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particularly, to a process which permits the
production of several grades of gasoline in a
single operation catalytic reforming system.
Reforming or hydroforming of petroleum
fractions in contact with catalysts particularly
platinum-on-alumina catalysts is now well
known and widely used in the petroleum in-
20 dustry for the production of high octane num-
ber gasolines. This process may be conduc-
ted continuously or non-regeneratively at tem-
peratures of 750-—1050° F. at relatively high
- .. pressures, i.e. above about 400 psig and cor-
25. —re‘spondmgly high hydrogen partial pressures.
- . At lower pressures, higher yield octane rela-
uonshlps are achieved but with the formation
. ~of carbon.deposits upon the catalyst which
~w:must be removed to maintain efficiency in the
30 process. Regeneration may be carried out sub-
..., stantially continuously by separately regener-
'\atmg the individual reactors in the system at
frequedt intervals as needed by the use of

\5\3;;‘_5wmg ” reactor in a so-called cyclic pro-
3 Regeneration may also be carried ‘out less™

*-..frequently by shutting down the entire unit

and regenerating all of the reactor vessels

simultaneously in a so-called semiregenerative
#o-...., PIOCESS.

' 40 “In order to produce the different grades of

. gasoline marketed to satisfy the different
octane requirements of various automobiles
in use today resort is often made to so-called
“blocked ” operations in which a particu-

~ [Price 45. 64.)
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a single-operation hydroformer.

It has now been found that several grades
of gasoline can be prepared: in a single oper-
ation hydroformer compnsmg several reactor 60
vessels arranged in series with suitable means
for reheating the reaction mixture prior to
discharge thereof into. the next reactor by

. withdrawing a portion of the total products

after the first or one of the intermediate reac- 65

- tors. The withdrawn portion is condénsed and

separated from the normally gaseous com-
ponents to provide a relatively low octane
number gasoline which is suitable for use as
regular grade gasoline or blend stock and an 70
exceptlonally high hydrogen content recycle -
gas.  The reaction: products remaining after
such interreactor withdrawal, which may be
only a relatively small percentage of the feed,
is reheated with additional hydrogen gas and 75
subjected to the conventional, more severe -
processing conditions in the remaining reactor’
or reactors of the series to prepare a high oc-
tane number or premium blend ‘stock. The
gaseous materials separated from the final high 8¢
octane number product is-of substantially .~
lower hydrogen content than the gaseous
materia] separated from the intermediate pro-
duct and accordingly selective witlidrawal of
net .gas make of lowest hydrogen content is 85
achieved by withdrawal of said net gas make -
from the gaseous material separated ftom the'-
final high octane numbm' product, -
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Corrpos )
the re b &R &sor horsepower.- Fur- -

Ar oAat thgmore, the- dual progl;mt -vnthctilrawal mr:li
allel heat exchange and a s
Di st | it Bgl stabilizer. These added invest:

220[ er:ﬂj ts'are overbalanced by the catalyst savings

alone. However; additional investment sav-
30  ings are made by the elimination of blocked

operation tankage normally required on both

feed and products. Other advantages of the

process are higher product credits for incre-

mental salable products.attamed by 1mproved
35 yields.

The invention thus comprises a method for
the production of at least two grades of motor
gasoline in -a single operation hydroformer

- which compnses charging a hydrocarbon feed
40  stock boiling in' the naphtha boiling range and
hydrogen or a hydrogen containing -gas to
4 hydroforming reactor system
several reactor vessels. in series, each of which
"is charged with an active platinum-alumina
45 hydroforming catalyst, with means for re-

heating the. reaction mixture: between réactors,

mamtammg active hydroforming reaction con-
dmons in each of the reactor vessels, main-

' taining the reactor pressures and temperatures
50 within the range of 350—800 psig and 860—
1050° F respectively, withdrawing 2 major
proportion of the reaction mixture as dis-
charged from at least one of the lead reactors

of the series, condensing the withdrawn reac-

55 tion mixture to recover an intermediate hydro-
formate of relatively low octane number and

a high hydrogen content gas, passing the re-

mainder of said- reaction mixture through the
. remaining reactor- vessels of the series and con-
60 densing reaction products discharged from the
last reactor-of the series to. recover a high
octane number hydroforinate and a relatively

low hydrogen-content gas.
The weight hourly space velocity (Ibs. of
65 naphtha feed per hour per pound of catalyst

1 Bayid recycled ‘as reflux to the respective’_ -
0 steps; uncondensed - portions: from

-separated, the hydrofined naphtha -
containing

diate: hydroformate and thBank| n divi ded
by Rhefl‘lﬁpaﬂprdvmﬁent ar hy(drdggn concentranon high octane numbex (hydrsfemiteamay be ﬂﬁtgno of the

f:})arpelg subjected ta stablhzaup be distil~
a

ne and lighter hydrocarbons there- 52—5
from, the overhead stre 1 both of these
stabilizing steps combmed to-condense

a -portiolg of the vapors and the condensed Ag’ﬂ%l

W X ]
stabilizing steps. fnay bé passéed to the -~ -
bottom of the absorber-stripper, whereby ex- >
cess butanes from the high severity reformate 9%
are transferred to the low severity reformate

which may be deficient in butanes,. :

The hydrocarbon feed stock boiling in .the = -
naphtha: boiling range and hydrogen. treat gas e
may be charged to a reaction zone main- 100
tained under. hydrofining reaction conditions .
to convert sulfur and nitrogen-containing . im-
purities to hydrogen sulfide and ammonia res-
pectively, excess treat gas hydrogen sulfide
and ammonia from the hydrofined naphtha
passed
through a reboiler absorber stripper counters=-._
current 1o & gas containing light hydrocarbons_\
to further free the hydrofined = naphtha of - .
gaseous impurities and undesired lighter hydz

_ﬁarbons rejected while simultaneously
sorbing the heavier hydrocarbons from the v
stripping gas and then passing the hydrofined::. 7. -
naphtha from the absorber-stripper “in .adé" =~ -
mixture - with a hydrogen-rich gas Lo\tlie:f/ H’S\
hydroforming reactor system. . . -*‘_”\\. o

Hydrocarbon feed stock boiling the, naphth L A
boiling range may be fractionated it o
C,-160° F. fraction and heavy 160° ¥.
about 400° F.. fraction, the latter heavy fra 20
tion and hydrogen charged to the hydroform~" " -
ing reactor system, and a portion of the light
C,-160° F. fraction combined with :low: oc
tane intermediate hydroformate to formis
low octane. product blend and with a: portion '
of the light C,-160° F. fraction with the high
octane number hydroformate to form a high
octane product blend.

In the accompanying drawing, - naphtha-
feed, which may be a virgin, a catalytlcally 130

105

é@d1900 portion

SR HGOBEL §sprocessed to

239
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- - may-be a4nayrow§_11' goxhpl_g fgﬁrﬁ
70 10 .G [ elﬂrj bmos az;ge ydrogen or TiC|

d tﬁrough inlet The
boiling in the i}ihllhbai} el hydrogen-contalmng ga& eder

content rec clere% as anld PaSSI ng

line 31 cond edzg 32 sto aml;(l
a pornon copdensate is pumped bac

to column :' e&%ﬁ vn:&/!lne 34 while the
[rédiainder\Vi p¥ssed via line 35 tlCALPG

ﬁgd%ﬁ ffémiéat};%? é%iéﬁéﬁ%o

coRkfC K

36 a cycled to the
Jin oMb to- provide the energly. foquired for

ing range an@ h;a@hdosglamtfﬂsr eratog lzes ut @ paeheasexc ts¢paration. The column nay ﬁ d at

1.1 3.0 o 11, § 11 04 dr reac%:ia?ﬁ y
conditions to ccﬁﬁggquuﬁu mi oglﬁt s
1/16" al um na eXénatdédhaggen, sﬂﬂm andyrbrrhgtmgafpwmt
i npr egnat ed Wpt mmdeawsa inarjly; dtnis

separating exce§§e°§f b ”fr‘f ga%“gznf ‘?:m#h? 1'v
is gas, hydrogqn fféﬂ g

reactor, 9.0 |naﬁd1®s§&@mnd, prafmlbly gsdrtlehluned
hydr of i ned 20 ppm of IS'I‘PEGP t Wwslrofipng ¢r ¢

A en 1th a sult-
t hrough a reboil gﬂi‘ @fﬁg ﬂl 2 o
count er current  fQdamg et bz hrmmﬁﬂagahtt ty
peratures of 500—700° F., pressures of 50
25 to 500 psig and feed rates of 110 10 v/v/
Hr. can be used to remove these impurities
10 the above indicated levels.
The effluent from the hydrofining reactor
is d1scharged via line 15, cooled at 16 and
30 discharged into separator 17. The excess
hydrogen treat gas, hydrogen sulfide and am-
monia are taken overhead from separator 17
via line 18 and the hydrofined naphtha feed
: is withdrawn via line 19 and supplied to
. 35 absorber-deethanizer column 20. The tem-
perature and pressure conditions in column 20
are maintained at a suitable level to permit
the ethane and lighter hydrocarbons to be
. vaporized for passage overhead through line
40. 21 for use as fuel. Recovery of propane and
butane is held at high levels by the absorp-
~_...tlon of these components in the hydrofined

_ The hquld product withdrawn from the
45.. botfom of the column is heated in heater 22
"~ and-recycled to the bottom of column 20 in

. ordér to provide stripping of ethane and

lighter  components. Ordinarily the absorber-

" -deéthanizer column is operated at near hydro-

~ 50::“finer pressure and with temperatures of 350—
~§50° F. at the bottom and 100—160° F. at

top.
%be deethamzed liquid is withdrawn from
the oitom of column 20, through line 23,
55. “amd-charged to debutanizer column 24. The
lighter products, propane and butane, are
taken overhead through line 25 condensed at
26 -and a portion of the resultant condensate
is pumped back to column 24 as reflux via
..60: line 28, while the remainder is passed via
line 29 to C,/C, splitter. The propane and
" butanes withdrawn via line 29 are treated for
hydrégen sulfide and water removal if de-
sired and necessary and fed to C,/C, splitter
65 column 30. Propane is taken overhead through

e E T e h00 150 F.
the top. The butdd€ i Heitiradm! frdn® dié
icaismi bottoyel via giee13 5 arldfa ﬂﬁoramd

ture
0.4

V%

75.

75

t tor 6 hBG 1 line 38
A *@ﬁi:&@’ Sﬂ‘?ed)

ry quality C4 a
P ﬂltfhal quaﬁslrcfgrntehmd crude

PN

0 a&ﬂrecy_cled to the bottom of the column
in order to provide the energy required for
the separaton. The bottoms product is a
debutanized hydrogen-treated naphtha and
is withdrawn via line 41 and fed, if desired,
to naphtha splitter column 42. The lighter
products are taken overhead through line 43
condensed at 44 and a portion of the resultant
condensate is pumped back to column 42 as
reflux via line 46 while the remainder is
passed via line 47 to gasoline blending. The
light fraction withdrawn via line 43 is desir-
ably a C;~160° F. boiling range cut which
would be only slightly benefited by passage
through the hydroforming section. If higher
volatility gasolmes are desired, or more C, and
lighter material is desired or if excess reactor
capacity is available, feed splitting may be
omitted and the entire naphtha charged to the
hydroforming section.

The heavier components, for example, a
160-340° F. boiling range hydroformer feed
is withdrawn from splitter 42 heated in heater
48 and returned to the bottom of column 42
to provide the energy required for separa-
tion. Also, this heavier material is withdrawn
via line 49, combined with hydrogen-rich re-
cycle gas supplied through line 50 before or
after preheater 51 and discharged into the
lead reactor 53 of the hydroforming section
through line 52.

Reforming or hydroformmg of petroleum
fractmns in contact with platinum-on-atumina
is now well known and widely used in the
petroleum industry for the production of high
octane number motor gaso'ines. When conduc-
ted at relatively high pressures and corres-
pondingly high hydrogen partial pressures,
this process is substantially continuous or
nouregenerative. At lower pressures, higher
yield-octane relationships are achieved but
with carbon deposition upon the catalyst
which must.be removed to maintain efficiency
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and thence to gas-liquid separator 59. In view . net make gas or tail - gas is removed—ffom - -.

.of the fact that dehydrogenation is the prin- the hydroforming reactor system via ling SHloa#<
cipal reaction that occurs in the initial stages and used as fuel or preferably as, the tre
of the hydroforming operations, the gas pro- gas supplied directly to the feed: hydrp__.
- 59 duced in this section is particularly rich in step as through line 11. The remamdor,of— _
hydrogen (about 85 to 98 mol: percent). The - gas. removed from separator 68 .S pass
gas separated at 59 is withdrawn via line 60, through line 70 for -addition o the higlh:
compressed in compressor 62 and recycled to hydrogen content gas in line 60 forcom ;
: -the hydroforming section via line 50 to reac- sion and recycling to the hydrofor :
55 ' tor 53 with a minor portion being passed vid actors. In some cases where only a very-m
- line 63 controlled by valve 72 to preheater 55  portion of the feed is processed to the his
and reacter 56. This recycle gas is usually octane number all of the gas: separated at-
- joined at the compressor suction with incre- will be withdrawn as tail gas. In extreme ca
mental recycle gas from separator 68 passmg part of the tail gas will have to comie fr
60 through line 70.. -. lowet octane. separator as the total ‘gas
v The amount of - matenal withdrawn from ated at 68 will be less than the total_

i -reactor 53 via line 57 is controlled pnmanly make on the unit: :

by valve 61 with valve 69 as an aid in con~ - The high octane number final hydrof :
. trol.” The liquid  intermediate hydroformate ate liquid is -withdrawn. from. separator - 68
65 product "is ‘withdrawn. from separator 59 via . through line 77. If Qesired, some of the C
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and blend the butane.

EXAMPLE
A 160/340° F. vapour temperature (VT)
North African naphtha is reformed semire-

- generatively to 70 and 97 RON.Clear to pro-

duce components for a.98 RON (2.3 cc TEL)
premium and a 88 RON (3 cc TEL) regular
gasoline by blending with C,/160° F. VT
virgin naphtha. The ratio of premium to regu-
lar is 1:2-1/2,

In this application the unit is fed 1900
B/SD of naphtha with 1360 B/SD being re-
formed to 70 RON Clear and 540 B/SD re-

_ formed to 97 RON Clear.

100

The total 340° F. VT distillate from the

Nominal Boﬂmg Range - -
" API -

The total feed to the first reactor is pre-
| leatyd @ We—00002& F eisédmb&with
6000 SCF/B of recycle gaggasi s are:

" Following the first reactor the bulk of the

reaction m'ixn;rge is withdrawn and quenched

rB e, It is then

diedgad s«tnot gasalmdelemdgr The

£) 70 RON prodyet is
sent to the recycle gas compressor.

The remainder of the rea qlﬁtug

cﬁﬁl lfl»

tal 100Q) SACF/B (ba®d ®n total feed to the
first reactor—this amounts to 3500 SCF/B
of high severity feed), preheated to 900—
1000° F. and passed to the second reactor.
Following the second reactor it is reheated
to 900—1000° F. and passed through the
third reactor. It is then quenched to con-
dense the 97 RON product. This liquid
stream is also stabilized and sent to gasoline
blending.

The vapor from the 97 RON separator is
split with an amount equivalent to the total
net gas make being withdrawn to the naphtha
hydrofiner and the remainder being combined
with the 70 RON separator gas and sent to
-the recycle gas compressor. The recycle gas
compressor discharge is split with the major
portion being combined with the naphtha feed
to the first reactor and the remainder -com-
bined with the portion of the first reactor
product which is processed to 97 RON.

The feed naphtha inspections are:

160/340° FVT
58

"Watson K (Watson K is the cube root
‘of the ‘average boiling point in degrees
Rankin divided by the specific gravity
expressed as the ratio of the density to

11.98

s that of water at 60° F.) - - - -
. Composition, LV /{,
* Paraffins - - - 525
Naphthenes - - - - - = 1393
Aromatics - - - - 82
ASTM Dlstlllauon
10% - - = = - = « 220°F.
30% - - - - - - « . 239
50% - - - - - - - 4 263
70% - - - - - - < . 289
90% - - - - - - <« < 315
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of the series, condensirg reactmn products
discharged from the last reactor of ;the series. ..
to recover a high octane number hydtnform- -
.ate and -a relatively low hydrogen-content ‘§as.’
2. The method as claimed in claim. 1
* characterized by passing a ‘major . proportion .
© " of -the hydrogen supplied to-the feed stream
- 55 1o the first of the hydroforming reactors and
. .passing the’ remainder of the said' reaction
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" seties.
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* claim 2 further characterized by selectively

- light: ,
_octane number hydroformate to form‘rht
“octane product blend. o :

- ‘mixture and the remainder of said hydrogen .

" through the remammg reactor vegsels .of the |

3. The method as claimed. in claims 1 or :_ S

'argm'* “the latter -heavy “fraction . andi- IR
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mbmmg 3 portion of sard -light
Cy -160° raction .with, said low Foctane
Jntermedlate hydroformate to forn_a_low. o
tane. product -blend- and-"a portion Jof.sai
C,-160° ‘F:. fraction . with - said 1

7. Thcmethodasclaxmedmclalm * and
substantmlly as described herein. = ... -
K. J.. VERYARD,
50, Stratton” Street, W. 1
Agent for the Apphcants
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the reactor ves-
ressure in the range
of from 350—800 psxg and the tempera-
ture in the range of from 860—1050° F,
withdrawing a major proportion of the reac-
tion mixture as discharged from at least one
of the lead reactors of the series, condensing

 the withdrawn reaction mixture to recover an

intermediate hydroformate of relatively low
octane number and a high hydrogen content
gas, passing the remainder of said reaction
mixture through the remaining reactor vessels
of the series, condensinig reaction products
discharged from the last reactor of the series
to recover a high octane number hydroform-
ate and a relatively low hydrogen-content gas.

2. The method as claimed in claim 1
characterized by passing a major proportion
of the hydrogen supplied to the feed stream
to the first of the hydroforming reactors and
passing the remainder of the said reaction
mixture and the remainder of said hydrogen
through the remaining reactor vessels of the
series.

3. The method as claimed in claims 1 or
claim 2 further characterized by selectively

PRPARE (7 ‘h‘i{ Hﬁg
mbmm e overhea é

é:ese stab1hsmg steps, 1%
poithe o SaHer vapdrs, REQig cdddaf

tignid By irdfldi myshe tespaciion stawﬁ@gZ
steps and passing the uncondensed portions
from said. stabilizing steps to the bottom
of the absorber-stripper, whereby excess but-
anes from the high severity reformate are
transferred to the low severity reformate which

is deficient in butanes.

6. The method as claimed in any of claims
1—5 which comprises fractionating a hydro-
carbon feed stock boiling in the naphtha boil-
ing range into a light C~160° F, fraction

and a heavy 160° F. to about 400° F. frac- -

tion, charging the latter heavy fraction and
hydrogen to said hydroformmg reactor sys-

tem, and combining a portion of said light,

C,-160° F. fraction with said low octane"

intermedlate hydroformate to form a low oc- ¢

tane product blend and a portion of said

light C,-160° F. fraction with said high

octane number hydroformate to form a high

octane product blend.

7. The method as claimed in claim 1 and
substantially as described herein.
K. J. VERYARD,

50, Stratton Street, W.1.

Agent for the Applicants.
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