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FIELD OF THE INVENTION

This invention relates to the decomﬁbfsit{ion of naphthenic acids
present in crude oils. More particularly, this invention relates to a thermal, non-

catalytic treatment for decomposing these naphther acids.

BACKGROUND OF THE INVENTION

The presence of relatively high levels of petroleum acids, e.g.,
naphthenic acids, in crude oils or fractions theredf ‘a bane of petroleum refiners
and more recently of producers, as well. Essentié}l‘ji;__ these acids, which are
found to greater or lesser extent in virtually all c; ude ils, are corrosive, tend to
cause equipment failures, lead to high maintenance costs, more frequent turn-
arounds than would other wise be necessary, redu product quality, and cause
environment disposal problems.

A very significant amount of hterature both patents and publica-
tions, exists that deal with naphthenic acid removal by conversion or absorption.
For example, many aqueous materials can be add__e_ to crudes or crude fractions
to convert the naphthenic acids to some other material, e.g., salts, that can either
be removed or are less corrosive. Other methods: phthenic acid removal
are also well known including absorption, on zeolites; for example. Additional-
ly, one common practice for overcoming naphthemc, acid problems is the use of
expensive alloy materials in refinery or producer equlpment that will encounter
relatively high naphthenic acid concentrations. Another common practice
involves blending off crudes with high total acid num bers (TAN) with crudes of
lower TAN, the latter, however, being significantly more costly than the former.
One reference, Lazar et al (USP 1,953,353) teaches phﬂlenic acid decomposi-
tion of topped crudes or distillates, effected at atm phenc pressure between
600°F and 750°F. However, it only recognizes C02 as the sole gaseous non-
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hydrocarbon, naphthenic acid decomposition produét' and makes no provision for
conducting the reaction with a continnous inert gas sweep to avoid build-up of
reaction inhibitors.

Nevertheless, there remains a need for eliminating or least sub-
stantially reducing petroleum acid concentration in crudes or fractions thereof
that is low cost and refinery friendly, particularlyz;'crudes or fractions thereof
where the total acid number (TAN) is above about 2 mg KOH/gm oil, as
determined by ASTM method D-664.

SUMMARY OF THE INVENTION

In accordance with this invention, the petroleum acid concentration
of feeds containing such acids may be substanually reduced, or at the least,
reduced to the level where these feeds may be treated in plain carbon steel
vessels, by thermally treating the feed, thereby decomposing the acids.
Consequently, TAN can be significantly reduced_. In the context of this inven-
tion, thermal treatment, in addition to its normal meaning also means the absence
of any catalyst for promoting the conversion of naphthenic acids, the absence of
any material added to react or complex with naphﬂlenic acids, and the absence of -
absorbents for naphthenic acids, i.e., the absence of any material used for the
purpose of removing naphthenic acids. |

The thermal treatment amounts to heating the feed to a temperature
of at least about 400°F, preferably at least about ,§OO°F for a period of time
sufficient to reduce substantially TAN of the feed while constantly sweeping
away inhibitors indigenous or formed during th'e} _écomposition. Inhibitors are
primarily water vapor, magnified by the presence of CO9 and/or CO.

The thermal treatment process is, of course, a time-temperature
dependent relationship once the threshold temp. ture level is attained. Thus,
higher temperatures are also useful with a corresponding decrease in residence
time at those higher temperatures. However, because of the nature of the feeds,
premature cracking of the bulk hydrocarbons 1s avoided or minimized, e.g.,
based on the feed, less than about 0.5 wt% gase. s hydrocarbon products, and
preferably, based on the feed, less than 0.2 wt% of gaseous hydrocarbon




products is produced. The gases that are produced are primarily water vapor,
CO9 and CO by virtue of the decomposmon of _the naphthemc acids. Other
gases that may be produced by the very low levi 1 of cracking include light
hydrocarbon gases, .g., C1-C4 alkyls or iso-allk and hydrogen in small
amounts. _ B

The process of this invention preferablyreduces TAN to levels of
less than about 1.5 mg KOH/gm oil, more prefe‘r;bly ﬁa‘ss than about 1 mg
KOH/gm oil, still more preferably to less than about 0.5 mg KOH/gm oil, as
measured by ASTM D-664. :

BRIEF DESCRIPTION OF THE FIGURE
Figure 1 shows TAN reduction versus water for Example 4.
DESCRIPTION OF PREFERRED EMBODIMENTS

Feeds that may be effectively treated by this thermal treatment
process include feeds containing naphthenic aclds such as whole crudes or crude
fractions. Crude fractions that may be treated are topped crudes (since few
naphthenic acids are present in 400°F - naphtha) atmosphenc residua, and
vacuum gas oils, e.g., 650-1050°F. Preferred feeds include whole and topped
crudes and vacuum gas oils, particularly whole apd topped crudes.

The feed may be treated at super-atmosphenc atmospheric or sub-
atmospheric pressure, e.g., 0.1 to 100 atmosphere __preferably less than about 15
atmospheres, more preferably 1-10 atmospheres; and preferably in an inert
atmosphere, e.g., nitrogen or other non-oxrdrzmg gases Because thermal treat-
ment leads to acid decomposition, provisions forf ' ntmg the gaseous decomposi-
tion products, i.e., HyO vapor, CO and CO, a -well as the minimal cracking
products, is appropriate. It is especially necess c_ontr_nuously sweep away
water vapor produced in the acid decomposition jor indigenous with the feed to
minimize inhibition of the acid decomposmon process Any light ends or light
cracked hydrocarbon products can be recovered by-_condensatlon, and, if
desirable, recombined with the treated feed. In pracﬁce soaking drums with
venting facilities may be used to carry out the th__e__r_mal treatment process. Ina




preferred embodiment, CO2 and CO would als be swept away. This sweep gas
may be natural gas or other light hydrocarbon gas' -as may be generally avail-
able at refineries or productlon facilities. Purg_: s of sweep gas would be in |
the range of 1-2000 standard cubic feet per barrel: f feed (SCF/BbI). Preferably,
the gaseous products would be removed from th i‘f‘_reactton zone such that CO +
CO; partial pressure is below 0.5 psia and the Hz() partial pressure is below
about 0.2 psia.

While treatments are tlme-temperature dependent, temperatures are
preferably in the range of 600-900°F, more preferably 700-800°F. Treatment
(residence time at temperature) times may vary Wldely and are inversely related
to temperature, e.g., 30 seconds to about 10-ho s" preferably 1-90 minutes,
more preferably 30-90 minutes. Of course, at: y. given temperature longer
treatment times will generally result in lower TAN values, while taking care not
to exceed the cracking levels previously mentloned

As mentioned, soaking drums may be employed to carry out the
process either on a batch or continuous basis: Engmeers skilled in the art will
readily envisage tubular reactions to effect the process

The following examples further 111ustrate the invention, and are not
meant to be limiting in any way.

EXAMPLE 1

Experiments conducted in an Open:'rf"e'actor (all, except as otherwise
noted) included distillation equipment snmlar to the described in ASTM D-2892
or ASTM D-5236. About 300 grams of a sample of 650°F+ portion of crude was
placed in a distillation flask. (Whole crude, while 'readlly usable, was not used
in order to prevent physical losses of the 650‘5F : "’pertion of the sample). The
sample was rapidly heated to the desired temperature and held at that
temperature for up to six hours under an inert atmosphere e.g. nitrogen.
Agitation was effected either by bubbling mtrogen .-through the sample, and
preferably by stirring with a magnetic stirrer bar Ahquots were withdrawn
periodically for TAN measurements. :



In a series of experiments, a 650°F+ fraction of an African crude
(Bolobo) was exposed to six hour heat soaks within a temperature range from
400°F to 650°F interspersed with ovenﬁght-coolﬁig to room temperature for
three consecutive days. These cXpéri;ﬁenﬁ were carried out at atmospheric
pressure under a nitrogen atmosphere. The heat sjpaik was sequential: first hour
at 400°F, second hour at 450°F, third hour at S00°F, fourth hour at 550°F, fifth
hour at 600°F, sixth hour at 650°F, The'-sample was cooled to room temperature
and allowed to sit overnight before aliquots were taken. Naphthenic acid content

was monitored by TAN initially and after each day. The results are shown in
Table 1 below.

TABLE 1
Test Day: TAN (mg KOH/gm oil)
0 (initial TAN)  3.02 (1)
1 222 2222
2 1.80, 1.77(2)
3 1.17 1.25(2)

(1) from crude assay
(2) two aliquots taken after each day and mdependently tested

The TAN decreased almost linearly over the course of these experiments.

EXAMPLE 2

In a series of experiments, thennallj} treated naphthenic acid
decomposition was conducted in open and closed reactors. In the open reactor,
produced gas could slowly escape while in the closed reactor, product gases

were retained. TAN reduction and gas make were determined and results are
shown in Table 2.




TEST
NUMBER

1

2

FEED
Bolobo Crude

Bolobo Crude

BOlObo Cm d e

 Kotne 650°F+

Kome 650°F+

TEMPERATURE,
]
F

700

700

700

725

725

TIME,
MINUTES

20
50
100
240

240

TYPE
closed
closed

closed

cléséd. ,

open

TAN

RED.

%

40

66

GAS
YIELD,

WT%

.03
.04
.05
i

n.a.
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The closed gcéptor consisted of tubing bombs (25 gm oil in 65 cc
reactor volume), or mini bombs (5 gm oil in 12 cc reactor volume).

The results showed that in closed systems no TAN reduction was
achieved, suggesting that autogenous pressure increases prevented acid
decomposition. A direct comparison between an open and closed system, in
experiments 4 and 5, showed a better than 50% increase in TAN reduction for
the open system over the closed system.

EXAMPLE 3

In another series of experiments thermally treated naphthenic acid
decomposition was conducted in an autoclave to demonstrate the beneficial
effect of sweeping gaseous products from the reaction zone. In experiment Test
1, produced gases were continuously swept away with helium at a rate of 1275
SCF/Bbl while in experiment Test 2, product gases were retained such that the

maximum pressure rose to 100 psig. TAN was determined and results are shown
in Table 3.



TABLE 3

Maximum Sweep
Test Temperature Time Pressure Rate % TAN
Number Feed (°F) (Minutes) (psig) (SCF/Bbl) Reduction
1 Kome/Bolobo Crude Blend 725 60 45 1275 84.9
2 Kome/Bolobo Crude Blend 725 60 100 0 443
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The results confirm that sweeping the gases from the reaction zone
result in significantly improved TAN reduction, 82% relative to an initial TAN
of 5.3. In contrast, only 45.5% TAN reduction:was achieved with no gas sweep. '

EXAMPLE 4

In another series of autoclave expéfhnents, the effect of inhibition
by water vapor, in the presence or absence of COy and/or CO was studied with
respect to TAN reduction by thermal treatment. ' The results are shown in Table
4. In each test, the estimated water partial pressure (H»O, psia), resulting from
TAN conversion was less than .2 (as distinguished from the added water line).




TABLE 4

Tests with Dewatered Kome + Bolobo Crude Blend (TAN = 5.33) as Feed

(Thermal Treatment at 750°F for 60 minutes, 45 psig and 1275 SCF/Bbl Gas Sweep)

Test Number 1 2 3 4 5 6 7
CO, + CO, psia 0.45 0.42 0.43 0.32 0.34 0.38 0.42
CO9 added, psia - - - - 12.3 - 6.2
CO added, psia - - - - - 21 62
H0 added, psia - 3.1 27.6 51.3 16.6 16.4 16.6
H,0 added, g/minute - 0.016 0.14 0.27 0.08 0.08 0.08
% TAN Reduction 86.2 82.8 74.9 612 60.6 68.2 74.1




-11-

In experiment Test 1, with no water vai:éi"added and carbon oxides
only resulting from naphthenic acid decomposmon, the highest TAN reduction
of 86.2% was achieved for this set of tests. In Te t 2, Test 3 and Test 4, water
vapor added to the sweep gas in increasing amounts resulted in progressively less '
TAN reduction than in the base case. In Test 5, Test 6 and Test 7, similar
amounts of water were added along with CO5, CO and COz + CO, respectively.
All three showed lower % TAN reduction levels: compared to the referenced Test
2. A

These effects may be readily seen mF igure 1, a plot of % TAN
Reduction vs. H20O added in g/min., using results from Table 4.
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CLAIMS:

1. A process for reducing the total acid number (TAN) of whole
crude or crude fraction feeds which comprises (a) thermally treating the feedina
treatment zone at a temperature of at least about 400°F for a period of time
sufficient to substantially reduce the TAN and (b) removing water vapor during
said thermal treating.

2. The process of claim 1 wherein the gaseous reactions products,
CO, CO- and water, are removed from the treatment zone.

3. The process of claim 2 wherein said gaseous reaction products
are removed such that CO + CO», partial pressure, is less than 0.5 psia and
water, partial pressure is less than 0.2 psia.

4. The process of claim 1 wherein the gaseous reaction products,
CO, COy, water vapor and light hydrocarbons, are removed from the treatment
zone.

5. The process of claim 1 wherein essentially all gaseous reaction
products are removed from the treatment zone.

6. The process of claim 1 wherein the feed is a dewatered crude.

7. The process of claim 2 wherein the feed has a TAN in excess
of 2 mg KOH/gm feed.

8. The process of claim 7 wherein the thermally treated feed has a
TAN of less than about 1.5 mg KOH/gm feed.

9. The process of claim 7 wherei__n treatment temperature is at
least about 600°F.

10. The process of claim 7 wherem treatment temperature ranges
from about 600-900°F. ' :

is Sheet Has Been Reraced

||II|I|| i




(T

e

B o ST

13- | TS SHEET 1S pegw
)

11. The process of claim 9 whereln the treatment time ranges
from about 1 minute to about 10 hours. :

12. The process of claim 9 wherem the thermally treated feed has
a TAN of less than about 1.0 mg KOH/gm feed.

13. The process of claim 9 wheremthefeed is a whole crude.

14. The process of claim 9 wherem thefeed is a topped crude.

15. The process of claim 9 wher_ejxii%fhé‘-@fé"e:d is an atmospheric
residoum.

16. The process of claim 9 wherein the feed is a 650-1050°F
vacuum gas oil.

- 17. The process of claim 9 wherein, based on the feed, less than
about 0.5 wt% of produced gaseous hydrocarbon products are in the gas phase.

18. The process of claim 9 wherein treating pressure is about 1-10
atmospheres.

19. The process of claim 5 wherein said light hydrocarbons are
C1 to C4 hydrocarbons. |
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