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This invention relates to a means of reducing or in-
hibiting the corrosive action of sulfamic acid in contact
with zine. More specifically, the invention relates to the
use of cinnamaldehyde, laurylaldehyde, and heptaldehyde
to inhibit the rate of aftack of sulfamic acid metal clean-
ers on zinc and particularly on zinc galvanized equip-
ment.

Sulfamic acid is represented chemically by the formula
HSO;NH,. 1t is a solid at room temperature and is a stable,
relatively weak acid. It is used extensively as a metal clean-
er for removing hard water scale, oxides, protein deposits
and various stains from ferrous metals, copper, brass and
similar metals, but is ordinarily too corrosive to be suit-
able for cleaning zinc or zinc galvanize. Even at room tem-
perature sulfamic acid rapidly attacks zinc galvanize; in
aqueous solution at concentrations as low as 1.5% by
weight, it is capable of completely dissolving a zinc gal-
vanize coating from a ferrous metal base in two to three
hours. Repeated use of sulfamic acid even for short periods
will severely corrode zinc galvanized equipment. The cor-
rosive effect of the acid on zinc increases with tempera-
ture, and galvanize may be removed in less than 30 min-
utes at a temperature of 140° F.

Although sulfamic acid is widely used for cleaning other

metals, there has been a need for a safe, effective rust,
protein deposit and scale remover for use on galvanize,
especially in the food industry for cleaning processing
‘equipment. The desirability of a sulfamic type -cleaner
-which may be used on zinc as well as on brass, copper and
-other surfaces, without corrosive effect, and which may
.be used on food procesing equipment without danger of
:contaminating food products, will be apparent.
- This invention is predicated in part on. the empirical
‘determination and discovery that a small quantity of cer-
tain. aldehydes, specifically cinnamaldehyde, laurylalde-
-hyde and heptaldehyde, either alone or in combination, are
-highly effective to inhibit corrosion of zinc and zinc gal-
vanize by sulfamic acid.

These aldehydes are depicted by the following chemi-
-cal-formulae,

HC
cinnamaldehyde: | I
HC

H
laurylaldehyde:. CH3(CHg)e—C=0

H
heptaldehyde: CHz(CHy)s—C=0
They are liquids at room temperaturé and are commer-
" cially available.
It is believed that when cinnamaldehyde, laurylalde-
" hyde or heptaldehyde is added to sulfamic acid, the alde-
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hyde and acid react to produce the aldehyde sulfamate
and water:

H
H )
RC=0 + N—S0:H ——
H
o I
R(ll——N—-SOaH —— RC=N—S0;H + H;0
H

where R designates the organic group. Apparently, in
admixture with an excess of sulfamic acid, the aldehyde
sulfamate inhibits or reduces the attack of zinc by the
sulfamic acid. It is further theorized, although I do not
wish to be limited in this regard, that this aldehyde sul-
famate reacts with the zinc to form the zinc salt of the
sulfate, which is deposited as a thin layer over the zinc
surface and thereby protects the surface from corrosion
by the acid.

In the practice of this invention, cinnamaldehyde, lau-
rylaldehyde and/or heptaldehyde are added to sulfamic
acid in the amount of about 0.5 to 5% by weight of the
dry acid. These proportions are not especially critical, but
are preferred for reasons to be'explained. At present, about
2% of cinnamaldehyde is preferred for ordinary use.

As suggested, the quantity of aldehyde which is added
to the acid is preferably not over a few percent. It is char-
acteristic of these aldehydes that each possesses a strong
odor, and if used in quantities larger than about 5% by
weight of the dry acid, the resultant mixture has a strong
(although not necessarily unpleasant) odor. Although
larger proportions increase the inhibitory effect, aldehyde
contents larger than 5% do not appear to produce com-
mensurately better results, and become less economical.

The inhibiting effect of these compounds on the rate
of attack of sulfamic acid on zinc is truly remarkable.
For example, under comparable conditions, a. composi-
tion comprising 2 parts by weight cinnamaldehyde added
to 98 parts of sulfamic acid attacks zinc at a rate which is
only about 3% the rate at which zinc is attacked by sul-
famic acid alone. Heptaldehyde and laurylaldehyde are not
quite as effective in inhibiting effect as cinnamaldehyde,
although they are nomnetheless of utility. ‘ .

I have also discovered that the inhibiting effect of cin-
namaldehyde, laurylaldehyde, and heptaldehyde on sul-
famic acid is further augmented by admixing with the
sulfamic acid and aldehyde one or more compounds se-
lected from the class consisting of ethylenediaminetetra-
acetic acid (EDTA), cane sugar, wetting agents such as
dodecyl benzene sulfonic acid or its sodium salt, quinine
sulfate, quinine hydrochloride, zinc oxide, magnesinm
oxide, calcium sulfate, zinc sulfate and sodium sulfate.
These compounds may be referred to as secondary in-
hibiting agent. The presence of a secondary inhibiting
agent is not essential for the aldehyde to inhibit the at-
tack of zinc by the acid, but the use of one or more of
these materials surprisingly increases the inhibiting effect
of the aldehyde on the acid, and is therefore preferred.
Moreover, use of one or more secondary inhibiting agents
makes possible the incorporation of a smaller amount of
aldehyde to achieve a given inhibiting effect and at least
in some iinstances lower cost of a secondary agent affords
a commercial advantage. :

When one or more of the aldehydes referred to are
contacted with sulfamic acid, water is produced, as pre-
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viously shown, The presence of water in sulfamic acid-
aldehyde sulfamate mixture is undesirable for some pur-
poses, for example, if the cleaner mixture is to be sold
as a dry powder. Such moisture may be removed by the

4
In these proportions, there is nearly complete reaction of
the aldehyde and sulfamic acid to yield the aldehyde sul-
famate. The sulfamate or inhibitor concentrate-is added
to dry sulfamic acid at the rate of about 10 to 30 parts

incorporation in the mixture of zinc:oxide, magnesium 3 inhibitor concentrate to 70 to 90 parts acid. The resulting
oxide, anhydrous calcium sulfate, anhydrous zinc sulfate, inhibited. acid mixture may be used in about 1 to 8%
or anhydrous sodium sulfate, which act as dessicants or aqueous solution. Alternately, the inhibitor. concentrate
anti-caking agents as well as increasing the inhibiting effect mix may also be added directly to an aqueous solution of
of the aldehyde. Alternately, undesirable moisture may be sulfamic acid with effective results. Under the latter cir-
removed by mechanical methods, and the use of the amnti- 10 cumstances, the inhibitor concentrate may suitably be
caking agents is not essential, although it is preferred. added at a rate of about 0.2 ounces per gallon of a 1.8
The secondary inhibiting agents may be utilized in com- ounce per gallon solution of sulfamic acid. :
bination with about 0.5 to 5% (by weight of the final Tables I and II illustrate the inhibiting effect; in terms
TABLE I

Test No..__ 1 2 3

10

Sulfamic Acid, pereent. . oioomeommaooiio
Cinnamaldehyde, percent

Heptaldehyde, percent
Laurylaldehyde, percent....

2CaS04.H,0, percent .

Zn80 4. H,0, percent

ZnO, percent
Wetting Agent, percent i

Quinins Sulfate, pereent......- oifem
02z./Gallon CONe. oo .cmmmaamicoccaneome
Metal removed, mg./dm.3/hour. . .ooo._.2.

Sulfamie Acid, percent ... icoaoceeocioaoiaoaas .
Cinnamaldehyde, percent.
204805 Hy0, percent......
ZnS04 H20, percent...
ZnQ, pereent. ...
Cane Sugar, percent_.
EDTA NaCa, percent..
Wetting Agent, percent_
Quinine Sulfate, percent. ..
Quinine Hydrochloride, percent...._...
Commercial Inhibitor, percent ... ...
Metal removed, 2 oz./gallon/cone.,/mg./dm.2/hour-
Metal removed, 8 oz./gallon/cone.,/mg./dm.2/hour-

mixture) of one or more of the aldehydes, in the follow-
ing approximate proportions:

Percent
Cane sugar, zinc oxide or magnesium oxide ... 2 to 10
NA,Ca, EDTA e 0to3
Wetting agent — oo 0to2
Anhydrous calcium sulfate, zinc sulfate or sodi-
um sulfate 0Oto5
Anhydrous quinine sulfate or quinine hydrochlo-
1ide e e 0to5S
Sulfamic acid, balance t0 - oo 100

The dry combination of aldehyde and sulfamic acid,
and secondary inhibiting agents if any, may suitably be
used on zinc galvanize in aqueous solution at a concen-
tration of about 1 to 8 ounces of the dry mix per gallon,
at temperatures from about 60° F. to about 140° F. The
time of contact will vary with the quantity and type of
scale, oxide or coating being removed.

It is also contemplated that an inhibitor concentrate
may be produced for commercial sale, for addition by the
purchaser to dry sulfamic acid prior to use of the acid in
cleaning zinc. As an illustration of an inhibitor concen-
trate for use with sulfamic acid, mixtures of the follow-
ing approximate compositions are effective:

Sulfamic acid ——ceoeeeemo parts by weight_ 2 to 10
Cinnamaldehyde - parts.. 1 to 5
or

Heptaldehyde — e do.___ 1to5
or

Laurylaldehyde - oo do__.-. 1to5
Cane SUZAr — oo do____ 5 to 10
NayCa, EDTA e do_-__ 1to3
Wetting agent oo do.... O to2
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of weight of galvanize removed from unit area in unit
time, of various combinations of cinnamaldehyde, heptal-
dehyde, laurylaldehyde and/or secondary inhibiting
agents, with sulfamic acid, in comparison to the corre-
sponding rate of attack of sulfamic acid alone.

In these tables, the results are expressed in terms of
milligrams of metal removed per square decimeter of
metal area per hour of contact with the acid (mg./dm.2/
hour). All tests were conducted on uniform galvanized
test strips for a period of three hours at a temperature of
70° F., at specified agueous concentrations. It should be
added that the rate of attack is most rapid when the acid
first contacts the metal and that thereafer the rate slows
considerably with time; the rates specified are the average
quantity of metal dissolved per hour over the three-hour
test period.

Test No. 1 in Table I shows that a solution of 8 ounces
of sulfamic acid per gallon of water removed metal from
a galvanized test strip at a rate of 1185 mg./dm.2/hour.
In sharp contrast to this, a combination of 2% cinnamal-
dehyde with 98% sulfamic acid under corresponding test
conditions attacked galvanize at a rate of only 32
mg./dm.2/hour. Tests 3 and 4 show that at concentrations
of 4 ounces per gallon, 2% heptaldehyde and 2% lauryl-
aldehyde respectively with 98% sulfamic acid were not as
effective as cinnamaldehyde, but nonetheless were mark-
edly better than sulfamic acid alone.

The tables show that although the secondary inhibiting
agents of themselves effect a reduction in the rate of metal
loss when used with sulfamic acid in the absence of the
aldehydes, in gemeral considerably better resuits are ob-
tained when the secondary additives are used with the

aldehydes. Thus, for example, as shown by comprising
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tests 2 and 14, 2% cinnamaldehyde and 98% sulfamic
acid in aqueous solution attacked the fest strip at a rate
of 32 mg./dm.2/hour, while a combination comprising
2% cinnamaldehyde, 5.0% CaSO, anhydrate, 5.0% cane
sugar, 1.0% NayCa EDTA, and the balance sulfamic
acid, attacked the test strip at a rate of only 9.2 mg./dm.2/
hour under corresponding test conditions.

These general results may also be compared with the
results achieved by a different type of commercially avail-
able product for inhibiting the corrosion of zinc by sul-
famic acid, known as “Rhodine 140,” which, combined
with sulfamic acid in the recommended proportions of
7.5%, removed metal at a rate of 20.1 mg./dm.2/hour.

In view of economy, ease of manufacturing, bulking,
shipping and use, a preferred mixture in accordance with
this invention is of the following composition:

Percent
Sulfamic acid . ________ . ___ 87.0
Cinnamaldehyde _____________________.________ 2.0
Cane sugar ______ oo 5.0
Na,Ca EDTA . 1.0
Calcium sulfate anhydrate . _______________ 5.0

This mix is preferably used at the rate of 1 to 8 ounces
per gallon water at a temperature in the range of about
60 to 140° F. on zinc galvanize. Generally speaking, the
higher the temperature or the longer the metal is in con-
tact with the solution, the greater the corrosion of the
galvanize will be. The optimum concentration of the
solution, the time and the temperature utilized for clean-
ing the metal, will depend largely on the quantity and
nature of the deposit which is to be removed. However,
in normal cleaning operations, 2 to 4 ounces of mix per
gallon at 60 to 80° F. are adequate to remove a deposit
in 5 to 20 minutes.

While I have described herein the preferred embod-
iment of my invention, the invention also includes other
embodiments coming within the scope of the appended
claims.

What is claimed is:

1. A dry mixture, adapted for cleaning of zinc gal-
vanize upon dissolution in water, and consisting essen-
tially of (a) from about 0.5 to about 5.0 percent by
weight, based on the total weight, of cinnamaldehyde;
(b) from about 2.0 to about 9.0 percent by weight, based
on the total weight, of a desiccant selected from the
group consisting of zinc oxide, magnesium oxide, anhy-
drous calcium sulfate, anhydrous zinc sulfate, anyhdrous
sodium sulfate, calcium sulfate monohydrate, zinc sul-
fate monohydrate, and mixture thereof; and (c¢) from
about 86.0 to about 97.5 percent by weight, based on
the total weight, of sulfamic acid.

2. A dry mixture as defined in claim 1 also including
about 0.5 to about 5.0 percent by weight, based on the
total weight, of a quinine salt selected from the group
consisting of quinine sulfate, quinine hydrochloride, and
mixtures thereof.

3. A dry mixture as defined in claim 1 also includ-
ing about 0.25 to about 1.0 percent by weight, based on
the total weight, of a wetting agent selected from the
group consisting of dodecyl benzene sulfonic acid and its
sodium salt.

4. A dry mixture as defined in claim 1 also including
0 to about 3 percent by weight, based on the total weight,
of the disodium monocalcium salt of ethylenediamine
tetra-acetic acid and about 2 to about 10 percent by
weight, based on the total weight, of cane sugar.

5. A dry mixture, adapted for cleaning of zinc gal-
vanize upon dissolution in water, and consisting essen-
tially of about 87.0 percent by weight sulfamic acid, about
2.0 percent by weight cinnamaldehyde, about 5.0 percent

10

15

20

25

30

40

45

50

60

65

70

6
by weight calcium sulfate monohydrate, about 5.0 percent
by weight cane sugar and about 1.0 percent by weight of
the disodium monocalcium salt of ethylenediamine tetra-
acetic acid.

6. A dry mixture, adapted for cleaning of zinc gal-
vanize upon dissolution in water, and consisting essentially
of about 90.5 percent by weight sulfamic acid, about 2.0
percent by weight cinnamaldehyde, about 2.0 percent by
weight calcium sulfate monohydrate, about 5.0 percent by
weight zinc sulfate monohydrate, and about 0.5 percent
by weight of a quinine salt selected from the group con-
sisting of quinine sulfate, quinine hydrochloride, and mix-
tures thereof.

7. The method of inhibiting the attack of sulfamic
acid on a zinc galvanize surface which comprises treat-
ing said surface with an agueous solution of a dry mix
consisting essentially of (a) from about 0.5 to about 5.0
percent by weight, based on the total weight of cinnamal-
dehyde; (b) from about 2.0 to about 9.0 percent by
weight, based on the total weight, of a desiccant selected
from the group consisting of zinc oxide, magnesium oxide,
anhydrous calcium sulfate, anhydrous zinc sulfate, anhy-
drous sodium sulfate, calcium sulfate monohydrate, zinc
sulfate monohydrate and mixtures thereof; and (¢) from
about 86.0 to about 97.5 percent by weight based on the
total weight, of sulfamic acid; said aqueous solution con-
taining from about 2 to about 8 ounces per gallon of
said dry mix. , ‘

8. The method of inhibiting the attack of sulfamic acid
on a zinc galvanize surface which comprises treating said
surface with an aqueous solution of a dry mix consisting
essentially of about 87.0 percent by weight sulfamic acid,
about 2.0 percent by weight cinnamaldehyde, about 5.0
percent by weight calcium sulfate monohydrate, about
5.0 percent by weight cane sugar, and about 1.0 percent
by weight of the disodium monocalcium salt of ethylene-
diamine tetra-acetic acid; said aqueous solution contain-
ing from about 2 to about 8 ounces per gallon of said
dry mix.

9. The method of inhibiting the attack of sulfamic acid
on a zinc galvanize surface which comprises treating said
surface with an aqueous solution of a dry mix consisting
essentially of about 90.5 percent by weight sulfamic acid,
about 2.0 percent by weight cinnamaldehyde, about 2.0
percent by weight calcium sulfate monohydrate, about
5.0 percent by weight zinc sulfate monohydrate, and
about 0.5 percent by weight of a quinine salt selected
from the group consisting of quinine sulfate, quinine hy-
drochloride, and mixtures thereof; said agqueous solution
containing from about 2 to about 8 ounces per gallon
of said dry mix.
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