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corporation of Delaware
TFiled Dee. 3, 1962, Ser. Ne. 241 391
6 Claams. (Cl 208—59)

INTRODUCTION

This invention relates to a hydreearben conversion

10

's1rab1e if - the catalysts used in precesses for 1
,fozegomg pI‘IOI' art problems Were regenerable

s, 180,818
Pa emted Apr 27, 1965

recting the _

OBJ ECTS

In view of the feregemg, 1t is an ob]eet ef the inven-
tion to provide a two-stage process using selected cat-
alysts, capable of converting both hydrocarbon feed -
stocks that have a high nitrogen content and those that

 have been denitrified, to produce middle distillates, light

gaselme and isobutane in large quantities, while mini-
mizing heavy gasoline preductmn at reasonable startmg S

- -and oeeratmg temperatures.

process, more particularly to -a hydrocarbon conversion

process for converting petroleum distillates and residua

into various valuable preduets and still more particular-
ly to a catalytic conversion. process capable of produemg
middle d1stﬂlates light gasoline and 1sobutane

PRIOR ART HYDROCRACKING OF HYDROCAR— '

"BON FEEDS TO PRODUCE
LATES AND GASOLINE
VOLVED =~

MIDDLE DISTIL-

A Nitrogen 'Conteﬁt'_-_o;‘ feed —It is well known that
nitrogen in a hydrocarbon feed is deleterious to certain

AND PROBLEMS IN-

15

It is a further object of the present mventlon to pm-
Vlde such a process capable of preducmg large quantltles |
of 1sebutane

It is a further ob]eet of the: present mventlon to pro-

- vide such a process and catalysts wherein the unconverted

20
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hydrocracking catalysts, particularly highly acidic hydro-
cracking catalysts, and that, in order to provide a practi- -

cal process for producing middle distillates from a feed
containing substantial amounts of nitrogen, a catalyst

~ having no more than weak acidity has been necessary so

-that the deleterious effect of nitrogen on the : catalyst
would be minimized. However, catalysts having no more
than weak acidity frequently result in the production of
substantial quantities of heavy gasoline, which often is a
mlddle distillates .light gaso-

- line eﬂld isobutane.

B. Ratio of iso- C.g, e nor‘mal-C4 pmduct Tt is well |

known that a high iso-C; to normal-Cg produet_ from a
hydrecmckmg zone is highly desirable. Isobutane, for
- example, is a valuable product for use in motor gasoline

30

‘bottoms fraction from the first stage has a. sufficiently

low content of normal paraffins to permit recycling a se-
lected portion of this fraction to the first stage reactor in
sustained recycle operation, to increase the everall yleld

of Izght gasoline and isobutane.

It is a further object of the present mventmn to prowde
such a process wherein the catalysts in each stage may be

‘regenerated to reimpart to them a substantlal pertlen of

hen:' orlgmal fresh aetlv;tty

| DRAWING

Tne mventmn will best be understoed ‘and further ob-

‘jects and advantages thereof will be apparent, from the

| fellewmg deserlptlon when read ih conjunction with the
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blending, whereas normal butane is less valuable. - A low '
is0-C; to normal-C, product ratio has been a dlsadvantage -

ef many prior art processes,

C. Paraffinicity of uncon?e: z‘ed bottoms fmcz‘ton ?E-':
| eyc!ed to reactor~It is well known that various prior

particularly catalysts of extremely low
niddie
ely high actmty WhICh |

- art eatalys:,s

activity which are useful in the production of-
.aistillates and catalysts of extrer

‘are useful in the production of gasoline, produce an un-

converted bottems fraction having a high content of nor~
It 1s known that these normal paraffins are

mal paraffins.

‘accompanying drawing which is a diagra

matic 111ustra-_'__ |
tion of process units and flow paths suitable for cartymg |
out the process of the present invention. |

STATEMENT OF INVENTION

In aeeordance with the present IIIVt}HthIl there 18 pm-' *

vided a process for producing gasoline and middle distil-

lates from a hydreearben feed selected from the group

consisting . of petroleum distillates boiling from 200° to

1100° F. and petroleum residua boiling above 500° F.,

~ which comprises contacting said feed and from 1000 to '

45

ol

deleterious to the hydroeraehng operation because they -

- are extremely refractory to further hydrocracking and
therefore, particularly where high middle distillate pro-

- duction is desired,. as a practical matter, cannot be re-
~ cycled. It would be desirable if a. two-stage process were
available for plGdHCH]U middle distillates, light gaselme

~ ‘and isobutane in a first stage and light gasoline and iso-

.. butane in a ‘second stage without: produemg a first stage

- bottoms ‘product having a normal parafiin content too
- high to permit a practical recycle thereof to the first stage.

D. Regeneration.—It is known that many prior art hy-

~ drocracking catalysts lose a great deal of their fresh cat-
: alyst actw:tty upon reﬂeneratmn and 1t Would be Very de-

55

- 850°F.a pertlen of the ef]
zone boiling

light gasoline preduet havmg an increased 1sepataﬂin con-

60

10,000 s.c.f. of hydrogen per barrel of said feed in a first

conversion zone at a temperature from 500° to 950° F.,

a pressure above 500 p.S ig. and an LHSV of 0.1 to 4 0- |

with a catalyst comprising at least one hydrogenating
- component selected from.the Group VI metals and com-

peunds of Group VI metals and at least one hydrogenat-- :
ing component selected from the Group VIII metals and

compounds of Group VIII metals intimately asseelated', o
with a catalyst support comprising silica- nagnesm, re- -
. covering from the effluent from- said-first conversion zone =
a middle distillate product and a hght gasehne product, .
- hydrocracking in a second conversion zone in the pres-
~ence of an active acidic hydroeracklng catalyst at a pres-
~sure of 500 to 3000 p.s.i. e. and a temperature of 550° to
fluent from said first conversion.

from about 180° to 300° F., to produce a .

- ,."tent and recovering said hght gaselme Produet fmm said

eond conver smn zene

- Further in accordance with the present mventlen there;
18 prewded a proeess fer preducmg gasolme and mlddle‘" o
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distillates which comprises converting a heavy gas oil feed

in a first conversion zone in the presence of a catalyst
comprising nickel and tungsten on a silica-magnesia sup-
port at a temperature of from 500° to 950° F., a pressure
above 500 p.s.i.g. and an LHSV of from 0.4 to 2.0, to a

total product containing above 60 volume percent, based

on feed converted, of 320° to 650° F. middle distiilate,
separating said total product into fractions including a
middle distillate fraction and a gasoline fraction, recover-
ing said middle distillate and gasoline fractions as prod-
ucts, hydrocracking in a second conversion zone in the
presence of an active acidic hydrocracking catalyst at a

10

pressure of 500 to 3000 p.s.i.g. and a temperature of 500°

to 850° F. a portion of the effiuent from said first con-
version zone boiling from about 180° to 300° F., recover-
ing a gasoline product from said second conversion zone,
and recycling to said first conversion zone at least a por-
tion of the effluent from said first conversmn zone boiling
above about 660° F.

Still further in accordance with the present invention,
there is provided a process for converting a nitrogen-con-
taining hydrocarbon feed selected from the group consist-
ing of petroleum distillates boiling from 500° to 1100°
F. and petroleum residua boiling above 500° F. which
comprises concurrently hydroﬁning and hydrocracking
said feed by contacting with feed in a first stage in the
presence of from 1000 to 10,000 s.c.f. of hydrogen per
barrel of said feed and in the presence of a catalyst com-
prising at least one hydrogenating component selected
from the group comsisting of Group VI metals and com-
pounds thereof and at least one hydrogenating component
selected from the group consisting of Group VIII metals
and compounds thereof intimately associated with a silica-
magnesia catalyst support at a temperature of 500° to
950° F., a pressure above 500 p.si.g. and an LHSV of
from 0.1 to 4.0, recovering a gasoline product and a mid-
dle distillate product, hydrocracking in a second stage
in the presence of an active acidic hydrocracking catalyst
at a pressure of 500 to 3000 p.s.i.g. and a temperature of
550° to 850° F. at least a substantial portmn of the liquid
efiluent from said first stage, recovering a gasoline prod-
uct from said second stage, and recycling to said first stage

at least a portion of the effluent from said first stage boil- |

ing above about 660° F. -
Still further in accordance with the present invention,
there is provided a process as aforesaid wherein at least

two reactors are used in said first conversion zone, each-

containing said silica-magnesia supported catalyst and
wherein said reactors are so arranged that they can be

switched from parallel, for maximizing middle distillate |

production, to series, for maximizing either gasoline or
middle distillate production, whereby the ratio of middle
distillate product to gasoline product can be varied.

HYDROCARBON FEEDS SUITABLE FOR USE IN
THE PROCESS OF THE PRESENT INVENTION

Suitable feeds for use in the process of the present in-

vention are petroleum distillates boiling from 200° to

15
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| 4
rectly to a synthetic material, i.e., one boiling below the
initial boiling point of the feed, which is a preferred jet

fuel or middle distillate having high naphthene content,
low normal paraifin content and therefore low freeze

point, and low aromatic content and therefore excep-

tionally high smoke point. It has been found that feeds
having lower initial boiling points, for example around
300° to 400° F., tend to produce excessive quantities

- of nonsynthetic products having a high aromatics con-

tents and therefore exceptionally low smoke points, al-
though the freeze point may be satisfactory. Such a non-
synthetic product also tends to have a high pour point.

FIRST CONVERSION ZONE IN PROCESS OF PRES-
ENT INVENTION, AND NITROGEN CONTENT
OF FEED THERETO

It has been found that the sﬂma—magnesm supported
hydrocracking catalyst in the first conversion zone of the
process of the present invention is relatively nitrogen in-
sensitive, compared with conventional acidic hydrocrack-
1ng catalysts such as nickel sulfide on silica-alumina. Ac-
cordingly, the nitrogen content of the feed used in the
process of the present invention may be relatively high,
and excellent hydrocracking results still may be obtained
in said conversion zone at reasonable temperatures, with-
out the necessity for rapidly raising the temperature to
maintain conversion as is necessary when hydrocracking
a high nitrogen content feed over a conventional acidic
hydrocracking catalyst such as nickel sulfide on silica-
alumina. Although high nitrogen content feeds can be
tolerated by said first conversion zone hydrocracking cat-
alyst, it will be noted that said catalyst also is an excel-
lent hydrodenitrification catalyst, and is efficient in con-
currently hydrofining as well as in hydrocracking the feed.
Nevertheless, the process of the present invention may be
rendered even more efficient if the feed either is low in

- nitrogen content or first is hydroﬁned by conventional

methods prior to being hydrocracked in said first conver-
sion zone in accordance with the process of the present

~invention. And in certain applications a conventional hy-

drofining zone following said first conversion zone is de-
sirable; as will be discussed below, in one embodiment of
the present invention, wherein very heavy feeds, for ex-
ample propane deasphalted residua, are used, the feed
may be processed in three stages; in the first stage, the
feed may be concurrently hydrocracked and denitrified to
a large extent over a silica-magnesia supported catalyst,
following which a portion of the effluent from the first
stage may be further denitrified in a second stage before
belng hydrocracked over an acidic hydrocracking catalyst
in a third stage.

Generally speakmg, it is possible to operate the first

~conversion zone in the process of the present invention

1100° F., preferably petrolenm distillates boiling from

500° to 1100° F., and petroleum residua boiling above
500° F., and m1xtures of the foregoing. Heavy gas oils
and catalytic cycle oils are excellent feeds to the process
as well as conventional FCC feeds and portions thereof.
Residual feeds may include Minas and other paraffinic-
type residua, |

~ Particularly when 1t 1s desired to produce mlddle distil-
lates, including jet fuels, which are exceptionally high in
naphthene content and low in aromatic content (therefore
having high smoke points) and low in normal paraffin

content (therefore having low freeze points), it is pref-

60

at slightly lower temperatures when the feed has a low
nitrogen content, for example, from 0 to 10 p.p.m. total
nifrogen, than femperatures that are necessary for the
same conversion when the feed has a high nitrogen con-
tent, for example from 10 to 1000 p.p.m. total nitrogen.
However, even feeds containing considerably higher
levels of nitrogen than 1000 p.p.m. total nitrogen may
be satisfactorily converted in the process of the present
invention to valuable products, contrary to conventional
prior art processes wherein acidic hydrocracking catalysts,
such as nickel sulfide on sﬂwa—alumma, are used. Insuch
conventional processes, it is impossible as a practical
matter to use feeds. with such h1gh mtrogen contents.
The catalyst in the first conversion zone in the process

' of the present invention is capable of concurrently accom-

70

erable to use a feed in the process of the present inven- -

~ tion which has an initial boiling point of 500° F. or above.
- Where the feed has an initial boiling point above 500° F.,

1t 1s converted in the process of the present invention di- 73

plishing. both denitrification and hydrocracking. The hy-
drocracking facilitates the concurrent denitrification be-

cause, upon the breaking of carbon-to-carbon bonds,
nitrogen is more easily removed. At higher levels of
cracking conversion, somewhat higher pressures may be
desired to counteract catalyst fouling and deactivation.
~ The nitrogen compounds tend to concentrate in the



- heavier portions of the feed; accordingly, such heavier
- portions are more dif

icult to denitrify. However, it will
~ be noted from the forsgomﬁ that such heawer portmns
| also are easier to crack. |

' OPERATING CONDITIONS IN FIRST
~ CONVERSIONZONE

Ths ﬁrst conversion zone of ths process of the pre:sent'
silica-magnesia supported

invention, which contains a
catalyst, discussed below, is operated at combinations

of conditions selected from within the varying ranges

that will produce the desired degree of hvdrocracking:

~ a temperature of about 500° to 950° F., preferably 650°

to 850° F.; a hydrogen partial pressure of 500 to 3500
-~ - p.sl.g., preferably 1006 to 2500 p.si.g.;
~ of from about 0.1 to 4.0, preferably 0.4 o 2.0. 'The

~ hydrogen flow to said conversion zone may be from 1000

- to 10,000 s.cf. per barrel of feed, preferably 2500 to
8000 s.c.f per barrel of feed. The higher hydrogsn

- partial pressures, particularly with unrefined feeds, give
~ lower catalyst fouling rates and therefore for longer

- catalyst lives it is preferable to operate above 2000 p.s.i.g.
In general, the hydrogen partial pressure will depend
- upon a number of factors, including typs
and nitrogen content thereof, degree of denitrification
required, etc.; - however, in general, a hydrogen partial

and an LHSV

of feed stock

3,180,818
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~ may be iﬁcérpoi‘ated in the catalyst by any conventional

method. A partlcularly effective method for preparmg

-ths catalyst is set fnrth in the followmg example.

) |

- Exam ple. 1

A powdsry sﬂwa-magnssm matenal contalmng about

28% magnesia was compressed, together with about 5%

~ by weight of a conventional glue-type bonding material

10

used in catalyst prsparatmn into 5716 % 346" psllsts and | '

- - was calcined in air at 950° F. for six hours.

20

- pressure of 1000 to 2000 p.s.ig. is- hlgh‘y desn'able it

_pract cabls in-any given instance.
CATALYST IN FIRST CONVERSTO\I ZONE

o A Composzfzon of camlysr -————-I“' is essential that the
~ catalyst.in the first conversion zone in the process of the

 present invention have (a) a silica-magnesia _support_-
- and (b) at least two hydrogenating components, at least
 one of which must be a Group VI metal or compound
thereof and at least one of which must be a Group VIIT
It has been found that,

‘metal or compound thereof.
where the catalyst comprises a Group VI metal or Com-

pound thereof alone, without a Group VIII metal or
compound thereof, ths catalyst has an unacceptably low -

.actmty Tt has been found that, where the catalyst com-
prises a Group VIIL metal or compound thereof alone,
without a Group VI metal or compound .thereof, the
catalyst has an excepil ionally high fouling rate. ¥ow-
ever, where the catalyst comprises at least one Group
VIiI metal or compound thereol, and also at least one
Group VI metal or compound thereof, the catalyst has a

 high activity and a low fouling rate. The Group VI

 metals and compounds thereof that may be used 1ncludf=ﬁ_
chromium, molybdenum and tungsten and compounds

~ thereof. The Group VIII metals and compounds thereof
“that may be used include iron, cobalt, nickel, platinum
and palladium and compounds thereof. The most pre-

- ~ferred catalysts comprise nickel and either tungsten or
L nmlybdenum on a silica-magnesia support, the cafalys’c

in each case preferably being sulfided. The single main
preferred catalyst which has been found to have the most

cutstanding qualities in the process of the present inven- 60 |

tion comprises mnickel and tungsten on silica-magnesi
preferably sulfided. The Group Vi mstsl or cemneunds
- thereof :

may be present in the catalyst in an amount from

40

99

o for four hmus

“method set forth in Table IV below is a highly eﬂfscmve

present invention perfor

1000 cc. of the aforesaid calcined material were im- '

| prsgmted for four hours with 800 cc. of a solution of
nickel nitrate containing 11.2% nickel, and the impreg-

nated material was dried for 24 hours at 250° F. and
then calcined for four hours at 900° F. The resulting
product was a catalyst support containing 9.43% nickel.

The aforesaid catalyst support was impregnated three
times with separate 800 cc. portions of a solution con-

sisting of 960 g. of tungstic acid (H;WO,) dissolved
~in a mixture of 1152 cc. of 30% ammonmia (INH;) and
- 3460 <¢c. |
- pregnation treatments, the impregnated composite was.

of water. After each of the aforesaid im-

dried at 250° F. for 20 hours, and calcined at 900° F.
The catalyst resulting from the fore-
ooing operations contained 7.02 We1ght percent nickel

.;(,,nd 19.3 weight percent rtungstsn, and had a mtrogen-_ -

surface area of 316 m.2/g.
C. Sulfiding the catalyst --—-Although the catalyst of

‘the present invention may be used in the unsulfided form,

the sulfided form is mreferable. With feeds containing
any substantial amounts of sulfur compounds, the catalyst -

“automatically will tend to become sulfided on the surface -
“under  the ovperating conditions of the process.
somewhat more preferable to presulfide the catalyst be-
fore placing it on-stream, . and such sulﬁdmg may be |
- accomplished by any conventional method. -

It is

D. Regeneration of the caralyst —It 1s an outstanding

: a,dvsntsﬂ*e of the catalyst of the 'present invention that

it may be regenerated, particularly in view of the diffi-

- culties that have been met by the art in the rsgsnerajuon
- of many prior art catalysts.

While regeneration may
be accomplished by any conventional method, and while
the relative effectiveness of such methods may be readily
determined by those skilled in the art, the regeneration

one. |
' E. Preferred caralysz‘ —The preferrsd catalysts for

use in ths process of - the presem mvsntlon are sst forth- .

sbove |
F. Activity of catalyst for dentr :ﬁcarzon --—Ths catalyst

of the present invention is a dentrification catalyst as well
as a hydrocracking catalyst, and in the process of the
s both functions under the

conditions of the process. The catal*yst has excellent_ |

- denitrification &CLIVIT,Y, but 1t is relatively insensitive to

- “mitrogen, and is highly insemsitive to nitrogen compared =~

o with a conventional acidic hydrocraclcmg catalyst such
as nicke! sulfide on silica-aliimina., o - |

. NNot only are a plurality of hydrogsnstlon components

- at least one of which must be a Group VI metal or com-

1 to 40 weight percent, preferably from 2 to 25 weight =~
* percent, based on the total catalyst composite; the. Group

VHI metal or compounds thereof may be present in an

amount of from 1 to 20 Weight percent, preferably frem

-2t 12 nght percsnt ‘based on the total catalyst com-
‘The magnesia content of the silica-magnesia

70
ore. plsfsr-_ -

~ posite.
support may range ffom 5 to 75 weight percent, prsfs;.-
ably from 15 to 50 wsiﬂht percent, and st 111 |
:ably from 20 to 35 weight percent.

' B. Prepagration of camlysz‘ —The sﬂica—magmsn sm—

POI't 01 the catalyst can be prepared by any conventional "':"V*H, ‘ave relatively msﬁectws for- demtrlﬁcatlon when |

: ._uot acwmnamsd by a hydro n&tmg comptmsnt fmm__--..': .

mslhod 'md the plurslﬂy of hydmﬁsnatng csmpomms

~ pound

,,nwksl or
- genating components, for example o
- sten from Group VI or nickel or cobalt from Group

VIO metal or compound thereof, essential to the hydro-

. cracking activity of the cstalyst of the present invention,
Y but this same plurahty of hydrogenation components is -

essential to the dentrlﬁcatmn activity of the catalyst of
the present invention. For example, the prsfsrrsd nickel-

tungsten on sﬂms—msgnesm catalyst of the prsssnt INVen-

tion would not have good dsmmﬁcaue“l activity if only
only tungsten were ‘present; single | h'ydm- |
olybdenum -or tung-

thereof and at least one of which must be a Gr cup. .
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the other one of the two groups. Further information
regarding the denitrification activity of the catalyst is
set torth in Table V below. .

G. Selectivity of catalyst for middle distillate prodic-
tion—The catalyst of the present invention has a high
selectivity for the production of middle disitllates from
various hydrocarbon feeds. It has a much greater se-
lectivity for the production of middle distillates than

conventional acidic hydrocracking catalysts, such as -

nickel sulfide on silica-alumina. The high yields of mid-
dle distillates resulting from the selectivity of the catalyst
of the present invention for middle distillate product is
unexpected in view of the selectivity for gasoline pro-
duction that is characteristic of many prior art hydro-
cracking catalysts, for example nickel sulfide on silica-
alumina. Further information regarding the selectivity
of the present invention catalyst for the production of
middle distillates is set forth in Table III below.

DESCRIPTION OF PROCESS FLOW ARRANGE-
MENTS SUITABLE FOR CARRYING OUT THE
PROCESS OF THE PRESENT INVENTICN

Referring now to the drawing, there shown is a di-
agrammatic illustration of an embodiment of process
units and flow paths suitable for carrying out the process
of the present invention. | | | |

A hydrocarbon feed is passed through line I into con- '

tact in hydrocracking zone 2 with the aforesaid silica-
magnesia supported catalyst and with hydrogen entering

zone 2 through line 3 under the hydrocracking conditions .

previously discussed. From zone 2 an effluent is passed
through line 4 to separation zone 5 from which hydrogen
‘18 recycled through line 6, ammonia is withdrawn through
Iine 7, and remaining materials are passed through line
8 to separation zone 9. From separation zone 9 a C,
and lighter stream, including isobutane, is withdrawn
through line 10, and remaining materials are passed
through line 1S to separation zone 16. From separation
zone 16, a light gasoline product is withdrawn through
line 17, a heavy gasoline boiling from about 180° to

10

o
o {

30

G
&t

300° F. 1s passed through line 18 to hydrocracking zone

19, and materials heavier than about 300° F. are passed
through line 20 to separation zone 25.

From separation zone 25 middle distillate products boil-
ing from about 300 to 660° F. are withdrawn through: line
26 and materials boiling above about 660° F. are re-
cycled through line 27 to hydrocracking zone 2. If de-
sired, a minor portion of the materials in line 27 may
be withdrawn from the system through line 28. If de-
sired the hydrocarbon feed to hydrocracking zone 19,
entering that zone through line 18, may be augmented
by additional hydrocarbon stocks boiling between about
180° and 300° F., for example straight run stocks, through
line 29, Hydrocracking zone 19 may contain a conven-
ttonal acidic hydrocracking catalyst, for example nickel
sulfide or silica-alumina, platinum on silica-alumina,

ctc., and may operate under conventional hydrocracking

conditions, for example a pressure of from 500 to 3000
p.s.i.g. and a temperature of from 550° to 850° F. I
is well known that such catalysts can be subjected to
regeneration with an oxygen-containing gas under con-
ventional regeneration conditions.
19 1s supplied with hydrogen through line 35. Zone 19
effluent is passed through line 38 to separation zone 37.

From separation zone 37, C, and lighter hydrocarbon
gases, including isobutane, are withdrawn through line

38, and a Cs plus light gasoline product is withdrawn
through line 39. | - S -

Hydrocracking zone 2 may comprise two hydrocrack-
ing reactors, each containing the catalyst of the present
invention and each operating under the aforesaid process

conditions. These two reactors may be arranged in a

known manner so that alternately they can be connscted

in parallel and in series. When connected in parallel,

45

50
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Hydrocracking zone

05

the feed to the second reactor.

€
&3

they will operate to mazimize middle distillate preduction,
and when switched to series operation they may maximize
gascline or middle distillate production. In series opera-
tion, middlz distillate production may be maximized
by withdrawing middle distillate as a product from the
first reactor as well as from the second, for example
from an inter-reactor fractionation zone. In series oper-
ation, gasoline production may be maximized by includ-
ing the middle distillate produced in the first reactor in
in either series arrange-
ment, 1t 1s preferred to remove from the system any am-
moma produced in the first reactor, rather than permit-
ting it to pass to the second reactor. Such switching ar-
rangements will enable the ratio of middle distillate to
gasoline product to be varied in order to achieve further
process application flexibility., In series operation to pro-
duce gascline, where ammonia formed in the first reactor
has been removed, the second reactor, because it is oper-
ating with a feed that has been denitrified in the first re-
actor, i5 operable at lower temperatures, thus providing
leeway for increase in severity of the operating conditions
in the second reactor to increase gasoline production.
The resulting gasoline, produced over the catalyst of
the present invention, is isoparaffinic and of high quality,

1 contrast to the normal paraffinic character of gasoline

produced over hydrocracking catalysts having weak
acidity. |

Because the cafalyst in zone 2 serves as an effective
hydrofining catalyst, the materials in line 8 are Iow in
nitrogen and therefore are specially suitable for further
hydrocracking in the presence of the acidic catalyst in
zone 19,

The process of the present invention is specially effec-
tive for converting heavy feed such as residua and pro-
pane deasphalted oils when a conventional denitrification
zone 1s 1nserted between the first hydrocracking zone and
the second hydrocracking zone of the process. Because
such feeds generally are specially difficult to denitrify, and
because for most efficient results the feed to the second
conversion zone 19 here, centaining an acidic hydro-
cracking cafalyst, should have a minimum nitrogen level,
the insertion of a conventional denitrification zone be-
tween the two hydrocracking zones in the present process
can be of significant value, |

The conventional denitrification zone may be inserted
tor example in line 8 or line 15, and may be operated
under conventional denitrification conditions with either
the silica-ragnesia supported catalyst used in hydrocrack-
ing zone 2, or with any conventional denitrification cata-
Iyst. Such a three-stage process enables the heavier feeds

‘to be hydrocracked and partially denitrified in the first

stage, thereby reducing both the molecular weight and the
nitrogen level of the feed and greatly accelerating the
rate of the remaining denitrification to be accomplished
in the second, or conventional, denitrification zone.

TABLE L—COMPARISON OF FIRST STAGE CATALYST
OFF PROCESS OFF PRESENT INVENTION WITI CON-

- VENTIONAL CATALYSTS RE STARTING TEMPERRA-
TURES AND FOULING RATES

The following table sets forth on a comparative basis
single stage hydrocracking results of processing a 650°
to 980" F. heavy Arabian gas oil having a total nitrogen
content of 660 to 700 p.p.m. at the indicated average
catalyst temperature, about 50 to 55 volume percent sub-
stantially constant per-pass conversion to products boiling
below the initial boiling point of the feed, 1.0 LHSV, 2000
p.s.1.g. and a hydrogen rate sufficient to permit withdrawal
from the hydrocracking zone of 4500 s.c.f. of hydrogen
per barrel of feed, over the first stage catalyst of the

~present 1nvention compared with hydrocracking the same

feed under the same conditions. over various prior art

~ catalysts,  The factors compared are: (1) the average

75

__ca_’talyst temperature necessary to give said substantially

cionstant 50 to 55% per-pass conversion, which substan- -
tially constant conversion is indicated by the substantially
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- constant pmduct or awty shown aﬂd (2) the catalyst feul—- |

1@

From the above table it will be noted that: (1) as

- rate, ie.,

. and (5) the change, in

| mg rate. acidity increases, the product iso to normal ratio increases
| Support -~ | Hydrogenating component, = - Av.cat. | |
- | | N | - percent Area, | temp., °F, | Product | 5 _
‘Cat. No. S - M2/g, {  necessary gravity - Fouling rate
_ - - 3 - I - ~ | dor desired |.
S109-Als03 | SiOs-MgO | Ni . W | Mo { Pt ‘| conversion.
B N O [ 1% MgO_ .| 70| 198 ||t 316 7591 - 40,0 | None observable.!
2| mmmm e 2T MOl 4D |l 22,8 | 254 755 |- 40,3 Dot
SIS (RO 209% MgO_._f 5.0 (... SN S| B PR PNCI - - 756 39.9 | Moderate.?
: SN PR 219% MgO__..1  b6.0 L 8 e 767 35.5 Do.2
3 T VT 2% MO . |cacccaaal 80 [acimmcc|iaeacae 437 - 790 89,5 | Highs
0 e 27%, WIEO_.... SRS ¢ 2 2 SOt UY [NURUEURORY DU 445 - 765 40.3 | Very high 4
T QT MEO - | oo 0.5 |ooeeoo__ 845 8.5 TDod . ..
8 e 25% -A-IEOE--.. ______________ 4,5 122 |l 134 790 40.3 | None observablet
! S, 289 Ao03 o | 3.9 1004 || 130 792 - 40.0 | Moderate.2
100 470 AYO3e oo R A PR R 790 | 40.0 Doz .
TR 477, AlyOs | oo P T 92 790 30.81 Doz
12 109, AlsOge | oo 18,0 oo 116 8056 98.8 | .3

10.05° F. per huur 2 0.10-0.15° F. per hout.
- From the above table, it will be nuted that only cata-
lysts 1 to 4 resulted both (1) the desired conversion

rate at a reasonably low average catalyst temperature, mn
each case 767° F. or below, c;md (2) a reasonably low

catalyst fouling rate, in each case, moderate, as defined,

or less. It will be noted that catalysts 5 to 7, each hav-
ing one hydrogenating component only, on a silica-mag-
nesia support, resulted in an excessive catalyst fouling
one that was high, as defined, or higher.

- 30.5° . per hour.

Tt

£1.0° I, per hour,

20

smuothly, e:acept in the case uf the ﬁrat staﬂe catalyst
of the present inventicn, with which is ebtamed a higher.
ratio than would be expected from mspectmn of the prior

“art catalysts alone; (2) as acidity increases, the product

“-middle distillate to gasoline ratio decreases, but remains

» as high with the first stage catalyst of the present inven-

tion as with catalysts of weaker acidity, which is entirely
u'lex'peeted heretofore, it has been believed that a cata-

- lyst of higher acidity would produce less middle distil-

will be noted that catalysts 8 to 12, each having a silica-

~alurmina support rather than the silica-magnesia support
_"eJE the first stage Catalyst of the present invention, resulted
in the desired conversion being obtained only at an un-

reasonably high average eatalyst temuerature, 111 each'

case 780° F or above.

._TABLD IT. —COMPARISON or I‘IRST STAGE CATALYST

OF PRESENT INV: JNTION WITH. CONVENTIONAIL

- CATALYSTS RE ACT

IS0 TO NORMAL C: 'PRODU-C-T RATIO, MIDDLE

TILLATE TO GASOLINE PRODUCT RATIO AND NOR-

. MAL PARAI‘FI\T CONTDNT OI‘ UNCONVERTDD BOT-
- TOMS | SR

- The fullewmg table sets ferth on a ceruparative basis

single-stage hydlocraelunrr results of preeessing an Ara-
bian straight run feed, at 0.5 LHSVY, 2000 ps.d.a., 60%
- per-pass conversion to pleducte boiling below the 1n1t1a1 -
~boiling point of the feed, and extinction recycle, over

the first stage catalyst of the present invention, com-

DITY, STARTING TEMPERATURE,
DIS-

30
39

40

 desirable because normal parat

~ pared with hydreeraekmg the same feed under the same .

“conditions over various prior art catalysts.
tors cempared are:

- The fac-

(1) starting temperature necessary'_. 20

to give said 60% per-pass conversion; (2) the ratio of

~ iCy to nCy in the product; (3) the ratio of 400° to 650°

. F. product to Cs to 400° F. product, ie., the ratio of

- middle distiliate pmduetleu to gasoline pmducuon (4)

the hydrogen ceusumptlen, in s.c.f. per barrel of feed;

- in-each: case 011 normal paraffins in- tue system.

° F., of the pour point of the
_ same bottoms fraction in each case, from the pour point
- of the feed, as an indication ef the effect of the reactien o

“With

during recycle operation.
- mal paraf

- MIDDLE

late per unit of gasoline production than a more weakly
acidic catalyat (3) as acidity mereasea, hydrogen con-
sumption increases smoothly, except in the case of the
first stage catalyst of the present invention, with which
is obtained a higher hydrogen cousumptlun and improved

product quallty, (4) as acidity increases, the normal par-

afin content of the unconverted bottoms material, as
indicated by the ° F. change in bottoms pour. pelut from
the pour point of the feed, decreases and then increases;
with Catalysts A and E the bottoms material is indicated
to have a greater normal paraffin content than the feed.

atalyets B, C and D the unconverted bottoms ma-
terial is less paraffinic than the feed, which is extremely

drocracking and therefore build up in recycle bottoms

A build-up of refractory nor-
ins can effectively prevent the practical use of
recycle hydlocrackluﬂ‘ to produce middle distillates, be-

- cause prohibitive temperature and pressure increases can

be required to crack these refractory cempuunds, (5)

- with Catalysts B, C and D the undesirable refractory

normal paraffins are seleetwely cracked and/or are iso-'
merized to valuable isoparaffins, to an extent adequate o
to permit satlsfactery recycie eperatlon

TTABL}] IIT —COMPARISON OF I I‘IRST STAGE CATALYST
- O PRESENT INVENTION WITH CATALYST HAVING

 SILICA-ALUMINA SUPPORT RE PRODUCTION OF
DISTILLATES |

The fo]lemug table furthet indicates the spe01ﬁe1ty of "
the ﬁrst stage catalyst of the pres nt mventmn fur ‘the

| t. Start, | 400—65{1"- B/ -._IE[E, a.e.f./ Buttems
.. . Cat. Cat, comp. TL,°F.[iCymCy | Cy400° F. bbl. pour point .
o | L e o | S o | - Ch&ngB:DF'.
- S—— 6% N1—1—22% Me om AlgOa__.._' ________ - 850 (.2 1.4 1300 - . 13
B NiMo on 8i0;—A1:03,30% SiOz-e___| © 765 0. 6 L4| - 1,700 =38
Colie e NiW on 8iQ,—MgOQO, 27% MgO_____. 7201 0 L1 1.4 - 2,000 | - - —25
Do, NiMo on 8i0;—A1:03, 90% SiOs. - 790 | T 0.6 0.9 1,800 | =15
B D J 6% Nl on SlOz—AIEOE, 90% SlOz_-_.. - 740 L1 0.4 - 2,600 =19

The C&t&IYStS in the above table are set forth in erder 70 preducuen ef mlddle dlstﬂlates from various hydroear-' -

_ef increasing acidities, with Catalyst A having the low-

est acidity and Catalyst E having the highest E.Cldlty |

Catalyst C is an example of the first stage catalyst of
" the present invention, while the other catalysts indicated
S are represeutatlve ef varleus pl‘iOI‘ art catalysts |

70

alumina support.

F hydrofined Mldwa}f gas oil, containing 3.6 p.p.m. '
| 'tetal nitrogen.

‘bon feeds, cempared with  a catalyst having a silica-~
In this case, the: feed is a 650° to 320°

1t is hydrecrael{ed at 0.77 LHSV, 1560
ps 1. g and a hyumﬂen rate -of 500{} S. cf per barrel of

fiins are refractory to hy-
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feed, over each of the two catalysts, with the results
indicated:

Total con- Percent of
Temp., | - version to. | productin
Catalyst °F. produacts 400-650° F.
boiling below] boiling range
50° I,
NiW on Si00-AleO3_ . ___ 650 53.2 R . 41
NiWon 510-MgO_ ___.___.____ 650 b3. & 49

L

TABLE IV.—~REGENERABILITY OF FIRST STAGE CATA-
LYST O PRESENT INVIINTION AND REGENERATED
CATALYST ACTIVITY

The following table iilustrates the regenerability of the
preferred nickel-tungsten on stlica-magnesia catalyst of
the present invention. A catalyst comprising 7.0% nickel
and 19.3% tungsten on a silica-magnesia support contain-
ing 27.7% magnesia, with an area of 316 m.2/g., was
placed in hydrocracking reactor and contacted for 120

ours at 2000 p.s.i.g., 1.0 LEHSY, 759° £, average catalyst
tempel ature,
of feed, with a hydrocarben feed boiling from 650° to
962° F., said feed having a gravity of 23.5° API, an
aniling point of 178.9° F., a pour point of 4-90 ASTM
and a total nifrogen content of 6565 p.p.m. The catalyst
~under these conditions converted 54 weight percent of
the feed to products boiling below the 650° F. initial boil-
ing point of the feed, and the gravity of the tutal progucts
produced was 40.3° A’T‘I

After the foregoing on-stream period the catalyst was
regenerated in a nitrogen-oxygen stream, at a reactor pres-
sure of 600 p.s.i.g. and a gas rate of 20 cubic feet per
hour, for a total pericd of 20 hours. During this period
the temperature was slowly raised from 500° to 900° F.,
and the oxygen content of the gas was raised fmm 01
to 4.0 volume percent.

The regenerated catalyst, having an area of 237 m.2/ g.,
was then used to hydrocrack the same feed that had been
used to hydrocrack prior to regeneration, under the same
conditions. The activity of the regenerated catalyst was
substantially equal to its original fresh activity, as indi-
cated by its conversion, at an average catalyst tempera-

ture of 750° F., of 48 weight percent of the feed to prod--

“ucts boiling below the initial boiling point of the feed,
the total products pioduced having a gravity of 38.8° APL.
The following summarizes the foregoing results:

and hydrogen rate of 5500 s.c.f. per barrel

Weight per-

Average cat. | Whole | cent conver-

Area, m.2/g. tempn., ° ¥, | product | sion to prod-

| gravity | ucts hm;mg

| |belowr 650° F.

Fresh catalyst 316 . ______ 759 40, 3 5
Regenerated cafalyst 337 ________ 750 - 38.8 4

ig‘ 55 zone boiling from about 180° to 300° F., and containing

TABLIE V.—COMPARISON OF FIRST STAGE CATALYST
OF PRESENT INVENTION WITH CONVENTIONAL
CATALYSTS RE DENITRIFICATION ABILITY, NITRO-
GEN SENSITIVITY AND ABILITY TO CONVERT NI-
TROGEN-CONTAINING FEEDS TO MIDDLIE DISTIL-
LATES

The following table indicates results obtainable with
the first stage catalyst of the present invention and with
a low acidity prior art catalyst, and a high acidity prior
art catalyst, respectively, when used to hydrocrack a 650°

EF. to 1060° F. hydrocarbon feed at the indicated tem-

peratures, and at 1.0 LHSV, 2000 p.s.i.g. and a hydrogen
rate of 6500 s.c.f. per barrel, with extinction recycle of
unconverted products.

The indicated Iow nitrogen feeds
reier to feeds containing from zero to 10 p.p.m. niirogen
and the indicated high nitrogen feeds refer to feeds con-
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NiW on 69, Ni4- 6% Ni on
Si0-MgO 22% Mo Si03-A1,0;,
279%, MgO on Al,Oj 09, Si0g

Temperature, in ° 1. for

50%, conversion with low

N feedSoo oo | 650 85( 550
Temperature in° ¥, for ) |

50% conversion with - -

~ high N feeds._ . 740 850 760

Maximum. vield of 320-650° |

1. m1dd10 distillate, with -
- high N feed, pereent._____ 75-85 75-85 55~65
iC4/nCy product ratio____.._ high low high
Pour point of synthetic

middle distillate -

product, ° oo —40 —20 —60
Relative denitrification

VIO Y e e 1.3 1.0 0.1
Sensitivity o S .. nii nil nil
Sensitivity to N ________ lIow nil high

From the foregoing it will be seen that the process of
the present invention is effective to convert a wide range
of hydrocarbon feeds to valuable products, mainly middle
distillate, light gasoline and isobutane. It will further be
seen that, contrary to many prior art processes for pro-
ducing muddle disfillates, no heavy gasoline is produced
as a final product. |

Although only specific embodiments of the present
invention have been described, numerous varjations could
be made in those embodiments without departing from the

 spirit of the invention, and all such variations that fall

within the scope of the appended claims are intended to
be embraced thereby.

I claim:

1. In a process for producing gasoline from a hydro-
carbon feed selected from the group consisting of petro-
leum distiliates boiling from 200° to 1100° F. and petro-
leum residua boiling above 500° F., which comprises
confacting said feed and from 1000 to 10,000 s.c.f. of
hydrogen per barrel of said feed in a first conversicn zone
at a temperature from 500° to 950° F., a pressure above
500 psig. and an LHSV of 0.1 to 4.0 with a catalyst
comprising at least one hydrogenating component selected
from the Group VI metals and compounds of Group VI
metals and at least one hydrogenating component selected

- from the Group VIII metals and compounds of Group

50

60

VIII metals intimately associated with a catalyst support
compnsmg srhca—magnesm the improvement which com-
prlses recovering from the effluent from said first con-
version zone a light gasoline product boiling below about
180° F., a bottoms product boiling above about 660° F.
and a mlddle distillate product boiling between 300° and
660° F. withdrawing said pmducls from the system,
hydrocracl«'mg in a second conversion zone in the presence
oi an active acidic hydrocracking catalyst at a pressure
of 500 to 3000 p.s.i.g. and a temperature of 550° to 850°
Y. a portion of the effluent from said first conversion

light paraffins not converted to isoparaffins in the first
conversion zone, to produce a light gasoline product
baving an increased isoparaffin content, and recovering
said light gasoline ploduct from said second conversion
Zone. |
- 2. A process as in claim 1, wherein said hydrogenating
component selected from the Group VI metals and com-
pounds of Group VI metals is present in an amount from
1 to 40 weight pcrcent based on the total catalyst Com-
posite.

3. A process as in claun 1 wherein said hydrogenatmg
component selected from the Group V1l metals-and com-

- pounds of Group VIII metals is present in an amount

taining above 10 p.p.m. nitrogen, for ex .;,mplﬂ 10 to MGO |

p.p.m. mtrogen

from 1 to 20 weight. percent based on the total catalyst
mmpmlte
4. A process as in claim 1 wherein said hydrogenating

components compme nickel and tungsten.

5. A pr ocess as in claim 1 wherein at least two reactors
are used in said first conversion zone, each containing said
s111ca-m'1gmsla supperted catalyst, and wherein said reac-
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tors are so arranged that they can be switched from

parallel, for maximizing middle distillate production, to

series, for maximizing gasoline production, whereby the

ratio of middie distillate product tc} gasolme product can

~ be varied.

6. A process as in claim 1 Whulﬁln a poruon of the-
effluent from said first conversion zone that bmls above-

about 660” F.1s recycled to that zone.
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Patent No. 3,180,818 April 27, 1965
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