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This invention relates to pickling baths for
stainless steel having a surface film of metal
oxide.

In the production of stainless steel wire, sheets,
and strips, a clean bright finish is produced by
pickling in a bath of nitric acid containing hydro-
fluoric acid. The pickling operation may be car-
ried out either batchwise or continuously and
Is most conveniently carried out on wire and
strips by passing them continuously through the
pickling bath. Since the continuous process is
subject to fairly exact control and is, therefore,
amenable to rapid pickling, means for accelerat-
ing the pickling action of the acids in the pickling
bath are highly desirable.

In accordance with the present invention, it
has been found that stainless steel pickling bath
solutions containing nitric acid and hydrofluoric
acid are accelerated in their pickling action on
stainless steel when they contain dissolved there-
in small amounts of a glycol ether of an ethanol
rosin amine having the general formula

X
ry
}cmcmo).n

where R is a radical of the group consisting of
dehydroabietyl and hydroabietyl, X is a radical
of the group consisting of hydrogen and
—(CH2CH:20) nH, m is an integer from 10 to 40
and » is an integer from 1 to 30, the sum of m
and n being within the range of 11 to 40.

For convenience of expression in this applica-
tion, these glycol ethers of the ethanol rosin
amines of this invention will be referred to gen-
erally as “addition agents” and this phraseology
will be understood to refer to the addition agents
of the present invention when so used.

The following examples are illustrative of the
pickling bath solutions of this invention and the
manner in which they are used.

Examples 1-7

Rolled stainless steel sheets of the 18-8 type
(about 18% chromium and about 8% nickel) as
they come from the rolling mill and having an
oxide coating were cut into small panels 2 inches
long and 1 inch wide and arranged for simulta-~
neous dipping in separate pickling baths. The
baths all contained 7% nitric acid, 1% hydro-
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fluoric acid and about 92% water. Each bath
solution contained in addition 0.2% of a glycol
ether of an ethanol dehydrogenated rosin amine
of the formula

v

>CHzCHzO).H

Z L/

where R is the dehydroabietyl radical and X is

a radical of the group consisting of hydrogen and
—(CH2CH20)7nH. One bath solution was a blank
and contained only the nitric acid and hydro-

fluoric acid.

The panels were weighed, immersed with agi-
tation in the baths (heated at 150-160° F.) for 45
seconds, and withdrawn for observation for 30
seconds. This process was reepated until all
panels were free of scale on one side. This
required 7 cycles of 75 seconds each. 'The panels
were all weighed for weight loss after 11 cycles
when the heavier scale of the second side was
completely dissolved.

The addition agent in Examples 1, 3, 5, and 7
were mixtures containing compounds in which X
is hydrogen and compounds in which X is
—(CH2CH20)nH. The addition agents in Ex-
amples 2, 4, and 6 were made from diethanol de-
hydrogenated rosin amine and were chiefly di-
ethanol dehydroabietylamine derivatives of the
above general formula where X is

—(CH2CH20)nH

only and m and n were substantially equal. The
sum of m and n in these addition agents was
12 in Example 1, 10 in Example 2, 18 in Example
3, 20 in Example 4, 28 in Example 5, 30 in Ex-
ample 6, and 37 in Example 7. All of the addition
agents were of the type in which R of the formula
is dehydroabietyl.

The pickling as shown by visual observation
was complete in Examples 5 and 7 at the end of
the fourth cycle, in Examples 3, 4, and 6 at the
end of the fifth cycle, in Examples 1 and 2 at the
end of the sixth cycle, and in the blank at the
end of the seventh cycle. After 11 cycles, both
sides of all of the panels were clean. The samples
including the blank were weighed and found to
have a total weight loss of 2.28%:0.18%, the
blank having, within experimental error, no dif-
ferent weight loss from the panels in the pickling
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. bath solutions containing addition agents. In

all cases the panels pickled in bath solutions con-
taining the addition agents were 95% clean be-
fore the blank had become 70% clean.

Example 8

Example 5 was repeated using various concen-
trations of addition agent in the pickling bath.
A noticeable improvement in rate of pickling was
noted in solutions containing as small an amount
as 0.0019% addition agent. Very little difference
in rate of pickling was found between the use of
0.29% addition agent and 0.1% addition agent.
However, the useful life of the pickling solution
was greatly increased by the use of more than
0.2% addition agent and as much as 3% addition
agent was found to be operable.

Example 9

An aqueous bath containing 20%_nitric acid
and 5% hydrofluoric acid and 0.2% of the ad-
dition agent of Example 5 was compared with an
aqueous bath containing 7% nitric acid, 1% hy-
drofluoric acid, and 0.2% of the same addition
agent and the corresponding blanks without the
addition agent for stability. In this test the baths
were each first heated at 154° F. for 7 hours and
were then tested for their relative speed of re-
moval of the oxide film from stainless steel panels
at 150-160° F. ‘The baths containing the addi-
tion agents were still more active than the blanks
in removing the oxide coating after this aging
treatment. A similar comparison showed the
other addition agents of this invention to have
sufficient stability to maintain their effectiveness
in these pickling solutions containing both nitric
and hydrofiuoric acids.

The addition agents used in accordance with

‘this invention are surprisingly stable in the nitric

acid solutions containing hydrofluoric acid. The
stability appears to be dependent upon the pres-
ence of hydrofluoric acid in the solution and at
least about 1% hydrofluoric acid must be present
for continued stability. ‘The stability of the ad-
dition agents also decreases with increasing nitric
acid content, but is commerecially satisfactory in
solutions containing as high as 20% nitric acid
when at least 1% hydrofiuoric acid is present.
The commercially satisfactory pickling baths
containing addition agents of this invention will
contain about 5 to 209 nitric acid and about 1
to about 5% hydrofiuoric acid along with the ad-
dition agents. :

The amount of addition agent may be from
about 0.0019 to about 3% based on the weicht
of the pickling bath. The preferred range is 0.05
to about 0.5% addition agent.

The pickling baths of this invention are use-
ful for pickling corrosion-resistant irons and
steels commonly referred to as “stainless” irons
and steels, i. e., alloys of iron and chromium with
or without other elements such as carbon, nickel,
manganese, }ifgnium, ete. It is particularly well
suited for those stainless steels and irons which
are worked into sheets, strips, and wires which
can be pickled continuously. These baths are
more suited for the more highly corrosion-resist-
ant irons and steels containing at least 7% chro-
mium and is particularly suited for alloys con-
taining up to about 30% chromium glong with
nickel. The addition agents of this invention

‘are thus useful in conjunction with any nitric

acid-hydrofluoric acid pickling baths which are
used on iron-chromium alloys commonly referred
to as corrosion-resistant or stainless irons and
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steels. The pickling baths containing the addi-
tion agents of this invention are particularly use-
ful for producing a bright finish on stainless steel
surfaces because they prevent any tendency of
the pickling bath to cause staining of the stain-
less steel such as is frequently caused by organic
substances added to pickling baths containing
nitric acid.

The glycol ethers of ethanol rosin amines of
this invention are produced by reacting a hydro-
genated or dehydrogenated rosin amine with
ethylene oxide. The initial product is believed to
be ethanol rosin amines having the formulas

H CH:CH:0H

RN/ and R

CH:CH;0H CH:CH:0H

where R is the organic radical of the rosin amine,
i. e., dehydroabietyl or hydroabietyl. The prod-
ucts of this invention are the products of further
reaction with ethylene oxide in which the alcohol
groups of the initial product react with the for-
mation of ether linkages. Thus, the product of
reaction of rosin amine with 40 moles of ethylene
oxide is a substance of the general formula

X

RN/

}CHzCH:O)nH

where X is a radical selected from the group
consisting of hydrogen and -—(CH2CH:20):H
where m is an integer from 10 to 40 and n is an
integer from 1 to 30 and the sum of m and n falls
within the range of 11 to 40. The product may
contain both the glycol ether of monoethanol
rosin amine and the glycol ether of diethanol
rosin amine, the total number of —(CH2CH:0) -
units being equal to the number of moles of
ethylene oxide added whether such units are at-
tached to the nitrogen as a single chain or as
two chains. The composition will depend some-
what upon the method of preparation. In these
formulas where R is the organic radical of a rosin
amine, it is intended that the radical shall in-
clude the dihydroabietyl radical, the tetrahydro-
abietyl radical and the dehydroabietyl radical.

The reaction of rosin amine with ethylene
oxide for the production of the addition agents
of this invention is generally carried out by heat-
ing rosin amine with 1% of its weight of sodium
methoxide to about 150° C. and adding the de-
sired weight of ethylene oxide gas gradually until
the desired absorption is obtained. Products pre-
pared in this manner contain a high percentage
of glycol ethers of the type in which one hy-
drogen remains on the nitrogen and the
—(CH2CH?0) -units are attached to the nitro-
gen as a single chain. Apparently, the alcoholic
hydrogens are more reactive toward ethylene
oxide in the presence of a catalyst than are the
hydrogens attached to the nitrogen of the par-
tially substituted rosin amines. By this method
of preparation, there is thus a tendency toward
products having —(CH:CH:0) -chains of dif-
ferent lengths or having only one such chain.
It is, therefore, understood that the products of
this invention prepared in this manner are gen-
erally mixtures and the value of m in the formu-
las used in the specification and claims is indica-
tive of average analyses rather than any chemi-
cal individual.

The glycol ethers of diethanol rosin amines of
this invention which have two glycol ether chains
may be prepared free of glycol ethers of mono-
ethanol rosin amines by reacting a rosin amine
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with ethylene oxide in the absence of a catalyst
to produce as an Initial product diethanol rosin
amine, and subsequently adding a catalyst and
continuing the reaction of the diethanol rosin
amine with ethylene oxide. The first reaction in
the absence of the catalyst is preferably carried
out in alcoholic solution at atmospheric pressure
and the second reaction in the presence of a cata-
lyst is carried out in the absence of alcoholic sol-
vent. The usual catalyst for the condensation of
ethylene oxide with aleoholic hydroxyls include
sodium hydroxide and sodium alkoxides such as
the methoxide, ethoxide, propoxide, ete., and the
corresponding potassium compounds.

The glycol ethers of the ethanol rosin amines
should be substantially free of compounds con-
taining the abietyl nucleus, i. e., less than about
5% of glycol ethers of ethanol abietylamine or
abietylamine itself since the pickling baths of the
nitric acid content of this invention require an
addition agent which has a relatively high de-
gree of stability against oxidation.

The rosin amines from which the glycol ethers
of the ethanol rosin amines of this invention are
prepared are the rosin amines which are pre-
pared by reacting ammonia with a modified rosin
such as hydrogenated rosin or dehydrogenated
rosin to form the nitrile from the carboxyl group
in the rosin and then hydrogenating the modified
rosin nitrile to form the amine. 'The preparation
of the nitrile may be carrled out by passing
gaseous ammonia into the molten rosin material
and vaporizing the water as fast as it is formed
in order to remove the water from the reaction
mixture. Dehydration eatalysts may be used to
facilitate the reaction with ammonia, if desired.
The nitrile is preferably purified by neutraliza-
tion or distillation to make it suitable for hydro-
genation to the amine as the presence of acidic
materials frequently destroys the hydrogenation
catalyst. The nitrile may be formed from anv
modified rosin containing chieflv hydrogenated
rosin or dehydrogenated rosin. The nitrile used
should preferably contain less than about 109
abietonitrile. The rosin nitriles may likewise be
made from the rosin acids which are major con-
stituents of these rosins such as dihydroabietic
acid, dehydroabietic acid, and tetrahydroabietic
acid.

The resin acid nitriles prepared from the modi-
fied rosins or the corresponding rosin acids are
readily hydrogenated to the amines. The hydro-
renation is usually carried out by heating the
rosin nitrile at about 150° tn 200° C. with a Raney
nickel catalvst under hvdrogen pressure up to
about 8000 Ib./so. in. The hydrogenation may
also be carried out using other catalysts such as
Raney cobalt. supported nickel or cobalt cata-
lysts and noble metal catalysts such as platinum.
palladium, ralladium on ecarbon, or reduced
platinum oxide. The reaction may be carried out
under hydrogen pressure of from about 200 tn
8000 1b./sa. in. and at a temperature of from
about 20° C. to about 200° C. Solvents may be
used if desired and are preferable at the lower
temperatures. The hydrogenation may also be
carried out in the presence or absence of am-

. monia. Although the hydrogenation is ordinarily

carried out onlv to the extent of hydrogenation
of the nitrile group which hydrogenates quite
readily, the hvdrogenation may also be carried
out under such conditions of temperature, pres-
sure, and time of hydrogenation as to hydro-
genate the rosin amines which are produced to
convert them to hydrorosin amines which corre-

10

15

20

25

30

35

40

50

60

65

70

75

spond to the amines produced from hydrogenated
rosin via the nitriles.

For convenience of expression in this specifica-
tion, the hydroabietyl, and dehydroabietyl radi-
cals are referred to with the intention that they
be considered broadly as covering rosin materials
containing those radicals as major constituents.
Thus, the products derived from hydrogenated
rosin are considered to have hydroabietyl radi-
cals as the major constituent, and dehydro-
genated rosin is considered to have dehydro-
abietyl radicals as the major constituent. Hy-
droabietylamine is thus considered synonymous
with hydrogenated rosin amine, and dehydro-
abietylamine is considered synonymous with de-
hydrogenated rosin amine. It is not intended,
however, to exclude the possibility of minor
amounts of each of the various modified rosin
amines in any of the rosin amines referred to by
specific chemical names.

What I claim and desire to protect by Letters
Patent is:

1. An aqueous pickling bath solfyfon for stain-
less steel containing, in amounts based on the
weight of the solution, besides a complement of
water about 5 to 20% of nitric acid, about 1 to 5%
of hydrofluoric acid and about 0.001 to 3% of a
glycol ether of an ethanol rosin amine having
the general formula

X

RN/

}CH!CHIO)-.H

where R is a radical of the group consisting of
dehydroabietyl and hydroabietyl, X is a radical of
the group consisting of hydrogen and

—(CH2CH20) nH

and m is an integer from 10 to 40 and n is an
integer from 1 to 30, the sum of m and n being
within the range of 11 to 40.

2. An aqueous pickling bath solution for stain-
less steel containing, in amounts based on the
weight of the solution, besides a complement of
water about 5 to 20% nitric acid, about 1 to 5%
hydrofiuoric acid, and 0.001 to 3% of a glycol
ether of an ethanol rosin amine having the gen~
eral formula

X
]
}CH:CHzO)..H

where R is the dehydroabiety] radical, X is a
radical of the group consisting of hydrogen and
—(CH2CH:20) »H, and m is an integer from 10 to
40 and 7 is an integer from 1 to 30, the sum of
m and n being within the range of 11 to 40.

3. An aqueous pickling bath solution for stain-
less steel containing, in amounts based on the
weight of the solution, besides a complement of
water about 5 to 20% nitrie acid, about 1 to 5%
hydrofluoric acid and 0.001 to 3% of a glycol
ether of an ethanol rosin amine having the
general formula

X

RN/

>CHzCHzO)-H

where R is the dehydroabietyl radical, X is a
radical of the group consisting of hydrogen and
—(CH2CH20) zH, and m is an integer from 10 to
40 and = is an integer from 1 to 30 and the sum
of m and n is about 28.

4. An aqueous pickling bath solution for stain-
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less steel containing, in amounts based on the
weight of the solution, besides a complement of
water about 5 to 209 nitric acid, about 1 to 5%
hydrofiuoric acid, and 0.001 to 3% of a glycol
ether of an ethanol rosin amine having the gen-
eral formula

X

RN/

\CH: CH:0)wH

where R is the hydroabietyl radical, X is a radical
of the group consisting of hydrogen and

—(CH:CH:20) »H

and m is an integer from 10 to 40 and n is an
integer from 1 to 30, the sum of m and n being
within the range of 11 to 40.

5. An aqueous pickling bath solution for stain-
less steel containing, in amounts based on the
weight of the solution, besides a complement of
water about 5 to 20% nitric acid, about 1 to 5%
hydrofluoric acid and 0.001 to 3% of a glycol ether
of an ethanol rosin amine having the general
formula C e

X

RN/

}CHaCHzO)mH

where R is the hydroabiety] radical, X is a radi-
cal of the group consisting of hydrogen and
—(CH2CH20)»H, and m is an integer from 10 to
40 and n is an integer from 1 to 30 and the sum
of m and n is about 28.

6. An aqueous pickling bath solution for stain-
less steel containing, in amounts based on the
weight of the solution, besides 2 complement of
water about 5 to 20% of nitric acid, about 1 to 5%
of hydrofluoric acid, and about 0.001 to 3% of a
glycol ether of an ethanol rosin amine having the
general formula ’

H

RN/

\(cmcmm..n

where R is a radical of the group consisting of de-
hydroabietyl and hydroabietyl and m is an inte-
ger from 10 to 40.

7. An aqueous pickling bath solution for stain-
less steel containing, in amounts based on the
weight of the solution, besides a complement of
water about 5 to 20% nitric acid, about 1 to 5%
hydrofiuoric acid, and 0.001 to 3% of a glycol
ether of an ethanol rosin amine having the gen-
eral formula

}CH:CHzO).H

RN

}CH:CH:O)..H
where R is a radical of the group consisting of
dehydroabietyl and hydroabietyl, and m is an in-
teger from 10 to 40 and n is an integer from 1
to 30, the sum of m and n being within the range
of 11 to 40,

8. An aqueous pickling bath solution for stain-
less steel containing, in amounts based on the
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weight of the solution, besides a complement of
water about 5 to 20% nitric acid, about 1 to 5%
hydrofiuoric acid, and 0.001 to 3% of a glycol
ether of an ethanol rosin amine having the gen-
eral formula

H

RN/

\(CHzCHz O)mH

where R is the dehydroabietyl radical and m is
an integer from 10 to 40.

9. An aqueous pickling bath solution for stain-
less steel containing, in amounts based on the
weight of the solution, besides a complement of
water about 5 to 20% nitric acid, about 1 to 5%
hydrofluoric acid, and 0.001 to 3% of a glycol
ether of an ethanol rosin amine having the
general formula

(CH:CH;0).H
RN\
(CH:CH0)wH

where R is the dehydroabietyl radical, and m is
an integer from 10 to 40 and 7 is an integer from
1 to 30, the sum of m and » being 28.

10. An aqueous pickling bath solution for stain-
less steel containing, in amounts based on the
weight of the solution, besides a complement of
water about 5 to 20% nitric acid, about 1 to 5%
hydrofiuoric acid, and 0.001 to 3% of a glycol
ether of an ethanol rosin amine having the
general formula

H

RN/

\(cmc}i{/o;...ﬂ
where R is the hydroabietyl radical and m is
an integer from 10 to 40.

11. An aqueous pickling bath solution for stain-
less steel containing, in amounts based on the
weight of the solution, besides a complement of
water about 5 to 20% nitric acid, about 1 to 5%
hydrofluoric acid, and 0.001 to 3% of a glycol
ether of an ethanol rosin amine having the
general formula

}CH:CHzO)nH
RN
}cmcmonn
where R is the hydroabietyl radical, and m is
an integer from 10 to 40 and n is an integer from
1 to 30, the sum of m and » being 28.
EDWARD A. BRIED.
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