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Many petroleum crudes with high organic acid content, such as whole
crude oils containing naphthenic acids, are corrosive to the equipment used to extract,
transport and process the crude, such as pipestills and transfer lines.

_ Efforts to minimize naphthenic acid corrosion have included a number of
approaches. U.S. Patent 5,182,013 refers to such recognized approaches as biending of
higher naphthenic acid content oils with low naphthenic acid content oils. Additionally,
a variety of attempts have been made to address the problem by replacing carbon or low
alloy steels by more expensive, highly alloyed stainless steels, using corrosion inhibitors
for the metal surfaces of equipment exposed to the acids, or by neutralizing and
removing the acids from the oil. Some inhibitor companies have claimed that the use of
specific sulfur and phosphorus based organic corrosion inhibitors can be effective in.
reducing corrosion by naphthenic acids. Examples of such technologies include
treatment of metal surfaces with corrosion inhibitors such as polysulfides (U.S. Patent
5,182,013) or oil soluble reaction products of an alkynediol and a polyaikene polyamine
(U.S. Patent 4,647,366), and treatment of a liquid hydrocarbon with a dilute aqueous
alkaline solution, specifically, dilute aqueous NaOH or KOH (U.S. Patent 4,199,440).
U.S. Patent 4,199,440 notes, however, that a problem arises with the use of aqueous
solutions that contain higher concentrations of aqueous base. These solutions form
emulsions with the oil, necessitating use of only dilute aqueous base solutions. U.S.
Patent 4,300,995 discloses the treatment of carbonous materials particularly coal and its



5,011,579; CGerman Patents 2,001, 054 and 2,511, 182; Canadi an Pat ent
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products and | ub E&lﬁﬂde@ gaﬁyré ofthé %gbtlﬁmup*ﬁ (S@?LC) fractions, that is, fractions that are
vaporizable at the conditions disclosed in '532. Petroleum residua and other non-
vaporizable (at '532 process conditions) fractions containing naphthenic acids would not
be treatable by the process. Since naphthenic acids are distributed through all crude
fractions {many of which are not vaporizable) and since crudes differ widely in
naphthenic acid content the '532 patent does not provide an expectation that one would
be able to successfully treat a broad slate of crudes of a variety of boiling points.

In U.S. 2,068,979, it is disclosed that naphthenates were used to prevent
corrosion in a petroleum still. The patent teaches the addition of calcium naphthenate to
petroleum to react with and scavenge strong free acids such as hydrochioric and sulfuric
acids. This was intended to prevent corrosion in distillation units by those strong acids
and makes no claims with respect to naphthenic acids. In fact, naphthenic acids would
have been formed when the strong acids were converted to salts. Some prior art _
involved the addition or formation of calcium carbonate (Cheng et al., U.S. 4,164,472)
or magnesium oxide (Cheng et al., US 4,163,728 and 4,179,383, and 4,226,739)
dispersions as corrosion inhibitors in fuel products and lubricating oil products, but not
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oxides related to hydrotalcites (Gillespie et al., US 5,389,240). Finally, calcium

hydroxide (Kessick, Canadian Patent 1,249,760) aids in separation of water from heavy

crude oil wastes.

While these processes have achieved varying degrees of success thereis a
continuing need to develop more efficient methods for reducing the acidity and
corrosivity of whole crudes and fractions thereof, particularly residua and other 650*°F
(343%°C) fractions. '

SUMMARY OF THE INVENTION
The present invention provides for:

a method for decreasing the corrosivity of an acid containing, corrosive
crude, comprising: '

contacting a starting acid-containing corrosive crude oil with an effective
amount of a Group ITA metal naphthenate salt to produce a treated crude oil having
decreased corrosivity; and

a method for decreasing the corrosivity of an acid-containing, corrosive
crude, comprising:

. blending a starting acid-containing, corrosive crude with an effective
amount of a second metal naphthenate-treated crude wherein the metal naphthenates are
selected from Group IA and IIA to produce a final, treated crude oil having a decrease
corrosivity. '
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contacting a starting acid-containing corrosive crude oil with an effective
anmount of a Goup Il A netal naphthenate salt to produce a treated crude oil
havfng decreased corrosivity; and a nmethod for decreasing
the corrosivity of an acid-containing, corrosive crude, conprising:

bl endi ng a st amoi979827¢i d- cont ai ning, corrosive crude wth an BECT/EII6/13680
anount- of a second netal naphthenate-containing crude wherein the netal
napht henates are selected from Goup I A and | yA to produce a final, treated
crude oil having a decreased corrosivity. WO 97/ 08271.
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Figure 1 shows the corrosion rate of° a crude oil as a function of Ca
concentration for Exanple- 7. '

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows the corrosion rate of a crude oil as a function of Ca
concentration for Example 7.

| Figure 2 shows the corrosion rate for the crude oil versus % naphthenic
acid neutralization for Example 8.

Figure 3 shows the corrosion rate for a 785-970°F (418-521°C) crude oil
fraction versus % naphthenic acid neutralization for Example 9.

DETAILED DESCRIPTION OF THE INVENTION

Some whole crude oils contain organic acids such as carboxylic acids that
contribute to corrosion or fouling of refinery equipment. These organic acids generally
fall within the category of naphthenic and other organic acids. Naphthenic acid is a
generic term used to identify a mixture of organic acids present in petroleum stocks.
Naphthenic acids can cause corrosion at temperatures ranging from about 65°C (150°F)
to 420°C (790°F). Naphthenic acids are distributed through a wide range of boiling
points (i.e., fractions) in acid containing crudes. The present invention provides a
method for broadly removing such acids, and most desirably from heavier (higher boiling
point) and liquid fractions in which these acids are often concentrated. The naphthenic
acids may be present either alone or in combination with other organic acids, such as
phenols.

Whole crude oils are very complex mixtures in which a large number of
competing reactions may occur. Unexpectedly, the reactions occur although the acid is
dilute in comparison to the large excess of crude and other reactive species typically
present. And desirably the resulting naphthenate salts remain oil soluble and tend to
concentrate in the residua rather than concehtrating in lower boiling point side streams.



Figure 2 shows the corrosion rate for the crude oil versus % napht henic
acid neutralization for Exanple 8. Figure 3 shows the
corfosion rate for a 785-970[err]F (418-521[err]C) crude oil fraction
versus % napht henic acid neutralization for Exanple 9. DETAI LED
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The concentration of acid in the crude oil is typically expressed as an acid

neutralization number or acid number, which is the number of milligrams of KOH
required to neutralize the acidity of one gram of oil. It may be determined according to
ASTM D-664. Typically, the decrease in acid content may be determined by a decrease
in the neutralization number or in the intensity of the carboxyl band in the infrared
spectrum at about 1708 ecm-1. Crude oils with total acid numbers (TAN) of about 1.0
mg KOH/g and lower are considered to be of moderate to low corrosivity (crudes with a
total acid number of 0.2 or less generally are considered to be of low corrosivity).
Crudes with total acid numbers greater than 1.5 are considered corrosive. TAN is
measured by ASTM Method D-664. Acidic crudes having free carboxyl groups may be
effectively treated using the process of the present invention. The IR analysis is
particularly useful in cases in which a decrease in neutralization number is not upon
treatment with the base a sufficient measure of acidity, as has been found to occur upon
treatment with bases weaker than KOH.

The crudes that may be used are any naphthenic acid-containing crude
oils that are liquid or liquefiable at the temperatures at which the present invention is
carried out. As used herein the term whole crudes means unrefined, undistilled crudes.

As used herein the term stoichiometric amount means a sufficient amount
.of metal oxide, hydroxide or hydroxide hydrate on a molar basis to neutralize a mole of
acidic functionality in the crude oil. In moles, in the case of Group IA oxides,
hydroxides and hydroxide hydi'ates the ratio is 1:1 moles of metal to acid functionality;
for Group IIA oxides and hydroxides the ratio is 0.5 to 1 moles of metal to acid
functionality. The terms "above," "greater than" or "in excess of "stoichiometric are
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- 5- The process of the present invention has utility in
processes in which inhibiting or controlling |Iiquid phase corrosion, e.g.,
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The acidic crudes are preferably whole crudes. However, acidic fractions
of whole crudes such as topped crudes and other high boiling point fractions aiso may be
treated. Thus, for example, 500°F (260°C) fractions, 650*°F (343%°C) fractions,

vacuum gas oils, and most desirably 10507°F (565%°C) fractions and topped crudes may
be treated.

1. Oxide, Hydroxide and Hydroxide Hydrate Treatment

In one aspect of the invention the crude is contacted with an effective
amount of a Group IA or Group ITA metal-containiné compound, i.e., alkali metal or ,
alkaline-earth metal oxide, hydroxide or hydroxide hydrate in the presence of an
effective amount of water, which when present may be added or naturally occurring, to
produce a treated crude having a decreased conosivity and acidity. The material is
added as a solid, which also may include a solid-in-liquid slurry, solid-in-water or solid-
in-organic liquid slurry or aqueous suspension. The processes of the present invention
may be used to produce treated crudes having a decreased corrosivity and naphthenic
acid content which either are fully neutralized or partiaﬂy neutralized depending on the
ratio and type of oxide, hydroxide or hydroxide hydrate used to treat the acid crude.
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preferabl y 50[ emojes, 1:dto 10:120F0f GraupQIA fiverengeroai bé Riwey. THicdllylr&tios of Group
150[err] C IIA metal oxide or mixtures, hydroxide or mixtures or hydroxide hydrate or mixtures to

total acid of from 0.025 moles up to 2 stoichiometric amount, or from 0.25 moles to less

than a stoichiometric amount, up to 10:1 moles, but ratios of from 0.5:1 to about 5:1,

and from 1:1 to 0.5:1 also may be used. The addition of smaller amounts (than

stoichiometric) of Group IA or Group IIA metal oxides, hydroxides or hydroxide

hydrates may result in an incomplete (i.e., partial) neutralization of the starting acid

crude. Preferred are CaO and Ca(OH),.

Some crudes themselves contain a sufficient amount of water, others
require water addition to the ranges specified herein. The total amount of water is an
effective amount of from zero to 7 wt% of the crude. The total amount of water for
Group IIA metal containing compounds ranges from at least 0.3 wt% (based on acid-
containing oil), more preferably 0.3 wt% to 7 wt%, but can fall within the following
ranges 0.2-1.5 weight % , 0.3-1.2% and 0.6-1%. When Group IA metal oxides,
hydroxides and hydroxide hydrates are used, they do not require addition of water but
can be used either in the absence or in the presence of water within the specified ranges
for Group ITA. The treatments produce treated crudes having a decreased corrosivity
and reduced acidity that may range from partial neutralization to essential absence of
acidity depending on the treatment. Anhydrous acidic crudes may be treated by
contacting the crude with an effective amount of metal containing compound, selected
from the Group IIA metal oxides, hydroxides, hydroxide hydrates or mixtures of oxides,
hydroxides or hydroxide hydrates in the presence of a corresponding sufficient amount
of water to render the base effective for neutralizing acid. Thus a small amount of water
must be present for the reaction to be effective when Group ITA metal oxides,
hydroxides and hydroxide hydrates a_ré used.



Corrosive, acidic crudes, i.e., those containing naphthenic acids al one or

I n combi nation with other organic acids such as phenols may be treated
according to the present invention. The acidic
crudes are preferably whol e crudes. However, aci d| c fractions of whol e .

crudes such aWo®m82d crudes and ot her high boiling point frBETUSHE360s0
may- be treated. Thus, for exanple, 500[err]F (260[err]C) fractions,

650[err]F (343[err] O fracti ons, vacuum gas oils, and nost desi r abl y
105[err] F (565[err] Q) fractlons and t opped cBudes nmay be treated.
1. Oxide, Hydroxide and dr oxi de drate Treat nment In

one aspect of the inventi foreation fla crude silwaueons . cvsither wateeinaitor ojlein-
amount of a G owateryenniisiéal tends tb irderfie ith CRISMidiht Sparfib 6FIAE cnide @il andl kal |

(e presence”of (A Phatt Bl e oI Sl e Pl T

added or nat ur amndesisshie and |&mmwbrpmbWWEemnmddmngmenbmﬁn§phﬂnemc
decreased corr ogéifichitaining cﬁfdhﬂv&u u-EBﬁs rdc%sses%fi rentidn!
V\hlchalsorraybgclu&fasll |n UI 3?30| |nwater or solrd-
in-organic Iiqu ﬁE‘P W“ farmation. P sanadditionale

present inventi benefit ofthqtranmuaésithe abgencraabstantiall absence ofbntuidicn fongatibn.
decreased corrosivity and napht henic acid content which either are fully

neutralized or partially neutralized dependi ng on the rati o and type of
oxi de, hydroxide or hydroﬂ%é’%?%&{‘@nés@ﬁalt@d@ﬁéwfmes and; hydeoxidg dydrates
WO 97/ 08271 may be purchased commercially or synthesized using known procedures. In solid form,

PCT/ US96/ 13690 they may be in the form of a powder or a composite, sized particle or supported on a
refractory (ceramic) matrix. Typical hydroxides include KOH, NaOH, calcium
hydroxide, lithium hydroxide monohydrate and barium hydroxide octahydrate, while
oxides include calcium oxide, sodium oxide and barium oxide. Preferred are calcium
oxide and hydroxide. Certain of the solids typically occur as crystals of the hydrate.

Reaction times depend on the temperature and nature of the crude to be
treated, its acid content and the amount and type of Group IA or I1A metal oxide,
hydroxide hydrate added, but typically may be carried out for from less than about 1
hour to about 20 hours to produce a product having a decrease in corrosivity and acid
content. The treated crude contains naphthenate saits of the corresponding Group IA or
IIA metal oxide, hydroxide or hyd_roxide hydrate used in treatment.

2. Naphthenic Acid Salt Treatment

In another aspect of the invention to reduce the corrosivity of crude oils,
corrosivity and acidity decrease is achieved by processes that include the direct addition
or the in situ generation of metal carboxylates in corrosive crudes. Metal carboxylates
whose thermodynamic stability is equal to or exceeds the stability of iron carboxylates
are useful in this invention. Preferred metals belong to the alkaline earth class, namely,
Ca, Mg, Ba and Sr.

The starting acid crude oils for naphthenic acid salt treatment have a

water content at least 0.3 wt.%, more preferably, said water content is between 0.3 wt%
and 7 wt%.



7 The Goup A and Il A netal oxide and m xtures or hydroxide and

m Xt ures or hydr oxi de hydrate and m xtures thereof, is added to the acid
contai ning crude in a nolar ratio effectiive to produce a neutralized or
partially neutralized (i.e., non-corrosive) crude oil; neutralization may
be in whol e owgewasz®l as desired. The corrosion reducti on P&RYSHESWase
inacidity i's influenced by the anbunt of oxide, hydroxide or hydroxide
hydrat e added. - Broadly, the range of addition is froma substoichionetric
anount to 10: 1 nol es per nole of acid. Moir®e specifically, it my be added

inaratio of Goup A netal oxide or mxtures, hydroxide or mixtures, or,
hydr oxi de hydrate or mi xt Foedirest additionpthenetd) naplithenatesalt isaddedinan effective| es

per nol e of aci dymdunffp 18511 mbles SFMethit8Acilic functiohiliRpin the &u&@oiﬂ:OSKEciﬁEﬂry
Goup Il A the ran%% 0 .

can be lqwer., Typically ratios,of Gou t al
oxi.deor i xt ur 48 ik 38AecS,Of the hyension B ROy o) 4R G- SEMAIECOmOSVe FUSE B o
to total acid decreasediby@oftaingml stastingracidscantaining, chirosivd eride cihwitinan effective om
0.25 mol es to | amﬂméﬁgémseﬁa&a' miPiohp coRislifl dEGouF UL etab Ut
ratios of from %Wto ou 1 n h?ro %B%p ,0.'%1 al so m e
“used. The addi ti®mhth 284 &H‘Efsé‘ﬁdhﬂhﬂ?ﬂ%ié?%%l%mmﬁﬂ@ pnagen
or Goup |IA netsaltnayibeadded bydiending astarting ueili-contaidng criogeloibtvith aisecond,asethlt i n

an inconplete (i Lal.). ' | . Fnd crude.
Preferred are Ca@%‘%%%‘gg rg ?E?ﬁb?ﬂ%&u%ﬂ (Q;e:ﬁﬂfcrﬁgﬁr}féﬁg?gﬁggﬁt hensel ves
contain a suffi chaphthenate.salts arprmagsdn situ asidisslosed in b o Oxide. Ehydre iHydgexide,
t he ranges speciHydrte!Teéatment” ditkin this sdctionOTiR neafralived erude map be fullglof partialiye

anount of from zgr % of e . t Nol§
Soup 1 1A motal  iialtd Seléndid on Hefo ﬁﬁg‘s‘gﬁ?‘?%ﬂ%@wﬁé@%{%“ tobdlestc o,
acid-  cont ai ni T metals arefaroup hh and Gzeyp Ll netaly axdissussed\proryiopsly. Teeating| |
VC\;t hi nl :[A\he IO: | Ow:hgﬁ conﬂ’aﬂﬂ% effeclivé aﬁxoﬁﬁtihtﬂ'ghp%eél&eﬁmgaﬁ;ﬁkémﬂu@rﬁcﬁ%ﬁy tﬁﬁlen
ou met al oxi de r OXi roxi de .hydr s_ar.e used. the
do ngt require aﬁ'ﬁﬂ"i%% tlﬁ#%?épgglﬁlagﬁ?’ﬁ'g# 15%%5"@8"%%’&%&’ *Tcﬁf‘f'ﬁ%e sz%?%c eyor
in the presence #fid cpntaimingcmude will bedesshani 1.1 males.aHgwever, in practize; ap ampyut ofhe
tr gat rrgnt S S_r ?du{ti%h%!k&%é 84k i§ aa&af $n b%ﬁ@ﬁrﬁﬁﬁﬁﬁﬁﬂl ﬁ{tb_!ers%tﬁéial based taiﬂﬂ‘l-.id
reduced aci di r e frompartial neytr on, to es ia
Lbsence of - ati HtEs HEhe AT A ol il a6 HBieh BRE Bhieh ot
may be treated bgreatecthan dtmeles anddypically ¢o W@:1 molas met#l ae adid eonsens may alse beret al
cont ai ni Ng CONPOYYRM, howRiveS hiihthenkte 94Tt inltRcdst Ofthat! gréduted By inQitls Aéitralization in

hydroxi des, hydr %'t%ﬁﬁn@c%é‘é r?u%y need o f)(et added. %ﬁs%é{dgts ahd corrosivity reduction of the
starting crude may be achieved to the desired degree by altering the ratio of starting
acid-containing crude to naphthenate salt generated by in situ addition, or by direct
addition and/or biending with the second, naphthenate-containing (i.e., neutralized)
crude. The starting acidic crude and the second, naphthenate-containing crude should
have comparable boiling point ranges and characteristics. Thus, for example, an acidic
whole crude should be blended with a naphthenate containing whole crude, a 500°*F
(260°*C) fraction with a corresponding fraction, a 650°*F (343°+C) fraction with a
corresponding fraction, a 1050°*F (565°%C) fraction with a corresponding fraction, a
vacuum gas oil with a corresponding vacuum gas oil, a topped crude with a comparable
topped crude and the like.

Broadly stated when in situ generation is practiced, the process involves
adding a metat oxide or hydroxide to a starting acid-containing crude oil in
substoichiometric amounts to form the corresponding naphthenate. Thus in another
aspect, an alkaline-earth metal oxide, in particular, CaO or calcium hydroxide, is added
in substoichiometric amounts to the crude oil which contains carboxylic acids, in



hydr oxi des or hydroxi de hydrates in the presence of a correspondi ng
sufficient anpunt of water to render the base effective for neutralizing
acid. - Thus a snmall amunt of water nmust be present for the reaction to be

effective when Goup Il A netal oxides, hydr oxi des and hydr oxi de hydrates
are used. WO 9Y632917 / 08271 _ ~ PCT/US96/13690
PCTY US96/ 13690 : 8

The formation of a crude oil-aqueous (i.e. either water-in-oil or oil-in-
water) enulsion tends to interfere with thel®fficient separation of the
crude oil and wat er - phases and thus with recovery of the treated crude

oi | . Emul sion f cpanticulags,naphthenic acidicBy thithisoneantithat lpssrGaiCror calciupr Inidraxidetifiat is

encountered dur Imeaﬂﬂﬂhg@ﬁa“pﬁmflmhg g acid-containing crudes wth
agueous bases. The processes of the present |nvent|on can be carried out

in the essential absence of enulsion formation. Thus, an additional
benefit of the treatmnent i\lﬂnl&mtammgcebabomﬂtwta@ahioﬂlarﬁ:ba@nﬁﬁuéﬁev@&uh@ on

f i on. des-
and hydr oxi de h Cg?%‘?““’“‘“mc“ﬁ?%ﬁ‘@ﬂg“sd@@‘? st ) Pl 1 myﬁf‘ nedizgion”°°
usi ng’ known pro B%Mh%qd& ﬁné (%), suppressipaof k) in|semaining anidsibyrthe esfimmon

powder or a conyioneffect. Cazeudtsipreferestiatly Vith st hashtihicacids. refractory
(ceramic) matrix. Typical hydroxides include KOH  NaOH calcium

hydr oxi de, |ithium hydroxi de nmonohydrate and bari um hydroxi de oct ahydrate,
whi | e oxi des i ncl ude cakhsibypathesisdes, Caeffiction corrasionasgivenchelown oxi de.
Preferred are cal cium oxi de and hydroxide. Certain of the soI I ds
typically occur as crystal f the.h action
times depend on the, tenper ’3&‘3‘?’@5%@@'{’3'@"?}1“"?% qgtpgawéerlfgtbgcorros:on
_ reaction:
" FeO +2H* — Fe™ + Hy
The CaO reaction with naphthenic acid requires and also prodhces Hy0
according to o
Ca0 +2RCOO-H — (RCO0),-Ca + H20.
Then with some H>O present, weakly ionized naphthenic acids are a H
source according to

RCOO-H — HY + RCOO-

The Ca naphthenates form additional naphthenate ions (next equation) to
shift the acid equilibrium to the left, dlmxmshmg the H* concentration by the common
ion effect.

(RCOO)2-Ca — (RCOO)-Cat + RCOO- - Catt + 2RCOO-

This results in a disproportionate H* concentration decrease if the salt
dissociation is greater than acid dissociation.

Beneficially, emulsion formation can be reduced or essentially absent in the
foregoing treatments. -



treated, its acid content and the ampunt and type of Group IA or IlA netal

oxi de, hydr oxi de hydrate added, but typically nmay be carried out for
from |l ess than about | hour to about 20 hours to produce a product
havi ng ‘a decrease in corrosivity and acid content. The treated crude
cont ai ns naphighpemeiyisal ts of the correspondi ng G oup | A or PCTAUBY%/18€90al
oxide,. hydroxi de or hydroxi de hydrate used in treatnent. 2.
Napht heni ¢ Acid Salt Treatnent I n anot her aspect of the
i nvention to reduce the corrosivity of crude oils, corrosivity and

acidity decrease is achieved by processes fiat include the direct addition
or the in situ generation of netal carboxylates in corrosive crudes. Metal

car boxyl at es whose t hﬂpﬁ?ﬂ!&ﬁi‘%&mﬁ%ﬁ‘@ h+ X‘f“lr?%‘ﬁi%g@l”h“% en%ﬁfeds t he

stability of iragn carboxylat’es are us 'nventi on. eferred
met al 8 bel ong t llowing pop-limitieg examplesc| ass, nanel vy, Ca, My, Ba and Sr.
The starting acid crude oils for naphthenic acid salt treatnent have a

wat er cont ent a/M@g% 0.3 Wm.% nore preferably said water content is
bet.ween 0.3 wt % 7 wt % WD 97/ 08271
PCT/ US96/ 13690 -
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For direct additi pn, t he ml%hctMQB 415108W8s SFI0Lml, g.u@d(%ﬂ_js Vésdl! pB&PMtl{e

gin})%] ntspgfc i ]lcj Ip c ;F F';"&' and l'e%sux %Im enge%l Gﬁg(y)ph%r(x: Icr?xldg (IfSH ré?,th'a%}&‘ altctxt\él écri]d :tlunﬁ)elg {)P IF I%g
KOH/g, were put into the reactor. 150 g of Gryphon contain 10.7 milliequivalents of
acids. 300 mg of calcium oxide, corresponding to 5.35 millimoles or 10.7 milliequivalents,
were added. Then the mixture was brought to 100°C and stirred for 7 hours. Infrared
examination showed no change in the bands at 1708 cm~! and 1760 cm*1, corresponding
to the dimeric and monomeric forms of the acid, as compared to untreated Gryphon. 1.5
ml of water was added. After 30 minutes, infrared examination showed that the bands at
1708 and 1760 cm-1 had disappeared, i.e. the acids were neutralized.

Example 2

The reaction apparatus was the same as in Example 1. 50 g of Heidrun
crude, having a total acid number of 2.8 mg KOH/g, were put into the reactor. 50 g of
Heidrun contain 2.5 milliequivalents of acids. 70 mg of calcium oxide, corresponding to
1.25 millimoles or 2.5 milliequivalents, were added. Then the mixture was stirred at 100
°C for 7 hours. Infrared examination showed no change in the intensity of the bands at
1708 and 1760 cm-1, corresponding to the dimeric and monomeric forms of the acids,
as compared to untreated Heidrun. 0.5 ml of water was added and the mixture was
stirred at 100°C for 30 minutes. Infrared examination showed that the bands at 1708
and 1760 cm1 had disappeared, i.e. the acids had been neutralized.

Example 3

The reaction apparatus was a 300-ml glass reactor, equipped with stirrer,
Dean-Stark trap and reflux condenser. 200 ml of San Joaquin Valley crude, having a
total acid number of 4.2 mg KOH/g, were put into the reactor and heated at 120°C until
no more water condensed in the Dean-Stark trap, which took about 4 hours. 100 g of
the anhydrous San Joaquin Valley crude so obtained were put into the reactor used in
. Example 1. 100 g of San Joaquin Valley crude contain 7.5 milliequivalents of acids.



in this aspect of the invention the corrosivity of an acid-contai ning,

corrosive crude is decreased by contacting a starting acid-containing,
corrosive crude oil with an effective amount of a naphthenate salt
sel ected from the group consisting of Goup IlA netal napht henate full

and parti al 'sawbo7/®0ach as hal f sal ts) Addi tional ly, the netPOTAUSR@AsHENat e
salt may be added by blending a starting-acid-containing crude oil with a

second, netal napht henat e-cont ai ning crude-oil or fraction ("treating
cr ude oil"™). The netal napht henate salts d2e made in situ as disclosed
in "1. Oxide, Hydroxide and - -Hydroxide Hydrate Treatnment” and in this

section. The neu?}odWB?GEFl‘?!WE@@dW“B%PWQWSW 35 pillimples o5, 7.5 millipguivalests, wege
dtependi nghon t[leadaawﬂrefcnmx fl}&lﬂ\gnﬂﬂhﬁﬁasfsﬁﬂﬁd?tqmmfoﬁ%ﬁd wd edduce

i . e neta u n 0 a i S ed
previously. Tr eaWO%lgorvﬁ’g c@w Wﬁ’ﬁ'b#ﬁa@ ?‘32°§H5’37%6

napht henat e sal t cefresponsing, tothe dipegeandoadriomerip forms ofthnuad.sasmpareﬁm rati o of
met al napht henatwamnuaﬁammefem@ tl%ﬁff"vﬁtér'%a&h@deat Alet ff¥ring at 1009C d

cont ai ni ng crude_w t.han” 1:

arount o © < haffehatiies Bl Sagion Pawd st s Lot D5 s
mol es of nmet al b&muwﬁumlabwumgnmnubnnmnmf&RHMH& starting acidic crude nmor e
typically 0.25 to 1:1 noles is used. Ratios of greater than 1:1 nol es
and typically toﬁlo % gnles metal to acid content may al so be “used,
however, naphthe I n excess of that produced by in situ
neutralization in the treating crude may need to be added. Thus acidity

and corrosivity reduction equﬁ;@
desired degree b er.i ngﬁqhe ratllt’jpaﬁit Stgé‘:?ﬁ“dgﬁ;ﬁﬁ;;ﬁ@&% al \ré'?tﬂg cr Ud
to napht henat e sé@“é raflux; Gondenser. 200 (of Belobp 2/4, having atetal acid number
addi ti on and/ or bf&nchgigowg, wmtmsmewmameaata-lsmuﬂmhﬂmoﬂ witer

tral d
napht henat e cont SoMdUd 8 DRABSIHE fai il fodkd ol Al " foos G008 e
ranges and char aBplobp2{4 Wbtanﬂﬂswef?wt‘Etﬁéh‘bﬁé‘efaﬂ?“ﬁéﬁufreémﬁxa c1€¢ gak

shoul d be bl endeBolubb 2/4contdirn1 416 milliqualthtdioffaéids. M10Ing sicidiam axide)O[ err] F
(2600er] Q) 1 rackhpiplidih @ s f@ﬁ.ﬁﬁﬁ@w {2 i BRrs S RLEE Ko bt Sl O

fraction with a &p raction 5[err
fraction with a SUred800& fog4 P'é!'é{ infrpred.examinatiof showed;aa change wthq]mg.nslty of
correspondi ng vatheiandsas 1808 and21 760 pmel cofresponding o the dinrticdmithenomeric fomped

crude and the |ilgh oo c?wgared to untreated Boﬁ{bgaﬁ% y 1%%&'@&4@9&&@«1 FIIKIHI

generation is practl acids, ps € Fde o
hydroxide to a sMi¥HIeTAstiTed %tdrqpaﬁ fﬂfﬁB nipgtese Ipfrared pxamination showedithatitheret ri c

amounts to form bigsapI7083pANU60gnT dal disamrared, showinginsutailigdtidfrof the acidaspect ,
an al kaline-earth netal oxide, in particular, CaO or. calcium hydroxide, is

added
Example S (Comparative)

This example is for comparison, i.e. to show that alkali metal hydroxides
do not require water addition in order to react with the acids of a dry crude. The
reaction apparatus was the same as in Example 1. 100 g of Gryphon crude, having a
total acid number of 4 mg KOH/g, were put into the reactor. 100 g of Gryphon contain
7.14 milliequivalents of acids. 286 mg of sodium hydroxide, corresponding to 7.14
milliequivalents, were added. Then the mixture was heated at 100°C for 3 hours.
Infrared examination showed that the peaks at 1708 and 1760 cm™1, corresponding to
the dimeric and monomeric forms of the acids, had virtually disappeared, indicating
essentially complete neutralization.



I n substoichionetric anounts to the crude oil which contains carboxylic
acids, in WO 97/ 08271 :

PCTT US96/ 13690 - . 10
particul ar, naphthenic acid. By this, is neant that |ess CaO_qr. cal cium
hydroxi de i s ‘WOMSH than needed to fully neutralize the acFGEUSI/13690
While not wishing to be bound by a particular theory, it is believed that
subst 6i chionetric Ca addition may suppress corrosion two ways (1) initial
neutralization of sonme naphthenic acids, and (2) suppression of Herr]
I n remai ning aci ds by the common ion efffect. Ca reacts preferentially
w th stronger naphthenic acids. : The hypot hesis for Ca
ef fect on corrosExample6 (Comparitiviep . The hydrogen ion
(Herr]) is believed as one driver for the corrosion reaction:

Fe[err] + 2Herr] -> Fe++ + H2 ) . . _The CaOreaction with
napht heni c aci d requires aHus aampleis &aceraparispy,ise tp showhat glkali metaj gxides do
" not require water addition to react with the acids of a dry crude. The reaction

. apparatus was the same as in Example 1. 100 g of Gryphon crude were put into the
reactor. Then 221 mg of sodium oxide, corresponding to 3.57 millimoles or 7.14
milliequivalents, were added. The mixture was heated at 100°C for 2 hours. Infrared
examination showed that the peaks at 1708 and 1760 cm1, corresponding to the
dimeric and monomeric forms of the acids, had virtually disappeared, indicating
essentially complete neutralization.

Example 7

250 gms. of crude oil having a high naphthenic acid (total acid number =
8 mg KOH per gm of oil) content were placed in a corrosion testing autoclave. The
corrosion rate of carbon steel in the crude oil was measured at a temperature of 600°F
(316°C) and gave a value of ~ 125 mils per year (mpy). The crude contained a calcium
concentration of ~ 150 ppm. Then, to a fresh batch of 250 gms. of the same crude oil,
calcium naphthenate was added so that the calcium content in the mixture chan'ged' toa
value of 190 ppm. The corrosion rate of carbon steel was remeasured in this mixture.
As shown in Figure 1, the corrosion rate was found to be a factor of 2.5 lower. The
disproportionate decrease in corrosion rate is attributed to corrosion inhibition by the Ca
naphthenates,

Example 8

The naphthenic acid content in the starting high TAN crude described in
Example 1 was fully neutralized by treatment with a stoichiometric amount of CaO at a
temperature of 210°F (98.9°C). The virgin high TAN crude was then mixed with the
fully neutralized crude in weight ratios of 9:1 and 7:3, respectively. The corrosion rate
of carbon steel in the two blends was measured at a temperature of 600°F (316°C). The
results are shown as the black bars in Figure 2. The corrosivity of the 9;1 blend (10%
neutralized) is a factor of 6 lower when compared to the virgin crude and that of the 7:3
blend (30% neutralized) is a factor of 50 lower. Had only neutralization occurred
without synergistic corrosion inhibition, a linear decrease in corrosion rate, proportional



CaO + 2RCOO-H - (RCOO[err]-Ca + Herr]O. Then with sone

H20 present, weakly ionized naphthenic acids are a Herr] source
according to .RCOO-H -> Herr] + RCOJ err]

The Ca .napht henates form additi onal napht henate ions (next equation; to
shift the aci dwWe®pG0837bri umto the left, dimnishing the H+ ¢ n by
t he” conmon ion effect. - (RCOO)[err]-Ca -> '
(RCOO) -Ca[err] + RCOOJ err] -> Calerr] + 2 err] Thi s

results in a disproportionate H+ concentration decrease if the sal t

di ssociation is reater t han acjd .di ssocj.ation.
Beneficially, e %%'FB“PE%"HE‘ l@&ﬁt“é@‘@@%ﬂbﬂ’?*’%@hﬁ“%

t he f oregoi ng Flgtm.nmmgerdecreasem\fﬁaﬁi-éd)&ﬁ%hon rates is further evidence of
PCT/ US96/ 13690 corrasion inhibition by metal carboxylates formed during neutralization. 11

Example 9

: This is similar in concept to Example 8 except that a 785-970°F (418-521°C)
distillate fraction obtained from Gryphon crude was used as the starting material. Again, .
corrosion tests were performed at 600°F (316°C) with separate fractions of this sample
neutralized at 10, 30, and 50% with CaO. Here, up to an 80% reduction in corrosion rate at
50% neutralization was measured (black bars in Figure 3), with each measurement
exceeding the hypothetical (shaded bars) results if corrosion reduction were proportional to
the degree of neutralization. o

. Example 10

The reaction apparatus was a flask, equipped with mechanical stirrer and
reflux condenser, immersed in an oil bath.- 50 g of San Joaquim Valley crude, having a
neutralization number of 4.17 mg KOH/g, and 208 mg of finely ground potassium
hydroxide were put into the flask. The oil bath temperature was increased to 100°C and
kept there for 5 hours, with vigorous agitation of the flask content. After cooling, solids
‘were separated by centrifugation. The crude was analyzed and found to have a
neutralization number of 1.09 mg KOH/g.

Example 11

The reaction apparatus was the same as that used in Example 10. 50 g of
San Joaquim Valley crude and 150 mg of finely ground sodium hydroxide were put into
the flask. The oil bath was brought to 100°C and kept there for 6 hours with intensive
agitation of the flask content. After cooling, solids are separated by centrifugation. The
treated crude had a neutralization number of 1.02 mg KOH/g.

Example 12

The reaction apparatus was the same as described in Example 1'0. 50 g'of_
San Joaquim Valley crude and 300 mg of finely ground sodium hydroxide were put into

. This Sheet Has Been Replaced




The present invention may be denonstrated with reference to the fol |l ow ng
non-limting exanples. Exanple 1 The reaction
apparatus was a 200-m, fluted gl ass vessel, equipped with stirrer and
refl ux condenser. G yphon crude (150 g), having a total acid nunber of 4 ny
KOH g, were pweoéomusgrit he reactor. 150 g of Gyphon contain 1@®CTAUS96/13690

m | 1iequival ents of acids. 300 ng of cal cium oxide, corresponding to 5.35
mllimles or '10.7 mlliequival ents, wer e added. Then the m xture was
brought to 100C and stirred for 7 hours. |nflPared exam nati on showed no
change in the bands at 1708 cnferr] and 1760 cnfierr], corresponding to
the di nmeric and thefieskeTheoil bathwvas bravight tadi00PC axl kephtheredar 8 boursytwhilat ed

G yphon. 1.5 %ﬁﬁ, f cg’&ig ' i

exani nati on shomrvlégg?,&% {t ag%g%;égt enﬁl% an El%gg‘zlﬁﬁéesrgéi Eagy
di sappear ed, i . & ‘E‘h’&‘%ﬁ- (feuderhad a neralization numperof0.39 mg KOH/g.

The reaction apparatus was the sane as in Exanple 1. 50 g of Heidrun
crude,, having aﬂﬁaﬁé&cid nunber of 2.8 ng KOH g, were put into the
reactor. 50 g of drun contain 2.5 mlliequivalents of acids. 70 ng of
cal ci um oxi de, corresponding to 1.25 millinoles or 2.5 mlliequival ents,

were added. Tﬂen t he ni Xfhé'reaction a ﬂritﬁ@ﬁas&heﬂ&ﬁfasde@n’&@din@ﬂ%ﬁwesloi I?f»g foR gd
exam nation sho n,t iRt en of t ands, at. n
7760, caterr] oo B VRS, estic el 1l 3 oy By TR PR HsBhide mptoifirlé
aci ds, as cormrae put into theflaska The ollibathirveas headedtoniO0YE andbkept theessfor Hieuts,and
the m x: ure Wﬁs with iﬁ%hfif%iﬁ%ﬂ@ﬂh@gﬁ%@aﬁﬁﬁt ?pﬁiegb%néag,ssoﬁhmwsﬁ&medhy
exanm nation sho . nds, a nd. c

di sappeared, i. @%ﬂ'd?"ﬁ&ﬁgﬁ%‘éwdﬁé{f”r %ﬁ“?’;lgﬂt.m“ ““mlﬁn%ﬁ{rﬁh “T?a‘gomg

The reaction apparatus was a 300-m gl ass reactor, equipped with stirrer,
Dean-Stark trap %_ﬂﬂg[%_@ ux condenser. 200 ml of San Joaquin Valley crude,
havi ng a total acid nunber of 4.2 ng KOH g, were put into the reactor

and heated at 120[err]C until no nore water condensed in the Dean-Stark
trap, which took about 4Thegeaction apparajuoivas the same as described in Example 10. 50 g of

San Joaquim Valley crude and 580 mg of barium hydroxide octahydrate were put into
the flask. The oil bath was heated to 100°C and kept there for 6 hours, while vigorously
stirring the flask contents. After cooling, solids were separated by centrifugation. The
treated crude had a neutralization number of 1.37 mg KOH/g, which corresponds to
31% of the original acidity still being present. However, examination by infrared
spectroscopy showed that the band at 1708 cm~1, corresponding to the carboxyl group,
had an intensity which was only 12% of that of the untreated crude.

Example 15

The reaction apparatus was a flask equipped with stirrer and reflux
condenser, immersed in an oil bath. 50 g of San Joaquim Valley crude, having a
neutralization number of 4.17 mg KOH/g, and 0.566 g of barium oxide were put into the
flask. The oil bath temperature was brought to 100°C and kept there for 6 hours. After
cooling, the solids were separated by centrifugation. The treated crude was analyzed
and found to have a neutralization number of 0.24 mg KOH/g.

Example 16

The reaction apparatus is the same as in Example 15. 50 g of the same
crude used in Example 15 and 0.23 g of sodium oxide were put into the flask. The oil

This Sheet Has Been Rerlaced I




t he anhydrous San Joaquin Valley crude so obtained were put into the
reactor used in Exanple 1. 100 g of San Joaquin Valley crude contain 7.5
m |4 jequival ents of acids. - WO 97/ 08271 _

PCT/ US96/ 13690 - 12

210 ng of cal wiosmeende, corresponding to 3.75 nmillinoles orPGI/AES6/13690

m IFl i equi val ents, were added to the crude. Then the m xture was stirred
at 100[err]C for 5 hours. Infrared exam Rgti on. showed no change in
intensity of the bands at 1708 and 1760 cnierr], corresponding to the

di mreric and rmnorrerlc forms of the acid, as corrpared to . untreated San .
Joaqui-n Val |l ey bathoeas t%wﬂvﬁmkmaﬂwmgéhowwﬁers@h&ﬁ& wid e[ err]C
for 30 minutes, sepudted mm&&%ahhﬁebaﬁdiﬁuﬂﬂtdmaﬁnd 1760

cnferr] had raI i zation of the acids.
Exanpl e 4 mg%&%fﬁgw“ ﬂ' apparatus was a 300-n gl ass

vessel , equi pped with stirrer, Dean Stark trap and reflux condenser. 200

g of Bol obo 2/4,5@%1'%?_9 a total acid nunber of 8.2 ng KOH g, were put
into the reactor an eated at 150[err]C until no nore water condensed

in the Dean-Stark trap. That took about 4 hours. 100 g of anhydrous
Bol obo 2/ 4 so obtained VEheesotion appamatisivas tirnsame s thatdeseribed SreBxamplEtain§0 g 1.

100 g of Bol QpRarf A‘aspo mjaée ﬁuflgdd .hgpw.: @h&ﬂf:@&g&a@s&ﬁ@mﬂ efhu !

cal ci.um oxi de, cor I equj val'ent s,
wer e added. Theiﬁ‘FP bathwasheatedto 100°C andkeptt or8hoursqwh1e

vigorously stxmng the flask content. After cooling, solids were separated by
centrifugation. The treated crude had a neutralization number of 3.20 mg KOH/g. That
corresponded to 76% of the original acidity. However, examination by infrared
spectroscopy showed that the band at 1708 cm~!, corresponding to the carboxyl group,
had an intensity which was only 36% of that of the untreated crude.

Example 18

The reaction apparatus was the same as in Example 10. 175 g of Bolobo
2/4 crude having a neutralization number of 8.2 mg KOH/g and 3.9 g of barium oxide
were put into the reactor. The bath oil temperature was brought to 100°C and the
reactor contents were stirred for-8 hours. After cooling, solids were separated by
centrifugation. The oil had a neutralization number of 1.08 mg KOH/g.

Example 19

The reaction apparatus was the same as in Example 10. 50 g of the same
crude used in Example 10 and 1.04 g of calcium oxide were put into the reactor. The
oil bath was heated to 100°C and kept there for 8 hours. After cooling, solids were
separated by centrifugation. The treated crude had a neutralization number of 3.4 mg
KOH/g. That corresponded to 81% of the original acidity still being present. However,
examination by infrared spectroscopy showed that the band at 1708 cm-1,
corresponding to the carboxyl group, had an intensity which was only 30% of that of the
untreated crude. '
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stirred at 100[err]C for 4 hours. Infrared exam nati on showed no change in

the intensity of the bands at 1708 and 1760 cnferr], corresponding to
the~di neric and nononeric fornms of the acids, as conpared to untreated
Bolobo 2/4. 1 m of water was added and the m xture was stirred at

100[err] C for WOP&RA es. Infrared exanm nation showed that tHRCT/USHIIAL at
1708 and 1760 cnierr] had di sappeared, showi ng neutralization of the acids.

Exanpl e 5 (Conparative) 1¥his example is for conparison,
i.e. to show that al kali netal hydroxides do not require water addition
in order to react, wth_the acids of a dry crude. The reacti on apparatus
was the sane as Mﬁ-@bl e 1. 100 g of Gryphon crude, having a t ot al )

acid nunber of 4 ng KOH g, were put into the reactor. 100 g of G yphon

contain 7.14 mlliequp Pbtﬂrﬂ@fsi . | 44 '

correSponding to 7.14 "Tﬁ?ﬁﬂ%%alxa erﬁf“%&é%@ﬁ%@?@%@n@ tre
was heated at 106Mdpused in 3@9‘?6 2ed 2.08 g of galemenxide,mere pukintsthesteastery Theat
the peaks at 1709ilbah wasdRatedie100PC and kept shepeifor 6houss. After tostingli sokids werand

O, S e i G i i 5.

PCT/ US96/ 13690 KOH/g, corresponding to 55% of the original acidity still being present.1 However,

Exanpl e 6 (Conpalkegdmisistion by infrared spectrosccépy showéd'thiat hedaRd & 1768 &mtl, conpari son,

I.e. to show thateal ol &ndRi @b c%é:gy?groug, had an intensity which was only 9% of that of the
untreated crude.

Example 21

The reaction apparatus was the same as in Example 10. 50 g of Bolobo 2/4
crude, having a neutralization number of 8.2 mg KOH/g, and 0.42 g of calcium oxide
were put into the reactor. The oil bath was brought to 100°C and kept there for 7
hours. After cooling, solids were separated by centrifugation. The treated crude had a
neutralization number of 5.9 mg KOH/g, corresponding to 72% of the original acidity
still being present. However, examination by infrared spectroscopy showed that the
band at 1708 cm-1, corresponding to the carboxyl group, had virtually disappeared.

Example 22

The reaction apparatus was a glass column of 1 cm internal diameter and 37
cm height, filled with 100 g of barium oxide and heated to about 120°C. 96.2 g of
Bolobo 2/4 crude, having a neutralization number of 8.2 mg KOH/g, were passed
through the column. The crude so treated had a neutralization number of 1.7 mg
KOH/g, corresponding to 24% of the original acidity still being present. However,
examination by infrared spectroscopy showed that the band at 1708 cm-1,
corresponding to the carboxyl group, had an intensity which was only 5% of that of the
untreated crude.

Example 23

. The reaction apparatus was a 200 ml flask, equipped with stirrer and reflux
condenser. 100 g of a North Sea Blend, having a neutralization number of 2.1 mg



not require water addition to react with the acids of a dry crude. The
reaction apparatus was the sane as in Exanple 1. 100 g of G yphon crude
were put into the reactor.- Then 221 ng of sodi um oxi de, correspondi ng
to 3.57 mllinoles or 7.14 miliequival ents, were added. The m xture
was heat ed at wO®Ofemy] C for 2 hours. Infrared exam nat i oRCERISHEF6WN at
the peaks at 1708 and 1760 cnferr], corresponding to the di meric and
nmononeric forns of the acids, had virtuall Edl sappeared, indicating
essentially conplete neutral i zati on. anple 7 250 _
gns. of crude oi] hawgg a high na ht henic acid (total ,acid nunber = )
ng KOH per gm ofK of Fratergad & bm@@@ﬂ%a%%%ﬁ%‘&%@%ﬁ%?dave
The COrr osi Oit loa‘twfoes hoassh Giifrfrédelaminatibhshowed tifat dhe'bandst 1708smrled at a

t enperature of onding 33 fileartlo%ey [M AddAArtaally Alshifpeafeder 1 125 m|'s per

year (npy). The crude contained a ta concentratl on of [err] 150
ppimn Then, to-a fresh batch of 250 gns. of the sane crude oil, cal ci um
napht henat e was EW that the calciumcontent in the mxture changed to
a . val ue of 1 ppm  The corrosion rate of carbon steel was reneasured
inthis mxture. As shown in Figure 1, the corrosion rate was found to
be a factor of 2.5 Iower'l‘heTieecttonapﬂarﬂuswpmwwaskmqompukmthmmmd)sﬂm

rate is attri but@&,daﬁepqorg)&molgw Hvﬁ%a%ﬁ-ﬁ{i fch numbef'GEEY

Exanpl e 8 nlcaC| tent Iint t
O TAN or ude. GUBTB BLRagIgsium ol RS Bt g st TSGR 593 s

treatnent wth afosdiotsi hﬁmredmmuﬁshufwe&aﬁtﬂieband at 1708 opeh: &?‘iﬁ?sEm@F“Sm
210[err] F (98. 9| thelchrbpxyl ghompyhddvittudily gilappeitedr ude was then nixed with the
fully neutralized crude 1n weight ratios of 9:1 and 7:3, respectively. The
corrosion rate of carbon steel in the two bl ends was neasured at a
tenperature of 600[err]F (316[err]C). The results are shown as the

bl ack bars in Figure 2. The corrosivity of the 9:1 blend (10%
neutralized) is a factor of 6 | ower when conpared to the virgin crude and
that of the 7:3 . bl end (30% neutralized) is a factor of 50 | ower. Had
only neutralization occurred W t hout synergistic corrosion inhibition,
a linear decrease in corrosion rate, proportional



-14- to the degree of neutralization, would have resulted as illustrated
by the shaded bars in Figure 2. The | arger decrease in neasured corrosion
rates is further evidence of corrosion inhibition by netal carboxylates
formed during neutralization. Exanple 9 This is simlar
in concept to Woswp$18 except that a 785-970[err] F (418- 521 RETYIIH/13690
distillate fraction obtained from G yphon crude was used as the starting
material. Again, corrosion tests were perfegned a 10
with separate fractions of this sanple neutralized %vvith
CaO Here, up to_an_80% reduction in corrosion rat Mﬁmm ation
was neasured (bl ELAMS: s in Fi gure 3), with each ng the
hypot heti cal (shaded bars) results if corrosion reduction were proportional

to the degree of neutralizatijon {eaction
appardtus was a fl ask, equ p%mdttﬁxﬁﬁ%ﬁmgﬁl“"???‘\"ﬂe‘?“&ﬁﬂ"’r"@?ﬂw
condenser, |mrerm coudeotdmpsising: 50 g of San Joaquin Val l ey crude,

havi ng a neutral i zati on nunber of 4.17 ng KOH g, and 208 ng of finely

ground pot assi um hydr oxi de r ut into.,the fJ ask. The oil th .

tenperat ure was i.ncreased # Ftastiag acy ntaining corrosive crude oif with an effective
amount of a Group IIA metal naphthenate salt to produce a treated crude oil having
decreased corrosivity.

2. The method of claim 1 wherein the effective amount of naphthenate
salt is from greater than zero to 5:1 moles per mole of acidic functionality in the crude oil
and the corresponding effective amount of water is from above zero to 7 wt% of the total
acid-containing, corrosive crude oil.

3. The method of claim 2 wherein the metal is selected from magnesium
and calcium. '

4. The method of claim 2 wherein the effective amount of naphthenate
salt is from 0.025:1 to less than 0.5:1 moles based on acid content of starting oil.

S. The method of claim 2 wherein the effective amount of naphthenate
salt is from 1:1 to 5:1 moles based on acid content of starting oil.

6. The method of claim 2 wherein the effective amount of water is at least
0.3 wt% based on total acid-containing oil.

7. The method of claim 2 wherein the effective amount of water is from
0.3 to 7 wt% based on total acid-containing oil.

8. The method of claim 1 wherein the crude oil is an acid-containing,
corrosive whole crude.

9. The method of claim | wherein the crude oil is an acid-¢ontaining,
corrosive crude fraction.



kept there for 5 hours, with vigorous agitation of the flask content. After
cooling, solids were separated by centrifugation. The crude was anal yzed
and- found to have a neutralization ﬂmllu“"ﬂuﬁr“m KCH g. Exanple 11°
The reaction apparatus was the sarre Exanpl e 10. 50 g of

San Joaqui n Va¥Oemeszmude and 150 ng Jdf finkl y" griourid sodi um RGHPSIIE0 vwer e
put- into the flask. The oil bath was brought to 100[err]C and kept there
for 6 hours with intensive agitation of %@e-flask content. After cooling,

T

solids are separated by centrifugation treat ed cr ude had a
neutralization nunber of 1,02 nyg

The
reacti on apparatus was tht s'&%ﬂ%b%e&!wnﬂe hqrﬁnéss&ﬁﬂe@ﬂmc@éega@m San
Joaqui n Val | ey havifiga bollingZptintiof 666F (343CYr ound sodi um hydr oxi de were put
into -15 - t he fl ask.
The oil bath was brought to 100[err] C and ke t there for 8 hours, while
vigorously stirring the flhsKhesoethehof claimt lew: mthemg;desdllsdgude&ectmmr at ed

by centrifugati Mbgoméaﬁ&ﬁ%fqbgwr(gggﬁcyeut ralization nunber of 0.39 ny
KOH g.

12. The method of claim 1 wherein the crude oil is a vacuum ga§ oil.
13. The method of claim 1 w;vhereiri the crude oil is a topped crude.

. 14. The method of claim 1 wherein the acid-containing crude oil is a
_ naphthenic acid-containing, corrosive crude oil.

15. The method of claim 1 wherein the acid-containing, corrosive crude
oil has a neutralization number of from 0.2 to 10 mg KOH/g.

16. A method for decreasing the corrosivity of an acid-containing,
corrosive crude, comprising:

blending a starting acid-containing, corrosive crude with an effective
amount of a second metal naphthenate-containing crude wherein the metal naphthenates
are selected from Group IA and IIA to produce a final, treated crude oil havmg a
decreased co:rosmty

17. The method of claim 16 wherein the metal naphthenate is selected
from calcium and magnesium naphthenates.

18. The method of claim 16 wherein the metal naphthenate is from
greater than zero to 10:1 moles of metal based on acid content of the starting, acid-
containing crude oil.

19. The method of claim 16 wherein the metal naphthenate is from 0.025
to 1:1 moles of metal based on acid content of the starting, acid-containing crude oil.

20. The method of claim 16 wherein the metal naphthenate is from 0.25
to 1:1 moles of metal based on acid content of starting, acid-containing crude oil.



Exanpl e 13 The reaction apparatus was the sane as descri bed
in Exanpl e 10. 50 g of San Joaquin \@LL&}LQMWQ of finely ground
| it hi um hydr oxi de nonohydrate were put into the flask he oil bath was
heated to 100[err] C and kept there fommlm nt ensi ve agitation of
the flask contwogusaft er cooling, sol "aﬂmm, Hd by c®EINSPEILIE0 on.
The treated crude had a neutralization”nufrber df ng KOH g. Exanple 14
The reaction apparatus was the sanme as descri bed |n Exanpl e 10. 50 g of San
Joaquin Valley crude and 580 ny of barium®ydroxide octahydrate were put

into the flask. The oil bath was heated to 100[err]C and kept there for 6
hours, while vigorously stirring the flask contents. After cooling, solids i

were separated by centri fumamﬂethwefa&ﬂﬁmdh&aﬂ%éaééngacrn&‘é'&nrﬁid'sé

nurrber of 1.37 h corresponds to 31% of the ori ginal |ty
still *being pr ers%"‘{ég;%-lo\/\%le eséxam nation by infrar ed spectroscopy shovved

that the band at 1708 cni err] corresponding to the car boxyl group, had an

i ntensity which was only iﬂV%Embihaaopéxmmw :ﬁﬁ{ees@arﬁﬁ onlzﬁa%% g 1°
The reaction appar tus Spa gl 3’8 gnlﬁ‘n stirrer an
condenser, i mmer m“’ﬂgﬁ’r‘l"‘g "@E@g&" oHing poigt fan8S¥al | ey cr ude,
having a neutrali zatl on nunber of 4.17 ng KOH g, and 0.566 g of barium
oxi de were put into the §§F t.0
100[ err] C and ke t here ?k é ﬁm‘?g%ﬂ?@ﬁdﬂhﬁ %eaﬁﬂfr%;%&?gg&%m@&é‘d
separ at ed by cerﬁ‘?"‘f f’%ﬁ““?ﬂ%h’cvf‘@étwn&m@@ 437%e)- and found to
have a neutralization nunber of 0.24 ng KOH g. Exarrpl e 16

24. The method of claim 16 wherein the starting crude oil and second

crude are crude fractions having a boiling point of 1050*°F (565%°C).

25. The method of claim. 16 wherein starting crude oil and second crude
are topped crudes.

26. The method of claim 16 wherein the acid-containing crude oil is a
naphthenic acid-containing, corrosive crude oil.

27. The method of claim 16 wherein the starting acid-containing,
corrosive crude oil has a neutralization number of from 0.2 to 10 mg KOH/g,

28. The method of claim 1 or 16 wherein the metal naphthenate is a full
or half salt.



The reaction apparatus is the sane as in Exanple 15. 50 g of the sane

crude used in Exanple 15 and 0.23 ¢ of sodium oxide were put into the
flask. The oil - 16-. bath
was heated to 100[err]C and kept there for 6 hours.

Af ter ' ophe
. : . 6!
solid was s%rat ﬁ by centrifugation. The treated crude \Aggp’g%%%zed and
found to ha U asurably | ow neutralization nunber. Exanple 17
The reaction apparatus was the sanme as that described in Exanple 10. 50 ¢

of San Joaquin Valley crude and 490 ng of strontium hydroxide octahydrate
were put into the flask. The oil bath was}feated to 100[err] C and kept
there for 8 hours while vigorously stirri éthe flask content. After
cooling, solids were separated by centrifugation. The treated crude had a
neutralization nunber of 3.20 ng KOH/ g. That corresponded to 76% of the
original acidity._However examination by infrared soectéscopy showed t hat
the Yand at 1708 fcrf e€rr] ) torregpondi hgt to tHelcarboxyl @goup, had an
intensity which s onlyi36% of ithat ofithe unt

H reatedJJcrude. Exanple 18
The geaction appafatus wds the sanme as in Exangle 10. J175 g of Bol obo 2/4
crude having a neyjtralizgtion number of $8.2 ng iKOH g d 3.9 g of barium
oxi de : : ] 8
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were put into the reactor. The bath oil tenperature was brought to
100[err]C and the reactor contents were stirred for 8 hours. After cooling,
soJids were separated by centrifugation. The oil had a neutralization
nunber - of "1.08 nyg KOH g. Exanple 19 The reactlo tus

n
was the saneyﬁf anple 10. 50 g of the sane crude used P %ﬁ%ﬁ%ﬁ@ 10
and 1.04 g of calclumoxide were put into the reactor. The oil bath was

heated to 100[err] C and kept there for 8 hours. After cooling, solids were
separated by centrifugation. The treated crude had a neutralization nunber
of 3.4 ng KOH'g. That corresponded to 81% of the original acidity stil

bei ng present. However, exam nation by infrared spectroscopy showed that
the band at 1708 cnjerr], corresponding.to the carboxyl group, had an

intensity which was only 30% of that of the untreated crude. WO
PCT/ US96/ 13690 17

Exanpl e 20 The reaction apparatus was the same as in
Exanpl e 10. 50 g of the sane crude used in Exanple 10 and 2.08 g of |
cal ci um oxi de re put into the reactor. The oil bath was heated to

100[err] C and py there for 6 hours. Arter cooling, solids were .
separ at ed by thi fugation. The treat eagrua had a neutralizati pn nunber

of 2.3 ny g, corresponding to 55% of the original acidity’!still
bei ng present yever, 1
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exam nation by infrared spectroscopy showed that the band at 1708 cnierr],

corresponding to the carboxyl group, had an intensity which was only 9% of
that of the untreated crude. Exanpl e 21 The

reactii on apparatus was the sanme as in Exanple 10. 50 g of W o
crude, havi ngoayp@Mtral i zati on number of 8.2 ng KOH g, and go

cal ci um oxi de were put into the reactor. The oil bath was brought to
100[err] C and kept there for 7 hours. After cooling, solids were
separated by centrifugation. The treated crude had a neutralization
nunber of 5.9 ng KOH g, corresponding to 72% of the original acidity
still being present. However, exam nation by infrared spectroscopy showed

that the band at 1708 cnferr], corresponding to the carboxyl group, had
virtual |y di sappear ed. Exarrpl e 22 The reaction

appar,atus was a glass colum of 1 cmii nterng/;.; di aneter and 37 cm
hei ght, filled with 100 g of barium oxi de and heated to about 120[err]C
96.2 g of Bol obo 2/4 crude, having a neutralization nunber of 8.2 ng
KOH ¢, were passed t hrough the colum. The crude so treated had a

neutralization number of 1.7 ny "KOH g, correspondi ng to 24% of the
original aciditymst frared

spectroscopy sh d that the band at 1708—9#{-9-5-;] corresponding to the
car boxyl group, d an intensity which was$nly 5% of that of the
untreated crude. Exanpl e 23 The reaction apparatus
was a 200 m fl , equipped with stirrer d reflux condenser. 100 g
of a North Sea nd, having a neutralizati ngmnber of 2.1 ny
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WD 97/ 08271 . LI '

PCT/ US96/ 13690 ' %9 96 0193? 0
m 6f water and 137 ny of Ca(OH)[err] were | oaded |nt bPEAq! acZ(ﬂMARdiw
sti'éred at 100[err]C for 5 hours. Infrared exam nation showed that the -
“band at 1708 cnferr], corresponding to the carboxyl group, had virtually
di sappeared. = Exanple 24 ~=3- The reaction apparatus was a
100 m flask; equipped with stirrer and reflux  condenser. 50 g of a

Bol obo 2/ 4, having a neutralization nurrber of 8.2 ng KOH g, and - 302 ny

of magnesi um %gm v diGl ed at
100[err] C “?me tﬁﬁﬁé‘peﬂq{m#&;lp éd‘ I nat1on s thglsmeé and at 1708 -
cnierr],  cor (k213 dré)gepasted on the i ﬂwpu Jetesgengyan waacmqsmanrpperm%@fppear ed.
VO 97/ 08271 calcium, barium, and zinc hydroxide additives in lubricating oils. Amine naphthenates

PCT/ US96/ 136%9hsson et al., US 2,401,993) and zinc naphthenates (Johnson et al. 188 2,415,353;

‘ Rouault, US 2,430,951; and Zisman et al., US 2,434,978) were also claimed as
anticorrosive additives in various lubricating oil products. Another use of calcium
compounds with petroleum' includes removal of naphthenic acids from hydrocarbon oils
by limestone-on-glass abstraction (Elkin et al., Soviet Union 1,786,060) or by metal
oxides related to lydrotalcites (Gillespie et al., US 5,389,240). Finally, calcium
hydroxide (Kessick, Canadian Patent 1,249,760) aids in separatlon of water from heavy
crude oxl wastes. -

i)

While these processes have achieved varying degrees of success there is a
continuing need to develop more efficient methods for reducing the acidity and
corrosivity of whole crudes and ﬁ'actlons thereof, pamcularly res1dua and other 6507°F
(343%°C) fractions.

SUMMARY OF THE INVENTION
The present invention provides for:

a method for decreasing the corrosivity of an acid containing, corrosive
crude, comprising:

contactmg a starting ac:d-contammg corrosive crude oil wnth an effective
amount of a Group ITA metal naphthenate salt to produce a treated crude oil having
decreased corrosivity; and

a method for decreasmg the corrosivity of an ac:d-contaxmng, corroswe
crude, comprising:

blendmg a starting acld-contammg, corrosive crude with an effective
amount of a second metal naphthenate-containing crude wherein the metal naphthenates
are selected from Group IA and IIA to produce a final, treated crude oil having a
decreased corrosivity. '
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Séﬁldwgant . 1A et hod f dr_ decr easi ng RASTHS &6/|ﬁ1 3f6@0
_ . g, corrosive crude, conpri sing: :
contacting a-starting acid-containing corrosive crude pg : ef,f ectiye
antunt of a Group.IlA netal naphthenate salt to producEEAMtgoc&Bgelbby'l
havi ng decreased corrosivity. ' 2. The nethod of claim

1 wherein the effective anount of naphthesate salt is fromgreater than
- zero to 5:1 nmoles per nole of acidic functiohality in the crude oil and
t he corresponding effective anount of water .is from above zero to 7 wt % of
t he total aci d-cont ai ning, corrosive ¢rude ojl. .. . ' ) A 3.
The nethod of claim 2 mmsﬁmﬁﬁf%@ti'%wﬁg?‘bml‘fx@rﬂf%%ﬁH’m"h' and
cal ci um inhibiting or controlling fiquiliphaseédirstion] e.g!, o Methl wirtices, lis désired§l Murei ve
anount of naphth Fate saft 1S fr'org 0. %5: 1 i.o | ess tgaﬁn Q.5 1 mol

based on aci ge%ﬁyemqufseg{lgy?thg ™Ay be used in applications in whic gred?.wéoﬂ&tﬁ%d of
gl zii m I2 V\/ngr acidity, itgpiedliypas évideneetbbyna dedrease rihthe eeetralizatiorsmimber of thegeidic 1 t o
:1 nol es ba id cantent . of ' il : ' . The
met hod of cl gﬁ'%eg’pﬁfeérel nqﬁ%@%ﬁgg |e\a/creé}ﬂé)%81u%h6?th\ﬁé?%arw? gpeg%ru e%s?'b oft 0.3
Wt % based on 1708 emn™'sef the treated (neutrglized) crude, would be beneficial and ip whigh-oilret hod of

clai m 2 wher gieoub 8mefsioAThinidtioR Y Mrg® ol 9bluhies hfedidt desifibfe. (Thelrededit based
on total acigd-containing o)l e..met hod, of

. : . .8. .Th claiml
wherein the #pgntionalso provides a methadfar sontraliipg emulsion formatien W%C'Bflff’dgy-
— tréating a major contributing component of such emulsions, naphthenic and similar '
. - organic acids, and by reducing the attendant handling and processing problems.

The concentration of acid in the crude oil is typically expressed as an acid
neutralization number or acid number, which is the number of milligrams of KOH
i‘equired to neutralize the acidity of one gram of oil. It may be determined according to
ASTM D-664. Typically, the decrease in acid content may be determined by a decrease
in the neutralization number or in the intensity of the carboxyl band in the infrared
spectrum at about 1708 cmfl. Crude oils with total acid numbers (TAN) of about
1.0 mg KOH/g and lower are considered to be of moderate to low corrosivity (crudes
with a total acid number of 0.2 or less generally are considered to be of low corrosivity).

~ Crudes with total acid numbers greater than 1.5 are considered corrosive. Acidic crudes
' :3 . having free carboxyl groups may be effectively treated using the process of the present
" invention. The IR analysis is particularly useful in cases in which a decrease in |

neutralization number is not evident upon treatment with the base, as has been found to

occur upon treatment with bases weaker than KOH.
- The crudes that may be used are any naphthenic acid-containing crude
oils that are liquid or liquefiable at the temperafures at which the present invention is -
carried out. As used herein the term whole crudes means unrefined, undistilled crudes.

_ As used herein the term stoichiometric amount means a sufficient amount .
of metal oxide, hydroxide or hydroxide hydrate on a molar basis to neutralize a mole of
acidic functionality in the crude oil. In moles, in the case of Group IA oxides,
hydroxides and hydroxide hydrates the ratio is 1:1 moles of metal to acid functionality;
for Group IIA oxides and hydroxides the ratio is 0.5 to 1 moles of metal to acid
functionality. The terms "above," "greafer than" or "in excess of "stoichiometric are

en 3% SHEET



9. The nethod of claim 1l wherein the crude oi-l is an aci-d-contai ning,

‘corrosi-ve crude fraction. . V\D 97/ 08271

PCH US96/ 13690 PCT S 9 6 / 1 3 6 9 0
10.s The nethod of claim 1 wherein the crude oil is a crllBEPf ti 8rd) MAR 1997
haw ng a boiling point of 650[err]F (343hgrr]C). 11.

Thé nmet hod of claim1 wherein the crude oil is acrudefractlon havi ng a
boiling point of 1050[err]F (565[err]C). . 12. The met hod

of claim1l wherein the crude oil is a vacuum '

as . oil. | .
13. The net fothexdegreeofineutrolivation. would havergwitsd as illusyrated by she thaderbars in

14. The nmet méeﬁ heildRg érm%asem:ﬁa@u@alcdnﬁﬁaﬁ 2ates RPutherdeidende ofs a
napht heni ¢ ac

cont ai.n co 15. The
“met hod of clSRfTRsien ‘B?‘thHﬁmiE?‘ﬁ Sﬁ?‘aﬁ ﬁ‘gd“'é?ﬁ?%%@l“ude oil has a
neutralization nunber of fromO0.2 to 10 ng KOH g. 16. A

nmet hod for cre séng the corrosivity of an acid-containing, corrosive
crude, conp : '

This is similar in concept to Example 8 except that a 785-970°F (418-521°C)
distillate fraction obtained from Gryphon crude was used as the starting material. Again,
cérrosion tests were performed at 600°F (316°C) with separate fractions of this sample

- " neutralized at 10, 30, and 50% with Ca0. Here, up to an 80% reduction in corrosion rate at _
‘ 50% neutralization was measured (black bars in Figure 3), with each measurement

exceeding the hypothetical (shaded bars) results if corrosion reduction were proportlonal to
the degree of neutrahzanon

Example 10

The reaction apparatus was a flask, equipped with mechanical stirrer and
reflux condenser, immersed in an oil bath. 50 g of San Joaquin Valley crude, having a
neutralization number of 4.17 mg KOH/g, and 208 mg of finely ground potassium
_ hydroxide were put into the flask. The oil bath temperature was increased to 100°C and
s ~ kept there for 5 hours, with vigorous agitati'on of the flask content. After cooling, solids_
O ~ were separated by centrifugation. The crude was analyzed and found to have a
neutralization number of 1.09 mg KOH/g. o

Example 11

The reaction apparatus was the same as that used in Examplie 10. 50 g of
San Joaqum Valley crude and 150 mg of finely ground sodium hydroxide were putinto -
3 the flask. The oil bath was brought to 100°C and kept there for 6 hours with intensive
 agitation of the flask content. After cooling, solids are separated by centnﬁagatlon The
treated crude had a neutralization number of 1.02 mg KOH/g.

" Example 12

The reaction apparatu.s-wa'.s the same as described in Example 10. 50 gof
San Joaquin Valley crude and 300 mg of finely ground sodium hydroxide were put into



bl endi.ng a starting acid-containing, corrosive crude wt f ti
“anpunt -of a second netal naphthenate-containing crude mm&ﬁeeénaﬁﬁ 6 90
napht henat es are selected fromGoup IAand I1A to ﬂ a fingl
trgated crude oil having a decreased corrosivity. ﬂsﬁ lﬁﬁ éonﬁ\AR 1t
17. The method of claim 16 wherein the rre{sal napht henate is sel ected _
from cal ci um and magnesi um napht henat es. 18. The net hod
of claim 16 wherein the netal naphthenate is from greater than zero to

10:1 noles of nmetal based on acid content of the starti ng, acid-. .
cont ai ni ng cthedlaski The oil bath was brought to 100°C aind kepttheresfon8 dours, while m 16

wherein th f |- based
ther o1 1 (e By AHSRE R Srddr M0 R, it ity ol base
20. The net heantifugation. r?rlmtm@u hadeamahzaﬂ@pmm@m@ e mekQHEs o

1:1 noles of netal based on acid content of starting, acid-containing crude
oil. WD 97/.08271
PCT/ Us96/ 136Example 13 | 21

The react:on apparatus was the same as described in Example 10. 50 g of
San Joaquin Valley crude and 156 mg of finely ground lithium hydroxide monohydrate
were put into the flask. The oil bath was heated to 100°C and kept there for 6 hours,
with intensive agitation of the flask content. Aftér_ cooling, solids were separated by
centrifugation. The treated crude had a neutralization number of 1.30 mg KOH/g. -

Example 14

The reaction apparatus was the same as described in Example 10. 50 g of
San Joaquin Valley crude and 580 mg of barium hydroxide octahydrate were put into
_the flask. The oil bath was heated to 100°C and kept there for 6 hours, while wgorously
stirring the flask contents. After cooling, solids were separated by centnfugathn The
treated crude had a neutralization number of 1.37 mg KOH/g, which corresponds to
31% of the original acldlty still being present. However, examination by infrared

3 spectroscopy showed that the band at 1708 cm-1, correspondmg to the carboxyl group,

had an mtensnty which was only 12% of that of the untreated crude

Example 15

The reaction apparatus was a flask equipped with stirrer and reflux
" condenser;, immersed in an oil bath. 50 g of San Joaquin Valley crude, having a
neutralization number of 4.17 mg KOH/g, and 0.566 g of barium oxide were put into.the
flask. The oil bath temperature was brought to 100°C and kept there for 6 hours. After
cooling, the solids were separated by centrifugation. The treated crude was analyzed
and found to have a neutralization number of 0.24 mg KOH/g.

Example 16

The reaction a.pparatus is the same as in Example 15. 50 g of the same
crude used in Example 15 and 0.23 g of sodium oxide were put into the flask. The oil



.21.. The nethod of claim 16 wherein the starting crude 0|

crude are whol e crudes. _ 22. The met hoe lﬂgqgﬂi 3690

whei-ei n t he

starting crude oil and second crude are act
havi ng conparabl e boi |l i ng poi nt ranges. W/gg %QWM

of claim 16

wherein the starting crude oil and second crude are crude

fractions having a boiling point of 650[erl6]-F (343[err]C).
24. The method of claim 16 wherein the starting crude oil and second

crrude are crude fractions having a boiling point of 1050[err]F (565[err]C)

25. The net hdutlowashented tbd 00P@ and keptithere ford hoursle Aftet caulidg,sthe solitl waside
are topped cr b(\! cexaxnﬁz(ﬁafxon The treatg@ ﬁﬁ?g%va'gpa}xﬁ?%d%ld%ﬂd?om viffr ein
al ni ng ru

t he aci d- cont

contal ni ng, COI’I’OSI ve

crude oil. unmeasurablylowneutrahza;tmnmhest hod of claim 16 wherein the
starting acid-containing, corrosive crude oil has a neutralization nunber
of fromo0.2 tg 10 ZE KOH g. - 28. The nethod of claim1 or
16 wherein t napht henate is a full or half salt.

The reaction apparatus was the same as that described in Example 10. 50 g
of San Joaquin Valley crude and 490 mg of strontium hydroxide octahydrate were put
into the flask. The oil bath was heated to 100°C and kept there for 8 hours while
vigorously stirring the flask content. After cooling, solids were separated by

centrifugation. The treated crude had a neutralization number of 3.20 mg KOH/g. That -

corresponded to 76% of the original acidity. However, examination by infrared
spectroscopy showed that the band at 1708 cm-1, corresponding to the carboxyl group,
had an intensity which was only 36% of that of the untreated crude.

Example 18
The reaction apparatus was the same as in Example 10 175 g of Bolobo

2/4 crude having a neutrallzatlon number of 8.2 mg KOH/g and 3.9 g of barium oxide
‘were put into the reactor. The bath oil temperature was brought to 100°C and the

' reactor contents were stirred for 8 hours. After cooling, solids were separated by
centrifugation. The oil had a neutralization number of 1.08 mg KOH/g.

Example 19

The reaction apparatus was the same as in Example 10. 50 g of the same
crude used in Example 10 and 1.04 g of calcium oxide were put into the reactor. The
oil bath was heated to 100°C and kept there for 8 hours. After cooling, solids were
separated by centrifugation. The treated crude had a neutralization number of 3.4 mg
KOH/g. That corresponded to 81% of the original acidity still being present. However,
examination by infrared spectroscopy showed that the band at 1708 cm-l,
corresponding to the carboxyl group, had an intensity which was only 30% of that of the

untreated crude. ' : A —
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