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TOTAL ACI D NUMBER OF CRUDE O mwmm’«w HE | NVENTI ON The i nst ant
i s directedw®ogodespcess for Total Acid Nunmber ebrgisbsifsosd | -
BACKGROUND COF THE | NVENTI ON The priesent invention is directed to a nethod

for reducing the Total Acid Nunber (TAN) of crude oils, a nunber that is
based on the anmount of organic acids, elhg_ carboxylic acids, especially
napht heni ¢ aci ds, that are present inthe oil. BACKGROUND OF THE | NVENTI ON
The presence of _relatively high | evels of petrol eum aci ds,
acids, in crudBROCESSFOR REDUAINCHEOTA D MUMBER QF CR
refiners and nore recently for producers as well. Essentially, these aci ds,
which are found to a greater or lesser extent in virtually all crude oils,
are corrosive, tend to cause equi pnent failures, and |l ead to high

mai nt enance costs, nore frequent turnarounds than woul d ot herw se be
necessary, F?E]EBeOF VHERIIOW @and cause environnental di sposal
problems. A very significant am)unt of literature, both patents and

publi cations, exi sts that deal with naphthenic acid renoval by conversion
or absorption. For exanple, aqueous material addition, absorption on
zeolites, use 26- 05FlROMAtant fvented iodisected to a process for.reducing the Total .

OA\Pld\mbel?Ofﬁméﬁﬁénm ve corrosion resistant all oy materials in
ref| nery or producer equi pnent and bl ending of cruder with high TAN with
cruder of |ower TAN Lazar et al (U S Patent No. |,953,353) teaches

napht heni ¢ { &q@@g uder or distillates, ef fected at
at nospheri cﬁgdr‘dessure vveen gg(gNan gag(315. b to 398.9C). However, it
only recogni zes C02 as the sol a gaseous non- hydrocar bon, naphthenic acid
deconposi tion product and makes no provision for avoiding buil dup of

reaction inhibitors. Abhs presentiihyentionSs directed:toomethodXor eaivicitgsthei bes

| of
FemVal O Total Acid Number (TAN) of crude oils, a number that is based on the amount of

organic acids, e.g, carboxylic acids, especially naphthenic acids, that are present

e g napht heni ¢

in the oil.
BACKGROUND OF THE INVENTION

The presence of relatively high levels of petroleum acids, e.g.,
naphthenic acids, in crude oils or fractions thereof is a problem for petroleum
refiners and more recently for producers as well. Essentially, these acids, *vhich
are found to a greater or lesser extent in virtually all crude oils, are corrosive,
tend to cause equipment failures, and lead to high maintenance costs, more
frequent turnarounds than would otherwise be necessary, reduce product quality,

and cause environmental disposal problems.

A very significant amount of literature, both patents and
publications, exists that deal with naphthenic acid removal by conversion or

absorption. For example, aqueous material addition, absorption on zeolites, use
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napht heni ¢ acids from heavy petrol eum fractions by hydrogenati onyd bhogs058
26rR5-¢BHENUM oxi de- on-si | i cal/al uni na catal wst. WD 98/ 06899. descii bes.a ..
process for renoving essentially naphfthehlic &cid$.fromia hydgocaribof 0i} .
The process includes hydrogenation at.1 tio 50.bal ({100:to; 500D kRa) ;gnd: at
100 to 300C (212 to S72F) of a crude f2€t° ha&®hot *been ptevtdusi y'glitjsmmged
or fromwhich a naphtha fraction has been distilled using a catal)l
consisting of Ni-Mb or Co-M on an alunmina carrier. U S. Patent No.

3,617,501 scribes an integr.ate rocess.for refining whpole crude but does
not di scusy CFRRTIEHGETOSIPD §1§?Pgﬂﬁ f’@rsﬁ?“a_‘!? 5863?5@@’8889‘10“&955 a process for

or ocesst na P CACRRL BT G B B AT LI G brEA A TR on of

gaseous hydrogen. No nention is nade of controlling water and carbon
di oxi de partial pressure. AVENDED SHEET Anended cl ai ns 26- 05- 2000 US

009916058 .. .. .. .Lazar,etal(U.S. Patent No. },953,353) teaches naphthenic aciga- 0 AN
2003 U. S, desamhposiiondd tdgpedémides dedistillas, affwte@asaniosphéﬁs\gmkdme
deconposi ng naphthenic acids in crudes or crude fractions. 97/ 08270
descri bes tetyeer 688 ahd(750FE &3 1576 t@d3PBI9ECyr Hbeeever, if anlyi rensgriicey EQycs or
elimnate their acidity and corrosivity by addition of suitable anpbunts of
Group | A dhe splegaseoys ron-tpdrocashhno raphtbenisdcid decomepositivrepraduat andyi t h
aqueous base have al sqQ been described (See for exanple U. S. 4,199, 440; U.S.
4, 300, 995;m@$@.n@,?myes,1%%9r QY%alnS,bBJAMPPﬂ;YCQthNEM%EET Amended cl ai ns

z 0 SAN too3 WO 00109631 -3 PCT/US99/ 16058 U.S. 4,033,860; US. 5,011, 579;
and Kalichevslry and Kobe, Petroleum Refining with Chem cals (1956) Chapter

4. US. Patent Nos. Zqdrnaily, B Parehf N0, 681 86k BeOL&R5TR df”

naphthenic acids from heavy petroleum fractions by hydrogenation with a

molybdenum oxide-on-silica/alumina catalyst.

WO 96/06899 describes a process for removing essentially
naphthenic acids from a hydrocarbon oil. The process includes hydrogenation at
1 to 50 bar (100 to 5000 kPa) and at 100 to 300°C (212 to 572°F) of a crude that
has not been previously distilled or from which a naphtha fraction has been

distilled using a catalyst consisting of Ni-Mo or Co-Mo on an alumina carrier.

U.S. Patent No. 3,617,501 describes an integrated process for

refining whole crude but does not discuss TAN reduction.

British Patent 1,236,230 describes a process for the removal of
naphthenic acids from petroleum distillate fractions by processing over
supported hydrotreating catalysts without the addition of gaseous hydrogen. No

mention is made of controlling water and carbon dioxide partial pressure.

AMENDED SHEET

Amended claims
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whi ch heavy mneral oil fractions and petrol eum vapors respecti velyo@d® 6058

26tG=30ed. Thus, there remmins a need for glimnatifig or af LEASt  ee oo
substantially reduci ng petrol eum aci d:‘c8licentr gtj.Qn i n;criutles or (fragtions
thereof that is |low cost and refinery: fricendly. Su¢h*tecHnol ggy Youl § Ke
particularly suitable for crudes or ftracfi on¥ *there the' TANVvaltue*ts about
Z or above. TAN, determ ned by ASTM netffod D 664, is neasured as 'ihé@pﬂys
of KOH required to neutralize the organic acids contained in 1.0 gﬁ 0

oi | . SUMVARY OF THE I nst invention is directed tQ a
process for reducingbgygggiéygakgébga:ggbﬁgagﬁﬁﬁﬁ%éd§o%§ﬂégﬁ eﬁﬁaﬁYganic
aci ds conpgl sing... Ly, t.reating a petrol eum feed containing
organic acﬁ%czorlﬁﬁo%rqgh%élﬂg%nq?gg ilgﬁr%%eﬁg)r@&%erfrg?tmsa plurality of stages
in series, at a tenperature and pressure sufficient to deconpose at |east a
portion of said organic acids while sweeping said plurality of stages with

an inert gas. Lo PrOSHOSTkUbALA IPRceee BRI Briediopoar bon

fraction and a nonvol atile hydrocarbon fraction; treating said volatile
hydr ocar bofrattieid foxediice oreelithitlatetheittadidifs indcHP6Iiviey b?fadaﬁ'idh 6f gani c acids
therein and to produce a treated vol atile hydrocarbon fraction; (c)

col | ect i ngsuitabde amounts| aftGloapHydooGeoupl Af oxides, ydfoxidessaidhy dratesal

reaction zone; and (d) blending said treated volatile hydrocarbon fraction
of step (b) with said collected non-volatile hydrocarbon fraction. | ¢ .i
~z~a 2uor WD 001 09631 -4 PCTNS99/ 16058 As used herein, the plurality of
reacti on stages or zeoF@SMERS Wikl aqurnus basphayaplse been descaibedr e5rfon

plurality of r ti NES,. W L hi & S L ddn ot Lost ant

i nventi on,e’f"}m}?@qtljﬁggr@%o‘g@’ﬁéth’ag@ 3%@%45@@%‘5%@&%@%?? duced to the
process and vol atil e hydrocarbon fractions formed. TAN is defined as the
weight in mlligrans of base required to neutralize all acidic constituents
inthe oil. Typically, the organic acids being neutralized wll be
carboxylic acids, nore specifically, naphthenic acids. BRI EF DESCRI PTI ON OF
THE FI GURE The figure is an exanple of one possible configuration for
conducting the instant invention in the recycle node. ( 1) is crude oil,

(2) is fuel gas, (3) is a staged thermal reactor, (4) is a zone for
recovery of acid-containing volatile liquid product, (5) is a reactor
wherein at |east a portion of the volatile liquid is treated with a basic
salt of a Goup IlAnetal, (6) is arecycle line that carries treated
volatile liquid to the reactor vessel, (7) is a line which returns volatile
liquid to blend vessel ( 9) where it is mxed with non-volatile reactor oi
(l'ine 8) to becone the treated crude product. Line 10 illustrates an

enbodi nent of this invention wherein at |east a portion of the stream
treated with a basic salt of Goup I1A netal is blended directly with
non-vol atile reactor oil. DETAILED DESCRI PTI ON OF THE | NVENTI ON The i nst ant
invention neutralizes and destroys organic acids (e g., carboxylic acids,
nore specifically, naphthenic acids) in petrol eum feeds, including crude
oils and crude oil fractions. For exanple, petroleum feeds such as whole
crude oils (including heavy crudes) and fractions thereof such as
26- 05- 2000
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US .009916058 . . e e e e e
U S Qo AV 1, B 1
vacuum gas owb ob/o%si i ons, topped crudes atnospheric resids, yagadi/fees ds.
and vacuum gas oil. The process of the instant invention includes a thernal
treatment step conducted at tenperatures sufficient to destroy organic
acids. Preferably tenperatures of at |ea8t about 204.44C(400F), nore
preferably at |east about 600F. The thernmal treatnent of step (a) conprises
at least two thernmal treatnment reaction stages in series which can be

within the $hbed,P33.868; UoS. 5,01 56p%randeKelikevsky and Keohee RetralaupeRefining
partially neutrglized %I ggldgg hydr ocarbon fraction (referred to herein as
the treat ed&&l&m%a ] Pef fact i on) is reintroduced into a reaction
stage other than the first reaction stage of step (a) when a recycle
process is enployed. Preferably the recycle streamenters the reactor at a
stage when the decompes!paenONol 798588 AR RI0NSED Bikeldie pRORKEIThI | ©
hydrocarbon fraction i's essentially cdnplete.” As’use erein, essentially
conpl ete Wwﬁcwﬁeavycﬁi&&dtﬁﬁﬁﬁéﬁ&lsrﬁf@péﬁGMWa Qﬂrr‘éﬁbéﬂﬂ\a‘ew aédreagay bon
fracti on deconposabl'e by the thermal treatnent has been decodnposed.
Preferably, the recycle streamis introduced at a stage where the

concentration of acid_in the non-volatile fraction, expressed as Total Acid
Nunber (TAN), is | ess Tinsrthareoiemainga naediforrelimeinating opat leastsvbstantally | n

the instant _i ti fresh,feed . b i Jyoint d iinto th
bt oceos. and TN HHEPRTAlelpAciL SPRGATRRGR on GRides AF SAcHlgS Biesernbanisign | °
d dth f i il W3 ]
Pr oatmont s SpRARITefilbe srdeidly. D8aCUERRONEY W ARG o Walihidt? shbBilRer |
formed duri egndegiof fEREOHP Mdictd e- TAN Vitid & dbout drabove.! TAN, de@miineday
~ ~ - : -. Amended cl ai ns ~6- 05- 2000

al ong with carbon dioxide. ~ ~ ~, . .

US 009916058y ASTM method D-664, is measured as milligrams of KOH.required to Ce
e e e meenen oo .-6-~0,(IAN 2003 A pre-flash to renove any

bul k water PRAFalize the cxganic agids gentaired myl.Oeryeed o copendi ng appl i cati on
U S Serial No. 920,549), is likew se preferential. As nmuch water as can be
renoved will preferably be renoved. Typically, thermal treatnment or

upgr adi ng pswmytgpmgmgq run at tenperatures from about 400 to
about 800F (about 204.44 to about 426.67C), nore preferably about 450 to
about 750F (about 232.22 to about 398.89C), and nost preferably about 500
to about 725F (about 2b0.00 to about 3 85 C). Pressures range from about

at nospheric to about Thednganiinyention isadiresteshtora processipyscdmingarganic
preferably abaout. 15 to about, 500 psi about .204. 75 to about 3 548.83 kPa),
and nost pré‘?@ﬁéﬁpﬁuﬁﬁ%‘m Pefésl‘:Bn@BBﬂgoggﬂ"ﬁg?lés EOBBIS™E08. 18 to about

2169. 83 kPa). Conditions are chosen such that the TAN | evel of the

non-vol atil e hydrocarbon fraction is bel ow about 1.0, preferably bel ow

about 0.5. Though, th¢aynbgmatioirbatingaspetfdledn Fecbéorthinidieorpahic Ridin

a thermal reaction zone comprising a plurality of stages in series, at a

temperature and pressure sufficient to decompose at least a portion of said
organic acids while sweeping said plurality of stages with an inert gas, to
produce a volatile organic acid containing hydrocarbon fraction and a non-
volatile hydrocarbon fraction; (b) treating said volatile hydrocarbon fraction to
neutralize at least a portion of said organic acids therein and to produce a treated
volatile hydrocarbon fraction; (¢) collecting said non-volatile hydrocarbon
fraction from said thermal reaction zone; and (d) blending said treated volatile
hydrocarbon fraction of step (b) with said collected non-volatile hydrocarbon

fraction.



conditions for thermal treatnent which produce a volatilized streajl j&i 1003
containing organic acids, would be suitable in the instant invention. The
inert gas sWesRgwds1 PUrge may conprise nost any dry gas that purhlsofipdosd €act
with oil. Thus as used herein, inert neans those gases that will not react
with, .or alter the petroleumfeed to any detectable | evel. Suitable

exanpl es include nethane, fuel gas and n4trogen. Sweep rate in the reactor
is adjusted to maintain the partial pressure of acid deconposition
inhibitors (e.g., water and carbon dioxide) to a value bel ow about 25 psia
( 172.3 8 kPa), preferably bel ow about 10 psia (68.95 kPa), and nost
preferably, below about 2 psia ( 13.79 kPa) In general, the sweep ]gas rate
will fall in the rang8saseddsaeingthe plurality of raagtion stagssorf zenespgaeludes r el

SCF/ Bbl . ), to,180 n8 ./m3). AVENDED SHEET Anended cl ai . 6- 05- 2000
st 0099162)5 ‘?1 a.P.lmﬁl"Y °fjrea°‘)°fs or a%?“f.aﬁ.t}{ o .f.e?cgc?f} Z.O.HPSI. élc. same

(232, 220 394 RYGh RIS oAU AR BalhR foRR1050) . Prossure

i s maintained bel ow abodt 300 psig 1 preterably below 1 SO
psig ( 1135.58 kPa), and nost preferably ;, below 50 psig Reaction tithe
required to destroy the acids varies inversely with tenperature, with

| onger tines requiredTAN isodefinedasithe aveaghtdn milligramst dfdbage s¢quiredato
-tenperature range of 700 to 750F (371 11:398.89Q), reaction ti Wl range
from about BTG AlAGC R0sRUsatsaS the gl hipuralvi the eigssis AL PeinBar | he
TAN | evel of _the. ngn-.wal ati ggarhbon fractian is Q ut 1.0,
preferably % 5@%%104? %{)s’f&lﬁéﬂ@g@g@ SQFcﬁ?@ﬂyhlg?ﬁéwwggﬁhg reaction
a volatile hydrocarbon fraction is renmoved fromthe thermal reaction zone
as gaseous effluent. The exact anobunt depends on feed type and reaction
condi ti ons. BRAEF@@FSGRIPTEONYOER THE FIGUREount of vol atil e hydrocarbon

fraction recovered anmounts fromabout 5 to 25% of the crude that is fed to
the reactor. Such streans typically contain |ow nol ecul ar weight volatile

acids and the TAN of ch.streans can range from1 to,4 or re..Foll ow ng
thermal treatment of iﬁ% fgures 18 A 1 '] t ik QM4 eﬁqsﬁ‘é’%fdﬁ%‘}ﬂﬂﬁ‘ ftjpécti on
is treated [ [ NG j {1Sn: [
therein. sﬁ‘%“{‘?@é@ﬁ%ﬁ@“ﬁkﬁ@ﬁﬁ&@%@@%& tgngtr?%ctl?g%&g/cgfgp ﬁ? gﬁfdrqa%l ’ic(g%?gwﬁ?ﬂ a
basic salt.gdhq3Pasi ﬁa%é’d Hferital e€actat] (HPisU Lone £t ﬂ%@éﬂr? o' Ridoyntafnisge
basic salts known to the skilled artisan capable of neutralizing organic
aci ds, part volatite liguidagriotinetyi(8) &ca deactdir whereibay ledstiaiporson tof thé velatile | A

and Group I)A of the periodi¢c table (See Basic Inorganic Chem stry, Cotton
& W ki nsonllqQuig7g)tregted Witd a,pasic salf o Far@r@%m%mqtﬂe?@d&ac@me s thabe an

cal s i1 Sl latfe MAIEHEine Sedifs PRREE X iE e MRSt "y
mor e P ef ©f dhlKleNig@l b Ik héssel | 9) tierFltlis mfced witABAYBIhIL Aedifor oilO

001 09631 PCT/ US99I1 16058 ~ 0 J AN ~g_ For exanple, suitable salts

i ncl ude CaQliréag)Ad) Becotireihs, trédyéd civisle PrfpductMiGineg Enillusirates ranserhbediaeht
Applicants believe that treatment with the basic salts converts at |east a
portion of ehthiyvinventipr vdhayeini at laast @spartion iof the streap dreatadywithgmbasic salt d

salts (in the vol atile hydrocarbon.fraction). Such naterials can be
recovered b9fgéﬂ%ﬁﬁ@ﬁ lﬁggﬁéea e&&-mgbn%-ye %T%Pt,ofé’ﬂ;., napht heni ¢
acids for commercial sales.

DETAILED DESCRIPTION OF THE INVENTION

.

The instant invention neutralizes and destroys organic acids (e.g.,
carboxylic acids, more specifically, naphthenic acids) in petroleum feeds,
including crude oils and crude oil fractions. For example, petroleum feeds such

as whole crude oils (including heavy crudes) and fractions thereof such as



The neutralization with the basic salts can be conducted by neansg;kpgusidess
26t0e05killed in the art. For exanple, the methods. set forth.in 3@97/08270,
. W97/ 08275, and W97/ 08271 herein incéotpdratd&d by.sef etentéd,. may tbes yseh.
Moreover, the volatilized hydrocarbonefrdcti on® ol the petlol eum fieell smay
merely be passed over a bed of the baSigc *salf*to ¥¥fect*thé&*tiedreé’of **
neutralization desired. The contactingwth the basic salt ist Qfﬁ@!m
carried out at either anbient tenperature or at an el evated tengera ure
sufficient to reflux, the.solution. Typicall t.hi s .range is up ,to 200C,
Wi th narroShuPLescd! BAEGRy (el e B EinebherCsbuts VirurB Ehies 6e 1o
200C, nor erabl.y 75C to 150C. Wen recycling, the neutralization
shoul d pr§?§?§%ﬁ%ﬂ%%yconducted at the highest possible tenperature
consistent with the'process design to avoid the necessity for heating the
neutralized volatile hydrocarbon fraction upon recycle to the reactor. The
basic salt , hydroxiTes pré¢bs8s the aseaiianoendor idtyddexa deerivlltAlafhenRy be
pur chased comrercially or synthesized using known procedures. In solid
form thewstepagohdudted aheempernats auﬁ‘m&dﬁrtoodea{%oafgmid acidsi zZ@dfarablyi cl e or
supported on a refractory (ceramc) matri Xx. 00/ 09631 PCT/ US99/ 16058 _
9  ~ 0 JitempetagreRax{cati leasttdabont 204 d4id(400°Fhemoeerpecfatably ahdehshaboute of
the petroleumfeed to be treated, its acid content and the anount and type
of basic $A0fFaddehe thermal aireaimenhoinslgpr 64)i eamprinesay lpastcbve itharmak f or
fromless than about .1 hour t.o about éﬁbhours ta progduce a Product having a

decrease iFFAUDERLESAFHPY Stages-B; Sprics nviich capnbe Myt dhe vame; 1936108\ Bcar bon
fraction ' t t I f_t carrespondi ng..croup | Aor 1A
meral oxi SR TRRRES, TBAH SRS, ot pa By BebEDRRR: LOGu YRR et
The condi t{ ar ithY rJa fab [ | . The:react or
systen1fo#h$ﬂgnﬁ gﬁﬁg Jbeggﬁgg*?2?%ph?geﬁo?85ﬁ@g5bg§§?§§6¢:ﬁﬁﬁgggngh to
provi de | irginitfbdileed dRIACE rédotionitagd6thel ABAT tHes PR rehdtich sEgedtsteg payachi eve
the desired conversion and achieve rapid nass transfer to renmove inhibiting
product s ofhdme racyde drooemsdsicmpinyed:adrefenably . the revwtle stramh emteisothe

di oxi de. Suitable reactors conprise two or nore stages and may be, for
exanpl e, dfagiae abfa stage twhenothiendecpmpagiidon lofishe ecidsseordaingdnin Wedkemi cal |y

stirred bubble rise co]u and trickle pbed, etc. Recyc of the treated
vol atile Wg‘i‘tﬁe&yﬂwar%’%n?@eﬁﬁorhéﬁsesﬁ?ﬁlad detnplsifat 18 ué?é ﬁ%ﬁm’i%g’"{‘ y

[ t i pDi ih,the .th . tor. Additi Ly, ..th
basi c. sal CouBks: HieaBY A pHER Huts Rl erb i BB ulels bR Bp, o on.
Li kew se, ffé’c?i)éﬁ' | Qoipo¥Se! By’ G Chchiigl dttdthfent ORAES Mheedl ddBmypdbad. | €
hydr ocarbon fraction of step {a) since neutralized acids in the'recycl ed

treated v@rafardlslyhitdrrecoclbeiedmas intediied abh staRswherethe abhsert@sionwfed when
i ntroduced, via recycle, into the thernmal reaction zone. Thus, the total

vol ati | e hgitl octrebvm-Volatild fractpom dupredséd anTotad Acd Wumbar (N} isvléss
conprise the volatile hydrocarbon fraction fromfresh feed plus the

recycl ed thamebaut, blaand orefeaatly debow aboatfisonin the-mstant dnwentioy, desh16058

usi ng recyg| it i der st.qod. £ hat . pet.r.ol feed is being introduced to
t he ther nﬁacﬁggcctqn%eﬁnfj@eogg%?%glrdt&fﬁéfhgcge datﬁsl%?[a[gﬁ'l e- hydrocarbon fraction.

Thus, the total volatile hydrocarbon fraction produced upon conpletion of
the recycle process, will be that fromthe fresh feed plus that anmount of
the recycl ed treat ed'heoinaitida® stWeep Qﬁﬁk&@ﬂuﬁﬁ?ﬂid vermiiakéatiiens difveep ast
recycle, the volatile hydrocarbon fraction blended with the non-vol atile
hydr ocar b¢a) feraes ioosweep dwayoagid ideeompesition yidhibitotsrfeamed durihgtacide
hydrocarbon fractions and any newy produced volatile hydrocarbon fractions
from f r esdepempotigiom Rrintipally; oditeraviloe swiepttaveay dong wath @rborkilled in the
art will recaognize that the nunber of recycles will be dependent upon the
capaci ty G#O%¥If@ thermal reactor being utilized and the TAN desired for the
bl ended product. In the practice of this invention the volatile hydrocarbon
fraction is treated with the basic salt to neutralize at |east a portion of
the acids contained therein. The vol atile hydrocarbon fraction is contacted
with the basic salt in a mxing zone that operates in a range of 150 to
300F (65.6-148.9C) under autogenou§g9uégshﬁezfor atinme sufficient to

conpl ete the reaction between the basic salt and the organic acid. Suitably
a small anount of water, fromO0.25 to 1.0 w % based upon the wei ght of
volatile liquid, is included in the m xing.zone to facilitate the reaction.
In a preferred enbodinent, a suffﬁEF@ﬁ?dé%HWﬁt of basic salt is added to
the volatile hydrocarbon fraction to conpletely neutralize the acid, and

. b . -~ Y




L L =l"i.- . ~ L 1 Anended clains W O 00/ 09631 PCT/ US99/ 160585 oobb18038
2§05r204¢ 2UU~ bl ending (line 7) is at keast 1:1.and.can ranga.Lo 37 Or..
hi gher. The higher the ratio, the | owef.the TAN &f.the volkatil e hydrdcalbon
fraction withdrawn fromthe process viea ldine 7° En anotthel endodidredts of
the process, the treated volatile hydfocarbof*ttaltion éﬁer'gi'ng'fr’gw \ﬁgﬁgﬂl
5 (post basic salt contact) is not reé§c1 ed, but is fed directly t b'l
vessel 9. The basic salt so added acts as a buffer to mtigate the
corrosive effects of, any y.esi.dual acids., I.n stjll,another enmbodi nent, of the
process, the treated 6’5‘?‘&@? éOHﬁmoé{EMohU‘%r\é(é{%hg‘eﬁePﬁiSﬁf& ﬂg‘&ﬁn&@gsa 5
(post basjg: can g . I C : e 0, , :hut.. ls.fed to a
separate kﬁ%@ﬁ% d tlgegﬁﬁ%%dlégn%él}cgﬁggt Qgg'( ta%%“tag/efég) q)?of:f‘lag?h lgi éﬁ‘?’lsﬁti on
zone (not nggﬁ@ﬂy\/@g j j (Wor streamis at
| east parpl al yhgéstrlgﬂygg%ﬁggr%eargu e|tlzaegl?ovt%(rae‘gltllc vo?gﬁ?é;;er@éo}%géar bon
fraction (wth lower TAN) is then fed to blend vessel 9 or recycled to step
(a). One skilled in the art can readily determ ne reaction conditions for
such a step. |ndeedTypidallyptirenthal @egtateat or apgradingcpeitsdes telesducey at | east
a portion of the neutralized acids would be selected. In the recycle node
of the indiAd¥are nueatttemperathres\fodmabowt 430dtocatanib 8007 atioud 204ddrtgi ng from
the thermal treatnent step (af) may be bl ended with the non-volatile

g

hydr ocar baboutrd2é:6 5% )wmoaie prefgeablyyabautd 54 tpiabant ¢Faiabony232.83tav t h basi c
salt. In such C the volati]e rocarhon fract] 0 | S bot h
treated v8 %Hti?ﬂ%é-@g})o@%‘f st p?faf%r@bg’v %3@%@%@@% éﬁpmé%w t

hydr ocar b rachbi-onpori ginating.fromfresh feed) ,woul d | ended with the
non- vol at gF%Jtt%r g@'a}) Bﬁglquggyg%ﬁom g:qut ﬁﬁ“‘esﬂ%‘_ereﬁltﬂéﬁﬂﬁ P@%(F?S)lga final
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.« ... .204.75to0 about 3548.83 kPa),-and most Ipreferably about-30 to about 300 ltlimg- ..oo-12
~ 0 ,1AN 2003 The followi ng Exanples illustrate the invention but” are not
meant to Gebdut 08il8goiaboany16fs3 kPX \MPbRditions afsochseasusteihat thesTANper i ment
was carried out in a 300 cc (300 m, 300 cnB) stirred autocl|ave reactor.
The react lavehabthspemaveldtilmhydrocarban deactipn lis belopeghoutd .Q,ipreferadg t hat was
char ged. @r gon was fl owed through the reactor to keep the conbi ned parti al
pressures SN Gahd carbon di oxi de (aci d deconposition gases that can

inhibit acid deconposition) to less than 1.0 psia (6.895 kPa). The reactor
was charged with 100 g. of a Venezuel an extra heavy

Though, the above conditions are typical of the art, other

conditions for thermal treatment which produce a volatilized stream containing

organic acids, would be suitable in the instant invention.

The inert gas sweep, or purge may comprise most any dry gas that
will not react with oil. Thus as used herein, inert means those gases that will not
react with, or alter the petroleum feed to any detectable level. Suitable examples
include methane, fuel gas and nitrogen. Sweep rate in the reactor is adjusted to
maintain the partial pressure of acid decomposition inhibitors (e.g., water and
carbon dioxide) to a value below about 25 psia (172.38 kPa), preferably below
about 10 psia (68.95 kPa), and most preferably, below about 2 psia (13.79 kPa)
In general, the sweep gas rate will fall in the range of about 50 to 1000 standard

cubic feet per barrel (SCF/Bbl.), (9 to 180 m3 /m 3).

AMENDED SHEET

Amended claims



,oil that had a TAN of 3.0, flushed with argon and then heated wi tDS ddd1kb8s
2@'(95a29%9rperature of 725F (3 85 C). Argon was f,l,omeqd throygh, he reactor, at
0.14 liters per mnute at a pressure af,3D psig:(33Q8. 18, kRa),,, whi gh mps ¢
mai nt ai ned by a back-pressure regulatdr. {fter,*asstgrrey rreactsi on; peryod at
725F (385C) the reactor was cool ed and,di Schdrgéd.**Ther e *were r ecover ed
83.8 g. of reactor oil and 14.21 g. of & vol atil e hydr ocar bon | i qui dAK Akl
was renoved froma cold trap downstream of the reactor. TAN assays on the

il d latileg |liquid , i vel 0, 05 1 ..Th
expor i ment was.  epelPba SR aitedtFiE e REOE LRt Es  pL i Es i @0 dauct 1o
Subseauenig S rEREES T 15O N9 251 C! TR sk iy AARY Bl 200
40 -7IS°F (DAO-IRIO . 200 nad3d ~ 0
AN 200 TESRAL 20 720 BSRSARTGYy Presuis [ maintained below about 30D R’A%é
repeat ed 2169083 kpay, plfgfeﬁa}?pfbé{%alid Psigl AUI38.99 QP hfost’ phefépsblg har ged

to the autocl ave al p‘gge%&h 100 g. of "fresh feed. ere were'recovered 85.7

g. of reabélow $0 psignck h time eéquitddafol dedtroy GHe AcidbANMriRS SAVEsEly witle
reactor oil and volatile liquid were, respectively, 0.06 and 1.49. h This

Exanpl e itemperatateswithalongeryidmes abquictdatat | lewer qeimperatutesut Withit thet wi t h
a basic salt does not result in any reduction in the TAN content of the

vol ati | e Predgmred feroperature mapgeof 709 W 2300 (3 Iy th39Ri898CY, rectian tisheart i | e
liquid was.prepared in the_ follow ng nner. To a 50.cc (50 m, 50 cnB)

r ound- bot Y"b‘ﬁf?‘f@sﬁ’o% ab‘b‘ﬂfe%é WRipHteg tp r%r maRRies o SRREONS: Frer chasgn SBelr ged 21

it o ookt TAAY e e P TR ERaRRER o s BERTRisDeM ki or " The

flask wa | irring at 200F (93.33C) for a period of 5
TR TR ol g,

hours. T and the treated volatile Iiquid was decanted
and stored for further use. The experinent of Exanple # 1 was repeated
except that 9.45 g. of the cal cium hydroxide treated volatile oil was
charged al ong w t h TiOhg.coutse ofthb tHeearl tréMiNDEAcGbERV Aaiie dedrodarbors

fraction is removed from the thermal reaction zone as gaseous effluent. The
exact amount depends on feed type and reaction conditions. For certain heavy
crudes the amount of volatile hydrocarbon fraction recovered amounts from
about 5 to 25% of the crude that is fed to the reactor. Such streams typically
contain low molecular weight volatile acids and the TAN of such streams can

range from | to 4 or more.

Following thermal treatment of the petroleum feeds, the volatile
hydrocarbon fraction is treated to reduce at least a portion of the organic acids
contained therein. Such treatment includes contacting the volatile fraction with a
basic salt. The basic salts which can be utilized herein are any of the basic salts
known to the skilled artisan capable of neutralizing organic acids, particularly
naphthenic acids. Preferably, basic salts of Group IA and Group IIA of the
periodic table (See Basic Inorganic Chemistry, Cotton & Wilkinson, 1976) will
be utilized. Preferably, the basic salt will be an oxide, hydroxide, hydroxide
hydrate, or carbonate. Preferably the Group IIA salts will be used and most

preferably salts of calcium or magnesium , even more preferably a calcium salt.

AMENDED SHeE]
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.. =14 z o ~nN zoos There mere recovered 85 65 g of reactor
oi I and 22. v@omdserol atile |iquid product. TAN assays on thepteastoreoss |
and volatile liquid were, respectively, 0.04 and 1.b2. This Exanple
Il lustrates that recycle of calciumtreated volatile product does T@yimqmﬁ
a beneficial effect when the recycle streamis added to fresh feed®or to
the first stage of the thernal reactor,-&-g., adding to stage 1 of a nufti
stage reactor. EXAMPLE #4 Exanpl e #3 was repeated except that the cal cium
treated volatile liquid was not added to the fresh feed. Instead, the
reactor wa @maxgepler rﬂutﬁahlel galg elndo GpQyr CafQER,, f 62C0:AMg®, MaHynut e
stirred coqggﬁ%?at 72SF % t he reactor was cooled to 150F (65.56C) and
8.85 g. 1#Rd ile liquid was added. The reactor was then
heated to 725F (3850 for an additi onal 30 m nute contact. There were
recovered 87.6 g. of reactor oil and 19.1 g. of volatile liquid product.

TAN assays on the reagplicats wRfiy %ﬁtqréﬁmrepu%ﬁr ReOBAKGE Salt8 Bnverts at

respectively, 0.02 a Thi's strates recycle o

cal ci um tr eleastda \portaén lof the qwl@hleacrrgem&ea‘dxdyeb thé e@mep&m@forg&ﬁc veiditi | e
liquid provided that treated liquidis recycled to the reactor after fresh

feed has urssdtsdimthesvolatiteehydrocartbondeactiom), Such. matetialstcanabe dgeoovered by
liquid is recycled to a seconqg or third stage, etc. ~, ME~4D~D SHC-~ i
Anended cl qrventional, sneansjand used as a source of, e.g., naphthenic \acids for

commercial sales.

The neutralization with the basic salts can be conducted by means
known to those skilled in the art. For example, the methods set forth in
W097/08270, WO97/08275, and WO97/08271 herein incorporated by
reference, may be used. Moreover, the volatilized hydrocarbon fraction of the
petroleum feed may merely be passed over a bed of the basic salt to effect the

degree of neutralization desired.

The contacting with the basic salt is typically carried out at either
ambient temperature or at an elevated temperature sufficient to reflux the
solution. Typically, this range is up to 200°C, with narrower ranges suitably
from about 20°C to 200°C, preferably 50°C to 200°C, more preferably 75°C to
150°C. When recycling, the neutralization should preferably be conducted at the
highest possible temperature consistent with the process design to avoid the
necessity for heating the neutralized volatile hydrocarbon fraction upon recycle

to the reactor.

The basic salt , hydroxides, oxides, carbonates and hydroxide
hydrates may be purchased commercially or synthesized using known
procedures. In solid form, they may be in the form of a powder or a composite,

sized particle or supported on a refractory (ceramic) matrix.



-15 EXAMPLE #5 z o0 ~a~ 2003 A sanple of 70 g. of volatile liquid (TAN =1
) obtained fromthe thermal treatnent of a Venezuel an heavy oil was charged
to a round lvod b@evedl ask al ong with 0.42 g. of deionized wat epcgudodhecdst 0.
of “cal ci um hydroxi de powder. The mi xture was then heated and sti rred at
200F (93.33C) for a period of 5 hours under an atnosphere of nitro Ebﬁ
resultant calciumtreated oil was then pl%ced in an autocl ave and Ba)lf\ﬁ o]
725F (385C) while sweeping with Argon at a rate of 0.05 liters per mnute.
At the end of a 30 minute period at 725 F (3 85 C), 61.14 g. of volatile
liquid had distilled fromthe autocl ave and 6.07 g. of volatile liquid

still remained. TAN aggasio L 3L LRt ut ocl ave

had a TAN of 0.1, whereas t e vol e{ﬂ%ﬁg ogxrlﬁe thpéﬁ{ﬁkl%?glgh% ol?%élas Exanpl e

i |1 ustrat es petraleuth ecBAR eotéed, i6f acid \¢ohnt hed eid axﬁéﬁht%df b'@?ﬁaéid

treatlng sald oil with a basic calciumsalt and then distil ng. '~~i 1~
-'J , 4. . shisadded18gpically, the neutralizatidn mhybe carried Autafm‘eﬁiomllusrthan VO

OOI 09631 PCT] U599/ 16058 -16 - 2 0 JAS 2003 CLAIMS:. 1, A process for

reduci ng or §8ARt] hepgto abptﬁéprhsmwﬁ p@awe@mmdmham@ peIgasednds

conpri si ng: r treatin et r,ol nt ap.ni or gani c
acids in a lcﬁE)Pﬁ’é'thy ﬁcﬁygﬁo%ﬂ*t ?Bﬁﬁq%?qun ?‘?ﬁ?ﬁ ﬁ%ﬂqa&}”bh &g@@ﬂm
series, at At t a
portion of ZlaP or gan#(i:@ggl &; é@gﬁg@;@f%@ﬁg h%‘l%?&?%&op%ﬁ g‘g(ge; W th
an inert gagarbomaly Ghiper ateQsed 37 eGAditd THRYoNRIGHS Y faaitgr bon
fraction and a nonvol ati I e hy rocarbon fraction; (b) treating said’volatile
hydr ocar bon deteaminable by theskillediartisas. | east a portion of said organic acids

therein and to produce a treated vol atile hydrocarbon fraction; (c)
coll ecting said non-vol atile hydrocarbon fraction fromsaid thernal

reaction zone; and (d)TY pagionay s iRe APk Bk (IS OGO BrdcgagL | on

of step (b) with said collected non-volatile hydrocar raction

process of d$ desighedviepeovids diquid residencettime ap tiidhasenptemperaturerddequateg
said volatile h droc rbon fraction with a basic salt of a netal selected
fromthe grddRc desitsd penversionrand aehyeve rapidomgss tanster do emayees

h f f. I
bortion of SR riﬁ?iu%%ﬁﬁ;ﬁe ‘aoft HeOBnBRtboR sER o i afer &1 SlmoRTS
thermal l'y tigatiieg %ﬁbl’@'ré’édt&% bﬂpﬁeéﬂw o?tﬁﬁ?é“% ged hﬁ&fpxﬁ hRLBE efnd

for a tinme sufficient to destroy at least a portion sal d ne rallzed
organi ¢ aci @sample, of one of the following designs; bubble rise column, mechanically

stirred bubble rise column and trickle bed, etc.

Recycle of the treated volatile hydrocarbon fraction has the added
benefit of lowering the requirement for stripping gas in the thermal reactor.
Additionally, the basic salts remaining in the crude can act as inhibitors against
corrosion. Likewise, recycling serves to reduce the acidic content of the volatile
hydrocarbon fraction of step (a) since neutralized acids in the recycled treated
volatile hydrocarbon fraction are at least partially destroyed when introduced,
via recycle, into the thermal reaction zone. Thus, the total volatile hydrocarbon
fraction produced from the recycle process will comprise the volatile
hydrocarbon fraction from fresh feed plus the recycled treated volatile
hydrocarbon fraction.
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process of claim1 further conprisingigeyclingidt,,l easy g npqrtiop qgf: said
treated volatile hydrocarbon fractionio & stageiother $hgn the fgrgts stage
of said plurality of stages of step (d). 5. T™eé°*pracess *of <wvl*ai m 1swherei n
said thermal treatnent tenperature of-stéep (a) is at |east about 0 JAN 2003
400F(204. 44C). 6. The process of claim 1l wherein said petrol eum ;ee'dx

under goes a preflasG]astep to renmove bulk water. 7. The, process, of claim1l
wherein said inert JaSArEViBg Wi instans invension upingrecysles & isrunggrgood

deconposi tion products ,.i.n, t.he .reactor, of, bel ow about. 25 psj 172.38 kPa).
8- The. priebBePIPUY bR eia bhie B AGLES e Freial reitbiod Herolel PEodEig ar e 1 1
t he range, of 1 ( 0..ab S | . Feet per
arrer ( SorPHIF yatodathd BltofC Bhul R R PR AR Rt PG T ana
pressure t V, Id e r I i has a
Tot al Aci ﬁlﬂﬁ%‘e}‘?ﬁéhriﬁ)ﬁia %)E?%gle?fg\k}vgg _uze %ogéésbﬁlgkg&g&gg%qp Eﬁ%lfg‘%ﬁr eat nent
of step (iihs thel amdidit Bf‘ﬂ?eel%%g@lfed‘%}e%téﬂ YolMIR B} dloSibén Fra8BbAEPblIbWifgnduct ed
in the presence of about 0.25 to about 1.0 w% water. AMENDED SHEET Anmended
cl ai ms . Abe Ahst/Aecyele, tie dlatike Iydkocarboh. ffddtioh bleAded Wit khdndh-vokbile A3

hydrocarbon fraction will comprise the recycled treated volatile hydrocarbon

fractions and any newly produced volatile hydrocarbon fractions from fresh

petroleum feed introduced during the recycle. One skilled in the art will

recognize that the number of recycles will be dependent upon the capacity of the

thermal reactor being utilized and the TAN desired for the blended product.

In the practice of this invention the volatile hydrocarbon fraction is
treated with the basic salt to neutralize at least a portion of the acids contained
therein. The volatile hydrocarbon fraction is contacted with the basic salt in a
mixing zone that operates in a range of 150 to 300°F (65.6-148.9°C) under
autogenous pressure for a time sufficient to complete the reaction between the
basic salt and the organic acid. Suitably a small amount of water, from 0.25 to
1.0 wt% based upon the weight of volatile liquid, is included in the mixing zone

to facilitate the reaction.

In a preferred embodiment, a sufficient amount of basic salt is
added to the volatile hydrocarbon fraction to completely neutralize the acid, and

the entire treated stream is recycled to the reactor.

Referring to the figure, the volume ratio of the neutralized volatile

hydrocarbon stream (line 6) to the volatile liquid stream that is withdrawn for
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recycled to the reactor 3, but is fed to a separate thermal treating zone from step

b4

(a), e.g., a flash distillation zone (not shown) wherein the neutralized acid
component of the stream is at least partially destroyed. The resultant treated
volatile hydrocarbon fraction (with lower TAN) is then fed to blend vessel 9 or
recycled to step (a). One skilled in the art can readily determine reaction
conditions for such a step. Indeed, a time and temperature sufficient to destroy

at least a portion of the neutralized acids would be selected.

In the recycle mode of the instant invention, the volatile
hydrocarbon fraction emerging from the thermal treatment step (a) may be
blended with the non-volatile hydrocarbon fraction without performing a final
contacting step with basic salt. In such a case, the volatile hydrocarbon fraction
(comprising both treated volatile hydrocarbon fractions and newly formed
volatile hydrocarbon fraction originating from fresh feed) would be blended with
the non-volatile hydrocarbon fraction via line (7). Alternatively, a final
treatment of the volatile fraction can be conducted prior to blending.
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The following Examples illustrate the invention but are not meant

to be limiting in any way.
EXAMPLE #1 (Comparative)

This experiment was carried out in a 300 cc (300 ml, 300 cm3)
stirred autoclave reactor. The reactor was operated in batch mode with respect to
the crude that was charged. Argon was flowed through the reactor to keep the
combined partial pressures of water and carbon dioxide (acid decomposition

gases that can inhibit acid decomposition) to less than 1.0 psia (6.895 kPa).

The reactor was charged with 100 g. of a Venezuelan extra heavy
oil that had a TAN of 3.0, flushed with argon and then heated with stirring to a
temperature of 725°F (385°C). Argon was flowed through the reactor at 0.14
liters per minute at a pressure of 30 psig (308.18 kPa), which was maintained by
a back-pressure regulator. After a stirred reaction period at 725°F (385°C) the
reactor was cooled and discharged. There were recovered 83.8 g. of reactor oil
and 14.21 g. of a volatile hydrocarbon liquid that was removed from a cold trap
downstream of the reactor. TAN assays on the reactor oil and volatile liquid

were, respectively, 0.05 and 1.42.

The experiment was repeated several times to obtain volatile liquid

product for subsequent recycle experiments.
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The experiment of Example #1 was repeated except that 12 g. of
volatile liquid from Example #1 was charged to the autoclave along with 100 g.

of fresh feed.

There were recovered 85.7 g. of reactor oil and 24.21 g. of volatile
liquid. TAN assays on the reactor oil and volatile liquid were, respectively, 0.06

and 1.49.

This Example illustrates that recycle of volatile liquid without
treatment with a basic salt does not result in any reduction in the TAN content of

the volatile liquid product.

EXAMPLE #3

A calcium hydroxide treated volatile liquid was prepared in the
following manner. To a 50 cc (50 ml, 50 cm3) round-bottom flask equipped
with stirrer and condenser there was charged 21 g. of volatile liquid (TAN 1.42)
prepared according to Example #1, along with 0.036 g of calcium hydroxide
powder and 0.13 g of deionized water. The flask was then heated with stirring at
200°F (93.33°C) for a period of 5 hours. The flask was cooled and the treated

volatile liquid was decanted and stored for further use.

The experiment of Example #1 was repeated except that 9.45 g. of
the calcium hydroxide treated volatile oil was charged along with 100g. of fresh

feed.
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fresh feed or to the first stage of the thermal reactor, e.g., adding to stage 1 of a

multi stage reactor.

EXAMPLE #4

Example #3 was repeated except that the calcium treated volatile
liquid was not added to the fresh feed. Instead, the reactor was charged initially
with 100 g of fresh feed. After a 34 minute stirred contact at 725°F (385°C), the
reactor was cooled to 150°F (65.56°C) and 8.85 g. of calcium treated volatile
liquid was added. The reactor was then heated to 725°F (385°C) for an

additional 30 minute contact.

There were recovered 87.6 g. of reactor oil and 19.1 g. of volatile
liquid product. TAN assays on the reactor oil and volatile liquid products were,

respectively, 0.02 and 1.18.

This Example illustrates that recycle of a calcium treated volatile
liquid can effectively reduce TAN of the volatile liquid provided that treated
liquid is recycled to the reactor after fresh feed has undergone some degree of

reaction, i.e., the treated volatile liquid is recycled to a second or third stage, etc.
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This Example illustrates that the TAN content of a volatile oil can

be reduced by treating said oil with a basic calcium salt and then distilling.
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$mML0%" & () prodhbe aReidtite\deddtic acid containing hydrocarbon fraction and a non-
volatile hydrocarbon fraction; (b) treating said volatile hydrocarbon fraction to
neutralize at least a portion of said organic acids therein and to produce a treated
volatile hydrocarbon fraction; (¢) collecting said non-volatile hydrocarbon
fraction from said thermal reaction zone; and (d) blending said treated volatile
hydrocarbon fraction of step (b) with said collected non-volatile hydrocarbon

fraction.

2. The process of claim 1 wherein said treatment step (b)
cc1aprises contacting said volatile hydrocarbon fraction with a basic salt of a
m etal selected from the group consisting of metals of Group LA, Group IIA, and
mixtures thereof at a temperature and for a time sufficient to neutralize at least a

portion of said organic acids.

3. The process of claim 2 further comprising thermally treating
said volatile hydrocarbon stream at a temperature and for a time sufficient to

destroy at least a portion of said neutralized organic acids.
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6. The process of claim | wherein said petroleum feed

undergoes a preflash step to remove bulk water.

7. The process of claim 1 wherein said inert gas sweep
maintains a partial pressure of acid decomposition products in the reactor of

below about 25 psia (172.38 kPa).

8. The process of claim | wherein said inert gas sweep has a
sweep rate in the range of about 9 to 180 m3/m3(50 to about 1000 Standard
Cubic Feet per Barrel (SCF/Bbl)).

9. The process of claim 1 wherein said temperature and pressure
are chosen such that the non-volatile hydrocarbon fraction has a Total Acid

Number (TAN) of below about 1.0 following said thermal treatment of step (a).

10.  The process of claim 2 wherein said treatment is conducted

in the presence of about 0.25 to about 1.0 wt% water.
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