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The present mvent10n ‘relates to the pretreatment of
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~of the organic sulfur compounds present in straight run
" gasoline -the concentration. -of - organic nitrogen -com-
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pounds is reduced to a level at which the on-stream time
of platinum-type catalysts is not substantially reduced.
However, under the same conditions at which 90 percent

. or more of ‘the organic. sulfur in thermally cracked. gaso-

line'is removed, the nitrogen level of the treated thermal
gasoline is sufficiently. high to markedly affect the on-
stream time of reforming units employmg nitrogen-sen-
sitive reforming .catalysts such-as platmum-type ‘catalysts.

The increased severity. requxred to produce satisfacs

B torlly demtrooemzed stock is 111ustrated by the followmg
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hydrocarbon mixtures containing nitrogen compounds -

prlor to sub;ectmg said hydrocarbon mixtures to conver-
sion- over a nitrogen-sensitive catalyst in the presence of
hydrogen and, more. partxcularly, to the pretreatment of
hydrocarbon mixtures containing nitrogen compounds be-

_ fore subjecting said hydrocarbon mixtures to conversion
over 'a platmum—type catalyst ‘in the presence of_hydro-
gen;

With the mcreasmg use of plaﬂnum-type catalysts and
other catalysts which are sensitive to nitrogen and the
expanding application of hydrocarbon conversions  to
stocks  ‘which have heretofore not been deemed hydro-
carbon mixtures requiring catalytic treatment, deactiva-
tion of catalysts suitable for such hydrocanbon conver-
sions as referming, hydrocracking, and hydrogenating by
orgamc nitrogen compounds has become a problem
which in the past had not been .of sufficient importance
to requife consideration or the presence of organic nitro-
gen compounds in the feed to a hydrocarbon conversion
was not recognized as a probable source of operational
difficulties. Thus, when designing reforming units con-
sideration was given primarily to the removal of sulfur
from the feed. Since most charge stocks were low in
the. concentration of organic mtrogen compounds no
considerable’ operational difficulties such:as rapid deacti-
vation of .the catalyst were encountered “Now, however,
gasoline components which without reformmg previously
satisfied the lower gasoline -anti-knock requirements of a
few years ago must catalytically be reformed to meet
the higher anti-knock requzrements of present-day cars.
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comparlsons
To Produce .- To Produce
Satisfactorily [’ Satisfactorily
Desulfurized |Denitrogenized
.. Reformer | Reformer .
Charge Stock | Charge Stock
Pressure, P.Sd g oo oeado ol 425" 425
Temperature, © F....._l.._ 676 . 675
- Bed. Hydrogen/Bbl Ohart’e 500 . 2,000
Space Veloerty, v. /hr YA JNON 5 "2

: ,To those skrlled in the art 1t is manifest that a decon-
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taminating unit. which produges. a ~satisfactorily ~desul-
furized charge stock for a reformer will not necessarily
preduce a reformer charge stock having a satisfactory
nitrogen content. - Furthermore, a considerable sacrifice
of capacity. must be accepted in. order to provide the
high severity  (higher temperature, hydrogen-tc-naphtha

~ ratio, lower space velocity) required, for adeqiate nitro-
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Whereas, heretofore cracmng stocks ‘have not beéen hy-

drogenated consideration is now’ being given to hydro-
genating. or hydrogenating and cracking of such” stocks
to provide improved -charge stocks for conventional cata~
Iytic cracking or to provide improved charge stocks for
catalytic reforming and improved diesel fuels and im-
proved-domestic heating fuels. A patticularly good ex-
ample illustrative of the situation and illustrative of the
means prov1ded by the present invention for-solving the
problem is that of .the reformmg of thermally cracked
gasoline components.:

Until the antiknock. requ1rements for motor vehlcle
gasohne rose to present day levels of about 100 octane
(RON+3  cc.. TEL) and higher, the octane rating of
leaded blends containing thermally cracked gasoline was
statlsfactory Consequently, most catalytic reforming
units designed. and bujlt prior to. 1957 were designed to
process. straight run. gasohne The. concentration -of or-

gamc nitrogen compounds in most straight run gasolines'

Jis..very..low compared to the concentration of organic

mtrogen compounds. in thermally cracked . gasolines.

gen conversion to- volatile hydrogen derivatives thereof.
~Heretofore the. primary concern of those designing
and building units for.the reforming of naphtha to pro-
duce gaseline of improved anti-knock properties has been
the ‘removal of sulfur. Accordingly, many reforming
units, especially those wherein a platinum-type catalyst
is employed, have been designed with decontaminating
units .employing process severity  sufficient only for de-
contamination of straight run stock. With the increased
demand for motor gasolines of greater and greater -anti-
knock. rating it has become necessary-to réform charge. .
stocks’ which heretofore have not been considered as re-

_former charge stocks-because the anti-knock ‘ratings of

the blends containing the fraction were satisfactory with-
out reforming. Typical of these stocks, which under the

- prior concept of acceptable anti-knock -rating were not
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~drocarbons.

deeméd stocks requmng reformmg, is thermally cracked
napht‘xa

Thcrmally cracked naphthas have nitrogen contents
ranging from about 30 to about: 300 parts per million
(p:pam.). Thermally - cracked mnaphthas also contain
‘about 10 to about 40 percént by volume of olefinic hy-
Consequently, - when "a ‘naphtha  such ‘as
thermally cracked naphtha, hereinafterdesignated ther-
mal naphtha or thermal gasoline; having a high concén--
tration ‘of nitrogen, i.e., in-excess-of 5. p.p.m., is ‘to be
reformed . additional: hydrogen: is* necessary to -decon-

taminate the stock ‘having. the high nitrogen  concentra-

tion. . Furthermore, it has -been. discovered recently that
the conditions ‘necessary. for .the reduction of the nitro-
gen concentration of ‘a reformer charge stock to an:ins.
nocuous level are more. severe than those required to re~
move 90 percent or more- of the sulfur from a reformer
charge stock.. On the other hand, it is not usual:for the

~volume of naphtha to -be reformed having a relatively

Furthermore, it would appear that'the organic nitrogen’

compounds in straight run gasoline are more readily de-
composed than the organic nitrogen compounds present
in_thermally cracked gasoline. ' Consequently, when
straight run gasoline is subjected .to processing under
conditions required to remove upwards of 90 percent

high' nitrogen content to represent only about 20 percent

- or less of the total volume of naphtha to be reformed.

70

Consequently,-it. is not economiical to subject the entire -
supply. of reformer charge naphtha to the severe condi-

- tions ‘necessary. to adequately pretreat only one-ﬁfth orf
- less of the’ supply o
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:-'Sim'ilarly in hydrocrécking a topped crude, or virgin )

gas oil, or catalytic gas oil the organic nitrogen com-
pounds are concentrated in a relatively minor portion of
the charge.

Accordmgly, the present invention provides a method
of reducing in a separate decontaminating operation the
nitrogen concentration of a hydrocarbon fraction having
a relatively high nitrogen concentration of about 30 to
about 300 p.p.m. to a nitrogen concentration which does
not subst_antially reduce the on-stréam time of a hydro-
carbon conversion employing a nitrogen-sensitive cata-
lyst, mixing the at least partially decontaminated hydro-
carbon fraction with- a hydrocarbon fraction having a
relatively low nitrogen concentration of about 0 to about
3 p.p.m., hydrodecontaminating the mixture to reduce the
concentrations of sulfur and nitrogen to acceptable levels
at which the on-stream time of the catalyst is of indus-
trially practical length and the sulfur content of the mix-
ture is not greater than about 5 to about 20 p.p.m., and
subjecting the hydrodecontaminated mixture to ultimate
conversion at conversion temperature, pressure, hydro-
gen to feed ratio, and space velocity over a nitrogen-
sensitive catalyst.

. "Thus, for example, the hydrodecontaminated charge
stock for a reformer employing a particle-form, solid,
platinum-type, reforming catalyst must contain not more
than about ! p.p.m. of nitrogen to maintain an indus-
trially practical on-stream period.

" The method of the present invention provides for the
application of suitable conditions of temperature, pres-
sure, space veloc1ty and ratio of hydrogen to hydrocarbon
mixture to the minor portion of the charge to the ultimate
conversion ‘having the relatively high nitrogen concen-
tration in a separate operation with a minimum of equip-
ment in addition to that required to decontaminate the
major portmn of the charge to the ultimate conversion
which requires minimum or no additional gas compres-
sion, and has high thermal efﬁcxency

Since the present invention is basically an invention
involving a sequence of operations the description of the
invention as applied to hydrodenitrogenizing reformer
charge stock is applicable to the hydrodenitrogenizing of
other hydrocarbon mixtures hydrodemtrogemzed for
other ultimate conversions over nitrogen-sensitive cata-
Iysts such as hydrocracking topped crudes, gas oils and
the like, and hydrogenating or hydrofinishing hydro-
carbon mixtures such as kerosines, diesel fuels, jet fuels
and the like.

. Tiustrative of the method of the present invention is
the treatment of reformer charge stock comprising a
portion havmg a relatively. hlgh concentration of organic
nitrogen compounds and a portion having a relatively low
concentration of organic nitrogen compounds. For ex-

10

15

20

25

30

35

40

45

50

ample, the charge to a reformer employing a platmum- :

type, . particle-form, solid, reforming catalyst comprises
about 20 percent by volume of thermal naphtha contain-
ing about 30 to about 300 p.p.m. of nitrogen and about
80 percent straight run naphtha containing about 0 io
about 5 p.p.m. of nitrogen.

The thermal naphtha is pumped. at a pressure about
175 .p.si. higher than the pressure in the hydrodenitro-

genizing or secondary reactor, to ensure a pressure dif-.

ferential sufficient to drive the thermal naphtha through
a heater, the secondary and primary reactors, heat ex-
changers and other equipment to the suction side of the
pump charging the reformer reactors. Preferably, to
overcome or reduce the tendency of the thermal naphtha
to foul heater exchanger tubes at least a small quantity,
¢.g., about 50 to about 100 cubic feet of reformer recycle
gas per barrel is injected into the stream of thermal
naphtha downstream of the thermal naphtha charge pump
and upsiream of the thermal naphtha heat exchangers
and heater. The preheated naphtha and the aforemen-
tioned recycle gas flow to a heater wherein the thermal

55

60

4

naphtha is heated to a temperature suitable for the hydro-
denitrogenation thereof.. From- the ‘thermal - naphtha
heater the thermal naphtha flows to the secondary de-
contaminating reactor. Between the outlet of the thermal
naphtha heater and the inlet of the secondary decontam-
inating reactor, the portion of the hydrogen-rich reformer
recycle gas (containing at least about 70 percent by vol-
ume of hydrogen) flowing directly from the reformer
gas-liquid separator ‘or from the primary -decontaminat-
ing circuit or from both, that is required to make up the
desired ratio of hydrogen to thermal naphtha charge, is
mixed with the thermal naphtha. Alternately, all of the
hydrogen-rich gas can be injected into the thermal naph-
tha stream downstream of the charge pump 25 and up-
stream of the heat exchangers to more effectively control
fouling. The heater outlet temperature is controlled and
regulated to maintain an average temperature in the
;«;c(;;ong‘ary decontammatmg reactor of about 650° to about

The straight run naphtha flows .through an absorber
where it is in intimate contact with the gdses and vapors
from the various gas-liquid separators forming a part of
the hydrodecontaminating unit. - From the absorber the
portion of the reformer charge stock having a low nitro-
gen content, i.e., in this illustration the straight run naph-
tha, flows to a heat exchanger where the straight run
naphtha is in indirect heat exchange relation with the
total effiuent from the primary decontaminating reactor.
The thus preheatéd straight run naphtha flows to the
straight run naphtha heater wherein the temperature of
the straight run naphtha is raised to that required for the
reaction in the primary decontaminating reactor. Down-
stream of the straight run naphtha heater and upstream
of the primary decontaminating reactor, the effluent of
the secondary decontaminating reactor is mixed with the
heated straight run naphtha. The mixture of the effluent
of the secondary decontaminating reactor and the heated
§traight run naphtha flows to the primary decontaminat-
ing reactor. Prior to entry of the aforesaid mixture into
the primary decontaminating reactor hydrogen-rich re-
former recycle gas, preferably, or any other hydrogen-
rich gas is mixed with the mixture of the at least partially
denitrogenized thermal naphtha and untreated straight
run naphtha. Usually, about 500 to about 2000 cubic
feet of recycle gas (containing about 70-90 percent by
volume of hydrogen) per barrel of total charge stock is
mixed with mixture of the at least partially denitrogenized
thermal naphtha and the untreated straight run naphtha.

- 'The effluent from the primary- decontaminating reactor
compnses hydrogen, hydrogen derivatives: of contami-
nants- originally -present in the naphthas, and C;<4 hy-
drocarbons. The effluent from the primary decontaminat-
ing reactor flows through heat exchangers and a cooler
to reduce the temperature of the primary reactor effluent.
to that at which C,4 hydrocarbons at least partly sepa-
rate from hydrogen and the volatile hydrogen derivatives
of contaminants, : .

In the gas-liquid separator hydrogen, C; to C; hy-
drocarbons, hydrogen sulfide, ammonia, and other gaseous
constituents of the primary effiuent at least partly sepa-
rate’ from' C, ‘and “heavier hydrocarbons. The uncon-
densed portion of the primary effluent is vented to the

.. refinery fuel system through an absorber for C,4 hydro-
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carbons while the condensate is pumped to a stripper or
a dehexanizer where remaining volatile contaminants of
the catalytic reformer charge are reduced to a tolerable
Ievel.

‘A preferred means of pretreating a thermal naphtha
(relatively high in mtrogen content) in conjunction with
a straight run naphtha is illustrated by the highly
schematic flowsheet of the drawing

Thus, thermal naphtha is drawn from a source not

- shown through pipe 1 by pump 2 and discharged into

16

pipe 3. At some point 4, between pump 2 and thermal



2,087,134

5

naphtha heat exchanger 6, a small amount (about 50
to about 100 cubic feet per barrel of thermal naphtha)
of reformer recycle gas flows from conduit 5 into pipe 3
at a pressure at least equal to that of the thermal 'naphtha
in pipe 3. The mixtuie of thermal naphtha and hydro-

gen-contalmng gas, e.g;, reformer recycle gas, flows -

through pipe:3 to heat exchanger 6 where the mixture is
in indirect heat exchange relation with at east a portion

of the total effiuent flowing from primary decontaminat- -

ing reactor 33. From heat exchanger 6 the . thermal

-naphtha and hydrogen flow ‘through pipe 7 to coils 8 in
heater 9. -In heater 9 the thermal naphtha and hydrogen
is heated to-a temperature suitable for bringing about
the hydrogenation of -the organic compounds present in
the “thermal naphtha at the pressure and the hydrogen
partial pressure existing in secondary: decontaminating re-
actor 12.: For example; at 425 to 850 p.si.g. and with

10
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reformer gas separator, e.g., at 600 p.s.i.g. or more, it is
necessary to- compress the reformer recycle gas to a
higher pressure. ~However, ‘generally it is not desirable
to operate the stripper at such higher pressures.. "Accord-
ingly, reformer recycle gas at the pressure of the re-
former gas separator flows as :previously described. to
the stripper 22 and thence through conduits 55 and 21
to ‘absorber ‘18 while the hydrogen for use in the second-
ary decontaminating reactor flows from the reformer re-
cycle gas separator (not shown) through conduit 75 to
conduit-78 to conduit 70 and the suction side of compres-
sor 71; Compressor-71 compresses the reformer recycle
gas ‘to a pressure higher than that of:the secondary de-
contaminating reactor 12 and discharges the recompressed
gas into conduit 72. - With valve 80 controllmg the amount

" of ‘gas flowing through tonduit 74 to conduit 5 (the 50

560 to 2000. cubic feet of-hydrogen per barrel of thermal

naphtha a temperature of about 675to 775° F. in:second-
ary ‘decontaminating reactor 12 provrdes satrsfactory re-
sults.

“. The heated thermal naphtha ﬁows from coils 8 through
pipe-10 to conduit 11 where the thermal naphtha is mixed

with the balance of the hydrogen necessary to provide

about 500 to about 2000 cubic feet of hydrogen per barrel
of thermal -naphtha.
required.for bringing about the reaction can be admitted

20

to- 100 cubic feet Tequired in pipe 3.as hereinbefore de-
scribed) the -balance’-of ' the-recompressed: reformer re-
cycle gas (enough to make about 500-2000 c.f./b. of

-thermal "~ naphtha in"secondary decontaminating - reactor

12) “flows through ‘conduits 73 “and.78 to -conduit 11

- where the compressed reformer recycle gas'is mixed with

25

Alternately, all of the hydrogen -

through conduit 5§ and pipe 3. When the secondary de- -

contaminating reactor ‘is ‘being operated at a pressure
of about 450 to about 550 p.si.g. the -aforesaid’ addi-
tional ‘hydrogen is ‘obtained from the stripper overhead
or directly from the gas separator of the reforming unit
operating at a pressure in sufficient excess ‘of about 450 to
about- 550 p.s.i.g. to overcome the back pressure of ‘the
intervening ‘piping or from both. When ' the secondary
decontaminating reactor.is being operated at a pressure
. substantially high;r' than that of the gas separator of the
- reforming unit, i.e:, at'pressures greater than about 550
up to about 800 p.s: 1g “the hydrogen for hydrogenating
the. thérmal naphtha in the- secondary decontaminating

30
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the heated thermal naphtha as described hereinbefore.
“When' desirable all of the hydrogen required in the second-
ary. décontaminating reactor 12 can flow from conduit
75 through conduits 78 and 7¢ to compressor 71, thence
through conduits 72 and 74 under control of valve 80,
to conduits 5 and-3.. -

The mixture of heated thermal naphtha and about 500
to-about 2000 cubic feet of hydrogen per barrel-of ther- -
mal naphtha flows preferably downwardly through sec-
ondary : decontaminating reactor 12 in.intimate contact
with a sulfur-and nitrogen-insensitive hydrogenation cata-
lyst-such ‘as a mixture of ‘oxides of cobalt and molyb-
denum supported on alumina,

.“In secondary decontaminating reactor 12 the mtrogen :

B concentrauon of the C,* portion of the thremal naphtha

40

reactor is obtained from the gas separator of the reform. "

-'ing unit.and compressed to a pressure i sufficient eXcess

of that of the secondary decontantinating reactor to over- .

come :the back - pressure of the mtcrvenmg piping’ and
eqmpment

. Thus, ‘when the secondary decontammatmg reactor is
being - operated: at a pressure of about 425 -p.s.i.g., hy-
drogen-containing gas, e.g., at'least. a portion’ of reformer
recycle gas, flows from the reformer gas separator (not
shown) - through conduit 75 (with. valve: .76 closed)
- through pipe 77 to stripper 22 wherein the recycle gas
brings about the stripping of the volatile hydrogen'deriva-

tives of the’ contaminants’from the primary condensate. -

The ‘overhead from stripper: 22 comprising: the-aforesaid
recycle-gas, light hydrocarbons and aforesaid-hydrogen
derivatives of the. contaminants flows through conduit-55
to. conduit . 11. 'When -additional -hydrogen is:-‘required
recycle gas-flows from the reformer gas separator -(not
shown) through conduit 75 to conduit 78 under con-
trol of valve 79 to conduit 11. -The additional hydrogen
canalso be obtained both directly from the reformer
gas separator -(not shown) and from the stripper..
the additional hydrogen is- obtained:-directly from the. re-
former recycle gas separator (not shown) but also; from
the stripper at least a’ portion of the reformer.recycle gas
flows from. conduit 75 through. conduit 77 in‘the amgunt
necessary to strip.the primary condensate of all but toler-

 When
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able ‘traces of volatile hydrogen derivatives: of contami- -

nants in the original feed. .From stripper 22 the hydrogen
as-a part of the overhead from stripper 22 flows through
conduit 55 to conduit 11. “The balance of the-required
hydrogen flows from conduit 75 through conduit 78 to
conduit 11 under control of valve 79.

. When' secondary decontaxmnatmg reactor 12-is being
operaied at a pressure-in excess of the pressure-in the

70
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is reduced to a-concentration such that when mixed with
the straight run'naphtha:and processed- furthér as herein-
after described  the mtrogen concentration of the Cgt

. portion-of the mixture’is nof more than about 1 p.p.m.

when' the mixture is to be reformed over a mitrogen-sen-
sitive platinum:type reformmg catalyst. Thus, the feed
for the reforming unit in this illustration is-about 20
percent thermal naphtha and- about 80 percent straight
run-naphtha and thé nitrogen concentration of the ther-
mal-naphtha after being processed in the secondary de-
contaminating reactor is-reduced to about 2-20.p.p.m.
This at least partially -denitrogenized thermal naphtha
together ‘with the products of the reactions which take
place in secondary decontaminating reactor 12 form the
secondary ' decontaminating reactor effluent. The sec-

. ondary -decontaminating reactor -effluent flows from sec- -

ondary decontaminating reactor 12 through conduit 32.

-In conduit 32 the secondary decontaminating reactor ef-

fluent ‘is mixed with heated straight run naphtha and the
additional hydrogen required to provide about 500 to
about 1000 cubic feet of hydrogen per barrel of naphtha
treated in pnmary decontammatmg reactor 33. :
“In the primary: decontaminating reactor the mixture of
partially hydrodecontammated thermal naphtha and the
unprocessed straight run naphtha, the mixture containing
not more than about 20 p.p.m. of nitrogen, is contacted .
with a sulfur- and nitrogen-insensitive catalyst (which can
be the'same as or different from the catalyst in secondary
decontaminating reactor 12 such as a mixture of oxides
of cobalt’and molybdenum supported on alumina) in the
presence:of about 500 to about 1000 cubic feet of hydro-

.. gen ‘to reduce the nitrogen concentration of the Cy+ por-

tiori of ‘the aforesaid mixture of partially. decontaminated
and untreated straight run naphtha to not more than -
about 1 p.p.m.

The straight run naphtha is heated to the reaction tem-
perature required “in ‘primary. decontammatmg reactor 33
as described hereinafter.
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Stralght run gasoline is drawn from a source not shown
through pipe 13 by pump 14 and discharged into pipe 15.
The ‘straight run naphtha flows through pipe i5 to a
plurality - of branches, e.g., two, ie., pipes: 16 and 17
and thence to absorber 18 in which'valuable hydrocar-
bons-arc absorbed from the gases and heat exchanger
fouling precursors such as oxygen are stripped-from the
naphtha feed.  Stripper overhead from stripper 22 gas
flowing through conduits 55 and 21 and uncondensed pri-
mary decontaminating effluent flowing from gas-liquid
separator 20 through conduit 19 are intimately contacted
with the straight run naphtha in absorber 18. The
straight run naphtha absorbs primarily C; and heavier
hydrocarbons from the gases while the gas strips oxygen
and other heat exchanger fouling: materials and water
from the naphtha.. The absorber residue gases flow from
absorber 18 through conduit 23 to plant fuel or other
uses while the straight run naphtha leaves absorber 18
through pipe 24. . .

The straight run naphtha flows through pipe 24 to the
suction side -of pump 25. Pump 25 discharges the en-
riched. straight. run naphtha into pipe 26 at a pressure
higher than the pressure in primary decontaminating re-
actor -33. The naphtha flows through pipe 26 to heat
exchanger 27 where the enriched straight run naphtha
is in indirect heat exchange relation with a major portion
or all of the effluent from the primary decontaminating
reactor 33 as hereinafter described. From heat exchanger
27 the enriched straight run naphtha flows through pipe
28 to coil: 29 in heater 30.

-In heater 30 the preheated stxalght run naphtha is
heated to a temperature. suitable for bringing about de-
sulfurization, -e.g., about 700 to about 825° F. From
‘heater. 30 the hot, straight run naphtha flows through pipe
31 to conduit 32. As siated hereinbefore, in conduit 32
the hot, straight-run naphtha is mixed with the secondary
decontaminating reactor effluent and the amount of hy-
drogen required to provide with the hydrogen in the
secondary decontaminating reactor effluent, about 500 to
about.1000 cubic feet. of hydrogen per barrel of mixed
naphtha flowing into pnmary decontaminating reactor 33.
This hydrogen' preferably is drawn from: ‘conduit- 55
through conduit 34 or from conduit 68 through condult
34 or from both conduit 55 and condult 68 through
conduit 34.

The mixture of secondary decontaminating reactor ef-
fluent, heated straight run naphtha and such additional
hydrogen as required flows through conduit 32 into pri-
mary decontaminating reactor 33. Im pnmary decon-
teaminating reactor 33 the aforesaid mixture is mt]mately
contacted with a sulfur-insensitive catalyst, e.g., a mix-
ture of cobalt and molybdenum oxides on alumina at a
temperature within the range of about 650°-F. to about
750° F. In primary decontaminating reactor 33 the sul-
fur concentratmn of the mixed naphthas is reduced by
conversion to hydrogen sulfide’ which is rejected in strip-
per 22 or dehexanizer 51 to a level at which the reform-
ing catalyst is not deactivated to any appreciable extent
and the corrosion of the metal parts of the reforming
unit is at a practical minimum. In a similar manner
nitrogen compounds and other contaminants are hydro-
genated . to yield volatile hydrogen derivatives of said
contaminants which are re]ected in ‘stripper 22 or de-
hexanizer 51.

" As illustrated there are at least two paths through which
the total effluent, i.e., non-condensible and condensible
components, of the primary decontaminating reactor can
flow to transfer at least a major portion of the heat in
the tota] effluent from the primary decontammatmg res
actor to the charge naphthas. Preferably, a minor por-
tion of the total effluent of the pnmary decontammatmg
reactor (hereinafter - designated primary reactor) is
brought into heat exchange relation with the minor por-
tion of the charge naphtha, ie., the cracked naphtha while
the major portion of the total effluent of the primary
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reactor ‘is brought into heat exchange relation with the
balance .of the charge naphtha;. Alternatively, the entire
total-effluent of the primary reactor is. brought into. heat
exchange relation with the minor portion of the. charge
naphtha and then brought into heat exchange relanon
with the balance of the charge naphtha. ’

- Preferably a minor portion about equrvalent to the
volume: of cracked naphtha flowing through pipe 3 flows
through conduit 36 under control of valve 37 to heat ex-
changer 6 where the minor portion of the total effluent
from primary reactor 33 is in indirect heat exchange rela-
tion with the cracked naphtha. .The balance of the total
effluent from the primary reactor flows through conduit
38 under control of valve 39 to heat exchanger 27 where
the major portion of the total effluent is in indirect heat
exchange relation with the straight run naphtha flowing
through pipe 26. With valves 39.and 81 open and valve
40 closed the aforesaid minor portion of the total effluent
from primary reactor 33 flows through conduit 41 to
conduit 42. The major portion of the total efluent from
primary reactor 33 flows from heat exchanger 27 through
conduit 43 to conduit 42 where the major portion and the
minor portlon of the total effluent from the primary re-
actor 33 mix and flow to heat exchanger 45.

Alternatively, with valve 39 closed and valve 37. open
the entire total effluent of primary reactor 33 flows through
conduit 36 to heat exchanger 6 where the entire total
effluent is in indirect heat exchange relation with the
cracked naphtha. With valve 81 closed and valve 40 open
the entire total effluent flows from heat exchanger 6
through conduit 44 to conduit 38 and thence to heat:ex-
changer 27 where the entire total effluent from primary
reactor 33 is in indirect heat exchange with the straight
run naphtha. From heat exchanger 27 the entire total
effluent from primary reactor 33 flows through condults
43 and 42 to heat exchanger 45.

In heat exchanger 45 the entire total eﬁiuent of prlmary

reactor 33 is in indirect heat exchange relation with the
condensate. separated in separator. 20 from the. total efflu-
ent from primary reactor 33 as described hereinafter.
- In heat exchanger 45 the primary reactor effinent gives
up its heat to the condensate thereby heating the conden-
sate to a temperature at which volatile hydrogen deriva-
ties of contaminants and some hydrocarbons are stripped
from the liquid phase at the pressure existing in stripper
22. Alternately, the. condensate is heated to a feed tem-
perature suitable for bringing about the separation of
hydrogen and hydrogen derivatives of contaminants from
the major portion of the condensate at the pressure exist-
ing in dehexanizer 51.

From heat exchanger 45 the primary reactor effluent
flows through conduit 46.to cooler 47 where it is. cooled
to a-temperature such that at the pressure existing hydro-
gen, a significant proportion of C;. to C, hydrocarbons
and hydrogen derivatives of contaminants are not con-
densed and a major portion of the Cy4- hydrocarbons are
condensed. From cooler 47 the cooled primary reactor
efffuent flows through conduit 48 to gas-liquid separa-
tor 20.

In gas-liquid separator 20 the condensed: hydrocarbons
are separated from the uncondensed hydrocarbons, hydro-
gen, and hydrogen derivatives of contaminants. - The un-
condensed hydrocarbons, hydrogen, hydrogen sulfide, etc.,
flow: from gas-liquid separator 20 through conduit 19 to
absorber- 18 as described hereinbefore. The condensed
hydrocarbons as well as some dissolved. light hydrocar-
bons and hydrogen derivatives of contaminants flow
through pipe 49 to the suction side of pump 50... From
pump 50 the primary reactor: effluent condensate, herein-
after designated primary condensate, flows either to a
stripper 22 or to a dehexanizer 51. It is very unusual for
a stripper and a dehexanizer-to be included in the same
pretreating unit. However, for particular local reasons
one is often preferred to the other, The flow of primary
condensate through a stripper will be described first and



then the alternatlve ﬂow through a dehexamzer wxll ‘be

described.

The flow of primary condensate is from heat exchanger

45 through pipe 52 (valve 53 open; valve 54 closed) to
stripper 22. In stripper 22 some light hydrocarbons to-
gether with residual hydrogen, hydrogen sulfide, and other
hydrogen derivatives of contaminants, etc., are taken as
overhead through pipe 55 and thence:to absorber 18, or to
reactor 12, or to reactor 33. To facilitate stripping light
hydrocarbons, hydrogen sulfide and other hydrogen der-
ivatives of contaminants from the primary condensate,
recycle gas from the gas separator in the reforming unit
flowing therefrom through conduit 75 is introduced into

stripper 22 through pipe 77. The C4--.and heavy hydro-

carbons and some dissolved light hydrocarbons form a
bottoms fraction in stripper 22.  The bottoms fraction
contains only the very small amounts of contaminants
tolerable in the reformer charge. The bottoms flow
from stripper 22 through pipe 56 to the reformer unit.
When a dehexanizer is used in place of a stripper the
primary condensate flows (with valve 53 closed and valve

54 open) through pipe 52 to pipe 57 and thence to de--

hexanizer 51. In dehexanizer 51 an overhead of Cg and
lighter hydrocarbons together with hydrogen, hydrogen
sulfide, etc. is taken through pipe 58 to accumulator 59.

From accumulator 59 the hydrogen, hydrogen sulfide,
etc., and light hydrocarbons flow through pipe 66 to the
refinery fuel system. The C; or Cg and lighter hydro-
carbons scpalated as- liquid in accumulator: 59 flow
‘through pipe 61 to stabilization and use or to be other-
. 'wise . processed.

A portion of liquid Cs or Cy and hghter hydrocarbons
in accumulator 59 flows through pipe 62 to pump 63.
Pump 63-discharges into pipe 64 through which this por-
tion of the liquid hydrocarbons flows to dehexamzer 51
for use as reflux.

The C; and heavier hydrocarbons in the primary con-
densate form a bottoms product a portion of which flows
through pipe 65 to heat exchanger or reboiler 66 and then
through pipe 67 back to dehexanizer 51 to maintain the
required temperature to volatilize the C; and lighter hy-
drocarbons.
temperature in_dehexanizer 51 ‘other than' the reboiler
described can be used. . The balance or the net bottoms
of dehexanizer 51 flows through pipe 68 to the reformer_
feed pump or reformer feed storage.’

It will be manifest to those skilled in the art that the
foregoing description of the treatment of thermal gasoline

and straight run gasoline is illustrative of the treatment of s
50
treatment a minor portion having a relatively high nitro-

the ultimate feed to a hydocarbon conversion in which

gen content is processed in a separate or secondary ‘de-
contaminating reactor under conditions severe enough
to reduce the nitrogen content of said minor portion to
a level such that when mixed with the major portion of
the ultimate feed to said hydrocarbon conversion and
the total ultimate feed subjected to hydrodesulfuriza-
tion conditions usually milder than conditions in the
secondary: decontaminating reactor the so pretreated
ultimate feed has a nitrogen content which does not
appreciably decrease the on-stream time of a nitro-
gen-sensmve catalyst employed in said hydrocarbon con-
version.

1 claim:

1. The method for the conversion of a hydrocarbon
fraction containing at least 30 p.p.m. of nitrogen in the

form of organic nitrogen compounds which comprises.

treating said fraction with hydrogen in the presence of a
nitrogen- and sulfur-insensitive solid catalyst in a first
reaction zone under hydrodenitrogenizing conditions sub-

Any means for maintaining the vaporizing
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pounds and containing ‘also 1mpur1t1es in the form of

orgamc sulfur compounds, said- second fraction’ com-
prisng the major’ portlon of said mixture, treating said’
mixture with hydrogen in the presence of a nitrogen- and
sulfur-insensitive solid catalyst in a second reaction zone

" under hydrodesulfunzatlon conditions to obtain a second

effluent stream comprising C; -+ hydrocarbons and hydro-
gen derivations of nitrogen and sulfur produced in said

- treatments;. separating said éffluent into a pluarlity of

10

20

25

30

40

45

55

60

65

70

" stantially more severe than required merely of hydro-

~ desulfurization -to obtain a first effluent of substantially
reduced organic nitrogen compound content, mixing said
effluent with a second hydrocarbon ‘fraction having a
relatively low concentration of organic ‘nitrogen com-

75

fractions, one of said fractions being the Cs- hydro-
carbon fraction of substantially reduced nitrogen content
and subjectmg said Cs+ hydrocarbon. fraction to a con-
version in contact with a mtrogen-sensmve solid catalyst;
2. The method ‘as set forth in claim 1 in which the
remainder of said separated fractions is recycled to the
first ‘and second reaction. zones. ' ‘
" 3.-The method as set forth in ¢laim.1 in which at least
a portion of the hydrogen introduced -into the first re-

~action zone is reformer recycle _gas.

4. The method as set forth in claim I m which the
first fraction is a thermal naphtha ) .

5. The method as set forth in claim 1 in which the
first fraction is a thermal naphtha and the said separated
C;-+ hydrocarbon fraction contains not more than about
1 p.p.m. of nitrogen.

6. The method as set forth in claim 1 in which the
said first fraction is a thermal naphtha, the said second
fraction is a straight run naphtha, and the said separated
C;+ hydrocarbon fraction contains not more than about
1 p.p.m. of nitrogen.

7. In the method for reforming in contact with a nitro«
gen-sensitive solid catalyst a straight run naphtha in ad-
mixture with a thermal naphtha which initially contains
a relatively high concentration of organic nitrogen com-

: pounds equivalent to at ledast about 30 p.p.m. nitrogen,

the improvement which comprises contacting in an auxili-
ary reaction zone said mpitrogen -containing thermal
naphtha with hydrogen in the presence of a nitrogen-
insensitive catalyst under- severe hydrodenitrogenizing
conditions whereby the content of organic nitrogen com-
pounds -within the boiling range of said thermal naphtha .
is ‘substantially reduced, mixing the effluent from said
auxiliary reaction zone with a major proportion of said -
straight run naphtha, contacting in a primary reaction
zone said mixture with hydrogen inthe presence of a
nitrogen-insensitive solid catalyst under conditions. less
severe than-in said auxiliary reaction zone to obtain a
primary reaction zone effluent comprising C;4 hydro-
carbons, hydrogen, and hydrogen compounds of nitrogen
and sulfur derived from the organic nitrogen: and sulfur -
compounds present in said thermal naphtha and straight
run naphtha, separating . said effluent into plurality of
fraction including a Cj;4- hydrocarbon fraction of sub-
stantially reduced nitrogen content-and reforming said
Cs-- hydrocarbon fracthn in contact with a- nitrogen-~
sensitive solid catalyst.

8. The improvement as set forth in claim 7 wherein
a minor portion of the primary reaction zone effluent
passes in heat exchange relation with the thermal naphtha
feed to the auxiliary reaction zon¢ and the mayor portion

_of said primary reaction zone effluent passes in heat exs-

change relation with the straight run naphtha feed to the
primary reaction zone.

9. The method of preparing a mixture of cracked
naphtha and straight run naphtha adapted for reforming
in contact with a nnrogen-sensmve, particle form, solid,
catalyst which comprises reacting in the presence of hy-
drogen a cracked naphtha containing organic nitrogen
1mpur1t1es in an amount of at least 30 p.p.m. nitrogen,

-in"the presence of a nitrogen- and- sulfur-insensitive solid

hydrogenation catalyst under conditions relatively more
severe than required for hydrodesulfurization to obtain
a first effluent having a substantially reduced content of
organic nitrogen compounds, ‘mixing said first effluent
with a straight run naphtha in proportions such that said
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straight- run naphtha is the major component of the re-
sulting. mixture, said. straight run naphtha. containing
impurities in the form of orgamc sulfur compounds with
only a relatively low content of organic mtrogen impuri-
ties, treating said mixture with hydrogen in the presence
of a nitrogen- and sulfur-insensitive solid hydrogenation
catalyst under hydrodesulfunzaﬂon conditions to obtain
a second effluent stream comprising C;+ hydrocarbons,
hydrogen, and hydrogen compounds of. mtrogen and sul-
fur derived from organic nitrogen and organic sulfur
impurities originally contained in the said naphthas, and
separatmg from said effluent a reformer feed fraction
comprising Cj-- hydrocarbons said fraction having a
mtrogen content not in €Xcess of about 1 p.p.m.

12
10. The method: as set forth in claim 7. wherein the
nitrogen-insensitive catalyst is a mixture of cobalt and
molybdenum oxides: supported on alumina and the nitro-
geni-sensitive ‘solid catalyst isa partlcle form, -platinum-

5 type, reformlng catalyst
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