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933, 489  the form of ﬁnely d1v1ded gas buebbles through sion to the more useful normally liquid pr S

RUN No. 591 the hydroreﬁned liquid product flo Céiflﬁl ﬁlnﬁﬁ%%éﬂ Eﬂly [?p ONS

downwardly through a
Silica-A li@ % the bottozl of wgllllmh th%l %EP be ﬁfeﬁ] more 329
343 hyd6zén gas is charged./ Instead of hydro- r(getlme without reactivation and o
gen, the stripping gas may be natural gas, without increasing the temperature, pressure -
55 carbon monoxide, nitrogen, or-a flue gas from  and/or residence time of the charge stock 120 .
a hydrocarbon burner. Ammonia is readily with the catalyst. The effect of nitrogen in ’
removed from the stripping gas by scrubbing the charge stock to the ‘hydrocracking stage
with an ‘aqueous acid solution or by passing of the process will be 111ustrated in the
the gas mixture comprising ammonia through examples which follow. -~ o
60 a cation exchange resin. The counter-current Hydrocracking of the prevxously hydro- 125
contact of the stripping gas against the down- refined- charge stock is effected at tempera-
wardly flowing hydrorefined liquid product tures of from about 260° to about 538° C.
is enhranced by providing a suitable packing ﬁand more preferably from about 315° to 47
miaterial in the contacting tower, such as for about 399° C. in the presence of hydrogen
65 example quartz chips, or Berl saddles, or by at 4 pressure within the range of from about 130

-




Ql, grns. 1004 1042 1040 1028 609
Hydr ogen, grns. 19. 1. 23.9 25.8 33.6 20.0
Cunul ati ve Hours on Stream 18 36
54 : 72 90 Pr oduct : Li qui d, grms. -
905 .- 937 923 880 526 Gas, nor m -
liters” 11.3 23.2 51.5 68. 3 46. 2 -
Li quid Properties Speci fi | c Gravity, at
15.6[err] C. _ . 8388 . 8212 933489 7985 . 7728 - .76%78
Distillat ' ON:34 to about 204 atmosphdri t’I"hfilI uQﬁ{yl 'ﬂ&alﬂﬁi'd@tsu ﬁlr&ug:form%?a hﬂﬂ&
60 - 48 hydrogen suﬂﬂedp to the- rea%tor is mnig&é [pifadifim Chloride. Othex20
32.5 \ A9lirgetly -depgdent Hpon the tyyg of charge plaunum gmupwwgs,tsuchz 7¢/ fushepipimC,
27. 0 '5’/ %employed e%ge TOCESS, g‘{ly, rho 0:1 d.lum, and osmium may) bet 070

e oy about, osxte ounts, om
300[ err] c? 89 102bo p534 nomlﬁrséper ficer of0 Labgut 0,01 HOsbbut 1.0 erc b weight,
% up to 343[ ettydgocathon charg3diodk will generallyBbe) with the ffracthry meta support a33. 0
RUN No. 2 suﬂic1ent to form a HO%-OleﬁI:llc m%@ ﬁ:g yd Hg cowa al

50
Si lica-Al ugg om the, Tght gaseots ov ’7‘%« . crackiny ’Ealyst 329
343 e efﬂuent pr 2&? such as a silica-alumina Celpositd
1080 106The hydrocrackﬁg Cratalyst is a 1Odl€- in the forhOéf?the metal itself or as the oh'ﬂ'dr ogen
gr . gcogsponent  compagsite %ompnsmg 7 éaydro~ ;}; sfulﬁd : thbcmg razglly%(rheguced to
' ing componént and a cra ree metal at the ion ¢onditions

Cum.“ ati Vel%@c&m;mf:; to a oﬁn ﬁmm meth: presence. of % maintain 80
54 - Tsdpplied to the ekmg process eifREr0 CHUE beactds! the Gfd¥écracking

1006
18.4

. 7972
Initial boi | i
% up to 204[ €
% up to 2744
% up to 300

% U p tO 343 - Qefractory metal

30

@ Ajpowdered mat@@lzfor suspensxon&i@he

hydrocarbon grack

0
SR, 5 3 %:;mﬁm&ca&t:g%fa

.if 7a3 dhaterial havin acting properties

momally dwpnac}t@:zes 81 cracigiy

One of the erred acidis sup-

which functions 25 the cracking c P
the hydrocfagking catalyst co:

mon is @ixture of silicadéith another
e, such as alumi@h, zir-
conia, magnesma, orium oxide or cerium
oxide in which the silica comprises from 5

percent to about 20 percent by weight of the -

resulting composite. One. of the preferred
cracking catalyst supports providing a base
for the hydrogenating catalyst component is

"a composite of silica and alumina, copreci-

35

45
.50
55

60

pitated as the gel oxides from their salts by

addition of a base to an aqueous solution of.

the salts. The gel tomposite, after drying is
desirably calcined at temperatures of from
about 400° to about 550° C. prior to incor-
poration of the hydrogenating component in
the cracking catalyst base. Another -sujtable
acid-acting base for the hydrogenating com-
ponent of the hydrocracking catalyst is a
refractory metal ox1de, such as alumina or
zirconia containing a non-wolatile metal
halide, such as a portion of the support con-
verted to its halide salt, also referred to as
“combined halogen”. The halides for this
purpose may be selected from the fluorides

and chlorides and may be present in amounts

of the halogen on the support of from about
0.01 percent to about 5 percent by weight of
the combined composite. Thus, alumina may
be treated with a hydrogen halide such as
hydrogen chloride and/or hydrogen fluoride
to incorporate thereby a combined halogen
with the alumina support. Alternatively, the
hydrogenating component may be added to
the metal oxide support in the form of a
halide, the halogen of which combines with
the support to form an acid-acting combined
halogen. Thus, for example, when the hydro-
genating componpent is a platinum group
metal, such as platinum 1tseff

the latter is composited with the refractory

e form of pelletsy suitably be

or palladium,

Other hydrogenatin,

ily dg:r (lrin
étollio Mable as free metals or

in the fop8 ?ﬁ' theerktl):édes ofGulfides com-
posited e cra catajyst component.
Mixtures g one or more of etals in the

éo nickel and

composité) Ssuch as a mixturd Of nic
coﬁgﬁ are also contemplated herein’ for WS

as the @@irogenating compppient of the
catalyst. -

When utilizing an iron group metal in the
formulation of a hydrocracking catalyst, it is
preferred that the catalyst also contains from
0.1 to about 10 percent by weight of molyb-
depum in the form of the free metal, oxide
or other compound thereof, such as a molyb-
date or thiomolybdate.

Both the hydrorefining and hydrocrackmg

g (Cersponenty. which maser S
ties

13th fommleriopraf 1he |
§ el e ol

85

61
81

&

93

95

100 '

stages of the present process may be effected -

by contacting the charge stock in liquid phase
with a stationary bed of the catalyst, for
example, by passing a mixture of the hydro-
carbon feed stock and hydrogen through the
catalyst at the particular conversion con-
ditions required in each of the stages. For
this type of operation, the catalyst is usually
supplied in the form of pellets or  gelled

the catalyst, in the form of finely divided
particles, may be suspended in the liquid

105

110

_spheres. In an alternative type of operanon '

hydrocarbon charge maintained at theé con- -

version temperature and in the presence of
hydrogen at the required conversiom pressure,
although preferably, some form of agitation
of the hydrocarbon slurry of the catalyst is
provided in order to expose both the hydro-
carbon stock and the catalyst to the action
of hydrogen at the conversion temperature.
The results of laboratory test runs, herein-

115

120

after presented in the form of examples, con~ °

clusively establish the effect of temperature

and pressure in both the hydrorefining and

hydrocracking stages of the present combined
process. In both instances, an increase of

125

either the temperature or pressure produces -

an increase in the
obtained. These results further indicate that

degree of conversion:

130



933, 489 In the runs utilizin [

, _ g both the nickel and snall proporti
(r)r:;t Llhs ch?ngaiigﬁE LSALOEI . co]bal tdcfit alysts (both sulfi dedpang fﬂagn
—BLAL)—10-gaseous—i eduet—(€Eerr] an ower hydro- t he conversi -
:the: hi'gh-beiling stock carbons), particularly at relatively I ow conl- on o

“remains at a high level and increa ' i '
S Lenaln vel ses as the v : '
i's | néreased. 'y coromel ersion levels. 5 tenperature

. RUN No. 3 : : ' ' -
" Rac S _ ~(Catalyst: 0.4% Pd il i na’
Base) - . - - (C . 4% on Silica-Al unina
_-357____) .6 ___37§eact or Tenp.,. [ er r933489 315.., _ 329 : 343
1047 although mental ol O Aogen in by, & sirculatib; hEHfeABealt bath, maintains 1076
50.4° the feeq s can be parti mpensated thé ﬁser_ature'of the mb?ujmggn andyr .
B for-g icPeasing the t atire at which 2uniform, at from gbeut 274° to about 37 nﬁﬂg ;
_Hour's - - the process @icafifed amm the resulting in- C., d ing upon the Hydrogen Wi _rlve.
72 5 crease @ the severity o s con- suppli mwnh the c;::%stock at a rate 54 -
‘955 - - ditions gesylts .in an undesizaplg shift toward of 534 norm _Ll_it&s p&t fi®r of white oil 1046
31 1 - the tion of ' low r weight ¢ and at a pressure GEok92 ammesnheres j { er s
L cra cts, predomifdntlp the normally 90.16 run No. 1, gl caualyst was a_gom 50,
Propert i egaseous light -hydrdpbaps fand oty osite of 2 peromé;ﬁ' I %;ﬁg Giff ¢
. 7936 10 . stated. i ise, .the propm-fgiI desir g; um on a i st bise con-
Di stil| at higher ~molecular weight s of the siétihg of a precalcined éondpbsite of alumina
70 - . Wy racking - reaction,’ 8y theD inor- ngn@ﬁlﬁcﬁltcont{lmg’qnercetgmumina ad 66
' - pally fighid products boiling/inLibe gwolin@ 4 3T percent of silica. ' o 5 5 0 55 ;
t consist '

81 - . - range, Qe increased as Jtemperature of n No.' 4:cg:atal
83.5 15 the h'ydi"g@acking.r:eacu’ondils?3 p:c;aand'the' cﬁ%‘tﬁﬁéjﬁﬁr& t und 6 pe©2. 5
68.0 -p'rop::g?p_: - undesirable gaseqly products is  cent of molybdenum on a%prewplchal 880 C.
3 4é . " jncreased -as’ the conversion perature is ~positd Af a silica-alumina Ipge containing 6 orup to
Bal I[ gér 1 f c':reasedsii_11 I'hZﬁbd i;g;l;ﬁtativq ol Ql_alitativ:i pe‘rlgenl mina3 atrllld 37 t silic-a.‘.i ; 60 96p'
. i umfacors willsbe { _ ~detai o e ¢ nsisted of 2. - '
TG R

proces s2wii & following; P Gne of the prgf ;aﬁlcﬁaiﬁlm&ﬁi_-ﬂicibﬁgrmewﬁfcggsﬁnes

| arge quantities of gayeie > o ; : '
- < e PUL or gen to riggsé3nperdant . .
an form . vitusyaiotrkiog cdm)gggsmrmhp .Dpoﬁggc%mx ; % }W@E}fg&ﬁy' el ding
proporti oragedd_fx_ d4 penjes of rug FP_ v_vh%}@ wnﬁ ﬁosl;ﬂ of |Pla , @ W n- hllgh p
Spomprisitig bt CON@! abiee ﬂg%o 0.3 deerprogousight pfschleripnepdyi el'd of
Be s phdinic and GiphksiBydoirbansy 0 arpgecoielise PR, ofaEEBHhH AR T "
sur f ace of was luslized aseflegdstock to ah@;ocgdii@ asthiu' cgas:& ro o >0 70N the.
933,.489 - process. for the conversion of the stock into QY Hids thel ﬁhcﬁcts_wehecat alyst is
RUN No. .4 .producmhbgl;]ing bm the gasoline rfin;i:, cg:l- reacttign( m g:otoled at the pressure existing . ;
£ * 30" prising hy ocarbons _containin, about in the( aghking jon,; ﬁhg%' A
Ba§-e) © 'S to about 12 carbon atoms %)er molecule. condensed gases, co;gl’sistglgu o:sgenﬁa y O na Hal ogen
' The ‘white . oil charge stock has a_ specific hydrogen, were separated from the liquid 75 '
gravity at 15.6° C. of 0.8838. The oil charge product and recycled to the hydrocracking
- of these runs contains a mere trace (less than reactor. The liquid product is thereafter Te-
~ 35 '1ppm.) of nitrogen. In each of the runs the duced in pressure to atmospheric and stripped
- ~7. white oil and hydrogen were charged into the to remove components of the overhead con-
_bottom' of a tubular reactor packed with oné densing at room temperature (about 252 C.). 80
- of a variety of catalysts, hereinafter specified, The remaining liquid residue was recovered _
- . the liquid portion of the feed being charged as the desired liquid product .of the hydro-
40 at a liquid hourly space velocity of 1.0 (that cracking reaction. The following 'tables
is, 1 volume of liquid per volume of catalyst present the observed data’ for  the runs util-
per hour). The tubular reactor, surrounded  izing the above catalysts: _ . 85

car bon tepg)s




Reactor Tenp., [err]C 315 329 343 357

371 Char ge: al, grns. 960
1030 1015 1040 - 1010 Hydr ogen, grns.
21 23.2 26.1 30..1-- 26.5 _ Cunul ative
Hours ~on Stream - 18 - ' 39 57
78 101 Pr oduct : ' Liquid, grms. - 970
1028 960 910 - 940 ~Gas, norm liters
- 28.3 . 36.8 59.5  93348% 82.2 4iquid
Properti es: ' -7 7 Specific Gavity, - at 15.6[err] C
. 8676 ' ' - . 8100  pyx No: {818 ‘Distillation:
; | ni ’Nwal bol i ng point, [err] C. 152 113
78 % up((tsgxly,i_t@&{i@q:l-ﬂ\}oly@denmn on Silica-Alumina Base) 5. 5
35.0 59.0 , % up to 274[err] C. - 11.0 .
63 0. Relicfor °Femp., °C. - 315% Up t4£9300[ergud C. 357 371 ~14.0
71.5. 93.0 %up to 343[err] C 22.0

83.0 Chagrge:] the foregoing catal ysts test for hydro-

of 1.0. The € H‘%pgﬂ?g oductig”of thég‘lgeactl%q" &%Ckl NGoglt i Vi ty, t he
cat al yst consi d from the hydrocrac I ng reactor .were sep- _
pal | adi um de@amlatiedtdews a silica-al um nha base arated in a nanner simlar to
that .describeet S%n 5 was nd® only e nosthctive Fh yiel dfhg the in
Exanpl-e | alq During the first twenty -desired gasoline boiling
:range productfﬁ%& r] houges of opmration,g2st the gapove caggitions,

.C. end point Gsnvemslien), but.3was ak¥® t he 5i.fie con8ed si on 46f2 | i qui d feed
'stock: to gasa- d post desirable catal yst fromthe standpoint- |ine

boi l'i ng ranglgs Eﬂ:fw(t hat is, liquid of gas yield, hydrogen
consunpti on agds5pm°aa. produmssboi | i.eg2up tQ7@94[ err.372&C. ) wess78Tmi n- 40 10
duct distributi on The. af orerrentl oned palla- tained substantially constant
‘at arate ofDl$ q_’nklg&m Hst, thegpefore, onstityses onegﬁ about 56
percent. conversr on e pref erred cat aIy ic agents for % e hydro-
During the. ney uf we2o4 Chours 20N st réam 45!:0ack| Stage G5 t he process.

chargl ng the §hir ® Cf eed 2800ck t 5effec 78.0 EXAVPLE
' ‘@h %og |nt? uci ng 0003 §ht pe}s,cgent sn.q:’fgrr 45 15 A

u
V\,h|te o|| ha/ rPn 2! Qm:m_f4 (‘JI‘EL\IIL\I of into the reaction by mxing carbon
di sul fide .0. 8762 at 15. 6[err] C boi li ng between 338 and with the
white oil charge stock was deter- 66[err] C. and which has been
‘treated to reduce mined. During RRE Ndi tion of the carbon t-he total
nitrogen content to K@ayst: ImmtélMolybﬁéﬁmndiISihﬁa-fAﬂtﬁﬁnatBhsé)he charge stock the
conversion was utilized as initial feed stock |n an upflow to 204 C.
rend point G X0 OlET g T ZR0E ) . simlar to
‘the appar- pro UCt PP nct eased f rom 252 percen by vvel ght atus specified
in Exanple Icmaave The to 73 percent by wej ght of the total product
cat al yst packﬁ -t he tubully’ react%Qﬂ’ was 1 0 %}gg but 'b product i on
-;_l ncreased fro gen’(,%‘fﬁ)om te’éf 0.4 ’pgrcent 07 paII -1 4.8 per cent
to 17.9 per caunula@RdHERNt anes in - posi ted on a pr ecal_cr ned .al um na-silica
base t he exi ¢n §ammi ncr eased Brom 0. 38 perce’® to 5325 cofaining 63
percent al urpmda and 37 percent 7.7 percent by weight; it is believed that

the - si |ICﬁ,q taat i s thgegatal ysdos i ndi c@ied by ghe crygggal structure

Qf the pal 1 adthgrhormOﬂteishe -18.4 38.1 67.2 109 11.3
}. - Liquid "Properties . : '
P Specific Gravity, o L
1 at 15.6° C. . .8519 .8236 7972 1732 .7591
Distillation: o ' ,
! "~ TInitial boiling pomt, °c. 81 - 8 68 76 61
| 9% up to 204° C. 17 36 54 - 70 81
| % up to 274° C. 22 42 62 -9 85
. % up to 300° C. 24 44 65 82 90
i 48 68 84 93

% up to 343° C. 27




results in Exanple | above as being the nost catalyst support has been
changed by the effective catalyst in the group tested. The presence of a

hydr egen— stul-f+de-produci ng white oil feed stock at a tenperature of
302[err] additive to the feed stock. 60 30 C., together with
hydr ogen at- 102 at no- During the next period of operation, from

spheres was charged into the reactor at a 40 hours to 125 hours, the )
carbon disulfide rate equal to a liquid hourly space vel ocity
withdrawn frog the feed st ock and a 933,489

933, 489 tTe Nt or | tar n| ng ndt. c ed t hat |
at 413[err]C & & f%:ééy ":ﬁlﬁ{;"gf sﬂs t?é(ﬁi%:ﬁ%ﬁ “hoi | i ng

previously cortharam ofM thd high ebtﬁlixfgl’ ﬁgﬁn-carbons), rpamgﬂar &b6% |co-O°

401[ err] C. _weremaifsyaed hjght level Wrttlmamﬁ the o rvprsiom &ksels. was now deconpos-

white oi | chargereRigck noraed, Y ing these conpounds, since the
nitrogen-con- 5 proporti ons Processr ng of this mxed charge tent of the

product decreased to 0.7 ppm st o®¥NtMeBeaf t er continued at 302[err] C.
during The percent of isobyba@e dad,N% & Sliklanddi@Cidgn - the next period

of conversion up to 125 of the hydrocracked product was 71 percent,

hours. During tﬁrr-perrod—-cmwerm—omf—tﬁ@ared—fo—abm—%—percent i
for the product Reatorfsmpy Coed stbck drofﬁ?ed fro a high’of fdfhed at the -

| ower terrperaturgh,tgédro- 10 73 percent. to a |evel of ‘34 percent, based
cracking in the abiggee of the rolr ogen-104775 1036n t helgs®t prowexti on of
the desired 204[eF‘IWTI°8§n:81‘@E)nt ai g cat &tyst coAt-Ani nan??-6 Al t hotdgh t he

end point gasoligg,heid hgs range fracti.on. hi gher conversion tenperat ure: .-

produced only on S ng the nemt peri o of comgersionszhtrom agslightly
| ower yield of 204 err] C. end point a total of 125 hours on streamto
a total of gas product, trisgproporg 450N of flerr] ;;@%15 3275 hours on

stream a feed st tmtegtrngm 2[err]34§ fraggkon ingf e h|
tenperature 80 excl usively of white oil charge stock was fed
conversi on prod P#B@h greater than in into the hydrocracking
reactor. The conv ow t er at upgconvergion praoguct. g si on
of charge stock to 1-f('J4[err gn poi nt€3 is ev?séent ﬁgr efore ]that

substanti al | y | eBigtillation gasol [ ne boiling range pr oduct radual ly
i someri zati on t ak&¥tiahboilmgreist {he TonversiBn at 206 i ncredded durP'hg t he
period up to 200 Boyr g, oh@. hi ghefs versysothe oy reactigy tenpega- 85

on streamto 45 p%ﬁlemznomyersmrs to Zﬁﬂberr] Co2 ture gnd the groportion : '_ -','

of relatively vol g i & 300° Cend [$8i0nt pr &@Qct. Af9&r 250 Bours on%tream
conponents in the pM#M° Cs suf8Panti afty  Poon diifide #s again.

added to the Wmte greater |nthe case of t he highterrperature' 0|I ;
charge stock i n,. anmount | Cl nver - mmss qu S
weiaht per coni BILE ot ikt e LR LR o he
90 rate of re@@ﬂ\l@drﬁdrﬁﬁngl rdckss ytélmhg am |forfneeﬁbn8> Wxﬁl@:ﬂd@f beed . .
stock to 204[ eIWS]mﬂE hldndrrowhm of liquidg ci) 4 [accompanying ehedlange) iconversions of] stork
pr oduct aga]i Piifte® r‘t?difé‘tpu?gab f‘gu ﬁs@gé’tmeggé grjon deposited o egsed] . ¢
to approxi mat gy i‘,g@%l&pgsy!ﬁ“tﬁ, i 1% oln (upper curve) | -
are the recovery of conversion to the 56 percent illustrated in the -
acconpanying diagram in 30 level realized prior to the addition of the

whi ch the hours on streamof the test are 95 . nitrogen-containing gas

oil feed stock was not plotted along the abscissa and the conversi.on .
evident, apparently because of the retention products in volune percent of
the charge are of a portion of the nitrogen-containing com plotted
al ong the ordinate, and which depicts . pounds which deactivate the

pal | adi um graphically the dependency of conversion on 35 alunina-silica :

hydr ocracki ng catal yst com the reacti on tenperature and the particul ar -

100 - posite. - charge st'ock involved
in the process. After approxrnately 325 hours on stream . the
white.oil charge stock was mxed with . . EXAVPLE || - 10
percent by weight' of a vacuumdistilled* In the follow ng series of runs

a gas oil 40 gas oil obtained fromWoning and West chargr ng stock havr ng .

the properties enum

[ e S 2 s e e LT e T




Texas crude oils.
105
tent was subjected to hydrorefining at various
reaction conditions and at different

nitrogen con-

an initial boi

treated stock t

Thi s bl ended feed stock

deqarees
J

erated bel ow and having a high

had a specific gravity at 15.6[err] C of 0.8822.
The m xed feed stock had
pai nt

i ng .
of 296[err] C. andfan end boiling point of of severity to.reduce the
nitrogen content of 45 498[err] C. and contained 139 ppm of total the -

o various |levels. The result- nitrogen. This feed stock:

t—the _ing freated stock wdB4hereafter subjected to 130

was processed a

sane reaction conditions as previously main-.

determ ne the.e

reduci ng the nj

ffect tained and wt

b Ro,
trogen content of the'fee(ﬁN °

react or.- The*™stock on the |ife(@®lrstaBt ioyiAluynigfHddgen BygJr 0- 50 percent

conversion of f

the nitrogen
content of the
percent to nil

I ndi cated -processi BdrogdNg@inki ONS

indicateewith a TC '

of specificity the
%%n?“gt whi ch hyl§rocrack®¥ng becdhes

eed-stack to the desired

(-

at st ages ‘W

iye Hourqyj t r o- 55

R&dpbeTenp.,CC.end pes Nt gasgy I ne S
hydgorefined stockwas reduced 115 "
?%% h relatively small “increments )
¢ m%%ﬁ.stag@@ﬂto t heoteby-
e tenplla-  h#gh degree
ture of the reaction mixture was
eaged. in

hin 19 bet
1
period of 3 hours on'zg?tzr eam

|55

I Ng I'%Iége, PT

-~ duct"

78 ncr

hydr ocrackrng T order—-to-
spne catalyst as initially of
supplied to ‘the-hydrocracking

of

cracking catalyst.. I'n these runs

r oppecd®™tr om 50

thereafter gen con _ 781
28[err] C. increnefbduct: 0 .413[err] C. inoperable or - inefficient. . =~~~
120 over the enkignid ) hours, 9t '329femr] C. .96 The gharge: gtock in
these runs having tH#» nom. B o 288, and3885[err5&§2'thezgonvergh§g-mas

still

properties Liggd PRp&eksi N the fol lowing Tabl e

“insignificant. "At.

413[err] C., the conversion of |1, was a.mxture of |ight and heavy vacuum

60 the mxed f
and West Wi
In the initial
remai ned

eed

hy WigiligohNi ng 125

st age. of Initiel boilimgyeing, °Che char ge gpock was

steady at 40 perceny .conversion passed over -a hydrorefini'ig catal yst

cont ai n-
ni ckel "and 6.5
pro-
933, 489
TABLE 11 _

Speci fi ¢ G avi téy%%iﬁ?éﬁys tested for hyd
PR ol “Bol || B o L AT, oy,

10% over
459 '
70%

10

15

until -

0
AL @
t8Bb0Pe, 65

(4

per c® of 450

rs.

.- 80 071

fested for hydro-

was not only the most active in yielding the
desired gasoline boignp/gange,produgtm(gMQ
C. end point conversion), but was also the

" most desirable catalyst from the standpoint5

of gas yield, hydrogen consumption and
duct disu'ib:;_ti_om The aforemgntioned pfﬁ::
$:em11> 1;é:t@u:aly_‘.«;t,_ ti:lereforc, constitutes one of
rererred catalytic' agents for the hydro-
cracking stage of the -'p?(g)cess. e
AMPLE II .
A white oil having a specific gravity of

- 0.8762 at 15.6° C.; boiling between 338° and

466° C. and. which has been treated to reduce

- the tota] nitrogen content to less than 1 ppm.

20
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" was utilized as initial feed stock in an upflow

hydrocracking - reactor similar to the a ar-
atus: specified in Example I above. p'II"he:
catalyst packed in the tubular reactor was a
composite of 0.4 percent of palladium de-
posited on a precalcined alumina-silica base
containing 63 percent alumina and 37 percent
sdlcg,___t_hat- is the catalyst indicated by the
results in Example I above as being the ‘most
effective catalyst in the group tested. The
white oil feed stock at a temperature of 302°
C., together with hydrogen at 102 atmo-
spheres was charged into the reactor at a

- rate equal to a liquid hourly space velocity

dige toiling range

PropertieS_Of'Véchnlcas Q| Blend
of 1®. 9Phd @ffluent products. of the reaction’

from 3] @ydrocracking reactor were se
gra% a manner similar to that descr.ibepc;
in iiple I above. During the first twenty
hours of operation, at the above conditions,
the &dhversion of liquid feed stock to gaso-
- product (that is, liquid
product boiling up to 204° C.) was main-
tained- substantially constant at a rate of
about 56 percent conversion, - :
During the next twenty hours on stream
charging the white oil feed stock the effect
of introducing 0.003 ' weight percent sulfur
m.tﬁcl)1 the reaction by mixing carbon disulfide
o ;
mined. During the ‘addition of the carbon
disulfide to the chargé stock the oonVersioE
to 204°C. -end point gasoline boiling 'range
product increased from 56 percent by weight
10' 73 percent by weight of the total product.
However, butane production. increased from
4.8 percent to 17.9 percent and pentanes in

the exit gas increased from 0.02 percent to

7.7 percent by weight; it is believed. that the
crystal structure of the  palladium on the
;atalyst su;;port ]ila‘sir been changed by the
resence of a ren- sulfide-p: ing
additive to the feegl, -s:ogck;:: © prod gsmg
- During the next period of- operation, from
40 hours to 125 hours, the carbon disulfide
was withdrawn from. the feed stock and a

the white oil charge stock was deter-

@?ﬁ@x apitypr oduct . boi | ing gas oils ‘derived from Woni ng
t hi i t'R€ §asol i ne boi | i ng -B@fge i ncreased.sidexas omgyde oils.
to about 41 percent, and thereafter
syhstantial |y

r had been opf-3tream a total3s.0 ng 2.58gpercent’
! , Ni trogen,%rgal,ysi $76f the
denum deposi tedPdn 38°cal ci ned al urmi @ base. - = 93.0

BO%
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End Boiling Point, [err]C 532
Total Nitrogen, ppm 1810 . .
Basic N trogen, ppm 625 The m xed gas oil

an

perature (shown in the follow ng
reactor Table Ill) to ef’gf_ect t he
hydrorefining reaction. packed with the catalyst and surroupded.by The
reaction conditions and the properties of 5 a salt bath naintained at -the
desired ¥on-__the product are tab?#4¥%d as fol lows:

"TABLE || freated Mid-Coniinent gas oil containing Y d&f Sdicktbdthatvhex£80 @a&eQataﬁstat Vari ous
Condi t i opyn. of total nitrogen and having a boiling UsrevidgslA cbhmiﬁﬂdtedl\/bityhnhenmeﬂd um na -
Catal y Strange from 280

‘upfl ow direction through a tubul ar

449 C. was mixed with

containing jcompounds, was ngw decompos— :j

arge st compounds, the nitrog =,
4 5 propor Procegsmg a@%@dﬁg& [ﬁtﬁfﬁthe product ‘;ﬁgased to 0. 399
399 stock ter continued arT30P!IdringAt The percent of isob in the C, frac 102
170 the ne@Ogleriod of conveisipnl rucpge:n 115] ouff th«ah;dtocraclacgﬁroduct was 71 perc&ﬁD 890
89 hoursg dYyring this period, the comp F;b@ fp uctj_ 0 1.0
0. 25 mlxed 5225 stock droppe63 of fogﬁea m—LI ui d
. 10 73 pe to a level of cent, based '%

Product on the net produdtion bf ﬁk d&irdd 204% € r?oﬁ;am ng ¢ t conmmm Although the
151 end p 8asoline bmlmg rangenfaactids, P gher ¢ sion temperaﬁﬁdlpr u

ofht] Basoli 8 L nfigac hl %ﬂ){ g}; eyt Cod cgd 343
337 D%E e next period o cqqrqtqlqg oW en p&l&t ) 5. 3

‘a to 25 hours on s s the proportion

0.9 15 325 on stream, a fetd Ei éafsx ﬁgqu in the higher te:t%e&iurg:[ O r]
99 exclusdly of white oil chafg® stock was fed &n&rsaon product wadSmuch greater than inl 2

933, 489 into the hydyecracking tepctori Hbi coavesd . the lovh cempireryes C'ﬁmgtsu}n pg@nctc dntent of the

r oduct F |SfOEfs {9 point 1 " the
ﬁl i rown%&éliﬁéd%m é ﬂ% é?“%é::t dually 1s dien%%or?gges%é I]M%anm};o at it gs0 f the
l'iquid to46|p ttoavetstbﬁ 101924) 4 Cofmualstnldrmet _projirtion Of) @Elativel b ﬂe_utl l'i zi ng
hydr or ef¢ @{thl utly @ SRR eepmpPeneptp |in tbqwmrg@g{gs ds- subgtentiallpeci f i ed
above cafff ﬂ%g‘;y h-¥ aﬁﬁ"‘ag “ﬂ%g’ LT i & J:;‘sgtntﬂ?fecaﬁ # h | STRRSTAHDOr - f or med
at 105 ap:BREPI RegH peRdmt khifud a
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rate of conversion of the white oil feed stock
to 204° C. end point gasoline product again
increased to approximately 50 percent, but

- the recovery of conversion to the 56 percent

level realized prior fo. the addition of the
nitrogen-containing gas oil feed stock was not
evident, apparently because of the retention
of a portion of the nitrogen-containing com-
pounds which deactivate the palladium-
aluming-silica. hydrocracking catalyst com-
posite.

After apprommately 325 hours on stream,
the white oil charge stock was mixed with

10 percent by weight of a vacuum distilled

gas oil obtained from. Wyoming and West
Texas crude oils. This blended feed stock
had a specific gravity at 15.6° C, of 0.8822.
The mixed feed stock had an initial boiling

" point of 296° C. and an end boiling point of

498°C, and contained 139 ppm. of total
nitrogen. This feed stock was processed at the
same reaction conditions as previously main-
tained and with the same catalyst as initially
supplied to the hydrocracking reactor. The

percent conversion of feed stock to the desired

204° C. end point. gasoline boiling range pro-
duct dropped from 50 percent to nil at the
indicated = processing -conditions within a
period of 3 hours on stream. The tempera-
ture of the reaction mixture was thereafter
increased in 28° C. increments to 413°C.
over the ensuing 50 hours. - At 329°C,
357° C. and 385° C. the conversion was still
insignificant. At 413° C,, the conversion of
the mixed feed stock to product boiling
within the gasoline boiling range increased
to about 41 percent, and thereafter remained
substantially steady at 40 percent conversion
until the reactor had been on stream a total
of 450 hours. Nitrogen analysis of the pro-

The foregoing results with respect to the
conversion of feed stock to 204°-C. end point
gasoline product (lower curve) and to 343°
end boiling point product (upper curve) are
illustrated in the accompanying diagram in

.which the hours on stream of the test are

plotted along the abscissa and the conversion

plotted along the ordinate, and which depicts
graphically the dependency of conyersion on

the reaction temperature and the particular

charge stock involved in the process.
ExampLe TII

90

95

. products in volume percent of the charge are -

100

In the following series of runs a gas: oil -

charging stock having the propertiés enum-
erated below and having a high nitrogen con-
tent was subjected to hydrorefining at various
reaction conditions and at different” degrees
of severity to reduce the nitrogen content of
the treated stock to various-levels. The result-
ing treated stock was thereafter subjected to
hydrocracking in order to determine the effect
of reducing the nitrogen content of the feed
stock on the life and activity of the- hydro—
cracking catalyst. In these runs the-nittogen
content of the hydrorefined stock was reduced
in stages with relatively small - increments

between. stages to thereby- indicate with a - . .-
high degree of specificity the level of nitro- -

: 120
The charge stock in these runs havmg the'_.‘_ Lo
properties indicated in the following Table™ ~

gen content at which hydrocracking . becomes
inoperable or inefficient.

105

110

i15

II, was a mixture of light and heavy vacuum~

gas oils derived from Wyoming and West'
Texas crude oils. In the initial hydrorefining-

stage of the process the charge stock was
passed over a hydrorefining catalyst contain-
ing 2.2 percent nickel and 6.5 percent molyb-
denum deposited on a calcmed alumina base.

125



duct and al so establishes the fact that the space velocity of 0.5, the
product bei ng essen- 25 nitrogen content of the hydrorefined product
tially simlar to that obtai ned by hydrorefin- depends upon the
severity of the hydro- ing the above feed stock -at a pressure of 204
refining reacggion conditions. Thus, the nitro- atnospheres and at 1.0 space
vel ocity. .10 gen content of the product may be reduced Usi ng the sane
feed stock as that specified to less than 1 ppm by the indicated .
hydro- in the_foregoing runs, the effec®# the hydro- 30 refiHing
pretreatnment of the charge stock at refining conversion tenperatures on
the nitro- -a conversion tenperaturepgfiz3p9[err] C. by gen content of
the liquid product fornmed in - ei ther increasing the hydrogen pressure or
the reaction, while maintaini ngPrefenics ofy Vasuum Ges) Qi Blead r esi dence time of the
charge stock with - (204 atnospheres) and space velocity (1.0 = the

catal yst under goi ng convegmiifaraviRtailpleelic. LHSV) reacpisaw conditions
essentially con- 35 - changeability of space velocity and reaction

stant, is denonstrated i??l‘l"ﬁ@’%'ll@wﬁﬁg Tabl e pressi e on the
conversion of: the charge kg over  Stock and the resul tingsreduction of the
nitro- : TABLE "1V

Ef fect of Tenperature on NB®% ogen Renoval from Gas O | @t aining
1680 ppm Nitrogen at Constjq@}}t Pressure and Space Vel oc-i4 Y Using a

Ni ckel - Mol ybdena- Al um na Cat‘al §st Run "No. : 6

7 8 O .970% s 10 Tenperaature, [err]C.

329 343 371 - 399 : 427 . Pressure,
atm : 0% » 204" Sp‘%ﬁe Vel ocity, LHSV
0.5 Hydr ogen Fl ovEddadling Point, °C. . Normal liter/lssger

534 - Properties of Liquid Product Total Nitrogen Content,
ppm 3gHotal Nitrogen, pppgg - 140 1810 10

1 ~ The ammoni a-f or g N¥eetIGpfly dr or ef i ni ng Eacfs of the .
hydr orefi ned gas oil pr od.uc.Ls_Aﬁ_c.amaLSJ_aa-_aL_u;e_g.as_m-l_&har gi ng stock
in of the above runs 1 to 5 inclusive, after the presence of the

hydror ef i ni ng Cpheahi&i gastbil fde@ MAMAasPassli @S OleRE tarpeRAia (bWl iR RO MlowRS
t he reacti on comdipfiowodissctiondbrowgh@dubular tdaaora bl s wkffec the dydrorefiming meactioac ki ng

in the presencepacked with ke gaalyst: adohy, t e TPactnn; @ rfhg propegfes of -
hydr ogen at § < STh SRBRER & Hiee e%'ffflecm'GSE?pmd&E'%m # fBEg“BUbe ing an
inert gas through- and in the presence Qf alﬁydrocracki ng 45 the liquid
product at a tenperature of about cata @Pﬁ, which in the follow ng runs
was 30[err] C until thEydedréinia@ MixddoGas Wik QONAWAS Chrdd@Rns Sel ected as the
catal yst nost effective in Usies A NickeF-MalypdeminaAluivine iGaalysti nert gases were
tested series ome lf%drocracki ng , experi gents of3 : ang each was f ound
to renove the a . _ , I -silica- 70
to a sati sfact oryTeegssatee, *Chus, h3gdr ogen,399cr ackiseg cat alsgst baseo '
consisting of a calcined 50 nethape, or carbon npnoxi de 3 bbl ed through
conposite of 63 pefEE%t*™%t uni ma alfd 37 pe? d% over g%t ai ni AY t he

| i quid, hydrorefi pgatoges @ow rity;, Weigbt of sdobi ca i rgpgegnategp Wi th ggo -
product, were verynehfBttive gases for this palladiumsalt and ~
subsequently. calgined. to .. ..purpgpse. neral ly, the [iquj.d pro t was
yield a conpOSi't_é'ggggfe qel?%t?"’n%;l 4 lS{e?rcentGeH@- ' for'ie5e of gLH ni a gf er

bubbl i ng hydrogen "-pal’l adium . The catal yst was packed in-a ver- 55 through
the 1iquiid for "a Bepértey obLighiddiredt® tical tubul ar reactor surrounded by a
salt . -to 20 mn _ ok OOM t er at , alt gh b mai nt.al ned at

t he desired reacti (L)i%ll%ﬁtggﬁ' é .thfggpperi gl(r?smay bgi&?]educegggy inctrlggasi ng the
perature. 1n each dndiB&.,f°6! | ow n3p4r uns, 3Ishe - J@nper at3gt e andBE

al | ow ng. the‘_ l-i qui %}uggé%%grpggpfohon COI’]ChtI ons s\qgrg IT?.IJB ai ned o' 80

% of Cot - 99 98.5 - 9 985 98




each of the runs in order to
| ndependent

fl ow downwardly through a packed col um
determ ne the 60 against a rising streamof the inert gas.
effect of the nitrogen content of

933,489 the f x
pressure from the liquid portion- 15 during the prodk
period. Reaction tem which was drai ned fromthe bottom of they
was naintained at 357[err] C. and the separator and passed into
distillatzon colum hydr @339 ned gas oil was charged at a rate

ssi ng
~per ature

oper at ed arnos. e o erein 0 provrde
a li qui dﬂﬁ&i&%ﬁg{s} r_ﬁlg‘ﬂca }ﬁtovc ’?ame ert contenp(éﬁth )Klr%trig%ta éseaqso atﬁtﬁﬁam%tj pél’OOXI ._

vel oci t yiesf oflthe mcpidupiramcofforinecqm dhef QfitimateThitredey cafifne n.m‘ﬁ wer e

di sti.l | chydforefming temlotr way be °ed to nil the preifiesty abows aﬂnyﬁr r hoWand
nyor oder e PR TIE L U S t"tﬂttr; el . grm G i g sopchar gec

al ong \Mﬁl Béd @,&ﬁ- to separate
a depenﬂﬁtuponofthe2 ﬁe?erinp rofrahe hydre-r Smg)ehe abc)v'e@ed sxﬁckcahapgﬁurefof a i on having
an eng i nggetd QPP@P?D Th b nitro- @zj a%%‘@%ure of 204 . -
at mosphef BT gh iR d&ﬁr?&ﬁa Sl Goni i bk, °r5‘§§°§¥tctofthe hudro. GRUGE. The
product SreMgeprE g Cof f the Bhakgd Gtocta Bl eﬁiantehfper& otadhe GiroOf t he charge

convexsion otrempdmure eefc Y Canky p@ssmtent rof ehe dighid gy

gasol | eﬂﬂbﬁl PF‘%E girogen pressure gaseous
por - ﬁa{t}:

pduct tfgrakd fror  pr oduci ng

fire ’%t’%‘tm e Nl
g‘“gfme qQondn:ms;xp;) esst‘.nl:fl 1lyOkbn Of 35t he
product chm&bme,pafr @aedvemmyt B reRfi@s enatna 1t mo@dnsted itele Ellowing Table
TABLE V pressure on the conversion of “the charge Hydrocrackl ng Hydrorefined. Gas
O |'s, Effekend the resulting reduction of the nitro- | of N trogen Content of
Charge St ock . Charge Stock, Run No. -1 2 :
4 . 5 Tamie'Ij t r ggen Content, ppm 108 =

11 5. :i';ﬂ'ect of Temperaglreqon Nitrogen Remidval from Gas Oil Conmﬁﬁ@ver sion Period,
Hours on Streamsso ppm. Nitrogdd at Constant Presddke and Space. Velocitf) Using a 100

100 . Conver si oerF‘@l*M}’lylaiFm'Alumm Cotalyst ] [err] .
Be IFnnin n - - 7 75

g J %tm%ﬁnn\/prgrnn rp6rr1 at '.7 : _ 8 End éf Dnrrn o nil-
28 - Tedhferature, °C. . 63‘29 S 343 74 371 . 3ptes: ‘4krr] Conversion
i's measure the vol une- percent of the c%bgr ge stock converted , -
to liquid S)F%%ﬁcfmbor ling Th the gasol'i ne nge (21]err]- C. Tnitial to 204
[err]C. endpace Velocity, LHSV boiling-—poisAty— [err] -
Activity. of cat alﬁst declined too rapidly to obt ain measurenent of '
conver si on. YNO° " /hﬁftew 11 .be noted fromthe above runs that 67 percent -

over a processi ng11 pertod: .-of: 100

- as the nitrogen content of the
-hydr or ef i n@®tbpediaf SLiquid Bfodvmam However,

when t he nitro- 55 gas oil

45

50

55

60

runs was removed from the liquid portion of

the product by bubbling an inert gas through
the liquid product at a temperature of about

30° C. until the effluent gas stream was free’

of ammonia. Various inert gases were tested
and each was found to remove the ammonia
to a satisfactory d .~ Thus, hydrogen,
methane; or carbon monoxide bubbled through
a tower containing the liquid, hydrorefined
product, were very effective
purpose. Generally, the liquid product was
free of ammonia after bubbling hydrogen

through: the liquid for a period of from 15

to 20 minutes at-room- temperature; -although

this period may be reduced by increasing the -
- temperature and/or allowing the liquid to~

flow downwardly through a packed column
against a rising stream of the inert gas.

ases for this

feed stock iFresldtsesn Cengsthyvdrocra gep), content of .t | 2" hydrorefined -
.char ge st ocK¥P™- i ng_cont®r si on #ops of ¥y apidl ¥ wrth ti was reduced
to 0.2 ppm, the activity of ~ the Thus, in the case of the feed stock
contain- Gatalysl %'b N5 rtetmﬁlé' gfﬁathvofofxgry&réﬁtt& = oil piotiuctd N9_180 ppm
of nrmogﬁpe,gm ctgi e, NgteAN activity .
rapi dly d:eq:cetsmvabferﬂe aymlo g e@thlysoai ntemovalafdxtsdwdl ldietcfr@ﬁ,mnvertr ng 76
per cent g:p reapfion cgy@itions mdlcated in the above - subjected to hydrocracking in the presence

. of hydrogen at a superatmospheric” pressure 65

and in the presence of a- hydrocracking: -
catalyst, which in the following rumns was

‘selected as the catalyst most effective in the._

series " of hydrou'ackmg experiments - of

- Example I, above; that’ 1s, a. gilica-alumina 70 .- .

cracking catalyst base consisting of a calcined -

.composite of 63 percent alumina.and. 37 per-:

cent by weight of silica impregnated with a

‘palladium salt and subsequently. calcined to. #" . .-
yield a composite containing 0.4. percent a5
palladium. The catalyst was packed in-a vér- = -
‘tical tubular- reactor surrounded by a salt” = .
bath ‘maintained at the desired reaction tem-. - =~

perature. In each of the following runs, the

same reaction conditions were maintained in 80

each of the runs in order to determine the
independent effect of the nitrogen content of



sufficient degree of activity for a sufficient charge to 204[err]C end

poi nt product at the period of time to permt neasurenent of the

begi nni ng of, gghe period to 74 percent con- copnversion to 204[err] C end
poi nt produg In version at the end of 100 hours. The fore- the
case of” theghydrorefined charge stock going resul'ts, therefore,
strikingly dfnon- containing 5.3 ppmof nitrogen the cat al yst - :
strate the adverse effect of nitrogen contam - 65 ~was also rapidly
deacti vat ed:- ||ru3 although  nati o399t he feed stock on the hyl%rocrack -
t he- catal ys{f’ ab|te exftenf:@ft &gf,g %ﬁm e ng—aet-wity of _

eivh t

catal yst arﬁ:ﬁ eriod, Rca
poi-nt 5%&@ ?lngﬂ% |¢|T;§'ﬂ&f SeAaR0s lafk) IC
initial pers fto QOOVIAE TS I '8 mwmapme e whir:D
after onl ypﬁ;ﬁd‘& 1 catt‘.z%unss Jgﬂ'n&m?ﬁ{esp tﬁﬂ’&?%ﬁ?@ﬂﬂ&?&sﬁm& ,f ed st ock
to the hydimws ch f;?éjd alongm hmfcmatwadgent d&f vifistiled frbo ﬂhat:&l ot

E:Eﬁf | the ollqm(’lélﬁwﬂrlhﬂi:‘iI tgheen_d'

crackin prae efS267 normal fat enlrgst

Fol-| owi § the sdove mésﬁlﬁe&sttﬂgamﬁ S mcfmnlhvingnednd:bcﬁ&g@ ﬁo 204[ err]
C. “end poi g%t {1 PRe¥erewae widved T Pasechnyersion was - sedproduct
Even when phgus! ando pas: tmtgfa lugti decacktfz,r nﬁ@. Wé“aﬂ?,ntt"f\ﬁhet chargt - he
hydrocr acktion of theh ﬁr“gg dumateMSvaf 6 cat al yst
to-its initial .activity of . eiSPIeSCmS Gh690h3@ved dafahe agt Ia\l}w gradual |y
declined from cent conversi on. _ In t he case of the charge- - -the |n|t|al
converS| on | evel of 75 percent to é’t‘“ﬁ'@k"cont a| ni ng 108 ppm of .nitrogen, it:
was 14, Hydrocracking Hydrorefined. Gg ' 933, 489 .. necessary

to increase:the conversi omft}énmn@onterﬁafd:hﬁsoﬁbiﬂe%eloar ating said ammoni a
from ture Clm‘@sml(ﬁiuncﬁo 399[err]C  and the activity the reaction product
and t her eafT t,um act ence agai n“r api dl y3decl i nes. wth cpntinued ing

t he nornal |I'y ’ I‘ffﬂl mﬁ'&fﬂ’ﬂﬂ@n 108 said je- Ugg of acharge: stock having the
above nitro- ConddidnORyf, OdUCt”  at a tenperat ure of 9%m 26[%2r] 5 gen
content. In tHeurs:as the gharge sjfock. to 538[err] Cin the presence of
hydr ogen at suff|C| enty hydforefine to a Y01t r ogenegont ent
pressure of m@ft’l{) 204 af)mospher@s with ~of only.0.2 ppm, the

hydr ocracki ng act iy ty a hydrocracking cat asyst cCoRpr i si ngﬁ nmet al of

t he cat al ys &'ﬁsmnmneased to a conversion selected from? e elenments. of
G oup VIII. & Briodt 76 paticent fpomits activit. ~after 100 .of the

Peri odi c TabI e on an act drccrackihrg—10 hours on: s 7ream of¢ 74 percent by

merely calesys() SCHRRAE0h is meas B0 TTICr egstRg t he

) ) ul'ed by th VOI e P
tenmperature of tIfeliqudiprioduel bodflg %}E o 0fbs cliafge st Bhvdreals
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the 15 e%ﬂ@mumgagc&ﬁﬁa&;m %ﬁnﬁ C 168 | perpent ot ial ,s(g;smg pegéde of G oup
VI for mmkslesnghe %@s . mér; e;nenvuht, %I pdenum on
a  cat aI se 2 rﬂmdiyanhaldnﬁdl éﬁﬁ“?? ied Chagekstdag) cat al yst

base §ilchgalso qbpﬁ ﬁ‘P‘f# ontain3, caEl’_y,et ggms&ﬂﬂh a‘f%t}'lof hrar act eri zed

le L \y
cont ai ni q h , Capahle QVB ﬁercgmh& d tgoogenous
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ni t rog emenﬁ:can ahmég ZSrpet-hengfag ¢ f ecra@l-C Or d| ng to
one" ucr in thes ﬁzo nq ppint ) alerhy Wﬂtabs;:o %ﬂm’ ov malm ains 1to 3,

n'vers1 1

__char act’ -’ronhttursaon arepf! acu@ nf“??g Gmt@ammtas ary to
i ncreas&mn leyel ot whicls themamﬁar ‘f’ng’ dierdvatock fre: the/ hydro- 79 CONVer si on

o ramgg; o mat,ttﬁze*&z%txa@t;mﬁ' R AR B o
orefined product tent of " order to bring the acti
° l:Pm'a’l the act&rgy grac;v ually s ing catalyst to its mnY;ltyagg‘fﬁ; lgéd;oscr;celrc: -
nitial conversion Jeve] of 75 percent to :et:ctkcc%ﬂ,t:rmm,onng IIn pﬂ;‘:ncgge ;'fo the charge
nitrogen, 1t was

tont act g



degree of gaseous products were fornmed, as wth the hydrorefining catalyst
in the pres- the catal yst remai ned on streamduring the ence of the
excess hydrogen at a tenperature 30 hydrocracki ng conversi OngprL 0Cess.

€ ol rrom343[err] to 427[err] C. and at 80 T VE
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