PROCESS AND CATALYST FOR UPGRADI NG HEAVY HYDROCARBON BACKGR(%\H@ ‘Tﬁél-q

| NVENTI ON The invention relates to a catalyst and a process fqr,u ding a
heavy hydrocarbon feedstock which provides a high rate of.conae of the
heavy hydrocarbon feedstock to |ighter nore val uabl e hydrocarbon products.
Vari ous processes are known in the art for -converting heavy hydrocarbons
into lighter nore valuable |Iiquid and gaseous products. One known process

i nvol ves thermal cracking such as visbreaking or delayed coking. However
thermal cracking processes typically provide a | ow rate of conversion (|ess
than 40% wt), and/or high rate of ‘producti on of undesirable coke products.
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Afiqt het process involves the catal ytic treatnent of the hydrocarbon in the
presence of hydrogen gas at high pressure. -Catalytic treatment with
hyd?@ﬁgwigas provi des high rates of conversion but requires extensive
capital investnent associated with hydrogen generation anglfgrﬁgffigoPo he
;gfgggfhgspwgb@§¥{ﬁﬂykﬁ?‘ 6 '.Bl'th steam Processes
utilizing steamare disclosed in U S. Patent No. 3,676, 331 to Pitchford and
- U.S. Patent No. 4,743,357 to Patel et al. The

BACKGROUND OF THE INVENTION

The invention reiates to a catalyst and a process for
upgrading a heavy hydrocafbon feedstock which provides a
high rate of conversion of the heavy hydrocarbon feedstock
to lighter more valuable hydrocarbon éroducts.

Various processes are known in the art for converting
heavy hydrocarbons into lighter more valuable liquid and

e gaseous products. | |

One known process involves thermal cracking such as
visbreaking or delayed coking. However, thermal cracking
processes typically provide a low rate of conversion (less
than 40% wt), and/or high rate of production of undesirable
coke products.

Another process invoives the catalytic treatment of the
hydrocarbon in the presence of hydrogen gas at high
pressure. Catalytic treatment with hydrogen gas provides

high rates of conversion but requires extensive capital

T

\ﬁ investment associated with hydrogen generation and
compression facilities which require operation aﬁ high
pressures. .

An alternative to the foregoing processes invoives
contacting the feedstock with steam... Processes utilizing
steam are disclosed in U.S. Patent No. 3,676,331 to -

Pitchford and U.S. Patent No. 4,743,357 to Patel et al. The
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: [ ) [ limted i nprovenents to
-2+ proocesses disclosed rn these patents provide \
rdﬂggéﬁ?lconversion of heavy hydrocarbons. However, there renalns,ftﬂus, a
need for a process and catal yst wherein high rates of conversion o tleavy
hydr ocar bons are obtai ned w t hout hjghdpressureitcpnplhgféfgrgn?hgo;riﬁary
ui pnent, or costly ingredients or ‘additives. S
ggjegt of -the present invention to provide a process and catal yst for steam

. : . to
i on PFoResepshydsatardeansi WhEHid) pate@Ps ! BESv Ple COIYEESHON
322Y$23'?omer boilrngwggint products is achieved. It is another object of

the inventi BAPFBYBRSHte to adtes © Buboaid yoh 60Thed AN FORYEE SbOHs Of
heavy However, there remains, thﬁs, a need for a process and
catalyst wherein high rates of conversion of heavy
hydrocarbons are obtained without high pressure, complicated
and costly equipment, or costly ingredients or additives.

It is therefore the pPrimary object of the present
invention to provide a process and catalyst for steam
conversion of heavy hydrocarbons wherein a high rate of
conversion to désired ldwer boiling point products is
achieved.

It is another object of the invention to provide a
process and catalyst.fér steam conversion of heavy
hydrocarbons wherein relatively low pressures are used and
no hydrogen generation or compression facilities are
required.

It is.still another object of the present invention to
pfovide a proéess and catalyst for steam conversion of heavy
hydrocarbons which utiliées'materials which are relatively
inexpensive and readily available.

It is a furthef object of the present invention to
provide a catalyst and steam conversion process for ﬁsing
the catalyst to conyertnheavy hydrocarbons wherein high

rates of production of undesirable coke products are

avoided.
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hydrocarbons wherein relatively | ow pressures are used and no hydrogen
generatlon or conpression facilities-are required. It is still another

objecIP%?EPﬁe present invention to provide a process and catal yst for steam

conversi on of heavy hydrocarbons which utilizes materials which are
relatively inexpensive and readily available. It is a further object of the
present invention to provide a catalyst and steam conversion process for
using the catal ysdther copyects hanyYadvahos§sH0ps E\ﬂérﬁlethgh ihokdt idn

production of undesirable coke products are avoi ded
will appear herein below.

SUMMARY OF THE INVENTION

The foregoing objects and advantages, and others, are
readily attained in accordance with the present invention.
According to the invention, a procéss for steam

conversion of a heavy hydrocarbon feedstock is provided

which comprises the steps of: providing a heavy hydrocarbon

feedstock; providing a catalytically active phase comprising
a first metal and a second metal wherein said first metél is
a non-noble Group VIII metal and said second metal is an
alkali metal; and contacting said feedstock with steam at a
pressure of less than or equal to about 300 psig in the
presence of said-@atalytically active phase so as to provide
a hydrqcarbon pProduct having a reduced boiling point. |

The -catalyst according to the present invention
comprises a first metal selected from the group consisting
(“: . ©°f non-noble Group VIII metals and mixtures thereof and a
second metal comprising an alkali metal wherein said
catalyst is active to convert heavy hydrocarbon at a
pressure of less than.of equal to about 300 psi. Acébrding
to the invention, said first metal is_pfeferably selected
from the group consisting of iron, cobalt, nickel and

mixtures thereof, and said second metal is preferably
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-3: Qrher obj ects and advantages of the present invention will appear

her eijpobgtpaw. SUMVARY OF THE | NVENTI ON The foregoi ng objects and

advant ages, and others, are readily attainned in accordance with the present
i nvention. According to the invention, a process for steam conversion of a
heavy hydrocarbon feedstock is provided whi ch conprises the steps of:
provi di ng a heavy hydrocarbon feedstock; providing a catalytically active
phase conprsslagtadffrehn GRbarang 2o%H Qgglﬁgtgk ?@egggguﬁalgoglgﬁ¢ gﬁtal
is a non-noble Goup VIIl netal and said second Is an alkali neta
and contacﬂnhgt@aﬁﬂ trexeobck with steamat a

DETAILED DESCRIPTION

The invention relates to a catalyst and a process for
treating heavy hydrocarbon feedstock so as to upgrade or
convert the feedstock into more desirable lower boiling
point products.

According to the 1nventlon, heavy hydrocarbon feedstock
treated with steam in the presence of the catalyst of the
present invention is converted to lighter more valuable
products. During treatment, hydrogen is transferred from
the steam to the hydrqcarboﬁ so as to provide e product
having an increased mole ratio of hydrogen to carbon and a
reduced boiling point.

The composition of a heavy hydrocarbon feedstock such
.as crude oil or bitumen is characterized by determining the
weight fractions of the feedstock which fall into four
boiling point ranges. The ranges of interest are as
follows: room temperature to 200°C (gasoline); 200°C to 350°C
(diesel); 350°C to 500°C (gas-0il); and more than 500°C
(residue). According .to the invention, a'process and
catalyst are provided for converting the residue fractioﬁ
having a boiling point greater than 500°C into lower boiling

point products having increased commercial value.
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pr gpssfgpq0f | ess than or equal to about 300 psig in the presence of said
catalytically active phase so as to provide a hydrocarbon product having a
: reduced boiling point. The catal yst according to the present invention
. conprises a first metal selected fromthe group consisting of non-noble
. Goup VIII netals and m xtures thereof and a second netal conprising an

al kali metal wherein said catalyst is active to convert heavy hydrocarbon
at a pressure of A%2ardinm tor tdgualnveneben) B300apslysBcapadppgctest R o

i nventi on, id.g#;;t nmetal is preferably selected fromthe group
consi sting 'POITY ol tteam Gesverrslion xeflireshedrey ebjdrandrsand second

nmetal is prfE@ﬁ@@d&k which provides an excellent rate of conversion of

' the high boiling point range fraction without undesirable

increases in production of coke and other low value products

and without requiring costly equipment or process additives.

The catalyst according to the invention comprises an.
active phase including a first metal and a second metal
which in combination servé to provide excellent activity
toward the desired conversion reactions in steam treatment
processes. The metals according to the invéntion may be
supported on a support material or may be provided as an
additive for direct m;xing with the feedstock as will be
described below. |

Accqrding to- the invention, the first metal is a non-
noble metal selected from Group VIII of the Periodic Table
of Elemenﬁs, preferably iron, cobalt, nickel or mixtures
thereof.

(i} The second metal. according to the inveﬁtion is an
a;kali metal, preferably potassium, sodium or miktureg
thereof. - |

According to the invention, it has been found thét the
combination of firs? and second metals as set forth above
for use in steam treatment of heavy hydrocarbons under low

Pressures serves to provide an excellent rate of conversion
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-4~ selected fromthe group consisting of potassium sodium and nixtures

t hgyosaEpP1 DETAI LED DESCRI PTI ON The invention relates to a catal yst and a
process for treating heavy hydrocarbon feedstock so as to upgrade or
convert the feedstock into nore desirable |ower boiling point-products.
According to the invention, heavy hydrocarbon feedstock treated with steam
In the presence of the catal yst of the present invention is converted to

l'i ghter nor efvalhealbleaviyr ddiiGicoa idEH NeddRB I nt Q060 1 Sablansbaei-ed
fromthe steamto the hydrocarbon so as to provide a product
boiling point products. .

The first and second metals may preferably be supported
on a mesoporous support material to provide a catalyst which
according to the invention is contacted with the feedstock
during steam treatment. The support material may preferably
be selected from the group consisting of silica,
aluminosilicate, alumina, carbon based material, and
mixtures thereof. Thefsuppdrt material preferably has a

i;: pore volume of at least about 0.3 ml/g, and may be provided
as an extrusion, as a particulate or granular media or
powder, or in any other desired form. Examples of suitable
support materials lnclude 5111cas, aluminas, both natural
and synthetic aluminosilicates, cokes from either petroleum
or coals, and mesoporous carbon based materials obtained
from either vegetable or animal sources.

According to the invention, the metals may be provided
on the supporf material by impregnation or dispersion onto
the support material in accordance with known techniques, or
by any other manner known in the art. The supéort material
with supported metals is also preferably calcined in
accqrdance with known techniques prior to use in the'process
of the present invention.

The catalyst according to the invention may also be

provided in the form of an additive to be mixed directly
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havi ng" an i ncreased nole ratio of hydrogen to carbon and a reduced boiling
pol ntp2siEm conposition of a heavy hydrocarbon feedstock such as crude oil
or bitumen is characterized by determ ning the weight fractions of the
feedstock which fall into four boiling point ranges. The ranges of interest
are as follows: roomtenperature to 200[err]C (gasoline); 200[err]Cto
350[err] C (diesel); 350C to 500C (gas-o0il); and nore than 500[err]C
(residue). ACtRdthg feedsitocviest bONtr8aPEACESEnaRH iGALAI NSty ar&@éﬁ&ﬁged
for converting the residue fraction having a boiling point” greater than 9
500[ err] C i ntd Hmetnvention, phietage bdechethavpngseaCcirgs et Grewigedl in

val ue.

the form of one Or more oil soluble salts of the desired
metal which may then be readily dissolved into the
feedstock. Suitable oii soluble salts include acetyl-
acetonate salt, salts of fatty or naphthenic acids,
organometallic compounds and the like.

One or 'both metals may also be provided accérding to

the invention in the form of-a water soluble salt to be

~dissolved in the water phase of a water in .oil emulsion

-which is then mixed with the feedstock. Suitable water

soluble salts include nitrates, chlorides, sulfates,
acetates and the 1like.

In further accordance with the invention, one or both
metals may also be provided in the form of a surfactant or

emulsifier for stabilizing a water in oil emulsion to be

~added to or mixed with the feedstock. Suitable surfactant

includes anionic surfactants such as sodium or potassium
salts of fatty acids or naphthenic acids, soaps, alkyl
sulphonates, alkyl ether sulfates and the like.

The catalyst according to the invention has been found
to provide excellent rates of conversion of the high'boiling'
point fractions of a heavy hydrocarbon feedstock when used
during steam conversion processes. Such processes are

desirable in accordance with the invention because steam is
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‘ [ [ : . : fovided for steam
fng to the invention, a catalyst and process .are p
égﬁord igﬂ_of a heavy hydrocarbon feedstock which provides an.eﬁceilent
Crate o? conversion of the high bpilin? poLnt rgngfhg:aféQPCaYLé ggoducts
ndesirabl e increases in production of coke and o e
;nd wi thout requiring costly equipnent or process additives. The ?aﬁglyst
according to the invention conprises an active phase including a fi

de excel | ent
d a secaid i i nation serve t r oVi 11er
gtcat ?l/l ?3 t owar d theyw(?tevg1rl\gc%;lc%2n\/n2rtgi%g%ma€ﬁrobr?sn i <& & (FatRErtuction

upported on
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the feedstocRaye Ween ifeund according to the invention to be
particularly desirable as will be set forth below.

The catalyst according to the invention is useful in
upgrading heavy hydrocarbon feedstock so as to convert high
boiling point fractions of the feedstock into desired lower
boiling point products.

o, In further accordance Qith the invention, a process is

. provided whereby a heavy hydrocarbon feedstock is contacted
with steam in the presence of the catalyst according to the
invention so as to provide a conversion of the high boiling
point fractions of the feedstock as desired. According to
the invention, the Process is carried out at a relatively.

 low pressure and does not call for the provision of external

hydrogen compression or generation facilities.

Accordlng to the 1nventlon, the feedstock is contacted
with heated steam in the presence of the catalyst according
to the invention at a pressure of less than or equal to
about 300 psig, preferably less than 200 psig. The process
temperature according to the invention is preferably between
about 320°C to about 550°C, preferably between 380 and 450°C.
Either or both of the steam and feedstock may be preheated

prior to entering the reactor if desired.

As set forth above, the catalyst containing the first

—_—
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described bel ow. According to the invention, the first nmetal is a non-
n&@%gl tal selected fromGoup VIII of the Periodic Table of Elenents,

p erably iron, cobalt, nickel or mxtures thereof. The second netal
according to the invention is an alkali netal, preferably potassium sodium
or mxtures thereof. According to the invention, it has been found that the
conmbi nation of first and second nmetals as set forth above for use in steam

treat ment Gindiefdyoiy 0neEaT BORSy B QYR SUESR T Y& r A4S &n

excel l ent rate of conversion
elther in solid form, supported on a mesoporous support
material, or may ke provided as an additive for mixing with
or dissolution in the feedstock. Further, according to the
invention, one metal may suitably be éupported on a support
material while the other metal is added directly to the
feedstock. | |

According to the invention, the catalyst in solid form

preferably ipcludes the first and second metals supported on

the support material through any conventional manner in an
amount by weight of the catalyst of at least about 0.5%, and
preferably of at least 3.0%.

When the catalyst is to be dissolved in or mixed with
the feedsﬁock, sufficient amounts of the first and second
metals are prefe:ably used so as to provide a total
concentrat%on in the feedstock of at leést about 500 ppm by
wgight of the feedstock, and preferably of at least 1000
ppm. | |
(m? , In either form, the catalyst according to the invention
‘has a mole ratio of second metal (alkali) to first metal
(non-noble Group VIII) greater than 0.25 and prefefably
greater than or equal to 1.0; |

According to tpe invention, the process may suitably be
carried out in any of numerous types of reactors including

but not limited to fixed bed, batch, semi-batch, fluidized

10
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of the heavy hydrocarbon feedstock into nore valuable | ower boiling point
pr aE2eIEP1 The first and second netals may preferably be supported on a
nmesoporous support material to provide a catalyst which according to the
invention is contacted with the feedstock during steamtreatnment. The
support material may preferably be selected fron1the_group consi sting of
silica, alumnosilicate, alumna, carbon based material, and m xtures

h f. Th u a r fer bl y_has a,poLe vol une_of | east
;bgLSOO 3 n?fg,pgﬁ&bﬁgekgébpkggl ed gs’éﬁ'e%??u3|%hl s soikﬁfléﬁPSte or
granul ar nediabgeaRkewde andOkhken 13R% OtWﬂé(B¥§%ﬁ%%é£?£%95%@@péfﬁe Larles

sui tabl e support materials include silicas oth natura
depending upon the reactor type selected and the process
temperature, and may be as short aé a few seconds and as
long as several hours or more.

According to the process of the present invention, a
flow of steam is provided from any convenient source, and
the catalyst metals are a:ranged in the reactor or mixed
with the feedstock as desiréd. The feedstock is then

(f contacted with the flow of steam in the reactor at pfocess
pressure and temperature. According to the invention,
_hydrogen from the steam is transferred to the heavy
hydrocarbon feedstock during the process so as to provide a
more valuable product having'lower boiling boint and a
higher hydrogen content without the use of external sources
of hydrogen gas and at é relatively low pressure. as will
be demonstrated belbw, conventional thermal cracking
processes do hot-significantly increase the amount of
hydrogen in the hydrocarboh product.

According to the process of the ihvention, excellent
rates of conversion of the residue fraction of the feedstock.
having a boiling point greater than 500°C are accompiished.
As will be further demonstrated in the examples below,
conversion of the residue fraction in accordance with the

invention exceeds at least about 50% by weight of the

11
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and synthetic alumnosilicates, cokes fromeither petroleumor coals, and
nesggsIEPLS car bon based materials obtained fromeither vegetable or aninal
sources. According to the invention, the netals may be provided on the
support material by inpregnation or dispersion onto the support material in
accordance wth known techni ques, or by any other manner known in the art.
The support material with supported netals is also preferably calcined in

ovent fon. The baral e CRoaMEaREsS! Rt ok nefuBFEBTbecpk Byl dea Tn
the form ofpmodwattdidnh VBst@o@esmKPfixgbB%qv y:.ncreased and in most cases
is reduced during.the process.

Although the process of the present invention is a
desirable alternative for processing any feedstock with
significant amounts of residue fractions, it is preferable
that the feedstock have a residue content of at least about
50% by weight prior to processing in accordance with the
present invention.

Qﬁ It should be appreciated that the process according to
the invention is efficient and economical and serves to
- provide a readily useable process for transforﬁing or
upgrading the residue fraction of a heavy hydrocarbon
feedstock into valuable commercial products.

The conversion of the residue fraction of the feedstock

having a bqiling point greater than 500°C as referred to

herein is determined as follows:

= R.i—(Rf+C)

Conversion(s) x100

i

wherein:

R; is the amount of hydrocarbon in the feedstock having

a boiling point greater than 500°C;

//
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-7- wth the feedstock to be treated. In this regard, according to the

i nkR2ALEDN, the active netal phases may be provided in the formof one or
nore oil soluble salts of the desired nmetal which nmay then be readily

di ssolved into the feedstock. Suitable oil soluble salts include acetyl -
acetonate salt, salts of fatty or naphthenic acids, organonetallic
conpounds and the like. One or both netals may also be provi ded accordlng
to the invention in the formof a water soluble salt to be dissolved in the
wat er phase of a water in oil emulsion which is then mxed with the

fsﬁﬂj; ggk. Sui t aB} el svadtey Sl ed?%?éréé‘&x!'lygﬁ N EﬁEeBrogn @ Ihqavln
’ boiling point greater than 500°C; and
C is the amount of coke produced during the process.
The following examéles further demonstrate the

effectiveness of the catalyst and pfocess of the present

invention.

Example 1
This example demonstrates the effectiveness of the
catalyst of the present invention when the catalyst is
directly dispersed into the feedstock , without any support.
This example also illustrates the act1v1ty of the catalyst
of the present 1nvent10n compared to a prior art catalyst

and to a thermal process w1thout a catalyst. The results

are shown in Table 1.
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acetat’es_and the like. In further accordance with the invention, one or

bot HPRBLER may al so be provided in the formof a surfactant or emulsifier
for stabilizing a water in oil enulsion to be added to or mxed with the

f eedst ock. Suitable surfactant includes anionic surfactants such as sodi um
or potassiumsalts of fatty acids or naphthenic acids, soaps, alkyl

sul phonates, al kyl ether sulfates and the like. The catal yst according to
the invention has been found to provideTe el l.ent rates of conversion of
the high boiling point fractions of a he§§§£%§drocarbon f eedst ock when used

during steam conversion processes. Such processes arg desirable in
accor dance “E£Q1§ﬂ? i nvention because steami s ®
. {Feed) None Ni/K Ni K Fe/Na Ni/Ba
Total metal
concentration
(Ppm) -
0 1500 300 1200 1500 1500
Group VIII metal
conc. '
- {(ppm) - 0 300 300 0 300 300
Alkali (or Ba) |
conce. |
{ppm) _ 0 1200 0 1200 1200 1200
Residue C i '
onversion (%) - 44 76 49 46 69 57
Weight of C ]
g products (gr} 150 153 1s0 148 149 149 150
i Gases -
f{ 11 14 15 8 14 10
= Liquids ;
qu . 150 120 110 112 122 105 116

Cok
e ' - 22 26 21 19 30 24

Liquid preoduct
distribution (wts)

- o |
IBP-200°C (3] 11 19 11 11 18 1s

200°¢C-

00°C-350°C 0 18 26 19 18 25 23
350°C-500°C ‘ 17 31 52 32 31 49 38
> ° . |
~>500°c 83 40 3 38 40 8 28

All the trials were carried out under the same
. operating conditions and in a 300 ml stainless steel
'-.-;-. reactor. In Table 1, trials 2 and 5 were run with a
catalyst according to the invention. Trialll was run
without a catalyst according to a standard thermal pfocess.
Trial 6 used a cata}ystﬂaccordinq to the prior art. Trial 3
was run with a non-noble metal (nickel) only and trial 4 was

run with an alkali metal (potassium) only.

14 :
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-8-. readily available in the hydrocarbon treatnent or production facility,
partr2spEry |y at the relatively | ow pressures which have been found
according to the invention to be particularly desirable as will be set _
forth below. The catal yst according to the invention is useful in upgrading
heavy hydrocarbon feedstock so as to convert high boiling point fractions

of the feedstock into desired | ower boiling point products. In further
ion, a process is provided whereby a heavy

- accordance wWith the,l n
hydr ocar bon feedstockQ|¥§ éﬁn?aét'edr\ﬂi"t ANdt pdmkierd twee epragisiedc &yof t he

catal yst accaigdsBdviifg! Pfe corresponding acetyl-acetonate salts of iron
and nickel in the fgedstock. In trial 6, the barium salt of
oleic acid was dissolved into the feedstock. The alkali
metals, sodium or potassium, for-trials 2-5 were added to.
the feedstock through_a water in xylene emulsion in a weight
proportion of 5:95 jin which the surfactant was the
respective alkali salt of oleic acid. The concentration in
.the final mixture for each catalyst is shown in Table 1.

The feedstock was a 150 g sample of a ‘heavy hydrocarbon
contalnlng 83% wt residue material with a boiling p01nt
greater than 500°c. j flow of 20 g/hr of water was pumped
into a heater and the generated steam was bubbled into the
reactor through the feedstock. The reaétor temperature and
pressure were maintained at 420°C ana- 14 psig respectively |
for one hour. The feedstock was mixed with the catalyst and
heated. Whilg the flow-of steam continued, light
hydrocarbon and gases were produced. The light'hydrocarbon
products and the eXxcess steam were condensed, separated and
collected at the exit of the reactor, while the flow of
gases (non-condensable products) was méasured after the
condenser and.its composition determined by gas
chromatography. |

The process was run for one hour, with the reactor

& . s
emperature maintained at 420°C and the flow of water at 20

15
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-nvention so as to provi de a conversion of the high boiling point fractions

of tpbgydpaedst ock as desired. According to the invention, the process is
carried out at a relatively |low pressure and does-not call for the

provi si on of external hydrogen conpression or generation facilities.
According to the invention, the feedstock is contacted with heated steamin

the presence of the catal yst according to the invention at a pressure of

Dr ocess temperatur e acooraisg Fo T hetr aoeneren s N e Pd PRadhipou

320[ err] C t Shabouem&saper ihCrhpr eégeablywhet WepR 38R @ AROLRETLS) ; Fit her

or both of the steam and feedstock nay be preheated prior to entering-the

reactor if §ESKPeBluAsspentfeathlpbbyeanaheondlinkysiviednteidi nggde first
fraction produced during reaction.

The composition of the ;otal liquid product was
determined by simulated distillation according to ASTM
standard test method D5307 and the fraction of material in
four boiling point ranges was determined as set forth above
(IBP to 200°C; 200°C to 3so°c;. 350°C to 500°C; and greater

D) than 500°C). |

The catalyst of the present invention (Trials 2 and 5)
led to a higher conversion of the high'boiling point
‘fraction when compared with the thermal prdcess (trial 1)
and with the catalyst of the prior art (trial 6);

Further, the catalyst of the present invention having a
mixture of_alkali met&l'and non-noble Group VIII metal shows
gonversion rates significantly greater than each of the
metals by themselves (trials 3 and 4), indicating that there
is a synergistic effect between the alkali metal and the
non-noble Group VII metal in accordance with the present

invention.

This Sheet Has Been Trlaced B
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%ﬂ% gsecond netals may be provided according to the invention either in
soFr orm supported on a nmesoporous support material, or may be provided

~as an additive for mxing with or dissolution in the f eedst ock. Furt her,
according to the invention, one netal may suitably be supported on a
support material while the other netal is added directly to the feedstock.
According to the invention, the catalyst in solid formpreferably includes
the first and second netals supported on the support material through any

conventional manner in an
Example 2

This example:illustrates the effectiveness of the
catalyst of the present invention when the active phase is
dispersed on a solid support. It also demonstrates that the
catalyst is more effective when the process pressure is less
than 300 psig.

?he catalyst was prepargd as follows. The support was

} an aluminosilicate with substantial mesoporous pore volume

(.‘ | (0.3 ml/qg), prepared as an extrusion. Water salts of
potassium and nickel were impregnated on the support, so as
to provide a total metal loading of 3% by weight, at a mole
ratio of potassium to nickel of 4.0. The catalyst was then
calcined and loaded into a fixed bed reactor. The total
catalyst volume in the reactor was 15 ml.

The catalyst was exposed to a continuous flow of
hydrocarbon feedstock.

The system was operated as a fixed bed reactor with
ascending flow of feedstock and_steam,.under isothermal
conditions at 420°C, and a Space velocity of 1.0 vol
feed/vol catalyst/hr.. The hydrbcarbon feedstock was a
natural bitumen containing 60% by weight of high boiling

" point material (boiling point greater-than 500°C). The
ratio of the bitumen to steam going through the catalyst was

2.3. The system Was operated under steady conditions for 6

17
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' ight of the catalyst of at |east about 0.5% and preferably of
ggﬁ#&é&? 3m€@g When t he catalgst Is to be dissolved in or mxed wth the
feedstock, sufficient anpbunts of the first and second netals are preferably
used so as to provide a total concentration in the feedstock of at Ieast0
about 500 ppm by weight of the feedstock, and preferably of at |east %OO
ppm In either form the catalyst according to the invention has ? nol e
ratio of sacoucsmetaly(aliald)ade J4sshBBLBLs(BOUNANE PN lddeap
greater than 0.25 and pre erab?y gfeater than ot equal cor g
the inventiweretdel pectessan@ysSptR/0Ld Be €RAEM bQALOBY ithAPe e JYmer ous
types of reactors including ‘ _

Coke produced during the reaction and deposited on the

catalyst surface was measured by weight.
Residue conversions obtained after six hours at 150,

300 and 450 psig are set forth below in Table 2.

Table 2
1 2 3

P Total metal loading : '

- on support (wt%) 3 3 3
Nickel loading (wt$%) ' 0.82 0.82 0.82
Potassium loading (wt$%) 2.18 2.18 2.18
Reactor temperature (°cC) 420 420 420
Reactor pressure (psi) 150 300 450
Reaction time (hr) 6.5 6.0 6.5
Residue flow rate (mL/hr) 6.34 6.34 6.34
Water flow rate (mL/hr) _ 4.50 4.50 4.50
Residue conversion (%) 73 73" 58

As shown.in Table 2, the catalyst of the present
invention is most effective when the pressure is less than

or equal to 300 psig.

Example 3

This example illuétrates the effectiveness of the
catalyst of the present invention at aifferent molar ratios
of the active phases.

All the trials were carried out under the same

18
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but -not limted to fixed bed, batch, sem -batch, fluidized -10- bed,
cir @82%#Phg bed or slurry, and coil or soaker type visbreakers and the
. Iike. The process residence tinme varies dependi ng upon the reactor type
. selected and the process tenperature, and may be as short as a few seconds
- and as long as several hours or nore, According to the process of the
present invention, a flow of steamis provided fromany conveni ent source,
and the cat abys I are. arran ed in the reactor or -mxed with the

B raﬂﬁha %ﬂ fgéﬂgﬁogﬂ 2539P Rl stainless steel reactor.

feedstock as desire
Trial 1 was run wlthout a catalyst according to a standard
thermal process. =Tr1als 2 and 3 were run with catalysts
according to the invention, containing different molar
ratios of the active phases.
For trials 2 and.3, nickel was added by dissolving the
acetyl-acetonate salt in the feedstock, and potassium was

a * o
dded through a water in o1l emulsion in a weight proportion

5:95 in which the surfactant was the pota831um salt of

£y

naphthenic ac1ds from crude 0il. The concentration in the
final mixture for each catalyst is-shown in Table 3.

The feedstock was a heavy’ hydrocarbon containing 83% wt
residue material with a b0111ng point greater than Ssoo0-°c.
Flows of 30 gr/hr of feedstock containing the catalyst anad
20 gr/hr of water were pumped into the reactor. The reactor
temperature and pressure were maintained at 420°C and 14
PSlg reSpectlyely. Light hydrocarbons, gases and excess
steam were continuously flowing out of the reactor during
the duration of the experiments. The light hydrocarbon
products and the excess stean wvere condehsed, separated and
Collected at the exit of the reactor, while the flow of
gases (non-condensable'products) was measured after the
condenser and its composition determined by gas
chromatography. The process was run for one hour. At the

end o 3 ' i
f the treatment, a heavy liquid fraction that remained

19
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contacted with the flow of steamin the reactor at process pressure and
t.exR518PLlire. According to the invention, hydrogen fromthe steamis
transferred to the heavy hydrocarbon feedstock during the process so as to
provi de a nore val uabl e product having | ower boiling point and a higher
hydr ogen content w thout the use of external sources of hydrogen gas and at
arelatively | ow pressure. As will be denonstrated bel ow, conventi onal

hydr ogen | n-He Ry e SESPhoN 2R GAERE = Jibof BPAGEPS ERELFodEek 0P e
{edst ook ot o ot 1T o) Borneoarld Pheh EnbrBOHE KFECKEml i chea
As will be prodlieed dgapnsyr aegdtiibni.ne exanpl es bel ow,

The composition of the total'liquid product was
determined by simulated distillation according to ASTM
standard method D5307 and the fraction of material with
boiling point less than S$00°C was determined.

Table 3 shows that the catalyst of the present

invention (trials 2 and 3) led to higher conversion of the

high boiling point fraction when compared with the thermal

process (trial 1).

Table 3
1 2 3
Nickel.conc. (ppm) 0 388 388
Potassium conc. (ppm) 0 267 67
Molar Ratio K/Ni’ - 1.0 0.25
.Reactpr temperature (°C) 420 420 420
Reactor pressure (psi) 15 15 15
-Feedstock flow rate (mL/hr) 30 30 30
Water flow rate (mL/hr) . 20 20 20
Residue conversion (%) 45 71 | 57
Example 4

This example furfher demonstrates the effectiveness of
the catalyst of the:preéent inventioﬁhwhen operated under
Steady state conditions in a continuous flow reactor with a
continuoué supply of catalyst.

20
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- - - N edS
of the residue fraction in accordance with the invention exce

con{@; PE i o i due, and in sonme cases exceeds
9 wei ght of the residue, .

5% E%OUt 5(Iz/bb?/oduc?ion is not significantly increased and in nost

80% Further, coke p

resent
cases is reduced during the process. Although the prgﬁesfeggszggkpmﬁth
invention is a desirable alternative for p_rocessmgf gble dstock v
;Pgnlflcant anounts of residue fractions, it is prefer

ht rior to
f eedst ock have a r'@%t%etmmu£r3r@fd@§c}p@§ Apayl ; 5026 by yei 9 nBY O% o

ent I nventron.
|n accordance with the pres |
processi ng arried out under the same operating conditions, with the

aluminosilicate, and mixed with the feed, and in trijial 3 the
catalyst was directly dissolved into the feed as nickel
acetyl-acetonate and as a water in oil'emulsion where the
surfactant is the potassium sait of naphthenic acids.

Trials for this example were carried out ‘'in a slurry

type continuous-flow system. 1In all cases, 315 g/hr of
heavy feedstock were pumped from a tank and heated to 200°C
in a preheater. 83% by weight of the feedstock had a
boiling point greater than 500°C. After the preheater, the

- feedstock was mixeq with a flow of 250 g/hr of steam, also
at 200°C. The feedstock/steaﬁ mixture was further heated'to
350°c, and 1ntroduced 1nto a reactor where it reached
reactlon temperature. The residence time in the reactor was
2 hours. The reactor pressure was maintained at 150 p81g
At the reactor exit, the products pPlus excess steam were
introduced into a chamber maintained at 250°C, where the
heavy liquid and solid Products were separated from the
light products, gases. and excess steam, which were
introduced into a Ccooling chamber operated at 100°C, where
the light products and excess steam were condensed and

Separated from the gases. The flow of gases after

21
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bt shoul d be appreciated that the process according to the invention is

ef gps41ep and econom cal and serves to provide a readily useabl e process
for transform ng or upgrading the residue fraction of a heavy hydrocarbon
feedstock into val uabl e comrerci al products. The conversion of the residue
fraction of the feedstock having a boiling point greater than 500[err]C as

referred to herein is determned as follows: Conversion (%9 = [err]
wher ei n: F{gégér£§.tge anount of gydrocarbon in the feedstock having a
boi | i ng poi nt - greater YAEN"SBSPEPF] &nd the composition of the gas

determined by ga§ chromatography. The heavy liquid fraction
was separated from the solids (coke and spent catalyst), and
combined with the light products. The composition of the
total liquid pr9duct was determined by distillation,
following ASTM standard test method D308, and the fr#ctidn
of material in the four above mentioned boiling point ranges
was determined.

In trial 2 a supported catalyst containing nickel and
potéssium was mixed with the feed. It was prepared
following a procedure similar_to the one described in
Example 2, but provided in powder form instead of an
extrusion.

In trial 3 the catalyst was dissolved into the feed in
the form of an oil soluble nickel salt (acetyl-acetonate)
and a wate; in oil emulsion containing potassium naphthenate
as a surfactagt. This catalyst was prepared following the
‘same procedure as in trial 2 of Example 1. In trials 2 and
C*: 3 of this example the potassium and nickel concentrations in

the feedstock after dispersing the catalyst were 1200 and
400 Ppm respectively.
The conditions and results for these trials are shown

in Table 4.

[ —
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-12- Bgﬁﬁﬁj is the ambunt of hydrocarbon in the product having a boiling
pdiﬁ? greater than 500[err]C, and Cis the anount of coke produced during
the process. The foll owi ng exanples further denonstrate the effectiveness
of the catal yst and process of the present invention. Exanple 1 This
exanpl e denonstrates the effectiveness of the catal yst of the present

I nvention when the catalyst is directly dispersed into the feedstock ,

wi t hout any support. This exanple also illustrates the activity of the
catal yst of the present invention conpakpgg L04a prior art catalyst

1 2 3
Type of catalyst‘ | i
T?taéhcatalyst loading None Solid Soluble
in e feed (ppm |
Nickel loading in) ° 1600 1e00
the feed (ppm)
Potassium loading ° 00 100
in the feed (ppm) 0 1200 1200
Reactor temperature (°C)
408
Reactor pressure (psi) 150 : :gg 150
Space velocity (1/hr) 0.9 0.6 o e
Water/feed (wt/wt) 0.5 : 0-6 g.g
Residue conversion (%) '
43
Asphal?ene conversion (%) -70 ig 1o
Coke yield (%) 2 5 1
. 1

Trial 1 could only be carried out et a temperature of
408°C and a } hou;'residence time in the reactor. Higher
temperatures and 1onge: residence times resulted in
formation of excessive amounts of coke that plugged the
reactor and prevented continuous steady state operation.

Under the conditions employed in trial 1, a heavy
hydrocarbon conversion of only 43% wt was aehieved.
Furthermore, undesirable asphaltenic compounds were
generated rather than converted. 1In trial 2, the reaction
temperature was raised to 420°C, and the residence time was
ipcreased to 2 hours. Under these ce;ditions, 56% wt of the

heavy hydrocarbon Was converted. The results were even

.23
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and.to a thermal process without a catalyst. The results are shown in Table

¥p251eP113- Table 1 1 2 3 4 . 5 6 Cat al yst

(Feed) None Ni / K Ni K Fe/Na Ni/Ba Total netal
concentration (ppm 0 1500 300 1200
1500 1500 Group VIII netal conc. (ppm 0 ' 300
300 0 300 300 R

better when the soluble catalyst formuLation was employed
(trial 3). 1In this case, at a reaction temperature of 425°C
and a residence time of 2 hours, 68% wt of the residue
fraction of the heavy hydrocarbon feedstock was converted,
with a coke yield of oniy 2% wt.

The results summariéed in Table 4 demonstrate that the
cétalyst and brocess of the present invention allow higher
conversions of heavy hydrocarbon and lower coke yield under

steady state conditions than a conventional thermal process.

This represents a more efficient and economically attractive
process for the conversion of heavy hydrocarbon feedstock

into valuable products.

Example S

This example illustrates the transfer of hydrogen from
the steanm to the process product which is at least partially
responsible for the desirable conversion achieved according
to the process of the present invention.

(e The trials described in this example were identical to
trials 1 and 2 in Example 1. In this céSe, however, the
hydrogen and carbon content of all the collected prodgcts
was determined, as was a total hydrogen to carbon ratio.

Table 5 set forth below shows the results of this example.
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1200 0 1200

Al kal i’ (or Ba) conc. (ppm 0
120@pas4gQ0 Resi due Conversion (% - 44 76 49 46
69 57 Weight of products (gr) 150 153 150 148 149
149 150 Gases - 11 14 15 8
14 10 Li quids 150 120 . 110 112 122
105 116 Coke - 22 26 21 19
30 24 Liquid product distribution (wt% |1BP-200[err]C
0 11 19 11 11 TdBle 5 15 230[err]C350[err]C
0 18 26 19 18 25 23 350[err]C-500[err]C
17 31 52 32 _ 31 49 - 38 >500[err]@ 2
83 40  catalgst 38 40 8 25 All the trials were
carried out under the sanme (Feed) None Ni/K
Total metal concentrati -
Nickel conc. (ppm) en (ppm) g 1§gg
Potassium conc. (ppm) T 0 1200
Residue conversion (%) - 44 76
W ' '
eéggzsof products (gr) 150 153 150
Liquid : - 11 14
Coge s 150 120 110
= - 22 26
Liquid product distributj _
IBP-200°C : arion (wtz) 0o
200°C-350°C o 11 19
350°C~500°C 17 a3 26
-]
>500°C 33 10 2
Hydrogen to carbon molar ratio .
Total .
Gases 1.45 %'46 1.55
Liquid .10 3.20
Solide. 1.45  1.50 1.61
- - 0.42 0.41

In the absence of thg catalyst_accordiﬁg to the present
invention, the combined H/C mole ratio of the products was
essentially the same as that of the feedstock (1.46 vs.
1.45). When the nickel/potassium catalyst according to the
invention was used, there was an increase in the H/C ratio
from 1.45 to 1.55. This indicates that with the use of the
catalyst and process according to thé present invention,
hydrogen from the steam is transferred or incorporated into
the conversion products, thus resulting in a greater
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operating conditions and in a 300 m stainless steel reactor. In Table 1,
qand 5 were run with a catalyst according to the invention. Trial
un mnthout a catalyst according to a standard thermal process. Trial

wedFFOE

used a catalyst according to the prior art. Trial 3 was run with a
non-nobl e nmetal (nickel) only and trial 4 was run with an al kali netal

(pot assi um only. -14- For trials 2-6, iron and nickel were added by
di ssol vi ng g e Gy q“ng acet I-acetonate salts. of iron and nickel in
the feedstock. In ???gp' F?uﬁ?%ﬁ?? products. "This is an

important economic feature of the invention, since
accomplishing the.same task using hydrogen gas involves ga
high capital investment associated with_the production of
hydrogen gas and the high pressures associated therewith.

This invention may be embodied in other forms or
carried out in other ways without departing.from the spirit
or essential characteristics thereof. The present
embodiments are therefore to be considered as in all
respects to be illustrative and not restrictive, the.scope
of the invention being indicated by the appended claims, and
all changes which come within the meaning and range of

equivalency are intended to be embraced therein.

-

g
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ol eic acid was dissolved into the feedstock. The alkali netals, sodium or
pOtaSSIUEEZ Epr trials 2-5 were added to the feedstock through a water in
xyl ene e RSt n a wei ght proportion of 5:95 in which the surfactant was

t he rﬁgg?ﬁLL!Q_QLKaLLAy%t of oleic acid. The concentration in the fina

m xture for each catalyst is shown in Table 1. The feedstock was a 150 g
sanpl e “‘“ﬂ‘mn“tar bon containing 83% w residue material with a
b0|I|ngﬂ than 500[eg£h%i%rj%jﬂﬁyg of 20 g/hr of water was
punped | mtoca hedt e and the gengrated steam was bubbled into the reactor

t hrough the feedstock. The reactor tenperature and pressure were naintai ned

at 420[err]C and 14 psig respectively for one hour. The f'eastock was m xed
with the datal ystprocesesafex. Swamecpﬁéfef-’ﬁéﬂnof’fsFegﬁﬂ%nﬁy 6262 TPPBht

feedstock, comprising the steps of:

providing a heavy hydrocarbon feedstock;

providing a catélytically active phase comprising a
first metal and a second metal wherein said first
metal is a non-noble Grbup VIII metal and said second
metal is an alkali metal; and

contacting said feedstock with steam at a pressure of

£y
b
<~

less than or equal to about 300 psig in the presence
of said catalytically active phase so as to provide a

hydrocarbon product having a reduced boiling point.

2. A process according to claim 1, wherein said first
metal is selected from the group consisting of iron,
cobalt, nickel and mixtures thereof and/or wherein
said second metal is selected from the group

consisting of potassium, sodium and mixtures thereof.

3. A process according to claim 1 or 2, further
comprising the step of supporting at least one of

said first and second metals on a support material.

4. A process according to one of the claims 1 to 3,
wherein said éuppért material cémprises a mesoporous
material selected from the group consisting of
silica, both natural and synthetic aluminosilicates,
aluminas, cokes from either petroleﬁm or coals and
mesoporous carbon based materials obtained from

either vegetable or animal sources, the said first

[T —
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hydr ocar bon and gasés were produced. The |ight hydrocarbon products and the
excess steppsnepPe condensed, separated and collected at the éxit of the

react or

, While the flow of gases 1 mu m)u products) was neasured
after the condenser. and its conpo "“'Hﬂﬂm ﬂ ﬂ by gas chronmat ography.
The process was run for one hour, With the Yedctdr tenperature naintained
at 420C and the flow of water at 20 g/hr. At the end of the treatnent,

heavy liquid fraction that remained in the reactor was separated fromthe

sol i ds (coke pgga sg%g%dp%}%lxst%agnge g%k@?gbwytgokﬁesthBEted on

{

said support material and may be preferably present
in an amount of greater than or equal to about 0.5 %

of the total catalyst weight.

A process according to one of the claims 1 to 4;
further comprising the step of mixing at least one of

said first and second metals with said feedstock.

A process according to claim 5, wherein said at least
one metal is mixed with said feedstock in the form of

an oil soluble salt of said at least one metal.

A process according to claim 5, wherein seid mixing
step includes the step of mixing said feedstock with
a water in oil emulsion and wherein said at least one
metal is mixed with said emulsion in the form of a
water soluble salt of said at least one metal, or

wherein seid'mixing step includes the step of mixing

said feedstock &ith a water in oil emulsion and

wherein said at least one metal is mixed with said
emulsion in the form of a surfactant for stabilizing

said emulsion.

A process according to one of the claims 1 to 7,
preferably according to claim 5, wherein said first
and second metals are present in a total
concentration of at least about 500 ppm and

preferably of at least 1000 ppm with respect to
weight of said feedstock.
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fraction produced during reaction—The—<cenpoesition of the total quufd

product was2¢deteLm ned by sinul | ati on according to ASTM st andard
test method D5307 and the fractMiHmﬂwHH mmn four boiling point ranges
was determ ned as set forth abo 200[err] C to 350C,

350[err]C to 500[err]C, and greater than 500[err]C3 The catal yst of the
present invention (Trials 2 and 5) led to a higher conversion of the high
boi i ng point fraction when conpared with the t hermal process (trial 1) and

with the catalyst of the prior_art trlal Furt her he catal yst of the
pr esent |n9ent|6npﬁ%9?%% ?ﬁ&ﬁ%ﬁ%&éﬁ tﬂ%tﬁ 2318 %ogongble Group VIII

metal shows conygLehep éé&ﬁfxéiﬁ@'éﬁé’aé‘ééﬂ Gfe&:@hahﬁg gash afiddie
and second metals at a mole ratio of second metal to
first metal greater than 0.25, and preferably greater

than or equal to 1.0.

10. A process according to one of the claims 1 to 4,
wherein said contacting step is carried out at a

e temperature of between about 320°C to about 550°C,
| and preferably between about 380 to about 450°C.

11. A process according to one of the claims 1 to 10,
wherein said process is carried out substantially
free of added hydrogen other than hydrogen present in

said steam.

12. A process according to one of the claims 1 to 11,
wherein said feedstock has an initial fraction having
a boilin§ point of greater than or equal to about
500°C, and wherein said contacting step converts at
least about S50 % wt of said initial fraction to a
lower boiling point product haviné a boiling point of
less than about 500°C, the initial fraction of said

feedstock being preferably at least about S0 % wt of

said feedstock.

13. A process according to one of the claims 1 to 12,
wherein said feedstock is selected ‘from the group

consisting of hydrocarbon residue, bitumen and

mixtures thereof.

:\
29
This Sheet Has B

H"IIII IMII 1] fill




T elves (trials 3 and 4), indicating that there is a

gif’]::’zl S%IIIFPI;;EBM be'g ween the al kal I) nmetal and-t he non-noble G oup _Vl I
metal in accordance with the present invention. -16- Exanple 2 This
exanple illustrates the effect Ummeﬂlmm mm tal yst of the present

I nventi on when the active phas a solid-support. It also
denonstrates that the catal yst i's fore €ffecti've when the process pressure
is less than 300 psig. '

14. A catalyst'for steam conversion of heavy hydrocarbon
used preferably in the process of one of the claims 1
to 13, comprising a first metal selected from the
group consisting of non-noble Group VIII metals and |
mixtures thereof and a second metal comprising an
alkali metal wherein said catalyst is active to
convert said heavy hydrocarbon at a pressure of less

than or equal to about 300 psig.

A catalyst according to claim 14, wherein said first
metal is selected from the group consisting of iron,
cobalt, nickel and mixtures theredf and/or wherein
said second metal is selected from the group

consisting of potassium, sodium and mixtures thereof.

16. A catalyst according to claim 14 or 15, wherein at
' least one of said'first and second metals is

supported on a mesoporous support material.

(" 17. A catalyst according to one of the claims 14 to 16,
wherein said support material is sélected from the
group consisting of silica, natural or synthetic
aluminosilicates, aluminas, cokes from either
petroleum or coals, carbon based materials obtained
from vegetable or .animal sources, and mixtures
thereof and/or wherein sald support mater1al has a

pore volume of at least about 0.3 ml/g.
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The catalyst was prepared as foL+eM5——Ihe~supngL_mas an alum nosilicate

wtth subst ardsalEREsopor ous pore volune (0.3.mM/g), prepared as an .
extrusion. Water salts of pot aSSI I,MEMU”“]e anregnat ﬁd ont eerI .
support, so as to provide a total 3% by wei ght, ad a r
rati o of potassiumto nickel of 4. 0. The catalysf was then caIC|ne an

' ' t volune in the reactor
| oaded into a fixed bed reactor. The total catalys
was 15 m . The catal yst was exposed to a continuous flow of hydrocarbon

h ste S .operat ed, as fixed bed reactor with ascendi ng
;ngvsg?CFee sfoi%‘ ﬁ? ?@émpqﬁﬂfg“}%o‘%q’le?mlOéoﬁhﬂwbﬁsmatlﬂZDPeW}C and

a space vel oci Ly wblerbi® valid 2UU30la 6l ALUShA Mhec 0 D¥drBSELDON | ecst ock

was a
supported on sald support materlal and are present in

‘an amount of at least about 0.5 %.and preferably of
at least 3.0 % with respect to the total catalyst
weight and/or wherein said first metal and said
second metal are present in a mole ratio of second
metal to first metal greater than 0.25 and preferably
greater than or equal ﬁo-l.o,

19. A catalyst according to one of the claims 14 to 18,
wherein at least one of said first and second metals
is in the from of an oil soluble salt, said oil
soluble salt being preferably selected from the group
consisting of acetyl-acetonate salts, salts of fatty
'dr'naphthenié acids, organometallic compounds and

mixtu;es thereof.

20. A Catalyét according to one of the claims 14 to 18,
wherein at least one of said first and second metals
is in the from of a water soluble salt selected from
the group con31st1ng of nitrates, chlorides,

sulfates, acetates and mixtures thereof.

21. A catalyst according to one of the claims 14 to 20,
wherein at least one of said first and second metals

is in the form of an surfactant of a water in oil

emulsion.
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natural bitunmen containing 60% by melght of hi gh boiling point mat eri al
(HB?ﬁiﬁﬁlp0|nt greater than 500[err1C) The ratio of the bitunen to steam
goi ng through the catal yst was 2. 3: "The systen1mas oper at ed under st eady
conditions for 6 -17- hours. Al liquid and gas products plus non
reacting steamwere collected and separated at the exit of the reactor.

Coke produced during the reaction and deposited on the catal yst surface was

nmeasured by wei ght. Residue conver5|oR§S@§§@Tned after six hours at 150,
anre 2.

300 and 450 psig are set forth belowTn
A catalyst for use in a process for steam conversion of

a heavy hydrocarbon feedstock includes the steps.of:
providing a heavy hydrocarbon feedstock; proQiding a
catalytica;ly active phase comprising a first metal and a
second metal wherein said first metal is a non-noble Group
VIII metal and said second metal is an alkali metal; and
cqntactlng said feedstock with steam at a pressure of less

than or equal to about 300 psig in the presence of said

catalytically active phase so as to provide a hydrocarbon
product having a reduced boiling point. The catalyst may be
supported on a support material or mixed directly with the
feedstock and comprises'a first metal selected from the .'
group consisting of_non-noble Group VIII metals and mixtures
thereof and a_second metal comprising an alkali metal
vherein said catalyst is active to convert said heavy
hydrocarboﬁ aﬁ a pressure of less than or equal to about 300

psig.

«f
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bl’e 2 2 3 Total netal |oading o %ﬂ? HEEIS 56—
Table 2 1 - -
| st SHEEING ckel | oadi ng (wt % /rﬁ 8“ “ Pag -ty 19opaged 25
©0.82 Pot R Lok fe—t|%) 2.18 2. 1¢ A Claim{ ot paged 30
. tenper at: 420 420 18 @awma@ prp@g%r cto paged ...
" (psi) 00 450 Reaction t %P(bstryct paged3¢| to paged§l
6.5 : esi due flowrate (nL/hr) - . 6.34 if
6. 34 V\at‘_ owrate (nL/hf) 4. 50 g.is. r?ATEOF?ECF?];&QQ 91 |
conversi @ ' 73 5¢ sho LN 1ap thq
cat al yst The present invention is nost-effective when tfe [doebdmrd-¥s-
| ess t han

PROCESS AND CATALYST FOR UPGRADING HEAVY HYDROCARBON

. BAlCKGROUND QF THE INVENTION

The invention relates to a catalyst and a process for
upgrading a heavy hydrocarﬁon feedstock which provides a
high rate of conversion of the heavy hydrocarbon feedstock
to lighter more valuable hydrocarbon products.

Various processes are known in the art for converting
heavy hydrocarbons into lighter more valuable liquid and
gaseous products.

One known process involves thermal cracking such as
visbreaking or delayed coking. However, thermal cracking
processes typically provide a low rate of conversion (less
than 40% wt), and/or high rate of production of undesirable
coke products.

Another process involves the catalytic treatment of the
hydrocarbon in the presence of hydrogen gas at high
préssure. Catalytic treatment with hydrogen gas provides
high rates of conversion but requires extensive capital
investment associated with hydrogen generation and
compression facilities which require operation at high
pressures.

An alternative to the foregoing processes.involves
contacting the feedstock with steam. Processes utilizing
steam are disclosed in U.S. Patent No. 3,676,331 to

Pitchford and U.S. Patent No. 4,743,357 to Patel et al. The



to 300 psig. Exanple 3 This exanple illustrates-the effectiveness
_of the catalyst of the present invention at different nolar ratios of the

. active phases. Al the trials were carried out under the sane -18-

| operating conditions in a 300 nL stainless steel reactor. Trial 1 was run

W thout a catalyst according to a standakpd thermal process. Trials 2 and 3
were run with catalysts according to thed nvention, containing different

or equal

ol ar Processes disclosed in these patents provide limited
improvements to rates of conversion of heavy hydrooarbons.
However, there remains;.thus, a need for a process and
catalyst wherein high rates of conversion of heavy
hydrocarbons are obtained without high pressure, complicated
and costly equipment, or'costly ingredients or additives.

It is therefore the pfimary object of the present
invention to provide a Process and catalyst for steam
conversion of heavy hydrocarbons wherein a ﬁigh rate of
conversion to desired lower boiling point products is
achieved.

It is another object of the invention to prov;de a
Process and catalyst for steam conversion of heavy
hydrocarbons wherein relatively low pressures are used and
no hydrogen generation or compression facilitios are
required. | |

It is still another object of the present invention to

L provide a process and catalyst for steam conversion of heavy
hydrocarbons which utilizes materials which are relatively
1nexpen51ve and readily available. \

It is a further object of the present invention to
provide a catalyst and stean conversion process for using
the catalyst to convert heavy hydrocarbons wherein high
rates of production of undesirable coke products are

avoided.
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rati os of the active phases. For trials 2 'and 3, nickel was added by

di ssol ving the acetyl-acetonate salt in the feedstock, and potassium was
added through a water in oil enmulsion in a weight proportion 5:95 in which
the surfactant was the potassiumsalt of naphthenic acids fromcrude oil.

. The concentration in the final m xture jg[ each catalyst is shown in Table
3. The feedstock was a heavy hydrocarbon-—containing 83% wt residue nateri al
with a boiling point greater than 500[err]C. Flows of 30 gr/hr of feedstock
contai ni ng the égﬁﬁﬁ?s?b%ﬁﬁF§KP@ﬂ/mﬁveht&a@éroﬁeﬁbepgnpedntnﬁovem¢imﬂactor.

The reactor, and. pressure were nai ntained at 420[err]C and 14
psig respec‘ﬁ vel 9‘?{%‘{;%‘2 WPO%%}CE)‘@Sns, gases and excess steam were
continuously flow ng out of the reactor during

SUMMARY OF THE INVENTION

The foregoing objects and advantages, and others, are
readily attgined in accordance with the present invention.

According to the inveﬁtion, a process for steam
conversion of a heavy hydrocarbon feedstock is provided
which comprises the steps of: providing a heavy hydrocarbon
feedstock; providing a catalytically active-phase comprising
a first metal and a second metal wherein said first metal is
a non-noble Group VIII metal and said second metal is an
alkali metal; and contacting said feedstock with steam at a
pressurg of less than or equal to about 300 psig in the
presence of said catalytically active phase so as to provide
a hydrocarbon product having a reduced boiling point.

The catalyst according to the present invention

- comprises a first metal selected from the group consisting

of non:noble Group VIII metals and mixtures thereof and a
second metal comprising an alkali metal wherein said
catalyst is active to convert heavy hydfocarbon at.a
Pressure of less than or equal to about 500 psi. According
to the invention, said first metal is preferably selected
from the group consisting of iron, cobalt, nickel and

mixtures thereof, and said second metal is preferably
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the durati-on of the experinents. The |ight hydrocarbon products and the
excess steam were condensed, separated and collected at the exit of the
reactor, while the flow of gases (non-condensabl e products) was neasured
after the condenser and its conposition determ ned by gas chronmatography.
The process was run for one hour. At the end of the treatnment, a heavy
liquid fraction that remai ned -19- in-the reactor was separated fromthe

solids (coke ﬂlus spent catal yst) and conbined with the Iight fraction
produced ditSHFrehdtith the group consisting of potassium, sodium ang

mixtures thereof.

DETAILED DESCRIPTION

The invention relates to a catalyst and a process for
treating heavy hydrocarbon feedstoék so as to upgrade or
convert the feedstock-intoﬂmore desirable lower boiling
point products.

According to the invention, heavy hydrocarbon feedstock
treated with steam in the presence of the catalyst of the
Present invention is converted to lighter more valuable
products. During treatment, hydrogen is transferred from
the steam to the hydrocarbon so as to pto&ide a product
having an increased mole ratio of hydrogen to carbon and a
reduced boiling point. |

The c?mposition of a heavy hydrocarbon feedstock such
as crude oil or bitumen is characterized by determining the
weight fractions of the feedstock which fall into four
boiling;point ranges. The ranges of interest are as
follows: room temperature to 200°C (gasoline); 200°¢. to 350°C
(diesel); 350°C to 500°C (gas-o0il); and-r_;tore. than 500°C
(residue). According to the invention, a'process and
caFalyst are provided for converting the residue fraction
having a boiling point greater than 500°C into lower boiling

pPoint products having increased commercial value.




The conposition of the total |iquid product was deternined by sinul ated

di stillation according to ASTM standard nmet hod D5307 and the fraction of
material with boiling point |ess than 500[err] C was deternm ned. Table 3
shows that the catal yst of the present invention (trials 2 and 3) led to

hi gher conversion of the high boiling pgggt fracti on when conpared with the

thermal process (trial 1). Table 3 1 — 2 3 Nickel conc.
388 Pot assi um conc. (ppm

(ppm . 0 . 388
0 267 Accor%?"ﬂb?%ft¢%u%BVRﬁNﬁon, a catalyst and process are 1.0

0. 25 React erd@fﬁ@éanfeséiﬂ rClOQVersion of a hgazx(\)ry hydroiza?‘bo'n 420

feedstock which p;ovideé an excellent rate of conversion of
the high boiling point range fraction without undesirable

increases .in production of coke and other low value products
and without requiring costly equipment or process additi%es.

The catalyst according to the invention comprises an
active phase ingluding a first metal and a second metal
which in combination serve to provide excellent activity
toward the desired conversion reactions in steam treatment
processes. The metals acqording to the invention may be
supported on a support material or may be provided as an
additive for direct mixing with the feedstock as will be
described below.

According to.- the invention, the first metal is ‘a non-
noble metal selected from Group VIII of the Periodic Table
of Elements, preferably iron, cobalt, nickel or mixtures
thereof.

Th? Second metal according to the invention is an
alkali ‘metal, preferably potassium, sodium or mixtufes
thereof. |

According to the invention, it has been found that the
combination of first and sSecond metals as set forth above
for use in steam treatment of heavy hydrocarbons under low

r .
Pressures serves to Provide an excellent rate of conversion

1 U JUN 1997




15 15 Feedst ock

React or pressure (psi) 15

fd ow rate (ni/hr) 30 30 30 Water flow rate
(m./ hr) 20 20 20 Resi due conversion (%
45 71 57 Exanple 4 This exanple further denonstrates the

effectiveness of the catalyst of the present invention when operated under
steady state conditions in a continuous ow reactor with a continuous
supply of cagah st . Three trials are described in this exanple. They
were carriel@ o %euhﬁéVYtH§d§§ﬁér@p@ré@kdguummﬁﬂdumuﬁondtdandﬁble lower

boiling point products.

The first and second metals may preferably be supported
On a mesoporous support material to provide a catalyst which
according to the inventién is contacted with the feedstock
during steam treatment. The support material may preferably
be selected from the groupaconsisting of silica,
aluminosilicate, alumina, carbon based material, and
mixtures thereof. fThe Support material preferably has a
pore volume of at least about 0.3 ml/g, and may be provided
as an extrusion, as a particulate or granular media.or
powder, or in any other desired form. Examples of suitable
support materials include silicas, aluminas, both natural
and synthetic aluminosilicates, cokes from either petroleum
or coals, and mesoporous carbon based materials obtained
from either vegetable or animal sources. |

According to the invention, the metals may be provided'

- on the support material by impregnation or dispersion onto

the su?port material in accordance with known techniques, or
by any other manner known in the art. The supbort material
with supported metals is also preferably calcined in
accordance with known techniques prior to use in the process
of the present invention.

The catalyst according to ﬁhe invention may also be

provided in the form of an additive to be mixed directly
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sole difference that in trial 1 no catalyst was present, in trial 2 the
cat al yst was di spersed on a nesoporous natural alum nosilicate, and m xed
with the feed, and in trial 3 the catalyst was directly dissolved into the
feed as nickel acetyl-acetonate and as a water in oil emul sion where the
surfactant is the potassiumsalt of napp;penic acids. Trials for this
exanple were carried out in a slurry type continuous-flow system In al

cases, 315 94@5 gé hgavg feedstock were punped froma tank and heated to
200[err] C i nta préfeaf&rstask, b9 hei gheatkdt heIfettdtsodedaad 4 dotdbiagn
g

poi nt greatgg n. rkr]C _After the preheater, the feedstock was m xed
with a fIOM/ofEggolg9gégl?AStﬁﬁﬁna%ﬁébeaWBEQG[EhPF@S Ty foeedstarckdsdeam

%é:griet W?Ztérféﬁregbﬁﬁ 8eabgd 4P n§<::519 511 G f0g L NLL 9duced i o destrag "
metal which may then be readily dissolved into the
feedstock. Suitable oil soluble salts include acetyl-
acetonate salt, salts of fatty or naphthenic acids,
organometallic compounds and the like.

One or ‘both metals may also be pfoVided acc&rding to
the invention in the form of a water soluble salt to be
dissolved in the water phase of a water in oil emulsion
which is then mixed with the feedstock. Suitable water
soluble salts include nitrates, chlorides, sulfates,
acetates and the 1like.

In further accordance Vith the invention, one or both
metals may alsoc be provided in the form of a surfactant or
emulsifie? for stabilizing a water in oil emulsion to be
added to or mixed with the feedstock. Suitable surfactant
includes anionic surfactants such as sodium or potassium
sa}ts 2f fatty acids or naphthenic acids, soaps, alkyl
sulphonates, alkyl ether sulfates and the like.

The catalyst according to the invention has been found
to provide excellent rates of conversion of the high boiling
point fractions of a heavy hydrocarbon feedstock when used
during steam conversion processes. Such processes are

desi i : .
esirable in accordance with the invention because steam is
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reaciion~tenperature. The residence tinme in the reactor was 2 hours. The

reactor pressure was nai ntained at 150 psig. At the reactor exit, the
products plus excess steamwere introduced into a chanber nmaintained at
250[ err] C, where the heavy liquid and solid products were separated from
the light products, gases and excess stgggl whi ch were introduced into a

- cooling chanber operated at 100[err]C, ere the |light products and excess
st eam wer e condensed and separated fromthe gases. The flow of gases after

-21- separ i s aremslaexk o de IRRARASIIBON Ofed 16 9850 production
facility, partlcularly at the relatively low pressures which
have been found accordlng to the invention to be
particularly desirable as will be set forth below.

The catalyst according to the invention is useful in
upgrading heavy hydrocarbon feedstock so as to convert high
boiling point fractions ofathe feedstock into desired lower
boiling point products.

In further accordance with the invention, a process is
‘provided whereby a heavy hydrocarbon feedstock is contacted
with steam in the presence of the catalyst according to the
invention so as to pProvide a conversion of the high boiling
point fractions of the feedstock as desired. According to
the invehtion, the process is carried out at a relatively
low pressure and does not call for the provision of exte?nal
hydrogen compression or generation facilities.

According to the invention, the feedsﬁock is contacted
with heated steam in the presence of the catalyst according

-to the;invention at a pressure of less than or equal to
about 300 psigqg, preferably less than 200 psig. The'process
temperature according to the invention is preferably between
about 320°C to about 350°C, preferably between 380 and 450°C.
Either or both of the steam and feedstock may be preheated |
prior to entering the reactor if desired.

As set forth above, the catalyst containing the first
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det erni ned by gas chromatography. The heavy liquid fraction was separated
fromthe solids (coke and spent catalyst), and conbined with the |ight

product s.
distillati
materi al |

In trial 2 a supported catal yst containk

The conposition of the total liquid product was determ ned by
on, follow ng ASTM standard test nmethod D308, and the fraction of

n the four above nentioned boiling point ranges was determ ned.
ni ckel and potassi umwas m xed

with the feed, It was prepared following a procedure simlar to the one
descri bed FTEREFPRI 2Mebatspnoyi ted pirbvicde s deardiings kAt HY {MYent

extrusi on.
of an oil

: ! : iog
éJ{tréaJn3 tre catal yst was dissolved into the feed in the for m
S Ti% W ck@ 1gar?rTaC§PPpﬂa¢eﬁonate)mesoporous support '

material, or may be provided as an additive for mixing with
or dissolutio§ in the feedstock. Further, according.to the
invention, one metal may suitably be supported on a support
material while the other metal is added directly to thé
feedstock. ‘

According to the invention, the catalyst in solid form
preferably includes the first and second metals supported on
the support material through any conventional manner in an
amoun# by weight of the catalyst of at least about 0.5%, and
preferably of at least 3.0%. |

When the catalyst is to be dissolved in or mixed with
the feedstock, sufficient amounts of the first and second
metais_are_preferably used so as to provide a total
concentrat;on in the feedstock of at least about 500 ppm by
weight of the feedstock, and preferably of at least 1000
ppn.

In;either form, the catalyst according to the inventionr
has a mole ratio of second metal (alkali) to first metal
(non-noble Group VIII) greater than 0.25 and preferably
greater than or equal to 1.0.

According to the invention, the process may suitably be
carried out in any of nhumerous types of reactors including

but not limited to fixed bed, batch, semi-batch, fluidized

T U JUN 1997
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and a water in oil emulsion containing potassi um naphthenate as a
surfactant. This catal yst was prepared follow ng the sanme procedure as in
trial 2 of Exanple 1. In trials 2 and 3 of this exanple the potassium and
ni ckel concentrations in the feedstock after dispersing the catal yst were
- 1200 and 400 ppm respectively. The condHflons and results for these trials

are shown in Table 4. -22- Table 4 T-2= 2 3
bed, c1rculat1ng bed or slurry, and coil or soaker type
visbreakers and the llke. The process residence time varies
depending upon the reactor type selected and the process
temperature, and may be as short as a few seconds- and as
long as several hours or more.

According to ﬁhe Process of the present invention, a
flow of steam is providedﬂfrom any convenient source, and
the catalyst metals are arranged in the reactor or mixed
with the feedstock as desired. The feedstock is then
contacted_with the flow of steam in the reactor at process
pressure and temperature. According to the invention,
hydrogen from the steam is transferred to the heavy
hydrocarbon feedstock during the process so as to provide a
more valuable product having lower boiling p01nt and a
higher hydrogen content without the use of external sources
of hydrogen gas and at a relatively low pressure. As will
be demonstrated below, conventional thermal cracking
processes do not significantly increase the amount of
hydrog?n in the hydrocarbon product.

According to the proeess of the invention, excellent
rates of conversion of the residue fracrion of the feedstock
having a boiling point greater than 500°C are accomplished.
As will be further demonstrated in the examples below,
.ceonversion of the residue fraction in accordance with the

invention exceeds at least ebout 50% by weight of the

5 wleue Gk 23 Fifmasin 4 S S s ——,
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Type of catal yst ' None Solid _ Sol ubl e Tot al

catal yst loading in the feed (ppm 0 1600 1600
Ni ckel loading in the feed (ppm) 0 400

400 Potassiumloading in the feed (ppn) . 0 1200

1200 Reactor tenperature ([err]C _11408 420 425
Reactor pressure (psi) _ 150 = 150 150 Space velocity
(1/hr) res 0.6 0.6 Water/feed (wW/w)

0.5 % 16due and 9n65@eg|da|se30l&\1@fe%d3£ﬂ E((% Further, égke

56 A fsphgl tene conversion (% 19
Coke vyi el d (% not signifpcantly )_ncﬁeased and iA most cases

is reduced during .the process

Although the process of the present invention is a

desi i
Sirable alte;natlve for Processing any feedstock with

signifi i .
gnificant amounts of residue fractions, it is preferable
that th esi
e feedstock have 4 residue content of at least about
50% W
by weight Prior to Processing in accordance with the
Present invention.

I .
t should be appreciated that the pProcess according to

the inve
ntion is eff1c1ent and economical and serves to

Th i i '
€ conversion of the residue fraction of the feedstock
hav - . . . . . )
ing a bclllng polnt greater than 500°C. as referred to

herein is determined as follows:

Conversion(g)

Rl - (Rf"'C)
7 x100

i

v

wherein:

R, is the amount of hydrocarbon in the feedstock having

a8 boiling point greater than 500°C;

ey
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Trial 1 could only be carried out at a tenperature of 408[err]C and a 1

hour residence tinme in the reactor. Hi gher tenperatures and | onger

residence tines resulted in formation of excessive anounts of coke that

- plugged the reactor and prevented conti nuous steady state operation. Under
the conditions enployed in-trial 1, a hgavy hydrocarbon conversion of only

43% w was achi eved. Furthernore, undesilabl e asphaltenic conpounds were

generated rather than converted. |In trial 2, the reaction tenperature was
raised to 420[err]C, and the residence tine was increased to 2 hours. Under
t hese conditionstgg%@Mécﬁ t he heavy hydrocarbon was convert ed. The

results were evel amount of hydrocarbon in the product havinq a

boiling point greater ﬁhan 500°C; and
C is the amount of coke produced during the process
The following examples further demonstrate the

effectiveness of the catalyst.and pfocess of the present

invention.

Example 1
This example demonstrates the effectiveness of the
catalyst of the present invention when the catalyst is

directly dispersed into the feedstock , without any support

This example also illustrates the activity of the catalyst
of the present invention compared to a prior art catalyst

and to a thermal pProcess without a catalyst. The results
are shown in Table 1.

ve

10 JUN 1997

—SMIMH'A




-23- better when the sol uble catal yst formul ati on was enpl oyed (trial 3).°

In this case,

of 2 hours,

at a reaction tenperature of 425[err]C and a residence tine
68% w of the residue fraction of the heavy hydrocarbon

feedst ock was converted, with a coke yield of only 2% wt. The results

sunmmari zed in Table 4 denpnstrate that the
i nvention allow higher conversiqas of heavy hydrocarbon and | ower

pr esent

» catal yst and process of the

coke yield under steady state conditions than a conventional . thernal
process. This represents a nore effici eghbagdjeconomcally attractive
process for the conversion of heavy hydrocarbon feedstock into val uabl e

pr oduct s.

1 2 3 4 S 6
Catalyst 3
Y . (Feed) None Ni/K Ni K. Fe/Na Ni/g
Total metal )
concentration
(ppm) - ' .
0 1500 300 1200 1500 1500
Group VIII metal
conc. )
(ppm) o 3oo 300 (o] 300 300
Alkali (or Ba) -
canc.
. {ppm) 0 1200 0 1200 1200 1200
Residue Conversion (%) - 44 76 49 46
' . 69 S7
Weight of productsg (gr}) 1s0 153 150 148 149 149
1s0
Gases -
- 11 14 15 8 14 10
Liquids |
150 120 110 112 122 105 116
Coke
- 22 26 21 i9 30 24

L%quid product
distribution {wt%)

IBP:200°C (o} 11 19 11 11 18 15
200°Cc-350°C 0 18 26 19 18 25 23
350°C-500°¢C 17. 31 S2 32 31 49 38
>500°C 83 40 3 38 40 8 25

All the trials were carried out under the same
operatfnq conditions and in a 300 ml stainless steel
re;ctof. In Table 1, trials 2 and s were run with a
catalyst_accordinq to the invention. Trial 1 was fun
without a catalyst according to a standard thermal process.
Trial 6 used a catalyst according to the prior art. Trial 3
wWas run with a non-noble metal (nickel) only and trial 4 was

run with an alkali metal (potassium) only
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Exanple 5 This exanple illustrates the transfer of hydrogen fromthe steam
to.the process product which is at |east partially responsible for the
~desirabl e conversion achi eved according to the process of the present
“invention. The trials described in this exanple were identical to trials 1
and 2 in Exanple 1. In this case, homevqf t he hydrogen and carbon content
of all the collected products was deteraLned as was a total hydrogen to
carbon ratio. Table 5 set forth bel ow shows the results of this exanple.

-24- + For trials 2-6, iron and nickel were added by
dlssolVan the correspondlng acetyl-acetonate salts of iron
and nickel in the feedstock In trial 6, the barium salt of
oleic acid was dissolved into the feedstock. The alkali
metals, sodium or potassium, for trials 2- =5 were added to
the feedstock through a water in xylene emulsion in a weight
proportlon of 5:95 in which the surfactant was the
respective alkali salt of oleic acid. The concentration in
‘the final mixture for each catalyst is shown in Table 1.

The.feedstock Was a 150 g sample of a heavy hydrocarbon
containing 83% wt residue material with a boiling point
greater than s500°c. j flow of 20 g/hr of water was pumped
into a heater and the generated steam was bubbled into the
reactor through the feedstock. The reactor temperature ang
pressure were malntalned at 420°C and 14 psig respectively
for one hour. The feedstock was mixed with the catalyst and
heated. wWhile the fiow of steam continued, light
hydrocarbon ang gases were produced. The light hydrocarbon
products and the excess steam Were condensed, separated and
collected at the exit of the reactor, while the flow of
gases (non-condensable products) was measured after the
condenser and its Composition determined by gas
chromatography.

The process was run for one hour, with the reactor

tem i i
Perature maintaineg at 420°C and the flow of water at 20
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(Feed)  None

Table 5 1 2 Catal yst

Ni /K Total netal concentration (ppm - 0 1500 N ckel

conc. “(ppm 0 300 Potassiumconc. (ppm

0 1200 Resi due conversion (% - 44

76 Wei ght of products (gr) 15 150 153 150 Gases
11 14 Liquids et 150 120

110 Coke TIRE Lt i A%, the 22 26 Liquid

product dis uti %ndBFEZQﬁ{awe]&ment h liqui .0

1 - 40,290l err1 350 erri C a heavy liquid fractiop

26 in the reactor Was separated from the solidg

(coke plus spent catalyst) and combined with the llght
fraction produced during reaction.

The composition of the ;otal liquid product was
dete;mined by simulated distillation according to ASTM
standard test method DSJO?'énd the fraction of material in
four boiling point ranges was determined as set forth above
(IBP to 200°C; 200°C to 350°C; 350°C to 500°C; and greater
than 500°C).

The catalyst of the present 1nventlon (Trials 2 and 5)
led to a higher conversion of the high boiling point
fraction when compared with the thermal process (trial 1)
and with the catalyst of the prior art (trial 6).

Further, the- catalyst of the present invention having a
mixture of alka11 metal and non-noble Group VIII metal shows
conversion rates 51gn1f1cantly greater than each of the

e metals by themselves (trials 3 and 4), indicating that there
is a synerglstlc effect between the alkali metal and the

no
n-= noble Group VII metal in accordance w1th the present

invention.
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17 31 52

350[err] C-500[err]C

>500[err] C 83 40 3 Hydrogen

to carbon nolar ratio Total : 1.45 1.46

1.55 Gases 3.10 3.20 Liquids

1.45 1.50 1.61 Solids : 0.42
i nvention, the

0.41 In the absence of the catalyst accaLdlng to the present
conbined HC nole ratio of the products was essentially the sanme as that of
the feedstock (1.46 vs. 1.45). Wen the nickel/potassium catal yst
according to the invention was used, there was an increase in.the HCratio

from1.45 to 1.55. This indicates thaxample the use of the catal yst and
process accor di {0t esent i nvention,
¥hid xamgqe llustrates the effectiveness of the

catalyst of the present invention when the active phase isg
‘dispersed on a solid Support. It also demonstrates that the
catalyst is more effective when the process pressure is less
than 300 psigq.

ihe catalyst was Prepared as follows. The support was
an aluminosilicate with substantial mesoporous pore volume
(0.3 mlyq), Prepared as an extrusion. Water salts of
.potaSSium and nickel were impregnated on the support, so as
to provide a total metal loading of 3% by weight, at a mole
ratio of potassium to nickel of 4.0. The catalyst was then
calcined and loaded into a fixed bed reactor. The total
catalyst volume in the reactor was 15 ml.

The catalyst was exposed to a continuous flow of
hydrocarbon feedstock.

The system was operated as a fixed bed reactor with
ascendlng flow of feedstock and steam, under isothermal
condltlons at 420°C, and a Space velocity of 1.0 vol-
feed/vol catalyst/hr. The hydrocarbon feedstock was a
natural bitumen containing 60% by weight of high boiling
point mater1a1 (boiling point- greater than 500°C). The
ratio of the bitumen to stean going through the catalyst was

2.3.
The system was Operated under steady conditions for 6
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hydrbgen fromthe steamis transferred or incorporated into the conversion
products, thus resulting in a greater -25- fraction of lighter, nore
val uabl e products. This is an inportant econom c feature of the invention,

si nce acconplishing the same task using hydrogen gas involves a high
capital investment associated with the prpduction of hydrogen gas and the

hi gh pressures associated therewith. Thi&linvention may be enmbodied in
i n other ways without departing fromthe spirit -

ot her forns, g égarr?§510ut :
or essenti alTHrE i dtliid hedeofas PFroqueEserilus non reacting steam

were collected ang Separated at the exit of the réactor.
Coke produced during the reaction and deposited on the
catalyst surface was measured by weight
Residue conversions obtained after six hours at 150
’
300 and 450 psig are set forth below in Table 2.

Table 2

1 2 3

Total metal loading

on support (wtsg) : 3 3
Nlckel.loading (wts3) 0.82 0.8 -
Potassium loading (wt%) ' 2.18 2'13 g.ig
Reactor temperature (°c
Reactgr pressure (psi) ) ;gg ;go 450
geactlon time (hr) 6.5 6 g 6 s

esidue flow rate (mL/hr . ) 63
Water flow rate (mL/hr) ‘ 2:23 2.23 '-2‘23

Residue conversion (%) 73 73 5
. N 8

As shown in Table 2, the catalyst of the present
invention is most effectjive when the pressure is less than

or équ§1 to 300 psig.

Example 3

This egample illustrates the effectiveness of the
cata i
talyst of the present invention at different molar ratios

of the active phases.

All the trials were carried out under the same
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enbodi nents are therefore to be considered as in all respects to be
idllustrative and not restrictive, the scope of the invention being
i ndi cated by the appended clains, and all changes which come within the

meani ng and range of equival ency are intended to be enbraced therein.
-26- CLAI MS 1. A process for steam conversion of a heavy hydrocarbon

f eedst ock, conprising the steps of: prdﬁfﬁing a heavy hydrocarbon

feedstock; providing a catalytically active phase conpr|5|ng a
Ope
perating conditions in a 300 mL stalnless steel reactor.

Trial 1 was run without a catalyst according to a standard
thermal process. *Trials 2 and 3 were run with catalysts
according to the invention, containing different molar
ratios of the active phases.

For trials 2 ang 3, n%ckel was added by dissolving the
acetyl-acetonate salt in the feedstock, and potassium was
added through a water in 0il emulsion in a weight proportion
5:95 in which the surfactant was the potassium salt of
naphthenic acids fronm crude oil. The concentration in the
final mixture for each catalyst is shown in Table 3.

The feedstock was a heavy' hydrocarbon containing 83% wt
residue material with a b0111ng point greater than 5o00-°c.
Flows of 30 gr/hr of feedstock containing the catalyst and
20 gr/hr of water were pumped into the reactor. The reactor
temperature and pressure were maintained at 420°C and 14
p5§g respectively. Light hydrocarbons, gases and excess
steam were continuously flowiﬁg out of the reactor during
the dug@tion of the experiments. The light hydrocarbon
pProducts and the excess steam were condensed, separated and
collected at the exit of the reactor, while the flow of
gases (non-condensable Products) was measured after the
condenser and its composition determined by gas
chromatography. The process was run for one hour. At the

end of t .
he treatment, a heavy liquid fraction that remained
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first metal and a second metal wherein said first metal is a non-noble
Goup VIII netal and said second netal is an alkali netal; and contacting
said feedstock with steamat a pressure of |ess than or equal to about 300

psig in the presence of said catalytically active phase so as to provide a

- hydrocarbon product having a reduced bqig_ng poi nt. 2. A process

according to claiml, wherein said first__netal is selected fromthe group

consi sting of gLOh’ cobal t, nickel and m xtures thereof and/or wherein said

second net akNi §Nsekreetedrf MaAB g LIP3 CPRSS g.qf .potassi um_sodi um and
POk EhaT 501 18R e s

m xtures thereof. 3. A process according to c
conpri si ng FR8NSt Eptatystpperti nypmasidedst i @R Qb light fraction

produced during reactién.

The composition of the total liquid product was
determined by simulated distillation according to ASTM
standard method DS5307 and the fraction of material with
boiling point less than Sdb°c was determined.

Table 3 shows that the catalyst of the present
inventiop (trials 2 and 3) led to higher conversion of the
high boiling point fraction when compared with the thermal

process (trial 1).

Table 3
| 1 2 3
Nickel conc. (ppm)

Potassium conc. (ppm) g 265 P
Molar Ratio K/Ni isg >
- . 0.25

Reactor temperature (°C
Reactor pressure (psi) ) 4%2 s e
] -Feedstock flow rate (mL/hr) 30 30 30
Water flow rate (mL/hr) 20 gg gg
Residue conversion (%) 45 71 57

Example 4

This example further demonstrates the effectiveness of
th - i '
€ catalyst of the present lnvention when operated under
st ’ 3 . .
eady state conditions in a continuous flow reactor with a

continuous supply of catalyst.
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said first and second netals on a support material. 4. A process
according to one of the claims 1 to 3, wherein said support materi al

conpri ses a nesoporous naterial selected fromthe group consisting of

silica, both.natural and synthetic alumnosilicates, aluminas, cokes from
ei ther petrol eumor coals and mesopor ous, car bon based material s obtained
he said first -27- and second

fromeither vegetable or animal -sources
netal s may be prqu{ably bot h supported on said support naterial and nay be

preferably present trials are described in this example. They were
carried out under the Same operating conditions, Qith the
sole difference that in trial 1 no catalyst was present, inp
trial 2 the catalyst was dispersed on a mesoporous natural
aluminosilicate, and mixed with the feed, and in trial 3 the
catalyst was directly dissolved into the feed as nickel
acetyl-acetonate and as afwater in o0il emulsion where the
surfactant is the pPotassium salt of naphthenic acids.

Trials for this example were carried out 'in a slurry
type continuous-flow system. In all Ccases, 315 g/hr of
heavy feedstock were pumped from a tank and heated to 200°
in a preheater. 83% by weight of the feedstock had a
boiling point greater than 500°C. After the preheater, the
feedstock was mixed with a flow of 250 g/hr of steam, also
at 290%L The feedstock/steam mixture was further heated to
350°c, and_intrqduced into a reactor where it reached
reaction temperature. The ‘residence time in the reactor was
2 hours. The reactor pressure was maintained at 150 psiqg.
At the'reactor exit, the products Plus excess steam were
1ntroduced into a chamber maintained at 250%: where the
heavy liquid and solid products were separated from the
light products, gases and excess steam, which were
introduced into a cooling chamber operated at 100°C, where
the light Products and excess steam were condensed and

Separated from the gases. The flow of gases after
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i.n an anount of greater than or equal to about 0.5 %of the total catalyst
wei ght. 5. A process according to one of the clains 1 to 4, further
conprising the step of mxing at | east one of said first and second netal s

with said feedstock. 6. A process according to claimb5, wherein said at

| east one nmetal is mxed with said feedsghock in the formof an oil soluble

salt of said at |east one netal. 7. A_process according to claimb,
wherein said mxing step includes the step of m xing said feedstock with a

\évglt greirnI]'I g@ FegauRsion was weeseiredsand ghel eR%po¥1% ?c!qf '?n%”ég Wi th
Qﬁn I n Ehe formof a water soluble salt of said at Teast one

metal . or wHEBLEFR gggdby1gaggcsrepatbqkuﬂﬁ§.tth%t%%dW}'ﬁfﬁd&h fraction
. was Separated from the.solids (coke and spent catalyst), and
combined with the light products. The composition of the
total liquig product was determined by distillation,
following ASTM standard test method D308, and the fraction
of material in the four above mentioned boiling point ranges
was determined.

| In trial 2 a supported catalyst containing nickel and
potassium was mixed with the feed. It was prepared |
following a procedure similar to the one described in
Example 2, but provided in powder form instead of a#
extrusion.

In trial 3 the catalyst was dissolved int& the feed in
the form of an o0il soluble nickel salt (acetyl-acetonate)
and a wate; in o0il emulsion containing potassium naphthenate
as a surfactant. This catalyst was prepared following the
Same procedure as in trial 2 of Example 1. 1In trials 2 and
3 of tgis example the potassium and nickel concentrations in
the feedstock after dispersing the catalyst were 1200 and
400 ppm respectively.

The conditions and results for these trials are shown

in Table 4.
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said feedstock with a water in oil enul sion and wherein said at.|east one

metal is mxed with said emulsion in the formof a surfactant for
stabilizing said emul sion. 8. A process according to one of the clains 1
to 7, preferably according to claim5, wherein said first and second netal s

are present in a total concentration of gt |east about 500 ppm and
preferably of at |east 1000 ppmw th respect to weight of said feedstock.

-28-
Table: 4
1 2 3
Type of catalyst i
Tgtal catalyst loading vone sotid Soluble
in the feeq (ppm) -0 1600
Nickel loading in : 1600
the feed (ppm)
Potassium loading ° *00 100
in the feed (ppm) . 0 1200 1200
Reactor temperature (oc
Reactor pressure (ps{) ) ;gg 120 129
Space velocity (1/hr) 0.9 ésg ooe
Water/feed (wt/wt) 0.5 0'6 g.g
Residue conversion (%) ' .
Asphal?ene conversion (%) -;3 o To
Coke yield (%) 2 lg 1
1

| Trial 1 could only be carried out at a temperature of
408°C and a 1 hour residence time in the reactor. Higher
temperatures and longer residence times resulted in
formation of excessive amounts of coke that plugged the
reactor and prevented continuous steady state operation.

Under the conditions employed in trial 1, a heavy

hyérocérbon conversion of only 43% wt was achieved.
Furthermore, undesirable asphaltenic compounds were
generated rather than converted. In tfial 2, the reaction
temperature was raised to 420°C, and the residence time was
lncreaseq to 2 hours. ‘Under these conditions, 56% wt of the

he
avy hydrocarbon was converted. The results were even
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9. A process according to on. of the clains 1 to 8, further conprising the
step of providing said first and second netals at a nole ratio of second
netal to first netal greater than 0.25, and preferably greater than or
equal to 1.0. 10. A process according to one of the clainms 1 to 4,
wherein said contacting step is carried2 ut at a tenperature of between
~about 320[err]C to about 550[err]C, and®preferably betvween about 380 to
about 450[err]C 11. A process according to one of the clains 1 to 10,

wher ei n sabelt pepcelseni Eheaklb1eG 1QUt ;Mpg; {ge of added hydrogen
ot her than hydrogen present in sal ste éﬁgédégprdaégi a%%%kﬂf to one
of the clai®eidltd) 11,In this case, at a reaction temperature of 42s°c

and a residence time of-Z hours, 68% wt of the residue
fraction of the heavy hydrocarbon feedstock was converted,
with a coke yield of oniy 2% wt.

The results summarized‘in Table 4 demonstfate that the
catalet and process of the present invention allow higher
‘conversions of heavy hydrocarbon and lower coke yvield under
steady state conditions than a conventional thermal process.
This represents a pore efficient and economically attractive
process for the conversion of heavy hydrocarbon feedstock

into valuable products.

- Example 5

This example illustrates the transfer of hydrogen from
the steanm to the process product which is at least partially
responsible for the_de51rable conversion achieved according
to the process of the ﬁresent invention.

Th§ trials described in this example were identical to
trials 1 and 2 in Example 1. 1In this case, however;'the
hydrogen and carbon content of all the collected products

was determlned as was a total hydrogen to carbon ratio.

Table 5 set forth below shows the results of this example.
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wherei.n said feedstock has an initial fraction having a boil.ing point of
greater than or equal to about 500[err]C, and wherein said contacting step
converts at | east about 50 %w of said initial fraction to a | ower boiling
poi nt product having a boiling point of |ess than about 500[err]C, the
initial fraction of said feedstock being preferably at |east about 50 % wt
of said feedstock. 13. A process accd%ﬁﬁng to one of the clains 1 to 12,
wherein said feedstock is selectedfromthe group consisting of hydrocarbon

resi due, bitunmen and m xtures thereof.

Table S
1 2
Catalyst : (Feed) None Ni/K
Total metal concentration (ppm) - 0
Nickel conc. (ppm) 0 lggg
Potassium conc. (ppm) .0 1200
Residue conversion (%) ' - 44 76
Weight of products (gr) 150 153 150
Gases - 11 14
g;gzlds ' 150 120 110
- 22 26
Liquid product distribution (wt%)
IBP-200°C . 0 11 19
200°C-350°C" 0 18 26
350°C-500°C 17 31 52
>500°C 83 40 3
Hydrogen to carbon molar ratio
g:::; 1.45 1.46 1.55
S pi i 3.10 3.20
quids _ 1.45 1.50 1.61
Solids 0.42 0.41

In the absence of the catalyst accordiﬁg to the present
invention, the combined H/C mole ratio of the products was
eésengially the same as that of the feedstock (1.46 vs.
1.45). When the nickel/potassium catalyst according to the
invention was used, there was an incréase in the H/C ratio
from 1.45 to 1.55. This indicates that with the use of the
catalyst and process according to the present inventioﬁ,
hydrogen from the steam is transferred or incorporated into

the conversion products, thus resulting in a greater
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-29- 14. A catal yst for steam conversion of heavy hydrocarbon used
preferably in the process of one of the clains 1 to 13, conprising a first
netal selected fromthe group consisting of non-noble Goup VIII nmetals and
m xtures thereof and.a second nmetal conprising an alkali netal wherein said
catalyst is active to convert said heavy_hydrocarbon at a pressure of |ess
. than or equal to about 300 psig. 15. féfﬁatalyst according to claim 14,
wherein said first netal is selected fromthe group consisting of iron,

cobal t, ni ckeictirh Mkt Ligstéherroteapghah phersiduaaid seggd netal is

sel ected fromthe group '
lmportant economic featgre of the invention, since
accomplishing thexsame.task using hydrogen gas involves a
high capital investment associated with the production of
hydrogen gas and the high pressures associated therewith.

This invention may be embodied in other forms or

carried out in other ways githout departing from the spirit
or essential characteristics thereof. The present
embodiments are therefore to be considered as in all
respects to be illustrative and not restrictive, the scope
of the invention being indicated by the appended claims, and
all changes which come within the meaning and range of

equivalency are intended to be embraced therein

e
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conéisting of potassium sodiumand m xtures thereof. 16. A cat al yst
according to claim14 or 15, wherein at |east one of sald flrst and_second

metals is supported on a nmesoporous support materi

aCC0rg%QgTLQ_QDQ_DL—Lhe—ﬁ|alnS 14 to 16, wherein sHKErid\igh
sel ec romthe gro con5|st|ng of silica, natujf

. 6 -
g;g?dn “!ﬁ ﬂ“mml“ f roﬁ]o\ljgaez ;glme or thn ﬁ:f r
an

t her eof i wher & n” sai d S“pporELlﬁﬂjﬂlﬁﬂthss a
about 0.3 nl/g.

1. A process for. steam conversion of

Jrces and m

a heavy hydrocarbon

feedstock, comprising the steps of:

providing a heavy hydrocarbon feedstock;

providing a cat&lytically active phase comprising a

first metal and a second metal wherein said first

metal is a non-noble Group VIII metal and said second

metal is an alkaii metal; and

contacting said feedstock with steam at a pressure of

less than or equal to about 300 psig in the presence

of said catalytically active phase so as to provide a

hydrocarbon product having a reduced boiling point.

2. A process according to claim 1, wherein said first

metal is selected from the group consisting of iron,

cobalt, nickel and mixtures thereof and/or wherein

said second metal is selected from the group

consisting of potassium, sodium and mixtures thereof.

3. ‘A process according to claim 1 or 2, further

comprising the step of supporting at least one of

said first and second metals on a support material.

4. A process according to one of the claims 1 to 3,

wherein said support material comprises a mesoporous

material selected from the group

consisting of

" silica, both natural and synthetic aluminosilicates,

/
aluminas, cokes from either petroleum or coals and

mesoporous carbon based materials obtained from

either vegetable or animal sources, the said first



flrst and second netals are both supported on s |dv‘ STT et and are
present in an ampunt of at least about 0.5 % an mﬁ §@NYB@W | east 3.0
%wth respect to the total catal yst weight and/ erern said {filrst. netal
and said jmﬂlﬂmlm"lmmlgresent in anple rati ‘ o first
metal gre preferably greater t an or equal to, 19

A catal yst accordinfj td ohe of the clains 14 to

'east one of

said first and second metals is in the fromof an 0|I soluble salt, said

oi |

and second metals may be preferably both supported on
said support material and may be preferably present
in an amount of greater than or equal to about 0.5 %

of the total catalyst weight.

A process according to one of the claims 1 to 4,

further comprising the step of mixing at least one of

said first and second metals with said feedstock.

A process according to claim 5, wherein said at least
one metal is mixed with said feedstock in the form of

an oil soluble salt of said at least one metal.

A process according to cléim S, wherein said mixing
step includes the step of mixing said feedstock with
a water in oil emulsion and wherein said at least one
metal is mixed with said emulsion in the form of a
water soluble salt of said at least one metal, 6r '
wherein said ‘mixing step includes the step of mixing
gaid feedstock with a water in oil emulsion and
ﬁherein said at least one metal is mixed with said
emulsion iﬁ the form of a surfactant for stabilizing

said emulsion.

A process according to one of the claims 1 to 7,
preferably according to claim 5, wherein said first
and second metals are present in a total
concentration of at least ébout 500 ppm and
preferably of at least 1000 ppm with respect to
weight of said feedstock.



sol ubl e salt being preferably selected fromthe group consisting,of
"acetyl -acetonate salts, salts of fatty or napht 'f:Aa]ﬂme@;' 'ﬁlbmet allic
conpounds and m xtures thnereof. 20. A cat al yst|haeeart ellof the

clainms 14 t east one of said fijrgt and ﬁ@gﬁgﬁ als is in
the from of mm m]iM|,me!!’salt sel ect ed fromt é gr‘\ stil of
nitrates, rm , acetateszéhd n1xv n S t hereofu==R% A
cat al yst accordlng to one of the clains 14 to 20} erein at Ieast\one of
said first and second netals is in the form of aj 3T~ a4 water in
oi | enul si on. :

9. A process according to on of the claims 1 to 8,

further comprising the step of providing said first
and second metals at a mole ratio of second metal to
first metal greater than 0.25, and preferably greater

than or equal to 1.0.

10.- A précess according to one of the claims 1 to 4,
wherein said contacting step is carried out at a
temperature of between about 320°C to about 550°C,
and preferably_bétween about 380 to about 450°C.

11. A process according to one of the claims 1 to 10,
wherein said process is carried out substantially
free of added hydrogen other than hydrogen present in

said steam.

12. A process according to one of the claims 1 to 11,
wherein said feedstock has an initial fraction having
a boiling point of greater than or equal to about

; 500°C, and wherein said contacting step converts at

LX)

least about 50 % wt of said initial fraction to a
lower boiling point product haviné a boiling point of
less than about 500°C, the initial fraction of said
feedstock being preferably at least about 50 % wt of

said feedstock.

13. A process according to one of the claims 1 to 12,
wherein said feedstock is selected  from the group

consisting of hydrocarbon residue, bitumen and

mixtures thereof.
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14. A catalyst for stéam conversion of heavy hydrocarbon
used preferably in the process of one of the claims 1
to 13, compri;ing a first metal selected from the
group consisting of non-noble Group VIII metals and |
mixtures thereof and .a second metal comprising an
alkali metal wherein-said catalyst is active to
convert said heavy hydrocarbon at a pressure of less

than or equal to about 300 psig.

1s. A catalyst according to claim 14, wherein said first
metal is selected from the group consisting of iron,
cobalt, nickel and mixtures thereof and/pr wherein
said second metal is selected from the group

consisting of potassium, sodium and mixtures thereof.

l6. A catalyst according to claim 14 or 15, wherein at
least one of said first and second metals is

supported on a mesoporous support material.

179. a catalyst according to one of the claims 14 to 16,
wherein said support material is selected frém Ehe
group consisting of silica, natural or synthetic
aluminosilicates, aluminas, cékes from either
petroleum or coals, carbon based materials obtained
from vegetable or .animal sources, and mixtures
thereof and/or wherein said support material has a

pore volume of at least about 0.3 ml/g.
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18.

19.

20.

21.

REPLACEMENT SHEET

B

A IS s D demowm, _J

A catalyst according to one of the claims 14 to 17,

_wherein said first and second metals are both

supported on.said-support material and are present. in

‘an amount of at least about 0.5 % and preferably of

at least 3.0 % with respect to the total catalyst
weight and/or wherein said first metal and said
second metal are present in a mole ratio of second
metal to first metal.greater than 0.25 and preferably

greater than or equal to 1.0.

A catalyst according to one of the claims 14 to 18,
wherein at least one of said firét and second metals
is in the from of an oil soluble salt, said oil
soluble salt being preferably selected from the group
consisting of acetyl-acetonate salts, salts of fatty
or naphthenié acids, organometallic compounds and

mixtu;es thereof.

A catalyst according to one of the claims 14 to 18;
%herein at least one of said first and second metals
is in the from of a watér soluble salt selected from
the group consisting of nitrates, chlorides,

sulfates, acetates and mixtures thereof.

A catalyst according to one of the claims 14 to 20,
wherein at least one of said first and second metals
is in the form of an surfactant of a water in oil

emulsion.
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PROCESS AND CATALYST FOR UPGRADING HEAVY HYDROCARBON

ABSTRACT

A catalyst for use in a process for steam conversion of
a heavy hydfocarbon feedstock inclddes the steps of:
providing a heavy hydrocarbon feedstock; providing a
cata;ytically active phase comprising a first metal and a
second metal wherein said firs; metal is a non-noble Group
VIII metal and said second metal is an alkali metal; and. |
contacting said feedstock with steam at a pressure of less
than or equal to about 300-psig in the presence of said
catalytically active phase so as to provide a hydrocarbon
product having a reduced boiling point. The catalyst may be
supported on a support material or mixed directly with the
feedstock and comprises a first metal selected from the
group consisting of non-noble Group VIII metals and mixtures
thereof and a second metal comprising an alkali metal
whereip said catalyst is active to convert said heavy

hydrocarboﬁ at a pressure of less than or equal to about 300

psig.?

No figure is suggested.




