
GB2018277B       1 SPECIFICATION Processing hydrocarbon feed of high carbon
residue and high metals content 5 Description
5 The invention is concerned with a method of processing high boiling
residual oil of high Conradson carbon residue and also of high metals
content. More particularly, the invention is concerned with processing a
raw atmospheric resid boiling above 650[err] (err) in a fluid catalytic
cracking operation without subjecting the resid to vacuum distillation,
hydrotreating or 10 solvent deasphalting or other known techniques relied
upon to remove metal components and    10 carbon forming precursors. The
present invention provides a method for converting high boiling hydrocarbon
residua containing greater than 3 ppm of nickel equivalent of metals and
coke forming asphaltenes to produce lower boiling more desirable components
which comprises, contacting the high boiling 15 hydrocarbon residua
containing metal contaminants with a coke deactivated catalyst for a period
15 of time less than 2 seconds at a temperature restricting conversion of
the residua to gasoline and lower boiling components to about 50 volume
percent or less, separating a product of the residua conversion operation
to recover material higher boiling than gasoline and including a 650[err]
plus recycle fraction substantially free of metals, and converting the
recovered 20 650[err] (343[err]) plus recycle fraction freed of metals in
the presence of freshly regenerated  20 catalyst at a temperature in excess
of 950[err] whereby a high level of conversion to gasoline and lower
boiling hydrocarbon constituents in the range of 60 to 80 volume percent is
obtained thereby providing a coke deactivated catalyst thereafter used to
effect conversion of the hydrocarbon residua as above recited. 25   In a
particular aspect, the method of this invention takes advantage of the
discovery that a    25 low severity fluid catalyst cracking operation may
be relied upon to remove substantially all of the undesired metal
contaminants and substantial amounts of undesired additive coke molecules
(including asphaltenes) from the high boiling residue feedstock by
absorbing these components on a catalyst inactivated by coke or
hydrocarbonaceous material. By a low severity cracking 30 operation, it is
intended to include those operations wherein conversion of the fresh
hydrocarbon 30 feed thereto is less than 50 volume percent to gasoline and
lower boiling product components. Such a low severity conversion operation
may be achieved by using a relatively spent cracking catalyst obtained from
another cracking operation and coated with hydrocarbonaceous deposits
and/or coke in combination with a very low contact time, less than 1 or 2
seconds, between 35 hydrocarbon feed and catalyst, low temperatures and/or
a combination of these operating  35. conditions. The removal of coke
forming components such as asphaltenes and metal contaminants from the
residua or raw atmospheric bottoms preferably is accomplished in a riser
reactor fluid catalyst conversion operation under particularly selected low
severity conditions. Although 40 processing the hydrocarbon residua of
atmospheric distillation boiling above 650[err] is a  40 particular
embodiment of this invention, it is also within the purview of the
invention to subject the raw residua to relatively mild hydrotreating or
solvent deasphalting operation thereof before effecting catalytic
conversion thereof according to the method and concept of the invention. In
accordance with this invention, the process relies upon the discovery that
a fluid catalyst 45 cracking operation maintained under low severity
processing conditions removes substantially all 45 of the metals and
substantial additive coke molecules from the feedstock by absorbing them on
the coke and/or hydrocarbonaceous deposits on a used cracking catalyst.
That is, the separated residua or fresh hydrocarbon feed material
comprising atmospheric or raw residue of atmo- spheric distillation either
before or after a mild hydrogenation pretreatment and containing 50 greater
than 3 ppm of nickel equivalents of metals and with a Conradson carbon
level in excess  50 of 5.0 weight percent is introduced into an upwardly
flowing catalyst oil suspension in the upper portion of a riser fluid
catalyst cracking operation so that the residua contacts a spent or 



deactivated catalyst comprising carbonaceous deposits for a period of time
less than 2 seconds and, more usually, less than 1 second before effecting
an initial separation of vaporous material 55 from suspended catalyst
particles in a separation zone provided. Generally speaking, the  55
residence time of residua in contact with the suspended catalyst
deactivated with carbonaceous deposits is less than one third of the
residence time if the residua were introduced at the bottom of the riser
conversion zone. In performing the operation of this invention, it is
preferred that the residua be at a 60 temperature within the range of 200
to 700[err] (93 to 371[err]) or at the temperature recovered    60 from an
atmospheric distillation zone before being mixed with the suspension of
spent catalyst and products of hydrocarbon conversion in the upper portion
of the riser conversion. The spent catalyst suspension temperature may vary
considerably and usually is at a temperature within the range of 900[err]
to about 1050F (err) depending on.the severity of the cracking 65 operation
being effected with fresh catalyst introduced to the bottom of the riser.
In the  65    2
GB2018277B        2 combination operation of this invention, it is
preferred that the suspension in the upper portion of the riser be at a
temperature below about 1 000[err] (538 C) so that the combination of
temperature, time of contact and catalyst activity or severity of contact
will restrict conversion of the residua introduced thereto to about 50
volume percent or less gasoline and lower boiling 5 products. In this
regard, it is preferred that conversion of the residua be limited to effect
5 primarily metals removal and additive carbon so that a better feed may be
processed over freshly regenerated catalyst. Conversion levels in the range
of 20 to 40 volume percent are particularly desired for this purpose. The
product of the riser cracking operation particularly comprising gases,
naphtha, light fuel 10 oil and higher boiling hydrocarbons is separatd in a
product fractionator. Restricting the cracking 10 of the introduced residua
to less than 50 volume percent of gasoline and lighter products permits the
recovery of a more suitable 650[err] plus recycle stock from the product
fractionator for use as charge passed in contact with freshly regenerated
catalyst and forming the suspension contact downstream by raw residua. The
recovered 6500[err] plus material from the fractionator will comprise at
least 35 volume percent of the raw residua or  15 more depending on the
severity of contact with the spent catalyst. This recovered 650[err]
(343err) plus fraction of low metals content and reduced carbon forming
components is charged to the bottom of the riser cracking zone for contact
with clean burned freshly regenerated catalyst at a temperature within the
range of 1 100F to 1 500F (599C to 816C) and, more usually, 20 restricted
to a temperature within the range of 1200 to about 1350[err] (649 to about
732[err]).    20 The 650[err] plus fraction cleaned of undesired components
as above described forms a suspension with the clean-bumed, active catalyst
to form a suspension at an elevated cracking temperature in excess of about
950[err] but, more, usually, at least about 1 000[err] (538err) which is
thereafter passed through the riser cracking zone for a hydrocarbon
residence 25 time sufficient to obtain a high level of conversion to
gasoline and lower boiling hydrocarbon    25 constituents in the range of
60 to 80 volume percent. The residence time of the 650[err] plus feed in
the riser may be as high as 10 to 1 5 seconds depending on the temperature
employed but, more usually, its residence time is less than 10 seconds and
is in the range of 4 to 8 seconds. The higher the temperature of the formed
suspension, the lower will be the 30 residence time of the 650[err]  plus
feed and its products of conversion in the riser. The   30 products of
cracking the cleaned 650[err] plus feed and the products of the residua
feed contact step in the upper portion of the riser are both separated from
suspended catalyst and passed to the product fractionation step above
briefly discussed, thus completing the cycle of hydrocarbon feeds charged
to the cracking operation. 



35   An advantage of the present operation over one charging the residua
and recycle 650[err]     35 (343C) plus product to the bottom of a riser
conversion operation is that the most easily cracked components of the
residua feed are cracked at a low severity condition which leads to high
gasoline and light fuel oil selectivities by minimizing overcracking of
gasoline and light fuel oil components. A general belief that a coked
catalyst imparts poorer gasoline selectivity. than a 40 clean-burned more
active catalyst has been found to be true, particularly at high conversion
40 levels where secondary cracking is more likely to be encountered. Low
conversion of the more easily cracked components of the feedstock also
contributes to a higher octane number in the gasoline product than does a
higher conversion level, because the additional hydrogen transfer reaction
occurring at high conversions saturates the olefiris formed in the cracking
operation. 45 Olefins are known to be of a higher octane number than their
saturated counterparts.  45 On the other hand, cracking of the recycle
stock reduced in metal and coke forming contaminants over the' clean-burned
or freshly regenerated catalyst obtained from an adjacent regeneration
operation allows the most refractory components of the cleaned 650[err]
plus feedstock to be cracked under high severity conditions without
subjecting the less refractory components of the original residua feed to
severe over-cracking conditions. 'Thus, gasoline  50 selectivity from
cracking the more refractory feed component comprising the cleaned 650[err]
(343T) plus material is highest when low coke formation occurs in the
catalyst and when metal components in the feed and on the catalyst are low.
It is not intended that the method and concepts of this invention be
restricted to processing 55 only raw residua since the invention is
appliable to various relatively high boiling feed source   55 containing
metal and/or high carbon producing materials. For example, it is
contemplated processing hydrocarbon products recovered from oil shale and
tar sands as well as products of coal solvation desired to be converted to
gasoline boiling range products and light fuel oils. The process
combination of this invention is effected in the presence of known cracking
60 catalyst comprising amorphous silica-alumina cracking catalysts,
crystalline aluminosilicate  60 cracking catalyst known as crystalline
zeolites and combinations thereof. The cracking catalyst may be a fauiasite
type or crystalline zeolite, mordenite and combinations thereof. In
addition, 'the large pore crystalline zeolite such as faujasite and
mordenite may be used in conjunction with a smaller pore crystalline
zeolite such as- provided by erionite, offertite, ZSM-5, ZSM-1 1., 65
ZSM-12, ZSM-35 and ZSM-38. Thus, the processing concepts of this invention
may be used    65    3
GB2018277B        3 with substantially any known or a combination of known
cracking catalysts with advantage. The cracking catalyst or combination of
catalysts used to process a high coke producing hydrocarbon charge and
which may or may not contain metal contaminants following the concepts of
this invention are recovered from the hydrocarbon conversion operation,
such as a 5 riser conversion zone herein discussed and passed to a catalyst
stripping zone wherein volatile  5 components including entrained
hydrocarbon vapors are separated from the catalyst with a stripping gas at
a relatively high temperature. The stripping gas may be substantially any
available inert gas to the operation such as steam, nitrogen, flue gas or
C4-gaseous hydrocar- bons. 10   The stripped catalyst is then passed to
catalyst regeneration wherein carbonaceous deposits   10 remaining on the
catalyst following the hydrocarbon conversion operation and the stripping
operation are removed by burning in the operation, the activity of the
catalyst is substantially restored and the catalyst is heated to an
elevated temperature in the range of 1200 to 1600'F (649 to 871err) and,
more usually, within the range of 1250 to 1400[err] (677 to 760[err]). The
15 technology of catalyst regeneration has been improved in recent years
following the develop-    15 ment of the crystalline zeolite conversion or
cracking catalysts. The catalyst may be regenerated 



in a riser regeneration zone, in a dense fluid bed catalyst regeneration
zone or a combination of the dense fluid bed and riser regeneration
operation as provided by U.S. Patent No. 3,926,778, issued December 16,
1975. 20   The processing concepts of the invention were tested and
evaluated using two different  20 feedstocks: one a raw atmospheric resid
boiling above about 650[err] (343C) and a mildly hydrotreated resid boiling
above about 650'F (343 C). The evaluation was completed using a low
activity coked catalyst to initially contact the feedstock and, thus,
simulating effecting the contact of the catalyst in the upper portion of a
riser conversion zone. After distilling off a 25 gasoline and a light fuel
oil product fraction, the 650'F (343'C) plus bottom fraction separated  25
from metal contaminants and high coke producing components was injected in
the bottom of a riser in contact with clean-burned catalyst at a high
temperature to simulate the recycle of cleaned feed as herein provided. 30
Example
30 The feedstock is a raw Arab light atmospheric resid. The compositions of
it and of the 650'F (343 C) plus fractionator bottoms after the initial
pass at low conversion over a deactivated catalyst are given in Table 1.
The low conversion pass has removed over 99% of the metals and about 96% of
the Conradson carbon and asphaltenes.    GB2018277B-'  4 - Table 1
Composition and Properties of Feedstock and Recycle for Example 1 5 Vol' %
of Fresh Feed               100      34.3
5 APl                               17.9      15.6 Wt% Hydrogen
11.5      10.6 Wt% Sulfur                       2.9      3.5 Wt % Nitrogen
0.1      - 10 Wt % Nickel Wt % Vanadium 26.0                          0.20
CCR                          6.4       0.69 Asphaltenes'
4.3       0.34 CA                          25        66 15Moecuar Weight
515       363                                     15 [err] Distillation:
IBP         619     326      617       325 1Wt%       641      339      634
334 20                    5           676     358       657      347
20 10         701      371      675     357 20         747      397
699       370 30         798    426        722       383 40          845':
452       744       395 25                    50          901'   483
770 -   410                       25 60-        957      514      799
427 65        1089      587          815      435 70        -        --
836      447 80        --        --       885       474 30
90         --       --        961      517                     30 Fresh
650[err](343C) + Feed      Recycle 



35 Riser cracking data are given in Table 2 for the raw resid in single
pass high conversion riser 35 cracking operation as well as for the low
conversion initial pass conversion prior to effecting the high conversion
of 650[err] (343 C) plus bottoms according to the process. The high
activity catalyst used in both the high conversion operation and in
cracking the 650[err]  plus recycleis an equilibrium commercial cracking
catalyst with an activity of about 61 FAI. The 40 deactivated catalyst is
the same catalyst containing 1.26% C obtained from previous runs,  40
stripped but not regenerated and having an activity of 43 FAI. The combined
yields from a lower conversion initial pass of raw resid to remove
contaminants and a high severity recycle conversion are also shown in Table
2.    5          GB2018277B
5 [err] [err]    6
GB2018277B       6 The yield data for the 650[err] (343'C) plus recycle
over a clean-burned catalyst are plotted in Fig. 2. These curves show that
high cat/oil ratios are to be avoided because of a linear dependency of
catalytic coke make with cat/oil ratio. Conversion to coke decreases the
yield of gasoline and light fuel oil. 5   The yield data for the single
pass runs are compared in Fig. 3 to the combined yield for the  5
combination operation of the present invention. Gasoline yield advantages
of 2.5 to 3.5 vol. % are obtained for the new process of this invention.
Fig. 4 indicates a yield advantage of 4.5 vol. % light fuel oil. At the
conditions used in these three cases (recycle cracking at 7.7, 10.9 and
15.5 cat/oil), the amount of 650[err]  plus bottoms from one pass of
recycle cracking is 10 only 4 to 7 vol. % of fresh feed.
10 As shown in Table 2, the gasoline octane in a combined riser run is
identical (within reproducibility of [err] 0.3 ON) to a single high
conversion cracking run but the light fuel oil has a considerably higher
hydrogen content (higher gravity and lower aromatic concentration) which
gives it higher quality. 15   Catalytic cracking of resid stock heretofore
has seen limited application because gasoline  15 yields are reduced due to
high coke and gas make. Making cracking of resid stock of interest * has
led refiners to treat the feedstock to remove the contaminants
(hydrotreating or solvent deasphalting). These methods involve costly
pressure units or expensive chemical treatment. The present concept allows
atmospheric resid to be catalytically cracked at high selectivity without a
20 pretreating step.
20 It will be recognized by those skilled in the art that the method and
sequence of contact steps of this invention are available for use in many
different arrangements of contact zones. For example, it is not essential
that one use a single riser contact zone even though such may be the most
efficient arrangement for the combination desired. The sequential operation
may be effected in 25 separate contact zones or vessel arrangements
provided with a common regeneration zone.  25 CLAIMS 1. A method for
converting a high boiling hydrocarbon residua containing greater than 3 ppm
of nickel equivalent of metals and coke forming asphaltenes to produce
lower boiling more 30 desirable components which comprise, contacting the
high boiling hydrocarbon residua contain- 30 ing metal contaminates with a
coke deactivated catalyst for a period of time less than 2 seconds at a
temperature restricting conversion of the residua to gasoline and lower
boiling components to about 50 volume percent or les, separating a product
of the residua conversion operation to 



recover material higher boiling than gasoline and including a 650[err]
plus decycle 35 fraction substantially free of metals, and converting the
recovered 650[err]  plus recycle   35 fraction freed of metals in the
presence of freshly regenerated catalyst at a temperature in excess of
950[err] (51 OC) whereby a high level of conversion to gasoline and lower
boiling hydrocarbon constituents in the range of 60 to 80 volume percent is
obtained thereby providing a coke deactivated catalyst thereafter used tio
effect conversion of the hydrocarbon residua as above 40 recited.
40 2. The method of Claim 1 wherein the high boiling hydrocarbon residua is
selected from a group of feed materials consisting of raw crude residua, a
650[err]  plus fraction obtained from a crude oil atmospheric distillation
operation, and a hydrocarbon product of oil shale or tar sands. 45   3. The
method of Claim 1 wherein the metal containing residua is a 650[err]  plus
45 fraction obtained from a crude oil atmospheric distillation operation.
4. The method of Claim 1 wherein the said conversion to about 50 volume
percent or less is within the range of 290 to 40 volume per cent. 5. The
method of Claim 1 wherein the low severity cracking step is effected under
50 conditions restricting conversion of the feed to gasoline and lower
boilong hydrocarbons to less  50 than 30 volume percent. 6. The method of
Claim 1 wherein the cracking operation is accomplished in a single riser
cracking zone wherein the hydrocarbon residua containing metal contaminents
is charged to an upflowing suspension of catalyst and hydrocarbon products
of converting the recycle fraction 55 freed of metals.
55 7. The method of Claim 1 wherein the separate crackig operations are
accomplished in separate cracking zones. 8. The method of Claim 1 wherein
the separate cracking operations are effected in sequence and the catalyst
is regenerated to remove carbonaceous deposits by burning before recycle to
60 the sequential cracking operation.
60 9. A method of converting hydrocarbon residua substantially as described
in the foregoing Example. Printed for Her Majesty's Stationery Office by
Burgess 8 Son (Abingdon) Ltd.-1 982. Published at The Patent Office, 25
Southampton Buildings. London, WC2A 1 AY, from which copies may be
obtained. 65    6
GB2018277B         6 The yield data for the 650[err] plus recycle over a
clean-burned catalyst are plotted in Fig. 2. These curves show that high
cat/oil ratios are to be avoided because of a linear dependency of
catalytic coke make with cat/oil ratio. Conversion to coke decreases the
yield of gasoline and light fuel oil. 5   The yield data for the single
pass runs are compared in Fig. 3 to the combined yield for the  5
combination operation of the present invention. Gasoline yield advantages
of 2.5 to 3.5 vol. % are obtained for the new process of this invention.
Fig. 4 indicates a yield advantage of 4.5 vol. % light fuel oil. At the
conditions used in these three cases (recycle cracking at 7.7, 10.9 and
15.5 cat/oil), the amount of 650[err]  plus bottoms from one pass of
recycle cracking is 10 only 4 to 7 vol. % of fresh feed.
10 As shown in Table 2, the gasoline octane in a combined riser run is
identical (within reproducibility of [err] 0.3 ON) to a single high
conversion cracking run but the light fuel oil has a considerably higher
hydrogen content (higher gravity and lower aromatic concentration) which
gives it higher quality. 1 5   Catalytic cracking of resid stock heretofore
has seen limited application because gasoline  1 5 



yields are reduced due to high coke and gas make. Making cracking of resid
stock of interest has led refiners to treat the feedstock to remove the
contaminants (hydrotreating or solvent deasphalting). These methods involve
costly pressure units or expensive chemical treatment. The present concept
allows atmospheric resid to be catalytically cracked at high selectivity
without a 20 pretreating step.
20 It will be recognized by those skilled in the art that the method and
sequence of contact steps of this invention are available for use in many
different arrangements of contact zones. For example, it is not essential
that one use a single riser contact zone even though such may be the most
efficient arrangement for the combination desired. The sequential operation
may be effected in 25 separate contact zones or vessel arrangements
provided with a common regeneration zone.  25 CLAIMS 1. A method for
converting a high boiling hydrocarbon residua containing greater than 3 ppm
of nickel equivalent of metals and coke forming asphaltenes to produce
lower boiling more 30 desirable components which comprise, contacting the
high boiling hydrocarbon residua contain-  30 ing metal contaminates with a
coke deactivated catalyst for a period of time less than 2 seconds at a
temperature restricting conversion of the residua to gasoline and lower
boiling components to about 50 volume percent or les, separating a product
of the residua conversion operation to recover material higher boiling than
gasoline and including a 650[err]  plus decycle 35 fraction substantially
free of metals, and converting the recovered 650[err]  plus recycle   35
fraction freed of metals in the presence of freshly regenerated catalyst at
a temperature in excess of 950[err]  whereby a high level of conversion to
gasoline and lower boiling hydrocarbon constituents in the range of 60 to
80 volume percent is obtained thereby providing a coke deactivated catalyst
thereafter used tio effect conversion of the hydrocarbon residua as above
40 recited.
40 2. The method of Claim 1 wherein the high boiling hydrocarbon residua is
selected from a group of feed materials consisting of raw crude residua, a
650F (343C) plus fraction obtained from a crude oil atmospheric
distillation operation, and a hydrocarbon product of oil shale or tar
sands. 45   3. The method of Claim 1 wherein the metal containing residua
is a 650[err] (353C) plus  45 fraction obtained from a crude oil
atmospheric distillation operation. 4. The method of Claim 1 wherein the
said conversion to about 50 volume percent or less is within the range of
290 to 40 volume per cent. 5. The method of Claim 1 wherein the low
severity cracking step is effected under 50 conditions restricting
conversion of the feed to gasoline and lower boilong hydrocarbons to less
50 than 30 volume percent. 6. The method of Claim 1 wherein the cracking
operation is accomplished in a single riser cracking zone wherein the
hydrocarbon residua containing metal contaminents is charged to an
upflowing suspension of catalyst and hydrocarbon products of converting the
recycle fraction 55 freed of metals.
55 7. The method of Claim 1 wherein the separate crackig operations are
accomplished in separate cracking zones. 8. The method of Claim 1 wherein
the separate cracking operations are effected in sequence and the catalyst
is regenerated to remove carbonaceous deposits by burning before recycle to
60 the sequential cracking operation.
60 9. A method of converting hydrocarbon residua substantially as described
in the foregoing Example. Printed for Her Majesty's Stationery Office by
Burgess & Son (Abingdon) Ltd.-1 982. 65 Published at The Patent Office. 25
Southampton Buildings. London. WC2A 1AY. from which copies may be obtained.
65    


