May 13, 1952 H. W. GROTE 2,596,145
‘ METHOD OF CATALYTICALLY REFORMING HYDROCARBONS
Filed Dec. 21, 1948

N
A Q\

A

~37

T
/

i
v

N\

N B
9
3 3
oL -
9

38

Prasamosceoosaand

p
N\
N\g °\°z N
N
‘ \
3 & N
W N
3
E 3
ALY
)
I
N 8
¥
: X R
N N SRS
[ N
N : {
L ' L . INVENTOR,
e L o Herzry & Grote
0 \gj BY: PR (FZleserrm
A . _ AL lorveey
g fm A W
§ \7{96722‘




Patented May 13, 1952

2,096,145

UNITED STATES PATENT OFFICE

2,596,145

METHOD OF CATALYTICALLY REFORMING
HYDROCARBONS

Henry W. Grote, Downers Grové, IlL., assignor to
Universal Oil Products Company, Chicago, XiL.,
a corporation of Delaware .

Application December 21, 1948, Serial No. 66,527
4 Claims. (Cl 196—50)

1

This invention relates to:the conversion of
hydrocarbons. It is more specifically concerned
with a particular method of simultaneously re-
forming ' hydrocarbon reactants of high : and
low naphthene contents in the
platinum-containing catalysts. o

Hydrocarbon stocks of low octane number that
boil approximately within the gasoline: range
and that contain naphthenes and paraffins may
be upgraded by dehydrogenating the naphthenes
to. aromatics and hydrocracking the paraffins
to-lower boiling paraffins. The aromaties possess
considerably higher antiknock ratings than the
corresponding naphthenes; the same is:true of
the lower boiling paraffins relative to the higher
boiling paraffins. P

The yield-octane  increase relationship. re-
sulting from ' aromatization - is approximately
linear over a wide range of octane increases.
This: is due to the loss of a portion ‘of the
charge stock to hydrogen, and in part to a den-
sity increase inherent in changing naphthenes
to - aromaties. Hydrocracking, on -the . other
hand, involves a combination of cracking and
hydrogenation of the fragments thereby. pro-
duced. . In the initial stages, this results in the
formation of lower molecular weight gasoline
hydrocarbons which are of lower density than
the charge. Thus the initial octane increases
due to hydrocracking often are obtained at a
volumetric recovery or yield greater than 100%.
As the reaction proceeds, however, there is an
increase in the tendency to produce gaseous hy-
drocarbons, which results in a loss of yield with-
out any appreciable increase in octane number.
Hydrocracking, therefore, is an efficient reform-
ing process when not carried to extremes: In

general, to obtain the optimum yield at a given-

product octane number with a stock containing

both naphthenes and paraffins, it is necessary.

to control the balance between the hydrocracking
and aromatization reactions to limit the hydro-

cracking to the degree at which it is efficient.

and-to-obtain the remainder of the octane num-
ber increase by aromatization.

Since the same types of hydrocarbons that
are susceptible to aromatization are also sus-
ceptible to hydrocracking, it is important that
the aromatization reaction be carried out first,
since if it is not, some of these particular hy-
drocarbons will be hydrocracked in the early
stages, and it is impossible to obtain a maximum
amount of aromatization or maximum yield for
a given octane number. Therefore, with hydro-
carbon -reformer charging stocks that contain

presence -of .
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‘ 2
both naphthenes and paraffins, I first subject
the stock to dehydrogenation and thereafter to
hydrocracking. :

There are, however, some low octane number
hydrocarbon stocks that boil within the gaso-
line range that are so low in naphthenes that
it.is not practicable to subject them to naph-
thene dehydrogenation. In-accordance with my
invention, I mix such a stock with the hydro-
gen rich effluent from the dehydrogenation zone
and subject the resultant mixture to hydro-
cracking, i. e, I subject.a stock containing
naphthenes and paraffins to dehydrogenation
and then commingle this stock with a low
naphthene material and hydrocrack the result-
ing mixture. A combination process of this
type offers a number of advantages. The de-
hydrogenation produces, for example, three mole-
cules of hydrogen for each six membered ring
naphthene. Inasmuch as only one molecule of
hydrogen is required when one molecule of a
paraffin is hydrocracked into two lower boiling
paraffin molecules, it can be seen that the de-
hydrogenation of one molecule of naphthene
produces sufficient hydrogen for the hydrocrack-
ing of three molecules of paraffin. Therefore,
I am able to hydrocrack not only the paraffins
in the efluent from the dehydrogenation zone
but also the paraffins in the low naphthene hy-
drocarbon stock without resorting to the use
of ‘external hydrogen. I usually prefer to oper-
ate my combination process in such a manner
that there is substantially no net consumption
of hydrogen. This can be done by correlating
the relative proportions of the two types of
stocks fed to my process with the degree of de-
hydrogenation . and hydrocracking obtained.
Another advantage of adding a stock predomi-
nating in paraffins to the dehydrogenation zone
effluent before it is subjected to hydrocracking,
lies in the fact that the concentration of aro-
matics in the material passing through the hy-
drocracking zone is materially reduced. 'The

- presence of aromatics in- the feed to the hy-
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drocracker tends to cause carbon formation and
the aromatics themselves tend to undergo cer-
tain reactions whereby a portion thereof is con-
sumed without any benefit from an oetane num-
ber standpoint. These tendencies are consider-
ably reduced when the aromatic content is low-
ered to values below about 25% as they usually
are in my process.

In one embodiment my invention relates to
a hydrocarbon conversion process which com-
prises subjecting s naphthene-containing sub-
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stantially olefin-free hydrocarbon reactant boil-
ing below about 425° F. to the action of a de-
hydrogenation catalyst under dehydrogenation
conditions, commingling the resultant product
with a naphthene-lean, substantially olefin-free
hydrocarbon reactant boiling below about 425°
F., and subjecting the resulting mixture to the
action of a hydrocracking catalyst. mamtamed
under hydrocracking conditions. .

In a more specific embodiment my 1ment10n
relates to a process which comprises contacting:
at aromatization conditions in a first reaction.
zZone, a. substantially olefin-free hydrocarbon rer.
actant containing a substantial proportion of
naphthenes and boiling approximately.. within

the gasoline range with a catalyst'predominating-

in aromatizing activity and comprising platinum
‘and alumina, commingling the efluent. from said.
first reaction zone with a hydrocarbon reactant
of low naphthene content that predominates in -
parafiins, and contacting .the resultant mixture

(<3
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-silica-alumina,
_and.the like.
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4 _
ditions of time, temperature, pressure and the
like- employed in any specific operation will,
of course, vary somewhat depending upon the
catalyst used in the operation.

Suitable hydrocracking catalysts that may be
used in the second step of my process include
composites comprising a cracking component
plus @, hydrogenating component. -, Examples of
such composites -are nickel, chromlum and
molybdenum, deposited on or incorporated in
silica-zirconia, = silica-magnesia,

~The-. preferred type of catalyst for both the
dehydrogenatmn and the hydrocracking steps is
one comprising. -platinum" and alumina. These

- catalysts-may- contain substantial amounts of

" platinum; but, for economic as well as for prod-

20

at hydrocracking conditions.with a catalyst pos-..

sessing. substantial hydrocracking activity: and
comptising platinum, alumina, and halogen. ..
The. hydrocarbon.stocks that may .be-converted

25

in-accordance. with the present process by.de-. -

hydrogenation. followed. by - hydroeracking -coms-
prise. .nonolefinic .hydrocarbens:.: that:: contain
naphthenes. ...

olefins. can be present.in the charge:-in some types
of --operation.

By..the, term.nonolefinic: I..mean; .
substantially olefin-free,. i.: e., -a:few:per cent.of;

.30

.Suitable. stocks. include: narrow:

boiling..fractions rich. in naphthenes as well.as.
substantially pure materials.such..as cyclohex-:

ane, and methylcyclohexane.

Preferred..stocks .z

(5]
]

are..those. consisting::essentially -of.naphthenes::
and.paraffins, although relatively minor.amounts..

of -aromatics also..may be present. .

This . pre=:

ferred.class includes primarily straight-run gaso=~

lines, such as.those from. Trinidad and the Gulf.
The. gasoline may be.a.full hoiling::

Coast area.

L

0

range..gasoline: having :an. initial beiling rpoint.:
within the range.of from. about:50%.to about:
100° . and dn._.end: boiling. peint ~within . the.

range of from about: 325°

to.ahout. 425°..F. or:. 45

it -may be: a. selected fraction.:thereof ~which: -
usually. will. be a..higher -boiling .fraction; com:-:

monly .referred -to -as:naphtha,: and. igenerally

having an .initial  boiling: peint. of .from..about.

125° to.about. 250° F. and: an.end.boiling point.

- within the range of about.350° F.-to about 425%.F. .

The expression .{‘straight-run gasoline: fraction”:

as used. herein.is intended to 1nc1ude both: naph-f‘

thas and -full boiling gasohnes
The'; Jdow. :naphthene content bydrocarbon
stocks.that are. included only. in. the charge:-to:.

{PrOWn ...

the hydrocracking step..should predominate.in. .
paraffins..and will. have.about..the same. boiling..
ranges as the.naphthene-containing.stocks. .Cer~.

tain straight-run gasolines. fall :into. this-classi=:
fication. .as well . as .some . natural .gasolines, re- .

cycle. condensates,. and .the : paraffinic. gasolines

produced. by the Synthine :process,i.e., by one.. -

or -more .of:the modlﬁed forms of. the Flseher—
Tropsch.process.. . .7 .. (i
Any.suitable. naphthene dehydrogenatlon cata-

lyst may be used in the . first step of my process. -

Suitable:catalytic compositesinclude a compound:

65

of .the metals-of -the.left hand column:of Groups.-

V and. VI of the periodic table and, in: particular, -

the oxides of. chrom’ium,bmolybdenum,ﬁ tungsten,

and vanadium, either alone or in-admixture with -
one another, and a suitable refractory- ‘supporting -
material such as-alumina, magnesia; silica; or
mixtures :thereof. -

The particular process-con-

-70
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.converted. to: .alumina.::

60"
;the. alumina-halogen composite:.comprises pre-. -

uct. yield and quality reasons, the platinum con-
tent usually will be within the range of from
about -0.05% to about 5.0%. A particularly ef-
fective catalyst of this type contains relatively
minor:amounts; usually less..than .about:3%::on
a dry: aluminga.- basis, :0f . a::halogen,..especially::
chlorine.or: fluorine. -One method: of  preparing .
the:catalyst comprises adding: a suitable:alkaline;
reagent;:such -as ammonium. hydroxide.or:.car-:
bonate to a salt of aluminum, such as: aluminum .
chloride, -aluminum sulfate, ~aluminum:.:nitrate,
and the like, in-an amount. sufficient to-form alux
minum -hydroxides, «which’ upon: drying; can. be
= 'The: halogen: =may.:be:
added to:the resultant. alurry,_,m, the form:of:an:
acid:such as hydrogen: flucride or hydrogen.chlo~:
ride, or: as .a volatile salt:such:as . ammonium
fluoride or: ammonium chloride. ; The amount.of
combined: halogen. in:the. finished:catalyst. de=:

‘termines the hydrocracking activity: :Platinumsz.

alumina :catalysts :that. are: substantiallydevoid
of -halogen--predominate in dehydrogenation:or:
aromatization. -activity; :whereas: platinum-alu-.

. mina: catalysts- containing. -greater:than about: .
0.3-0.5%halogen usually predominate:in hydro=.:

cracking .activity.. ‘The fluoride:ion appears:to.
be-somewhat more active than other . members;of.
the halide:group.and; therefore, may be present:

=in .2 lower: concentration: for-a given' degree:of:.
hydrocracking:activity.: - Ordinarily -the:amount:

of halogen 1n. the catalyst w111 not exceed about::-
3-5%:.: -
A: satlsfactmy method of addmﬂr platmum to

S

paring:-a :colloidal:suspension- of ‘platidic sulfide -
by:introducing hydrogen .sulfide:ihto-an- aqueols -
solution:of.chloroplatinic: aciduntil said: solution -
reaches a constant:color, which usually is a-dark
The -resultant - .colloidal::suspension: of>
platinic sulfide is-commingled with the aluminum:-
hydroxide -slurry -at room temperatire ‘followed -
by :stirring-to--obtain intimate‘mixing.: ‘The: re<
sulting :material is: then-dried:at-a temperature-

-of from:about:200° to about 400> F.-for a-period of

froni:about 4:to-aliout-24 hours-or more to form-a
cake.- The-resultihg material -may then be-con--
verted into pills:or-other:-shaped -articles: - There-
after-the- catalyst -may-be subjected *to- a 'high-

“:temperature calcination:or-reduction treatment-

priort6. use:- It-is  to. be understood that the fore=:
going-method “of - preparing- -satisfactory -plati~ -
num=-glumina;-€atalysts-is-merely-illustrative and:-

.is not to:be-taken in a-limitative sense-inasmuch -
“‘as various':other: methods may"be-employed to-

produce satisfactory-eatalysts of this typer == =
The use of the ferm “catalyst comprising plati-
num-and-alumina?-in- the specification: and *ap= -

pended sclaims’ is-intended to-include-platinim=: --

sovh gl
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alumina composites of the type deseribed above
including those containing minor amounts of a
halogen. The exact manner in which the halo-
gen or halide ion is present in the catalyst is not
known, although it is believed to be present in
the form of a chemical combination or loose
complex with the alumina and/or platinum com-
bonents. Because the exact chemical constitu-
tion of such halogen-containing eatalysts is not
known, I sometimes refer to them as “catalysts
comprising - platinum, alumina, and a halogen.”
It is known, however, that the presence of a small
amount of a halogen in the catalyst enhances the
hydrocracking activity thereof; for platinum-
alumina composites that are substantially halo-
gen-frée possess very little ability to provide hy-
drocracking.

Other platinum-containing catalysts that may
be used in my process, although not necessarily
with equivalent results, include platinum on char-
coal, platinum on silica, platinum on asbestos,
and platinum on bases or carriers that possess
cracking activity such as silica-alumina, com-
posites. The corresponding palladium catalysts
occasionally may be used with advantage in my
process. ‘

Additional features and advantages of my in-
vention will be apparent from the following de-
seription of the attached drawing which illus-
trates a particular method for conducting s
hydrocarbon reforming operation in aceordance
with the present invention,

Referring to Figure 1, a full boiling range
straight-run gasoline which contains paraffins
and a substantial . amount of naphthenes is
charged through line I and is picked up by pump
2, passed through line 3 containing valve 4, and
is joined by a stream of reeycle hydrogen flowing
through line 5 and produced as hereinafter de-
scribed. The combined stream of straight-run
gasoline and hydrogen is passed through heater
6 wherein it is heated to a temperature of about
900° F. The efluent from the heater is with-
drawn through line 7 and is changed to header
8 of reactor 9.

Reactor 9 comprises a furnace of the down-
draft type and is provided with a burner at the
top thereof. Vertically disposed tubes are ar-
ranged adjacent the wall of the furnace so as to
be heated predominantly by radiant heat. A
suitable gaseous or liquid fuel is charged to re-
actor 8 through line 10 containing valve {1 and
the products of combustion are removed via
line 12. The tubes are filled with %'’ x B
pellets of platinum-alumina catalyst containing
less than about about 0.19% fluorine or chlorine.
The tubes are disposed on an annular circle, the
center of which substantially corresponds to the
center of the combustion ehamber. The flame

- and the products of combustion flow in a central
longitudinal unobstructed path through the
chamber substantially out of direct contact with
said tubes. Because of the high heat input rates
to the catalyst that can be obtained; a reactor
of the type just described is particularly suitable
for the highly endothermic naphthene dehydro-
genation reaction. The amount of heat supplied
to the catalyst and the reactants flowing there-
through ordinarily is approximately equal to the
endothermic heat of reaction.

The efluent from the tubes in reactor 9 is
passed through header 18 and into line {4 con-
taining valve 15. The concentration of hydrogen
in the effluent is considerably higher than the
concentration of hydrogen in the charge to the
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reactor because three molecules of hydrogen were
liberated for each molecule of napthene that was
dehydrogenated. The  hydrogen-rich material
flowing through line (4 is commingled with a.
heated stream of naphthene-lean gasoline which
flows through line 16 and is picked up by pump
{1 and passed through line i8 containing valve
9. "A" stream of recycle hydrogen flowing
through line 20 is commingled with the two
streams and the resulting mixture is passed into
reactor 2{. The reactor is packed with a plati-
num-alumina catalyst containing 0.5% fluorine
and is maintained at a temperature of about 880°
F. The predominant reaction that takes place in
reactor 2f is hydrocracking of higher boiling
paraflins to lower boiling paraffins. However,
the catalyst possesses dehydrogenation activity,
and the small amount of naphthenes that may
be present in the effluent from reactor % or in the
gasoline flowing through line 16 will be con~
verted to aromatics in this zone. Consequently,
the overall reaction that takes place in reactor 21
is substantially thermally neutral. However, it
may be somewhat exothermic or even somewhat
endothermic depending upon the relative amounts
of hydrocracking and dehydrogenation that are
effected. ‘

The effluent from reactor 21 passes through line
22 containing valve 23 and into receiver 24 where-~
in a separation is effected between hydrogen and
low molecular gaseous hydrocarbons on the one
hand and higher molecular weight liquid hydro-
carbons on the other: - The hydrogen-rich gas is
withdrawn from receiver 24 through line 25. It
is picked up by compressor 26 and a portion is
passed through line 5 containing valve 21 and
the remainder is passed through line 20 con-
taining valve 28. Make-up hydrogen may be
added to or excess hydrogen may be withdrawn
from the system through line 29 containing valve
30. The liquid hydrocarbon layer in receiver 24
is withdrawn through line 31 containing valve 82
and is sent to suitable fractionation and storage
equipment.

It is to be understood that the process that has
just been described is to be taken in an illus-
trative and not in a limitative sense for the
reason that a number of variations may be made
in the process without departing from the spirit
of the invention. For example, in some types of
operation it may be desirable to effect the de-
hydrogenation in reactor 9 in the absence of re-
cycle hydrogen. Again, it may be desirable to
combine the dehydrogenation zone and the hydro-
cra¢king zone into a single vessel as shown in
Figure 2. The naphthene-rich reactant would
then be passed through line 33 and into reactor
34 wherein it first contacts a bed 35 of dehydro-
genation catalyst. The effluent from this bed is
joined by a stream of naphthene-lean hydro-
carbons passing through line 36 and the com-
bined stream passes through bed 37 of hydro-
carbon catalyst. The effluent from reactor 34
is withdrawn through line 38.

Hydrocarbon reforming operations carried out
in accordance with my process in the presence
of catalyst comprising platinum and alumina
ordinarily will be conducted at temperatures of
from about 750° F. to about 1000° F. The de-
hydrogenation reaction usually will be conducted
at a temperature near the upper end of the range
and the hydrocracking reaction will be conducted
at a somewhat lower temperature within the
range of from 750° F. to about 950° -P. .The
pressure at which my process will be cenducted
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when employing. platinum-
the reformmg; of hydrp
within“the " range. of from
1200 "pounds per square inchj a “weight. hd
space. velogity, whieh, is. defihed. as the we

of hydrocarbon charged. per ‘hohd pér! welghn_

catalyst. in “the regetion zone, w1th1n th

of from about 0 2 to about 20: and: the"a b{mt_

than “in the dehYdI‘Ogenamo - e
‘I claim @s my invention: =~ 7

1 A’process “for the simultaneous reforming;.
of zasoling “stocks’ of relatlvely high “and, low’

naphthene content, which’ compr1ses subJectlng

a substantlally oleﬁn-free stra1ght run gasohnel

catalytlc dehydrogenatlon o convert ‘naph- )
thenes to aromatlcs and form. hydrogen com-<

tioh in an’ amount sufficient to lower the aro;
matic. content. of the mixture to below about
25% - and ‘then. subJectmg the mixture, to the

boiling paraffing into lower boﬂmg ‘parafing.

‘2. The process of claim 1 further character-

ized . in that said. halogen compuses fuorine.

3. A process 'for the simultaneous reforming.

) of _gasoline stocks, of. relatlvely hlgh and . low

naphthene content which comprises subJectmgi
a substa,nuaﬂy oleﬁn-ﬁee stlalght -run gasoline,

alumina catalyst. for.
Ong" usually “Will. be,
bout."50 “to. about:

15

20,

r. 30
pla,tlnum alumma and hadlogen. mamtalned un-
dér’ hydrocracklng coriditions to . convert h1ghe1}_,

fraction. contammg naphthenes and. paraﬁins to;
the “action of a, platinum-alumina catalyst at
a temperature, of. from. about’ 7505 to about 1000°
F. ta ‘Gonvert naphthenes. to. aromatics and form;
hydr.o,g’en, commingling with the. r.esultant hy-.
drogen—contammg product a substantlally ole-,‘
fin-free, predomma,ntly parafﬁmc, naphthene-
lean’ gasohne fraction in.an amount sufﬁment to;
lowér.'the” aronatic. content, of the mixture to.

_belaw_about. '25%, and, then subaectmg ‘the mix-.
N ture to the. actmu of a cataIyst compnsmc;

vert hlgher b0111ng paraﬁ‘ms '1nto lower boﬂmg_
paraffins. i
4. The .process. of: cla,lm 3. further..character-
ized ih that said halogen is fluorine.,
HENRY W. GROTE.-
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