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COMPOSITION AND PROCESS FOR REMOVING
HEAT SCALE FROM METAL PARTS
Benjamin Arden, Poriugnese Bend, Calif., assignor, by
mesne assignments, to Purex Corporatioen, Ltd., a cor-

poration of California
No Drawing. Filed Dec. 10, 1958, Ser. No. 779,299
24 Claims. (Cl 134-—3)

This invention relates to removal of deposits on metal
parts. A particularly important application of my inven-
tion 1s the removal of heat scale or oxide scale formed
at high temperatures, from metal parts, e.g. austenitic
stainless steels such as the chromium-nickel stainless
steels, nickel base alloys, cobalt base alloys and the so-
called super allocys and heat resistant alloys generally.
This invention is concerned with novel procedure and
compositions for the removal of such deposits.

This application is a continuation-in-part of my co-
pending applications, Serial Nos. 511,096 and 511,098,
now Patent No. 2,843,509, both filed May 25, 1955, and
741,475, filed June 12, 1958. |

One important present application of my invention is
to power plants of modern aircraft, particularly jet en-
gines, such as turbojet and turboprop power plants, which
are constiructed from special heat resistant alloys and
super alloys. During service the various component
parts are exposed to high operating temperatures in the
vicinity of 800-1800° F. or even higher. At these ele-
vated temperatures the metal alloys are exposed to both
reducmg and oxidizing atmospheres at various times and,
as a result, very tightly adherent scale deposits are formed
on the hot parts of the engine. |

Examples of components of jet engines which are
covered with scale deposits are the combustion chamber
inner liner, cross-ignition tubes, transition liner, turbine
nozzle assembly, and turbine rotor assembly (with at-
tached buckets or turbine blades), and exhaust
components. -

The chief alloys used for jet engine components and
on which the above-noted scales or deposits are formed
include heat resistant stainless steels and heatf resistant
alloys, e.g., of the straight chrome type (martensitic or
erritic), austenitic stainless steels, stainless steels of the
- chromium or chromium-nickel type, and heat resistant
alloys and super alloys including nickel base and cobalt
base alloys, iron-chromium-nickel alloys, and cobalt-
nickel-chromium alloys. These belong to the general
classification of heat resistant alloys. The aforemen-
tioned deposits may also be formed on other types of
alloys. These deposits, the heat scale or obdurate oxide
deposits, are thus to be distinguished from ordinary rust
produced by corrosion of mild steel and iron in their
physical and chemical nature and are much more refrac-
tory and difficult to remove by alkaline reagents. For
-example, in the case of Inconel (a nickel base alloy) it
appears most probable that the heat scale is largely a
mixture of oxides with nicke] oxide the major component.
On stainless steels, the initial scale formed may be of the
nature of an iron oxide-chromic oxide spinel. Also
formed on the metal surfaces of aircraft engine parts dur-
ing service are smut deposits. These hot scale deposits
contain oxide layers of refractory nature and highly resist-
ant to chemical and mechanical attack.

Also formed on the surface of the engine parts is a
tough carbon or graphite scale which tightly adheres to
the metal surfaces. In describing these scales as carbon
or graphite scales I do not exclude the presence in the

' g of the fuel.
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‘carbon deposits of high molecular weight asphaltene or

asphaltic or tarry binders which are formed in the burn-
These deposits are found both inter-
mingled with and deposited on the heat scale. In many
cases massive carbon deposits are formed because of
severe conditions of engine operation, especially in the
case Oof “hot” spots. The heat scale formed on com-
ponents of jet engines and other types of engines operat-
ing at high temperature under oxidizing conditions is a
scale of oxide character known as “heat scale,” which is
deposited because of high temperature oxidizing condi-
tions. Thus, at high temperatures of operation, e¢.g.,
existing in operation of jet engines, a heat scale 1s formed
which is largely a mixture of the oxides of the metals or
of the metal alloys of which the engine parts are con-
structed. The relative proportions of the various oxides

- of which such heat scale is composed may approach but

20

nieed not correspond exactly with the percentages of the
parent metals in the alloy.

For proper maintenance of the engines, overhaul proce- -
dures must be applied during which the engine compo-

- nents are completely and safely cleaned of heat scale de-
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posits and any other contamination which may be present
sucit as leaded deposits and deposits of carbon. One of
the most important reasons for removing the foreign mat-
ter and scale deposits is to provide clean metal surfaces
which are suitable for inspection for flaws by standard
teconiques. Inspection is especially important for jet
engine parts which are highly stressed, such as nozzle
guide vanes and turbine buckets.

Conventional procedures for cleaning jet engine hot
section components during overhaul have been based on
a combination of inadequate chemical cleaning methods
plus mechanical cleaning, which includes grit blasting
and liguid honing (or vapor blasting). Thus, for exam-
ple, a conventional prior art procedure may include use
of a chlorinated solvent, either hot or cold, followed by
a caustic dip and then an alkaline permanganate treat-
ment followed by a dip in dilute nitric acid, and finally
vapor or sand blasting. However, these procedures have
proved inadequate. |

In oxidizing atmospheres obdurate, adherent oxide
scale deposits are formed on the various alloys which re-
quire prolonged immersion times in a series of chemical
baths to effectively remove the scale deposits, and provide
clean parts for inspections.

‘While nitric acid has been employed as an after treat-
ment of parts containing heat scale following treatment
thereof in an alkaline, e.g., alkaline permanganate, bath,
it has been observed in many instances that such nitric
acid bath does not sufficiently loosen and remove the heat
scale which has been previously conditioned in such
alkaline bath. | |

Cne object of the invention is to remove heat scale
deposits formed on engine components, particularly, but
not exclusively, the “hot” sections of aircraft engines, espe-
cially jet engines.

~ Another object is to devise a procedure and composi-
ficient removal of oxide deposits in the

tions for the efi
form of heat scale from parts carrying the same,

Still another object 1s to provide procedure and com-
positions for cleaning surfaces of metal components of
engines, particularly aircraft engines, encrusted with
oxide deposits or heat scale, to enable suitable inspection
of the parts by production-line methods utilizing pene-
trant dyes or fiuorescent materials. |

A still further object of the invention is the provision
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of a method and compositions for accomplishing such
descaling without producing any significant or detrimen-
tal amount of corrosion of the metal part during the clean-
ing or descaling cycle, so as to incur no significant weight
loss or dimensional change of the metal or alloy of which
the engine component is formed.

Yet another object is to devise procedure and composi-

tions adapted to remove, particularly, heat scale depos-
its from engine parts, and at the same time achieving re-
moval of carbon deposits if present.

A particular object is to afford a procedure and acid
composition which is effective following an alkaline per-
manganate bath, for substantially completely dissolving
and removing oxide or heat scale formed on engine parts
at high temperatures, the oxide scale having been previ-
ously conditioned or oxidized to a higher valence state in
an alkaline permanganate bath to condition the adhering
heat scale to facilitate removability by the subsequent
acid treatment in said acid composition.

A still further object is the provision of such an acid
treating bath particularly suitable for completing remov-
al of the heat scale, and employed in conjunction with and
subsequent to treatment of parts containing heat scale
first with an alkaline bath, particularly the alkaline bath
containing complexing agent and alkanolamine of my
aforementioned copending applications, followed by treat-
nent in an alkaline permanganate bath, preferably the
alkaline permanganate bath of my copending applica-
tion Serial No. 741,475, filed June 12, 1958.

Other objects and advantages will appear from the de-
scription of my invention which follows:

I have found that heat scale deposits, which preferably
have been previously conditioned by prior treatment in
an alkaline bath or baths, can be readily loosened and
substantially completely removed by treatment of the
metal parts containing such conditioned heat scale in an
aqueous nitric acid solution containing a complexing agent
in the form of an aliphatic hydroxy carboxylic acid, which
in conjunction with the nitric acid is effective in removal
of the heat scale, is non-corrosive to the base metal of
the parts being descaled, and is relatively stable in aqueous
nitric acid at the elevated temperature of treatment, usu-
ally at least about 100° F.

The preferred aliphatic hydroxy acid is tartaric acid
(dihydroxy succinic acid), but other such acids which
may be employed include, for example, citric and malic
acids, the effectiveness of tartaric and citric, however,
being much superior to malic acid, as regards removal of
heat scale in the nitric acid solution, according to the in-
vention. The preferred tartaric acid may be employed
in its asymmetric dextro or laevo forms, or the meso form
or a dextro-laevo mixture. I ordinarily employ the com-
mercially available form of tartaric acid which is com-
posed essentially of the dextro rotatory type, and which I
have found particularly effective. The term “tartaric
acid” as employed in the specification and claims is in-
tended to denote any of the above noted asymmetric
forms or configurations of this acid or mixtures of two
or more thereof. |

In preferred practice of the invention, although not es-
sential thereto, I also incorporate into the aqueous nitric
acid, aliphatic hydroxy acid mixture a minor amount of
a soluble complex fluoride which functions in conjunc-
-‘f-ion with the aforementioned acids of the solution, to aid
in complexing the heat scale components to facilitate de-
composition thereof and form soluble compounds, and
to thus aid in locsening and disintegrating the heat scale
which preferably has been previously conditioned in the
alkaline permanganate solution. An important requisite
of such complex fluoride material is that it be of such
qature and employed in such amounts as to be substan-
tially non-corrosive to the base metal of the parts. Also,

rthrs,: complex fluoride should be relatively stable in the
acid solution. | '
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The complex fluoride compounds employed in the in-
vention are those forming a finite complex ion of fluorine
and another element in solution. In such compounds
fluorine is connected to the adjacent central atom by co-
ordinate links, and said central atom has a coordination
number of 4 to 7, as described in “Fluorine Chemistry,”
J. H. Simons, Academic Press, New York, 1950, pp. 21
to 25. This definition thus excludes hydrogen as a cen-
tral atom and hence excludes the bifluorides. Illustrative
examples of soluble complex fluorides which I can employ,
their correspending complex ions, and their coordination
numbers are listed below.

Coordination
Number

Conmplex
Ion

Belty~
Bl'y—
Al

FeFf
SiFe=
TiFg~
Zrlig=

Zr F?E

Fluoberyllates. - oo oo
Flaoborates . e e

Floferrates v e e e e
08I HCatCS e o e e oo
NN DTe] A) 4255 E: 1 s PO

~I OO M

Of these, I have found that the fluosilicates produce best
results, with the fluotitanates next in line of preference.
The fluoborates are not quite as effective as these afore-
menticned and require closer control to prevent corrosion.
These complex fluorides are used in the form of their
soluble salts such as the alkali metzal, e.g., sodium or po-
tassium, or ammonium salts, or other soluble forms. A
particularly useful and preferred complex fluoride is so-
dium silicofluoride, the potassium analog being of sec-
ondary preference.

While the incorporation of the above described com-
plex fluorides in the aqueous nitric acid-aliphatic hy-
daroxy acid solution is preferred to obtain enhanced de-
scaling results, I can omit such fluorides and still obtain
improved results over the prior art aqueous nitric acid
solutions used for this purpose, and not containing the
atorementioned aliphatic hydroxy acid component.

I may also, if I desire, add other materials to the
nitric acid solution of the invention. Thus, for example,
I may incorporate other acidic materials in the solution
such as carboxylic acids, e.g., adipic acid.

The amount of nitric acid employed in my solution
can be in the approximate range equivalent to from about
5 to about 30%, preferably about 10 to about 25 %, by
volume of the solution of 42° Bé. nitric acid (67% by
weight nitric acid). The amount of alpihatic hydroxy
acid, preferably tartaric acid, employed generally ranges
from about 2 to about 10, preferably about 4 to about
3, grams per 100 cc. of the aqueous diluted nitric acid
solution. The soluble complex fluoride, preferably silico-
fluoride, is employed in amounts in the approximate
range of 0 to about 3, preferably from about .25 +o
about 1, and most desirably about .25 to about .5, grams
per 100 cc. of the aqueous diluted nitric acid solution.
Where additional acids such as adipic acid are employed,
the weight proportion of the hydroxy aliphatic acid, e.g.,
tartaric acid, to such additional acid, e.g., adipic acid,
may range from about 50:1 to about 3:1. However, it
is to be noted that the ranges and proportions given above
ar¢ not to be considered critical, but may be varied to
some degree, with best results being realized by oper-
ating within such ranges and proportions.

The aqueous nitric acid solution of the invention can
be prepared by first forming the dilute nitric acid sola-
tion and then adding the indiviual compound or com-
pounds to the solution to form the desired treating com-
position according to the invention. However, a solid
mixture of the compounds to be added to the dilute nitric
acid can be prepared and packaged, and such mixture
added to the acid solution to form the desired solution.
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Thus, for example, tartaric, citric or malic acid can be
mixed with a source of soluble complex fluoride such as
alkali metal silico-fluoride. If desired, other additives,
e.g., adipic acid can also be included in the composition.
The amount of ingredients present in such compositions
can be about 50 to about 99 parts by weight of aliphatic
hydroxy carboxylic acid, about 1 to about 50 parts by
weight complex fluoride, preferably alkali metal, e.g.,
sodium, silicofluoride, and 0 to about 15 parts by weight
- adipic acid. The preferred ranges of such ingredients are
about 75 to about 93 parts by weight of the aliphatic hy-
droxy acid, about 3 to about 15 parts complex fluoride
and about 3 to about 12 parts adipic acid. Where adipic
acid is not incorporated, the preferred amounts of the
ingredients are about 80 to about 95 parts by weight of
the aliphatic hydroxy acid and about 5 to about 15 parts
complex fluoride. Ordinarily, about 6 to 16 ounces of
this solid composition is dissolved in aqueous niiric acid
per gallon of solution to form the sclutions of the inven-
tion. However, it will be recognized that the amount so
dissolved depends on the proportions of the ingredients
in the particular composition involved.

It will be understood that the relative proportions of
each of the ingredients of the compositions in the dry
form and the concentration of the dry mixture used in
the solution should be chosen so that when the dry mix-
ture 1s added to the aqueous nitric acid solution, the
amounts of the respective ingredients present in the solu-
tion will be preferably within the ranges specified above
for the solution. |

The aqueous nitric acid solution of the invention can
be employed for descaling metal parts, e.g., engine parts,
at a temperature ranging from about room temperature
to as high as about 140° F. Preferably such solution is
operated at elevated temperatures of at least about 100°
F. in order to obtain substantially complete disintegra-
tion, loosening and removal of adherent heat scale.
Where the nitric acid-aliphatic hydroxy acid solution does
not contain any complex fluoride component, the oper-
ating temperature may be as high as about 140° F., i.e.,
a range of about 100 to 140° F. is utilized. Where, as
in preferred operation the complex fluoride component
descrioed above is present in the bath, it is preferred not
to operate at a temperature exceeding 120° F., i.e., opera-
tion is in the preferred range of about 100-120° F., in
order to avoid any tendency of the complex fluoride to
produce corrosion of the metal base of the part being
descaled. The period of ireatment in the aqueous nitric
acid solution may range from about 5 minutes to about
one hour, and is usually on the order of about 15 to
about 30 minutes.

Where it is not desired to remove all of the heat scale
from a part, the aqueous nitric acid solution of the in-
vention can be employed alone in a single step to effec-
tively remove a large portion of the heat scale. However,
the instant aqueous nitric acid solution is particularly
effective for removing adhering scale from metal parts,
when such solution is employed subsequent to and in con-
junction with a pretreatment in one or more solutions
which function to condition and loosen the heat scale
sufficiently so that it can be readily acted upon and dis-
soclved by the nitric acid solution of the invention. These
alkaline solutions also function to remove a portion of the
heat scale. One such prior art type of pretreatment bath
is an alkaline solution, e.g., fused caustic or potash or
an aqueous alkaline permanganate solution. Where the
heat scale is particularly heavy, fused sodium hydroxide
or fused potassium hydroxide which may contain addi-
tives such as sodium nitrate or sodium hydride, can be
employed for pretreatment. Usually, however, it is pre-
ferred to employ for pretreatment of the heat scale an
alkaline permanganate solution which functions to oxidize
to a higher state and to condition the heat scale for further

loosening and disintegration thereof by my aqueous nitric
acid bath. |
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Further, in preferred practice, especially where the
heat scale is of a dense, obdurate type, as the first step
in the process for removing heat scale prior to treat-
ment in the alkaline permanganate bath, the metal or
engine parts encrusted with heat scale are contacted with
an alkaline solution, preferably of a type disclosed in
y above copending application, Serial No. 511,096.
These alkaline solutions contain a high concentration of
alkali, a polyalkanol monoamine to which may be added
an alkanol, preferably a polyalkanol, polyamine and the
salt of a hydroxy aliphatic acid, or sometimes, depend-
ing on the function desired, a low molecular weight fat-
ty acid. However, it is to be understood that the treat-
ment of the parts in such solution prior to treatment in
the alkaline permanganate solution is not always neces-
sary, but is preferred.

However, when the engine parts encrusted with heat
scale are pretreated in the aforementioned alkaline solu-
tion of my copending application, followed by further
freatment and conditioning of the heat scale in alkaline
permanganate solution, and then such parts are treated
in the aqueous nitric acid solution of the invention for
complete removal of loosened and conditioned heat scale,
such heat scale is removed more rapidly and much more
completely, or a significantly greater percentage of heat
scale 1s removed for a given time, than when employ-
ing the same procedure but using a conventional aque-
ous mitric acid solution not containing aliphatic hydroxy
actd, e.g., tartaric acid.

In the highly alkaline solutions preferably employed as
the first step in the process and disclosed in application,
Serial No. 511,096, the amount of alkaline material em-
ployed may range to give in solution free alkali metal
hydroxide equivalent to from about 4% to about 40%
by weight alkali metal oxide (e.g., K;0, Na,0) based on

the weight of the solution. Preferably, from about 10-

25% of alkali, most desirably potassium hydroxide, is
used to obtain the desired high alkalinity.

In these solutions there also are incorporated com-
pounds in the form of certain complexing salts, to act
in conjunction with the alkali. These salts are derived
from an aliphatic hydroxy acid such as lactic, citric,
tartaric, gluconic, glyceric, malic, glycollic acid, and sac-
charic acid. These salts or mixtures of these salts may
be employed for the above purpose. ILow molecular
weight fatty acid such as acetic or propionic acid may
also be employed. These latter salts, however, are not
as useful in such solutions as are the salts of the hydroxy
acids referred to above. They may be used effectively
particularly if used together with the hydroxy acids. The
soluble salts of the above acids are employed, preferably
employing the potassium or sodium salt, for example,
potassium or sodium acetate or potassium or sodium gly-
collate. The quantity of these complexing salts added
to the solution may vary, but generally from about 1
to about 45% by weight of such salts can be present in
the treating solution in water, amounts of about 4 to
about 40% usually being employed. These salts can be
used separately or in admixture with each other, and
function to a degree in complexing heat scale COMmMpo-
nents, e.g. oxides of the base metal, to facilitate removal
thereof, and also function to complex with any leaded
deposits which may be present, e.g. in the form of lead
salts such as oxides, to produce soluble compounds.

Also, alkanolamines are employed in the above alka-
line solutons containing the salts of the aliphatic hy-
droxy acids or low molecular weight fatty acids. As al-
kanolamines the polyalkanolamines are preferably em-
ployed, particularly those which form stable dispersions
or solutions in the water system of the composition at
the operating temperatures of 200 to 300° F. and are
not decomposed by pyrolysis at such temperatures under
the conditions of proposed use. Examples of suitable
polyalkanolmonoamines with their boiling points and va-

por pressures (at 20° C.) of the pure compounds are
set out below. -
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TABLE 1

Boiling Pt. at
760 mm, Dreg-
sure

5

a substantial proportion of the heat scale is in most in-
stances removed. The result is an improvement in over-
all cleaning ability and performance particularly in the
rate of removal of the heat scale and also carbon.

Vapor Pressure, 5 Examples of suitable alkanolpolyamines for purposes
Name oq | op ImEHeat 20° C. of the invention have the following general formula:
— - — R Rs
Diethanolamine. .. _________._.. 250 480 | less than 0.01 \N(C H;CHaN Rj) n_—GHzO]_:IEN/
Triethanolamine. .o oo eeee 360 680 Do, J/ A
N-aminoethyl ethanolamine.....__. 244 471 Do. 10 R; R,
N-methyl diethanolamine_ . ___.____ 247 476 Do.
Iﬂi?st?ﬂo%‘;ﬁﬁ?fn‘ilﬁ?m ------------- 2521 489 10. where n equals 0 to 4, preferably 0 to 1. R;, Ry, Rg,
Trijsopropanolamine.____________70] 306 | 583| Do R4 and Ry may be hydrogen, hydroxyethyl, hydroxypro-
) pyl, or carboxymethyl groups. Where n equals 0 there is
: . : at least one hydroxyethyl group present, and where there
Other suitable polyalkanolmonoamines are hydroxy- ;5 . only one hydroxyethyl group there is also present at
g‘%’yj glzthamk]llminef hydmxyethf 1 diisop mIlJ aHIOIa?Ige’ least one carboxymethyl group, and preferably two or
,JN-dihydroxyvethyl glycine, and glycol or polyglycel de- | ’ .
rivatives of triethanolamine and polyetherglycol deriva- ;111'263. C""llﬁzi{gmztfhil (gliﬁip Z’lk Thii’l ”SIS gescén?oﬁfz ﬂzleé:
tives of triethanolamine having the general constitutional P Y Y yalryl glolps p >
p | more. All of these groups may be hydroxyethyl groups
ormuia _ 20 or hydroxypropyl groups, or a portion of these hydroxy-
(CH:CH;0).E alkyl groups may be hydroxyethyl and the remainder
N—(CH3CH30)uE hydroxypropyl Where there are two hydroxyalkyl groups
N (CH;CH10) H present, there may also be present one or more carboxy-
2 ; methyl groups. The hydroxypropyl structure can be any
where a4-b-+c equals from 3-6, both inclusive. Tri- 29 of the following structures:
ethanolamine or homologues thereof wherein one or two 0 CH,
of the hydroxyethyl groups are replaced by hydroxypro- ] _
pyl groups should be present either alone or together —CH;—CH—OH
with one or more other suitable monoamines or poly- (2} (l?w
amines described below. 30 — CH—CH,—OE
I may also use alkanolpolyamines, preferably poly- (3) — CHi—CHo—CH—OH
alkanolpolyamines, having boiling points above 400° F.
and similar low vapor pressures such as the polyalkanol- Structure (1) 1is th_e grouping preferably emplqyed.
polyamines referred to below. Alkanolpolyamines may Examples of suitable specific alkanopolyamines where
be used to partially replace the alkanolmonoamines in 38 n—0 are tabulated below:
TABLE Ia
Ry R R Ry
...| —CH—~CH;—O0H —CH;CO0—0H : H
Ezg —CH:—CH,—OE —CH:CO—OR —CH:C0—OH :
(3)...{ —CH:—~CH:~O0H —CH;C0—0H —CH;C0—O0H —CH;CO—0H
(4)...] —CHs—CH:—OH —CH—CH,—OF H H
5)._..| —CHs+—CH,—O0OH —C “Q—*(EH—OH H H
CH;
©)...| —CH:~CH—O0H - CHy—CH:—OE —CH,;CO—OH H
(7)-..| —CH;—CH:—OH —CH;—~CH—OR —CH:C0—0H —CH;C0—0H
l OlH'a
®)...| —CH;—CHy—OH H —CH—CH—OH H
(___{ —CH;—CHs—OH —(CH:CO0—0H ~CHs—CH—OH H
(10)..| —CH;—CH.—0H —CH:CO—OH ~CH,—CH,—~OH —CHC0-—0H
(11)_.| —-CH,—CH—OH —CH—CH—OH —CH—CH»—OF H
(12) .| —CH:—CH.—OH —CH~CH,—OH —CH;—CH—OH —CH;CO—O0H
(13)..] —CHs—CHy—OH —CH:—CH:—OH —CHy~—CH3;—OL —CHs—CH:;—OE
(149)__| —CH~—CH:—OH —CHs—CH—OR —CHg—-CH;—0O ——C:EIB—(FH—-OH
CH;
(15)..| —CH;—CH—OH —OH=—~(|JH——0H —CH;—CH—OH —OHg-—-Cl}'H—-OH
([JH3 CH; éHa CH;
(16)..| —CH—CH3z—-0H ~CH;—CH—0H —CH;—CH—OH —CHz-—cle—OH
fLHa éHa CH;
|
(17)..] —CH;—CH;—O0OH —CH;—CH;—OH HCIIE-—?H—OH —CE g-—(l'JH—-—OH
CH, CH;
like weight proportions or the alkanolpolyamines may be The alkanolpolyamines listed in Table Ia have boiling
employed in additional weight proportions to the poly- points above 400° F.
alkanolmonoamines in the manner described hereinbelow 70  Of the above compounds in Table Ia the tetra-kia N-
to assist and improve the removal of carbonaceous de- hydroxyethyl ethylenediamine (Compound 13), the tetra-
posits and heat scale. kis N-hydroxypropy! ethylenediamine (Compound 15),
In preferred practice another alkanolamine, preferably N-monochydroxyethyl, N-trihydroxypropyl ethylene di-
an alkanolpolyamine, is also incorporated with the poly- amine (Compound 16), and N-dihydroxyethyl, N-dihy-
alkanolmonoamine., When using the alkanolpolyamines, 75 droxypropyl ethylene diamine (Compound 17) are of par-

.—I-\‘.- ' .
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ticular importance. Examples of polyalkanolpolyamines
where n 1s 1 or more are pentahydroxyethyl diethylene
triamine, hexahydroxyethyl triethylene tetramine and
heptahydroxyethyl tetraethyl pentamine.

Preferably these alkanolpolyamines should not be so
extensively substituted as to disadvantageously impair
their solubility and stability in the alkaline solution or
to disadvantageously alter their characteristics as an
alkanolpolyamine,

The amount of alkanolamine employed, which may be
polyalkanolmonoamine alone, or which may include both
polyalkanolmonoamine in combination with alkanolpoly-
amine, 1s generally in the range of about 2.5 to about
30%, preferably about 10 to about 30%, by weight of
the solution. Where, as in preferred practice, the alkanol-
monoamines are employed in admixture with alkanol-
polvamines, the range of ratios of the amounts of mono-
amine to polyamine by weight can be between about 1
part monoamine to 1 part polyamine, to about 50 parts
monoamine to 1 part polyamine, but preferably this range
of ratios is between about 1:1 to about 10:1.

Phenols in the form of alkali metal phenates such as
the potassium and sodium phenates may also be added,
if desired, to the above alkaline solution containing com-
plexing salt and alkanolamine. Thus, the phenols, i.e.,
the monatomic phenols are suitable such as hydroxyben-
zene and its homologues including cresol and cresylic
acid, polyatomic phenols such as the dihydroxy benzenes
and 1ts homologues, triatomic phenols such as pyrogallol
and its homologues, and higher polyphenols, which are
sufficiently acid to form salts with alkali at the concen-
trations employed which are soluble in these aqueous
compositions at the temperature of the treatment, to wit,
at 200--300° F. The alkali metal salts which are effective
in this respect are the salts of phenol itself, the ortho,
meta and para dihydroxy benzenes, and of the trihydroxy
benzenes such as pyrogallic acid. These materials are
generally compatible with the alkali solutions. Hence,
such materials can be employed as additive to the treat-
ing reagent. Such phenates may be employed in amounts
ranging up to about 20%. by weight of the alkaline
solution, generally about 3 to 15%.

'The above alkali solution containing a salt of a hydroxy
aliphatic acid or the salt of a low molecular weight fatty

acid and alkanolamine is eﬁectwe for both carbon and
heat scale removal.

A typical alkaline “Ollltlﬂll of this type can be produced

by adding the ingredients listed below to water 11:1 the
amount noted below,

Solution A:

- Wt. percent of solution

Potassium hydroxide . o 38
Triethanolamine e 13.7
Tetra - kis N - (2 - hydroxypropyl) ethylenedi-
AMINE e e e e e 2.6
Acetic acid_ —...___ e e et 3.8
Hydroxy acetic acid (70% water solution) ._.. 21.0
Phenol o 4.7
Potassium acid tartrate_ ~ 0.2
Water e 166

The parts may then be treated in a second step of the
process in an alkaline permanganate solution which re-
moves a portion of the heat scale and oxidizes the re-
maining heat scale to a condition rendering it readily
loosened and removed in my agueous nitric acid bath.
This alkaline permanganate treatment is particularly em-~
ployed where the heat scale is tightly adherent and re-
fractory, and especially if glazed over. Such permanga-
nate solution contains an alkali metal hydroxide, e.g.
sodium or potassium hydroxide and a soluble permanga-
nate, preferably alkali metal, e.g, potassium or sodium
permanganate as oxidizing agent. This composition may
also contain an alkali metal carbonate. The amount of
aikali metal hydroxide employed may range from about
1 to about 25% by weight of solution, preferably about
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10 to about 25%, the amount of permanganate from about
0.4 to about 12% by weight of solution, preferably about

3 to about 9%, and the amount of alkali metal carbonate
from 0 to about 15%, usually about 5 to 15%.

A typical solution of this tyne is as follows:
Solution
Solution B ,
oz/gal, percent by
Weight
Sodinm hydroxide. .. oo 18 0.8
Sodium carbonate . o oo oo e 18 0.8
Potassium permanganate. o oo oo 85 4.6
W Or e e e 1 gal 75. 8

A pre ferred type of alkaline permanganate solution is
one which contains a water soluble inorganic fluoride de-
rived from any source which produces fluoride contammg
ion in strong alkaline solution, as described in my
copending application, Serial No. 741,475, filed June 12,
1958, The fluoride may be a sunple ﬂuorlde such as
the aikaii metal fluorides sodium or potassium fluoride, or
ammonium fluoride, or I can employ complex fluorides
such as fluoborates and silicofluorides, e.g. sodium, po-
tassium, or ammonium fuoborates or smcoﬁuondes
‘These complex fluorides decompose in the alkalme-per-
maitganate system to produce the fluoride ion in the solu-
tion. The amount of fluoride which 1 employ is gen-
erally in the range of about 1 to about 8% by weight of
the solution, usually about 2 to 6%. However, for any
specific ﬁuoride ion source employed, it is preferred not
to employ an amount substantialy greater than the amount
which is soluble in the particular alkaline permanganate

solution utilized.
A typical solution of this type is as follows:
Solution
Solution D
Percent by
oz/gal. weight of
solution
Potassium hydroxide. 43.9 22, 8
Potassium permanganate oo 12. 0 6. 2
sSodiuvm fluoride. oo oo 5.6 2.3
R Y Balance Balance
I

The parts are immersed in the alkaline permanganate
solution, preferably containing fluoride, maintained at a
temperature generally in the range of about 180 to about
220° F., preferably 190 to 210° ¥. Time of treatment
is from say about 15 minutes to about 1Y% hours where
pretreatment with the highly alkaline solutions of my co-

- pending application, Serial No. 511,096, takes place prior
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to use of the permanganate bath. Longer periods may be
required where the alkaline permanganate solution is used
without prior treatment in the alkaline solutions containing
alkanolamine of Serial No. 511,096. The parts are then
removed, rinsed by dip or spray with water and then
treated in the aqueous nitric acid solution herein described
to remove the heat scale loosened and conditioned in the
alkaline permanganate bath. Following treatment in the
aqueous nitric acid bath of the invention described above,
the parts are then rinsed free of adhering acid solution.

Treatment in the agueous nitric acid solution of the
invention can also be employed as a first step in the pro-
cedure for removal of heat scale, followed by treatment

in the aforementioned alkaline solutions, and also, if de-

sired, treatment in the aqueous nitric acid soluticn hereof
can also be an intermediate step between alkaline treating

steps, to ald in loosening and conditioning the heat scale
for eventual removal thereof. Hence, the aqueous mtric

acid solution hereof can be employed in one or more steps

of a process for removal of heat scale in combination with
one or more a]kahne treat {ing steps.
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As illustrations but not as limitations of the invention,
the following are given by way of examples:

Example 1

‘Turbine buckets of Stellite 31 alloy (a cobalt base alloy)
from a PRT (Power Recovery Turbine) and jet engine
combustion chamber inner liners made of Inconel (a
nickel base alloy), all coated with heat scale, were first
treated in the above solution A for 30 minutes at 275° F.,
then in solution B maintained at about 210° F. for 30
minutes, and then in the following aqueous soltuion E for

30 minutes at 100° F.

Solution E: Proportions
20% by vol. in water of 42° Baumé nitric
ACIA e e cc-. 100
Tartaric acid_ . ________ . grams_.. S
Sodium silicofluoride, NagStFeo o __ do____ 0.5

A 97 to 98% descaling or removal of the heat scale
from these parts was observed with substantially no cor-
rosion of the base metal of the turbine buckets taking
place.

Example 2

A similar procedure to that of Eaxmple 1 was followed
except that 10% by volume 1n water of 42° Baumé nitric
acid was used in solution E. About 95% descaling was
observed on the parts.

Example 3

Similar turbojet engine turbine buckets, of Stellite 21
alloy (a cobalt base alloy), covered with heat scale,
carbon and lead oxide deposits from combustion of leaded
fuel, were treated as follows:

The parts were treated in a solution for 30 minutes
at 210° F., said solution being formed by adding composi-
tion F to water 1n a proportion of 2 Ibs. per gallon of
water.
Composition F:

Sodium hydroxXide. oo e 80
Sodium acetate__ . _ ___ o __ 6
Potassium acid tarfrate. e o . _
Santomerse (marketed by Monsanto Chemical
Co.—an alkyl benzene sulfonate having 7 to
8 carbon atoms in the molecule) oo __ ~ 2

This treatment substantially removed loose carbon and
most of the leaded deposits  (including lead oxide and
other lead salis).

The parfs were then treated in solution A above for
30 minutes at 270° F., removing residual leaded deposits,
a substantial amount of the heat scale and also removing
carbon deposits. |

The parts were then treated in solution D above for
30 minutes at 210° F., removing a substantial portion of
the remaining heat scale.

The parts were then rinsed in the uwsual manner after
each of the above treatments.

The parts so treated were then separated into 5 por-
tions and the respective portions subsequently treated for
30 minutes in the respective sofutions G, H, J, K and L
given in Table II below, each solution maintained at 1G0°
F. The percentage of heat scale removal or the amount
of descaling which took place in each solution is also
noted below. In solutions G to K, the proportions of
tartaric acid and Na,SiFg are based on 100 cc. of the di-
luted 42° Bé. nitric acid solution.

TABLE 11
Percent by Tartarie Sodium
Solution volume in Acid Silico Percent
H30 of 42° | (grams) fluoride Descaled
Bé. HNOs (grams)
€ 244 I D [ 80
= 20 538 PR 04
J e e e 20 72 3 U 95
) { G 20 5 0.25 97
L o 20 5 0.5 Q9

Weight percent
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To illustrate one way of producmg solutions, in the
case of solution K, this solution is produced by first form-
ing the dilute nitric acid solution and adding thereto about
6.5 ounces per gallon of a a solid mixture composed of
about 95.2 parts by weight tartaric acid and about 4.8
parts by weight sodium silicofluoride. Solution L can
be formed in a similar manner, except that the amount
of NaySiFg in the mixture is doubled.

As shown in Table II, all of the aqueous nitric acid so-
lutions H to L of the invention, containing tartaric acid,
were much more effective (producing 94 to 999% removal
of heat scale) as contrasted to the prior art dilute ni-
tric acid solution G not containing tartaric acid (pro-
ducing only 809% heat scale removal). Further, it is
seen that when the amount of tartaric acid in solution H
was increased to 7.5 grams per 100 cc. dilute nitric acid
sclution in solution K, an improvement in result was
observed; when NaySiFg was added as in solutions K and
L, a still further improvement was realized; and the lat-
ter improvement was further enhanced when the amount
of NaySiFg was increased to 0.5 gram per 100 cc. of di-
lute nitric acid solution, as shown by the results for so-
lution L, wherein 99% descaling was obtained.

Example 4

Turbine buckets of Stellite 21 alloy, covered with
leaded deposits, carbon and heat scale of a dense and
tenacious nature, were processed through solutions F,
A and D in the same manner and under the same con-
ditions as set forth in Example 3.

The parts so treated were then separated in separate
portions and each portion subsequently respectively
treated for 30 minutes in the respective solutions M to
U indicated in Table IIT below, cach maintained at 100°
F. The proportions of tartaric acid and sodium silico-
fluoride set forth in each composition are on the basis
of 100 cc. of the dilute 42° Bé. nitric acid solution em-
ployed therein.

TABLE HI
Percent by| Tartaric Sodium
Solution volume in acid Silico- Percent
H20 0f 42° | (grams) Huoride Descaled
Bé. HNO; (grams)
M o e 10 [ oo o 65
N o e 20 | e e 65
- 10 L 80
P e 15 5 S 90
0 N 20 '+ I O 80
R 10 o 0.5 05
S SR 20 5 0.5 0h
AR SO L S 50
U et e e e m 5 0.5 50

From Table ITI above, it is seen that nitric acid alone
results in only 65% removal of heat scale, and an aque-
ous solution of tartaric acid alone, or an aqueous solu-
tion of tartaric acid and sodium silicofiuoride, results
in only 50% descaling. On the other hand, the addi-
tion of tartaric acid to aqueous nitric acid accordlng to
the invention results in improved descaling of the or-
der of 90% when the nitric acid concentration is in-
creased to 15 to 20% by volume of 42° Bé. nitric acid.
Further, an additional improvement to about 95% de-
scaling is realized by addition of sodium silicofluoride to
the nitric-tartaric acid solution. The results of Table

IH clearly show the synergistic effect of the nitric-tartaric

acid combination, or of the nitric-tartaric acid-silicofluc-
ride combination of the invention in obtammg markedly
improved results, particularly over the prior art use of
aqueous nitric acid.

| Example 5

Similar turbine buckets of S-816, a chromium-nickel-
cobalt alloy, covered with heat scale, carbon and leaded

deposits (lead oxide and other lead salts) were processed
as follows:

~ Step 1.—The parts were treated in an aqueous solu-
tion at 210° F. for 30 minutes, of composition F above,
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formed by adding composition F to water in a pPropor-
tion of 2 Ibs. of composition F per gallon of water, re-
moving leaded deposits.

Step 2.—The parts were then treated in solutlon V
below at 275° F. for 30 minutes, removing carbon de-
posits and a substantial portion of the heat scale.

Solution V; Percent by weight

Potassium hydroxide . e 36.1
Triethanolamine ..o ~ 123
Acetic acido o e 11.7
Potassium acid tartrate_ ... __._ - 1.9
Tetrahydroxyethy! ethylene diamine________ 4.5

Monohydroxyethyl trihydroxypropyl ethylene
AIAMINEG e e e 6.7
Water e - 26.8
160.0

Step 3.—The parts were then treated in solution D at
210° F, for 30 minutes, removing additional heat scale
and loosening and conditioning the remaining heat scale
for treatment thereof in the subsequent nitric acid solu-
tion.

Step 4.—A portion of the parts so treated in steps 1
to 3 above were then treated in 25% by volume in water
of 42° Bé. nitric acid, designated solution W, at 100° F.
for 30 minutes, and the remaining parts previously treated
im steps 1, 2 and 3 above, were then treated in a solution
X, at 100° F. for 30 minutes, said solution X being
tormed by adding the solid composition X’ below {o a
dilute nifric :acid solution of 25% by volume in water of
42° Bé. nitric acid, in a proportion of 12 ounces of said
composition per gallon of water.

Composition X': Parts by weight

Tartaric acido oo e e et e e 80
AdIPIC ACIA e e e e e e e e 15
Sodium silicofluoride - - oo 5

Solution X contains, per 100 cc. of the diluted nitric
acid, about 7.44 grams tartaric acid, about 1.4 grams
adipic acid and about 0.47 gram sodium silicofluoride.

The parts treated in solution W in the fourth step
showed 88% removal of heat scale, and the other parts
treated in solution X showed 98% removal of heat scale,
a substantial improvement over the prior art nitric acid
solution W under the above conditions of treatment.

Example 6

Similar J-34 engine turbine buckets of Stellite 21 alloy
covered with heat scale, carbon and leaded deposits were
processed as follows:

The parts were first treated in steps 1, 2 and 3 of Ex-
ample S5, by means of the same procedure and solutions
as in these respective steps of Example 5, except that
treatment in steps 2 and 3 was for 45 minutes in each
of these steps. Such freatment removed carbon and
Jeaded deposits and a substantial portion of the heat
scale.

The parts were then separated into 5 portions, the first
portion being treated in solution W (see Example 5) for
30 minutes at 100° F., the second portion treated in
solution X (see Example 5) for 30 minutes at 100° F.,

and the third portion treated in solution X for 15 min-

utes. The fourth poriion was treated in solution Y at
100° F. for 30 minutes, solution Y being formed by add-
ing the solid composition Y  given below to 25% by
volume in water of 42° Bé. nitfric acid, in a proportion
of 9 ounces of said composition per gallon of solution.

Composition Y: Parts by weight

Tartaric actd oo e e e 89.2
Adipic acid 3.4
Sodium 3111c0ﬂ1101‘1de______________;. _______ 7.4

- Solution Y contains, per 100 cc. of the diluted nitric
acid, about 6.24 grams tartaric acid, about 0.24 gram
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The fifth portion of the parts prewously treated in steps

1, 2 and 3 above, were treated in solution Y for 15 min-
utes at 100° F.

The descaling results are given in Table IV below.

TABLE IV
| Percent removal of
heat scale
(a) Parts treated in solution W o oo - 50

(b) Parts treated in solution X for 30 minntes__ 99-100

(c) Parts treated in solution X for 15 minutes.._ 06
(d) Parts treated in solution Y for 30 minutes__ 99
(e) Parts treated in solution Y for 15 minutes_. 94

From Table IV above it is seen that treatment of the
parts in solutions X and Y of the invention containing
the ingredients tartaric acid and sodium silicofluoride re-
sulted in markedly improved descaling of 94% or better,
as contrasted to 50% descaling of the parts treated in
the prior art nitric acid solution W not containing said
ingredients. It is also noted that an increase in the
period of treatment from 15 to 30 minutes in solutions
X and Y produced practically complete (that is, 99 to
100% ) removal of heat scale.

Eample 7
Stellite 21 alloy turbine buckets coated with heat scale,

carbon and leaded deposits were treated by the pro-

cedure and solution of step 1 of Example 5, thus remov-
g leaded deposits. The parts were then treated in solu-
tion A at 275° F. for 60 minutes, removing carbon de-
posits and a substantial portion of heat scale, and the
parts were then freated in solution D at 210° F. for 30
minutes, loosening and conditioning the remainder of
the heat scale. The parts were finally treated in a solution
at 100° F. for 30 minutes, containing 20% by volume
in water of 42° Bé. nitric acid and citric acid in a pro-
portion of 5 grams citric acid per 100 cc. of the diluted
nitric acid. The parts so treated had 98.5% of the heat
scale removed.

Example 8

A similar procedure to that of Example 1 can be car-
ried out on parts similar to those disclosed therein, but
replacing the sodium silicofluoride with sodium fluo-
titanate. Improved descaling results are obtainable sim-
ilar to the results of Example 1.

Example 9

A similar procedure to that of Example 7 can be car-
ried out on parts similar to those disclosed therein, but
replacing the citric acid with the same amount of malic
acid. The descaling results thereby obtainable are of
the order of about 90% heat scale removal.

Example 10

Turbine buckets of Steliite 21 alloy and having heat
scale deposiis were heated for 30 minutes with fused
potassium hydroxide at 750° F. The parts were then
treated in permanganate solution B above, and then
treated in a 25% by volume 42° Bé. nitric acid solution
for 30 minutes. Following rinsing, it was observed that
about 90% removal of heat scale was obtained.

- The above procedure was repeated, but incorporating
tartaric acid in the nitric acid solution in an amount of
6.5 grams tartaric acid per 100 cc. of the nitric acid solu-
tion. About 98% removal of heat scale was indicated
here, demonstrating the effectiveness of the nitric acid-
tartaric acid solution when used In conjunction with a
prior art caustic pretreatment step.

The nitric acid solutions of the invention have prac-
tically no corrosive effect on the base metal of the parts
treated to remove heat scale. Thus, for example, the
penefration of such solution into the metal is only on
the order of about 7X10-% inch or less for one hour

adipic acid, and about 0.52 gram sodium silicofluoride. 75 treatment at 100° F.
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- It 1s to be understcod that the descaling results ob-
tained in the foregoing examples bear no relation to the
results given in the treatments described in my copending
application Serial No. 511,096, and particularly Table V
thereof, since comparisons are only valid when made
on substantially identical parts having substantially iden-
tical heat scale d3pos1ts such parts resulting from simul-
taneous operation in engines with identical thermal his-
tories, identical alloys and identical surface conditions
prior to thermal operations. The parts tested in the in-
stant applicatic}n were not identical in these respects with
the parts used in my copending application Serial No.
511,096, particularly in connection with the tests, results
of whlch are reported in Table V thereof.

From the foregoing it is seen that the process and
aqueous mnitric acid compositions hereof have as a par-
ticular advantage, providing loosening and substantially
complete removal of heat scale following prior condition-
ing of the heat scale in alkaline solutions. As a result of
my novel compositions and process, a greater proportion
of the heat scale can be removed than is ordinarily the case
with conventional nitric acid solutions for the same time
period, or the same amount of heat scale can be removed
according to the Invention for a shorter time period of
treatment than when employing conventional nitric acid
solutions. My process and compositions are particularly
valuble for removing the last 10 to 20% of the heat scale
on engine parts, which is usually the most difficult por-
tion {o remove.

‘The term “consisting essentially of*’ as used in the defi-
nifion of the ingredients presents in the compositions
claimed is intended to exclude the presence of other ma-
terials in such amounts as to interfere substantially with
the properties and characteristics possessed by the com-
position set forth but to permit the presence of other
materials in such amounts as not substantially to affect
said properties and characteristics adversely.

- While I have described particular embodiments of my
mvenfion for purposes of illustration, it should be under-
stood that various modifications and adaptations thereof
may be made within the spirit of the invention as set
forth in the appended claims,

I claim:

1. In the process of removal of heat scale on a metal
object, the step of treating said object in an agueous solu-
tion consisting essentially of nitric acid and an aliphatic
hydroxy carboxylic acid of the group consisting of tar-
taric, citric and malic acids. |

2. In the process of removal of heat scale on a metal
object, the step of treating said object in an aqueous solu-
tion consisting essentially of nitric acid and an aliphatic
hyvdroxy carboxylic acid of the group consisting of tar-
taric, citric and malic acids, said nitric acid being present
in a concentration equivalent to from about 5 to about
30% by volume of the aqueous solution, of 42° Bé. nitric
acid, and said aliphatic acid being present In a propor-
tion of about 2 to about 10 grams per 100 cc. of the
aqueous nitric acid solution.

3. In the process of removal of heat scale on a metal
object, the step in claim 1, wherein said aliphatic acid
is tartaric acid.

4. In the process of removal of heat scale on a metal
object the step of claim 1, wherein said aliphatic acid
is citric acid. |

5. In the process of removal of heat scale on a metal
object, the step of claim 1, wherein said aliphatic acid
is tartaric acid, said nitric acu:l being present in a con-
centration equivalent to from about 10 to about 25% by
volume of the aqueous solution, of 42° Bé. nitric acid,
said tartaric acid being present in a proportion of about

4 to about 8 grams per 100 cc. of the aqueous nitric acid
solution. |

6. In the process of removal of heat scale on a metal
object, the step of treating said object in an aqueous
‘uitric acid solution containing tartaric acid and a solubie
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complex fluoride forming in solution a complex ion of
fiuorine and an atom of an element having a coordination
number of 4 to 7, the fluorine atom in said complex being
coordinately linked to said atom.

7. The process for removal of heat scale on metal
parts which comprises ftreating said heat scale in an
alkaline bath and then treating said heat scale in an
aqueous nifric acid solution containing an aliphatic hy-
droxy carboxylic acid of the group consisting of tartaric,
cifric and malic acids.

8. The process for removal of heat scale on metal parts
by conditioning said heat scale in an alkaline bath fol-
lowed by treating the conditioned heat scale in an aqueous
nitric acid solution containing tartaric acid.

9. The process for removal of heat scale on metal
parts which comprises treating said heat scale in an
alkaline bath to condition said heat scale and treating the
conditioned heat scale in an aqueous nitric acid solu-
tion containing tartaric acid and a complex fluoride of
the group consisting of the soluble fluoberyllates, fluo-
ferrates, fluosilicates, fluoborates, fluotitanates, fluoalumi-
nates and fluozirconates, to remove said heat scale.

10. The process for removal of heat scale on metal
parts which comprises treating said heat scale in an
alkaline bath to condition said heat scale, and treating
the conditioned heat scale in an aqueous nitric acid solu-
tion containing tartaric acid and alkali metal silicofluoride,
to remove said heat scale.

11. The process for removal of heat scale on metal
parts which comprises treating said heat scale in an
alkaline bath to condition said heat scale, and treating
the conditioned heat scale in an aqueous nitric acid solu-
tion containing tartaric acid, adipic acid and alkali metal
silicofluoride, to remove said heat scale.

12. The process for removal of heat scale on metal
parts which comprises treating said heat scale in an
alkaline bath to condition said heat scale, and treating
the conditioned heat scale in an aqueous solution consist-
ing essentially of nitric acid in a concentration eguivalent
to about 5 to about 30% by volume of said solution of
42° Bé. nitric acid, about 2 to about 10 grams of tartaric
acid per 100 cc. of said solution, 0 to about 3 grams of
alkali metal silicofluoride per 100 cc. of said solution, and
adipic acid in an amount such that the weight proportion
of said tartaric acid to said adipic acid is from about
50:1to about 3:1.

13. The process for removal of heat scale from an
engine part which comprises contacting said part with a
water solution containing from about 10 to 25% by weight
of an alkali metal hydroxide, from about 1 to about 45%
by weight of an agent taken from the group consisting of
soluble salts of the aliphatic hydroxy acids and soluble
salts of the low molecular weight fatty acids, and from
about 2.5 to about 30% by weight of an alkanolamine,
then contacting said parts with a water solution containing
from about 10 to 25% by weight of an alkali metal hy-
droxide; from about 0.4 to 12% of an alkali metal per-
manganate, and from about 1 to 8% of a soluble inor-
ganic fluoride which produces the fluoride containing
ion in said alkaline solution, and then contacting said part
with an aqueous solution consisting essentially of nitric
acid In a concentration equivalent to about 5 to about
30% by volume of said solution of 42° Bé. nitric acid,
about 2 to about 10 grams of tartaric acid per 100 cc. of
said solution, 0 to about 3 grams of alkali metal silico-
fluoride per 100 cc. of said solution and adipic acid in an
amount such that the weight proportion of said tartaric
acid to said adipic acid is from about 50:1 to about 3:1.

14. An aqueous acid solution for removal of heat scale
from metal parts which consists essentially of nitric acid,
an aliphatic hydroxy carboxylic acid of the group consist-
ing of tartaric, citric and malic acids, and a soluble com-
plex fluoride forming in solution a complex ion of fluorine

and an atom of an element having a coordination number
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of 4 to 7, the fluorine atom in said complex being co-
ordinately linked to said atom.

15. An aqueous acid solution for removal of heat scale
from metal parts which consists essentially of nitric acid,
tartaric acid and a complex fluoride of the group consist-
ing of the soluble fluoberyllates, fluoferrates, fluorsilicates,
fluoborates, fluotitanates, fluoaluminates and fluozircon-
ates.

16. An aqueous acid solution for removal of heat scale
from metal parts which consists esesntially of nitric acid
in a concentration of from about 5 to about 30% by
volume of the aqueous solution, of 42° Bé. nitric acid,
about 2 to about 10 grams of tartaric acid per 100 cc. of
sald solution, and 0 to-about 3 grams of alkali metal
silicofluoride per 100 cc. of said solution.

17. An aqueous acid solution for removal of heat scale
from metal paris which consists essentially of nitric acid
in a concentration equivalent to from about 10 to about
25% by volume of the aqueous solution, of 42° Bé. nitric
acid, about 4 to about 8 grams of tartaric acid per 100 cc.
of said solution, and about .25 to about 1 gram of sodium
silicofiuoride per 100 cc. of said solution.

18. An aqueous acid solution as defined in claim 7,
including adipic acid in an amount such that the weight
proportion of said tartaric acid to said adipic acid is from
about 50:1 to about 3:1.

19. A composition of matter which when added to
an aqueous nitric acid solution forms a solution suitable
for removal of heat scale from metal parts composed of
heat resistant alloys, which comnsists essentially of about
50 to about 99 parts by weight of an aliphatic hydroxy
carboxylic acid of the group consisting of tartaric, citric
and malic acids, and about 1 to about 50 parts by weight
of a soluble complex fluoride forming in soclution a com-
plex ion of fluorine and an atom of an element having a
coordination number of 4 to 7, the fluorine atom in said
complex being coordinately linked to said atom, said
components of the composition forming the major pro-
portion thereof.,

20. A composition as defined in claim 19, wherein
said complex fluoride is a member of the group consist-
ting of the soluble fluoberyllates, fluoferrates, fluosilicates,
fluoborates, fluotitanates, fluoaluminates and fluozircon-
ates.
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21. A composition of matter which when added to an
aqueous nitric acid solution forms a solution suitable for
removal of heat scale from metal parts composed of heat
resistant alloys, which consists essentially of about 50 to
about 99 parts by weight of tartaric acid and about 1 to
about 50 parts by weight of an alkali metal silicofluoride,

said components of the composition forming the major

proportion thereof.

22. A composition of matter which when added to an
aqueous niric acid solution forms a solution suitable
for removal of heat scale from metal parts composed of
heat resistant alloys, which consists essentially of about
75 to about 93 parts by weight of tartaric acid, about 3
to about .15 parts by weight sodium silicofluoride and
about 3 to about 12 parts by weight of adipic acid, said
components of the composition forming the major pro-
portion thereof.

23. A compostition of matter which when added to an
aqueous nitric acid solution forms a solution suitable for
removal of heat scale from metal parts composed of heat
resistant alloys, which consists essentially of about 80
to about 95 parts by weight of tartaric acid and abeout 5
to about 15 parts by weight of sodium silicofluoride, said
components of the composition forming the major pro-
portion thereo.

24. A composition of matter as defined in claim 19,
including adipic acid in an amount up to about 15 parts
by weight of said composition.
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