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(1) :We, THE Dow CHEMICAL Com-
. PANY, a corporation organized and existing
" under the laws of the State of Delaware,
2 United States of America, of Midland, County
5 - - of Midland, State of Michigan, United States
. of America, do hereby declaré the invertion,:
- for which we pray that a patent may be
granted to us, and the method by which it is

- 10" in and by the following statement:— .
. "+. . The invention relates to a method of remov--
! ing iron oxides and hardness deposits from

b ). tions containing -ammonium ‘or " amine poly-
B 15 . carboxyldte chelating or’ complexing agents.

. For the purposes of the specification and the’

~ appended -claims, nitrogen-containing poly-’

' x .. carboxylic acid’chelating agents as well as’

“». polycarboxylic. acid metal complexing agents: -
20 without nitrogen in the molecule are herein--
: after referred to as polycarboxylic acid metal
.. complexing agents. - o :
.- In the removal from metal surfaces of
< deposits. of .iron oxide and hardness scale;

and magnesium, with or without the presence
.+ of deposits of copper or copper compounds,
- : cleaning processes have been developed which
<{. employ an alkaline solution of a polycarbox-

. ylic acid in place of an aqueous mineral acid

" solution." These polycarboxylic acid chelating
or complexing ganets, however, have a ten-
- dency to corrode. the metal substrates while
4. the deposits. are being dissolved. It is highly
desirable to keep such -mietal attack to a
minimum, the more so where an enclosed’
vessel or system .will be cleaned numerous
times during its expected service life. .

. 40 provided an aqueous solution suitable for
g0 cleaning metal surfaces which has a pH of -

© 7 to 10 and contains 0.5 to 40 weight percent

of an ammonium or amine polycarboxylic -

metal complexing agent-and 0.01 to 0.5 weight
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% be performed ‘to be particularly described © -
" wherein A is hydrogen, a 1 to 5 carbon alkyl
group or. a radical of formula II

" metal surfaces and to aqueous alkaline solu-

5 including carbonates and sulfates of calcium

‘of formg]a v

. According to the present invention, there is ~~

0

(54 CLEANING SOLUTIONS AND METHOD OF CLEANING
. METALS | | |

per’ cent of at least one tili'oethylén:ine of

formula I

‘, —sx—EHa CHRNﬂn 'R:

I

U R'NHCH)m I

wherein R’ is hydrogen or a 1 to 5 carbon

alkyl group, x is 1 or 2, R each indcpendently -

is hydrogen or a- 1 to 5 carbon alkyl group,

Mmis1to8 and nis 1 to 8, or the hydro-

sulfide salt thereof with the restriction that
when the radical of formula II is incorporated
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in formula I and R’ is hydrogen either x is

1 or 2, R is hydrogen, m is 2 and n is 1, or,
xis1, Ris H,mis'2 and nis 2 of 'a thio-
ethylamine of formula III :
(CRz)o™

S< - >NR I

wherein R each independetly is as above

defined and 0 is 1, 2 or 3 or a thiocthylamine ~ :

My Ry

v

¥

whereln both R groups aré hydrogen ot methyl

groups respectively, or the thioethylamine of
formula V: 0 0
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H,NCH,CH,SCH,CH,0H V

According to a further aspect of the inven-
 tion, there is provided a process for . cleaning

- meta] surfaces which comprises contacting the
. surfaces with an aqueous alkaline solution
" containing a' polycarboxylate metal complex-

g agent and at least one thioethylamine of

.. the’ formula I

| A-'s,-,'—E:ﬂz cmwwﬂ R N
. _ dn .
' ’ ' I

wherein A is hydrogen, a 1to 5 carbon alkyl
group or a radical of formula I -

R'NH(CH;).— - - II

wherein R’ is hydrogen or'a 1 to 5 carbon

alkyl group, x is 1 or 2, R each independently
is hydrogen or a 1 to 5 carbon alkyl group,
mislto8andnis1to 8, or the hydro-
sulfide salt thereof with the restriction that

. when the radical of formula IT is incorporated

~ in formula I and R’ is hydrogen either x is

1 or2, R is hydrogen,mis2and and n is 1, or, _

"xis 1, Ris H, mis 2 and n js 2, or a

thioethylamine of formula HI

L

wherein R each independently is as above

. defined and 0'is 1, 2 ot 3, 0r a _tl_:_io_e_tl_lylamine

7 of formia IV

 wherein both R groups are hydrogen or methyl
groups respectively, or the thioethylamine of

‘wherein n may be i,.Z, 3 or '4, -a_ﬁd m .may
be 0,1,-2, 3, or 4, one or two of the carboxy-
‘methyl "groups  may be replaced with a

-~ B-hydroxyethyl group and one or more of the
- carboxymethyl groups may be. replaced by

mlboxxemyl_ groups, Suitable gxam_ple'sl of

H.NCH,CH,SCH,CH,OH v

-and then rinsing the surface with water, The

aqueous alkaline solution employed in the
process of the invention preferably has a pH
of from 7 to 10 and preferably contains from
0.01 to 0.5, weight per cent of the thioethyl-
amine, : .

It is particularly advantageous for the solu-
tion to contain bis-(2-aminoethyl sulfide. It
may also be desirable for the solution to

- contain from 0.01 to 0.20 and preferably
from 0.03 to 0.15 weight percent of an

amine-ketone-aldehyde-fatty acid adduct which
may be obtained by bringing together (1) one
mole of an ammonia derivative having at least
one active hydrogen attached to nitrogen and

--having no groups reactive under the conditions

of reaction other than hydrogen, (2) from 1.5

to 10 moles of a ketone having at least one’
‘hydrogen atom on the carbon atom adjacent’
to the carbonyl group, (3) from 2 to 10 moles

of an aldehyde selected from -the group - con-
sisting of aliphatic aldehydes having from 1 to

16 carbon atoms and aromatic aldehydes of -

the benzene series and having no functional

- groups other than aldehyde groups, and (4)

from 0.6 to 24 parts by weight based on

(1), (2), and (3) of a fatty acid, having from
i .

to 20 carbon atoms, at a temperature of
from about 150°F. to about 250°F, for from
about 1 to 16 hours, Use of the combination
of the thioethyl amine or S—C—C—N type

t
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inhibitor with the complex reaction product’

has the advantage of minimizing the amount
of total jnhibitor needed, since the combination
is synergistic in its protection of the metal
substrate from corrosion, i.e., the combination

is more effective than would have been pre-’
. dicted on a weight basis on considering the
. likely effect of each inhibitor material acting

alone.

The combination hss the disadvantage of:
- tending to leave.a black colored surface film
or finish on the cleaned surface and is not:
used if a bright surface must be obtained on
- cleaning, o '
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The invention, therefore, concerns the novel' -

ing metal surfaces,

solutions and the improved process for clean-:

Suitable polycarboxylic acid chelating agents -
include the aminopolyacetic acids of the for<".

- mula’

' (IIbOCO}I,);N '[(CI_{,)'..N(CHEC(.)OH).];.('JH,;COOH, '

such acids which are particularly suitable are

- ethylencdiaminetetraacetic acid (EDTA), N-
hydroxyethyl ~ethylenediaminetriacetic acid,

nitrilotriacetic acid, N-2-hydroxyethyliminodi~ -

acetic acid, diethylenetriaminepentaacetic acid,
. a_nd mixtures thereof, Exa_lmples of suitable
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- are employed ‘as inhibitors.

~ effective for

polycarboxylic acid complexing agents without
nitrogen in the molecule-ate citric «acid and
tartaric acid. S o '
The inhibitors used i the present invention
are substantially all ethylenimines or .poly-
ethylene-polyamines containing divalent sulfur
in the molecule. They are normally prepared -
by the reaction of hydrogen sulfide and ethyl--
eneimine in various proportions. .
Essentially, each of the thioethyl amine

* inhibitor compounds contains - the

§—C—C—N

- grouping within the molecule. ~Such com-

pounds are all liquids at substantially ambijent
room temperature and they are readily soluble
in water at the concentrations at which they

inhibitors are effective and stable up to a
temperature of 200°C. At temperatures below
60°C. the -inhibitors are effective but are
usually not ‘needed. The present inhibitors
are of advantage because they do not precipi-
tate from the aqueous cleaning solition of
the invention on long standing and they are

cleaning times of at-'least 12
hours. : S '
Examples of specific . suitable * sulfur-

e containing amines which possess the

grouping are bis(2-aminoethyl)sulfide; bis(2-
aminoethyl)disulfide; 3-aza-6-thiaoctane,1,8-
diamine; beta-mercaptoethylamine; thiazol-
dine; 2~(aminoethylthio)ethanol; thiazole; 2,2-
dimethyl thiazole; and the hydrosulfide salts
thereof. Suitable classes of sulfur-containing
amines are: polyalkyleneamine sulfides, poly--
alkyleneamine disuifides, ~polyalkyleneamine
mercaptans, hydroxyalkylpolyalkyleneamine
sulfides, polyalkylenepolyamine sulfides, poly-
alkylenepolyamine . disulfides and polyalkylene-
polyamine mercaptans. Each of these may be
used in the hydrosulfide salt form. . . .

 Polyacetic Acid

Usually these™

. The present sulfﬁr—containing amine inhibi-
tor having the S-~C—C—N grouping may
also be used in combination with the adduct

“obtained by the chemical combination of equi-

molar quantities of tall oil fatty acid, epi-
chlorohydrin and an interalinear ethyleneamine

selected from ethylenediamine, diethylenetri-
_ amine,

triethylenetetramine, tetraethylene-
pentamine, petaethylenehexamine, and hexa-
ethylencheptamine ‘and mixtures consisting of
two or more of such amines in combination.
The adduct is prepared by reacting a quantity

of tall oil fatty acid with about 10 moles of
.epichlorohydrin per mole of the fatty acid..
The excess of epichlorohydrin after, reaction’

is stripped by a flash distillation. Then a large
excess of the intralinear ethylenediamine is
added to react with the epoxy product and

again the excess is stripped by a flash distil-

lation to leave the desired adduct.

The adduct of the interalinear ethylene-:
amine is used at a concentration in the range

of 0.005 to 0.02 percent by weight, and more

.preferably at a concentration in the range of
0.001 to 0.01 percent'by weight. The sulfur-
‘containing amine used ‘in combination with:
the adduct of the intralinear ethyleneamine. is

employed at a concentration in’the range of
0.005 to 1 percent by weight, but more prefer-

‘ably at the level of 0.01 to 0.05 percent by
weight. Preferred combinations are (1) bis(2-
_aminoethyD)sulfide with the adduct of tall oil --
fatty acid and epichlorohydrin with triethylene--

tetramine, and (2) bis(2-aminoethyl)sulfide

with the adduct of tall oil fatty acid, and

epichlorohydrin with tetraethylenepentamine.

For actual use of solutions of these chelating’

agents in metal cleaning operations, the solu-
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tions normally are made alkaline to a pH in

the range of 7 to 10 by addition of the requi-

site amount of a nitrogen base such as
ammonia, an alkanolamine or other suitable
amine. Examples of suitable paired combina-

tions of alkylenepolyamine polyacetic acids

85

with nitrogen bases are listed in the following. -

. table.

. Nitroggn Base

EDTA

EDTA

EDTA

EDTA

EDTA

- EDTA .

. EDTA

L EDTA -

_ etl.lglenediaminctetraprdpionic
aci T
N,N-di(8-hydroxyethyl)glycine

24

~a

g
' tetraacetic acid -

l(::idhydﬂt"xyetlls'll!llzno)clu!t:tztic: -

tetramethylenediamine-N,N,N*,N '..

ammonia -

" ethanolamine

ethylamine

. ethylenediamine
- diethylenetriamine

pentaethylenchexamine
dimethylamine
trimethylamine .
ethyleneimine

. ethanolamine .
ethylenediamine

ammonia

. amimonis
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The complexing agents-not conmmmg mtro-
.gen in the molecule are similarly combined
" with a nitrogen base such as ammonia or an
.. amine. Agqueous solutions of these metal
. 5 complexing agents must normally be employed
! at a temperature above 90°C, and ‘preferably
. at a temperature above '100°C: in order to
" remove iron oxide and hardness deposits within

. reasonable times.
o .. 10 In preparing the present mhlblted solutions
& 1N _ the inhibitor may be dissolved directly in the

) '-

8 'carboxylate, the ammonia or ammonia deriva-

. 15 inhibitor in sufficient water to make a 1 to 10
percent by weight solution-and add the requi-
site amount of such a pre-mix to the cleaning

¢ solution to obtain the desired concentrations.

In carrying out metal cleaning with the

- present inhibited c¢leaning solution the system

to be cleaned is filled or otherwise brought

into intimate contact with the cleaning solu-

ordinarily maintained at a temperature in the

", solved, At these temperatures, copper deposits
. or dissolved copper, if present, plate out on
e the cleaned surface as metallic copper. Copper

by adding an oxidizing agent to the cleaning
. solution. An oxidizing agent such as sodium

air, is added to the cleaning solutlon to oxidize
the copper to a soluble salt. Thls is preferably

hardness deposits is completed when the tem-

range of 60.to 70°C.

S Ak S,

'
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. water employed before or after adding the poly-

tive. Usually it is 'convenient to dissolve the:

tion. The cleaning solution is heated to and.

‘tange of 90 to 200°C. until iron oxides
. andfor hardness deposits are substantially dis-

" s dissolvéd and-its complete removal assured
“nitrite or. potassium chromate, or preferably .

done after the removal of iron oxide and.

" % perature of the cleaning solution falls to below.
85°C., and preferably to a temperature in the_ '

- The ' cleaning operation is; oompleted bv'
water rinsing the meta] surface being cleaned..
2 A prime advantage of the present invention.
hes mlthe effectiveness ‘of the 1nh1b1ted solu-' :

,
A AN N R
[T EE A RSl SR S

" tion in the dlssolutlon and removal of iron
oxides and hardness deposits as well as metal-
lic copper orcopper oxide deposits without

substantial corrosion of a ferrous metal sub-

. strate. The inhibited solution also removes.

iron oxides and hardness deposits substantially
without corroding a copper substrate. -

The following are descriptions by way of
examples of procedures and aqueous solutions
both within and outside the scope of the
present invention.

First Series of Tests
A series of tests was carried out to illustrate

.the composition and method of the invention.

In each test clean, weighed metal coupons
formed of 1010 type carbon steel (SAE) were
placed in a glass beaker containing 200 milli-
liters of an inhibited aqueous solution of
EDTA. The solution of EDTA in each case
contained 3.8 percent by weight of EDTA,
sufficient ammonia to bring the pH of the

solution to 9.2, and one of the inhibitors or -

inhibitor combinations of the invention. In
each test there was employed a pressure reactor
consisting of a short section of large diameter
pipe having a concave hemispherical-shaped

closed end or bottom and a threadable cap

closure for the open end. In each case the
beaker and solution and coupons were placed
in such a pressure reactor and contents were
heated to. and maintained under autogenous
pressure at 95°C. for 4 hours. After the test

period, - the coupons were removed from the .

reactor, cleaned, dried and reweighed. Weight
losses were extrapolated into pounds per
square foot per day (lbs./ft.2/day). The in-
hibitors employed, the inhibitor concentrations

and the weight_ fosses observed are summanzed'

in Table I.

- In a control test run by way of comparlsoh -'
'no inhibitor was - employed. The results of'

thls test hre also hsted m Table L

AT
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R S ) Weight e *Addiﬁve, deht .Q)ﬁosive Rate . < N -
_Test No.  Inhibitor ~ Percent ' . Percent - . Tbs./ft.3/day _ gm/cm?/day
. Coatrol  None . .. = = 0.0257 - 0.0125
1 +*Misture & ) 0.2 - 0,004 0.0007
2 bis(2-aminoethyl)disulfide 0.2 — 0.0014° . . 0.0007 -
3 L beta-mercaptoethylamine 0.2 _ _— © 0.0049 0.0024 .
4 " bis(2-aminoethyDsulfide 0.0667 - 0.133 0.00053 10.00026 -
5 (bis~(2-aminoethyl)disulfide 0.0667 0.133 ~0.00070 £ 0.00033
6  bet-mercaptoethylamine " 0.0667 0.133 0.00026  0.00013 {:
7 o 0.04 0.08 0.0035 0.00017 =
* Additive is the product of reaction of Rosin Amine D, tall oil fatty acids, acetophenone, and paraformaldehyde at a temperature of -
about 95° C. for 8 hours in ethylene glycol medium and in the presence of H,SQ,. After the reaction, an adduct of nonylphenol and
ethylene. oxide was added to the reaction product, o '
** Mixture A = 70% by weight bis(2-aminoel;h)"1)sulﬁde plus 30% by weight 3-thia, 6-azaoctane, 1,8-diamine.
 Second Series of Tests ' acid adduct previously described and in the 10
... A second series of tests was carried out in footnote to the table. In a-number of tests,
o - the same manner as the first series, using the replicate runs were made and the results aver-
~ 5 inhibited solutions of the invention, except aged. The inhibitors used, the concentrations
- that test temperatures of either 150° or 160°C. thereof, the additive concentrations used and
were used. Control tests were run by way the corrosion rates observed at 150°C. are 15
of comparison, using (1) no inhibitor and (2) summarized in Table II. Rates observed at :
a commercial amine-ketone-aldehyde-fatty 160°C. are summarized in Table IIL
=
W
.. )




Weight - Corrosion Rate L
lbs./ft3/day = - gm/cm?/day

_ S Conmol —a N o Co= e L 0.0302 . 0.0147 | o
o s bxs(2-ammoethyl)sumdc o _._.0-(:’5. . R o otes | :
e 3-th1a,6—azaoctane,l,8-dmmme T e e me oow |
0 e e o om | 00000 . | |
1B MiaweB o o;s B 0010 0.0005
” W e o . . 0357 g o oo’
B Y " S 0006 0.00029
16 HS salt of bis(2-amincethylsulfide 0335 . 067 - 0006 0.00029 N |
7o d e o 0006 0.00029 | l
B T P YR ™ 0013 0.00063 !
I e s - 1 0000 . 0.00044

" Test No. Inhibitor
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Tamz T (Contmued) oo

R - s -

".--.'21 " Mixture D S .05 S o e0m ~ 0.00054
2 MameE - 08 O ows 000
23" 2—(ammoethylthto)ethanol e s s o7

K | “do S oms . e .027.8"_"' T 00135

5 o e84 . .o . 0.00166

% - e 1 e me - oo

R Addmve is the product of teacuon of Rosin Amine D, tall oil fatty acids, acetophenone, and parafonnaldehyde ata temperature
.of about 95°C, for about 8 hoursin ethylene glycol medium in the presence of H,SO,. After the reacuon, an adduct of nonylphenol'

and ethylene oxide was added to the reaction product.
@ ~~ The “additive” material alone was used and not a sulfur-contammg atmne according to the invention..
‘Mixture B = by we:ght, 90.9 percent of H,S salt of bts(z-ammoethyl)sulﬁde and 9.1 percent of ethanol.

Mxxture C= by wetght, 84.8 percent of bxs(z-ammoethyl)sulﬁde 1.5 percent of the H,S salt of b1s(2—annnoethyl)sulﬁde, and 13 6
- . ~ pércent of 3-thia,6-azaoctane,l, S-dlamm

' Mxxture D= by weight, 84.8 percent of bxs(2—ammoethy)sulﬁde and 15.1 percent of 3-thta-6-azaocmne,l 8—d1amme

Mixture E = by weight, 84.8 pereent of bxs(2—ammoethyl)sulﬁde, 5.2 percent of the H,S salt of bls(2-ammoethyl)su1ﬁde, and 10.0
_ pereent of 3-thia 6-azaoctane,l,8-d1amm .

ustorr
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. Tams I

Percent Ibs./ft3/day

SR Weight . "_‘Adﬂiﬁve, Weight  Corrosion Rate
" Percent

gm/cam?/diy

 bis(2-amincethyl)sulfide B T .03

' 3-thia,6-azaoctane,],8-diamine S R 1 0015
Mismre® - 086 - .I% - .0019

b e a4

B " S T 0010

do . . .0%66 0733 0006

"' H S salt of bis(aminoethyDsulfide 0366 .0733 0020

do 05 S L0016

0133
00154
. 0.00093

0.00083 .
0.0342
0.0070
' 0.00185
0.00073
0.00093

© 0.00068

- 0.00049
0.00029
0.00098
0.00078

N £ S e tagr P w5 <5

Mixture C | 04 08¢ .0031

0.0(_)151

HS0TT

11




"}_
_ A
"‘f—s'-_.. k '
'ruu m (Contmued) | )
L TR Waght *Addmve,Weight Corrosion Rate. ~  *
Test No.  Inhibitor o . Pememt lbs./f/day gm/cdeay
41 . MimeD - - 4 0 .08 033 0.0194
e e . - w8 a . owr o oo
4 MaweE . - .64 - .8 - 005 . 000122
. e 0 S 0009 . 0.00044 |
%5 bis(2-aminoethylsulfide 08 . .4 .oM7T . 0.00mT -
46 . odo S A __.os ©0507 0 0.0247 f§
% Addmvexsthe product of reaction of Rosm AmmeD talloxl fatty acids, acetophenone and paraformaldehyde atatemperature of about
95°C. for about 8 hours in ethylene glycol medium in the presence of H,80;. Aftet the reaction, an- adduct of nonylphenol and .
ethylene oxide was added to the reaction product. _ _ _
& — The “additive” 'inatenal was used and not a sulfur-contéining amine according to the invention,
Mixtute B = by wexght, 90.9 percent of H,S salt of bis(2-ammoethyl)sulﬁde and 9.1 percent of ethanol. .
Mixture C = by weight, 84.8 percent of b1s(2-ammoethyl)sulﬁde, 1.5 percent of the H,S salt of bis(z-ammoethyl)sulﬁde, and 13.6
percent of 3-thia,6-azaoctane,1,8-diamine.
Mixture D= by weight, 84.8 pement of b1s(2-ammoethyl)sulﬁde and 15.1 percent of 3-thia,6-azaoctane,l,8-diamine.
: Mixture E = by welght, 84.8 percent of bm(z-aminoethyl)sulﬁde, 5.2 percent of the H.;S salt of bis(2-aminoethyl)sulfide, and 10.0
R o peroent of 3—thia,6-azaoctane, ,8-diamme ‘
lo .:;
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Third Series of Tests .

A third series of tests was carried out in
the. same manner as the first and second
series, using the inhibited solutions of the
invention, except that cleaned and weighed

_copper coupons were subjected to the solutions

instead of steel coupons. Temperatures of
150° and 155°C. were employed. The inhibi-

" tors used and the corrosion rates observed are

summarized in Table IV.-Some of the data
represent averaged values for repli_c_ate tests.

Control tests were run by way of comparison
using (1) no inhibitor and (2) the amine-
ketone-aldehyde-fatty acid adduct hereinbefore
described. The results of the control tests are
also summarized in Table IV,

These tests show that copper surfaces, e.g.,
heat exchanger tubes in a high pressure steam
boiler, are not rapidly attacked by the inhibited
cleaning solution of the invention and that the
present cleaning process is safely carried out *
in the cleaning of such boilers. :

15

20
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Protection of Copper N e : _
_ _ L *Additve, ! " Corrosion
T - Weight = Weight - Temp, . Rate _
- . Test No. - Inhibitor - Percent =~ Percent - . °G . lbs./ft3/day  gm/cm®/day
- Coentrdl  — L= =57 150 - 0,028 0.0102
GGl e T oa 150 .04~ 0.0
4 bis(é—_amino_ethyl)stﬂﬁde (crude) 05 1 15 0 .0034 0.00166 _
48 bis2-aminoethysulide - .05 - .1 150 . . .0008  0.00039 [
49 Mixture C = . - 05 1 . 150 - 0018 0.00083
5 .  Mixture D o 05 150 . .0008 . 0.00039 5
Control -~ . - 155 .oz 0.0108 £
: . . G
51 bis(2-aminoethyl)sulfide ‘ .05 d1 - 155 0007 0.00034 -
52 Mizwre C . - s 1 155 .0006 0.00029
55 ~ Mixture E .05 ' 1 155 ' .0005 0.00024
- * Additive is the product of reaction of Rosin Amine D, tall oil fatty acids, acetophenone, and para-formaldehyde at a temperature of
about 95°C. for about 8 hours in ethylene glycol medium and in the presence of H,SO,. After the reaction, an adduct of nonylphenol
... and ethylene oxide was added to the reaction product. ) .
@ — The “additive” material was used and not a sulfur-containing amine according to the invention.
Mixture C = by weight, 84.8 percent of bis (2-aminoethyl)sulfide and 1.5 percent of the H,S salt of bis(2-aminoethyl)sulfide, and
13.6 percent of 3-thia,6-azaoctane,1,8-diamine. _ o .
. Migture D = by weight, 84.8 percent of bis(2-aminoethyl)sulfide, and 15.1 .pe'rcent of 3-thia,6-azaoctane,1,8-diamine.
Mizture E = by weight, 84.8 pei'cent of bis(2-aminoethyl)sulfide, 5.2 bercent of H,S salt of bis(2-aminoethyl)sulfide and 10.0 percent
of 3-thia,6-azaoctane,1,8-diamine, ) =
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Fourth Series of Tests

In a fourth series of ‘tests, carried out in
the same manner as the first and second
series, except that the steel coupons were

polished, bis(2-aminoethyl)sulfide was used as

the sole inhibitor material, temperatures in the

range of 115 to 171°C. were employed, the
test solution contained 10 percent by weight

of EDTA and test periods of 16 hours were -

.used. The results of the tests are summarized

in Table V.

- Taex V
R * Bis(2-aminoethyl)Sulfide Temp. Corrosion Rate

" Test No. Weight, Percent °C. Ibs./ft2/day  gm/cm?/day

| 54 . oo 115 0.0068 0.0033
55 e 15 .00009 0.000044
5 . 05 115 .0051 0.0025

57 . .02 128 .0053 0.0026

138 © 0266 0.01297

: s

58 .05

Fifth Series of Tests - | :
A fifth series of tests ‘was- carried out in
the same manner as the fourth series except

that an intralinear ethyleneamine adduct was -
added to all but one of the test: solutions.

Each of the test solutions contained one of the

sulfur-containing amines.use(_i in the composi-

5.

tion of the invention. The adducts used and
the concentration thereof, the concentration of

bis(2-aminoethyl)sulfide used, the temperatures

employed and the corrosion rates, extrapolated

0 a 24 hour basis, are summarized in Table

VI. Some adduct and inhibitor combinations

- Were not tested at each of the temperatures.

10

5
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SE - 17} Weight Peccent Corrosion Rate, Ibs./8:3/day (gm/cm?/day) |
R Adduct _ Weight:  bis(2-aminoethyl)- - : ' .
. TestNo.  Used Percent . sulfide - 169°C.. 137°C, * 130°C. :
ful 59 Adduct A 0.005 - . 0:02 10.0096(0.0047) . 0.0045(0.0022) - ;
0 - - do 002, L .2 b.0097(0.00473) - .0032(0.00156)  0.0029(0.0014)
6~ 002 S5 — T 00450.002) 0 —
2 | .do 2 02 — o T T .0075(0.00366) E
63 . Adduct B 005 02 ©.0100(0.00488) .0052(0.00254) -
64 - do .002 .02 .0097(0.00475)  .0042(0.00204) . p—
6 do . 02 .02 - - .0080(0.0039) 5
6 00— - .05 .0443(0.0216)  .0214(0.01044) - &
Tests at this temperature were of 4 hours duranon.
_ b = Average of duplicate runs.
Adduct A = adduct of tall oil fatty acids with epichlorohydrin and methylenetetramne
Adduct B = adduct of tall oil fatty acids with epichlorohydrin and tetraethylenepenmmme
. 3
Sixth Series of Tests heating period. In each test bis(2-aminoethyl)- 10 - '
A sixth series of tests was carried out in sulfide was used ac a concentration of -0.02
the same manner as the fifth series, except percent by weight. No scum was found on
5 that two mill-scaled coupons and 0.1 gram of any of the coupons at the conclusion of the
- CuO were placed each test solution along with test when each coupon was rinsed, dried and
clean weighed metal corrosion coupons and weighed. The adducts employed, the test 15
the contents of the pressure vessel were cooled temperatures and the corrosion rates observed
to 60°C. and air-blown after the 16 hour are listed in Table VIL Qo
o S o W
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| . Tams VII
Test Adduct Weight ~ Temp.of  Corrosion Rate
' No. - © Used Percent = Cleaning °C. lIbs,/ft.?/day  gm/cm?/day
67 AddutA  0.02 ; 130 s 0.0038 0.00185
68 . do 002 132 0033 0.0016
® = do 002 130 s .0035 0.0017
0 do - 002 120 * 0056 0.0027 -
7 Adduct B .02 120 -

8 = Average of duplicate runs

Adduct A = adduct of tall oil fatty acids with epichlorohydrin and triethylenetetramine

Adduct B

" Seventh Series of Tests ' -
A seventh ‘series of tests was carried out
. to show the protection of steel coupons during
5 air-blowing. In each case, an inhibited clean-
- ing solution containing 0.02 percent by weight
bis(2-aminoethyl)sulfide and one of the intra-
linear ethyleneamine adducts was used to clean
one mill-scaled coupon at 151°C. whereby the
chelating agent became partly spent in chelat-
ing dissolved iron. In each case, two corrosion
coupons. and one- copper plated coupon were

adduct of tall oil fatty acids with ep_ichloroliydrin and tetracthylenepentamine .

added to the test solution and the test solution
was air-blown for 30 minutes at the rate of
about 0.004 cubic feet of air per minute. In
each case, the coupons were recovered, cleaned,
reweighed and inspected. In each case, the
extent of corrosion was less than 3.5 milligrams
per coupon, and most coupons lost less than
1 milligram. The adducts used, the degree of
spentness of the chelating agent, and the test
temperatures are listed in Table VIII.

R Tass VI y

N SN Adduct . Weight Percent of Test
;.. Test Nos 2. . Used Percent Spentness Temp. °C.

Tivml Tl Addut A 0.005 - 2 60—66

N T do 002 61 60—66

I A do 1,002 74 93

75 0 Addut B .005 7 60—66

% do 002 70 60—66
Adduct' A = adduct of tall oil fatty acids with epichlorohydrin and triethylenetetramine

Adduct B = adduct of tall oil fatty acids with epichlorohydrin and tetraethylenepentamine
- Eighth Series of Tests | : Each boiler is filled with sufficient cleaning

In yet an additional series of tests, various

are employed, respectively, in cleaning three
substantially identical high pressure steam
~ boilers to remove hardness and iron oxide
30 deposits commingled with copper deposits.

polycarboxylic acid metal complexing agents

solution to circulate well and reach all critical
surfaces, or about 8,000 gallons of solution.
Each solution contains about 10 percent by
weight of polycarboxylic acid metal complex-
ing agent and 0.02 percent by weight of bis-
(2-aminoethyl)sulfide. The solution used in the

15
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1 first boiler also contains 0.002 percent by
. ‘weight of the adduct of tall oil fatty acids,

10

epichlorohyhdrin and triethylenetetramine, The
solution in the first boiler contains EDTA

as the polycarboxylic acid complexing agent.
" and the solution has an initial pH of 9 obtained

by the addition of the requisite amount of
ammonia to the solution. The solution in the
second boiler contains nitrilotriacetic acid and

the pH has been similarly adjusted. The solu-

* tion in the third boiler contains citric acid

15
i hours while being circulated through the boiler

- and the initial pH is 7.

The cleaning solution in each boiler is

brought to a .temperature of -150°C. and.

maintained at about that temperature for 16

system. During this period substantially all -

hardness.and iron oxide deposits dissolve and

copper present in the deposits plates out on

the ferrous metal substrate, =~ = _
Each boiler and its contents is then allowed

to0 cool to about 65°C. The pH of the solution

in the third boiler is raised to 9 by the addi-

35

tion of ammonia to the solution. Compressed
air is then injected int¢” the solution in each
boiler through a port connected to a sparger

" in the lower part thereof, and vented out the -
top of the boilér, Such air-blowing continues -

for about 35 minutes while the temperature
is maintained at about 65°C. The solution in
each boiler is drained off and each boiler is
water rinsed several times with about 10,000

 gallons of water per rinse. Each boiler is then

opened and inspected. The ferrous metal sur-
faces are found to be clean and bright and

. substantially free of pitting and other evidence

of corrosive attack by the cleaning solution.

WHAT WE CLAIM IS:—

1. An aqueous solution suitable for cleaning
metal surfaces which has a pH of 7 to 10
and containg 0.5 to 40 weight per cent of an
ammonium or amine polycarboxylate metal

* complexing agent and 0.01 to 0.5 weight

per cent of at least one t!eioeﬁlylanﬁne of

~ formula I

. "1A—-'s,,—E;H2"'¢:HkMZ' R
L n

wherein A is hydrogen, é,_ 1 'Y carbon alkyl
group or a radical of formula II_ ' :

R'NH(CHp)u— 11

I

wherein R’ is hydrogen of a 1 to 5 carbon
alkyl group, x is 1 or 2, R each independently
is hydrogen or a.1 to 5 carbon alkyl group, -
mis1to 8 and nis 1 to 8, or the hydro-
sulfide salt thereof with the restriction that
when the radical of formula II is incorporated
in formula I and R’ is hydrogen either x is

1 or 2, R is hydrogen, m is 2 and n is 1,
or, xis , Ris Homis2and nis 2 or a
thioethylamine of formula III
{CR;) .
i >NR

CH,CH,

Si< ImI 60

wherein R each independently is as above
defined and o is 1, 2 or 3, or a thioethylaminc
of formula IV .

.

H
v

ﬁherein both R groups are hydrogen or methyl g5

groups respectively, or the thioethylamine of

formula V : .
H.NCH,CH,SCH,CH,O0H \'4

2. An aqueous solution as claimed in claim

1 the thioethylamine of which is bis(2-amino- 70
" ethyl)sulfide.

3. An aqueous solution as claimed in claims

-1 or 2 containing in addition 0.01 to 0.20

weight per cent of an amine-ketone-aldehyde-

fatty acid adduct as hereinbefore described. 75
4. A process for cleaning metal surfaces -

which comprises contacting the surfaces with

an aqueous alkaline solution containing a poly-

carboxylate metal complexing agent and at

least one thioethylamine of the formula I 80

A— Sx—EH 5 cykmﬂ R
n

|

. wherein A is hydrogen, a 1 to 5 carbon alkyl

group or a radical or formula II
+ R'NH(CH;)— II

“wherein R’ is hydtogen oralto5 cartbon 85

alkyl group, m is 1 to 8, x is 1 or 2, R each

‘independently is hydrogen or a 1 to 5 carbon

alkyl group and n is 1 to 8; or the hydro-
sulfide ‘salt -thereof with the restriction that
when the radical of formula II is incorporated 9¢

. in formula I and R’ is hydrogen either x is

1 or 2, R is hydrogen, m js 2 and n is 1,
orxis I, RisH, mis2andnis 2 or'a
thioethylamine of formula IIX

(CRs)

<: _ I 95
CH,CH,
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. first boiler also contains 0.002 percent by

weight of the adduct of tall oil fatty acids,
epichlorohyhdrin and tricthylenetetramine. The
solution in the first boiler contains EDTA
as the polycarboxylic acid complexing agent

~ and the solution has an initial pH of 9 obtained

by the addition of the requisite amount of
ammonia to the solution. The solution in the
second boiler contains nitrilotriacetic acid and
the pH has been similarly adjusted. The solu-

. tion in the third boiler contains citric acid

i5

35

and the initial pH is 7.

The cleaning solution in each boiler is
brought to a temperature of 150°C. and
maintained at about that temperature for 16
hours while being circulated through the boiler
system. During this period substantially all
hardness and iron oxide deposits dissolve and
copper present in the deposits plates out on
the ferrous metal substrate. -

‘Each boiler and its contents is then allowed

' to cool to about 65°C. The pH of the solution

in the third boiler is raised to 9 by the addi-
tion of ammonia to the solution. Compressed
air is then injected into’ the solution in each
boiler through a port connected to a sparger
in the lower part thereof, and vented out the
top of the boiler, Such air-blowing continues
for about 35 minutes while the temperature
is maintained at about 65°C. The solution in
each boiler is drained off and each boiler is
water rinsed several times with about 10,000
gallons of water per rinse. Each boiler is then
opened and inspected. The ferrous metal sur-
faces are found to be clean and bright and

. substantially free of pitting and other evidence

of corrosive attack by the cleaning solution.
WHAT WE CLAIM IS:— .
1. An aqueous solution suitable for cleaning
metal surfaces which has a pH of 7 to 10
and contains 0.5 to 40 weight per cent of an
ammonium or amine polycarboxylate. metal
complexing agent and 0.01 to 0.5 weight
per cent of at least one thioethylamine of
formula X ' .

A— s,,—EH B CHRNI_I] R
n

wherein A is hydrogen, a 1 to 5 carbon alkyl
group or a radical of formula II :

R’NH(CH,)o— II

I

wherein R’ is hydrogen or a 1 to 5 carbon
alky] group, x is 1 or 2, R each independently
is hydrogen or a 1 to 5 carbon alkyl group, -
mis1to8and nis 1 to 8, or the hydro-
sulfide salt thereof with the restriction that
when the radical of formula II is incorporated
in formula I and R’ is hydrogen either x is

1or 2, R is hydrogen, m is 2 and n is 1,
or, xis , Ris Homis2and nis 2 or a
thiocethylamine of formula I1I

(CR),

CH,CH,

S< >NR 111

wherein R each independently is as above
defined and o is 1, 2 or 3, or a thicethylamine
of formula IV :

H

.,

v

wherein both R groups are hydrogen or methyl
groups respectively, or the thioethylamine of
formula V

H.NCH.CH.SCH,CH,OH v

2. An aqueous solution as claimed in claim
1 the thioethylamine of which is bis(2-amino-
ethyl)sulfide. .

3. An aqueous solution as claimed in claims
1 or 2 containing in addition 0.01 to 0.20
weight per cent of an amine-ketone-aldehyde-
fatty acid adduct as hereinbefore described.

4. A process for cleaning metal surfaces
which comprises contacting the surfaces with
an aqueous alkaline solution containing a poly-
carboxylate metal complexing agent and at
least one thioethylamine of the formula I

A— SX—EH > c;muﬂ R
o n

wherein A is hydrogen, a 1 to 5 carbon alkyl
group or a radical or formula II

» R’NH(CH,)u— I

I

wherein R’ is hydrogen or a 1 to 5 carbon
alkyl group, m is 1 to 8, x is 1 or' 2, R each
independently is hydrogen or a 1 to 5 carbon
alkyl group and n is 1 to 8, or the hydro-
sulfide salt thereof with the restriction that
when the radical of formula II is incorporated
in formula I and R’ js hydrogen either x is
1 or 2, Ris hydrogen, m is 2 and n is 1,
orxis I, RisH,mis2andnis2o0ra
thioethylamine of formula III

(CR,
s ,( Jo

< >NR I
CH,CH,

65

70

5

80

85

95
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- wherein' R each’ mdependenﬂy is. as above
defined and o is 1, 2 or’ 3 ora thnoethylamme
-of formula' IV .

v

wherein both R groups are hydrogen ot methyl
groups respectively, or the thloethylamme of
formula V

H;NCH,CH;SCHzCH,OH' -V

and then rinsing the surface with. water.
5. A process as claimed in claim 4 wherein
- the aqueous alkaline solutlon employed has a
- pH of from 7 to 10. .

6. A process as claimed in claims 4 or 5

whereln the aqueous alkaline solution employed

- contains from 0.01 to 0.5 weight per cent of

the thioethylamine,

7. A process as claimed in claim 6 wherein
the aqueous alkaline solution employed con-
tains 0.02 to 0.20 weight of the thioethylamine.

8. A process as claimed in any of claims 4
to 7 wherein the aqueous alkaline solution
employed contains bis(2-aminoethyl)sulfide.

9. A process as claimed in any of claims
4 to 8 wherein the aqueous alkaline solution
employed also contains 0.01 to 0.2 weight per

- cent of an amine-ketone-aldehyde-fatty acid

adduct as hereinbefore described,

10. A process as claimed in claim 4 for
cleaning metal surfaces substantially as herein-
before described with reference to the specific

" examples.

11. Metal cleaning solutions as claimed in
claim 1 substantially as hereinbefore described

“with reference to the specific examples.
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