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The present invention relates to a process for decreasing the acidity and
corrsivity of crudes and crude fractions containing petrol eum aci ds.
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The present invention relates to a process for decreasing the acidity and
corrosivity of crudes and crude fractions containing petroleum acids.
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BACKGROUND OF THE INVENTION

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 blending of
higher naphthenic acid content oils with low naphthenic acid content oils. Additionally,
a variety of attempts have been made to address the probiem 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 sutfur 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 oit soluble reaction products of an alkynediol and a polyalkene 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 sojutions. U.S.
Patent 4,300,995 discloses the treatment of carbonous materials particularly coal and its
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agent, however "other alkaline matenals e.g., lime, can also be em%loyed in mmor
amounts.” Importantly, '532 does not disclose the treatment of whole crudes or
fractions boiling at 1050 plus °F (565°C). Rather ‘532 treats only vapors and
condensed vapors of the 1050 minus °F (565-°C) 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 ali crude
fractions (many of which are not vaporizable) and since crudes differ widely in
naphthenic acid content the 'S32 patent does not provide an expectation that one would
be able 1o successfully treat a broad siate 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 hydrochloric 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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A method for decreasing the acidity and corrosivity of an acid-
containing, corrosive crude, comprising: contacting a starting acid-containing, corrosive
crude oil with an effective amount of a metal-containing compound selected from the
group consisting of Group IA and 1A metal oxides, hydroxides and hydroxide hydrates
in the presence of a corresponding effective amount of water, to produce a treated crude
oil having a decreased acidity and corrosivity.

The present invention may suitably comprise, consist or consist
essentially of the elements disclosed and may be practiced in the absence of an element
not disclosed.
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Figure 1 shows the corrosion rate of a crude oil as a function of Ca
concentration for Example 7.



anticorrosive additives in various lubricating oil products. Another use of
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PCT/ US96/ 1368l within the category of naphthenic and other organic acids. Naphthenic acidis 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 Jarge aumber 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 concentrating in lower boiling point side streams.

The process of the present invention has utility in processes in which
inhibiting or controlling liquid phase corrosion, e.g., of metal surfaces, is desired. More
generally, the present invention may be used in applications in which a reduction in the
acidity, typically, as evidenced by a decrease in the neutralization number of the acidic
crude or a decrease in intensity of the carboxy! band in the infrared spectrum at about
1708 cm-! of the treated (neutralized) crude, would be beneficial and in which oil-
aqueous emulsion formation and large solvent volumes are not desirable. The present
invention also provides a method for controlling emulsion formation in acid crudes, by

- treating & major contributing component of such emulsions, naphthenic and similar
organic acids, and by reducing the attendant handling and processing problems.



4 Figure 2 shows the corrosion rate for the crude oi
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-Figure 3 shows the corrosion rate for a 785-970[err]F (418- 521[err]C3 crude
oi | fraction versus % naphthenic acid neutralization for le 9.
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crudes, by 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 ITA oxides and hydroxides the ratio is 0.5 to | moles of metal to acid
functionality. The terms “above,” “greater than” or "in excess of "stoichiometric are
defined in relation to the foregoing, as is the term "substoichiometric."
Substeichiometric ranges from 0.025:1 moles up to a stoichiometric amount, preferably
0.25:1 to less than 0.5:1 (i.e., a stoichiometric amount) for Group IIA; for Group IA itis
0.05:1 moles to less than 1:1 (i.e., a stoichiometric amount) preferably 0.5:1 to less than
1:1 moles. Greater than stoichiometric can range up to 10:1 moles for Group IA and
IIA, preferably up 1o 5:1 for Group IIA. Preferred metals are sodium, lithium and
potassium for Group IA, and calcium, magnesium, barium and strontium for Group IIA,
with calcium and magnesium preferred, and calcium most preferred.
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treating a major contributing conponent of such emul sions, naphthenic and
simlar organi c acids, and by reducing the attendant handling and
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1. Oxide, Hydroxide and Hydroxide Hydrate Treatment

In one aspect of the invention the crude is contacted with an effective
amount of a Group 1A or Group IIA metal-containing 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 corrosivity and acidity. The material is
added as a solid, which aiso may include a solid-in-liquid slurry, solid-in-water or solid-
in-organic liquid shurry 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 partially neutralized depending on the
ratio and type of oxide, hydroxide or hydroxide hydrate used to treat the acid crude.
The Group IA and IIA metal oxide and mixtures or hydroxide and mixtures or
hydroxide hydrate and mixtures thereof, is added to the acid containing crude in a molar
ratio effective to produce a neutralized or partially neutralized (i.e., non-corrosive)
crude oil; neutralization may be in whole or partial as desired. The corrosion reduction
and decrease in acidity is influenced by the amount of oxide, hydroxide or hydroxide
hydrate added. Broadly, the range of addition is from a substoichiometric amount to
10:1 moles per mole of acid. More specifically, it may be added in a ratio of Group 1A
metal oxide or mixtures, hydroxide or mixtures, or hydroxide hydrate or mixtures of
from 0.05 moles to less than 1:1 moles per mole of acid, from 0.5:1 to less than 1:1



Subst oi chionmetric ranges fromO0.025:1 noles up to a stoichionetric anount,
preferably 0.25:1 to less than 0.5:1 (i.e., a stoichionetric am)unt) for
-Goup IlA;, for Goup IAit is 0.05:1 noles to less than 1:1 (i.e., a
stoichionetric anount) preferably 0.5:1 to less than 1:1 noles. Greater
t han st oi chWSh#v082% can range up to 10:1 noles for G oup | RCHHEP61PES
preferably up to 5:1 for Goup IlA Preferred netals are sodium 1|ithium
and potassiumfor Goup |IA and cal cium nagnesium bariumand strontium
for Goup Il A, with cal ciumand nmagnesi um pré&ferred, and cal ci um nost
preferred. WO 97/ 08270
PCT/ US96/ 13688moles, 1:1 to 10:1. For Group IIA the range can be lower. Typically ratios of Group
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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 TIA. 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 I1A 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 I1A metal oxides,
hydroxides and hydroxide hydrates are used.

The formation of a crude oil-aqueous (i.e. either water-in-oil or oil-in-
‘water) emulsion tends to interfere with the efficient separation of the crude oil and
water phases and thus with recovery of the treated crude oil. Emulsion formation is
undesirable and a particular problém that is encountered during treatment of naphthenic
acid-containing crudes with aqueous bases. The processes of the present invention can
be carried out in the essential absence of emulsion formation. Thus, an additional
benefit of the treatment is the absence or substantial absence of emulsion formation.



In one aspect of the invention the crude is contacted with an effective
anmount of a Goup A or Goup Il A netal-containing conpound, i.e., alkali
metal or al kal i ne-earth nmetal oxide, hydroxide or hydroxide hydrate in
t he presence of an effective anmount of water, which when present may he

added or naig #ddgieoccurring, to produce a treated crudechi¢sendsss
decreased corrosivity and acidity. The material is added as a solid,

whi ch also may include a solid-in-liquid slurry, solid-in-water or solid-
in-organic liquid slurry or aqueous suspensj on. The processes of the
present invention may be used to produce treated crudes having a

decr eased corrosivity a fully
neutralized oh}g%&t i a I?g%eut frl zeg] de en %&’a&%?&?}d%ﬁ& qﬁgﬁfespe of
oxi de, hydr ox 'BE"WSPH)’ gt ﬁ’“ﬁ%@ﬁ‘@m&k@ﬁ‘b’“?m"%ﬁd I& orm,  The
G oup | A and thHepnmytbealin theiforen aﬁmbawdet ¥ £coniposife/ Gizek patticle bl suppatad'dds Or

hydr oxi de_hy o gt e i)l g%@&y@mﬂmﬁm /K] diant ai ni ng

crude in a nola ide, t|o produce a neu or partially

neutral i zed ([MOX %Mg ronchydraigiand hariumtwdroxide ogtabydsate. vdylebe i n
whol e or partbﬂﬂeanclddiscdoﬁdnoiihe,sodmmaﬁddewbdm?ﬁbﬁﬂb Pre&ﬁddd%@:ﬁleﬁﬁﬁ in

ﬁflld(rj:a:g iaildieguagr W,#ﬁe range o?eogodwgﬂl i s%o%lngg ucghli'q{ygﬁ Omatrl c

anount to 10: 1 nol es per nole of acid. Mre specifically, it my be
added in a ratio of Gonéhchsn time$\@dpshd &Mhdwermﬁéfayd ffturelbf tHeQriddqo BE

m xtures, or H¥HE? Xt of 5 les, to Iess
than 1:1 nol es )ﬂsqgie 8% T mﬁﬁuﬂygﬁsmf %rggp %ngﬁn% al oxide,

97/ 08270 roxxde hydrate added but typically may be carried out for from lessthanaboutl

PCIT / US9615/ iS?SBuurto about 20 houtstoproduceaproduct having adecreasel in corrosw:ty anldlacxd7 t

nol es 0 i ﬁué C 0 a rati os
of Group I tgﬁg oXI| QH@#L&%‘ “e‘gmﬁ‘f?&%%ﬁfagmsw‘#??‘tﬁ@s SPP iy 8F oxi de
hydrate or ni XAumetal axide, hydroxide ouhydrpxise hydrate ed B reatient. up to a
stoichionetric anount, or fromO.25 noles to | ess than a stoichionetric

anount, up to 10:1 nole 0.5:1 to about 5:1, and
R

from1l:1 to 0.5:1 als tion of smaller anobunts (than
stoichionetric) of Goup A or Goup Il A netal oxides, hydroxides or

hydr oxi de 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 metais 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%.

For direct addition, the metal naphthenate salt is added in an effective
amount of up to 5:1 moles of metal to acidic functionality in the crude oil. Specifically
in this aspect of the invention the corrosivity of an acid-containing, corrosive crude is
decreased by contacting a starting acid-containing, corrosive crude oil with an effective
amount of a naphthenate salt selected from the group consisting of Group IIA metal
naphthenate full and partial salts (such as half salts). Additionally, the metal naphthenate
salt may be added by blending a starting acid-containing crude oil with a second, metal
naphthenate-containing crude oil or fraction ("treating crude oil"). The metal



' hydrates may result in an inconplete (i.e., partial) neutralization of the
starting acid crude. Preferred are CaO and Ca(OH)[err].
“Some crudes thenselves contain a sufficient anpunt of water, others
require water addition to the ranges specified herein. The total anount of
water is an WOIT@$%ctive anbunt of fromzero to 7 wt % of tHf/PFHEWS8 The
total amount of water for G oup Il A netal containing conpounds ranges
fromat |east 0.3 wm % (based on aci d- containing oil), nore preferably
0.3 w%to 7 wt% but can fall within the follow ng ranges 0.2-1.5
weight % 0.3-1.2%and 0.6-1% \Wen Goup |A netal, oxides, hydr oxi des
and hydr oxi de #aphthgnate salts are ads in siftas disslosaehin ' boOxide, Hydsoxidesnd Hydrenide put
can _bfe_ uz ed eiH?drﬁtei'lfifeithﬁntﬂhﬁﬁh(tﬁis fectibil Thneptralived emde maybe Rilly\or partistiyt ge
speci fied ranggs, F E & . rudes
havi ng a decrease 'zggrdrg Sl \ﬁﬁﬁé&:g%ﬁﬁg@éﬁ%ﬁ%ﬁg%&gﬁ ‘E’%ﬂ#ﬁ%& {ﬁ@&@%ﬁgé from
partial neut r akhemetplsare Graus JAsnd Groupddd metalsgrs discussed prgyipyslyj chemingng on t he
tr egt ment A Anhgrildes\consainiirh) #h dﬁétt!ife&maiam df aaphtieabtedalbyre used, aarmmalwmmg he
crude with an G ql ni; QURO e e
fromthe Goupﬁ%ﬁ%%%r%gg#%@ %%?’%!?ltedgg}e d'?%?(rg e a&gﬂgttﬁécsswgﬁ&% xtures
of oxides,  acif-eonssining srude wilbr lossithrn h moles. e Howgveria pricties, & saphthenate .
fcor res p?nd: ng awfbaling ersgrngerwoms:l to l.qudi%tcﬂ'rn;&ﬂ b?@ﬂdﬁ&cm Iaenttbﬁgﬂ'ﬂ%fsmﬁﬁ er
or neutralizi g, . a anmoun [, esent for
the reaction t%@%ﬂ%&&ﬁ%"ﬁﬁmbg‘%ﬁ ”Htle,&?sn%’}t'l‘% igg%?scf’é‘ﬁ?ermﬁ;}g{ @?ﬁﬂes
and hydroxi de #afidypically to18:1umales metal to acid content may also bEmeed; bewevet.on of a
tcr uge ?l | - agueﬁpﬁthéhqttssﬂ?ﬁ%s mbﬁrp{ddﬁcéﬂ By ;? !&h@h&x}gﬂa{iﬁl&ion inwgé ﬁEQ_tilnﬁ %HJC?S' on
ends to interfere efficient separation . r oi | “an
wat er phases a ?ﬁé"&fPﬂ&figéﬁ%ﬁﬁ%"‘?g@?swgg_f‘é%%%ﬁéﬁ%%nﬁﬁwpg gk
formation i s be ashitwed tocthe desiredidegreschytalieuingethe mtiotsif starting acidi containingLameder ed
during treat ne@inaghtherid\$athérated bRR! stto GAREGH, B By difdct ERIION dnb/oR BIREHS
bases. The pr o‘g@zﬁ‘es of .the ﬁmre ent t|.r1vePt|on t?ai}ned t‘)’g gﬁrrlaggl ouh. In the
essential absenhHESeENg; 1qPhhepsic-ronteinine Fh SR L §EHYE; Jhe MEBENEr i t of
the treatment $79deand thesesnud naphthanbistcontaining camdeshetwdd bavecnmpasabls bpidingmat i on.
WD 97/ 08270  point ranges and characteristics. Thus, for example, an acidic whole crude should be
PCT/ US96/ 13688 tended with a naphthenate containing whole crude, a S00°*F (260°+C) fraction with a
corresponding fraction, a 650°*F (343°%C) fraction with a corresponding fraction, a
1050°%F (565°7C) 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 s practiced, the process involves
adding a metal 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
particular, naphthenic acid. By this, is meant that less CaO or calcium hydroxide is
added than needed to fully neutralize the acids.

While not wishing to be bound by a particular theory, it is believed that
substoichiometric Ca addition may suppress corrosion two ways (1) initial neutralization
of some naphthenic acids, and (2) suppression of H' in remaining acids by the common
ion effect. Ca reacts preferentially with stronger naphthenic acids.



8 The Goup A and Il A netal oxides, hydroxides and

hydr oxi de hydr at es may be purchased commercially or synthesized using
known procedures. In solid form they may be in the formof a powder or
a conposite, sized particle or supported on a refractory (ceramc) -
mat ri x. Tymwasedasyodr oxi des i nclude KOH, NaOH, cal cium PERUSK6/13688 | | t hi um
hydr oxi de nmonohydrate and bari um hydr oxi de octahydrate, while oxi des

i ncl ude cal ci um oxi de, sodi um oxi de and bagjum oxi de. Preferred are cal ci um
oxi de and hydroxide. Certain ofthe solids typically occur as crystals of

t he hydrate. Reaction tines depend on the tenperature
and nature of the crud@h¢ bypothesis fordCateffiict antcorrasionlis@ivendrlowand t he anount
and type of Goup A or IIA netal oxide, hydr oxi de hydrat e added, but
typically nmay be carried out for fromless than about I hour, to about 20
hours to produce a pr oa'hﬂ‘yqﬁ‘é&q“ri@‘ﬁr'aéﬂ?@%‘éaﬁﬁm‘c vep £ i SPreasiena i d

content. Theréactigd:ed crude contai ns napht henate salts of the correspondi ng

G oup | A or 1 A netal oxide, hydroxide or hydroxi de hydrate used in
treat nent. o 2. Nal%n[;_s_heni c Acid Salt Treatnent
In another aspect of tFe®+RHmiks iz educe the corrosivity of crude oils,

corrosivity and acidity decrease is achieved by processes that include the

corr osi vi ty : cr ease ved by pre .
Cor rosi ve cr udes. Not aHESrOePTEh HER RAAeRR o AR oA RODT) |

equal to or 8%esding 19 he st abi lity of iron carboxyl ates are useful in
this invention. Preferred netals belong to the alkaline earth class,

nanel y, Ca, My, Ba he starting acid crude
oil's for naphthenic ac?%i%%c??é%t—)ngﬁ?oﬁgﬁgaguz%t er content at least 0.3
Ww.% nore preferably said water content is between 0.3 W% and 7 wt%
For direct addition, tMRedWithsom@HROpPRBMEWSay iohisedxthphthenioacids Athalt i ve
anount of Upséﬁ?rfé:aéc nEﬁ’I’e of netal to acidic functionality in the crude
oil. Specific y OTHR S s aspect of the invention the corrosivity of an
aci d-containing, corrosive crude is decreased by contacting a starting
aci d-cont ai ni ng, corroROODH tHHETeiRCcEOth an effective amount of a
napht henate salt selected fromthe group consisting of Goup Il A netal
napht henate full and partial salts (such as half salts). Additionally, the
nmetal naphthenate  salTihe Gayaphthenates formpdditienal naphthenate aonsi(pext equation) to
aci d- cont ai nistift 1hé k€l@ eqiilibritint {d the RECHiMhishifigithé HY concentration by the common

ion effect.

(RCO0),-Ca — (RCOO)-Cat + RCOO~ —» Catt + 2RCOO-

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

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

The present invention may be demonstrated with reference to the
following non-limiting examples.

Example |

The reaction apparatus was a 200-ml, fluted glass vessel, equipped with
stirrer and reflux condenser. Gryphon crude {150 g), having a total acid number of 4 mg



napht henat e-contai ning crude oil or fraction ("treating crude oil"). The
met al WD 97/ 08270
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napht henate salts are made in situ as disclosed in "1. Oxide dl’OXI de and
Hydroxi de WOHPBIC Treatment” and in this section. The nél &G crude
may be fully or partially neutral i zed depending on the ratio of netals
to acidic functionality used to produce it, The netals are G oup | A and
Goup Il A netals as di scussed previously. h eati ng crudes containi ng an
effective anmobunt of naphthenate salt are used, but practically this

neans that theKOVg, vess pmtmherramﬂrhéﬁag@fﬁmmec@m@aﬂv A gnilliequivalents ofacids.i n
the starting, 300 mg bficaldith atide, Bﬂrr@di;aﬁﬁ'&ng\td 4.39pilkRsies dri1017 Millieqgivhieis, were

However, in pr C na3h1 avi €50 5:1 to
1: 1 nol es of n@ﬁ# ﬁl&'@h" 'E?"as 'Z?Hgtétﬁ?qhé({] sﬁ’?ﬁﬁ"fﬁ& 2’1‘0%? cr ude,
mor e typical | yexamid@tiomshowed no cisapge in the bahds Elat'lossmo‘f angl 1940 em"1, Iq:arrespoﬁdmg)l es
Ponever | o Smbeif RhEhodthieR: frfs 38 o e qduﬁé%“ﬁw Giopton. 15
neutral i zati orf%r?f]wg‘ﬂs@afkﬁﬂ &fféﬁé‘““" eﬁwm o8 sﬁ%‘é@iﬁ“ﬁhﬁﬁ”‘é&?’dl ty
and corrosi vi t 1708addd760emdhad tisappesred,i iegthe acidewena yeutralipel. achi eved to the
desired degree by altering the ratio of starting acid-containing crude

t o napht henatﬁ%salb generat ed by in situ addition, or by direct addition

and/ or bl endi th the second, naphthenate-containing (i.e.,
neutralized) crude. The starting acidic crude and t he second,

and char acter | St Lcs. “%ﬁ‘é"”"‘f"a'?‘“‘é‘x*g“““ﬁw“q islsthaaiple 11 50 8 ofifin Andcs
bl ended wi t h aWéa‘p?f?‘ﬁ%%Pé" e pumbsr p KOH) re put BWB[‘%?W%% 2@&1{ r10)
fraction with Hadmn@onmmaqgvﬂmnfmﬂs a 65(791(33«2&[&1&3:131] Ridd,r acti on with
o oo oy Sebbplta 105 abORTL eSS MO Wk dhdE R by
oil, apt oppeg M'é“aﬂt @‘V‘?‘ffﬁgﬂ‘g’o%@&fﬁﬂﬁﬁ?‘@ﬁﬁﬂéﬁ% “nga"ge ip ﬁ!?e. )

intensity of the bands at 1708 and 1760 cm~!, corresponding to the dimeric and

monomeric forms of the acids, as compared to untreated Heidrun. 0.5 mi 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 cm°! had disappeared, i.e. the acids had been

neutralized.

u

Example 3

The reaction apparatus was a 300-ml glass reactor, equipped with stirrer,
Dean-Stark trap and reflux condenser. 200 ml of San Juaquin 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 Juaquin Valley crude so obtained were put into the reactor used in
Example 1. 100 g of San Juaquin Valley crude contain 7.5 milliequivalents of acids.
210 mg of calcium oxide, corresponding to 3.75 millimoles or 7.5 milliequivalents, were
added to the crude. Then the mixture was stirred at 100°C for 5 hours. Infrared
examination showed no change in intensity of the bands at 1708 and 1760 cm-1,
corresponding to the dimeric and monomeric forms of the acid, as compared to
untreated San Juaquin Valley crude. 1 ml of water was added. After stirring at 100°C
for 30 minutes, infrared examination showed that the bands at 1708 and 1760 cm-! had
disappeared, showing neutralization of the acids.
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Broadly stated when in situ generation is practiced, the process involves
adding a netal oxide or hydroxide to a starting acid-containing crude oi

in substoi chionmetric anounts to formthe correspondi ng napht henate. Thus
i n anot her aspect, an al kaline-earth netal oxide, in particular, CaO ar
cal ci um hy @¥#70 | s added i n substoi chionmetric anpuntPETIS4/I3688CT ude
oil which contains carboxylic acids, in particul ar, naphthenic acid. By
this, is meant that |ess CaO or cal cium hydroxide is added t han needed
to fully neutralize the acids. 12 Whil e not wishing to be
bound by a particular theory, it is believed that substoi chionetric Ca
addition may suppress corrosion two ways (1) initial neutralization of

some napht her&ﬂ%ﬂ?s, and (2) suppression of Herr] in remaining acids by
t he conmon lon effect. Ca reacts preferentially with stronger naphthenic

aci ds. WO 97/ 08270
PCT/ US96/ | 3688 The reactlon apparatus was a 300-ml glass vessel, equnpped with stirké?,

The h h
The hydr ogen Lo on‘g“{‘hﬁ"ﬁ PR pfdabict® 200 bEBGONE T oyl atoral s muph
reaction: -4 were pekngg the m@ﬂp@d heated:-at Ité‘ré:rlm}ll no mpzerwz}ter

The CaO reactdoﬁﬂaﬂediﬁtﬂapbﬁh&atk%ipc I'That D6k kbt 4H00rs2! 0 SusH20
according to m&’lﬁ h H20.
S

Then with sorﬁe:; °y4]38°b%lggﬁmgﬁgﬁ?3}mls§ﬁf§e€ﬁt°ﬁﬁ Y%%D e

ogreeofa
H err] obo 2/4 contain 14.6 milliequivalents of acids. 410 mg of calcium oxide,

corresponding to 7.3 millimoles or 14.6 milliequivalents, were added. The mixture was
stirred at 100°C for 4 hours. Infrared examination showed no change in the intensity of
the bands at 1708 and 1760 cm-), corresponding to the dimeric and monomeric forms of
the acids, as compared to untreated Bolobo 2/4. 1 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 cm-! had disappeared, showing neutralization of the acids.

Example 5 (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 2 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-}, corresponding to
the dimeric and monomeric forms of the acids, had virtually disappeared, indicating
essentially complete neutralization.

Example 6 (Comparative)

This example is for comparison, i.e. to show that alkali metai oxides 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 cm-1, corresponding to the



" source according to RCOO-H -> Herr] + RCOJ err]

The Ca napht henates form additional naphthenate ions (next equation) to
~shift the acid equilibriumto the left, dimnishing the Herr]
concentration by the conmon i on effect Pﬂ,{’mgerr]-%

-> (RCOO) - CHOKN 278 RCcO err] -> Ca[err] + 2RCO] err]

This results in a disproportionate Herr] concentration decrease if the
salt di ssociation is greater than aci 43di ssoci ati on.

Beneficially, emulsion formati on can be reduced or essent ially absent in

t he foregoing treatnents, ent. i hvention may
be denonst r at @R apd mepeIparcfermspfitheacids, MIVIM*}‘IQ’S‘I‘M‘W’ rifiFRgR exanpl es.
Exanpl e | essentially complete neutralidftioneact i on apparatus was a 200-m, fluted
gl ass vessel, equipped with stirrer and reflux condenser. Gryphon crude
(150 g), having a total acid nunber of 4 ng -11- KOH g, were put
into the reacEXampleZo g of Gryphon contain 10.7 mlliequival ents of acids.
300. mg of cal ci um oxide, corresponding to 5.35 m | I [ m)l es or 10.7

m | liequival ents, were of 6 &gﬁ %ﬁ%% no c ‘g 5“? &‘%%%%an] C and

stirred for 7 hours In dexamn ds at
1708 cnierr] #wmBKO H(PGEM ofl) cangant weyepliagediig a corrosion tesnng 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 caicium content in the mixture changed to a
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.

ample 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 stee] 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
to the degree of neutralization, would have resuited as illustrated by the shaded bars in
Figure 2. The larger decrease in measured corrosion rates is further evidence of
corrosion inhibition by metal carboxylates formed during neutralization.

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



to the dineric and nononeric forns of the acid, as conpared to untreated
G yphon. 1.5 m of water was added. After 30 m nutes, infrared exam nation
showed that the bands at 1708 and 1760 cnierr] had di sappeared, i.e. the
acids were neutralized. Exanpl e 2 The reacti on appar at-us
was the san¥02%0840 Exanple 1. 50 g of Heidrun crude, havi nEFHUSSMNB8 aci d
nunber of 2.8 ng KOH/ g, were put into the reactor. 50 g of Heidrun contain
2.5 mlliequivalents of acids. 70 ng of g@lcium oxide, corresponding to
1.25 millinoles or 2.5 mlliequivalents, were added. Then the m xture was
stirred at 100[err]C for 7 hours. Infrared exam nati on showed no change in
t he i ntensi tynextraliged a3dA4%0, and $0% avithGaQ. 7Herecwy) woran80%eductiop dnekrrasiongatelat

0.5 of vt op e s e F e o 50
. of water S e mi e was, stirred at. err or
ninutes. | nf rﬁ?@%@& W%Féﬁmﬁ?ﬁgﬁes‘pﬁéf P dugtinhavers gropogpnal to
cnferr] had dthesdsgeeerofdeutialigationhe aci ds had been neutralized. Exanple 3
The reaction apparatus was a 300-m gl ass reactor, equipped with stirrer,
Dean- Stark tﬁg@&gﬂgr ef l ux condenser. 200 ml of San Joaquin Valley crude,

having a tota unber of 4.2 nmg KOH g, were put into the reactor and
heated at 120[err]C until no nore water condensed in the Dean-Stark trap,

whi ch took about 4 how&,&ﬁ%%&&%@r n pﬁﬂfﬁlﬂﬁ@éﬂﬂﬁiﬂd\!ﬂﬁ%&éﬁ“‘de

so obtai ned wer ut.into, t o[, used 1'n e 1..100 .San

S0aqul n Val | o pHigaRieasEr, EEpETsEddh iR OO DAL, 50 & PESEShguin, Tl crudbohayinecs

cal ci um oxi de pewtcalizatinammberpfi4ol Z2mg KOH/g) andi208 sngoof firelp grouhd pessinvm| ent s,
dded t g T e ' . ' f 5

hours. I i r ar SyiGxE WAfs pul 389 Tl thelifbalfmpbishiCltndthortlu ) 06 C B4

i ange | tensity
1708 and 1760 for s, YD YRORRPS GRS o thefaplcooerat 1 bRer saokes. sebdrs of
the acid, as cenpspamitedbycentrifightioh. SEhe chadeguasanilipded end foundito haveal of wat er

was added. Af tektrativdtionl dithbel of 408 or 30 minutes, infrared exam nation
showed t hat the tBan S adtag‘l%% éncf‘ 760 ¢nferr] had di sappeared, show ng

neutralization of the acids.

Example 11

The reaction apparatus was the same as that used in Example 10. 50 g of
San Joaquin Valiley 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 10. 50 g of
San Joaquin Valley crude and 300 mg of finely ground sodium hydroxide were put into
the flask. The oil bath was brought 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 0.39 mg KOH/g.

Example 13

The reaction 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,



WD 97/ 08270

PCT/ US96/ 13688 12

"Exanpl e 4 The reaction apparatus was a 300-m gl ass
vessel , equi Lth stirrer, Dean-Stark trap and refl oglgiser - 200
g of Bol obo%%‘ti ng a total acid nunber of 8.2 ny Kggrgﬁ were put
into the reactor and heated at 150[err]C until no nore water condensed
in the Dean-Stark trap. That took about 4 A8urs. 100 g of anhydrous

Bol obo 2/4 so obtained were put into the same react or as used in Exanple 1.
100 g of Bol.Qho 2/4 contain 14,6 mlliequi va ntso acids. 410 ng of
cal ci um oxi de, W with in intensiyeagifation of e fask centent, F g sol ‘F’HW’%PYvaI ents,
were added. Thentrifugatitit Thétreatediride ifad adienir&lizhtion fumberof4 . Joomg KOHAS r ar ed

exam nation showed no change in the intensity of t he bands at 1708 and
1760 cnferr], corresponding to the dineric and nononeric fornms of t he
acids, as co untreated Bolobo 2/4. 1 m of water was added and the

m xture was stirred at 100[err]C for 30 mnutes. Infrared exam nation

showed that  the D3 Bleidl Bodf ol R GSL Wl HRBRHE 6.0 5360V N0

neutralization of the aci
This exanpl e iSangeaquito¥elley candeand, 539 mg Bﬂlﬁﬁé}m lwﬁ@wdapﬁtakxdrmmre PR MO Xi des

do not requir ehe'fiisk) Thelgil bath Was Reasdd6 1 00%C dmidcpt ﬁk&fﬂoﬁﬁlﬁ:w&;mdﬂem‘goﬁnﬂﬁ

crude. The 0 of
Gr;phon crudeilﬁﬁ'& QH“E %ﬁéu&%%l%ﬂﬁ%ﬁ%ﬁ%% fbﬂmw?nf& re pt}?' into
the reactor. @pd p neytralizstion nymber of 1.37 mg KO mmﬂmceﬁps:posdsram ds.

286 ny of sodusummﬂéeﬁgndawwm Predent! Mlotveddr, examitialibh BfiafrdRdent s, were

axar nat i on é%&%‘%ﬂ%ﬁ% ‘Eéiﬁf%?%%%[ o %%%ro"%ﬁ%@ carb) BBndi ng
to t he di mbpd an inensitowhisk wreoriy i 286 of that pithe unteratedicaudeyi rt ual | y
di sappeared, indicating essentially conplete neutralization.

Example |5

The reaction apparatus was & 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 apparatus is the same as in Example 15. 50 g of the same
csude used in Example 1S and 0.23 g of sodium oxide were put into the flask. The oil
bath was heated to 100°C and kept there for 6 hours. After cooling, the solid was
separated by centrifugation. The treated crude was analyzed and found to have an
immeasurably low neutralization number.

Example 17

The reaction apparatus was the same as that described in Example 10. 50 ¢
of San Joaquin Valley crude and 490 mg of strontium hydroxide octahydrate were put
mto the flask. The oil bath was heated to 100°C and kept there for 8 hours while



Exarrpl e 6 (Conmparative) This exanple is for conparison,
i.e. to show that alkali metal oxides do not require water addition to
react with the acids of a dry crude. The reaction apparatus was the sane
as in Exanmple 1. 100 g of G yphon crude were put into the reactor. Then
221 ng of SWaPUMR2BKi de, corresponding to 3.57 nillinoles &CTRISIII6E8

mlliequival ents, were added. The m xture was heated at 100[err]C for 2
hours. Infrared exam nation showed that the peaks at 1708 and 1760
cnmerr], corresponding to the WO 38/ 08270
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di meric and nﬁmmﬂymﬁﬁgmﬂﬁskb&ﬁemcmc&ﬂﬁh solidswedre sepdiateditigear ed,

250 g of cr aﬁ%ﬁfﬁﬁ%“%av. i éﬁ”ﬁ*ﬁ%&h‘@@ﬂﬂ?gp B T

my KOH per gnPerespended é‘bﬁﬁ" acislity. Howgvesoexaminagion :emfrmg aut ocl ave.
tThe forros gsgb ﬂbv&artmﬂne&taa@hzmsbﬁd %#lsk@oﬁuxﬁ ] 125 | goupt a
enperature o r ue . of err m | s per
year (nmpy). h‘%‘p lﬁt&gs'%'(‘%flg{ é'@%@?@f@ﬁﬁ&tﬁ% reated Fatde o of [err] 150 ppm
Then, to a fresh batch of 250 gns. of the sane crude oil, cal ci um

napht henat e Wagamgleieg! so that the calciumcontent in the mxture changed to
a val ue of 190 ppm The corrosion rate of carbon steel was reneasured in
this mxture. As shown in Figure 1, the corrosion rate was found to be a

factor of 2.5 | ower. Thereactiafi ammpwmas thesame asipExamplei19. d35 gofBoloboat e i s
attributed t 02aUnideYavidg aNetPilfzaih dvhbbr T 8%8mg KOHYR ahd 893 Si%arium 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.

Example 20

The reaction apparatus was the same as in Example 10. 50 g of the same
crude used in Example 10 and 2.08 g of calcium oxide were put into the reactor. The
oil bath was heated to 100°C and kept there for 6 hours. After cooling, solids were
separated by centrifugation. The treated crude had a neutralization number of 2.3 mg
KOH/g, corresponding to 55% 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 9% of that of the
untreated crude.



Exanpl e 8 The naphthenic acid content in the starting
hi gh TAN crude described in Exanple | was fully neutralized by treatnent
"with a stoichionetric amount of CaO at a tenperature of 210[err]F
(98.9[err]q»°9§ﬂﬁwyirgin hi gh TAN crude was then m xed W tplerhfi@es1zesd Ul | Y
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 911 blend (10% neutralized) is
a factor of 6 Iogﬁr when conpared to the virgin crude and that of the 7:3
-blend (30% n d) is a factor of 50 lower. Had only neutralization

occurred Wi t hout synergistic corrosion inhibition, a |linear decrease in
corrosion rate, propofid { {fs HE HnSlasqh 16 361 ZRE PRl d have
(The {356on soprily § s3% ERaHIE 10, 56 oEBpiobl

Tesulted as illystrate .he, LS | Fi gur ] rger
decrease in nﬂ'ﬁg"u Yo u: AV] 'ﬁﬁ“’?&?‘@gﬂi"gg@lﬁﬁﬁgwié\?f‘%gﬁggngalc'“"'chﬁ“geosi on
i nhi bition bywereipat inteshis osagtont Fhe bibbatiedvasibroisghy 11 $00°Caintl kegtithere for 7

T on DYwEE ' joths P
(4|1§- :521[813?1] uri.” g_l rsbtglsﬁgé%ée‘ldg ract| gxﬁ&gﬁ?%%%{enf#@o?hag@gﬁ%%‘g%@%{diﬁfas used
as the startiMytralization symbesgf 5.9 mg KOH/g %%w*%@&%vé perigingl geidity t

600[ err] F ( 31élidveing prestht! Hovaner, atathifatios by mfiaredispckioscopieitwied that the VO

97/ 08270 -1 . . .
PCT/ US96/ 13640d at 1708 cm1, corresponding to the carboxyl group, had virtually disappesred.
neutralized at 10, 30, and 50% wth CaO Here, up to an 80%  reduction in

corrosi on ratEBxgmple 22 50% neutralization was nmeasured (black bars in Figure

3), with each neasurenent exceedi ng the hypot hetical (shaded bars)
results if corrosion reduction were proportional to  the degree of
neutralization. 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 carboxy! 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
KOH/g, 1 mi of water and 137 mg of Ca(OH); were loaded into the reactor and stirred

at 100°C for S hours. Infrared examination showed that the band at 1708 cm-1.
corresponding to the carboxyl group, had virtually disappeared.

Example 24

The reaction apparatus was a 100 mi flask, equipped with stirrer and reflux
condenser. 50 g of a Bolobo 2/4, having a neutralization number of 8.2 mg KOH/g, and
302 mg of magnesium oxide were put into the reactor. The mixture was stirred at 100°C

for 7 hours. Infrared examination showed that the band at 1708 cm-1. corresponding to
the carboxyl group, had virtually disappeared.



Exanpl e 10 The reaction apparatus was a flask, equipped
with nmechanical stirrer and refl ux condenser, imrersed in an oil bath.

50 %O?l; San Joaquin Va:clfey clrude lenmu mu"m'mr ﬁl idzation nunber Of'4é 17
ny g, ng o inely gr ydr oxi into
the flask. %‘f‘ﬁmﬁ bath tenperaturé was fnctedsed to 100CK gﬁ t there
for 5 hours, with vigorous agitation of the flask content. After cooling,
sol i ds were separated by centrifugation. The crude was anal yzed and
found to have a neutralization nunber ofggl. 09 ng KOH g. Exampl e 11
The reaction paratus was the sane as that used in Exanple 10. 50 g of

San Joaquin VMrude and 150 ng of finely ground sodi um hydroxi de were
put into t he fl ask. The oi | bath was brought to | 00[ err] C and kept

t.here for 6 hours Wlt tent Af ter
. t@iﬂgﬁ decre: | th@hds [rﬁﬁsx&nlyaocf‘%n%

cooling, solids are separa y centri- |uga o treated crude had -
a neutral i zat iCOMaRgLRTTOSIVE Exarrpl e 12
The reaction apparatus was the same as descrl bed in Exanple 10. 50 g of

San Joaquin Valley cr &ﬁﬁﬂ' e were
put into t he flas'.kég egoi?gg'g?f? duﬁ'r%lc%og{rg% f@gd&l 'Nﬂtﬂ&g%&aéw

there for 8 hdmoynt afjsimegal-contaiping sompapsd the,gropp &gwspéﬁroum ter
cool i {19, | sol ltdammﬁm uzéﬂwmdesa@mhﬂdéggaﬂa&@mfsﬁ:g&é&%@ﬂ crude had
a neutralizati r

The reaction agﬁﬁé@?@‘ % ;(O_yelgé%erlp 'ﬂ)c@cfﬁx%{%x °é* hf&mggo g of

San Joaqui n Vaefregsed seidity apd¢omwagving of finely ground |ithium hydroxide
nonohydr at e were put into the flask. The oil bath was heated to
100[err] C and kept t hezr_ e!‘hfe%eth%dho?ucfa?m 1 wherein the effective amount of metal-containing
compound is from a substoichiometric amount to 10:1 moles based on acidic
functionality in the crude oil, and the corresponding, effective amount of water is from
zero to 7 wt% of the total acid containing crude oil.

3. The method of claim 2 wherein the metal containing compound is
selected from Group 1A metal oxides, hydroxides and hydroxide hydrates.

4, The method of claim 3 wherein the effective amount of metal-containing
compound is from a substoichiometric amount to 10:1 moles based on acid content of
the starting crude oil.

5. The method of claim 3 wherein the effective amount of metal-containing
compound is from 0.05:1 to less than a stoichiometric amount,

6. The method of claim 3 wherein the effective amount of metal-containing
compound is from 0.5:1 to less than a stoichiometric amount.

7. The method of claim 3 wherein the effective amount of metal-containing
compound is from a stoichiometric amount to 10:1 moles.

8. The method of claim 3 wherein the metal-containing compound is added
as a material selected from a solid and a solid-in-liquid slurry.
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. :Dgg_/eg??s/elggistsat ion of the fl aSkJﬂMHuﬂ“Iwmm'@Ol i ng, soli dsla/ere W_t "
C$ )

separated by, mﬁ&&tri fugation. oreate ude had a nepidpdehaddssOn
nunber of 1.?097ng OH g. Exanpl e 14 The reaction
apparatus was the sane as described in Exanple 10. 50 g of San Joaquin
Val | ey crude and 580 ng of barium hydroxi octahydrate were put into

the flask. The oil bath was heated to 100[®rr]C and kept there for 6 hours,

whi | e vi gorously stirring . the flas ontents,. After cooli . S0l wer e
separated by centrifudat -hsﬁ_%thpﬂ(gfciaangl tg? Biestireamapn gﬂ%&l?i’ﬁﬁ (gi
nunber of 1. 3t Tryn¥%GHlihy acidkcankaining eredgooihds t o 31% of the original
acidity still being present. However, exam nation by infrared

spectroscopy showed that .t he band.gt. 1708 cnferr LCOLTr ndj.ng to,the
car boxyl group, hagaafﬁ‘F H’Fg‘ﬂg wag'ﬁ%slﬁ%ﬂ}’f?‘ ’i%ﬁﬁ%@ I?‘he
untreat ed cr uthetal oxidesChydrpkidesBd hydroxide hydrates.  The reacti on apparatus was
a flask equipped with stirrer and refl ux condenser, immersed in an oil

DA 50,8 56, 20 200! o o855t Ve e SR ARl
The oil bath sdegetfiommagusnmbadicgliom axide) bfdroxifCamihydioside hydretee f or 6

hours. After cooling, the solids were separated by centrifugation. The

treated crude was anal yz and.found tp have a neutralization punber of
0.24 g KOH g. Exéﬁpﬁgewmgﬁcmm 10 wherein the e e&a}naﬁcgmmfﬂas is the
sanme as in Exaselpital fiém thegrgupéonsistingd @0 andrcaldimmulydebxide. Exanpl e 15 and 0. 23
g of sodium oxide were put into the flask. The oil bath was heated to
100[ err] C and kept there_for oyrs,. After cooling, the solid was
separated by centrifuddt i’ﬁﬁ.’"‘&ﬂg"fﬁ’l@ﬁ’c%‘“’g‘l"ﬁ'&@ ¥eAMPYRPEMABI ound t o
have an I Mreorstaining lcombowndiiefrom alsubsaicliometriciampunt to 10:1 moles based on acid

content of the starting crude oil.

14. The method of claim 10 wherein the effective amount of metal-
containing compound is from 0.025:1 moles to less than a stoichiometric amount.

15. The method of claim 10 wherein the effective amount of metal-
containing compound is from 0.25:1 to less than a stoichiometric amount.

16. The method of claim 10 wherein the effective amount of metal-
containing compound is from a stoichiometric amount to 10:1.

V7. The method of claim 2 wherein the effective amount of water is at least
0.3 wt% based on total acid containing oil.

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

19. The method of claim 1 wherein the metal-containing compound is a

20. The method of claim 10 wherein the crude oil is an anhydrous crude



Exanpl e 17 The reaction apparatus was the sane as that

described in Exanple 10. 50 g of Sa ' y crude and 490 ng of
strontium hydroxi de oct ahydrate vvermﬂ m mﬁ ﬂf | ask. The oil bath was
heated to 100[err] C and kept there x WO 97/ 08270 -

PCT/ US96/ 1368897108270 PCT/US96/13688
vigorously stirring the 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% ojgthe original acidity.

However, exam nation by infrared spectroscopy showed that the band at
1708 cnferr] , corresponding to the carboxyl group, had an intensity

whi ch was only 36% of $1ajyQhedfif Wfﬁ?@%%?g{ntgf]gﬁefgvem@ﬁ%&%%?obo

: 0

The reaction apparatus was the sane as,|n 750 .

2/ 4 crude haviseBtaipingeompound isiless thap g sigishiometnc amaugt @gemvg¢@@t ef

bari um oxi de watexis 6t Ieagk 0i3nw®s.t he reactor. The bath oil tenperature was
brought to 100[err]C and the reactor contents were stirred for 8 hours.
After cooling, solids were separated_ by centrifugation. The oil had a
neutralization number %% Thegmethed ofolgim 1 whereinths coptacting temperature is from 20°C T
reacti on apparngegegvas the sane as in Exanple 10. 50 g of the sane crude
used in Exanple 10 and 1.04 g of cal cium oxide were put into the reactor.

The
23. The method of claim 1 wherein the starting crude oil is 2 whole crude.

24. The method of claim 1 wherein the starting crude oil is a crude fraction.

25. The method of claim 1 wherein the starting crude oil is crude fraction
having a boiling point of 650™°F (3437°C),

26. The method of claim 1 wherein the starting crude oii is a crude fraction
having a boiling point of 10507°F (565*°C).

27. The method of claim 1 wherein the starting crude oil is a vacuum gas

28. The method of claim 1 wherein the starting crude oil is a topped crude.

29. The method of claim 1 wherein the starting acid-containing crude oil is a
naphthenic acid-containing crude oil.

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

31. The method of claim 1 wherein the contacting is carried out in the
essential absence of emulsion forniation.

32. The method of claim | wherein the treated crude contains naphthenate
salts of the corresponding Group 1A and Group IIA metals.



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 ny KOH g. That corresponded to 81% of the
original aci dwow7esi?hl being present. However, exani nat i opchwsdeihésg’ €d -
spectroscopy showed that the band at 1708 cnierr], corresponding to the
carboxyl group, had an intensity which was only 30% of that of the

untreat ed crude. Exanpl e 20 The reaction apparatus was
the sane as in Exanple 10. 50 g of the sahé3 crude used in Exanpl e 10 and
2.08 g of calciumoxide were put into the reactor. The oi | bath was
heated to 100[err] C and kept there for 6 hours. After cooling, solids were
separated by centrifugation. The treated crude had a neutralization nunber
of 2.3 ny KOH g, corresponding to 55% of the original acidity still

bei ng present. However, exam nation by infrared spectroscopy showed that
the band at 1708 cnferr], correspondi ng to the carboxyl group, had an
intensity which was only 9% of that of the unt r eat edocrude. WO
97/ 08270 - O .

PCT/ US96/ 13688 ™ 17

Exanpl e 21 The reaction apparatus wasfthe sane as in

Exanpl e 10. 50 g of Bol obo 2/4 crude, having a neutralization nunber of
8.2 ng KOH g, and 0.42 g of cal ci um oxi de wer ut |igio the reactor. The
oi | bath was brought to 100[err]C and kept there r’ 79 hours. After
cooling, solids were separated by centrifugati of. Theftreated crude had a
neutralization nunber of 5.9 ng KOH g correspohding to 72% of the ori ginal
acidity still being present. However, exam nation by infrared
spectroscopy showed that the band at 17 cnerr] c@'r?pondi ng to the
car boxyl group, had virtually di sappeared - &
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" Exanpl e 22 The reaction apparatus was a gl ass colum of 1
cminternal dianeter and 37 cmheight, filled wwth 100 g of barium oxide
and heated to about 120[err]C. 96.2 g of Bol obo 2/4 crude, having a
neutralizati owonemtzes of 8.2 ng KOH g, were passed t hr ougPCTUS96/2 35881 M.
The crude so treated had a neutralization nunber of 1.7 ny KCH g,
corresponding to 24% of the original acidity still being present. However,
exam nation by infrared spectroscopy shoe§y3that the band at 1708 cnjerr],
correspondi ng to the carboxyl group, had“&@nh~intensity which was only 5% of
that of the untreat ed crude. Exanpl e 23 The
reaction apparatus was a 200 m flask, equipped with stirrer and refl ux
condenser. 100 g of a North Sea Bl end, having a neutralization nunber of
2.1 ngy KOH g, 1 m of water and 137 ng of Ca(OH)[err] were | oaded into

the'reactor and stirred at 100[err]C for 5 hours. Infrared exam nation
showed that the band at 1708 cnferr], correspondi ng to the carboxyl
group, had virtually di sappeared. The reaction apparat us
was a 100 m flask, equipped with stirrer and refl ux condenser. 50 g of

a Bolobo 2/4, having a neutralization nunber of 8. 2 ng KOH g, and 302 ny
of magnesi um oxi de were put into the reactor. The m xture was stirred at

100[err]C for 7 hours. Infrared exam nation showed that the band at 1708
cnferr], corresponding to t he carboxyl group, had virtually di sappeared.
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18 CLAI Ms: 1. A nethod for decreasing the acidity and
corrosivity of an acid- contai ning, corrosive crude, conprising:
“contacting a starting acid-containing, corrosive crude oil with an
effective woanms of a netal -containing conpound sel ect edctusssriéss gr oup

consi sting of G oup A and Il A netal oxides, hydroxides and hydroxide
hydrates in the presence of a correspondi ng effective anmount of water,
to produce a treated crude oil having a decreased acidity and
corrosivity. 2. The netdbd of claim 1 wherein the
effective anount of netal -containing conmpound is froma
subst oi chionetric anmount to 10:1 nol es based on acidic functionality in
the crude oil, and the corresponding, effective anount of water is from
zerp to 7 ww% of the total acid containing crude oil. 3.
The nmethod of claim2 wherein the metal containing conmpound is sel ected

from Goup | A netal oxides, hydroxides and hydroxi de{hydrat es.
4. The method of claim3 wherein the effective_amun of netal -containing
conpound is froma substoichionetric anmount to}l | es based on acid

content of the starting crude oil. 5. The met hod of
claim3 wherein the effective anount ef~fetat—torteryi conpound is
fromO0.05:1 tonggss than a stoichionefjric anount. 6. The
met hod of cl ai wherein the effecti ye amount of ne#al - contai ni ng

conmpound is frogO. 5:1 to less than a stoichionetricjanount.
7. The nethod of claim3 wherein the effective anmouny of netal -containing

conmpound i s frogéa stoi chionetric amount t gt xotes.
8. The method otffclaim3 wherein the netaIN§31 '?h*L conmpound i s added

as a materi al s§§ected froma solid and a $oN d- -I|(¥§ d slurry.
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9. The nethod of claim3 wherein the effective anpunt of wa 15l 7eggp-0. 3
to 7 wt% of the acid-containing crude oil. _1?,%’/’0 7> %b MRB rg.hod
of claim2 wherein the netal is selected_fromGoup ITA met al oxi des,
hydr oxi des and hydr oxi de hydrates. e - 11. The nmethod of claim
10 wherein the netal -containing conpound is sel ected from nagnesi um and
cal ci um oxi de, hydroxi de and hydroxi de hydrate. 12. The

][ret ho?hof claim 10 m?’hebéhdfeb@aﬁgxt@dacmﬂw& &bg@gﬂmﬂUﬂ@éxﬁressedsﬂaﬁ%ﬁﬂ 13
rom e grou onsl| St n 0 n C LU OoXl1 Qe,.. .
The met hod ?ﬁ"%@ﬁﬂre\?f‘fb‘“\’\’/ﬁé?re ?‘Hﬁbﬂﬂ‘vsj’fﬁi‘ °&ﬁﬂ§?&0f§w“}$éﬁfaﬁ of KOH, ot 4 ni ng
conpound :c srefjuived t® reutralize thh‘acigiiley of enesgramif oflo Iﬂﬂa;lbedétﬁmﬁhat ﬁadoﬁdi?gﬁ? d
content oft r n k . . . . 0d,or clalm
10 wherein %ﬂ%ﬁfée%t ) l‘éﬁn&}ﬁ% d%qeaﬁg{%ﬁld contgrgrﬂxeyl]% #}@%@é@nﬁdﬁgeaf?om

0. 025: 1 noliaghe neutralizationumbes oninghe imtansity of thewarboxyl band in the infrared 15, The

t hod of ' i 1 by Qs ] o
Cormoung | PEcis ron'%@;ﬁ*%?"“‘iq"‘gs.%@‘éf?ﬁ%%@y S TBMhcihudiblid (TAN) ofB6A' 1 N9
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' 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.

St

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
Q 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," "greater than" or "in excess of "stoichiometric are
defined in relation to the foregoing, as is the term "substoichiometric."
Substoichiometric ranges from 0.025:1 moles up to a stoichiometric amount, preferably
0.25:1 to less than 0.5:1 (i.e., a stoichiometric amount) for Group IIA; for Group IA it is

- 0.05:1 moles to less than 1:1 (i.e., a stoichiometric amount) preferably 0.5:1 to less than
1:1 moles. Greater than stoichiometric can range up to 10:1 moles for Group IA and
IIA, preferably up to 5:1 for Group ITA. Preferred metals are sodium, lithium and
potassium for Group IA, and calcium, magnesium, barium and strontium for Group ITA,
with calcium and magnesium preferred, and calcium most preferred.
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ml of water was added. After 30 minutes, infrared examination showed that the bands at

1708 and 1760 cm~! 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 mi 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.

RaS

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.
210 mg of calcium oxide, corresponding to 3.75 millimoles or 7.5 milliequivalents, were
added to the crude. Then the mixture was stirred at 100°C for 5 hours. Infrared
examination showed no change in intensity of the bands at 1708 and 1760 cm~1,
corresponding to the dimeric and monomeric forms of the acid, as compared to
untreated San Joaquin Valley crude. 1 ml of water was added. After stirring at 100°C .
for 30 minutes, infrared examination showed that the bands at 1708 and 1760 cm-1 had
disappeared, showing neutralization of the acids.
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{57) Abstract

The invention relates to processes for reating acidic crodes or fractions thereof 10 reduce or eliminate their acidity and corrosivity
by addition of suitable amounts of Group IA or Group IIA oxides, hydroxides and hydrates. The process has the additional benefits of
reducing materials handling problems associated with tyeating acidic crude oils using liguid solvents and in reducing emulsion formation.
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