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PATENT SPECllfICATION (11) 120·1511 

,..( .NO·DRAWINGS 

,-4 · .(21) Application No. 41894/67 (22) Filed 14 Sept 1967 · 

lQ (31) Convention Application No. 579502 ('32) Filed t:fSept.:l~ in , 

pmt . (33) Uiµted States of America (US) . 

Q (45) O>mplete Speclficatfon pUblished S Aug.1970 · ' 

C\! (Sl) International Olassification C 23 g 1/06 . 

pmt (52) Index at acceptance 07iB a 

·'· 

(54). CLEANING SOIJUTIONS AND METilOD OF a.MNING 
. ·. METALS 

(· 

(71) .. We, THE Dow CHEMICAL CoM- per cent of at least one th(oethytamine of 45; 

PANY, a cort>oration organized and existing 
under the laws of· the State of De4'.ware, · 

· ;~: United States of America, of Midland, 'County 
5 · : of Midland, State of Michigan~ United States 

of America, do hereby declar~ the invention, · 
·· · for which we pray that a patent may be 

granted to µs, and the method by which it is 

formula I · .,, 

I 
.,, to be perf0rmed 'to be pai:ticularly descnbed< . . 

10 in and by the following statement:- . wherein A is.hydrogen, a 1 to s carbon alkyl 

. 't'he invention relates to a method of temov- group or a radical of formula II . 

ing iron oxides arid hardness deposits' from . 
m~tal surfaces arid to @queotis alkaline solu- · R'NH(CH

2
)m 

11!). tions containing ammonium •or· amine poly;. · · 

15 . carboxylate chelating or· complexing· agents. wherein R' is hydrogen or a 1 to 5 carbon 

II 50 

For the purposes of ~he specification and the: alkyl group, x is 1 or 2, Reach independently 

appended ·Claims, nitrogen-containing poly-· is hydrogen or a 1 to S carbon alkyl group, 

carboxyHc acid · chelating agents as well as·· m is 1 to 8 and n is 1 to 8, or the hydro-

i) po1ycarboxylic. Acid metal complexing agents. · "SUifide salt thereof with the restriction that 55 

20 without nitrogen in the molecule are herein-· when the radical of formula II is incorporated 

after referred to as polycarboxylic acid metal. in ·formula I and R' is hydrogen either x is 

compJexin~ agents. · .· . 1 or 2, R is hydrogen, m is 2 and n is 1, or, 

In the removal from metal s1.ufaces of x is 1 R is H m is · 2 and n is 2 or· a thio-

., i' ~eposi!s. of .iron oxide and ha~dness s~aJe;' ethyla:nine of formula •II . , 60 

25 mcludmg carbonates and sulfates of calcmm · · ... • 

and. magnesium, ·with or without. the presence (cRz)o ·· · · 

.. '. of deposits of copper or copper compounds, S< . >.NR · III 
-~~ . ~ clea~in.g processes :·have been developed which · CHzCHz · ·· 

-- . ~::;- employ an alkaline solution of a · polycarbox-

.Li 

30 . ylic acid in place of an aqueous mineral acid wherein R each · independetly is as above 

. . · solution; .These polycarboxylic acid chelating defirt~d and 0 is 1, 2 or 3 or a thioethylamine 

·· ·· ··· · · · or complexing ganets, hOwevei', have a ten- of formula IV 

dency to corrode the metal sub$trates while 1 . , . , , , •. • ' , • · · i · · · 
1 ~;·1 the deposits are being dissolved. It is highly_ · · _;,_:v· . R .: :.: •. ·;···.·.:·,._ . .. 

35 desirable to keep· such · metal attack to a , 

minim0m, the more so where an enclosed· 
vessel or system will be cleaned numerous 

timAeccs ordudrt~nngg tiotsth.exeppectreedsen· tset.rvnviencet~ife. there t' . , .. ' H . ' . 
. . ton, s 

40 provided an aqueous solution suitable for 
;f)~! cleaning metal surfaces which has a pH of 

·. · 7 to 10 and contains. 0.5 to 40. weight percent 
· of an atntnortium or amine polycarboxyHc · 

metal ~plexirtg agent· and 0.01·~o0.$ Weight. 
.· .. .. 

.. ·,·.·1· ::· . 

(Price Si. Otl. (2Sp)] 

IV 

wherein both R ·grotip·~ ar~ hydrogen or methyl 
groups respectively, ,01' the. thioethyla~ine of 
formula V ' · · · · · 

' ' ' . : . .. I . !. : ' • . ' ' ' ! ~ ' 

:r". 

65 ' 
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-\_.... According to_ a further aspect of the inven-
, tion, there is provided a process for -cleaning 
metal surfaces which comprises contacting the 5 surfaees With an aqueotis alkaline solution -• ·_· ._·containing a polycarboxylate metal complex­. mg agent and at least One thioethylamine of 

._ _ the formulll I 

A-:sxfH2CHRN~n R 

I 

10 wherein A is hydrogen, a 1 to S carbon alkyl 
group or a radical of formula· II -

- R'NH(CHz)m- II 

H2NCH2CH2SCH2CH20H V 
-and then rinsing the surface with water. The 
aqueous alkaline solution employed in the 
·p· rocess of the invention preferably has a pH 
of from 7 to 10 and preferably contains from 35 · 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 40 contain from 0.01 to 0.20 and preferably 
from 0.03 to 0.15 weight percent of an 
~mine-ketone-aldehyde-£ atty acid adduct which 
may be obtained by bringing together (1) one 
mole of an ammonia derivative having at least 45 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' 50 to the carbonyl group, (3) from 2 to 10 moles wherein R' is hydrogen or a 1 to 5 carbon of an aldehyde selected from -the group con­alkyl group, x is 1 or 2, R each independently sisting of aliphatic aldehydes having from 1 to 15 _ is hydrogen or a 1 to 5 carbon alkyl group, 16 carbon atoms and aromatic aldehydes of · m is 1 to 8 and n is 1 to 8, or the· hydro- the benzene series and having no functional 55 sulfide salt thereof With the restriction that groups other -than aldehyde groups, and (4) when_the radical of fomiula II is incorporated from 0.6 to 24 parts by weight based on in formula I and R' is hydrogen ~ither x is (1), (2), and (3) of a fatty acid, having from 1 or 2, R is hydr9gen, mis 2 and and n is 1, or, . 1 to 20 carbon atoms, at a temperature of x is 1, R is H, m is 2 and n is 2, or a from about 1S0°F.· to about 2500.p, for from 60 thioethylamine of formula HI about 1 to 16 hours. Use of the combination 
of the thioethyl amine or S-C-C-N type (CR,)o inhibitor with the complex reaction product Si< __ · >NR -Ill has the advantage of minimizing the amount -CH20H2 · - · of total inhibitor needed, since the combination 65 
is synergistic in its .protection of the metal 
substrate from corrosion, i.e., the combination 

whetein __ R eadi indep~dently - is a:s-- _above 
25 . defuled and o is 1, 2 ot 3," or a thioc:thylamine of formu1a IV -
:;;; .. 

IV 

_ wherein bOth R groups are hydrogen or methyl 
groups respectively, or the thioethylamine of 30 formuli V · · 

is more effective than would have been pre­
dicted on a weight basis on considering the 
likely effect of each inhibitor material acting 70 alone. . 

The combination hes the disadvantage of 
tending to leave a black colored surface film 
or finish on tlie cleaned surface and is not 
used if a bright surface must be obtained on 75 cleaning. 

The invention, therefore, concerns ·the ·novel'_ 
solutions and the impro'ved process for clean"' · ing metal surfaces. · 

Suitable polycarboxylic add chelating agents · 80 
include the aminopolyac~ic adds of the for~· niula· 

wherein n may 'be 1, 2, 3 or 4, and m may such adds which are particularly· suitable are 90 85 be 0,-1,·2, 3; or 4, one or two of the carboxy.;. ethylenediaminetetraacetic add (EDTA), N­methyl · groups may be replaced with a hrdroxr.ethyl _ ethylenediaminetriaceric add. - .S-htdroxyethyl group and one or m0re of the n1trllotnaeedc acid, N-.2--hydroxyethyJlmlnodi­carboxymethyl sroups may _ be .-eplaced by acetic acid, diethylenetriaminepentaacetic acid, c:amox;ethyl group$t S~ita\ll~ ~amples f;>f -. a~ mixture~ there~f. Examples of suitable 95 
'·!'-·.· 
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po1ycarboxylic acid complexiitg~agents _without · 
nitrogen in the molecu]e. are Citric .acid and 
tartaric acid. · · · 

The inhibitors used in the present invention 
are substantially all ethylenimines or .poly­
ethylene-polyamines containing diva]ent sulfur 
in the molecule. They are normally prepared 
by the reaction of hydrogen sulfide and ethyl-
eneimine in various proportions. · 

•EssentiaUy, each of the thioethyl amine 
inhibitor compounds contains ·the 

~N 

groilping within _the molecule. Such com­
pounds are all liquids· at substantially ambient 

JS' room temperature and ·they are readily soluble . 
in water . at the concentrations at which they 
are employed as inhibitors. Usaally these" 
inhibitors are effective and . stable up ·to a 
temperature· of 200°C. At temperatur.es below 

20 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 so]ution of 
the invention on long standing and they are 

25 effective for cleaning times of at· ]east 12 
hours. · ' 

Examples of. specific . suitable · sulfur-
containing amines which posses1t the : 

·s~~--

.30 grouping are- bis(2-aminoethyl)sulfide; bis(2-
aminoethyl)disulfide; 3-aza-6-thiaoctane,l,8-
diamine; beta-mercaptoethylamine; thiazoli­
dine; 2-(aminoethylthio)ethlinol; thiazole; 2,2-
dimethyl thiazole; and the hydrosulfide salts 

35 thereof. Suitable classes of sulfur-containing 
amines are: polyalkyleneamine sulfides, poly­
alkyleneamine disulfides, . po]yalkyleneamine 

· .. · .. · 

·•a mercaptans, hydroxyalkylpolyalkyleneamine 
. .. . .· . . . . sulfides, polyalkylenepolyamine sulfides, po1y­

: ·····:···a .~lC!Jepolyamine,disp]fides and po1yalky1ene­
~- -·-- polyamine mercaptans. Each of these may be 
· used _In the hydrosulfide salt form. 

··- ····· 
.... ··-·"' ···-·· .. .... .:...---·· ... ···-

. ·-;;.;;~ ...... 

PolyJcetic Acid 
EDTA 
EDTA 
EDTA 
EDTA 
EDTA 
EDTA 
EDTA 
BDTA. 
EDTA 
ethylenediaminetetrapropionic 
acid. · ·. · 
N,N-di(i8-hydroxyethyl)glycine . . . 
tetramethylenediamine-N,N,N' .N' .. 
tetraacetic acid 
(~hydroZyethylimino)diacetic 
add .. . .. 

. The present sulfur-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
ethyteneheptamine 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. 

45 

50 

55 

60 

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 '5 · 
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 in~ralinea,r ethyleneamine. is . 
employed at a concentration in· the range ,,f 70 
0.005 to 1 percent by weight; but tnorc prefer-
. ably at the level of 0.01 to 0.05 percent by: 
weight. Preferred combinations are (1) bis(2-

. aminoethyl)sulfide with the adduct of tall oil 
fatty acid and epichlorohydrin with triethylene- · 75 
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- 80 
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- 85 
tions c:if alkylenepolyamine polyacetic acids 
with nitrogen bases are listed in the following· 
table. 

. Nitrogen Base 

ammonia 
. ethanolamine 
ethyl amine 
ethylenediamirie 
diethylenetriamine 
pentaethyleneh~amine 
dimethylamine 
trimethylamine . 
ethyleneimine 

. ethano]amine 
ethylenediamine · 

ammonia 

ammonia 

~~. ; 

.. 

.: 

·: .. 

' ( 

,. 

~:. 

:,··. 

;_. •' 
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The complexing agents- not containing nitro'.' 
gen in. the _molecule are similarly combined 
with a nitrogen base such as ammonia or an 
amine. _· Aqueous solutions of these m,etal 

5 -complexing agents must normally be empl0yed 
at a temperature above 90°C. and pr~ferably 
at a temperature above · 100°C.• in order to 
remove iron oxide and hardness deposits within 
reasonable times. 

In preparing the ·present · inhibjted solutions 
the inhibitor may be dissolved directly in the 

__ . water employed before or after adding the poly .. -
· · carboxylate, the ammonia or ammonia deriva:. 

tive. Usually it is ci>nvenient to dissolve the-
15 inhibitor in sufficient water to make a 1 to iO 

percent by weight s0ltition ·and add the requi­
sit~ amotmt of such a pre-mix to the cleaning 

' solution to obtain the desired concentrations. 

10 

In carrying out metal cleaning with the 
·20 present inhibited cleaning solution the system 

to be cleaned is . filled or· otherwise brought 
into intimate Contact with the cleaning solo­

.. , tion. The cleaning solution is heated to and 
ordinarily maintained at a temperature in the 

25 ·range of 90 to 200°c. until. iron oxides 
and/or hardness deposits are substanti_ally dis­
solved. At these temperatures, copper deposits 

' - c:n: dissolved cop~, if present, plate out on 
-- · -.- the- cleaned surface nmetallic copper. Copper 

·..: ------,30~- is dissolved and ·its complete removal assured 
by adding an oxidizing agent to the cleaning 

_ _ solution. An oxidizing agent such as sodium 
--·- -· --- -- ~--- - ' '-.' -·nitrite or potassium chromate, or preferably 

_ air, is added to the cleaning solution to oxidize 
35 the copper to ~ soluble salt. This is preferably 

done after the removal of iron oxide and 
hardness _deposits is completed wheri the tem­

. ~ . perature of the cleaning solution falls -to below 
8S°C., and preferably :to a temperature ·in the 

40 range of 60. to 700C. _ . . · - _ -
- The·· cleaning operation is completed bv 

water rinsing the mentl surface being cleaned'. -
· -~-~ _ -- ·A prime· advantage Of- the present invention. 

lies in the effectiveness :·of the inhibited so1u.:.-

: ... ··,·· ;• 

~·· 

'.'} •• r • '. . .• : ! :; .i ; ~ , ·. ·.·• .· : 

.. _ _.!d 

:.~~ .. ~·· ·: ;·'i.: . : : , ·1 

. ·:·.:r;:r~~:···.i-1 .. <1.\:· ·· ::L_ 
· ..... · .. ::r1i#:i~~~:-:·;·<~~~··:·:.·;_: . J 

·., '. i! ~: ... ;: F. ! ; ; . . . I :i t; 
~)!~'.~;~··'.. ·.!'· _!i·:• 
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tion in the dissolution and rCJ11oval of iron 45 
oxides and hardness deposits as well as metal-· 
He copper or copper oxide deposits without 
substantial corrosion of a ferrous metal sub­
strate. The inhibited solution also removes 
iron oxides and hardness deposits substantially 50 
without corr~ding a copper· substrate. -

l'fhe followirig are descriptions by way Of 
examples of procedures and aqueous solutions 
both withiri and outside the scope of the 
present invention: 55 

First Series of 'rests _ . 
A series of tests was carried out to illustrate 

. the composition and method -of the invention. 
In each test clean, weighed metal coupons 
formed C)f 1010 type carbon steel (SAE) were 60, 
placed in a glass beaker containing 200 -milli­
liters of an inhibited aqueous solution of 
EDT A. The solution of EDTA in each case 
.contained 3.8 percent by weight of EDTA, 
sufficient ammonia to bring the pH of the 6S 
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 hemisph"erical-shaped 70 
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 7S' 
pressure at 9S°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 Qbs./ft.2/day). The in- 80 
hibitors employed, the inhibitor concentrations 
and the weight losses observed are summarized-in Table I~ · · - , . . 
· . Jn a control test run by way of comparison; -

no -inhibitor was· ·employed. The results of· 85 
this test are· also listed-. in, Table fr: -'°<''"-

" . .. ->'.:.: ::·; ... )_<!~ .. ~; ..... · :··· ·~·· ;r"_i-; .• r ~fr· ":;_. 
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TABLE I 

Corrosive Ra,tc. ..... -...... ______ .... lniubi;~-~-- .. -···---~-----~----. -. ----·-.. ·Weight .. 
· Percent Test No. 

*Additive, Weight 
Percent lbs./ft.'·/day gm/cm.'/ day ----Co4trol 

.1 

2 

3 

4 

s 
6 

7 

None 
:. 

**Mixture A ·. 

bis(2-aminoethyl)disulfide 

beta-mercaptoetbylamine 
I 

· · 'bis(2-aminoethyl)sulfide 

(bis-(2-aminoethyl)disulfide 

beta-mercaptOethylamine 

dO 

0.2 

0.2 

0.2 

o:.0667 

0.0667 

0.0667 

0.04 

0.0257 0.0125 

0.0014.· 0.0007 

0.0014 : 0.0007 
' . 

.- 0.0049 0.0024 

0.133 0.00053 0.00026-

0.133 0.00070 0.00033 

0.133 0.00026 0.00013 
.. 

0.08 0.0035 0.00017 

* Additive is the product of reaction of Rosin Amine D, tall oil fatty acids, acetophenone, and parafo~dehyde at a temperature of 
about 95° C; for 8 hours in ethylene glycol medium and in the presence of H1SQ4• After the reaction, an adduct of nonylphenol and 
ethylene. oxide was added to the reaction product. · · 

** Mixture A = 70% by weight bis(2-aminoe~yl)sulfide plus 30% by weight 3-tbia, 6~azaoctane, 1,8-diamine. 

..... 

Sec<md Series of Tests 
. A . second series of tests was carried out in 
the same manner as. the first series, using the 

5 inhibited solutions of the invention, except 
that test temperatures of either 150° or 160°C. 
were used. Control tests were run by way 
of comparison, using (1) no inhibitor and (2) 
a commercial amine-ketone-aldehyde-fatty 

acid adduct previously described· and in the 10 
footnote to the table. I~ a· number of tests, 
replicate runs were made and the results aver­
aged. The inhibitors used, the concentrations 
thereof, the additive concentrations used and 
the corrosion rates observed at 150°C. are IS 
summarized in Table II. Rates observed at 
160°C. are summarized in Table III. 

( 
..... 

' -> 

v.· . 

• 

I-. 

N. 
1s ... 

'VI.. 

""' ""'· 

""' .. 

~ . 
·· ·.ttta ···.·~ '·'· .;_.:iaa:n.Mam.& ·=-!!.lll!~!!P:',!ll!"!!'"'!J.l!~~!l!!!lf!!?'~l!ll!'~"''u 1111 11 "11111111111111..,1111111111111•••1111•1!!1•• 111111•••1•1• 1 

--t:::-
't 
·' 



~,, 
~--;~ : 

'. 
i' 
\. -

'· 

-~ < ··; 

··.•· '..·:··· 

; :. 
;-·· 

: "r 

.. 

t' 
i .. ~ : . .. • 

·-.::',·-

:. -.. ~~~-ki,.~/~:~U:J.~;;.,_~_ -.i.:~-~;~_-,.,:~-~~-~.,~:::_~;· 

.; .... ··.· ... · 
• •• ·- ~-:.· -_ • < •• 

........ , .. ~. 
,· ~ . . •. . . ·' :· .. ·. ::' :.· .. :' 

.. : 
·· ; _,:,:-~~::. ·. 'TDI.i n . ·, .·.· . :·~ 

.-

•Test No. '\ 
1

·C.Onaol 

- .. 

Inhibitor ._:. 
(\ 

8. .- bis(2-auiinoethyl)sulfide. 

9 ~ - - ~tbia,6-azaoctane,1,8-diamine -

10 .. do' 

u 
12 

ll 

14 

.. · 

Mixture B 

do 

15 do -

do 

do 

' .~- ':. ., : Weight ... Percent 

-
0.05 . 

.0335 

; :.0367 
: ·~ 

• 04 

·.o5 

~0335 

:0367 

- .04 

1~ HSbS salt of bis(2-aminoethyl)sul6de .0335 

17 d'o' 

18 

It 

20. Mixture c 

'· 

do 

do 

.0367 « 

.04 

.05 

.05 

...... 

-

*Additive, Weight 
Percent 

O~l 

.1 

.067 

.0733 

.08 

.1. 

.067 

.0733 

.08 

.067 

.0733 

.08 

.1 

.1 

(,-·-

°" . 

"' 
Corrosion Rate 
lbs./ft.Z/day pn/criJ.Z/day 

0.0302 0.0147 
i 

. .0006 o.0003 

.b101 0.0049 
'. 

.0082 0.0040 

.0034 0.0017 . 
...... 

.0005 0.00025 

.0010 0.0005 
-~ .... 
~ .... 

~0007 0.00033 -
.()006 0.00029 

.0006 0.00029 

.0006 0.00029 

.0013 0.00063 

.0009 0.00044 
---- ... -· 

• 0004 0.00020 . 

t~ 
~ 



~~:, 

l ... 

..... ,I 
,~ I . , 
;. i 

,~, 

";:~1: 

;~; 
:.\'II I 

~i 
~~' 

··.iii 

.. ~., 
~t~ 

,-~I i 

. . -.~~! J 

·.· ..... i ·,: .. ....... \~~. ·:: .. ::~\· .·_·,: .. 

' 
...... , ·. ·'·· . • ...... ,,, 

. ··~. ··. . 

. '°" .· ~: 

(---------.. .·.:.~~!." -····•·•$-.•"•·· • s•y•. •...'•··•·: '·=·'·' .. ·:•·.· •-t•A.t• ,.,•u•••·. -A•.P•. -.-~.?-.Y•••••.•:<•.•Mo.• ·''··'·""·'"· --·~-----__:--------------------------~----------~---------------.c ' 
----...; .. ·-:·· 

____ .,_ .......... .:... .. :... .............. _________ ., _____ ,,:, ....... _;..:.._ .. __ ... , ________ .. .;.. ___ . __ ; .. · ...... __ , __ ...._ ___ . .,.. --- . 
-·· .... ~-- •••• -------:-··:~···-···-;,:._ --· -··· --·~- • •< --- .................... ·--·------····· .. ·-··-- - ____ .,. __ 

. TABLE II (Continued) 
.-.. 

- ' . . '·. ; __ .~. 

Weight *Additive, Weight Corrosion Rate 
··Test No. Inhibitor ·· Percent Percent lbs./ft.8/day gm/cm.I/day 

21 MixtQre D .OS .1 .• 0011 0.00054 

22 Mixture E .OS .l .ooos 0.00024 
.. . . 

23· 2-(anilii~thylthio )ethanol .067 .0335 .0548 0.0267: 

24 do .0733 .0367 .0278 0.0135 

25 ·.•. do ~08 .04 .0034 0.00166 

26 do .1 .OS .0342 0.00167 

• Additive is the product of reaction of Rosin Amine D, tall oil fatty acids, acetophenone, and p~ilf'ormaldehyde at a temperatUre 
of about 95°C. for about S.hours·in ethylene glycol medium in the presence ofH8SO,. After the reaction, an adduct ofnonylphenol 
and ethylene oxide was added to the reaction product. · 

a - The "additive" material alone was used and not a sulfur-containing amine according tO the invention . 

·Mixture B =·by weight, 90_.9 percent ofH1S salt ofbis(2-aminoethyl)sulfide and 9.1 percent of ethanol 

Mixture C = by weight, 84 .8 percent of bis(2-aminoethyl)sulfide, l .S percent of the H 1S salt of bis(2-aminoethyl)sulfide, and 13. 6 
. . percen~ of 3-thia,6-aiaoctane,l,8-diamine. · . . . . 

· Mixture D = by weight, 84.8 percent of bis(2-aminoethy)sulfide and 15.1 percent of 3-thia-6-izaoctane,l,s.diamine. 

Mixture B ""' by weight, 84.8 percent of bis(2-am.inoethyl)sulfide, 5.2 percent of the H 8S salt of bis(2-aminoethyl)sulfide, and 10.0 
percent of 3:-thia,6-azaoctane,l,8-diamine. . . . · · -
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.· 

TAii.i DI 
·. ·:~ ··:~... ; . ! ... . : ; .• :-- ~-'> . 

··Test No. 

.·."': ·. ·:. ·; .: :.;:• , : , Weight 
.Percent Inhibitor 

Control 

. :; . . ·c.ontrol - a ---· 

. : 

'Z1 

. 28 

: . . . 29 
·. 30 

... 3l .. 

32 

33 

34 

35 

36 

···~-· .. 37 .. 

38 

39 

bis(2-aminoethyl) . 

. do 

.tbiazolidin.e 

bis(2-aminoethyl)sulfide 

do 

3-tbia,6-azaoctane,l,8-cliamine 

• Mixture B 

do 

. do 

do 

H11S salt of bis(2-aminoethyl)sulfide 

do 

Mixture c 

Q.05 

,,• ·-~04 

~OS 

.04 .. 

~05· 

.OS 

.066 

.05 .. 
~04 

.0366 

.• 0366 

--.os 
·. ~04 

*Additive, Weight 
Percent 

0.1 

·.1 

.08· 

.1 

.08 

·.l 

~l 

.134 

.. 1 

.os 

.0733 

.0733 

.1 

.08. 

Corrosion Rate 
. lbs./ft.11/day 

0.2730 

• 0316 

.0019 

~0018 .. 

.0701 

.0143 

·."0038. 

·.0015 

.0019 

.0014 

.0010 

.0006 

.0020 

.0016 

.0031 

• •• • ·~-'!II·~-~-·,..,....~.,.. ... ~,~- ~·.r . .,_..~ .. -·-. ----···.·--•_.....,...._ • ..-.r•· ... -· ••• ·•·••.··-. _ ...... ,. ' ................ ·•y .• ·.··--····· .... , ····~. ····- ............. ~ ••. -.-~ ..... """-":"""····-·· •• 

·,, 

"' 
·('.-.. 

. 00. 

gm/ cm.if day_ 

0.133 

0.0154 . 

0.00093' 

0.00088 

0.0342 

0.0070 

0.00185 lk· -
0.00073 I 'V. . -·. -
0.00093 

0.00068 

0.00049 

0.00029 

0.00098 

0.00078 

0.00151 

00- -T-1 

• • o -··~• .A-~.-..... ---•••." ••·• • • • 

'i 
I 
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) .. . TABLE . III (Continued) 

Corrosion Rate 
lbs./ft.8/day gm/cm.•/day Test No. Inht'bitor 

Weight . .· *Additi~ Weight 
Percent Percent -

40 Mixture c -~ .1 .oooa· 0~00039 

. 41- . Mixture·D .04 .08 .0393 ·. 0.0194 

42. do .OS .l .0017 0~00083 

43. Mixture B 
.. ··· 

.04 .08 .0025 0.00122 

.44 do .05 . .1 ~0009 ·. 0.00044 

45. bis(2-aminoethyl)sulfide .08 ~04 .0147 .• 0.00717 

46 do .l .OS .OS07 0.0247 

. * Additive is the product of reaction of Rosin Amine D, tall oil fatty acids, acetophenone and paraformaldehyde at a temperature of about 
9S0 C. for about 8 hour.s in ethylene glycol medium in the presence of H8S04• After the reaction, an. adduct of nonylphenol and 
ethylene oxide was added to the reaction product. · 

• - The "additive" :material was used and not a sulf~-contiining amine according to the invention. 

Mixtute B = by. weight, 90. 9 percent of H11S salt of bis(2-aminoethyl)sulfide and 9 .1 percent of ethanol • 

.Mixture C = by weight, 84. 8 percent of bis(2-aminoethyl)sulfide, 1. 5 percent of the H8S salt of bis(2-aminoethyl)sulfide, and 13. 6 
percent of 3-thia,6-azaoctane,l,8-diamine. 

~ D = by weight, 84. 8 percent of bis(2-aminoetb.yl)sulfide and 15 .1 percent of 3-thia,6-azaoctane,l,8-diamine • 

.Mixture E = by. weight, 84 .8 percent of bis(2-aminoethyl)sulfide, ·5 .2 percent of the H1S salt of bis(2-aminoethyl)sulfide, and 10. 0 
· · . .. . · percent of 3-thia,6-azaoc:tane,l,8-diamine. . · · 
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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 

5 invention, except that cleant~d and weighed 
copper coupons were subjected to the solutions 
instead of steel coupons. Temperatures of 
150° and 15'5°C. were employed. The inhibi-

. tors used and the corrosion rates observed are 
10 summarized in Table iv,. Some of the data 

represent a'fCraged values for replicate tests. 

~ .. 
. . 

: ... :\ 
~-. ' .. 

.:·:. 
f. ·,. 

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 15 
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 20 
present cleaning process is safely carried out · 
.in the cleaning of such boilers. . 
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Test No. 

Control 

Control 

47 

48. 

49 

50 

Control 

Sl 

S2 

53 

... ~..;....--· 

Inhibitor 

--· 
bis(2-aminoethyl)sulfide (crude) 

bis(2-aminoethyl)sulfide 
r· 

Mixture c 
Mixture D 

bis(2-aminoethyl)sulfide 

Mixture c 
Mixture E 

· ': TABJ.B IV 

Protection of Copper. 

. Weight 
Percent 

-
• OS 

.05 

.OS 

.OS 

.OS 

~OS 

.05 

*Additive, 
Weight 
Percent 

. 0.1 

.l 

.1 

.• 1 

.1 

.1 

.1 

.1 · 

11 
... , 

.Corrosion 
Temp. Rate oc. .. lbs./ft.8/day gm/cm"/ day . 

150 , 0.0208 0.0102 ., 
, .. ISO .0204 ;~. 0.0099 

150 .0034 0.00166 

·· 150 .0008 0~00039 

150 .0018 0.00088 

150 .0008 0.00039 

lSS .0221 0.0108 

lSS .0007 0.00034 

lSS .0006 0.00029 

lSS .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 H2SO,. After the reaction, an adduct of nonylphenol . and ethylene oxide was added to the reaction product. 

a - 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 ~d 1. S percent of the H2S salt of bis(2-aminoethyl)sulfide, and 
13.6 percent of 3-thia,6-azaoctane,l,8-diamine!. . . . 

Mixture D =by weight, 84.8 percent of bis(2-aminoethyl)sulfide, and 15.1 percent of 3-thia,6-azaoctane,l.,8-diamine. 

Mixture E = by weight, 84. 8 percent of bis(2-aminoethyl)sulfide, 5. 2 percent of H 2S salt of bis(2-aminoethyl)sulfide and 10. 0 percent 
of 3-thia,6-azaoctane,l,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 EDT:A and test periods of 16 hours were . used. The results of the· tests are summarized JO in Table V. 

TABLE V 

Test No. 
Bis(2-aminoethyl)S~de 

Weight, Percent 

S4 0.01 

55 .02 

56 .05 

57 .02 

S8 .OS 

Fifth. Series of Tests 
A fifth series of tests was · carried out in 15 · 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 comained one of the· . : eulfur-containing amines. used in the <:omposi-

. ·~. ' )_ · .. 
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i ' ~r.: · .~. i '" · 

: :' ~ •. .. : .. . ·.; ; 

i 
I. 
I 

· .. ·• · ..... 

Temp. Corrosion Rate oc. lbs./ft.2/day gm./cm2/day 

115 0.0068 0.0033 
115. .00009 0.000044 

115 .0051 0.0025 

128 .0053 0.0026 

138 .0266 0.01297 

tion of the invention. The adducts used and 20 the concentration thereof, the concentration of 
bis(2-aminoethyl)sulfide used, the temperatures 
employed and the corrosion rates, extrapolated to a 24 hour basis, are summarized in Table ·-. -., 
VI. Some adduct and inhibitor ci>mbinations 25 were not tested at each of the temperatures . 
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TC$tNo. 

59 

.. 60 

.. 61 

62 

63 

64 

65 

66 

Adduct. 
Used 

Adduct A 

. do 

.. do 

., do 

Adduct B 

do 

do 

--

! .:.. f: 
....... _~~,.. .... ~ 

! 

. . ; 

Weight: 
Percent 

0.005 . 

.002 

.002 

.02 

.005 

.002 

.02 

TABLE VI 
~- : .. 

! Weight Percent 
, bis(2-aminoethyl)-

. . sulfide 

0;02 
'! 

.. i 
.02 

.05 

.02 

.02 .. 

.02 

.02 

.05 

Com>Sion Rate, lbs./a1/day (gm./cm.1/day) 

169°C. 137°C. • 130°C. 

0.0096(0.0047) 0 .0045(0 .0022) 

b,0097(0.~73) .~32(0.00156) b0.0029(0.0014) 

.0045(0.0022) . 
.0075(0.00366) 

.0100(0.00488) .0052(0 .00254) .,. 

.0097(0.00475) .0042(0.00204) . 

.0080(0.0039) 

.0443(0.0216) .0214(0:01044) -
. S: = Tests. at this temperature were of 4 hours duration. 

b = Average Of duplicate runs. 

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

Adduct B = adduct of tall oil fatty acids with epichlorohydrin and tetraethylenepentamine. 

........ _ 

Sixth Series of Tests . 
A sixth series of tests was carried out in 

the aame manner as the fifth series, except 
5 that two mill-scaled coupons and 0.1 gram of 

CuO were placed each test solution along with 
clean weighed metal corrosion coupons and 
the contents of the pressure vessel were cooled 
to 60°C. and air-blown after the 16 hour 

heating period. In each test bis(2-aminoethyl)- 10 -
sulfide was used at a concentration of · 0.02 
percent by weight. No . scum was found on 
any of the coupons at the conclusion of the 
test when each coupon was rinsed, dried and 
weighed. The adducts employed, the test 15 
temperatures and the corrosion rares observed 
are listed in Table VII. 
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TABLB VII 

Test Adduct Weight Temp. of 
No •. Used Percent . . aeaning °C. 

CorrosiOn Rate 
lbs,/ft.11/day gm/cm''/ day 

67 Adduct A 0.02 130 a 0.0038 0.00185 
. ( .. ·- ... 

···-···68 do .002 132 .0033 0.0016 ~;. -· -··--··· --

;; 
::; 
:•: 
;i 

I 
·i 

·I 
·! 

5 

. 10 

69 do .002 130 a .0035 0.0017 

70 do .002 120 a .0056 0.0027 

71 Adduct B .02 120 

a = Average of duplicate ~· 

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

Adduct B ...:.... adduct of tall oil fatty acids with epichlorohydrin and tetraethylenepentamine 

SB'Oentk Series oi Tests 
A seventh :series of tests was carried out 

to Show the protection 'of steel coupons during 
air-blowing. In each case, an inhibited clean-

. ing solution containing 0.02 percent by weight 
bis(2-8minoethyl)su1fi.de and one of the intra­
linear ethyleneamine adducts was used to clean 
one mill-scaled coupon at lSloC. whereby the 
chelating agent became partly spent in chelat­
ing dissolved iron. In each case, two corrosion 
~pons and one eopper plated coupon were . . . 

' ~~·· 
T~LE 

: ::~· . . .. 

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 15 
each case, the coupons were recovered, clean~d, 
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 20 
spentness of the chelating agent, and the test 
temperatures are listed in Table VIII. 

VIII 
( , 

Adduct Weight Percent of Test 
Test No. .. ;·: . Used , . Percent .. , Spentness Temp. oc. 

'" 
"• ~ .' L· -

Adduct A 0.005 72 . ,._ .' ~ 72. . 60-66 
~ i; i 

73. do .002 61 60-66 

74 do : .002 74 93 

75 Adduct B .005 71 60-66 

76 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 
25 In Yet an additional series of tests, various 

Each boiler is filled with sufficient cleaning 
solution to circulate well and reach all critical 
surfaces, or about 8,000 galJons of solution. 
Each solution contains about 10 percent by 
weight ~ polyqarboxylic acid metal complex- 35 
irig agent and 0.02 percent by weight of bis­
(2-aminoethyl)sulfide. The solution used in the 

polycarboxylic acid metal complexi~g agents · 
are employed, respectively, in cleaning three 
substantially identical high pressure Steam 
boilers to remove hardness and iron oxide 

30 deposits cOlilmiilgled with copper. deposits. 

' ·' 
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first boiler also contains 0.002 percent by 
weight of the adduct of tall oil fatty acids, 
epichlorohyhdrin and trfothylem:;tetramine. The 
solution in the first boiler contains EDT A 

5 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 

10 the pH has been similarly· adjusted. The ~olu­
tion in the third boiler contains citric acid 
and the initial pH is 7. 

The cleaning solution in each boiler is 
brought to a . temperature of .· 1S0°C. and . 

15 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 

20
. copper present in the deposits plates out on 

the ferrous metal substrate. 
•Each boiler and its contents is then aJlowed 

to .cool to about 6S°C. The pH of the solution· 
·. in the third boiler is raised to 9 by the addi­

tion of ammonia to the solution. Compressed 
'ZS air is then injected · int<f the solUtion in e3ch 

boiler through a port connected to a sparger 
in the lower part thereof, and vented out the 
top of the boiler. Sueh air-blowing continues 
for about 35 minutes while the temperature 

30 is maintained at about 6S°C. The solution in 
eaeh 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-

35 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 

40 metal surfaces which has a pH of 7 to 10 
and . contains O.S to 40 weight per cent of an 
ammoni~ or amine polycarboxyla~. metal 
complexmg agent and 0.01 to O.S weight 
per cent . of at least one thioethylamine of 

45 formula I • . 

50 

.. 
" 

I 

wherein A is hydrogen, a 1 to S carbon alkyl 
group o.r a radical of forinula II · 

R'NH(Cil2)m~ II 

wherein R' is hydrog~ or a 1 to S carbon 
~lkyl group, x is 1 o.r 2, R each independently 
as hydrogen ot a 1 to S . carbon alkyl group, · 
m is 1 to 8 and n is 1 to 8, or the hydro­
sulfide salt thereof with the restriction that 
when ·the radicilof formula II is incorporated 
in formula I and •R' is hydrogen either x is 

. ·- I SL EH tk .. uiai..teMist¥tJ alirt 

1 or 2, R js hydrogen, m is 2 and n is 1, 
or, x is 1; R is H, m is 2 and n is 2 or a 
thioethylamine of formula III 

(CR2)0 
Si<; >NR III 

CH2CH2 

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

v 
H 

IV 

wherein both R groups are hydrogen or methyl 65 
groups respectively, or the thioethylamine of 
formula V 

2. An aqueous solution as claimed in claim 
1 the thioethylamine of which is bis(2-amino- 70 

· ethyl)sul·fide. · 
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 compl~ing agent and at 
least one thioethylamine of the formula I 80 

·A-sxfH2CHRN~n R 

I 

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

· R'NH(CH2)m- II 

· wherein R' ~s hyclrogen or a 1 to S carbon 85 
alkyl group, m is 1 to 8, x is 1 or' 2, R each 
independently is hydrogen or a 1 to S 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 90 
jn formula I and R' is hydrogen either x is 
1 or 2, R is hydrogen, m is 2 and n is 1, 
or x is 1; R is H1 m is 2 and n is 2 or· a 
thioethylamlne of 1ormula Iii 

(CRa)o 
S< >NR 

CH1CH1 

III 

I 
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first boiler also contains 0.002 percent by 1 or 2, R is hydrogen, m is 2 and n is 1, 
weight of the adduct of tall oil fatty acids, or, x is 1, R is H, m is 2 and n is 2 or a 

~ epkhlorohyhdrin and triethylenetetramine. The thioethylamine of formula III 

I solution in the first boiler contains EDT A 
5 as the polycarboxylic acid complexing agent ······- -·--·-·· (CR2)0 

and the solution has an initial pH of 9 obtained S<: >NR Ill 60 
by the addition of the requisite amount of 
ammonia to the solution. The solution in the 

CH2CH2 

second boiler contains nitrilotriacetic acid and wherein R each independently is as above 
10 the pH has been similarly adjusted. The solu- defined and o is 1, 2 or 3, or a thioethylamine 

tion in the third boiler contains citric acid of formula IV 
and the initial pH is 7. 

v The cleaning solution in each boiler is 

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 

H 

··- . copper present in the deposits plates out on IV 
20 the ferrous metal substrate. · 

·Each boiler and its contents is then allowed wherein both R groups are hydrogen or methyl C55 
to cool to about 65°C. The pH of the solution groups respectively, or the thioethyJamine of 
in the third boiler is raised to 9 by the addi- formula V 

n tion of ammonia to the solution. Compressed 
Jf 2S air is then injected into· the solUtion in each H~NCH2CH2SCH:CH20H v 
:n 15 boiler through a port connected to a spargcr 
d, in the lower part thereof, and vented out the 2. An aqueous solution as claimed in claim 
te top of the boiler. Such air-blowing continues 1 the thioethylamine of which is bis(2-amino- 70 
;1~ for about 35 minutes while the temperature ethyl)sulfide. · 
lD 30 is maintained at about 65°C. The solution in 3. An aqueous solution as claimed in claims 
of: 20 each boiler is drained off and each boiler is 1 or 2 containing in addition 0.01 to 0.20 
st· water rinsed several times with about 10,000 weight per cent of an amine-ketone-aldehyde-. gallons of water per rinse. Each boiler is then fatty acid adduct as hereinbefore described. 75 

opened and inspected. The ferrous metal sur- 4. A prqcess for cleaning metal surfaces 
35 faces are found to be clean and bright and which comprises contacting the surfaces with 

. substantially free of pitting and other evidence an aqueous alkaline solution containing a poly-
of corrosive attack by the cleaning solution. carboxylate metal complexing agent and at 

WHAT WE CLAIM IS:- . least one thioethylamine of the formula I 80 

40 
1. An aqueous solution suitable for cleaning 

A-sxfH2CHRN~n R 
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 

I per cent of at least one thioethylamine of 
45 formula I • 

wherein A is hydrogen, a 1 to S carbon alkyl 

A-sxfH2CHRNjn R 

group or a radical or formula II 

· R'NH(CH2) ... - II 

I wherein R' ~s hydrogen or a 1 to 5 carbon 85 
alkyl group, m is 1 to 8, x is 1 or' 2, R each 

wherein A is hydrogen, a 1 to 5 carbon alkyl independently is hydrogen or a 1 to S carbon 
group o.r a radical of formula II alkyl group and n is 1 to 8, or the hydro-

sulfide salt thereof with the restriction that 
e R'NH(CH2)..._: II when the radical of formula II is incorporated 90 

in formula I and R' is hydrogen either x is 
1ing 50 wherein R' is hydrogen or a 1 to 5 carbon 1 or 2, R is hydrogen, m is 2 and n is 1, ! 

ical alkyl group, x is 1 or 2, R each independently or x is 1; R is H, m is 2 and n is 2 or a 
ion. is hydrogen or a 1 to S carbon alkyl group, · thioethylamht~ of formula III 
by m is 1 to 8 and n is 1 to 8, or the hydro-

(CR2)o :ex- 35 ' sulfide salt thereof with the restriction that 
bis- 55 when the radical of formula II is incorpora.ted S<- >NR III 95 
the in formula I and ·R' is hydrogen either x is CH2CH2 

..... 
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wherein· R each . independently is. as above · contains· from 0.01 to 0.5 weight· per cent Qf 15 
defined and o. is 1, 2 .or· 3, or· a thioethylamine · the thioethy1amine. 
of formula IV · · Q • 7. A process as claimed in claim 6 wherein 

v 
H 

IV 

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

v. 
and then rinsing the surface with'.. water. 

S. A process as claimed in claim 4 wherein 
the aqueous alkaline solution employed has a 
pH of from 7 to 10. 

6. A process as claimed in claims 4 or · S . 
wherein the aque0us alkaline solution employed 

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 20 
to 7 wherein the aqueous alkaline solution 
employed contains bis(2-aminoethyl)sulfide. 

9. A process as claimed in any of claim-; 
4 to 8 wherein the aqueous alkaline solution 
employed also contains 0.01 to 0.2 weight per 25 
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 30 

· examples. 
11. Metal cleaning solutions as claimed in 

claim 1 substantially as hereinbefore described 
with reference to the specific examples. 
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