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Dithiocarbamate/3uifonium Salt

- Inhibitor Comvosition

This invention pertains to compositions for
use as corrosion inhibitors in acid cleaning, acid pickl-
ing and similar acid treatments of metal. 1In particu-
lar, this invention pertains ta a syme2rgistic combina-
tion of organic sulfur-containing compounds which to-
gether can be effectively utilized 35 an additive teo
acid cleaning solutions, particularly, those utilizing
hydrochloric acid and a copper complexing thiourea
for cleaning industrial systems subject to accumula-
tions of water-insoluble deposits on the metal surfaces.

Acid cleaning operations are commonly em-
ployed to remove adhering substances such as mill

scale and fly ash from the inner surface of vessels,

tubes and related industrizl processing equipment,

particulzarly, where such equipment is fabricated from
ferrous metals. In service equipment for aqueous pro-
cessing, espscially at hizh temperatures, tends to
build up insoluble deposits which regquire periodic

removal. 1In such cases, acid cleaning is wsed for
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example toc remove lime deposits or water scale from
power plant boilers and piping systems and from
evaporating equipment as well as to remove scale

and deposits from processing equipment in such plants
as refineries, utility companies, paper mills, chemi-
cal plants and similar industrial operations. Since
the acid tends to remove a portion of the basis metal
with each cleaning, the use of inhibitors to reduce
basis metal loss in acid cleaning can substantially ex-
tend the life of such industrial equipment.

Similar acid cleaning solutions are also
used in acid pickling for the removal of undesirable
oxide coatings from metals, usually ferrous metals, be-
fore subjecting them to further treatments such as
phosphate coating, enameling, electroplating and the
like.

Among the acids generally used for indus-
trial cleaning the inorganic acids, particularly,
the mineral acids such as hydrechloric, sulfuric, nitric,
and phosphoric acid are most frequently used, though
others are also used depending upon the particular
needs. In still other cases, organic acids including
formic acid, citric acid, mixtures of hydroxy acetic
and formic acids, and acetic acid and other organic
‘acids, such as, oxalic acid, tartaric acid and alky-
Yene polyamine carboxylic acids as well as water soluble
salts and mixes of acids and salts are used.

Perhaps the most widely used acid for
chemical cleaning is hydrochloric acid, particularly,
when used for the removal of scales and other unwanted
deposits from steam generating equipment and from

chemical and pectrochemical reaction vessels.
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Hydrochloric acid solutions are alsoc used
in 0il well acidizing wherein large quantities are
pumped at high rates of flow through the o0il well
into the o0il producing formation. The acid concen-
trations are usually high, in the order of 10% to 15%
by weight and the temperatures at the bottom of the
wellnare also high creating situations for severe
cérrosion of the oil well tubing by the attack of the
hydrochloric acid on the metal.

In order to reduce or prevent loss of
metal from industrial egquipment in industrial clean-
ing operations and in oil well acidizing and similar
operations and to prevent loss of metal in pickling
6perations where acid treatments are ;;ed to remove
undesirable processing scale and oxide coatings, acid
inhibitors are extensively used as additives to the
cleaning, acidizing or pickling solutions employed
in these operations. Over the years, a wide variety
of inhibitors have been developed and selection of
a pafticular inhibitor will vary according to the type
of acid used in the operation, the particular metal
substrate and other considerations. Mixtures of
inhibitors have also found considerable interest
among those employing acid treatments for metal clean-
ing and the like, particularly, inhibitors which
in combination produce an apparent synergistic
effect.

However, the complexity of the inhibitien
phenomena is such that there are no particular cri-
teria by which one can predict the inhibiting power
or degree of inhibition that can be achieved with any

particular inhibitor or combination under particular
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circumstances and In some instance., % combinar.on i
inhibitors may result in a decreasa in .the inhibiting
strength.
Where inhibitors are involved in protect-
ing metais in the presence of aciés, the metai in-
volved is generally nne cf the various steel alloys.
Other metals are occasicnally involved, particularly,
in the case of valves and fittings. Among the other
metals that are involved are copper. aluminum. nickel, -z
and nickel alloys and scme of the exotic metals such
as titanium, zirconium and tantalum. Generally, how- -
ever, work with inkibitel acides Ir ’ndustrial sitpa-
tions involves working with steel and, toc a3 very

lzrge extent, carber steel or mi“d steel.
DESCRIPTION OF THE PRIQR ART

The art recognizes a variety of materials
used as inhibitors. Zome of the =arliest inhibitor
systems used were inorganic materials though in recent
years the trend has been to-vtilize organic compounds.
There does not appezar t:c be any recognized basis for
correlating chemical structure to inhibiting strength
but 2 number of suitable inhibitors have been found
_ generally among the organic amines and the organic
thio compounds and these appear to be predominant in
use. The nitrogen containing compounds or amines have
.béen found to be particularly effective as inhibitors
in hydrochloric acid; though certain thio compounds or
sulfur containing compounds have 2lso been found
to be of value. The thio compounds, however, tend to
be used more frequently in conjunction with sulfuric

acid.

Among the thio compounds, the thioureas

e o —— Ca i
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3rYe weil KNown as 1NnNlplioTrs ang COMpPONEents O INNLIDLILUCLS

for many acid systems but they are not generally sat-

isfactory for organic acids unless blended with organic

bases. See for example U. S. Patent Nos. 2,403,153;

2,807,585; and 2,561,510. However, the nitrogen bases

used in producing inhibitor blends might be objection-

sble at times, particularly, because of their tendency

to form undesirable deposits on the metal surface. T
It is also well known that urea derivatives,

particularly thiourea and a number of substituted -

thioureas and thiourea derivatives, are useful for re-

moving metallic copper from scale components when

used in hydrochloric acid solutions. The thioureas

when used with acid cleaning solutions prevent the

vedeposition of cepper dissolved from boiler scale

and the like. However, when thiourea is used in this

way for scale and copper removal, the acid is excessively

corrosive to the basis metal or steel. It has even

been shown that under certain conditions, thiourea

is actually an accelerator of corrosion in acid solu-

tions. This is particularly true in the case of hydro-

chloric acid solutions. For this reason, extensive

efforts have been directed to investigating suitable

inhibitors for hydrochloric acid, particularly when

used with a thiourea copper-complexing agent. Among

ghe inhibitors suggested for use with acid/thiourea

‘cleaning solutions, U. S. Patent No. 2,959,555 states i

that the organic nitrogen type are preferred.
Triphenylsulfonium chloride is also known

as an inhibitor and as a component of inhibitors

for sulfuric, phosphoric, hydrochloric, sulfamic,

hydrofluoric, and fluosilicic acids among others.
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(See for example U. 5. Patent No. 2,9%41,949). This

inhibitor, however, is more effective when combined
with other appropriate inhibitors and combinations
with organic amines-and propargyl alcchol are known,
among others.

Certain dithiocarbamate salts and esters
have alsoc been p}eviously disclosed for use as inhi-
bitors though the dithiocarbamates are not utilized
as acid inhibitdors and are not known to be effective
inhibitors in hydrochloric acid/thiourea cleaning
solutions; nor are- the dithiocarbamates generally con-
sidered for use in combination.with other inhibitors
particularly sulfomium salts and thioureas. U. S.
Patent No. 2,723,232 whichrdisclosesréhe use of
dithiocarbamate salts as inhibitors in certain en- -
vironments alst states that the dithiocarbamic acid
salts function in a corrosive enviranment in which
direct acid attack upon the. ferrous metal is a minor
factor. Thus, the dithiocarbamates appear as unlikely
candidates for inhibitor blends in industrizl acid
cleaning.

Though it is common practice to blend
two, three or more known inhibitors in an effort to
provide acid inhibition suitable to specific conditions,
the instances where such blends produce an inhibitor
épmbination of unexpectedly enhanced inhibition strength
;ré rare. Nonetheless, the phenomena of synergism
has long been recognized in the use of inhibitors in
acid solutions and synergistic combinations are an
important tool in development of acid inhibitors for
specialized uses. Those few synergisitc combinations
which are known gencrally invelve an aminc as one of

the essential components. Onc of the earlicst known

- — - .
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examples of synergism in acid inhibiters, is the amine/
thiourea combination. When used in sulfuric acid as

a piékling inhibitor, amines are not effective and
thioureas have only moderate value. However, the com-
bination of amines and thioureas produces an effective
inhibitor combination for sulfuric acid p&ckling.
Another instance in which an amine is essential is the
cémbination of acetylenic alcohols and nitrogen com-
pounds in Aydrochloric acid. Both inhibitors are only
reasonably effective when used alone, but together

they provide an excellent inhibitor. Still another
example of a synergisitc combination alse involving

an amine can be found in U. S. Patent No. 3,382,179
wherein an acetylenic compoﬁnd, an amine and naphthenic
acid are combined to provide a synergistic combina-
tion. The sulfoniumconpound;have also been frequently
used in inhibitor blends with propargyl aicohol oT
amines though not as a componént of 2 synergistic com-
bination involving two or more thio compounds as an
inhibitor for hydrochloric acids.

The excessive loss of basis metal exper-
ienced when thiourea or a thiourea derivative is used as
a copper complexing agent in hydrochloric acid clean-
ing solutions for removing water scale from boilers,
evaporators and the like, notwithstanding the presence
of known -acid inhibitors has become a severe problem
.né the cost of replacing equipment has escalated. A
new inhibitor or significantly more effective combi-
nation is much needed. The metal loss experienced
with the best currently available inhibitors, includ-
ing known inhibitor combinations, used for industriail

cleaning with hydrochloric acid and thiourea is on
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the order of 0.01 1L. per square foot of surface in
24 hours of expo:zre. The’industry goal has been
set at less than 0.005 1lbs/sg £t/24 hours.
Accordingly, it is an object of this
invention to provide an acid cleaning solution
with increased inhibiting strength thereby reducing
the loss of basis éetal during scale removal and -
'cieaﬁing operatioﬁg. Another object of this inven-
tion is to provide novel acid inhibitor combina-
tions of greater inhibiting power than could be
achieved heretofore. It is a further object of
this invention to provide inhibitor combinations which
when used in hydrochloric acid cleaning with a
urea derviative provide a substantial reduction in
metal loss. Still other objects and advantages will
be apparent from the description of the invention

which follows.
SUMMARY OF THE INVENTION

This invention providesua novel acid in-
hibitor combination which is_pa}ticularly useful
for chemical ciéaﬂing with solutions of hydrochloric
acid and thiourea. The combination comprises a
sulfonium salt preferably triphenylsulfonium chloride
and a2 dithiocarbamate preferably benzyl-N-methyl
dithiocarbamate in a preferred-rétio of about 1 part
bf weight of benﬁyl-N-methyl dithiocarbamate for each

2 to 3 parts by weight of triphenylsulfonium chloride.
DESCRIPTION OF THE PREFERRED EMBODIMENTS

In accordance with this invention, it has

been found that a combination of: (A) an acid inhi-

K A
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bitor of the sulfonium §?ft type and (B) a dithiocar-
bamic acid or derivative thereof such as an ester or
salt of dithiocarbamic acid has unusually high inhi-
biting strength in hydrochloric acid cleaning solu-
tions containing a urea derivative as a copper com-
plexing agent. As will be more fully described below,
the two component acid inhibitor combination can be
provided as a single stable composition and it is to
be understood that whenever reference is made to the
composition, the results can be achieved by adding
the two components separately or as a combination
along with other additives. The combination has
been found to be particularly effective where the
use of thiourea or a thiourea derivative is a necessary
additive for hydrochloric acid cleaning even though -
it may increase the severity of attack on the basis
metal which is usually mild steel, i.e. carbon steel.
Thus, as one embodiment, the invention can be viewed
as comprising a three componeﬁt inhibitor composition
in which the third component is thiourea or a sub-
stituted thiourea or thiourea derivative.

As the essential sulfonium salt compo~
nent of the composition of this invention there
can be utilized any of the well known sulfonium inhi-

bitor compounds particularly those of the formula:

1
22 R | ¢ -
— 5
RS/ 1

2, and R3 are each a hydrocarbon radi-

wherein Rl, R
cal, such as for example, those selected from the
group consisting of alkyl, aryl and aralkyl and alkaryl,

wherein X is an acid anion, preferably an anion of

BAD ORIGINAL @
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a2 strong wmineral acid. Formula I above includes within

its scope compounds wherein the Rl, Rz.and R3 radicals
may be the same or different.

Formula I above includes also compounds
wherein one or more of the Rl, Rz, and RS radicals con-
tain one or more of the same or different substituents

examples of which include hydroxy, amino, halo- and

aikyl groups.

z 3

Examples of the radicals R;, R” and R
of Formula I abofe are methyl, ethyl, propyl, nonyl,
dodecyl, isobutyl, phenyl, hydroxy-phenyl, dodecyl

phenyl, benzyl and 4-hydroxy-3,5-dimethylphenyl. It

is preferred that at least one of Rl, Rz 3

and R
radicals be aryl or aralkyl and most b}eferably, each
of said radicals is aryl, such as for example phenyl
or p-chlorophenyl.

Examples of X, the acid anion, in Formula
I above, are chloride, bromide, iodide and sulfate,
the first mentioned being pfeferred.

Sulfonium salts and methods for their
preparation are kﬁown. For example, they can be
prepared by the reaction of an aromatic hydrocarbon
with a sulfur monohalide in the presence of anhy-
drous aluminum chloride and a halogen.

If desired, a sulfonium salt, other than
halide, can be used. Salts such as the acetate can
‘be'readily obtained from the halides by simply
passing an aqueous solution of the available sulfonium
salt usually the chloride, for example a 50% solu-
tion of triphenylsulfonium chloride, through an
appropriate ion exchange medium. Thus, the acetate
can be readily obtained by using a strong basc resin-

such as Rohm and Hazs IRA 400.

¥
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hibitor combination is a dithiocarbamic acid derivative
of the formula:

s RZ R? S -
| i
rl-s-bov” II-a, or | SN-C-S YISOLINNE § 0N
N R3

wherein Rl, R? and RS are each hydrogen or a hydrocar-
bon radical such as for example alkyl, alkenyl, alkynyl,
aiyl, alkaryl, aralkyl, or a cyclic, polycyclic or heter-
ocyclic group. M(+)n Tepresents a metal cation preferably
an alkali metal, e}g. sadium or potassium, an ammonium -
or a heavy metal multi valent cation such as lead, zinc,
cadmium, antimony and the like in which case a single
cation is associated with two anion moieties, n is 1 to
3. One of R? or R3 in Formula II-b above may also be a
dithiocarboxyl alkyl group in which case the dithiocarbanmic
acid salt is an alkylene bis-dithiocarbamate preferably
the alkylene moiety is lower alkylene, e.g. methylene, -
ethylene or propylene. Also included within the scope
of the Formula II are compounds wherein the radicals
Rl, Rz and R3 contain one or more of the same or different
substituents, examples of which include hydroxy, amino,
halo- and alkyl groups. Examples of the radicals Rl,
Rz and R3 are methyl, ethyl, isopropyl, octadecyl,
dodecyl, decenyl, benzyl, phenyl, naphthyl, cyclopentyl,
cyclohexyl, thiazolyl, abietyl, pyridyl, quinolyl, the
group (-CHZ-CHZ—g-R4) wherein R4 is alkyl, aryl or
alkaryl preferably lower alkyl.

The preferred dithiocarbamic acid compo-
nents are the N-substituted esters, particularly, the
alkyl or aralkyl esters of N-alkyl and N,N-dialkyl di-
thiocarbamic acid preferably benzyl-N-methyl dithio-
carbamate.

) The dithiocarbamic acid derivatives suitable
for use as the dithiocarbamate component of the inhibitor
composition are known materials which are either available
commercially or can be prepared in accordance with
procedures known in the literature.
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The thivureas with which the inhibitor
combination of this invention is effective are those
which have been found useful in acid cleaning of
industrial equipment, such as, boilers and particu-
larly those which function as copper complexing
agents. The thiourea compounds used for this pur-
pose can be represented by the fdllowing formula:

S
l;I; N-'(!-N(?’ A ¢ 3 o
2 . 4 ,

wherein Rl’ Rz, R3 and Rz.are-each hydrogen, alkyl,
aralkyl, heterocyclic, or aryl groupé and may be the
same or different. Theée groups can &ﬁ turn be sub-
stituted by such functional groups as halogen, amino, -
hydroxy, or common radicals containing nitrogen, oxy-
gen or sulfur. Suitable thioureas 6f7formula'III
are for example: thiourea, l-methylthiourea, 1,3-di-
ethylthiourea, l-phenylthiourea, 1-phenyl-3(2 hydroxy-
ethyl) thiourea, methylolthiourea and the like.

The thioureas are usually used in acid
solutions to be inhibited in concentrations as low
as .001 gm/liter of acid ‘solution and as high'as.

100 gms/liter. Thé.particular éoq;entration is
determined by the nature of the acid sc;lutionr the
copper content of the scale to-be removed, the
‘témperature at the time of exposure to the metal

and other inhibitors used in makiﬁg inhibitor blends.
A commonly used industrial cleaning solution has
about 7% (wt/wt) ﬁydrochloric acid and about 1% (wt/
vol) thiourea.

In treating metal surfaces of industrial
equipment to remove relatively insoluble incrusta-

tions which develop during normal opcration, the
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inhibitor composition of this invention can be con-
veniently used by adding it to the acid cleaning
solution used in the customary manner. The acid
solution is generally selected in accordance with
the nature of the incrustations with the non-oxi-
dizing acids and especially the inorganic non-oxi-
dizigg acids being preferred. Hydrochloric, sul-
furic or phosphoric are the particular acids most
commonly used. Hydrochloric acid is generally
used at a concentration of between 5 to 25% by
weight; sulfﬁric at a concentration of about S5 to
15% by weight and phosphoric at about 10 to 25% by
weight. Higher or lower concentrations of these
acids are also used depending upon spé;ific condi-
tions and type of acid treatment involved. For
example 0il well acidizing may utilize hydrochloric
acid at concentrations of 30% by weight or higher
whereas pickling operations may utilize concentra-
tions as low as about 1% acid by weight in the
bath. Aqueous solutions of hydrochloric acid
preferably at a concentration of about 5 to about
10% by weight are most frequently used in cleaning
heating equipment and the like and the use of the
inhibitor combination of this invention will be
described with particular reference to such clean-
ing operations though it is to be understood that
Eﬁe combination will find use in other acid treat-
ing situations of the type described above and else-
where herein, whenever attack on the basis metal
is aproblem and particularly when thiourea or a
thiourea derivative is used with the acid. Typical
of cleaning trecatments with hydrechloric acid to

which a urca derivative has bcen added is the pro-
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cess described in U. §. Patent No. 2,959,555 and the

combination of this invention is particularly well
suited to use in such processes.

In general, the combination of this
invention is used by adding to either the diluted or
concentrated hydrochloric acid a formulated compo-
sition containing the two essential ingredients,
préfe}ably in solution in a suitable so}vent; though
a dry formulation can also be used. In the latter '
case, the formulation can also be readily cpmﬁined
with the urea derivative,preferablf tﬁiourea. In
any case, the inhibitor composition shéﬁld be added
and thoroughly mixed with the acid by stirring or
agitating. The inhibited solution is conveniéntly -
used by circulating it thréugh the equipment to be
cleaned. If circulation cannot be accomplished, the
equipment should be filled with the inhibited acigd '
and allowed to react with the scale and incrustations
for sufficient time to remove the objectionable de-
posits. To estimate the proper acid concentration
and cleaning time, samples of the deposits to be
removed can be tested in the laboratory prior to the
cleaning operation. If desired, the equipment to be
cleaned or the acid cleaning solution‘or both-can be
heated to spee§ the cleaning action. In such case,
the heating is preferably done prior to beéinning the
élehning operation and generally a greater amount of
inhibitor composition is used at higher temperatures.
As in the case of selecting an appropriate acid con-
centration and cleaning time, the cleaﬁing temper -
aturc e€an be chosen by testing with a representative
sample of thc mctal and deposits to be cleaned.

The amount of inhibitor used can also he determined
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by similar testing. For ,uidance, however, it has been
found that when usin~ a 5% hydrochloric acid solution
(14.1% by volume of 20° Baumé hydrochloric acid) for
cleaning at a temperature of about 150°F effective
inhibition can be obtained by using about 0.2 gnms/1
triphenylsulfonium chloride and about 0.1 gms/l1 of
benzyl-N-methyl dithiocarbamate. Greater amounts

b;n be used though generally there is little in-

crease of inhibiting strength by increasing inhibitor
concentration significantly above the effective
conceﬁtration.for any given temperature and acid con-
centration. In practice, it is preferred to use the
inhibitor blend in an amount sufficient to provide
at-least about .008% by wt. of triphenylsulfonium
chloride and at least about .003% by wt. of benzyl-
N-methyl dithiocarbamate in the working bath. Greater
amounts are required for higher temperatures. Gen-
erally for each 25°F increase in temperature above 150°F
there_is required an additional amount of inhibitor
equivalent to the amount found to be effective at about
150°F. The length of time required to remove the un-
desirable deposits will depend upon the effectiveness
of the acid dissolution of the incrustatiomns or scale

and the solution is generally allowed to remain in the

- system until the metal surface is free of unwanted

deposits or until the action of the acid stops.

The amount of sulfonium salt and dithio-
carbamate inhibitors used to provide the effective
acid inhibitor of this invention can be varied
over a wide range, depending upon the particular
acid used in the cleaning solution, the basis metal,
the temperature and other factors:

The ratio in which the two esscntial com-

-——— e =" —————————
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poncnts are utilized does not appear to be critical and
the proportions can also be varied over a wide range.
There can be used about 0.1 to about 2.0 parts by weight
of dithiocarbamate, e.g. benzyl-N-methyl dithiocarbamate,
for each part by weight of sulfonium salt, e.g.
triphenylsulfonium chloride. Generally, it is preferred
that there be used a greater amount by weight of sulfonium
salt.than dithiocarbamate. Preferably, compositions having
aﬂout 2.5 parts by weight of triphénylsulfonium chloride
for each part by weight of benzyl-N-methyl dithiocarbamate
have been found to be ﬁarticdlafly effective in hydro-
chloric acid/thiourearsysiéms. 7

The inhibitor combination of this inven-
tion can be added to the cleaning solution as separate
additives or can bé ccnveniéntly'formulatéd in a con- -
centrated inhibitor cbmposition in iiqhid or dry form
along with the usual formulating ingredients.

Generally,’in'fcrmulating the inhibitor
compositions of this invention, the amounts of esﬁen-
tial inhibiting ingredients in the formulation wili
comprise about 10 to 80% by wt. of the total for-
mulated concentrate; the remainder consisting of solvent
preferably butyl cellosolve and other conventional
formulated ingredients. The product can also be
supplied as dry powder formulation along with other
ingredients'of'as a dry formulation it can have nearly
160% active ingredients, i.e. essential only sulfonium
salt and dithiocarbamate.

By way of illustration a formulated com-
position containing as the essential inhibitor com-
position a mixture of triphenyl sulfonium chloride
and benzyl-N-methyl dithiocarbamate can be easily
preparcd by blending the essential ingrcdients in a

water miscible sslvent along with other additives

ay
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generally employed in formui?iing inhibitor composi-
tions. As solvent, there can be utilized any water
miscible solvent in which the two essential components
are soluble and which is stable to the acid cleaning
solution in use. Suitable additives imclude materials
which increase acid solubility of the composition and
oil dissolution. Other additives known to the art may
be.included to get a2 homogeneous conceatrate and to
sid in solubilization of the essential components.

In genersl, these additives are surface active 3gents
and solvents for the other components comprising the
cepposition. Other ingrediepts such as anti-foaming
agents, diluents to adjust the volume, buffers to
adjust pH and the like which are typiéﬁlly utilized

in formuylating may be included and are intended to

come within the scope of this invention.

{ny surface active- agent compatible
with the other components of the compositien can
be used including anionic, ecationic and nonionic
surface active agents with the nonionic being
preferred. Examples of such nopionic surface
active agents are the ethoxylated secondary alco-
hols and ethoxylated nonyl phenols. Among the
surfactants that are particularly suitable in formu-
lating the inhibitor compositions of this invention,
there can be mentioned the following: Igepal CO-850
-sfailable from the Gaf Corp.; Maken 20 available from
Stepan Chemical, Retzanol NPZ00 manufactured by

Retzloff; Surfonic N200 manufactured by Jefferson;
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T Det N20 manufactured by Thompson Hayward and
Tergitol NP40D manufaptu;éa by Union Carbidg Corpora-
tion.

In addition to the formulating additives
indicated above, the essential inhibitor ingredients
of this invention can be combined with other inhibitors
which may also contain other additive materials or they o

can ge formulated along with such other inhibitors

as an additional active ingredient. Other inhibitors
that may be blended with the symergistic .combination
of sulfonium sazlt and dithiocarbamic acid derivative
include for example propargyl alcohol, ammonium
thiocyanate, meréapto benzothiazole, the Mannich
bases and the like. - -

In still another embodiment, the inhibi-
tor complex of this invention, which is particularly
useful for reducing the basis metal attack of hydrochloric
acid/thiourea cleaning solutions can be formulated by
combining the inhibitor composition with the thiourea
to provide a single additive to hydrochloric acid
thereby facilitating make'qp of the inhibited hydro-
chloric acid/thiourea cleaning solution.

The combination when used with a conven-
tional hydrochloric acid/thiourea cleaning solution
provides a substantial reduction in basis métal loss
as compared to acid corrosion inhibitors presentlyr
Employed in such acid cleaning solutions. The re-
duction in metal loss achieved by using this combi-

~nation of inhibitors, particularly, in the case of
mild steel is significantly greater than can be
achieved with either inhibitor separately.

In utilizing the composition of this in-
vention to inhibit acid attack on metal, the combi-

nation is preferably added to the particular acid

o
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composition as the formulated concentrate utilized in

an amount sufficient to inhibit attack of the particu-
lar acid on the metal which is exposed thereto. The
amount of inhibiting composition that is indicated
will vary depending upon a number of factors, some

of which can be readily controlled including the con-
centration of the acid and the temperature at which
thé-oﬁeration is conducted. Generally, the amount of
inhibitor to be utilized at high temperature is
greater; likewise, the amount to be utili;ed at higher
acid concentrations-is greater. The range of inhibitor
concentrations over which the degree of inhibition
varies significantly with increase or decrease in in-
hibitor concentration at a given temperature is rela-
tively narrow. So also the range of inhibitor concen-
tration over which the degree of inhibition varies

for any given cleaning acid concentration is relatively
narrow. Generally, however, for most industrial
cleaning operations, the amount of inhibitor conmbin-
ation in accordance with this invention will be at
least about 0.01% by volume and usually between

about 0.1% and about 1.0 preferably .1 to .ZS%_

based upon a ratio of about 2.5 parts of triphenyl-
sulfonium chloride for each part of benzyl-N-methyl
dithiocarbamate utilized at a temperature in the range
of .about 150°F to about 200°F.

. ¥When used in a conventional hydrochloric
acid/thiourea solution of 5 to 10% by weight hydro-
chloric acid and about 1% thiourea by weight in solu-
tion, inhibitor compositions containing about 20 to

50% by weight, preferably 20 to 30% by wcight, of active
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ingredients (sulfonius sa’t and dithiogarbamate)

is ysed in an amount sufficient to provide at least
about 0.05% by volume of inhibitor in the cleuning
solutipn.

In view of the various spplications
and the wide range of conditions under which the
inhibitor of this invention can be used, it is te
- be understood that the effective awount and cendi-
tions of use for any particular situation is best
deternined from ‘experience gained in using the
compositien in such particular spplicagtion. The
amounts provided herein as well ts-the particular
proportion of essential components amnd ether ia-
gredjents is given for guidance purposes.

The §inhibitor compesitions of this in-
vention while best suited for inhibiting the attack
of hydrochloric scid in the presence of thicures
can also be employed in applications where acid im-
hibitors are generally utilized, for exszple, in
metal pickling operations and oil well acidiring
processes. While particularly effective results
have been obtained with the inhibiter combination
in treatment of ferrous metals, particuiarly mild
steel, the inhibitor combination car also be utilized
to protect against-scid attack on other metals such
85 copper, brass, stainless steel and other alloys.
As will become evident from the examples which
follow, the particular synergistic effect obtained
with the inhibitor combination provides a special
advantage in the case of hydrochloric acid/th%ourea
cleaning. However, the high degree of inhibiting
power provided by the combination makes it suitable

for a mulritudc of applications.

[t

.
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EXAMPLE 1

Preparaticn of Benzyl-N-Methvl Dithiocarbamate

Benzyl-N-methyl dithiocarbamate, which is
representative of the dithiocarbamates suitable for
use in the compositions of this invention, is a
commercially available product. If desired, it can

also be prepared from readily available starting

‘materials and the entire reaction product can be

used in formulating the inhibitor composition. A
suitable method for preparing benzyl-N-methyl dithio-
carbamate is as follows:

Into a 300 ml 3-neck flask fitted with a
thermometer, stirrer and condenser, is placed 13.7
gms of carbon disulfide and 12.2 gms mono methyl
amine hydrochloride dissolved in 20 mls water. The
mixture is stirred and cooled to 10-15°. 14.4 gms
sodium hydroxide dissolved in 32 mls of water is
slowly added over 30 minutes. Stirring is continued
and the mixture is warmed at 75-85°C for 1 to Z hours.

The mixture is then cooled and 22.9 gms
of benzyl chloride in 100 mls of acetone is added.
This mixture is heated to a gentle reflux for 1 to
Z hours.

The acetone is distilled off.

100 mls of water is added to dissolve any

_-precipitated sodium chloride.

The contents of the flask are then placed
into a separatory funnel and the product is extracted
from the bottom as an "oil-like" substance which is
drained into a Petri dish and allowed to crystalli:ze.

After solidifying, the bencyl-N-methyl
dithiocarbamate product is broken up and used "as
is" in preparing the irhibitor formulations. Other

dithiocarbamatc products can be prepared by analgous
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EXAMPLE 1 (cont'd) '
procedure also using known, available starting
materials. The reaction products can be used as is
in formylating the corresponding inhibitor compo-

sitions.

EXAWPLE 2

An inhibitor composition was prepared with

ingredients in the following amounts:

grams/
Ingredient liter $ by ¥t.
Butyl Cellosolve 495.2 48.11
Benzyl-N-Methyl Dithiocar- 67.8 6.59
bamate -
Glacial Acetic Acid - 67.8 - 6.89
Igepal CO-850 (Gat Corp., 67.8 - 6.59
N.Y., N.Y.) )
Triphenyl Sulfonium Chloride- 325.3 31.60
50% :
66° Be Sulfuric Acid 5.4 0.52
1029.3 100.00

The,compﬁﬁition is prepared by combining
the ingredients in a blending vessel equipped with a
stirrer. The bgnzyl~N-methy1 dithiocarbamate is
first dissolved in the butyl cellosolve. The re-
mainder of the ingrediénts are then added in the
"Order listed, while stirring. Stirring is con-
- tinued until a homogeneous mixture is obtained.
The final product is a clear liquid. The mixture
is preferably filtered to remove unwanted impurities

which may be carried in with the starting materials.

-
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EXAMPLE 2 (cont'd}

" The clear liquid composition has a specific gravity
of 1.029 * .005 at 60°F before putting it into con-

tainers for shipment.

- EXAMPLE 3

" This example illustrates formulations e
~hiVing different concentration and ratio of ingred-
ients than that of Example 2. The components were

combined in a similar manner.

Formula A
grams/
Ingredient = - liter $ by Wt.
‘Benzyl-N-Methyl Dithiocar- 100.0 9.20
bamate . -
Butyl Cellosolve 298.4 27.47
Glacial Acetic Acid 100.0 9.20
Igepal CO-850 100.0 9.20
Triphenyi Sulfonium Chloride- 480.0 44.19
50% _ :
66° Be Sulfuric Acid 8.0 0.74
1086.4 100.00
Formula B
0.6 gms Benzyl-N-Methyl Dithiocarbamate
3.0 gms Butyl Cellosolve
1.0 gms Glacial Acetic Acid
- 1.0 gas Igepal CO-850
4.8 gms Triphenylsulfonium Chloride (50%)

\
several drops 66° Be Sulfuric Acid
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Formula C

1.2 gms ﬁenzylvN-ﬁethyl Dithiocarbamate

3.0 gms Butyl Cellosolve

1.0 gnm Glacial Acetic Acid

1.0 gm Igepal CO-850

4.8 gnms Triphenylsulfonium Chloride (50%)_
..10 to 12 drops 66° Be Sulfuric Acid T

EXANPLE 4

The followiné.formulation was prepared by

blending the amounts of'ingredients specified below

in the same ordéf as they appear.

1.0 gnm

3.0 gms
1.0 gm
1.0 gm

4.8 gms

Benzyl-N-Methyl Dithiocar-
bamate

Butyl Cellosolve
Glacial Acetic Acid

Igepal CO-850 (Gaf Corp.,
N.Y., N.Y.)

Triphenyl Sulfonium Chlor-
ide (50% by wt. in water)

Upon addition of the triphenyl sulfonium

chloride, the solution turned cloudy. A few drops of

]
sulfuric acid (66° Be) was added and the solution again

became clear.

The inhibiting strength of the composition

was determined as follows:

A strip of mild steel (1010 cold roll

steel) 1/2 inch wide by 7 inches long is prepared

by solvent wiping with acetone on a cotton rag,

then bending the strip to a suitable shape for

immersion in the test solution, generally an "S"

shape. 1In order to remove all rust, the strip is

then pre-pickled for 5 minutes in a 50% by volume

solution of concentrated hydrochloric acid

aw

®



_for 6 hours. The strip is then removed from the test
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(23° Baumé, CP grade) in water. The acid is draincd off

and the strip is rinsed with tap water several times.

The strip is then rinsed in acetone, acetone is poured

off, and the strip is blotted dry with a cotton rag.

The dried, cleaned strip is weighéd and immersed in

the test solution of 7% wt/ﬁt hydrochloric acid with

1% ;hiourea by wt. maintained at a temperature of 150°F

solution, rinsed in warm tap water and dipped in ace-
tone. The acetone is dried off and the strip is again
weighed to determine the metal loss.

Benzyl-N-Methyl Triphenyl Sul-

Inhibitor Dithiocarbamate. fonium Chloride
Concentration* Concentration Concentration Wt. Loss

- {3 vol/vol) (3wt/vol) “($ wt,’vol)  (1bs/sq ft/24 hr)**
.105 .010 .025 .0057
.210 .021 050 L0060

*  (Concentration is for the amount of formulated composi-
tion added to the test solution.

** The weight loss in grams as measured in the test is
converted to weight loss in 1bs/sq £t/24 hours by
multiplying the weight loss in grams times 0.181.

For industrial chemical cleaning, it is preferred
that weight loss not exceed 0.005 lbs/sq ft/24

hours.

EXAMPLE 5

To illustrate the improvement in inhibiting
strength provided by the sulfonium salt and. dithio-
carbamate mixture, a corrosion inhibitor composition
of the type s501d commercially for industrial cleaning
with hydrochloric acid was prepared and tested in hy-
drochloric acid solutions with and without thiourea.

The corrosion inhibitor was prepared by combining a
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rosin amine inhibitor of the type disclosed in Y. S.
Patent No. 2,758,970 with triphenylsulfonium chloride
and propargyl alcohol.

, Such inhibitors are available for example
under the brand name Rodine sold by Amchem Products,
Inc. A typical inhibitor of this type has the follow- -

ing approximate composition:

Ingredient 1 by wt.
Rosin Amine Derivative ' 59.0 ; .

prepared from Rosin Amine D (sold
by Hercules, Inc. of Wilmington,
Delaware) acetophenone, acetone, HCl -

andrformaidehyde.'

I1gepal C0-850 (available from Gaf Corp., 30.0 -
New York, N. Y.) )

Isopropancl -~ - . > - 6.0
Propargyl Alcohol - : 2.5

Triphenylsulfonium- Chloride (50% by wt.) 2.5
~ 100.0%

EXAMPLE 6

An inhibitor composition in accordance
with Example 5 was tested for corrosion inhibition
as described in Example 4 using a 7% hydrochloric
"acid test solution maintained at 150°F for 6 hours.
Thiourea was added in amounts as indicated in

Table I.
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TABLE 1
Inhibitor Composition .
of Example 5 Thiourea
Concentration Concentration Wt. Loss
(¥ vol/vol)* G wt/vol) (1bs/sq ft/24 hrs.)

0.1 None .0017
0.2 " ~ .0014 .
0.3 " .0016
0.4 : " .0014
0.1 1.0 ’ .0213
0.2 f " .0175
0.3 " .0155
0.4 o .0156

* Concentration is for the amount of formulated composi-

tion added to the test solution.

EXAMPLE 7

This example shows the greatly improved

inhibiting power of the compositions of Examples

1 and formula A of 3 as compared to the prior art com-
positions of Example 5 in a hydrochloric acid and thio-
urea cleaning solution. The tests were carried out as
“in Example 4 above using as test solution hydro-
chloric acid cleaning compositions containing thio-
urea or a thiourea derivative as a copper complex-

ing agent in amounts as indicated. The concentra-
tion of hydrochloric acid was 7% (wt/wt). The test
was done at 150°F for 6 hours. The .results are as

shown in Table II.
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TABLE 11
Inhibitor Inhibitor Thiourea
Composition Concentration Concentration Wt. Loss
(% vol/vol)x (% wt/vol) (1bs/sq ft/Z4 hrs.)
Example 5 0.1 1.0 .0237
(.0263 moles/
liter)
Example 4 0.1 1.0 .0056 .
. (.0263 moles/ .
liter) -
Methylol Thiourea
Example 5 0.1 1.39 .0079
(.0263 moles/
liter)
Example 4 0.1 1.39 .003s
(.0263 moles/
lite.)
TABLE II-(a) -
Inhibitor Thiourea 1bs/ft2/
Formulation Concentration Concentration Temp 24 hours
{3 vol/vol)* (% wt/vol)
Example § 0.1 1.0 150°F .0213
Example 3-A 0.1 1.0 150°F  .0060
Example 2 0.1 1.0 150°F .0083
Example 2 0.15 ~ 1.0 150°F .0057
Example § 0.1 None 175°F  .0024
Example 3-A 0.1 None 175°F  .0046
Example 2 0.1 None 175°F  .0060
Example 2 0.15 None 175°F  .0045

* Concentration is for the amount of formulated composi-

tion added to the test sclution.

EXAMPLE 8

This example demonstrates the synergistic

corrosion inhibiting effect of the triphenyl sulfonium

salt and dithiocarbamate combination. The tests were

kol

3
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carricd out as in the preceding examples using
'zzaunts of test compositions aS indicated in Table
11I. The tests were done with 7% wt/wt hydrochloric
acid solutions maintained at 150°F for 6 hours. For
comparison, the triphenylsulfonium chloride was for-
wsulated without the dithiocarbamate by substituting
an equal weight amount of butyl celiosolvé;for the
dithzocarbamate This formulat1on jdentified as Foruu~

_lated TPSC has the following composxt1ons.

~ Butyl Cellosolve c - - 4.0 gms
. Glacial Acetic Acid ‘l?fx 1.0 gn
Igepal CO-850 1.0 gm

" Triphenylsulfonium Chloride 5094.8 gms
2 drops 66° B; SulfuriclAcﬂd_  '

TABLE III
Thiourea -~
Inhibitor Concentration Concentration: - ¥Wt. Loss
(gms/1) . (1bs7sq ft/Z4 hrs.)
triphenyl- 0.5 ml/1 "10.0° .0108
sulfonium i - )
" chloride(50%) i ) N .
triphenyl- 1.0 ml/1 10.0 .0077
sulfenium : i
chloride (50%) ‘
benzyl-N- 1.0 go/1 . 10.0 . ©.7649
xethyl di- ,
thiocarbamate R ]
benzyl-N- .5 gm/1 10.0 7814
methyl di- . . -
~thiocarbamate . . - .
Formulated = 1.05ml/1* 10.0 . <0120
TPSC .. .
Formulated  2.10m1/1% 10 .0 C.an
TPSC ,
Formulation 1.05m1/1* ~  10.0 . .0057
of Example 4 :
Formulation 2.10m1/1* 10 .0 .0060

of Example 4
& Concentration is for the amount of formulated composi-

tion added to the test solutionf
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EXANPLE 9 , o " -

. This example illustrates .the.yse of the
inhibitor combination of this invention in comjunc-
tion with another inhibitor. The tests were
carried out as in the preceding examples using 1%
wt/vel thiourea in a 7% wt/wt hydrochlgric acid
selution at 150°F for 6 houss. The weight loss re-
sults ars shown in Table IV. o

. TABLE IV
Inhibitor Concentration Weight
Combination ef Inhibitars Loss ,
- _ ' S (1bs/sq tt/24 hrs.)

Triphenylsulfoniua chloride (S@bywt) 1.0 ml/1 .0041
Linc dimethyl dithiocarbamate 0.05 gm/1
Mercaptobenzothiazole : 0.45 gm/1
Triphenylsulfenium chloride(50bywt) 0.5 ml/1 .0074
Mercaptobenzothiazole 0.5 gm/}

Benzyl-N-methyl dithiocarbamate 0.5 gm/}

EXAMPLE 10

This example illustrates the ighiditing
pover of the combination with change in the ratio of
amount of triphenylsulfonium salt to the amount of di-
thiocarbamate. Tests were carried out in the same
manner as above using 7% (wt/wt) hydrochleric acid
with 1§ (wt/vol) thiourea at 150°F for G_hours. Re-
sults are shown in Table V.

TABLE V
Inhibiter Concentration Wt. Loss
. ) o (1bs/sq ft/24 hrs.)

Triphenylsylfonium .0071
chloride (50% by wt) 1.0 m1/1
Benzyl-N-methyl dithio- 1.0 gm/1 L7649
Carbamate .
“Triphenylsulfonium . .0094
chloride (50% by wt) 0.5 m1/1
Benzyl-N-methyl dithio- 0.5 gm/1 .T414
carbamate -
Triphenylsulfonium . 0060
chloride (50% by wt) 0.5 mi/1
Benzyl-N-methyl dithio- 0.5 gm/1
carbamate

- Triphenylsulfonium .0058
chloride (509 by wt) 1.0 ml/1 :

Boenzyl-N-methyl dithio- 0.5 gm/1
carbamate
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EXAMPLE 11

This éxample illustrates the use of various
ﬁithiocarbamates with substanfially eqdal effectiveness
in inhibiting corrosion. The formulations used are
given and the results of tests are shown in Table VI.

The test method is the same as ip previous examples using
7% hydrochloric acid (wt/wt) at 150°F for 6 hours.

Formulation A

0.1 gm Zinc dimethyl éithiocarbamate

0.9 gn Mercaptobenzothiazble

3.5 gm Buty;,cellosolve

1.0 gm Igepal CO-850 (Gaf Corp.)

1.0 gn Hydrochloric acid (20° Baume)

4.8 gm Triphenylsulfonium chloride (50% by wt.)

Formulation B

1.0 gm Sodium diethyl dithiocarbamate

2.3 gm Butyl cellosolve

1.0 gm Igepal CO-850 (Gaf Corp.)

4.8 gm Triphenylsulfonium chloride (50% by wt.)
2.0 gm Hydrochloric acid (20o Baumé)

~ TABLE VI
Inhibitor
Formulation Concentration* Thiourea Wt. Loss
(% vol/vol) (1bs/sq £t/24 hrs.)
A .105 $ wt/vol .0102
B .105 1% wt/vol .0080
A .105 None .0032
B .105 None .0027

* The concentration is for the amount of formulated composi-

tion added to the test solution.
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EXAMPLE 12

This example illustrates the inhibiting power
at various concentrations of éhe synergistic combination
of triphenylsulfonium chloride and benzyl-N-ﬁethyl di-
thiocarbamate (Example 4). Test procedures are the same
85 in previous examples using 7% hydrochloric acid {wt/
wt) wifh 1% thiourea (wt/vol) at 150°F for 6 hours.

Results are shown in Table VII.

TABLE VII

Inhibitar Thiourea )
Formulation Concentration* Concentration Wt. Loss

(% vol/vol) (¥ wt/vol) (1bs/sq Tt/ 2% hrs.)
Example 4 .1 R § - .0058
Example 4 .075 1 .0063
Example 4 .050 1 - .0093
Example 4 .825 ' 1 o .0129 -

* The concentration given is for the amount of formulated

composition added to the test solution.

-
-
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ia A somzosition for innibiling avid curiusSion Lhaiavié. Lecu

in that it contains & blenu ¢i ¢ sulicaium salt ana ol a dithiocar-

bamic acid derivative.

2. A composition as claimed in claim 1, characterized in tisi

the suifonium salt conforms to the general formuia:

M
o

b1 +
o~ ! -
|8 —=> 5 X
y I

!

- -4

. I R . . : .
witrzin & & and R, which mey be the same cor Jdifferer:, saczh

represents an alkyi, aryl, aitkeryl or aralkyl radical, and 4 is
an acid anion.

3. A composition as claimed in claim 1 or claim 2, cherac7e=_>="

et

in that the sulionium salt is triphenyl sulronium chlicride.

L. A composition as claimed in any of claims 1 to 3, zZh=racter:

in that the dithiocarbamic acid derivstive is a compound ol the

general formula: -

2 i;a\\ N

=={n

[ F

S R
R osbon -C-
-5-C- or /N Sl
\R3 Lié/ “{n

o1 L3 - .
wherein R ,,Ra, and R, which may be the same cr ciiferent, each

represents a hydrogen atom or an alkyl, ailkenyl, alkynyl, aryl,
alkaryl, aralkyl, cyclic, polycyclic or heterocyclic group, and M
represents a mornovalent or multivalent czation where n is 1 to 3.

S. A composition as claimed in any of claims 1 to 4, characterized

in that the dithiocarbamic acid derivative is benzyl-N-methyl dithio-

czroamate.
S, A composition as claimed in any ol claims 1 to 5, characterized

ir ~rar it contains from 2 t> 3 parts, and preifesably about 2.5 parts,
by welight of the sulfonium salt per part oy weight oY ihe uithiocarsarmic
acid derivative, and optionally also contains a surfactant.

7o An aqueous acidic cleaning solution containing an acid cleaner

and an inhibitor against acid corrosion, characterized in that as
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irhibitor there is uc~c # composition as claimed in any of claims
1l to 6 present in an amount such as to provide concentrations in
the acid solution of at least 0.00&% by weight of the sulfonium
salt and at least 0.003% by weight of the dithiocarbamic acid
derivative.

8. A solution as claimed in claim 7, characterized in that

the acid in said aqueous acidic cleaning solution is hydrochloric
acid.

9. A solution as claimed in claim 8, characterized in that it

contains hydrochloric acid in an amount of between 5% and 10%
by weight together with the inhibitor composition in an amount of
at least 0.05% by volume.

10, A solution as claimed in any of claims 7 to 9, characterized

in that said solution also contains a copper-complexing agent.

11. A solution as claimed in any of claims 7 to 10, characterized

in that said solution contains at least 0.001 gram per liter of a
yrea derivative dissclved therein.

12. A solution as claimed in claim 11, characterized in that the

urea derivative dissolved in said acid cleaning solution is thiourea
and/or methylol thiourea.

13, A solutior as claimed in any of claims 7 to 12, characterized

in that as acid it contains hydrochloric acid and as inMibitor
composition it contains sulfonium chloride present in an amount
sufficient to provide at least 0.08 gramé per liter thereof in

solution, benzyl-N-methyl dithiocarbamate present in an amount sufficient
to provide at least 0.03Z gram per liter thereof in solutiofi; and thio=-
urea present in an smount sufficient to provide at least 0.001 gram

per liter thereof in solution.

14, A process for cleaning industrial equipment having water-scale

>or other undesirable water-insoluble deposits thereon, using an aqueous
acidic cleaning solution containirng inhibitors against acid corrosien,

characterized in that the acid solution employed is inhibited from

attacking the basies metal of the industrial equipment by using a

cleaning solution as claimed in any of claims 7 to 13.
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