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This.invention relates to:the mhlbmon of corrosion of
_metals which come into-contact with water as, for- example,
in water circulation systems, particularly industrial water
systems such as utilize heat exchanuers, cooling towers and
like installations. While it is especially concerned with
.the protection agamst corrosion of ferrous metals such as
iron. and steel, it is also useful for inhibiting corrosion of
other metals jicontact with water, particularly: flowing

* water, as, for example, copper,-copper alloys such asbrass’
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‘cyanates; and/or water—soluble thiourea compounds of

the type represented by ‘the formula

NS
)N—'—-C—N\'
"Ry S Rs

‘where R, Ry; R, and Ry are each selected from the’ group

consisting- of hydrogen, alkali metal, and alkyl radicals
containing from 1 to 4.carbon-atoms such as methyl, ethyl,
propyl, isopropyl, butyl and isobutyl. - It also has been
found ‘that water-soluble” thiocarboxylic  acids and salts

*. thereof can be utilized. as, for example, thioglycolic acid,
- thiodiglycolic-acid ‘and thiomalic acid and the ammonium
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- .and bronze, aluminum:and aluminum base alloys,.couples. °

- of such metals with ferrous metals, and other metals and .

 alloys commonly-used in mdustmal Water systems or water
circulation systems.

rosion inhibition of metals used in water systems where

«circulating water comes into contact with such metal sur-.

faces. Among the materials utilized as additives to the
water to.effect corrosion inhibition of the :aforesaid types
“-of metals are water-soluble phosphates of various. types
including monosodium- phosphate ‘and sodium' polyphos-

“and -sodium salts thereof. :

Among the Water—soluble thlocyanates are thlocyamc
acid and the inorganic salts of thiocyanic acid, particu-
larly the alkali metal thiocyanates, naniely, sodlum, potas-
sium, ammonium.and. lithium thlocyanates Other water-

: “soluble thxocyanate compounds which, in aqueous solu-
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A great.deal of woik has been done in the field-of cor- -
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phates; water-soluble hexavalent chromium..compousnds

such as sodium and potassium chromates and dichromates;

*: and various combinations of ingredients as, for instance,
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mlxtures of water-soluble trivalent and hexavalent chro- .
- mium compounds ‘mixtures.of certain thiols, water-soluble "

! -zinc' compounds, ‘and  water-soluble polyphosphates; and -

mixtures of water-soluble  polyphosphates, ‘watéer-soliible
- ferricyanides, and ‘water-soluble chromates. Typical ‘of
“such-approaches are disclosed in U.S: Patents Nos. 2,793,-
932; 2,887,085 -and 2,901,437. . While improvement in
corrosion inhibition is obtained by: following such and
-other practices. of the prior:art; ‘nevertheless not infre-
‘quently problems of scaling and p1tt1ng arise-and, in addi-
.tion, the matter of cost .of the corrosion mhibltmg com-
L posmons is a factor of material consideration. ™
The present invention is based upon discoveties which
result in new and useful cortosion inhibition compositions
- andsignificant improvements*in regard to inhibition of
corrosion of ferrous and other metals through' the 11t1112a-
tion-of such compositions.
It has been discovered: that-the employment, . in con-
juaction with water-soluble hexavalent chromium coms-

- -pounds, of certain chemical - compounds, hereafter de-

scribed, brings about marked improvement in’ the ‘cor-
rosion inhibition properties of said hexavalent chromium
compounds when dissolved. in water and said water is
“in contact with or is circulated-in contact with. ferrous
metals and’ other metals in ‘water systems such as:have
~been mennoned above.
themselves partlcularly in regard to very. substantially re-
duced scaling, which is one of the serious ob]ectlons, for
" example, of the use of polyphosphates and; various other

materials heretofore - suggested ‘as corrosion inhibiting
"materials, and in regard to substantial absence of pitting. .
“-Angther important advantage resides in the fact that the
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tion, ionize to produce thiocyanate ions can be utilized.
Particularly preferred is ammonium thiocyanate. Mix- :
tures.of two or more of such thiocyanate compounds can,
of course, be employed..

‘Of-the thiourea-compounds, it is particularly preferred
to utilize thiourea. Again, it-will be understood that mix-
tures-of two or more -of said thiourea compounds can be
employed, as well as mlxtures of the thlocyanate and thio-

-urea -compounds.

It has also been found to be particularly desirable to

'employ, in' conjunctien with the water-soluble hexavalent

chromium compound, one or more water-soluble zinc
compounds, particularly “zinc compounds such as zinc
sulfate, zinc chloride, sodium zincate, and zinc oxide and
zinc carbonate in acid solutions. in whlch they are soluble.
‘Other.‘water-soluble. zine: compounds which, in - aqueous
solutron, ionize to produce zincions can be utilized. Where
the zinc compounds aré used, it will be understood that
such-will -be selected, in relation to the hexavalent chio-
mium ‘cempound-or compounds and-thiocyanate ot thio-
urea compound, as to be compatible therewith. -

With: water-soluble “hexavalent chromium compounds
are; -as indicated -above; well known . in the art.- They

- include: particularly  the alkali- metal chromates and - di-
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chiromates such ‘as<sodium chromate; ‘potassium -dichro-
mate, ammonium dichromate, and chromium trioxide in
their anhydrous and hydrate forms.

‘The ranges "of concentration in the water of the in-
gredients utilized “pursuant to ‘the present- invention are
‘quite variable. - ‘Thus; in the case of the hexavalent chro-
mium compound; the concentration may range from about
1 to 10,600 p.p.m., better stilt from 2-to 100- p.pm., and

particularly desnably from 5o 30 p.p.m., all calculated
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These improvements manifest.
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mventlon makes possible the utilization of reduced con- :.-

: centratxons of hexavalent chromium compounds, thereby
resulting in savings in cost.

The chemical compounds which are used in con]unchon :
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. with the water-soluble hexavalent chromium compounds B}
pursuant to the present invention are water-soluble thio-

as:NayCrOy.  In the case of the thlocyanates the “thio-
urea compounds and ‘the. thiocarboxylic acid compounds, -
the Conceéntration may “range from about’ 0.01 to- 100
p.p.m., better still from 0.01.to 25 p.p.m., and particu-
larly desirably from-0.02 to 10 p.p.m. "In the case of the
zine compounds ‘where the same are used, the concen-
tration may range from about 0.5 to 25 p.p.m., better still
from- 0.5 to 15 p.p.m:, and partxcularly des1rably from 1
to:8 p.p.m. calculated as zin¢.,

It .will. be understood - that, if desrred supplemental

-ingredients can be added to. the composmons of the pres- '

ent” invention or to water containing the - compositions -
of the-invention, so long as the amounts or character’ of
such supplemental ingredients:are not such as unduly ad-
versely affect the desired properties of said compositions
or water contalmng the- same ‘Thus, “for- example,: “tri-
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valent chromium compounds, phosphates and polyphos-
phates, and thiols can be added in relatively minor
amounts. It is preferred, however, not to utilize said or
other supplemental ingredients.

The following examples are illustrative of corrosion
inhibiting compositions falling within the scope of the
invention. It will be appreciated that other compositions
can readily be prepared in the light of the guiding prin-
ciples and teachings provided herein. All parts listed are

by weight.

Example 1
Ammonium dichromate. - 100
Ammonium thiocyanate__ e 0.3
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Example 10
Sodium dichromate. . 100
Chromic acid (as CryO3) — 65
Zinc sulfate_ 25
Ammonium thiocyanate oo 0.2

Example 11
Sodium dichromate .l . 100
Chromic acid (as CrgO3) - s 20
Zinc sulfate_..._ - - -~ 6
ThIOUr€a e 0.3

The following table shows the unusual results and
synergistic coaction of the ingredients in compositions
made in accordance with the present invention.

RECIRCULATING COOLING TOWER

Duration of test, days 28
pH range - 6.0-8.0
Chloride as NaCl p.p.m._.. 10-1000
Total hardaess p.p.m-__ 10-1000

Heat exchanger temperature —_ . ____________
Sulfate as Na280.

~ 70-400
p.p.a... 10-1500

VI+ IIT+ IT+ Water Corro-
Test No.| Crion, | Crion, | Znion, soluble Type of organic Type of Attack sion
p.p.m. p.p.m. p.p.1m. phosphate, compound, p.p.m. rate,
p.p.m. MPY*
20 Extensive pitting. 10
8 - J PSR PRRIIN DRSPS (i s S 20
8 0.3 - Moderate pitting.._ 12
8 0.1 DT S I A0 7
8 0.02 |-\ T T I oo oo 7
8 2 Extensive pitting. 10
8 2115 (Poly)-—o|-_- Some pitting. 5
8 b I, Sulfonate, 1_ d 4
8 1 Citrate, 0.06_____..__ 6
8 1 Ethylene diamine 7
gegracetic acid,
Weooee ) b T Thiocyanate, 0.02. <1
12 ccee | 25 A— R I O Thiourea, 0.02.__... <1
13 8 Thiocyanate, 0.05. . . do <1
14 8 15 (Ortho)... Some pitting 4
*Mils per year. )
Example 2 40 It will be seen, from the foregoing table, that hexavalent
Potassium dichromate —_ 100 chromium alone in the amount of 20 p.p.m. as hexavalent
A onium thiocyanate _ 02 chromium ion caused extensive pitting and showed a cor-
Zinc sulfate ; 95 * - Tosion rate of 10 mils per year. Hexavalent chromium
“““““ in admixture with trivalent chromium showed moderate
Example 3 pitting and a corrosion rate in the range of 12 to 7 mils
Potassium  dichromate e 100 45 per year. Hexavalent chromium and zinc ions with and
Thiourea — 02 without certain supplemental agents showed from exten-
sive to some pitting and a corrosion rate of from 10 to
. Example 4 4 mils per year. In sharp contrast to the above, the
Potassium dichromate - 100 addition of as little as 0.02 to 0.05 p.p.m. of thiocyanate
Thiourea e e e e e 0.2 50 (in this case sodium thiocyanate) or thiourea to 8 p.p.m.
Zine SUlfate - - - e 40 of hexavalent chromium ion, with and without from 2 to
Example 5 1 p.p.m. of zinc ion, showed no pitting and a corrosion
xamp rate of less than 1 mil per year. The coaction between
Sodium dichromate e 100 the hexavalent chromium and the thiocyanate or thiourea,
Ammonium thiocyanate - - 0.2 55 in the presence as well as without the presence of the
TIOUIEA — o oo oo 0.2 zinc ion, demonstrates a highly surprising and effective
S(.)dlum polyphosphate oo oo 10 -synergistic-like action.
Zinc sulfate--—_ - R Attt 5 What is claimed as new and desired to be protected by
Example 6 60 Letters Patent of the United States is:
. . 1. A corrosion inhibiting composition useful upon
jum dichromate . - e 160 s o er e .
ﬁmg’nig]:rh?gag;&; _________ 0.2 - addition to water to inhibit corrosion of ferrous metals
m YA~ m oo m oo - in contact with said water, said composition consisting
Example 7 essentially of the following ingredients in substantially
Ammonium dichromate - em e e 100 o the following parts by weight in relation to each other:
Pt A L —————— 0.3 ™ A member selected from the group con-
Example 8 sisting of water-soluble chromates
Ammonium dichromate. e 100 and dichromates_ . oo 1 to 10,000
Aminonium - thiomalate - 0.3 (calculated as
. 1 . (1] N32CIO4).
Example 9 Water-soluble thiocyanate compound 0.01 to 100.
Sodium dichromate.. - _— 100 e, iy .
Chromic acid (as Cry03) oo a o 15.6 2. A corrosion inhibiting composition useful upon addi-
ZinC OXide - e 6.5 tion to water to inhibit corrosion of ferrous metals in
Ammonium thiocyanate.- - —w- 0.2 75 contact with said water, said composition consisting es-
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sentially -of the following ingredients in substantially the
following parts by weight in relation to each other:

A member selected from the group con-
sisting of ‘water-soluble chromates and -
“dichromates - 2 to 100
: (calculated as
Nazcl'04) .
Water-soluble thiocyanate compound__ 0.01 to 25.

3.. A composition in accordance with claim 2, includ-
ing from 1 to 8 parts of a water-soluble zinc compound
‘calculated as zinc. : :

4. A corrosion inhibiting composition - useful upon
" addition to water to inhibit corrosion of ferrous metals

-in contact with said water, said composition consisting
" “essentially of the -following ingredients in substantially
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the following parts by weight in relation to each other: -

A member selected from the group con- ]
" sisting of water-soluble chromates and ’
1 t0 10,000

- . dichromates -

’ (calculated as
— . Na,Cr0y).
.- A thiourea compound corresponding

' RN

N—C—-N\
B Rl/ i R,
where 'R, R;, Ry and R are each
selected from the group consisting
of hydrogen, alkali metal, and alkyl”
. radicals containing from 1 to 4
carbon atoms : : 0.01 to 200.-

5. A composition in accordance with claim 4, includ-
ing from 0.5 to 25 parts calculated as zine,
- 6. A corrosion inhibiting composition useful upon
addition-to water to inhibit corrosion of ferrous metals in
- contact with said water, said composition consisting essen-
tially of the following ingredients in substantially the
following parts by weight in relation to each other: .

A member selected from the group con-
= sisting.of water-soluble chromates and

dichromates 2 to 100 -
: (calculated. as
3 NaZCrO4).
- Thiourea 0.01 to 25.
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- 71.°A corrosion inhibiting composition useful upon

addition to water to inhibit corrosion of ferrous metals
in ‘contact with said water, said composition consisting
essentially of the following ingredients in substantially
the following parts by weight in relation to each other:

A’ member selected from the group con-
sisting of ‘water-soluble chromates and

- dichromates 5 to 30
e (calculated as
- - NazCrO4). .
. ~Chomic acid 5 to 30
0.02 to 10

Thiourea

50
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8. A process of protecting ferrous. metals against cor-
rosion by water circulated 'in contact therewith, the step
which consists éssentially in adding to the water the
following-ingredients in the stated concentration in pp.m.
based on the water:

" caleulated

Hexavalent  chromium as
Na20r04 ———— - ) 1 to \10,000
Water-soluble thiocyanate compound.. 0.01 to 100

9.- A process-of protecting-ferrous ‘metals against cor-
rosion by water circulated in contact therewith, the step
which consists essentially ‘in adding to the water the
following ingredients in the stated concentrations in-p.p.m.
based on the water: . : :

Hexavalent ~ chromium:  calculated. as
NayCrOg ol : - ——- 1 to 10,000
Water-soluble zinc compound calculated as :
" in zinc ion : - 0.5 to 20
Ammonium' thiocyanate___._.___-____ .- 0.01 to 200

-10. The method of retarding the corrosion of a ferrous

metal upon contact with water which comprises effectinig
such contact in the presence of a water-soluble corrosion
inhibitor dissolved in said ‘water, said inhibitor. consist-
ing essentially of a water-soluble hexavalent chromium
compound, a water-soluble zinc compound, and a water-
soluble thiocyanate, said ingredients being present in the
water in the following amounts in terms of p.p.m.:

Hexavalent chromium ‘c‘ompound (calculated :
5-to 30

as NagCrOy) oo i o il o
Zinc compound: (calculated as zinc ion)- .. 1to8
Thiocyanate _. .o ___ .o " 0.02 to 10

11. The method of retarding the corrosion of a fer-
rous metal upon contact with water which: comprises.
effecting such contact in the presence of a wateér-soluble
corrosion inhibitor dissolved in said water, said inhibitor
consisting essentially of a water-soluble hexavalent chrom-
fum compound, -a water-soluble zinc ¢ompound, and
thiourea, said ingredients being present in the water in
the following ‘amounts in terms of p.p.m.: .

Hexavalent chromiom -compound (calculated

as NaCrOy) - . . . —— 5t0 30
Zinc compound (calculated as zinc ion)..____ 1to 8"
Thiourea e e o=z 00210 10
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