Aug. 23, 1932, ’ W. G. LAIRD 1,873,136

PROCESS FOR PREVENTING CORROSION IN OIL RVEFINING EQUIPMENT
Filed Nov. 27, 1926

OIL SLPPLY
2 ‘
12 i
 J : .
WATER REMOVAL
CSYSTEM
) 6
70 Y72 8
TOPPING LIME -
ST/LL SUPPLY g
78 .
P Y
Y | MIXING CHAMBER | 29
Vzs
Vi
7

REFINING — APFARATLS

Inventor
W/ILBUR G. LAIRD

Ry A5 Obtormey |




S

i0

25

5

Saxi)

TS

Patented Aﬁg. 23, 1932

UNITED STATES

1,873,136

PATENT OFFICE

WILBUR G. LAIRD, OF NEW YORX, N. Y., ASSIGNOR TO HEAT TREATING COMPANY, OF
‘ NEW YORE, N. Y., A CORFORATION OF DELAWARE 3

PROCESS FOR PREVENTING CORROSION IN OIL REFINING EQUIPMENT

Application filed November 27, A1926. Serial No. '151,040.

This invention relates to a process for pre-
venting corrosion in oil refining apparatus.

To those familiar with the operation and
maintenance of oil refining equipment in
modern refinery practice, it is well known
that the life of the apparatus, particularly
such parts as arve exposed to oil vapors, is
comparatively short due to the rapid corro-
sion taking place. Various means and meth-
ods have been resorted to in order to offset
or retard this corrosion but so far no prac-
tical solution of the problem seems to have
been found. Some special steel alloys have
been proposed for the construction of oil re-
fining equipment but their present cost is al-
most prohibitive. At the same time the loss
in replacing corroded parts and that incident
to having a unit shut down for frequent re-
pairs is not a small item on the refiner’s ex-
pense account, without considering the dan-
ger to life and property which would result

from a fire or explosion caused by a corroded -

vapor line or furnace tube.

Certain types of petroleum are known to
contain as high as 5 per cent sulphur while
others contain very little or no sulphur and
it is generally understood that certain sul-
phur compounds formed during the crack-
ing or distilling operation are at least in
part responsible for the corrosion referred
to above.  However it has been found that
the combined actien of water, free oxygen
and the sulphur contens of petroleum is re-
sponsible for the excessive corrosion of oil
refining equipment. .All crude petroleums
contain varying amounts of water and in
many cases the water is a solution of salts
such as magnesium chloride which dissociates
to give hydrochloric acid. Tven the high
boiling distillates used in cracking are steam
distilled or have been exposed to the atmos-
phere from which they have absorbed mois-
ture. In addition to water all natural petro-
leums, as well as the distillates such as gas
“oil, fuel oil, kerosene, etc., which have been

exposed to the atmosphere after distillation;
contain free oxygen. Furthermore it has
been : found that the solubility of oxygen
or air-in petroleum i about seven times that
in water and that its absorption is facilitated
by the action of sunlight or even diffused day-
light, so the usual {ree oxygen content of
petroleum. is increased when it is exposed to
light and air in storage or transit. - The use
of ‘air under high-pressures when pumping
petroleum according to the “air Iift” princi-
ple and in “air-wells” in order to increase

the oil yield in adjacent “pumping wells”
“necessarily saturates the petrolenm with oxy-
gen, thereby rendering oil handled in this-

manher more corrosive than otherwise would
be the case. - - - RS o o
The combined action of these constituents

(water, sulphur -compounds and .oxygen)

may be represented as follows: Oxygen in

the presence of moisture (H,O) reacts with '

iron -and similar metals to produce oxides
commonly known as rust. - 'This reaction. oc-
curs on the:inner surface of the metal stills
or associated equipment, and sulphur, par-
ticularly hydrogen sulphide, formed in the
cracking operation, reacts with the iron oxide
formed to yield iron sulphide and set free
the oxygen to react with more of the iron or
other metal of the apparatus. Hence instead
of having merely the action of the.oxygen
and water alone, the corrosion is accelerated

by the presence of sulphur which liberates the-
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oxygen for additional corrosion right at the -

point of liberation. -This is, undoubtedly, the
cause of the deep pots found in corroded pipe
taken from pipe still furnaces and vapor
treating equipment. '

These reactions will take place at a fairly
rapid rate at ordinary temperatures but
under the high temperatures and pressure
used in cracking oil their rate is increased
many times. ‘ :
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Accordingly the primary object »Of‘ﬂthe .

present invention is to provide a process for
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the preliminary treatment of petroleum oil
whereby corrosion of the equipment used for
refining such oil will be prevented or great-
ly reduced. :
A further object is to provide a process
whereby the corrosive constituents absorbed

. by, or mnaturally present in -the oil to be
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~ods now in tuse.

cracked or-distilled may be removed from
the oil before it is subjected to the refining
treatment or have their corrosive proper-

ties annulled during refining, for example, .

during the cracking operation, or to remove
certain of said constituents and annul the
corrosive action of others. ,

In order to accomplish these ends the oil
to be refined may first be treated by any
known settling or dehydrating process for

removing the bulk of its water content, how- .

ever, if the oil contains only a-small amount
of water this step may be omitted. The oil
freed -of ‘most of its water content is. next
subjected to a topping operation in which a
current of gas.is passed through the oil as
it is being heated whereby the Iast traces of
moisture together with the absorbed oxygen
and the gasoline fraction are swept out of the

~oil, the gasoline being recovered in the usual

manner. This topping step is carried out
in-such a manner as to leave the oil entirely
dry and free from any trace of free oxygen or
other corrosive gas. The oil is then taken
while hot or cold, as desired, from the top-
ping plant and passed directly to the refining
apparatus;. provided it is:an oil containing
very little or no sulphur, however, if the
oil contains any appreciable amount of sul-
phur it is first passed from the topping plant

into a mixing chamber where lime or some

alkali-earth metal carbide or oxide is inti-
mately ‘mixed with the oil and . the mixture

“then passed into the refining apparatus, for

example, through the cracking tube or tubes
of a-furnace where the lime (CaQ) or cal-
cium carbide (CaC.) takes up sulphur from
the oil, which together with the absence of
water and oxygen prevents the corrosion of
the cracking equipment. ' ‘

The invention will now be described in de-
tail, reference being had to the accompany-
ing drawing in which . :

The . figure is a-diagrammatic sketch: or
flow sheet of the process.

.In accordance with the invention the oil
which is to be cracked or distilled and which
may be either an -asphaltic or paraffin base
crude oil or a distillate thereof is passed from
any convenient source of supply 2 by conduit
4 into a suitable apparatus 6 where the
greater portion.of the water content of the
oil is removed by any of the well-known meth-
From the water removal
system 6 the oil is conducted by conduit 8 into
topping still 10. If the oil to be treated con-
tains only a small amount of water it may
be conducted directly from the supply 2 to
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the topping still 10 by the conduit 12 with-
out passing through the water removal sys-
tem. , o '
The topping still 10 may be of any ap-
proved type but it is preferred to use a col-
umn still in which the.oil entering the still

is heated through a diaphragm by the va-

pors produced 1n the still itself so that the -

only heat loss from the still is by radiation,
that required to vaporize the water and gaso-
line removed and the heat content of the
topped oil drawn therefrom. Such a column
still is shown in pending application Serial
No. 125,898, filed July 80,.1926. One of the
important features of this still comprises the
use of a "gas circuit wherein the gas circuit
and the oil to be treated are passed in par-

allel through a still on the opposite sides -
~of a_diaphragm wherein the vapors of the
oil which” have been distilled ‘are being.

fractionally condensed. A. sufficiently large
volume -of gas is used to provide a partial
pressure effect to substantially reduce the
temperature of the distillation and condensa-

“tion in the still below. the temperatures of-

the ordinary distillation at atmospheric pres-
sures. This low temperature evaporization
and condensation avoids the excessive corro-
sion, and, furthermore, the gas on each side
of the diaphragm tends to keep the materials
in active agitation or ebullition so that the
corrosion is minimized. . : :
In the topping still 10-the oil is preferably

heated only to a sufficient temperature to va-.

porize any water or moisture present and also
the gasoline fraction in case a crude oil is
being used. The vaporized water and gaso-
line together with the oxygen or other cor-
rosive gases:absorbed in -the oil are swept
from the oil in the column by ‘passing a gas
therethrough. The gas used for this topping
step is preferably natural gas or a purified
hydrocarbon gas, for example cracking still
gases freed from sulphur containing gases,
oxygen and carbon dioxide. The gas may be
heated before being introduced into the col-
umn and may even be used- as the sole means
for heating the oil or may be passed with the
oil into the column as disclosed in the appli-
cation cited. R R
The gasoline, water and gases removed
from the oil are passed through a condenser
and the gasoline recovered.in the usual man-
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ner, while the removed gases may be absorbed

from the carrier gas, leaving it relatively
pure:so that it may be returned to the sys-
tem if desired. , T
It is obviousthat in case a distillate such as
gas oil is to be treated in still 10, no gaso-
line will ‘be recovered but the moisture and
absorbed oxygen will be removed. i
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If the oil being treated contains relatively - -

little .or no-sulphur it is passed while hot, di-

rectly from the column 10 to the refining ap- -

paratus 14 by ‘the conduit 16 -or if it is not.
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desired to refine.or crack it immediately, it
may be put in storage. But where the oil con-
tains appreciable quantmes of sulphur it
is passed from the column 10 by the conduit
18 into a mixing chamber 20; where it is in-
tlmately mixed with dry lime (CaO):or car-
bide from the supply 22. Instead of lime or
calcium carbide other oxides or carbides of
the calcium group or hydroxides of the al-
kali metal group may be used. :From the
chamber 20 which may be a combined grind-
ing and mixing chamber in which the lime
ancl oil may be intimately mixed by being
ground together, the mixture is passed by the
conduit 24 into the refining apparatus 14.
The amount of lime or other compound
used in the process should at least be equiva-
lent to the sulphur content of the oil but it
is preferred to use two or three equivalents
per equivalent of sulphur. The refining ap-
paratus may comprise any of the well-known
systems in -which oil is - heated to a distilling

"~ or cracking temperature in- a heating coil,
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tube or tubes mounted in a furnace and then
passed to a vaporizer or reaction chamber
from which vapors pass through a dephleg-
mator and so on. If reflux condensate is re-
turned from the dephlegmator to the heat-
ing zone, as is done in many cases, it may, if
it still contains any appreciable quantity of
sulphur or sulphur compounds, be introduced
into the mixing chamber 20 where an ad-
ditional quantity of lime may be added to
fix its sulphur content in the subsequent heat-
ing step.

In the operation of the process described
above oils which contain large amounts of
brine are very corrosive and are treated to re-
move the brine and in certain cases may be
washed with fresh water before the o1l is
admitted to the topping column where the
last traces of water is removed. The removal
of the salts contained in the brine eliminates
the possibility of corrosive substances being
formed therefrom in the heating, neverthe-
less if small amounts of hydrochloric acid,

- for example, is formed it quickly unites with
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the oxide or carbide present inthe cracking
mixture so that too much care need not be
taken to wash out all the salts.

Because of the very corrosive effect of pe-

“troleum vapors in the vapor space of ordi- .

nary stills and in vapor heat interchangers
it is preferred to use the type of column still
described in the application referred to above
for effecting the pre-treatment of the petro-
leum oil. In this type of column still the liq-
uid oil is so completely mingled with the gas
and vapor that the metal surfaces are pro-
tected to a large extent by the liquid. Fur-
thermore if additional water is mixed with
the entering oil along with the gas, the water
by being vaporized will aid in the removal
of oxygen and have a diluting effect on any
corrosive constitutents present in the vapors.

action”, the presence of gasoline in the charg-

3 .

Oxygen-and. water both of which are con-
stituents of ordinary air are responsible for
much of the corrosion of industrial equip--
ment, and since petroleum oils naturally con-
tain these constituents and absorb additional T0
oxygen on being exposed to the atmosphere,
it-is important that these constituents: be
removed.  Accordingly the oil is hedted to-a :
temperature sufficient to.evaporate the water
and a dry gas free from corrosive constituents 40
is- passed .through the oilito sweep out the
water vapor and absorbed oxygen and other
gases. The gas in this step of the process acts
to reduce the partial pressure of the corrosive
gas content of -the oil including :moisture
and furthermore acts to replace these con-
stituents in the oil'and remove-them from the
system. - When oils which contain a gasoline -
fraction are’ “subjected to the treatment the __
gasoline is also removed along with-the water 85
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‘and absorbed oxygen or:air so that a maxi-

mum: amount of gasoline will ‘be formed in
crackmg, since according to the law of “mass
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ing stock will hold back the formation of that
much: gasoline durmo “the cracl{mO‘ opera-
tion. . -

For oils contam]ncr little or nio sulphur fur- .
ther treatment of the oil before cracking will |
be unnecessary and even with high sulphur
oils the removal of water and absorbed oxy-
gen ‘decreases the rate of corrosion several
times. * In a five day test with naphtha solu-
tions of sulphur compounds, which included
hydrogeri sulphide, no action on iron was
noted at ordinary temperatures while in'cases
where water was added corrosion resulted.
Furthermore it has been found that rise in
temperature accelerates the rate of corrosion:
Therefore in accordance with the invention
the dry and oxygen free oil which contains
an appreciable amount of sulphur, is mixed
with dry lime. or its equivalent prior to its
introduction into the refining apparatus such
as the tube or tubes ofa heatmg furnace. -As
sulphur compounds are formed. in the crack-
ing or distilling: apparatus they immediately
react with the highly reactive Ca® or CaC;
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- to.form calcium sulphides and consequently. 14¢

are prevented from réacting on the walls of-
the equipment. - An -excess of lime or “other
compound, above that reqmred to react with
the sulphur in the oil, is used in order to
male sure that all the sulphur which would ‘120
ordinarily cause corrosion is taken up.

When a carbide is used as'a sulphur fixing
agent: in the process the reaction, for exam-
ple, between calcium carbide and hydrogen
sulphide is as follows:.

CaC,+H,S= CaS -l-‘Con +heat

Beswles acting as a fixing aoent for the sul—
phur, a combust1ble gas,. acetylene is also
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‘formed from the carb1de and serves to -aug- 130
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ment the supply and B. t. u. value of the gas

formed: from the oil. o :

Under certain circumstances it ‘may be
necessary to provide storage for the oil leav-
ing the column still 10, for example. where

several -cracking units ‘are being supplied -

with: non-corrosive . oil or: in case of a shut-

= down. -The storage ‘tanks used-in- this evexut,

I8

are air-tight and previously deleted of all
air, oxygen or ‘moisture by replacing these
gases with purified hydrocarbon or other

nert gases so that the oil in storage will

have no opportunity to absorb anything but

NON-COTrosive gases. ,
From the :above description of the -inven-

tion it . will be: seen that the present. process

“provides an effective. method ‘of preventing

"5

corrosion in oil refining equipment and at
the same time provides a novel oil product
free of corrosive constituents, being adapted
for use as a cracking or distilling stock.
"While the invention has been described in

. 1,878,138

tacting ‘the same with cracking still gases

substantially ‘freed of free oxygen and sul-
phur-containing igases -under: non-cracking
conditions, and thereafter mixing the treated
distillate with lime. e _
4. The process of treating a ‘petroleum. vil

70

‘which  comprises intimately - contacting the .
oil -with . cracking ‘still gases substantially -

freed -of free-oxygen and sulfur-containing
gases “under non-cracking conditions, and
thereafter mixing the treated oil with lime:
In testimony whereof I aflix my signature.
‘ WILBUR G. LAIRD.

detail with respect to the means and manner

of removing absorbed corrosive constituents
and traces of water from petroleum oils to be
cracked, it is not to be understood that the
invention is in any way limited thereby since
it is obvious that-other means and methods
may be used for this purpose, for example
absorption by chemicals. -Likewise the use of
lime or calcium carbide are merely examples
of substances used to fix the sulphur of the
sulphur compounds. present in or formed
from the 01l during the heating and refning

thereof. Obviously the invention is equally

applicdble to oils and other liquidsother than
petroleum oil where it is desired to eliminate
corrosion in the equipment in which such oils
or liquids are to be handled, used or treated.

Having thus described my invention, what
I ¢laim is: , e . o

1:. The method of preventing corrosion in
oil distilling - apparatus, which comprises

‘treating the oil to be distilled to remove ex-
‘cess water, passing the treated oil together

with a hydrocarbon -gas through a still te
distil off the gasoline and to remove:absorbed
oxygen-and remaining water therefrom, mix-
ing the resulting oil while hot with a quantity

of dry lime equivalent to at least twice the

" amount of sulphur in the oil and passing the
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mixture into the distilling apparatus,

2. The method of preventing corrosion in
oil refining stills, which comprises passing
the oil to be cracked into a topping still, pass-
ing a hydrocarbon gas into intimate contact
with the oil in said still whereby gasoline,
water and absorbed oxygen are removed from
said oil, withdrawing topped oil from said
still and mixing therewith a quantity of lime
in excess of the amount of sulphur in said

~oil and passing the mixture to the refining

still. - : , .
‘3. The process of treating a petroleum oil
distillate, which comprises intimately con-
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