· : , ., • .. •·•••••···.···. 
mv. = millivolts:· ;; 

Fe =steel 

SCE = saturated~ ~oniel ·¢1ectrode·· 
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WHAT WE CLAIM IS:-
1. A process for passivating a ferrous metal 

surface which comprises contacting the sur­
face with an aqueous alkaline solution having 

5 an oxidation potential of 175 to 250 milli­
volts when measured between iron and satur­
ated calomel electrodes at a temperature 
between 37.8° and 90.5° C. and containing 
ferric and ferrous salts of one or more amino- · 

10 carboxylic acid chelating agents. 
2. A process as claimed in claim 1 wherein 

the aminocarboxylic acid chelating• agent( s) 
employed is polyaminopolycatboxylic · acid 
chelating agent. 

15 3. A process as claimed .in claim 1 or 
claim 2 wherein the passivating solution is 
formed in place by the reaction of an alkal-
· ine solution containing aminocarboxylic ~cid 
chelating agents with scale and . oxide residues 

20 on the surface, the oxidization potential. being 
controlled as required by the addition of an 
oxidizing agent. 

4. A process as claimed in claim 2 or 
claim 3 wherein metallic copper is solubilized 

25 during the oxidation step. · 
5. A process as claimed in any one of 

claims 1 to 3 wherein the contacting treatment 
is carried out at a temperatlire of 60° C. 

·.i. )~ ·-, 
~~ .. -.. --:;: . 

6. A process as claimed in any one of the 
preceding claims wherein the alkaline solu- 30 
tion contains from 0.5 to 40 weight per cent 
of the combined ferric and ferrous salts of 

·the complexing or chelating agent. 
7. A process as claimed in· any one of the 

preceding cla.ims wherein from 60 to 97 per 35 
cent of the metal chelating capacity of the 
polycarboxylic acid chelating agent is occu­
pied by ferric and ferrous ions. 

8. A process as ciaimed in any one of 
claims 2 to 7 wherein the alkaline solution 40 
contains one or more polycarboxylic acids 
and ammonia, amine, polyam,ine, or polyalkyl-
ene polyamine in ·a proportion to render the 
solution alkaline. · 

9. A process as clallhed in any one of 45 
claims 2 to 8 wherein the oxidizing a~ent is 
oxygen'. 

10. ·A process as clalln.ed in any one of the 
preceding claims. wherein the aqueous alkaline 
solution is ·maintained at a pH from 7.5 to 50 
10 during the contacting treatmcllt. 

11. A process as claimed in any one of 
claims 2 to 10 wherein the polycarboxylic 
acid has the formula 

55 (HOOCCHa)rN [(CH2)nN(CH2COOH)]mCH2COOH, 

wherein n and mare each independently 1, 2, 
3 or 4, up to two of the carboxymethyl groups 
may be replaced with a P-hydroxyethyl 
group and one or more of the · carboxyni.ethyl 

60 groups may be replaced by carboxyethyl 
groups. · 

12. A process for passivating ferrous metal 
surfaces stibstantially as·hereihberore descri'bed· 
with reference to the specific Examples. 

13. Ferrous metal surfaces when~er passi- 65 
vated by the process claimed in any one of 
the preceding claiins. . 
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