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1 Claim,

This invention relates to a method for inhibit-
ing the corrosive attack of concentrated phos-
phoric acid upon high chrome-nickel austenitic
steels containing molybdenum, and more par-
ticularly, to a method of inhibiting such attack
during hydrocarbon reactions catalyzed by phos-
phoric acid at concentrations above about 100%
calculated as orthophosphoric acid and conducted
at temperatures above about 200° F. in reaction
vessels constructed from or lined with such
steels.

Liquid phosphoric acid is known to be an effi-
cient catalyst for certain organic reactions such
as the alkylation of aromatics with olefins, the
isomerization of olefins, and especially for the
polymerization of normally gaseous olefins. The
corrosive attack of phosphoric acid upon the
various materials available for construction of
reaction vessels suitable for conducting such re-
actions is so rapid that this catalyst has not
heretofore been employed in commercial alkyla-
tion, isomerization, or polymerization units.

It is an object of this invention to provide a
method for inhibiting the attack of concentrated
prhosphoric acid on high chrome-nickel austenitic
steels containing molybdenum.

It is a further object of this invention to pro-
vide a combination of a material of construction,
an acid concentration of phosphoric acid, and
a corrosion inhibitor which makes possible the
commercial polymerization of normally gaseous
olefins catalyzed by liquid phosphoric acid in
which the process hazards and unfavorable eco-
nomic effects of corrosion are substantially elimi-
nated.

High chrome-nickel austenitic steels econtain-
ing molybdenum are readily available as ma-
terials for the construction of commercial scale
reaction vessels. They are inherently acid re-
sistant, and problems of fabricating of these steels
are well understood. They have been success-
fully employed in the construction of a variety
of commercial articles and vessels large and small
and are eminently suitable for the construction
of reaction vessels and connecting lines for

10

15

20

30

35

40

(Cl. 260—683.15)

2
processes employing concentrated phosphorie acid
as a catalyst when the rate of their corrosion
is reduced in the manner hereinafter described.

By the term “high chrome-nickel austenitic
steels containing molybdenum” as used herein,
it is intended to include austenitic steels con-
taining at least 16% and up to about 30% of
chromium, containing at least 7% and up to
about 209 of nickel, containing at least % of
1% and up to about 89 and preferably between
1% and 5% of molybdenum and containing not
in excess of +% of 1% carbon. AISI types 316
and 317 steel are illustrative of commercially
available high chrome-nickel austenitic alloys
containing molybdenum. Type 316 contains 16
to 18% chromium, 10 to 14% nickel, 2 to 3%
molybdenum, a maximum of 1 of 1% carbon,
and the remainder iron. Type 317 metal con-
tains 18 to 209 chromium, 10 to 149 nickel, 3
to 4% molybdenum, a maximum of ¥ of 1% ecar-
bon, and the remainder iron. These two par-
ticular alloys and other alloys falling within the
broader range of composition set forth above
may be made highly resistant to the corrosive at-
tack of concentrated phosphoric acid by the addi-
tion to the acid of minor amounts of dissolved
copper.

It has been found that the attack by phosphorie
acid on high chrome-nickel steels containing
molybdenum is markedly decreased at acid con-
centrations above about 1009 calculated as
orthophosphoric acid. A number of test runs
were made in which type 317 steel was exposed
to the attack of concentrated phosphoric acid
at concentrations in the range 85-1159% and the
temperatures within the range 200-400° F. The
concentration of the phosphoric acid is deter-
mined by titrating a weighed sample of acid
with a base of known concentration. From the
titration the weight of orthophosphoric acid
equivalent to the base consumed is caleulated
and the concentration of the sample is then de-
termined by dividing the calculated weight by
the measured weight of the sample and express-

5 ing the result as per cent orthophosphoric acid.
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The results of these tests are summarized in the
attached figure, which is a graphical representa-
tion of the variation of corrosion rate with acid
concentration at a variety of temperatures.
From the figure it is seen that as the acid con-
centration rises above about 95% and especially
when it is above 100%, the rate of corrosive at-
tack decreased very rapidly as the acid concen-
tration is increased. The figure clearly shows
that a considerable degree of control may be
exercised over the rate at which high chrome-
nickel austenitic alloys containing molybdenum
are attacked by phosphoric acid by making a
suitable selection of temperature and acid con-
centration. A maximum tolerable corrosion rate
of 0.01 inch per thousand hours may be set, based
on considerations of economy and safety, and
if corrosion is maintained at or below this rate,
a process life of approximately 5 years can be
obtained in a vessel or pipe having a high chrome.
nickel lining % inch in thickness. If the acid
concentration employed in the process is suffi-
ciently high, as indicated by the attached figure,
tolerably low corrosion may be insured at tem-
peratures up to about 325° F. Where the acid
is employed as a catalyst for the polymerization
of normally gaseous olefins, this method of con-
trolling corrosion requires the sacrifice of a con-
siderable degree of process flexibilily, since the
high acid concentrations which are required to
control corrosion are accompanied by a tendency
toward the production of a heavier polymer prod-
uct than could be obtained with acids at lower
concentration.

_ In addition to the effect of acid concentration
on the corrosion rate indicated above, it has been
found that the addition of small amounts of
copper to the acid causes a marked decrease in
the rate of corrosion of high chrome-nickel
austenitic steels containing molybdenum. When
copper is dissolved in phosphoric acid at concen-
trations above 100%, the combined effects of the
high acid concentration and the presence of cop-
per on the corrosion rate extends the range of
acid concentration which may be employed at
any given temperature while maintaining the
corrosion rate well below 0.01 inch per thousand
hours. 'The use of copper with very concentrated
phosphoric acid, for example 1109 acid, makes
it possible to conduct the catalytic polymeriza-
tion of olefins at temperatures up to about 375°
F. without exceeding 0.01 inch of corrosive pene-
tration per 1000 hours. This combined effect
increases the flexibility of a process such as
polymerization of normally gaseous olefins and
greatly extends the duration of the apparatus
life.

It has further been found that if the high
chrome-nickel austenitic steels containing mo-
lybdenum have either a low carbon content below
0.03% or contain columbium in an amount egual
to ahcut 10 times the carbon content, but not
greater than 1%, or contain titanium in an
amount equal to about 4 times the carbon con-
tent but not greater than 1%, then, not only is
ordinary corrosion occasioned by the attack of
the acid reduced by the addition of copper, but
also intergranular corrosion does not occur.
This is a significant aspect of the employment of
coprer te inhibit corrosion of high chrome-
nickel austenitic alloys by phosphoric acid, since
it is known that the immersion of stainless steels
in a hoiling solution of sulfuric acid and copper
sulfate (Strauss solution) greatly accelerates the
rate of intergranular corrosion. It is believed
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that intergranular corrosion, which results in
intercrystalline cracking of the material, is pro-
duced by solutions tending to form a protective
film over the crystal surfaces of the material
while they attack the grain boundaries of the
material. Intergranular corrosion is especially

- significant and serious where the material under

consideration is used in the construction of ves-
sels in which reacticns are carried out at an ele-
vated pressure.

A series of tests was conducted in which ordi-
nary corrosion rates and the incidence of inter-
granular corrosion were determined in regular
AISI type 316 and 317 steels containing about
0.07% carbon. Half of the specimens were heat
treated at 1100° F. for 24 hours to.make them
highly susceptible to intergranular corrosion and
the other half were given a stress-relief treat-
ment at 1300° F. for 7 hours. All the specimens
were exposed for a total of 240 hours in 104%
phesphoric acid at 300° . The results ¢f these
tests are summarized in the following Table I.

TABLE I

Corrosion resistance of regular type 316 and 317
steels exposed in 104% phosphoric acid at
300° F. for 840 hours

y Corrosion
: gliq)?: rl;lfglim Rate in
Material Heat Treatment solved gOorro- Inches
Copper/l.| sion Den. Per
’ 1,000 Hours
Tyre 317..| 1,150° F. for 24 hrs_._ 0.0 0.016
D do... ... 0.1 |- - . 010
Jor7hrs 0.1 .009
Jfor 2¢ hrs_ 0.3 .007 .
. for 7 hrs__.. 0.3 .007
for 24 hrs___ 0.9 002
dor 7 hrs___. 0.9 .0015
~for 24 hrs___ 2.6 .003
_______________ 0.1 .006
Jor7hrs... 0.1 006"
.for24 hrs__. 0.3 1005
.for7hrs___. 0.3 .005
.for24 hrs_.. 0.9 006
Jor7 hrs.... 0.9 005
for 24 hrs... 2.6 . 004

Data summarized in the akove table show that
the reduction in corrosion by the addition of one
gram of copper per liter of acid was very efective
for regular type 317 steel; the rate was 0.002 inch
per thousand hours. The lowest rate observed
for the regular type 316 steel was 0.005 inch per.
thousand hours; in this case the copper addition
was not as effective as in the case of the type 317.
The type 317 steels appeared to be completely
immune to intergranular corrosion, whereas the
type 316 specimens were not. It is not believed
that the additional molybdenum in the type 317
steel was responsible for its immunity to inter-
granular corrosion, since molybdenum usually
has little effect in this direction. Rather, it is
believed that longer exposure of the type 317
steel would have produced incipient intergranu-
lar corrosion. The addition of copper clearly re-
duces the ordinary rate of corrosion of regular.
type 316 and 317 steels, bui if their use in pres-
sure apparatus were contemplated, intergranular
corrcsion might present a hazard.

In a second series of tests, 14 samples of type
316 and type 317 steels having either a low car-
bon content below 0.83 7%, or containing up to 1%
of columbium, the columbium content being ap-
proximately 10 times the carbon content, were
heat treated at 1105° P. for 24 hours to induce
susceptibility to intergranular . corrosion, and
were then exposed to 1049 phosphoric acid con-
taining approximately 1 gram per liter of dis-
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- solved copper at 300° F. for 840 hours. 'The re-
sults of this series of tests are summarized in the
following Table I1:
TABLE 1I
Effect of copper on the corrosion resistance of low
carbon (0.03% max.) and columbium (1%
mazx.) stabilized type 316 and type 317 steels
exposed in 104% phosphoric acid at 300° F. for
840 hours

[The acid contained 0.9 gram per liter of dissolved copper in a1l of

the tests. All specimens were heated for 24 hours at 1150° F. to
obtain maximum sensitivity to intergranular corrosion.|
Corrosion
Intergran- Rate in
Material ular Cor- Inches
rosion Pen. Per
1.000ours
Type316low C ... ... ... 0.002
Do ... 002
Do........ . 001
T 317 low C . 001
yp]e)o ...... . 002
Do___. .003
Do.___.__ . 8011
Type 316 Ch__... L0013
pro..-- 002
Do._ 004
Do.. .001
Do.. .003
Type 317 Ch.__._. .003
Type 317, 0.04 C 0015

1 Microscopic examination indieated that this alloy did not contain
sufficient columbium for stabilization.

The results summarized in the above table
show that all of the alloys containing 0.03%, car-
bon or less and also those containing sufficient

columbium for stabilization were resistant to in- :

tergranular corrosion. Ordinary corrosion rates
also were satisfactory, falling well below the arbi-
trary practical maximum of 0.01 inch per thou-
sand hours.

A third series of tests was conducted to deter-
mine the effect of copper on corrosion by 1049%
phosphoric acid at 350° F. Both regular and low
carbon type 317 specimens were subjected to the
attack of the acid after heat treatment to induce
susceptibility to intergranular corrosion. Results
are summarized in the following Table III:

TABLE III

Effect of copper on the corrosion resistance of
regular and low carbon type 317 steels in 104%
phosphoric acid at 350° F. for 20 hours

Corrosion
Rate int
Inches Pen.
Per 1,000
Hours

Qrams of
Dissolved
Copper/l.

Material

Type 317 :
Type 317 low C
Type 317_...._..

0. 18

coopeeee
CLWW O
[
[=X3
&

From the foregoing data, it will he seen that the
addition of copper reduced the corrosion rate
from 0.2 inch to 0.012 inch per thousand hours
when about 1 gram of copper per liter of acid was
present. Corrosion rates of the low carbon alloy
are slightly higher than those of the regular
alloy, but the difference is not significant.

From the data obtained in similar experiments,
it is concluded that the presence of discolved
copper in amounts in excess of about 0.05 gram
per liter of acid have a significant effect in reduc-
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ing the ordinary corrosive attack of phosphoric
acid upon high chrome-~nickel alloys containing
molybdenum. This reduction in ordinary corro-
sion is accompanied by an absence of any tend-
ency toward intergranular corrosion, where either
the carbon content of the alloys is below 0.03% or
where stabilizing amounts of columbium or tita-
nium up o about 1% are included in the alloy.

The amount of copper which is added to the
acid to inhibit corrosion in this manner is pref-
erably in the range 0.05 gram to 2.5 grams of
copper per liter of acid, the usual amount being
approximately 1 gram per liter. Larger quanti-
ties of coprer might be added, but relatively little
effect is produced on the rate of corrosion by the
addition of copver in amounts in excess of about
1 gram rer liter. Further, there is an indication
that the addition of larger amounts of copper
may undesirably affect the quality of the polymer
product produced when the acid containing the
dissolved copper is employed to catalyze the
polymerization of normally gaseous olefins.

The copper is added to the acid usually in the
form of copper phosphate (Cuz(PO4)2-3H20),
since the addition of this compound does not in-
volve the introduction of negative ions other than
the phosphate ion into the acid catalyst. Since
the amount of the copper compound added is very
small, other copper compounds than the phos-
rhate may be added to the acid without produc-
ing any significant change in the catalytic activ-
ity of the acid-copper solution.

The emgployment of 0.05 to 2.5 grams per liter
of disselved copper in phosphoric acid at concen-
trations of 103.2%, 104.9%, 105.4%, 106.49%, and
110.3% calculated as orthophosphoric acid was
found to inhibit corrosion of type 316 and type
317 steels during the polymerization of propylene
and of propylene-butene mixtures at tempera-
tures in the range 200° to 375° F. and at pressures
in excess of 200 p. s. i. g. The employment of the
copper inhibitor in the acid catalyst in these
amounts was not found to have any detectable
effect on conversion rates of the mono-olefins nor
on the quality of the polymer produced.

The following example illustrates the effective-
ness of copper to inhibit the corrosion of type 317
steel during the polymerization of propylene. A
gas consisting essentially of propylene and pro-
pane and containing 44.2% hy volume of pro-
pylene was intimately contacted with phosphoric
acid in a continuous run of 33 hours duration.
The gas introduced into the acid in liquid phase
and the acid and hydrocarbon were vigorously
stirred together. A mixture of acid and hydro-
carbon was continuously withdrawn and settled.
The hydrocarbon was removed as a product and
the acid was returned to the reactor. The acid
had an initial concentration of 103.2% and con-
tained 2.1 grams of dissolved copper per liter of
acid. The reaction was conducted at 300° F. and
at a pressure of 260 p. s.i. g. The feed was intro-
duced at a rate of 1.7 volumes of liquid propylene
per volume of acid per hour and conversion was
85.29%. The product consisted predominantly of
Cy—-Cis polymers and had an end point of 510° F.
with 999% overhead. The corrosion rate of type
317 metal during the run was 0.0018 inch per
1000 hours.

Copper was similarly effective in reducing cor-
resion of high chrome-nickel austenitic steels
containiny molybdenum during the polymeriza-
tion of butenes and mixed propylene-butene
feeds by contact with phosphoric acid at 100%
and higher concentrations.
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We claim:
In an organic conversion process catalyzed by
phosphoric acid at concentrations in excess of
100% calculated as orthophosphoric acid con-

ducted at temperatures of at least 200° F. and &

superatmospheric pressures in a reaction vessel
presenting metal surfaces in contact with said
phosphoric acid of an austenitic steel containing
16-309% chromium, 7-20% nickel, at least %%
molybdenum and not in excess of 0.03% carbon,
the method of inhibiting corrosive attack of said
steel by said acid without inducing intergranular
corrosion which comprises maintaining in solu-
tion in said acid a minor amount of copper be-
tween about 0.05 and 2.5 grams per liter of acid.
JACOB D. KEMP.
HENRY P. ZEH.
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