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PGT/ US98/ 180w 99/10453 PROCESS FOR REDUCI NG TOTAL ACI D NUVBERPEE/US®Hbo4dy |
FI'ELD OF THE | NVENTI ON: : The present invention is directed
to a nethod for reducing the Total Acid Nupber (TAN) of crude oils, a
nunber that is based on the anmount of carboxylic acids, especially

napht henic acids, that are present in the oil. - BACKGROUND OF THE

| 1 NVENTI ON: PROCESS FOR REDOCIRGY TOPAL! ACID NEMBER OF CRUBROIL
petrol eum aci ds Tds, Tncrude olls or fractlons
thereof is a probl emfor petroleum refiners and nore recently for

t producers as well. Essentially, these acids, which are found to a greater

or lesser ext FEELDOFITHEANVENTION:ude oils, are corrosive, tend to
cause equi pnent failures, and |lead to high maintenance costs, nore
frequent turnarounds than woul d ot herwi se be necessary, reduce product

i d | . ' .
Very stonificant amount [HE MER RN EHirGAeE Fincthod for peducipe the
exists that d%'tal‘%&ﬁ Tﬁ‘ﬂtﬂﬁ&#?ﬁkﬂ)%cﬁuﬂé’ BRY flﬁiﬁb%? B4'i§ baSedPbn the amount of

absorption. For exanple, neny aqteous naterials can be added to crudes or

crude fracti oggr erachls| eipeeidliphaplehesicoavids that arerpressiitdn thewilt i al |
e.g., salts, thaf can elther be renpved or are |ess corrosive. O her

met hods for napht heni c acid renmoval are also well known including

absor pti on, oI | t w qm & Ltionally, one common practice
for overcom n é zéfceﬁg] ﬁ % the use of expensive corrosion
resi stant all oys | n refinery or producer equi prment that will encounter

rel atively high naphthenic acid concentrations. Another conmon practice

invol ves bl ending of cCrugSpitkéibe ORIV high RVERCST pétroleum 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, which
are found to a greater or lesser extent in virtually all crude oils, are corrosive,
tend to cauée 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, many aqueous materials can be added to crudes or
crude fractions to convert the naphthenic acids to some other material, e.g., salts,
that can either be removed or are less corrosive. Other methods for naphthenic
acid removal are also well known including absorption, on zeolites, for example.
Additionally, one common practice for overcoming naphthenic acid problems is
the use of expensive corrosion resistant alloys in refinery or producer equipment
that will encounter relatively high naphthenic acid concentrations. Another

common practice involves blending of crudes with high TAN with crudes of



-2 - | ower TAN, the latter, however being significantly nore costly than
the former. WeRwheisr ence, Lazar, et al. (US 1,953, 353) teachescrrapsd/isen C
aci d deconposition of topped crudes or distillates, effected at atnospheric
pressure between 600 and 750[err]F (315.6 o 398.9[err]C). However, it only

.recogni zes CJerr] as the sole gaseous non<hydrocarbon, naphthenic acid
. deconposition product and makes no provision for avoiding buil dup of

~having a reversible water. content
i is prol onged W!k

reaction inhipitor ddi ti.o I U.S. Pa 921, 023
Gosor | bes. 1 entAT TAN, thalatier hovieer BeRie iERTicply nets S/ thabiths futfgr
hydr ogenat i on~i | ' ichi mh Alcedfgt - More
speci fically, 0%?%?%%3%‘%#%@?3’?%’?%} g%é:ﬁg#gh oxg- corréipgunds and/ or
ol efi ni ¢ comgenifiposifén 6F EfPed cridddirfistilates, éffected at BEnespifesiesresture
sul fur compounds contained i organic m xtures w thout affecting the sulfur
conpounds. Thbetweena00cand 750°F(31§.610398:97@y HoavevegitionlyredognizesdCOb as
action of hydrogen at tenperatures between abqut 450 and 6QQ[err]E (232, 2
to 315. 6[ er r ] the sale gasesup nendnilsocarben, aaphthenic seiskderompesitioniprgductiand, st
HEfn 'd?r]; te.i thnagout. .0 W% Catalyst life
£3JR PEOYSI0D for avoiding butldup or (LACHRRIBAYYIH sy i bes a

"process for renoving essentially naphthenic acids froma hydrocarbon oil.
- The process includes hydrogenation at 1 to 50 bar (100 to 5000 kPa) and at

' nmention is namolyhdengm pxiderony

: 100 to 300[err]C (212 tmﬂft?éxfﬂlrﬁ'l B).S OPateneENud g, 9212021 desdtibesiefivval efi ousl y

distilled or fromwhich a naphtha fraction has been distilled using a

cat al yst conshaplhithenicfacids-fitamdrea@p petroleuna fraztions by hyalrogenatiothwith a

specification describes the pun&iﬁg/g of , hydrogen into the reaction zone. No
sifigp/aluming catalysts Mose specifisally atheprosess e

(U-S Patent N eferentially hydfogehates 0o bmporiis andjor SIREHIE coMpounds, for

example, naphthenic acids, in the presence of sulfur compounds contained in
organic mixtures without affecting the sulfur compounds. This is accomplished
by subjecting the organic mixture to the action of hydrogen at temperatures
between about 450 and 600°F (232.2 to 315.6°C), in the presence of a

- molybdenum oxide containing catalyst having a reversible water content of less -

than about 1.0 wt%. Catalyst life is prolonged by regeneration.

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.
The specification describes the pumping of hydrogen into the reaction zone. No

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

U.S. Patent No. 3,617,501 describes an integrated process for
- refining whole crude but does not discuss TAN reduction. The first step of the



- refining whole crude but does not discuss TAN reduction. The first step of

‘the " "WO 99/10453 -3 - procesPGHEFHEM

; hydrotreating a feed, which can be a whole crude oil fraction, using a

i catal yst conprising one or nore netals supppcted on a carrer nmaterial.

. Preferably the netals are netal oxides or sulfides, such as nol ybdenum

: tungsten, cobalt, nickel and iron supported on a suitable carrier naterial
such as al U piodiss MeliAEPhydrdiresQE a/fed, WhITH darbO Whale oriudé o frltrion,
catal yst can be enployed in the formof fixed bed, a slurry or fluidized
bed reactor. \iéing 4 egtalydt tomprising/onzper moremetals suppoitod onsa pamtieranhaterial.
catal yst particle size, catalyst concentratio‘rﬁﬂi n feed or ti]eh(ijse of
unsupport ed cZRrefeyably the metalsgse metal axiges or sulfides, such as mplyhdenymg, ent

1, 236, 230 descri bes a prgces or, the renoval, of naphtheni cids. tr

pets ol eum di s®RgSEETs Wﬁgfﬂﬂ HPB&E‘BE?%& o s‘?%ﬁ%@ﬁ?ﬂ%ﬁ# 3‘3&?&3

catal ysts wt iy qdi1 ] 86 o e XAtAIT st

control ling [ er {gﬁ %ar oérlﬂgllt§§flge pggﬁag?/ﬂ%r essut;éemcgewe talys b%. S.

. Patent Nos. 4e@?10§é’<§in the form SFix&d bed), a3Siai Bide24l 6éd reathor. OWithrepard

iare i ncorporated herein by reference, teach fhe preparation of highly

' di spersed, untophety operation] yo nmntivh isanadeof patalyist partile sizef catalysti cr on,
fromoil soluble or Otlill _diégérsi[qtljl e cogpoundsl_g.‘(j‘gﬁ netal s sel ected ]‘rgm

' groups |VB, VEontgmraton m oy[the usg Of HASYRNQ catalysts{(16:, N9 6L and

| application of said catal ysts for the hydroconversion upgradi ng of heavy

feeds, including whole or topped petrol eum crudes. Hydroconversion is

defined in these patent SB":ﬁfl’?Pﬁ&tn?llﬁifl@@ taﬁgéﬁ)eg S§Ifdrnk gpce

of hydrogen wherein at l'east a portion’o e heavy constituents and coke

_precursors (i -xﬁghtlﬁﬁib‘ a€lds from peaolevai distidlave fiaCohObY Processitig over

_conpounds. The Dbroadest ranges cited in these references with respect to
process condi tsupperted hiydrotreatimgaatalysts withouttthe addigionodf gaseons bydrogen. No

(339.9 to 480[err] C), hydrogen partial pressures rangipg from 50-5000 psig

| (446.08 to 34mmentym ismmpde pficontselling watep ang carkan M@BM&’&?S%M

i _

fea 2}

U.S. Patent Nos. 4,134,825; 4,740,295 5,039,392; and 5,620,591,
all of which are incorporated herein by reference, teach the preparation of highly
dispersed, unsupported catalysts, of nominal particle size of one micron, from oil
soluble or oil dispersible compounds of metals selected from groups IVB, VB,
VIB, VIIB and VIII of the periodic table of elements and application of said
catalysts for the hydroconversion upgrading of heavy feeds, including whole or
topped petroleum crudes. Hydroconversion is defined in these patents as a
catalytic process conducted in the presence of hydrogen wherein at least a
portion of the heavy constituents and coke precursors (i.e., Conradson Carbon)
are converted to lower boiling compounds. The broadest ranges cited in these
references with respect to process conditions include temperatures in the range
of 644-896°F (339.9 to 480°C), hydrogen partial pressures ranging from 50-5000
psig (446.08 to 34516.33 kPa) and from 10-2000 wppm of catalyst metal based

on the weight of the feedstock. These references are directed to the conversion




|

&
4

on the weight of the feedstock. These references are directed to the

CQNVer si.on - wo 99710453 ' -4 - pUPAIs9sh g Of
heavy feeds and do not recognize that said catal ysts can be used to

sel ectively destroy carboxylic acids, e.g.,,naphthenic acids.

Anot her nethod for renoval of such acids as®described in W6/25471

I ncl udes treatnent at tenperatures of at |east about 400[err]F

ot L Lot e R i b B e
aobi ted byt naeipoHRRT gt tbY st Bs peel Bk s HBE aeidel P (SPPLONCH e

found in distillate and light oil fractions that flash during the thernal
treatment. Moreover, treatnent tenperatures may be too high for this method
to be used in downstreammagthér method for semowal of suchdscids irdledesotretaientiatt he

acids prior to pipestill furnaces, i.e., at tenperatures of about 550be[,r]F
(287. 78[ er r | Ctempetaturss.of at least about 400°F (204,446} prefasablyrat lsastabout 6D0°F

n E‘} {];teis”& °6 155650 Wil s pingdine reb i potk ST B SR R a.tshgﬂ
TN i3 about SUDIRECUSEpERs br RAATa g Ire e’ HePverr s Pt

SUMVARY OF THEs dbbiedilbithe volatilization of some bf¢hé Agplthbnichacsds, ivRichard ifoRAd ed
to a method for destroying carboxylic acids in whol e crudes and -crude

fracti ons. Thdnidistilate and tighpoil fmectiensrdiat dthshauringotheithgrmildreatment. of
carboxylic acids in petroleumfeeds conprising the Steq?-:f of (aci9 adding_to
sai d petrol eudipraayer trestment temperataresanay bedoa high fer thismethadtabe gsed in
di spersi bl e coppound of a,nef.al sel ected,.fr.om,the ,groupconsi,sting.of G oup
VB, VIB, VB A apigtions whiet 1 55 esithlt 17 dgHAOL g ans pridy 0

petrol eum f eeqyh it filrfidtes, FOOHE tetpéPiites &P attiAt 5508F(289.78°C) or below.

Thus, there remains a need for eliminating or at least substantially
reducing petroleum acid concentration in crudes or fractions thereof that is low
cost and refinery friendly. Such technology would be particularly suitable for
crudes or fractions where the TAN is about 2 mg KOH/gm oil or above as
determined by ASTM method D-664.

SUMMARY OF THE INVENTION:

The instant invention is directed to a method for destroying
carboxylic acids in whole crudes and crude fractions. The invention comprises a
method for reducing the amount of carboxylic acids in petroleum feeds
comprising the steps of (a) adding to said petroleum feed a catalytic agent
comprising an oil soluble or oil dispersible compound of a metal selected from
the group consisting of Group VB, VIB, VIIB and VII metals, wherein the
amount of metal in said petroleum feed is at least about 5 wppm, (b) heating said

-
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- 5 - petroleumfeed with said catalytic agent in a reactor at _a

t enper at ur e 'Wo 949453 400 to about 800[err]F (about 204.44 to aB&H{US8/18041
426.67[err] C), under a hydrogen pressure of 15 psig to 1000 psig (204.75 to
6996. 33 kPa) and (c) sweeping the reactor cgntaining said petroleumfeed
and said catalytic agent with hydrogen- containing gas at a rate sufficient
tg mai gt ain the conbi ned water and carbon di oxi de partial pressure bel ow
about 50 psia : i ' Eratar

weight in ml I#&%gén@?%@gﬁﬁt#ﬁcoﬁe%%gc{ﬁ?%ggattgtﬁggfr al ieggf g%ﬂlmt

aci di ¢ consti t4gfosationt 806°B (sbout 204i44 to( sbout 43616 7)) undér £ hydjogen
Vacuum bottons conversion is defined as the conversion of pmaterial ,boi]ing

?ggX eG%?ZS[ ]erC;ﬁrEs@gg ?E 25 [psisg C!F%dpqgﬂapsisotéawaﬁ tn 6199633 kBa)hand (Os3weening the

O/ errjL) . . THE FI ; . . i

is the cal cgl ateaetOpspatam?Es ﬁ%’é‘sllﬁtgilﬂyp ﬁﬁﬁ&@?d ggl%cqtﬂy&q agent Wﬂngg{ég%'ﬁ[e 1
ressur te .of hyd . i ni )

nstant | nventdasiaiting 8 gtCRN AR il P ki ARtk it bok 1

The instant i ”&iﬁﬂide%ﬁﬂﬁé?ﬁne'bewhbSﬁﬁSGﬁEﬁ%ﬁbﬁ%%ﬂS%; g.

TAN is defined as the weight in milligrams of potassium hydroxide
required to neutralize all acidic constituents in one gram of oil. (See ASTM
method D-664.)

Vacuum bottoms conversion is defined as the conversion of
material boiling above 1025°F (551.67°C) to material boiling below 1025°F
(551.67°C).

BRIEF DESCRIPTION OF THE FIGURE:

| Figure 1 is the calculated partial pressure for water as a function of
reactor pressure and rate of hydrogen-containing gas sweep for the process of the

instant invention.
DETAILED DESCRIPTION OF THE INVENTION:

The instant invention removes or destroys carboxylic acids (e.g.,
naphthenic acids) contained in petroleum feeds such as whole crude oils (includ-
ing heavy crudes) and fractions thereof such as vacuum gas oil fractions, topped
crudes, vacuum resids, atmospheric resids, topped crudes and vacuum gas oil.

The instant method reduces TAN by at least about 40% in the petroleum feed.
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napht heni c acids) contained in petrol eumfeeds such as whole crude oils
(i;ncl ud- i ngwWeeripesy udes) and fractions thereof such as vacuupcgasesihsos:
fractions, topped c¢crudes, vacuumresids, atnospheric resids, topped crudes
and vacuum gas oil. The instant nethod reduges TAN by at | east about 40%in
t he petrol eum f eed. B - 6-

The process is run at tenperatures from about 400 to about 800[err]F (about
204. 44 to about 426.67[err]C), nore preferably about 450 to about 750[err]F
(about 232.22 to about 398.89[err]C), and nost preferably about 500 to

bout 650[err]F (about 2§ t}ﬁ# ‘ {'IE‘E h%ln’% 66

?ag;e froEn abLut(at ml;spherl@%&%&a]gou L&Eg%ﬁp%él g %at %E%g{l C &o%@@ﬁ#ﬁﬁ%
13891. 33 kPa) (abnitedadd to #Hurit'42667°€)Iniove prcierably 8BolRE450 (6 RBGKL PS0PF/S to
about 6996. 33 kPa), and nost preferably about 50 psig to about 500 psig

(about 446. 08 (abouwt!232t228tabAR 398:89°Chhandimpst preferably abpat 500 t« abARits6502F
catalyst netal or netals, used _in the process ranges fromat |east about 5,

pr e; er atl;: y ag&%kmg@@cp%moulédé%%ms I‘M"Olsﬂl pr?sumugpge @ﬂm@oghd most
12 g e e AR TSR
above. about - 100REL PSP B ABEEPOR s (abBft I6ET th aBput 696635 P ofhd Rapist "

bel ow about 1 ?)?éﬂeﬁdblgl' BbOBES0 Peilgababbut 500 psig(aBolit sd&og;tl{)gboh?3§48.fssgflg£9m

30% vacuum bof't ons conversi on occurs. alyst parti

si ze ranges f IThe ahount of catalpstatalonlated] as catalyst metaiforrmbtals, aisedtin ¢hé to 5
m crons, and nost preferably about 0.5 to 2.0 nmicrons. Catalysts are
prepar ed fromPpeeess Fanges from ab laast abows, ipsefecatly mbeut 40 taaboint 100@ pasts psuch

metal s and m U wEigh: TBPPR AreLBRe Iaranp: e 2000 ebm of he °
petroleum feed being treated.

Preferably, during the process of the instant invention, less than
about 40% of the vacuum bottoms component of the feed, i.e., the fraction
boiling above about 1025°F (551.67°C), is converted to material boiling below
about 1025°F (551.67°C) and, more preferably, less than about 30% vacuum

bottoms conversion occurs.

| Catalyst particle size ranges from about 0.5 to about 10 microns,
preferably about 0.5 to 5 microns, and most preferably about 0.5 to 2.0 microns.
Catalysts are prepared from precursors, also referred to herein as catalytic
agents, such as oil soluble or oil dispersible compounds of Group VB, VIB,
VIIB, or VIII metals and mixtures thereof. Suitable catalyst metals and metal
compounds are disclosed in U.S. Patent No. 4,134,825 herein incorporated by
reference. An example of an oil soluble compound is the metal salt of a
naphthenic acid such as molybdenum naphthenate. Examples of oil dispersible

compounds are phosphomolybdic acid and ammonium heptamolybdate,
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i conpounds are disclosed in U S. Patent No. 4,134,825 herein incorporated by
ireference. AW@RYHISE of an oil sol uble conpound is the metal dJEF/UER8/3041

i napht heni ¢ aci d such as nol ybdenum napht henat e. Exanpl es of oil dispersible
{ conpounds are phosphonol ybdi ¢ aci d and ammohium hept anol ybdat e,

e materials that are first dissolved in water and then dispersed in the

éoil as a water- in-oil mxture, wherein droplet size of the water phase is

bel ow about 1Gpnaiefialthat are first dissolved in wal@eand/thea dispersed tin the oilrasaa water-
concentrate is first prepared wherein the oil-soluble or oil- dispersible

met al conpoundfeyil mixturewherein diopletisize obtheowaten phasoiscbeloneaboutold or m a
concentrate that contains at |east about 0.2 w % of catal yst netal,
~preferably abdcron® to 2.0 wt % catal yst nmetal. See for exanple U.S. Patent
:No. 5,039,392 or 4,740,295 herein incorporated by reference. The resultant
. preeursor concentrate can be used directly in the process or first

-converted to a netal S“'fdegﬂy,cfaé@%{ﬁ}e%ﬂ&?gpgglﬁﬁﬂ@ig d wherein

concentrate: prl or to use. precurs oncentrate

j can_be conver tfid oilRsclubRicr oibldispersiblemetdl idonipound(sy sdlendedwith £ peption of
sul fur (added to the portion of feed used to prepare the concentrate) or

o i nures (ot sas .o Bt o o Se00% 058 e 475 5o
L vmiseon Ry i o ot
?L eeggt ; F Zfoﬁgrf] #t?'grﬂ‘?'g% ?%1 %é’.’ ggf‘gfai?%ﬁﬁ?“é“‘i‘?% a?ﬁ@?%e_g#% ?[B%Em
15, 620, 59131. Thé%nglégﬁg?%%i&%gﬁ%en %ﬁ%@gﬁgﬁﬁsmﬁ& an(%?%coa e rtret al

_sulfide converted to a metal sulfide concentrate or an activated catalyst concentrate prior

] to use.

Catalyst precursor concentrate can be converted to a metal sulfide
concentrate by treating with elemental sulfur (added to the portion of feed used
to prepare the concentrate) or with hydrogen sulfide at 300 to 400°F (148.89 to
204.44°C) for 10-15 minutes (e.g., see U.S. Patent Nos. 5,039,392; 4,479,295;
and 5,620,591 herein incorporated by reference).

The metal sulfide concentrate can be converted into catalyst
concentrate by heating at 600 to 750°F (315.56 to 398.89°C for a time sufficient
to form the catalyst. (e.g., see U.S. Patent Nos. 5,039,392; 4,740,295; and
5,620,591). The catalyst of the concentrate consists of nano-scale metal sulfide
sites distributed on a hydrocarbonaceous matrix that is derived from the oil
component of the concentrate. Overall particle size can be varied, but falls
within the range of 0.5 to 10 microns, preferably in the range of about 0.5 to 5.0 |

microns and, more preferably, 0.5 to 2.0 microns.

[—



sites distributed on a hydrocarbonaceous matrix that is derived fromthe
oi.l conponeRynQb;4438 concentrate. Overall particle size can beciusadsoqut
falls within ?he range of 0.5 to 10 mcrons, preferably in the range of
about 0.5 to 5.0 microns and, nore preferally, 0.5 to 2.0 mcrons.

- 8- For the present process™8rie may enpl oy the precursor
concentrate, the netal sulfide concentrate, or the catalyst concentrate. In

Gecr e Conchnt ot | on’ oFon B ineSeft6oed pb b e Sy B ebulir Ghipfrids
f bl bout t y f

Boncent rat ee. GrmeaLaREEindefie Gifhe cfalpiriticeira! 1 Eh caty €2 |

mcrons, pr efﬁ@b@%&d §©mixét Wit the FofcEREAtetd Dbesinthy desiPed Sorcehtritionons

are formed i ating step of the process in the TAN conversion ,
reactor. of metal in the féedfigy. f atdeasttabbat 5 veppricprefemablicabout 10 tog06H,

vanadi um iron, nickel, cobalt, and chrom um For exanple, heteropol yacids
of the metal swppm. b'Whendhe precurserconmetal spifide concentrates@re used,tcatalyst ¢ he

EL?;;EE;‘JL ARG AGBESIo S PRI s 0 Gpisrerke BrEIPTANEY YRt soiczons and oo
phosphonol ybatestRrtaeraly o6 BB atf sGiried o B FalBigShen of the process.

MOLYVAN[ er '] jnl the "PANRSbIVERSioh fearctdit hyl hexyl ) phosphorodi t hi oate, supplied
by R T. Vanderbilt Conpany. O her small particle:catalysts

that are useful for the practice of the instant process include netals-rich
ash fromthe controll ed_conbustion of petrol eum coke (e.g., see U S. Patent
Nos. 4,169, 038; 4, 178, 2Preferrad metalsincindemeolybdenumotungstene yangdinny, drathce) .

Fi nely divided. {ron ed jmgteri.al s,.satisfw ng the particlg.size
const s ai nt s ekl RePaR And gty e prsgisn et ndireids o R tals frm ke
can al so be U5&Hs Molybdenum is particularly well suited to the process of the instant

invention. Preferred molybdenum compounds are molybdenum naphthenates,
dithiocarbamate complexes of molybdenum (e.g., see U.S. Patent No. 4,561,964
incorporated herein by reference), phosphomolybdic acid and phosphoro-
dithioate complexes of molybdenum (e.g. MOLYVAN® -L, molybdenum di(2-
ethylhexyl) phosphorodithioate, supplied by R.T. Vanderbilt Company.

Other small particle catalysts that are useful for the practice of the
instant process include metals-rich ash from the controlled combustion of
petroleum coke (e.g., see U.S. Patent Nos. 4,169,038; 4,178,227; and 4,204,943
herein incorporated by reference). Finely divided iron based materials,
satisfying the particle size constraints noted herein, such as red mud from the

processing of alumina can also be used.

Water vapor and carbon dioxide resulting from the decomposition
of carboxylic acids act as inhibitors for the decomposition of remaining

carboxylic acids. Water is a particularly strong inhibitor. Thus, if feed to the
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Wat er vapor and carbon dioxi de resulting fromthe deconposition of

carboxyl i c aWQI®9433 as inhibitors for the deconposition of rek&rAHT§18041
carboxylic acids. Water is a particularly strong inhibitor. Thus, if feed
‘to.the -9- - 9 - process contains
.water, a preflash step nmay be used to renove substantially all of the
,water. Moreover, trace anounts of water entering the process with the feed

as wel | as wappéceds dontainsonatér,axpriflash stepimay behseddtoramove substantiallyuall ofn
of carboxylic acids nust be purged such that the partial pressure of water
and carbon di dthe wateri Motesver, draceamounts of water entexingthe pregess ovigh the feedout

prci rabl . ol walbevats ot tewidS Rren s souri ek of

10 | 840 195 ) '
B oL Qa3 AR i ¥ B Bl Bt bt bbb ot BeEgd %5
skilled in theaaidy dipxides in the reactiof[?BHQ s Hefd wa&v %Bobrtlftgiogé}iw?&ﬁ%m.ﬁ .

theory, it appears source of water and car de formation in

Lhis TAN dest ira), srefepalslyetowaboie 30 i (sboit 206 SRl miore preferaby tmlow

g;Reduction of carboxylic acids with hydrogen has the potential to yield up
"to two nol es about2@psiadabout 1379 kRa) dnd,cmostpreferably, belowabout dAgsim| e of

Campet 6 vi 11 {BaRMSARsS Kink| Shbstmiale) Al o Hie BicK e e BETsiBBERAS SETCh
z destroyed (Eq l#\?‘&Etiero 2 G be removed by methods known to those skilled in the art. ~ 10-

| Though not wishing to be bound by theory, it appears that the
source of water and carbon dioxide formation in this TAN destruction process

[ ' can be described by the equations that follow. Reduction of carboxylic acids
with hydrogen has the potential to yield up to two moles of water per mole of

| acid reduced (Equation A) or one mole of water per mole of acid reduced
(Equation B). Thermal reactions, which can compete with reduction, yield one-

half mole of water per mole of acid destroyed (Equation C).
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Equation A° RCHOOH + 2 Herr] ----- > RCH err] + 2Herr] O Equation B

RGHOOH + H2 wovonesas RCH err] (OH) [err] ----- > Herr]O+ RCHO pdib¥dsnsosr- - >
- RH + CO Equation C ) [err] 2RCOCH
 Kema- > Herr]O + [err] RCO. ----- > R + CO

RCOO ----- >R + CJerr] At 11 be illustrated in exanpl es

éto follow, water can have a strong inhibiting effect on the rate of

carboxylic acid destruction. Carbon dioxide is also an inhibitor but to a
much | ower dedtquationA To illustrate the potential for water
pressure buildup resulting fromdestruction of carboxylic acids under

condi tions cl ROBOOH'+t R pr-ecess» RCHHiekp2eONt i nvention, a hypotheti cal
case was assuned where the TAN of a whole crude was |lowered fromb5.3 to 0.3

by thermal treating within the tenperature range set forth in this

PRV —

I nvention, and that 1.25 noles of water were produced for each nole of acid
that was destroyed. Calcul ated partial pressures for water are

Equation B
RCHOOH + Hy ------ » RCHy(OH), ----- » H,O+4 RCHO

EquationC

RCO
2RCOOH <— H,0 +

RCO
RCO

RCO- ----- > R-+ CO
----- >

RCO RCOO * ----- > R- + CO;

As will be illustrated in examples to follow, water can have a
strong inhibiting effect on the rate of carboxylic acid destruction. Carbon

dioxide is also an inhibitor but to a much lower degree.

To illustrate the potential for water pressure buildup resulting from
destruction of carboxylic acids under conditions claimed for the process of the
present invention, a hypothetical case was assumed where the TAN of a whole
crude was lowered from 5.3 to 0.3 by thermal treating within the temperature
range set forth in this invention, and that 1.25 moles of water were produced for

each mole of acid that was destroyed. Calculated partial pressures for water are



|
- 11 - ‘'shown in Figure 1 as a function of reactor pressure and swee)ogng
45

rate (i.e., WQIPSWY4R containing gas). Note that water partial BFCETESIPA
high as 72 psia (496.44 kPa) or- greater can be obtained fromacid
deconposition al one, thus enphasizing the.preference to start the process
with a dry feed and to maintain a sweep gas rate to keep water pressure
within specified | evels. From a process standpoint, the

catal yst can ?ﬁ‘odvﬁfuiﬁ gureeast 4 finictidnCofieactor Ppesitid'and swe gﬁstrsﬂe(i)tpe and

concentration) or renoved by conventional nmeans such as filtration.

Anot her aspech dnfogbh&:anmnmgtgas)wuute thratrvedter partiab préssufesraschighras(Z2 psia
content of thelé)roduct . t he conponents of the product, that yield coke

under pyrol ysf ﬁs%lﬂ’ﬂ) ghgreatq: %Mmmldéeemmsm@emthy

t()ﬁgr?gzgn _Cl_:ﬁlr gonil n P&@ rlﬁgg E‘?‘P&t [ ncrcaased rel at. ve ?togt Eﬁﬂlgfﬁ}nt ai ned | n
Wt hi th L t t
the growt h o SHees Bagfigls Eo%?g%?gﬁ%“@%ﬁﬁ@an %éﬂ?ﬂ BpEsS L o Lon,

QOonradson Car bon conponents can be converted to non-Conradson Carbon
conponents. Preferably, Conradson Carbon conversion will range from about O
to 5% nore preferably, Fromma piocess standpdint,the @atalyst canbet lefirinfthedidaged f r om
10 to 40% The foll owi ng exanples illustrate the invention,
but are not nemde (depending enithe getal typs andconcentration) or removegoby eedst ocks
were used in this IU%F.%TabIe 1%5% s a blend of Kone and Bol obo
crudes from CFW“E?@ I Bare extra heavy crude from
Venezuel a. Both were heated to 230[err]F (110[err]C) with nitrogen purge to
remove bul k water prior to use.

Another aspect of the instant invention relates to the Conradson

Carbon content of the product, i.e., the componenfs of the product that yield
coke under pyrolysis conditions. In thermal processes, such as Visbreaking,
Conradson Carbon in the product is increased relative to that contained in the
feed. This effect is illustrated in comparative Examples 5 of Table 2. Within the
range of conditions for the process of the present invention, the growth or
increase of Conradson Carbon can be totally inhibited and Conradson Carbon
components can be converted to non-Conradson Carbon components.

Preferably, Conradson Carbon conversion will range from about 0 to 5%, more
preferably, from about from 5 to 20% and, most preferably, from 10 to 40%.

The following examples illustrate the invention, but are not meant

to be limiting in any way.

Two feedstocks were used in this study (Table 1). One was a blend
of Kome and Bolobo crudes from CHAD. The other was a Campo-1-Bare extra
heavy crude from Venezuela. Both were heated to 230°F (110°C) with nitrogen

purge to remove bulk water prior to use.
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TABLE 1
i Kqme/ Bol 0b0 -ywe 99/ o- 1-Bare TAN (My KOH g CRUDE
. 3.0 - Sulfur, W% 0.2
; Conradson Car bon wt % 7.6 16. 3
49 50.5 APl Gavity -12-
0 8.7 Viscosity, cSt [err] 104[err]F (40[err]C) 1100
Exanpl e #1: Thi s exanpl e arried out

aut ocl ave reactor.

wat er and car bo

- was charged wt

MOLYVAN err]-L

350 psig (2514.
then started thf
maintaining a p

‘:regulator at th
(329 44 err] C) mthosiirtring and was held

60 m nutes at 3

: hydrogen and wa

t

|
!

| (89.64 kPa).

Up

The reactor was oper

TABLE,T

pressure and to control

PCPrU%98/18041
3.7

18
28, 000
in a 300 cc stir

the pressure

aroxrae 11mn tne reactl On
n 100 g of the Kone/ Bol obg

m% th #ydkoqenecajt er

th §gdrogen an

oom t enper at ur €.

theg goressured
Hydr ogen fl ow

Stilftir,iw8paut ocl ave at a 1
b essure of 350 psig (2514

ategpz 0.1 lite
58 kPa) by use

r/m g 7hile

of a backpressu

> Comradson Carbbri wt%he r ead

YV aguum Bunms,swt%Pa) The

14K

tor As then he

ot 625l err | E (
cal8ul at ed par

22090 ol A (29200

at edl6.3 625[err]

tialdGPessures

46 lcDa) Al 1.2

L ARLGHAVHY 1 o e

PaVal 2 Wal
bJP’C

T J lrg\.)l A \LL\JU.

J “8‘7 CAUATTU L J
. .

Viscosity, cSt @ 104°F (40°C)

1100

28,000

Example #1:

RPhe/Baloho ) | Campo TBAE=T]"

Vacuum Bot t ons, W%

r ed

I3 batch node with respect to
the crude that was charged. Hydrogen was flowed through the autoclave to
mai ntai n constant hydrogen parti al

of

to
was

F

This example was carried out in a 300 cc stirred autoclave reactor.

The reactor was operated in a batch mode with respect to the crude that was

charged. Hydrogen was flowed through the autoclave to maintain constant

hydrogen partial pressure and to control the pressure of water and carbon dioxide

in

the reaction zone.

The reactor was charged with 100 g of the Kome/Bolobo blend and
0.61 g. of MOLYVAN®-L * (8.1 wt% Mo), flushed with hydrogen and then
pressured to 350 psig (2514.58 kPa) with hydrogen at room temperature.

Hydrogen flow was then started through the autoclave at a rate of 0.1 liter/min

while maintaining a pressure of 350 psig (2514.58 kPa) by use of a backpressure
regulator at the reactor outlet. The reactor was then heated to 625°F (329.44°C)

with stirring and was held at 625°F (329.44°C) for 60 minutes at 350 psig
(2514.58 kPa). The calculated partial pressures of hydrogen and water** were,
respectively, 329 psia (2268.46 kPa) and 13 psia (89.64 kPa). Upon cooling to
250°F (121.11°C), the reactor was vented and flushed with hydrogen to recover



250F (121.11[err]C, the reactor was vented and flushed with hydrogen to
rgcover ‘WO 99/10453 - 13 - | i gRCT/US98/18041
hydr ocar bon products incl udi ng .hydrocarbons that are normally gaseous at
roomtenperature. Reactor oil was then disgharged, conmbined with Iiquid
hydr ocar bon renoved when the reactor was vented and the bl end was assayed
for total acid nunber (TAN) using ASTM Met hod D- 664, where TAN = ng KOH per

Vo v or ] gt byRPionirolnetd Hciga hydioSaolS that e nommally gaseous at
di (2-et hyl hexy&amn&ﬁgmx%dinéucwm was then dischargeds eonbinetPwithiiadd 1. 25

nol es of water forned per nole of acid destroyed. Exanpl e #2

( Conpar at i ve) hydrocarbon removedRshen thesrgattoriwas eénted and the blbngh was assayadl
conversi on obtai ned when Kone/ Bol obo_ crude bl end was heated at 625[err]F

(329. 44] er r | Cforrtotal agid nuember (TANY using-ASIM Method) ivehare rANer Mg he

Da64; veharp
procedure of | e #1 r at ed ,except .t.hat MOL ﬁ[g{,&rr - s omtted
Bnd that the SR QL6 (oL, FrOUSH OfLh JE Tygas iwas 04550 or
pressure of 30 psig (308.18 kPa). TAN for the reactor product was 3.40.
Summary OF Exanpl es Wth Kone/Bol obo Crude Bl end Exanpl e #1

illustrates destruation MbL}e?étN; %ﬁﬁﬂ%ﬁyﬁqﬁ?ﬁa&bﬂ} Céthpshy? is M8l |

anount of a highly disperse Ively m
molybdenum di(2-ethylhexyl) phosphorodithioate.

**  Assumes maximum of 1.25 moles of water formed per mole of

acid destroyed.
Example #2 (Comparative)

This example illustrates the degree of TAN conversion obtained
when Kome/Bolobo crude blend was heated at 625°F (329.44°C) for one hour in
the absence of catalyst and hydrogen. The procedure of Example #1 was
repeated except that MOLYVAN®-L was omitted and that the run was carried
out with an inert gas sweep at a reactor pressure of 30 psig (308.18 kPa). TAN

for the reactor product was 3.40.

Summary Of Examples With Kome/Bolobo Crude Blend

Example #1 illustrates destruction of TAN in Kome/Bolobo crude
(Table 2) using a small amount of a highly dispersed catalyst at relatively mild
conditions and with a water partial pressure in the reactor below 20 psia (137.9
kPa). Such treatment provides substantially greater TAN reduction than caﬁ be
attained by thermal treatment alone at comparable time and temperature
(Example #2).



conditions and with a water partial pressure in the reactor below 20 psia

(137.9 kPa). @991&4 atment provides substantially greater TANpgasdBhSIA1
t han. can be attail ne by thermal treatment alone at conparable tine and

tenperature (Exanple #2). : -14-
TABLE 2 EXAVPLE -14- 1 2
‘Sweep Gas Hydrogen Inert Gas (He)

Mo, wppm 49 0 Tenper at ur e,
[err]F 625 (329. 44][ err]mBLE @25 (329.44[err]C  Reactor
Pressure, psig 350 (2413.2 kPa) 30 (206.85 kPa) Hydr ogen
Pressure, psia,Calculated 2337 (2323 6 kPa 0 (0 kPa) Mater —nsia
Cal cul at ed EXAMPRE( 89. 6 kPa) < 1 (<619 kPa) Prodb2t TAN

0. 43 3. 40 Exanpl e #3 The fepdstock used in
this exanpl e 0TV Jp0- L-Bare crude. Vo FTed—ap S It ,G %5

precursor conc

of 8 g. of Fis O WRPBbt orade phosphono )_dﬂ_a_ci_d_ﬂﬁq dl 90l ved in 92 .
of deioni zed wejt'Pémpéfatire, P g. of sol ution}62S (329.44¥@d i 625 {82Y44%7)
Acﬁ‘[rggl' ;;/EarEﬁgicr sSure! psiBy at L/oler '50((§9 fﬁ'ki’@ ”SGLB_ sfﬁPaz
176[err]F (80[ Biogen Fressyre, s i, CAared, @57 (235 kPaL,,

tenperature | R4 Sl@ocgbl!\ﬂa,tﬁdl E_(148 89] edB](89-6(kPa) enpl < JALEO kP e |
resul tant precw Product/TANt rate contai ned 0] 9343m % M 3.40 .

The feedstock used in this example was dry Campo-1-Bare crude.
Mo was supplied as a catalyst precursor concentrate which was prepared in the
following way. A solution of 8 g. of Fisher reagent grade phosphomolybdic acid
was dissolved in 92 g. of deionized water. Next, 10 g. of solution was injected
into 90 g. of Campo-1-Bare crude while stirring at 176°F (80°C) in a 300 cc
Autoclave Engineer’s Magnedrive Autoclave. After stirring for 10 minutes at
176°F (80°C), the autoclave was swept with nitrogen and the temperature
increased to 300°F (148.89°C) to remove water. The resultant precursor

concentrate contained 0.45 wt% Mo. _

The autoclave was charged with 99.43 g. of dry Campo-1-Bare
crude and 0.57 g of precursor concentrate to provide a reactor charge that
contained 25 wppm Mo. The reactor was flushed with hydrogen and then
pressured to 50 psig (446.08 kPa) with hydrogen sulfide. Upon heating with
stirring for 10 minutes at 350 to 400°F (176.67 to 204.44°C), the reactor
pressure was increased to 300 psig (2169.83 kPa) with hydrogen and a flow of
hydrogen of 0.12 liters/min. (380 SCF/B) was started through the autoclave.



10.05 g. of catalyst containing residue, and 96.
1 that had a TALNS® wi%iConradisonflazbomed 15. 4 wt % Conr adson Car bon.

The autocl ave was charged with 99.43 g. of dry Canpo-1-Bare crude and 0.57
g ,of precurswomaoesntrate to provide a reactor charge that coRCITYRIY18031
wppm Mb. The reactor was flushed with hydrogen and then pressured to 50
psig (446.08 kPa) with hydrogen sulfide. Upgn heating with stirring for 10
m nutes at 350 to 400[err]F (176.67 to 204.44[err]C), the reactor pressure
was increased to 300 psig (2169.83 kPa) with hydrogen and a fl ow of

nydrogen of Op A2 e WS Hafhlined ¥ usi St Lbaliipreshite tr@ﬁll"awr?&f?_ie t&fetor gas-

aut ocl ave. Pressure

| s maintai negy g e PEmpcRAGIEWES i easeBqy TISOF (985100°C) foFh efineds-

outlet line. Tenperature s I1ncreased to 725[err]F (385.00[err]C) for a

stirred reacidagiofiPeriod off 120PMimitesit Watepartial pressurd impthesreactoriwast he
reactor was calculated to be 5.5 psia 837. 92 kPa) (assumes 1.25 nole of

1 wat er per nol ealofilatedtaibel5<5 psia §37.92 kRa)(asstmes 1v2§ meleiafowatsr pervglasfi ¢
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| reactor was fatitdafestroyed) 5The teaztwy was yented to agmospherze Bl:qsaqu'nﬂset%ﬁnﬁe

4 0.03 g. of catalyst containing residue. Filtered reactor 9il i.ned
with Tight |i(412ﬂ£1‘t(a)atandalbrmnummﬂlsmﬂerw& m@mﬁaat@ﬁﬁ%ﬁé@ of

4 the run and subsequent venting steps.,k The conbined |iquid praduc

1 wei ghed 96.9 93.,93-33 m“’gﬂ“’%oﬁﬁ

hed .t 93 840C) 1 oy QTR GhsokabpLfo red seacter ol
wt % e .HA i :

bt ocedur o5 of weRgRtingd wits BENCiddt TRRER retiped from thr reactor dpmff b,
Ceant or ot neBimse Ut e rhin fAd SbskauenPedtilfy 854, T Eonibifcd Hquidpidiucts

reactor duri ng/Hiéle weighed96.910 hada TN D03 30 (ﬁ.} 1;(61—{)/15. Elméb afxdqumtaige%ler eg
: product i qui en

Example #4

The procedures of Example #3 were repeated except that the run
was carried out at a pressure of 400 psig (2859.33 kPa) and that water was fed to
the reactor at the rate of 0.033 g/min. The partial pressure of water in the reactor
during the run was about 92 psia (634.34 kPa). There were recovered 0.05 g. of
catalyst containing residue, and 96.4 g. of product liquid blend that had a TAN
of 0.43 and contained 15.4 wt% Conradson Carbon.

Example # 5 (Comparative)

The procedures of Example #4 were repeated except that catalyst
was not added and that the experiment was carried out at 300 psig (2169.83 kPa)
with argon as the sweep gas. There was recovered 97.4 g. of product liquid
blend that had a TAN of 0.63 and contained 17.9 wt.% Conradson Carbon.
Water partial pressure in the reactor was about 92 psia (634.34 kPa).

This Sheet Has Been Replaced
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Example # 5 (Conparative) The procedures of Exanple #4 were
repeat ed exgpapboiohsy catal yst was not added and that the expepcymishs/ 1631
carri‘ed out at 300 psig (2169.83 kPa) with argon as the sweep gas. There
was recovered 97.4 g.. of product liquid blend that had_a TAN of 0.63 and
contained 17.9 wt.% Conradson Carbon. Watré “partial pressure in the reactor
was about 92 psia (634.34 kPa). ’I'lusSheetHasBeenReplaced

-16- Exanpl e #6 (Conparati ve) The pro Ie
#3 were repeated with the followi ng changes. The reactor
98.86 g. of u 1.14 g. of precursor concentrate

de
react or charg!@mtql@?1 ont ai ned 50 wopm Mb. The run was ‘carried out at
750[err]F (398.89[err]C) for 62 mnutes at 300 psig (2165.83 kPa) with a
hydrogen sweep of 0.12 liters/mn. (380 SCF/B). Water was fed to the

reactor at the rate of 'ﬂl&ﬂﬁ)csdﬁwsmfﬁmnple%d&eambmdmthlthéfolhwre
In the reactor of 55 psia (379.22 kPa There were recovered 0.05 g. of

catal yst resichapgesanBhereastor was chargedwith 98,86 iof sraderend B. Mg of TAN of

The pr ocedur ECGHISEEGARIeBtE KD MEYE Ca{e%%?og@a{gpaﬁ%@n&wps? AePTy

hydrogen was 1\9[ 241'l|1eI }u%rv%smcgmﬁcﬁso%t SF%EQF (é’% ﬁ&é)e munces at 300 psig
(2169.83 kPa) with a hydrogen sweep of 0.12 liters/min. (380 SCF/B). Water
was fed to the reactor at the rate of 0.017 g./min. to provide a water partial

pressure in the reactor of 55 psia (379.22 kPa). There were recovered 0.05 g. of
catalyst residue, and 97.3 g. of product liquid blend which had a TAN of 0.31,
and contained 15.2 wt% Conradson Carbon.

Example #7

The procedures of Example #6 were repeated except that the
sweep rate of hydrogen was 0.24 liters/min (780 SCF/B), which resulted in a
water partial pressure in the reactor of 26 psia (179.27 kPa). There were
recovered 0.04 g. of catalyst residue and 96.8 g. of product liquid blend which
had a TAN of 0.12, contained 15.4 wt% Conradson Carbon and a kinematic

viscosity of 918 centistokes at 104°F (40°C).
Summary Of Examples with Campo-1-Bare Crudes (Table 3)

Comparison of Example #3 with Example #4 illustrates the
inhibiting effect of water on TAN conversion as does the comparison of
Example #6 with Example #7, where a decrease in water partial pressure from
55 to 26 psia (379.22 to 179.27 kPa) reduced TAN from 0.31 to 0.12.

THIS SHEET HAS BEEN
REPLAGED
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| which had a TAN of 0. 12,

pressure in the reactor of 26 psia (179.27 kPa).

There were
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"OF Exanpl es with Canpo-1-Bare Crudes (Table 3)

Summary

Conpari son
of Exanple #3 with Exanple #4 illustrates the inhibiting effect of water on

4 ith Bkamsphiis fllwstrates thatusewfeatalys
5to 26 psia (379.22 to 179. 27

ase

kPa) reduced R{dirdgeniPaddortande Wwith the process of this invention, gives higher TAN

-17-

ahpressurethananche obtaingd;

Conpari son of Exanple #4 with Exanple #5 illustrates thgt use
cat al yst pl us chyversippat a given ovatarpaml

y thema

f
on,

1 gives higher TAN conversion at a given water rtial pressure than can be
| obt-ai ned by t eakmentINIAE ﬁqnqerpfﬁn@ﬁ'ggggﬁegc ¥8tdr ogen and cat al yst
i1 TABLE 3 Exanpl e No. 3 4 5 6
7 Sweep Rate, SCF/B 380 380 380 380 780
Water Pressure, psia 5.5 92 TABLE3 55 26 (kPa)
(37.92) (634.34) (634.34) (379.22) (179.27) Hydrogen Pressure, psia ' 254
265 0 259 260 (kPa) (1751.3) (1827.18)
(0) (1785.80) [TTI79Z, 7). Ciquid Pr¢duct Blgnd TAN
0.1 0. 43 |ExamplgNo. 31 Q. 123 4 5 6| 7
Sweep Rate, SCF/B 380 380 380 380 780
Water Pressure, psia 5.5 92 92 55 26
(kPa) (37.92)] (634.34)} (634.34)] (379.22)] (179.27)
Hydrogen Pressure, psia 254 265 0 259 260
(kPa) (1751.3)] (1827.18) (0)} (1785.80) (1792.
Liquid Product Blend
TAN 0.1 0.43 0.61 31 0.12
Conradson Carbon, wt% 15.9 154 (17.9) 15.2 15.4
Vacuum Bottoms, 26.3 21.2 26.8 25.7 25.6
Conversion %

Conradson Carbon values were determined using the Micro Method, which is
ASTM D 4530. This test determines the amount of carbon residue formed after

evaporation and pyrolysis of petroleum materials under specified conditions. The

test results are equivalent to those obtained using the Conradson Carbon Residue
Test (Test Method D 189).




T uET e

Conr adson Carbon, wt % 15.9 15.4 (17.9) 15. 2 15. 4 Vacuum
Baqt t ons, WO 99/10453 26. 3 21.2 26. 8 25.7 25. 6 pEENRHSIS %0
Conradson Carbon val ues were determ ned using the Mcro Method, which is
ASTM D 4530. This test determnines the anou # of carbon residue formed after—
evaporation and pyrol ysis of petrol eum nmat

conditions. The test results are equival ent !['gl tshggge{)btsg?tuulﬁﬂul_ﬂmu'"mm;'!”m

Conr adson Caron 5i due Test (Test Method D 189).
- 18- CL . 1. A nethod for reducing the amount of

car boxylic aci ds' in petroleumfeeds conprising the steps of:

{ (a) adding to said petroleumfeed a catalytic agent conprising an oil

| ubl il di i Pl ; it iU
sol ubl € or ol | spersi p eAQﬂ@BBH*ErPéd&ﬂE#Zét?g?ﬁgﬁg%ﬁ?ﬂ&%&&ﬁ P

consisting of Goup VB, VIB, VIIB and VIII e anount of
netal in sai pepelewhdeeds esptising thesteps of: wopm _ (b)
heating said petroleumfeed with said catalytic agent in a reactor at a
tenperature of about 400 to about 800[err]F (about 204.44 to about

426.67[err] C), under a hydro .pressuyre of 15 i g to gbqut 1000 psi.qg;
(204.75 to 6996.33 kPa), (&h g to said petroleum ee‘?e a ‘b?‘ﬁﬁf‘ttWP’é%&gor

containi ng sgi0:PehhBiE I bi1%ispé bl compound of a metal selected from the group
consisting of Group VB, VIB, VIIB and VIII metals, wherein the amount of

metal in said petroleum feed is at least about 5 wppm,;

(b) heating said petroleum feed with said catalytic agent in a
reactor at a temperature of about 400 to about 800°F (about 204.44 to about
426.67°C), under a hydrogen pressure of about 15 psig to about 1000 psig;
(204.75 to 6996.33 kPa), and

(c) sweeping the reactor containing said petroleum feed and
said catalytic agent with hydrogen-containing gas to maintain the combined
water and carbon dioxide partial pressure below about 50 psia (about 344.75
kPa).

2. The method of claim 1 wherein said catalytic agent comprises a
catalyst precursor concentrate of an oil soluble or oil dispersible metal
compound prepared in a petroleu:ﬁ feed selected from the group consisting of
whole crudes, topped crudes, atmospheric resid, vacuum resid, vacuum gas oil,

and mixtures thereof.

3. The method of claim 1 wherein said catalytic agent comprises a

metal sulfide concentrate of an oil soluble or oil dispersible metal compound

This Sheet Has Been Replaced
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Fclaiml whereln sai

sai d cat al ytic agent wi th hydrogen-containing gas to maintain the conbi ned
wat er and cawopss/mdsxi de partial pressure bel ow 50 psia (344. 7PGEAIS98/18041

2. The net hod of cl ai ' [ atal ytic agent conprises a catalyst
precur sor concentrat e[T mjlﬂﬁﬂﬂﬂ I; oL 10i.l dispersible netal conpound
prepared in a petrole L romthe group consisting of whole

f crudes, topped crudes, atnospheric resid, vacuumresid, vacuumgas oil, and

m xtures ther . TR ' 'étirY% j j
catal ytic ageﬁ Ca{)ergp}x}%ggtglenuéx%gﬁedgsf[l{#g% conggeng{r‘%‘&ee%@an ?fwsﬂgﬁ% eeg’r
oi | di sper si bighpeicthdés raospheric resid, vabiemaresid, vacauniasdik und mbttures
sel ected from the group consisting of whole crudes, topped crudes,
at nospheri c rthereof. vacuum resi d, vacuumgas oil, and m xtures thereof.
4. The nmethod of claim3 wherein netal sulfide concentrate is heated at a
tenperature and for a tine sufficient to forma dispersion of 0.5 to 10

Y micron catal yst particlegs at_ ¢ ri aQ tal sul fide onent .
association with a carb natc@gdgetggaiofcg@ﬂ 596’5&7'% T ﬁﬂ(fugﬁagt‘}f’gﬁ?ﬂhmg@asi n
whi ch said ne i ' ' : . f
hésed it Epk Rl B A% dme syfficient fo formya Jlgfrinii 3110 10
catal yst part jfiéin édiﬂ?s@?ﬁﬁbl&&hﬂt EGihptisé 4 metdPsslfide Gomiponicht 38 a9§dcRAtioN
wi th a carbonaceous soflid derived fromﬁsai d petrol eum f eed.
with a carbonaceous solid derived from said petroleum feed in which said metal

sulfide is dispersed.

iV}

5. The method of claim 1 wherein said catalytic agent is a
dispersion of 0.5 to 10 micron catalyst particles that comprise a metal sulfide
component in association with a carbonaceous solid derived from said petroleum
feed.

6. The method of claim 1 wherein said metal is selected from the
group consisting of molybdenum, tungsten, vanadium, iron, nickel, cobalt,

chromium, and mixtures thereof,

7. The method of claim 1 wherein said oil soluble or oil

dispersible metal compound is a heteropolyacid of tungsten or molybdenum.

8. The method of claim 1 wherein said oil soluble or oil
dispersible metal compound is selected from the group consisting of
i)hosphomolybdic acid, molybdenum naphthenate, and molybdenum dialkyl
phosphorodithioate.
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; m xtures ther®eof 7. The nethod of claim]l
{ wherein said oil soluble or oil dispersible netal conmpound is a
het er opol yaci d of tungsten or nol ybdenum -20- 8. The met hod of

j claim1 wherein said oil soluble or oil di spersi bl e netal conpound is
1 selected fromthe group co stl hpspho bdi c bdenum
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: 10. The nethod of claim1 wherein water is substantially renoved fromthe
i petroleum feed prior to said heating step.
10. The method of claim 1 wherein water is substantially

removed from the petroleum feed prior to said heating step.
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