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COMPLETE; f_SPECIFICATIO-
ocess for the Pa.sislnvatmn of Ferrou Metal Surfa.ce

We, THE Dow HEMICA’L *CdMPANY, _ moval of scale and i ides. The' copper is
Corporatlon organise: and existing ander’ thie oxidized:and stripped. from the ferrous metal
WS ‘of .the: State of Delaware, - United States  surface; the:m readily ‘if the solution con- -
\metica, of Midland Cauntyrof Midland, tains matenals .ca"abl rof complexmg or 45
tatefs fof Ammca, chelating copper: '
Suitable ox,ldxzmg -agents are femc citrate;
the ferricchelate of ethylenedmnunetetraacetlc
acid and:its:salts, sodium- nitrite, and-‘oxygen -
or air -‘bubbled: th " the -cleanifg sohtion: 50
. oth soluble: ferric  salts,
‘soluble tutigstates ~and
ium persulfate and am-

r, Also usable:

i~ nitric - acid; e

molybdates, af

monium bromate. :
_Upon employing ddltlonal -oxidizing_ agent 55

b ond that: required for-copper stripping, it

has been: found: that theiferrous metal surface

is occasmnally brought :to ‘4 passive ‘condi

tion in which . 'the¢ metal appears ‘glean and

bright, ‘and: the - metal’ -does -not" ‘oxidize ‘o 60

rust readlly for ia time. However, not in-

frequently. the ferrou_ tal surface has failed

to become passive ndiin- fact, has carned a

thin film of: yellow. surface oxidation at the

conclusion - of the “cleaning operation. The 65

cause ‘of the seemil gly random occutrence’ of

this condition "beéen understood and ‘so

it has not:been possible to avmd the con—

or. magneétite :t
which’ complex
iron,: caléium’ and.
complexmg agents -
* ioms:.to accomphs_.
T tion. T fact; such’ cleaning: ‘solutions now.
clL 2% ployed are. often-made..alkahnc: « the’ a
-5 tion, of: ammonia and amines.-
G A common problem arising _
o of - ferrous metal- eqmpmentr,liavmg dition with. certamt’y '
.- CcOpper .or: copper alloy -portions, €8 It- has now been- found, and the chscovery 70
.30 exchange sections in a. Boiler usedsin a: ywer  forms - the:. ‘basis - for~ “the present -‘inyention;
" generating plant,’ lies in’ the-redugtion ofidis- that:‘monitoring- the . *oxidation - potential ~of
- “solved copper by ncwly cleaned ferrous metal the cleaning ‘solirtion to a value of 175 to 250
© . surfaces with. concomitant depysm ‘of the  millivolts:: hen -measured with iron and
. . copper on'.-the ferrous -metal stirfaces,” Such saturated calomel at a temperature from 75
" 35 " plated copper must. be.. very tlmroughly= re- 378°.C. and 90. 5° C. the ferrous metal sur-

cale leosemnga

—rrs S
‘,L’.. R

oved élse - deleterious: b alfict couple 7 cor- 1 nght passive condition.

" rosion Will- take place hen the equlp ent - - ] method is not

.. is'placed’ ‘back in_ service. , S entlrel_ understood, - but it 'is " evident that
i One soluti “to .this- probleiii” ' the ferrous metal: surface is brouight to the de- 80

40 mtroduce ‘an xidiZing ag'éﬁi ihto?the clean- sn'ed condmon ‘when there, obtains an appro-

fter substant f ox1d1zed ioni spécnes, eg,, e
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“ferric iom, to reduced ion species such as
errous jon in the solution used for cleaning
and- passivating. - The ratio of ferric ion species
to ferrous ion species may be measured in any
suitable manner, The most convenient way

. is simply to measure the oxidation potential -
' of the solution, Both g saturated calomel

electrode (S.C.E.) and a platinum or- ferrous

metal electrode are inserted into the soluuon,.

employed for cleaning and passivating, and

are interconnected through a High impedance
‘voltmeter, conveniently, a digital voltmeter.

It is generally desirable to employ a ferrous
metal electrode having the same or a similar
composition as the ferrous metal surface being
treated since such an electrode will, iri general,
more accurately reflect the condition of the
treated surface. However, if the metal electrode

cannot conveniently be of the same composition

as the metal being passivated, a platinum

electrode is more likely to give the. most re-
iven seét of

Jiable determinations. Under a
conditions, a platinum electrode versus a
saturated calomel electrode will exhibit about
10 millivolts less potential: dlfference than the
iron-saturated calomel couple. - -

The present mventlon, therefore, relates to

a process for passivating a ferrous metal sur-

Jace which comprises contacting the surface
with an aqueous alkaline solution having ‘an
oxidation 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
contains ferric and ferrous -salts of one .or
more aminocarboxylic acid chelating agents.
The . process may very conveniently follow a
cleaning operation in which the passivating
solution of the invention is formed in place
by the reaction 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
agent, Metallic copper, when present, is dis-
solved as the oxidation reaction proceeds.

Preferably, in the process of the present
invention, the aminocarboxylic acid chelating
agent i3 a polyammopolycarboxyhc - deid
chelating agcnt

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

0.5 to 40 we:ght percent of the combined
ferric and ferrous salts. Preferab ) to. 97
percent -of the metal chelating capacity. of
the aminocarboxylic acid chelating” agent is
occupied by ferric and ferrous ioms. It :is
particularly, advantageous where. a ‘cleaning
step precedes the’ passivating step to employ

.an_ aikaline solution containing one or more

ammocarboxyhc acid chelating agents and
ammonia, amine, polyamine, or- polyalkylene
polyamine in a proportion to render the solu-

tion' alkaline, The oxidizing agent generally -

employed is oxygen or air.

55

In carrying out the method of the presentj_" o
invention immediately following . stripping of

copper, ‘and generally also following- dissolu-

“tion of all scale deposits, the cleaning solu-

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.
(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 10°10. In the alkaline pH range, iron solu-
tions. in contact with ferrous metal exhibit
broader more reproducible rest potentials, or
plateaus on .polarographic examination; than
at lower pH values. During the oxxdlzmg step,
the ferrous substrate - would be adversely
affected if the solution pH were allowed to
drop below.-about 7.0.

- In solutions used for  stripping copper
there will ‘generally .be present ferric citrate,
or an ammonia;, amine 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 ‘solution.
Oxidation of. the copper is effected by the
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
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 - chelatmg
agents include the alkylene polyamme poly-
acetic ac1ds of the formula o

(HOOCCHz)z-N [(cnz),,N(cnzcoon)]mcrxzcoon

wherein n and m may each mdependenﬂy
be 1, 2,3, or 4, up to two. of the carboxy—
methyl groups .may be replaced with a -
hydroxyethyl group and one or more of the
carboxymethyl groups may be replaced by
carboxyethyl groups. Specific examples of such
acids which are particularly suitable are
cthylenediaminetetraacetic  acid (EDTA),

N-hydroxyethylethylenedxammemacetzc ac:d
aitrilotriacetic acid, N . 2 - hydroxyethyl—
iminodiacetic acid, diethylenetriaminepenta-
acetic acid, and mixtures thereof. -

Examples. of suitable paired combinations

of ammonia, amines, and alkanolamines with

such aminocarboxylic acids are listed in the
following table,
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vessel or equipment being treated, and the
vessel or equipment rinsed - with water at
ambient room - temperature;
ferrous metal surfaces are clean, bright and

passive, and ready to be returned to servxcc E
The passivation process of the invention

need not be carried out following copper
stripping where the equipment does not con-
tain, and has not just been cleaned of copper.
Where copper is not involved, the vessel or
equipment is cleaned so as to provide entire-
Iy clean and bright surfaces throughout. The
vessel or equipment is then substantially

filled with an aqueous solution containing an

electrolyte such as one or more of the com-
plexing or chelating agents listed herein-
above, It is highly desirable that such com-
plexing or chelating agent has been spent in

some manner to hold at least 60 percent by.

weight of the theoretical amount of dissolved
iron. The pH is. adjusted to an alkaline value,
if necessary, preferably in the range of 7.5
to 10, and maintained at an alkaline pH.. The
temperature is maintairied at less than 195°°F,
(90.5° C.), usuaily at less than 180°F, (82°

C.) and preferably at less than 160° F. (71° C.) .
but above 100° F. (37.8° C.) during the

addition of one of the above listed oxidizing
agents, conveniently, air. The oxidation
potential of the solution is monitored as
described hereinbefore, and the addition of
oxidizing agent is stopped when the oxidation
state of the system, as refiected by the ratio of

- ferric jon to ferrous ion species, corresponds

to an ‘oxidation potential in the range of
250 to 175 millivolts, and preferably 210
to 180 millivelts (Fe v. S.C.E.). The solu-
tion is then drained, and the vessel or equxp-
ment rinsed with clean water, ' )
EXAMPLES '

L In each of a series of runs 1llusttatmg

‘The cleaned -

‘mel electrode.

the practice of the invention ammoniated
ethylenediaminetetraacetic acid (ammoniated

EDTA) and water were added to a small

“simulated boiler having ‘a steel pot connected

to a glass header, disposed above the steel
pot, by means of two foreshortened replace-

_able stee] boiler tubes and a glass downcomer,

all three tubes being connected in parallel. The
boiler was also fitted with an iron electrode,
a platinum electrode, and a saturated calo-

solution was used to bring the liquid level
well up into the glass header.

The boiler tubes, in each case, were cleaned
by bringing the boiler to 212° F. (100° C.)
for a short time. Then enough copper oxide
(CuO) was added to the solution to bring

" the dissolved copper level, on a theoretical

basis, to 0.06 percent by wexght of copper.
This solution was circulated until all the

.copper oxide dissolved and the copper plated

on the steel substrate, The solution was then
spent to the desired level with iron powder
and cooled, after which the pH was ad-
justed to 9 with a concentrated aqueous solu-
tion of ammonia,

Air blowing was then carried out to remove
plated copper and 1o bring the. steel substrate
to a passive condition, Air was admitted to
the steel pot through a fritted glass plug. The
pH remained alkaline during each test. At
the termination of the air blowing step the

oxidation potential of the solution was re-
corded. The solution was drained out to per-
mit disassembly of the boiler’ and inspection
of the boiler tubes,

The solution concentrations, temperatures,
and terminal oxidation potentials and the con-
dition of the treated boiler tubes are summar-
ized i m the followmg table.

Sufficient ammoniated EDTA -
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Tapre 1

Concentration of - Degree of Temp

Passwatlon Obtamed Under Varxous Condmons

“ Potential at end of Air Blowing Degree of

Passivation

18,5 9. 185
0 70, 185

11 10 1 e
12 10 % 162

Fair 1

5. 188, 192, Good.
85... 200. 198 Good, some small

local deposms of _

red 1ron oxides

85, 201 198. Good - to, . fair

o194 199 193 Good to fair
L1712, ... 198 190 Fair

72 200 ' 197 Good to fair

. . (e e SCE) Mv. (B ve. SCE) - Obmained
T i

31

Ry
B
e
Qo




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 % % °F. °C mv. (Fe vs. SCE) mv. (Pt vs. SCE) Obtained
13 12.1 69 40 60 - 203 198 Good
14 10 - 97.5 140 60 195 190 - Good -
15 12.5 92 42 el 200 199 | Fair. o
16 10 95 130 54.4 199 197 Good “ﬁ
17 10 93 100 37.8 199 195 Good S
18 10 69 100 37.8 197 187 ~ Good
19 10 58 100 .31.8 199 195 Good to fair

my. = millivols
SCE = saturated calomel electrode

Chelating Agent = ammoniated ethylenediaminetetraacetic acid
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The data in the table shows that there is
a neg11g1b1e drop in pH due to loss of am-
monia during a typical air-blowing step.

IIL The following tests illustrate the
deleterious effects upon carrying the oxidation
step too far following stnppmg of copper
from steel substrate. .

(1) Sufficient ammoniun hydmx1de was
added to a 5 percent aqueous citric acid solu-
tion contained in a simulated boiler such as
that described hereinabove to reduce the
ac1d1ty of the solution to pH 5. The solution
was “spent™ on iron powder at. 185° F.
(85° C.) after which the pH was adjiisted to
a value of 9 by the further addition of am-
monium hydroxide. While the solution tem-
perature was maintained at 185° F,, (85° c)
air was rapidly introduced ifito" the solution
through a fritted glass tibe. Throughout: the
air-blowing period the oxidation potential of
the solution was measured using a ferrous

metal electrode formed of 1010 Steel (AISI

designation) versus a saturated calomel elec-
trode,

The initial potenual 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 was-

stripped of copper. Once the potential had
fallen to 212 mv., it dropped ‘suddenly 6
12 mv. and the surface of the steé] specimens
suspended in the boiler began oxidizing.
Upon removing the specimens from the solu-
tion severe local after-rusting occurred,

(2) On repeating the. test of part (l), 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 -

myv. At this stage of the process steel sur-
faces were 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, With
changes taking place more slowly, it was
observed that surface deterioration of steel
specimens susperided in the boiler became
noticeable when the oxidation potential of the
solution had decreased to about 180 mv.

IV. A series of aqueous sodium nitrite solu-
tions was prepared and employed respective-
ly in using the simulated boiler described
hereinabove. In each case stezl coupons were
suspended ifi water -in the: boiler during the
addition of the aqueous sodium nitrite solu-
tion. Sodium nitrite addition" was carried out
under various temperature conditions and

. terminated at Vvarious potentxals

The steel coupofis were removed, rinsed,
dried, and _s'ubje'cted to ‘visual examination.
Then the coupons :were stored 16 hours at
afibient room temperature under conditions
of 40 percent reldtive hum1d1ty before making
a second visual examination to determine sur-
face condition. - -

Solution  concentrations, temperatures,
terminal. potentials, and the results of visual
examinatiofis are summanzed in the follow-
ing table
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: ___.Passiv‘atjf.m with NaNO, Solut:on

Solution = aqueous NaNO 501t;ﬁ
v, = millivolts.-:;-' S A
Fe = steel

SCE = saturate&i géloxﬁel -electrode:-
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WHAT WE CLAIM 1IS:—

1. A process for passivating a ferrous metal
surface which comprises contacting the sur-
face with an aqueous alkaline solution having
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- -

carboxylic acid chelating agents. .

2. A process as claimed in claim 1 wherein
the aminocarboxylic acid chelating' agent(s)
employed is polyaminopolyeafboxylic " acid
chelating agent.

3. A process as clalmed in claim 1 or
claim 2 wherein the passivating solution is
formed in place by the reaction of an alkal-

‘ine solution containing aminocarboxylic acid

chelating agents with scale and oxide residues
on the surface, the oxidization potential being
controlled as required by the addmon ‘of an
oxidizing agent.

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

5. A process as claimed in any one of
claims 1 to 3 wherein the cortacting treatment
is carried out at a temperatire of 60° C,

6. A process as claimed in any one of the
precedmg claims' wherein the alkaline solu-
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 claims wherein from 60 to 97 per
cent of the metal chelating capacity of the
polycarboxylic acid cheliting agent is occu-
pxed by ferric and ferrous ions.

‘8. A process as claimed in any one of
claims 2 to 7 wherein the alkaline solution
contains onme or more polycarboxylic acids
and ammonia, amine, polyamine, or polyalkyl-
ene polyamme in-a propomon to render the
solution alkaline,

9. A process as claithed in any one of
claims 2 to 8 wherein the oxidizing agent is
oxygen.

10. A process as claimed in any one of the
preceding claims wherein the aqueous alkaline
solution is maintained at a pH from 7.5 to
10 during the contacting treatment.

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

(HOOCCH,),-N[(CH,).N(CH,COOH)].CH,COOH,

wherein # and m are each independently 1, 2,
3 or 4, up 1o two of the carbexymethyl groups
may be replaced with a S-hydroxyethyl
group and one or more of the carboxymethyl
groups may be replaced by carboxyethyl
groups, -

12, A process for passivating ferrous metal

surfaces sitbstantially as-hereinbéfore described:

with reference to the specxﬁc Examples.

13. Ferrous metal surfaces whenever passi-
vated by the process claimed in any one of
the preceding clanns
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