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present invention lies in the separate, distinctly To determ ne the effect

of omtting the first 40 I ntegrated three stages within which the over-
reacti on stage of the present process this all process is effected.

“ Through utilization of vacuumgas oil was supplied directly [ggthe -

' said process, greater concentrations of hydro- second reacti g stage of

" the present process. 5 carbons boiling within the gasoline and m ddl e-

" The gas oil was contam nated by 252 ppm . distillate boiling ranges are
producedsfrom of nitrogen, and esnt2ai ned O. 35% by wei ght 45 t hose

- hydroc cat St enpl oyad I n
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© react’i oncobdt elfniolybdfpguxpmgbdﬂmtpp@g-esg\e ifphr@roup of the Periodic Table, and EXAMPLE.

second g%i'ém’o _ |thereof. Thusy in thi
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st ock i nS¥eSrERn W‘é“‘l um, ﬁ‘% SeMet hod D- 86)
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boi | ed |ﬁ0§5§¢§s}’° 08 alsaeﬁl?.d &?‘&Wm@ﬁh@ﬁ ! Loﬂf e? o and operating conditions’ S .10

931, 83§ the “total catalyst. When an iron sub-group therein are relatively mild. A lesser quamtity 120 AB_L,E |
-Char ge metal, such aPir@giabblt, or nickel, is em- of hydrogen is required within the third-stage; . :
- ployed; it is present in an amount of from ihile the rate of liquid charge thereto may
about 0.2%, to about 10.0%, by weight, while, be substantially increased, relative to the
: if a platinum-group metal such as plaunum, other stages. The total effluent from the
60 . palladium, iridium, etc., is employed, it is hydrocracking reaction zone may be passed 125
. 'present in an amount within the range of from to a suitable separation zone, from which a
about 0.01%/ to about 5.0%, by weight of the - hydrogen-rich gas stream is withdrawn and.
total catalyst. Therefore suitable catalysts for recycled to supply at least a portion of the .
_ utilization within the third reaction zone hydrogen which is admixeéd with the liquid ™
6'5 include, for example, the followmg 60% by hydrocarbon charge stock. The success of the 130 -




Specific Gavity at 15.6[err] C . 862 .82

ASTM D-86 Distillation, [err]C Initial
Boi | i ng P0| nt _ 280 - _

10% B ' 303 143
30% h i ; - 321 . 255
50% S S 337 . 308
70% e . ' 359 - - 336 o
90% o o o 38P31,824 S 393 79
End Poi n‘f .. present invention lies in the separate, dis chly To determine the fgétg of omitting the frst - 40
% at 204 O integrated three stages within which thédover- reaction stage of dpresent process this .
% at 343[ er r] @I process is cffected. Through utilizathn & vacuum gas oil was7®pp]1ed directly to the
Total  Nitrog ?n sai (P ess, greater concentrations of hydposo second reaction stage of) thpgpresent process.” -

onl within the gasoline and mid he gas oil was co by 252 ppm. :
*TOt al SU' fury :% ranges are roduced fr 23 {f pitrogen, and contai “@% by weight 45
ppm- = par ts ﬂhye wahgh ong) QhicHNbbdl 119 Rz Idf S oP§ulf@d. [The catalyst employed in the second

Pr oduct - D| st ri Ithet inodiitesdistillate boiling range. The  reaction zone consistddyofamme glumipa- aer r]
C Vol . % quantity of light paraﬁimc hydrocarbens pro- carrier material, comprising. 88%, by wei

) uced 1s wer ise resuls from  of alumina, inpreg jth a single xmpreg-
82[err] to 2184 ctwe\t;‘gﬁ-‘ le-#0ge hydrocracking nating solution comatﬁ molybdic acid and 50
204[err] to 343f anﬂﬂr vy ’hyarbcar ceous material. nickel nitrate hexahydate/in amounts to yield
343[err] C and‘hﬂemlme rbonlmg)i;ange%ydrocarbon pro- a final catalyst cont@ti!n£6 4%, by weight of

Tot al ~Vol umg y free from unsaturated molybd 24, by. welght of mnickel. :
. * IP @}}s and the fore well The ca amtam temperature -
Clerr]- C[ er $rinfd ePeAl B 9§9°€ thospheres 55

yi el d was | ess bF %8 the middle-distillate product dtselfis ngo hpt & gc’qﬁlaclsp@?e rﬁelo?l'agéh theont ent
of  2.0% by weiE G BT AE O B i et e et Aty | ess
t han 1 0 ppm , o thawgﬁfoa arS1d a hydfoearBont ndMOihb-kET& ditfonsy |tlﬁlhﬁngﬂ!§ ligid®%0€sS
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ni t rogenous conpounds, arg |ff|cult to reﬁﬁ@@m @bﬁ%*%ﬂéﬁm@$'ﬁm '

carrier material ,&& 82%; s Examole a Mldil g@’ﬁ%& ?Q@?ﬁgﬁ%':ﬁg

fracti ons whi clontae: WRiaGHgad bl kAl o A n‘éﬁbtﬁ fo@ %/, by weight. These, .
boi | in excess boifing penthea &bgutd?olé‘tci Idnatae9:‘r°;an othai d:mgﬂ mgmateeﬁvam t78

The total ||QU|cﬂ|:ashytHﬂ’ oo:ta:eb:amngeﬂm eMo;eoven The iliguid m%@é aﬁsffbmatca iy equivalatbon - -
of

suf ficient pal I ?qa ASTM Method D—86) of Hn g

effect i ve ol caruy:s ok A HRLFY bl (G PR o g o o

15 the charge tb&leﬂ efeeeemde lh&lﬁﬁﬂxhtﬂlﬂte&ﬁ@e, regar d- tai ning 0.4% by wei ght
of palladium The | ess whet her the internediate product

sup- operating conditions were, a pressure of 102 . ' - plied-to -
this zone is obtained by thernal atnospheres, a tenperature .of 302[err]C ,
aliquid cracking, by catalytic cracking or by catalytic =~
hour |y space veIOC|ty ‘of 1.0 ‘and’" a hydrogen - hydr.ocracki ng,
there is. evidence of a-con- rate of 535 nornal liters per l|iter of. I|qU|d _
20 si derabl e anount of selectlve hydrocracking charge. It shoul'd be noted
that these.operat.-~ taking place.in the second reaction zone -
as ing conditions are conparatlvely mld wth - shown "by: the
shift in-boiling range. The pro- respect to those normally encountered in
duct distribution, as indicated in Table I, single-stage hydrocracklng
processes; The pro-- 50 : was obtained by precise |aboratory .
fractlona- duct properties, ‘and the product distribution, ... =25
tion i-na 30- plate dlstlllatlon colum, and -obtained on the t ot al. ||QUId

hydrocarbon
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I ncl udes the butanes renoved along with the
sinmul ati on of the

ef f | uent

exanpl e,

t he

zone with forma-

t he

tion.of an |1Qta@mgéna
ef fluent while S el 8ﬁ1fuﬁgn

the |ight paraf

400[ err]
however,

upon an overall

prises cracking a stream o
i ndi cat ed product %lastZM tﬁlt i on accounts fol

product boil bfg above H gd Ot al
he gasol i ne range and hawezg an end boiling

sai d heavy oil
charge Bt a first

resulting fromthis
| i ght paraffinic hydrocarbons prior to

;i n fol’l ow ng

Nt
90%

But anes to 82[err] C.

.

the third reaction stage of the present process, are
cab ‘abor at ory distillation. It is si gm ficant that the i ndi cat &
./ Table 11. 55 : 3
931, 824 11 ' o
TABLE |1 - Speci fic GraV|ty at %G[err] C.
49.1 . 10 ASTI\/l D- 86 Di stl | | ati osi1,82err] C
‘I nitial BOrTTng POIMT 69
10% ' Tapte I - 104
30% . S : 152 _
343 End Point - Charge Product 365
0 i -
02:: ggg% S;H g Specific Gravity at 15.6° C. 862 8238- 8
Product Distri butAsam, D—86 Distillation, °C. . -
1178 Inztlal Boﬂmg Point - 82[erfd0 to 204 er-r] C.
©46.1 ;gé» 204[ eBl) to 343[#ir] C
40.73 50:% 343[ essz] C. and Fpggavi er
8.9 ~—Fotal Volwsetric Yield
107.°1 0% Cg r]-Clerr36Light Paraffinic
Hydrocar bons = 1. (ﬁlfw,mt% in the earggjer part of this -

reaction '

-t hos@-But anes WhBi%h are renoved from

reaction zone

e range of from

to 435[e,r b er million A6r oduct distribution is,
based s ratf’aﬁg att“" tEFtterrr%:d[l’ate product inapri-
materi al bal ance of 99.9% mary fractionation zone from
“the hi gher boi | - Preguct Distribution** It is agal n significant that the total

l'i ght para-
ffinic hydrocar borgyhkeh
reacti on zone,

the presence

|ng QRHR wnsw*

t he tgj.al yie

t han about

n(ﬁ%scofv‘)t ke normally
204° to 343° C., Vol. <yg 0%

reacting said i nt e?"fi"reﬁ*ﬁuis,{gmﬁdﬁﬁt 5
g

addi ti on,

% n a second

| i quid hydro-

by wei ght of tﬂﬁé t ot al
1048

- signi f icantly in excess of 100%

. of a nitrogen-i n§ér€:ﬁ—§k \ight BaraffinjosHydmosgrbeng =hy} ef0 oreights %

The total liquid hydrocarbon effluent, in-
cluding butanes, had a nitrogen content of
slightly less than 1.0 ppm., and a total sulfur
content of 0.022 weight %,. These data indi-
cate that the nitrogenous and sulfurous com-
pounds are effectively removed in the second
reaction stage from the hydedgen fraction boil-
ing within the heavy distillate boiling range,
whereas, these compounds, particularly the

. pitrogenous compounds, are difficult to remove

15

. 25

from those hydrocarbon oil fractions which
boil in excess of the heavy distillate range.
In addition to the rather effective clean-up of
the charge to the second reaction zone, regard-
less whether the intermediate product sup-
plied to this zone is obtained by thermal

. cracking, by catalytic cracking or by catalytic

hydrocracking, there is evidence of a con-

_siderable amount of selectivé hydrocracking
taking place in the second reaction zone as
shown by the shift in boiling range. The pro- -
" duct’ distribution, as indicated in Table I,

was obtained by precise laboratory fractiona-
tion .in a 30-plate distillation column, and

- includes the butanes removed along with the
light paraffinic hydrocarbons prior to the
 laboratory distillation. It is significant that the

1

light, paraffinic hydrocarbon yield was less than
2.0%, by weight of the total charge, and that
the total volumetric yield was in excess of
100%,.

The liquid hydrocarbon product -obtained
from the Mid-continent gas oil in the second
test. described above was hydrocracked in a

manner illustrating the third reaction stage.
The catalyst employed in this third reaction
stage consisted of a carrier material of 889, -

10

carbongaf fl uent of said first
li quid charge.
o In

i th hydrogen in

O greater

30

35

by weight of silica and 12%, by weight of.

alumina, impregnated with sufficient palladium
chloride to result in a final composite -con-
taining 0.4%, by weight of palladium. The
operating conditions were, a pressure of 102

atmospheres, a temperature of 302°C,, a liquid - '

hourly space velocity of 1.0 and a hydrogen
rate of 535 normal liters per liter of liquid
«charge. It should be noted that these operat-
ing conditions are comparatively mild with
respect to those normally encountered in
single-stage hydrocracking p s. The pro-
duct ‘properties, and the product distribution,
obtained on the total liquid hydrocarbon
effluent resulting from this simulation of the
third reaction stage of the present process, are
indicated in following Table IL :

55



si gni ficance,

formation of a i a 15 percent of the total liquid charge to

the third from%#nitrogenous conpounds, - separating _

st agel of the present process was unreact edig24ammoni a from the nornal hy:

quuid?gg@ﬂp- —AS Tndicated Inm the product disTripution,

there carbon effluent of said second reapf o zone,

resul:ted 57. 9% by wei ght of gasoline boiling thereafter hydrocracking the

normal Iy liquid - 50 Age—hydrocarbons—ant-#9-3% by vol.unme
action 930 [

of hydrocarbon ef f| uent SRSfiit GEvigett dAd"
m ddl &-di st | te boili ngsFanpe shysifigas,bens. zone in a third reaction: -
s ' Initial Boiling Point The foregoing exanqgf i ndi cat es

ii ihe fact that only 8.9 volune genating activity with

that the @gadded hydro and a hydrocracking

t hr eey st ageey ess of th é@resent invention catalyst, sepéﬁ%ting a
hydrogen distillate pro ' results in exceddizagly | arge
vol ungt r § duct is substantially free from en 55

of gasoline boiling rangegggqugcarbons and and has an end l'i ng poirt in
t he riange of %R’ ddl e-distillate hydr ocar bons whi | e process-
from340[err] to 370[err] @ ai 242:Csecondary fractiona- 45.0 1'ng
hydr ocarbon oils seVere¥y® €ontamin- tion zone from t §8-Ohi gher '
g conponents . ated by excessive quantities of both
en- of the normal pydadet BlbBudtner ocar bon ef f | uent ous

sai‘d hydr o-

| f urous conpounds-
ing a stream 60 L &
% d higher boiling codfeRets%rom said
e conversion of a ga3&e-C. 1w&RMGary fractionation zone 8® said third
ree heavy hydrocarbon oi

Butanes to 82° C.

charge_con- .

of said third reacti on zone,
VWHAT |

- 11.8
CLAIM lS'4&1

30 40.3

reacti on zone,

FH?%V%B“WW%Y%@enous conpounds Wid hydro-

carbon distillate product fromthe process. _
boi | i ng above 415[ err] C. *\Wi-Ch Light'Paraffin’e HRtraadas asl.@wh 9d in claim1l

wherein 65
931, 824
TABLE: | |
49.1
69
30%
C
90% -
End Poi nt
% at 204 C.
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i

% at .343[err] C
Product D strijgu
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As in the earlier part of this example, the

car bons

phides cracking a stream of said heavy oil

indicated product distributiorSpgesountsi for Gebarget ip @ ffirsq Zeagjoprzoge @ith forma-

m fig
arating

/ﬁght paraffinic hydrocarbons therefrom.
The product distribution is, however, based
upon an overg%%aterial balance of 99.9%.
It is again significant that the total light para-
finic hydrocarbon yield was less than about
2.0% by weight of the total liquid charge.
In addition, the total volumetric yield was
significantly in excess of 100%,. Of greater
ifniﬁcgnce, is the fact that only 8.9 volume
ﬁ) 81t of the total Liquid charge to the third

Tl Dy i

-separating said i

boiling above
an end boili
point in the range of from 400° to 435°G:;
ediate product in a pri-
mary fractionation zone fyaym the higher boil-
ing components 3{ tgealno y liquid hydro-
carbon effluent f1 id first reaction zone,
reacting said- ints?@&iate product in a second
reaction zone %h @ydrogen in the presence
of a nitrogen-inseggsjtiye catalyst having hydro-

! CISGRLTY : X
genati ctivity” with formation o onia
from fr t Qon@Irﬂg,r js ting

stage of the present pfodis€fvhy wir€actéd)4[atiidohia Grom the normally liquid hydro-
i

As indicated in the pro

iong, the®4 Thibery $fl@nt of said second. reaction zone,

resulted 57.9%, by wei%&)% ?ﬁguﬁ;glﬁkg:ign y%ggi{;i(,?pmcracking the normally liquid

range hydrocarbons and
middle-distillate boiling range hydrocarbons.

The foregoing example indicates that the
three-stage process of the present invention
results in exceedingly large volumetric yields
of gasoline boiling range hydrocarbons and
middle-distillate hydrocarbons while process-
ing heavy hydrocarbon oils severely contamin-
ated by excessive quantities of both nitrogen-
ous and sulfurous compounds.

WHAT I CLAIM IS:—

1. A process for the conversion of a gaso-
line-free heavy hydrocarbon oil charge con-
taining nitrogenous compounds and hydro-
carbons boiling above 415°C. which com-

effluent of the second reaction
zone in a third reaction zone in the presence
of added hydrogen and a hydrocracking
catalyst, separating a hydrogen distillate pro-
duct which is substantially free from nitrogen
and has an end boiling point in the range of
from 340° to 370°C. in a secondary fractiona-
tion zone from the higher boiling components
of the normally liquid hydrocarbon effluent
of said third reaction zone, returning a stream
of said higher boiling components from said
secondary fractionation zone to said third
reaction zone, and withdrawing said hydro-
carbon distillate product from the process.
2. Process as claimed in claim 1 wherein
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