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de cerium chromum cobalt, tungsten, uranium
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during cgnpounding wi thythe oyatrix. A preferred enmbodyggent is to
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Catalyst C was prepared by subjecting Ctalyst A t63dgitin exBfange utilizing an aqueous solution of
0.30 10 sodium nitrate at a pH of 4 to]§. '(hM t_reat)v@ent resulted in a material which had its sodium content raise@. 09

) oy from 70 ppm (Catalyst A) to 0.4 weight percent. This maperigigetai of the crystallinity of original
S (wt. %, %1'!38'5;9_%%. ) riginal

0.01 15 Ni lowﬁmca-to-alumina ratio sodium Y and had an alpha'va 37 5 V ppm_

10.5 20 Catalyst COR (wt. % | 0. 44
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o)

hydrochigriccacid Was carried out for 20 minutes as opposed to 2 1/2 hours. The resulting composition had
5 an overall silica-to-alumina ratio of 56, and a framework silica-to-alumina ratio of 118 as determined by
ammonia absorption. it had a crystallinity of 90% of the starting low silica-to-alumina ratio zeolite Y.

Cataiyst £ _ ' :
Catalyst E was prepared by subjecting Catalyst D to alkali metal exchange with a sodium nitrate
60 solution at a pH of 4 to 5. Material was obtained which had good crystallinity retention {>90% vs. the low
Si/Al NaY parent) and an alpha value less than 0.1. '

Catalyst F .
Catalyst F was prepared in a manner similar to Catalyst A, with the exception that a § normal
65 hydrochloric acid solution was utilized as opposed to a 2 normal solution, and contact was carried out for 5
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118 as. determi ned by anmoni a absorption: It had a crystallinity of 90% of
the starting low silica-fo™alunina ratio zeolits Y. Catalyst E Catalyst' E
was : pr epaﬂ"’ed by subjecting Catalyst Dto al kali nmetal exchange with ‘a
sodiumnitrate 60 solution at a pH of 4 to 5. Material was obtai ned which
had good crystallinity retention (>90%vs. the low Si/Al . NaY parent) and an.
al pha value | ess than 0.1. Catal yst F Catalyst F was prepared in a nanner
simlar t¥ Catalyst A with the exception that a 5 normal 65 hydrochloric
acid solution was utilized as opposed to a 2 nornmal sdlution,” and contact
was carried out for 5 4 0078 132 hours and the entire procedure was
repeated an additional two tines. A material was obtained which had 90% of
i.the cryst#linity of the starting material, had a framework
silica-to-alumna ratio approaching infinity and an overall
silica-to-alumna ratio of 168. The al pha value of this material was 0.2.
Catal ysts- A, B, C, E and F were evaluated for the catal ytic cracking of
gas-oil a®¥ well as a conventional sodiumyY having a silica-to-alumna ratio
of 5, a control which contained no.catalyst but nerely contained Vycor

chi ps, and a comercial equilibriumcatalyst conprising about 10%rare
~earth exchanged zeolite Y having a silica-to-alunmina ratio of 5in a _
silica-al®mna matrix (identified as 75F). Al so, a physical m xture of 12%
REY and y-alum na, steanmed at [err] ([err]) for 4 hours (100% stean) to

. sinmulate equilibriumcatalyst conditions was tested. Catalysts A 8, C E
and F were pelleted with y-alum na (65% zeolite, 35 wt.% al um na). Wen the
sodi um f osm of the catalyst was utilized, the alumna was pretreated at a
pH of -8 to 9 with sodi um bi carbonate. V\hen a catalyst was run in the aC|d
form e.g. Catalyst A and y-alum na used during pelleting

&0
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i nvest i gat ed;
-€oNnVver sion,
Wherf al kal_i

by a catal yst

55

60
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 pHx7, an anor phous nateri al
20 Exanples 3-15 A3{13§¢1=](659°6ﬁ.1h°h%z§9 *gyay aﬁsIO"
catal yticall.y cracked ov
stenperatlres of |

ascertai ned hy reactj ng &7
nmet al

e
was not sodi umtreated. 15 Exanples 1 and 2 Over the range of conditions U
shown in the t abl es bel ow.

&I\/bt [err]) +coke) background

o1 chi ps,

was 10 wt. % or | ess.

exchange of high sil mm_@hum na rati o was attepted at

2 3{*39“5#%&5@ i

velocities (WHSV)_ra npd from] rLtn 5.8

resul ted which was no nore active than VWycor.
kN gedr ?Nadfés*t peolted was

ESSpr eFIlpaé

In cyr-J 1c |:1|n;

,d bed reactor at
hoyrly 'space

10 mnute

cracking interval caumate 25 enpl oyed- each crackidg: int@rval
regeneratiqn per| od. Continuous r
m nutes "drior to CHRVYEFIGYEED The results obt
operating paranet

b€i ng fol |l owed

cr ed c rge for 100
#’ﬁed ggg(well s addi ti onal

,%dﬁw_[@re shown in the foll ow ng) tablg, 30 34140 45 50 55

60 65 5 0 078 ABLE 1 343C+ (650F+) joliet sour heavy gas oil
cracki ng over Na wHSW zeoI ite Y Cracking tinme: 3® m n30(excepd where noted)
5 18 enperature, 505C ([err]). pressure, 1 kPa (1
atm) Exanple Cat/Qil (wtlwt) . ")-o 3 3 41-9 5
Cat al yst Products (wt. %) Char. B C 10
Framework [err] roducts { 283 — 283 283 Acidity (a)
9 20.1 C,-0.1. [err] - 9.3 44 6.6 3.0
3.0 1.5 15 Cat/O | (wt/wt)[err] - - 2.0
2.0 4.0 Proffcts (wt. 9 Warge® 8 os-
- 9.3 Cs- ﬂsoé 42007y 6.6 CA's  _ 44.5 29.8 422 . -
10. 8 253.5 .6 [err] - 44.5 29.8
42.2 25 216-[er r]215--343°c (420—650°F) 3§ 5 179 17.285 236 5 . 23.6
343-[err] 52 9.4 2 17. ' 454C+
([err]) - “C%GWF? 4.0 622 44 5‘3%2 Coke® '
- » 41 asei2esors- 4.3 (net 34ags ([ cus]) rcoe) 42 -
4186. 1 67.2 5 35 Conversi on (wt %W[err] Selectivities
: Coke 4.1 3.2 4.3
, {net 343°C— (650°F~)+coke) — 86.1 672 ~ 715
35 : o
Conversion (wt. %)°
Selectivities '
%0 Gas 24.2 12.2 . 11.0
Coke 4.9 4.9 i 5.7
- C5-216°C (420°F) (G) 536 460 = 564
216—343°C (420—8650°F) (D) 17.3 376 . 269
G/D | 3.1 1.2 21
-




Gas |, S . 24.2 12.2 11.0 Coke ¢
4.9 4.9 5.7 [err] 53. 6 46.0[ !
\564’216[err] (420-[err]) (D) = . 0078132‘ 17. 3 37.6 26.9
3.1 ° 1. 2.1 50 55 60 65 6 &98 132 TABLE 1 (cont.) 343C+
([err]) jq!let sour heavy gas oil cragf%PHEg &) Na or H zeolite Y Cracki ng
time: 10 mn. (excepizob @serPPbfd)soR heavy gas ail cracking over Na or HEZEBRE &t UT €,
[err] {[er._r]) pressure, 101 ckdekind fimat 10 thinEterdspl @here nated)
. [e‘r\r]/ ) 8 Ca‘grapeyggre, 505°C (941°F); pressure, 101 kPa (1 atm.) C
F E 10 Fraé’rework [err] &t 7 283 8
118 Acidity (a) 0.1 .2 <0.1 15
[err] - Catalyst . 30¢ 3¢ £3.0 Cat/Q |
(Wt/w)[eer] ' : 2.0 2.0 2.0 Products (wt.
% 20 C3- Framework SiOZAl,O, 28% o 4. €18 5.0
c4'S L 0. 8 3. 1 25
[ err] Acidity (a) _ 36. é)] %9 6 <gb
216- 3430@s ( 420- 650RR$v , : 26A 30 2430 3.¢9. 7
"343-[err] (650-[err] 25.5 37.2 26.0 30
“[err]+ ([err]) Cat/Oil (wrwt)® 6.6 20 7 620 0 7 Coke
1.9 3.1 ( 343C (650F ) +coke) - 66. 7
53.6  2067.2 Co Q’g‘}i‘é‘i&m %[err] Selectivities Gas ... _
4.6 15.5 c,11. 0 Cokq : _ 2.2 42- 80 - 3.0
6.0 57 [errg ' . 56.8 . " 37.9.:
42.9 216-[err] 4’ $B6- 3840.62Y - 40.4 GD
1.6 £.9 clndc e 60 65 7 ' 66 196 278
216—343°C {420—650°F) . 264 245 297
w 343—454°C (650—850°F) 255 372 26.0
454°C+ (850°F+) o 6.6 7.6 5.7
Coke ] : 1.9 '3.1 - 37
- 35 - {net 343°C— (650°F—)+coke) . 66.7.. 538 67.2
' Conversion (wt. %)° -
Selectivities
e Gas . o | 46 185 110
Coke _— 3.0 60 5.7
» Cs-216°C (420°F) (G) - | 568 379 . 429
216-343°C (420—650°F) (D) 356 . . 406 404 -
G/D - - 1.6 08 11
50
55
60



,0 078 132 TABLE 1 (cont.) [err]+ ([err]) joliet sour heavy gas oil crackin
over Na or H zeolite Y Cracking tinme; 10 min. (except where noted) 5

Tenp]erat ure, ?850 (941(25) C:aprlessure , 01078 k32 (1 atm) Exanple- -

err - tal yst

E . ‘NaY 10 Framework [err] TABLE 1 {cont) 118 118
5 Acidity (a) 343°C+ (650°F+) joliet sour heavy gas oil crﬁ@m& over Na &OH leolite vy <0.1
lerr] Cracking time: 10 min. (except Gvhere notedD. 8 3.0

cgup | (ﬁ/vt Iwt)[err] Temperature. 505°C (941°F); pressure, J0DkPa (1 atm.] (O 2.0
Products (Wt. % E . : 5.3

4.2 16.9 [err "a"’q); | - S 0,4 1.6 25
[err] (420F) Catalyst 26.7 £ 16.8 NGD. 2 216-[err]
{420-[errd) 28.3 26. 2 20.1 343-[err]
(650-[err]) Framework SiO2Al,0, 29.1 37.m8 1880 305[err]+ ([er r])
17.8 11.1 . .2.. 2 Coke : .

2.9 14.6 3-6’“"’"2y @~ (net 343C- (650F-) +3ke)y <1 < 61. 8
49.9 1891. 5 Conywesgd on (wt. % C Selectivitieszgas ss 3.0 :

11A _ 12.0 19.1 Coke S : ' 2.2
6.0 16. 6 [ efatOil (wtwa)® (G 0.2 1.0 2044. 8

34.8  45.5 216-[err] G (420-[err]) (D) | 41.6 47.1
118.8 G Do prllls k4P 1.1 0.7 2.4 50

‘55 60 65 8 0 O¢g- 132 TABLE 2 [err]+ ([err]) poliet spur lyaayy gas oil

.cracki.ng over equilibriumcomrercial 75F or REY+y Al um na Cgacking tine: 10

mion. (except wher Bsot ed) 5 ' 1¥enmper'# ur e| [err] ([err])
13

pressurez 101 kPa.( sExanpl e ;
14 15 Cat aF’yégé& Wakre B %% 462 75F
Stnd. 10 . 216—343°C (420—650°F) 28.3 262  20.REY+ yAl
Framework [err] Acidity Sa) 0.4 0.4 0.4
[err] 4 343—454°C (850~850°F) o o 5.3 21 g #7268 2 Cat/G |
Lerr] 454°C+ (850°F¢)’ 1.1 0.978 that 22 |
Coke 13 29 146"
nd (net 343°C— (650°F—)+coke) . 618 . 499 ~ 915
Conversion (wt. %)° " :
Selectivities _ .
it Gas M4 120 191
Coke 22 6.0 16.6
- Cs—216°C (420°F) (G) 448 ° 348 . 455
216—343°C (420—650°F) (D) . 41.6 47.9 188
G/D " ' 1.1 07 = 24
50 . . .
85
&0
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20. Products (wt. % [err] 6.0 4.2 ™
2.7 . {4425 _. [err] - 4.3 2. 3(t6

1.8 [err] ] .0 132 37.9 26. 5 40. 9
216-[err] (420-[err]) 17.6 TABLE%l. 7 21.0 - 21.8 30
343-[err] (650-[err]) 11.3 2.3 36.7 28.6 [err]+
([err])  343°C+ (650°F+) joliet sou? h@avy gas oil%ratking over Squftibdém commerciat 75F or F@Q’KS—AIumina
2.3 2.4 1.9 Crapkigg g;rgsﬂ eir: Jexcepf @herk nptegiok e) 5. 4
67TA- 6 52,2 70. 3 TepAYavS; 1’Flopreesure} 10f0kPa (1 atm.)

el ectivities Gas ' .5 10 8.9

g5 Coke Example o5 %% mgd s (OO
[err] ( Ghtalyst 67.6 758. 3 75F 52. GsF 8fhd?2 216-[err]
(D) o 17.1 28.0 34.7 27.0 50 G BEY+
b0 2.1 . 1.5 2.2 Based on wei ght of catalyst ¥M the bed

: (l .e. zeolitetgampRmahslisiia,ob. Vi ght of catalyst divided by weight of
~oi |l punped prior to regeneration. 55 c-- (Net [err]- ([err]) '

| i qui dsssgas+coke) Afifliortal charge). d. Cat adyst used inolxanples 4 and 5 was
steaned at [err]( 430]:‘), 4 hrs, 100% steam and used in Exanple 6.

~ Conti nuous run- nokﬁ' Y1 odi ¢ regenerati on: 2200 nitites &backi n$2ti ne. 60

The results depi cegbil Ruhipe above table ghow thg high,gonvergjon activity
of the smquilibriumconmmercial catalyst (74F-Exanple 13) and 1'ts preference
flor gasol i ne prodBrotycts (wé.%68% napht ha sel ectivity-and gasoline to
distillate (G D) grao. e tabl e al so shows that ‘a conventional |ow
silica-to-alunina-Yatio sodium zeolite Y%% .e. ¥%Exanp?d 11)f#berating at
the sangg conversigp | evel as 75-F, (85-9Q%) progyced gycess] ve anmpunts of
coke and gas as is obvious fromthe conbi ned coke and gas selectivities
whi ch 65 exceede®—23%% (420°Eb t he G/ D r at b%7 exce¥¥ds 2. 285 040378 132 -

Produci ng-an ultra-s egl..te Y havi a high silica-to-alumna ratio
and tesping this ?r‘ast_té*‘?:"lbéa?uﬂlh%oﬁie aci d fo?’gﬁ(Exaﬂﬂl e 37" howet!& hat it had
about the sane acgdsvussc asoldparpane oper gfd ng coRdi ti ggs as{‘-gan,e | ow't

silica-to-alumna sodiumY. i.e. Exanple 11, but, though it} provided nuch
reduced coke sel e®iGHi B§0°FH4)t s gas sel ect2®ity W& sti BB quilte high and the |
gasol i to di sti_dA te ratio (G D) exceeg d 3. wever,_‘when t he
cat aI-yg S prepar e& k?n accordance with th ’gpr oce%s of F‘ﬁi S i n%ntion Vi z.
al kal i metal exchaagmsich (@50°FRg+dbké) SOl ut s, 1 .g94 Cat ghysts fgzand E, ~were
used, nuch i nproveuversien wtd%t’oke sel ectivities were obtained and distillate
., production was grg?t.__,y,enhanced conpared to the commerci al -catal yst at the
 sanme cdfversion | WE%®€xanple 4 vs. Exanple 13 and Exanple 10 vs. Exanple
14) .  Exanpl e 8 degqanstrates that the fraggegwork gilicaggo-al Ué"q na ratio is
not: narrowWy critical once it is 1o over 100. Thus, for exanple, the
resul t s"ﬁ]of'-- .Exanpl @k8. havi ng-a franework &8l ica-37-al usBna ra3 o of 118 are
very similar to a hi.ch had a fr work silica-to-alumna ratio-of
283. Wen the caféfrg}s%%ce?‘?%wganpl e 8 waSused a ré?p%at e@?ﬁeri ment under
the sanme. conditi ong—Bastc [aun-e50%f ippuouUS| yiand t hogkoperi g c reggneration,
i.e. Exanple 9, results simlar to Exanples 8 and 4 were obtai ned :
indicat®ng little®Br no catal yst deactivé®ion With th&high & /A alkali
met al . exchanged catalysts. In 15 an attenpt to avoid alkali metal exchange
to produce |=08ksad ol waght & dadéivbtaih the MDA, GeofitedRamink BiuiliRl.ei n the
_ ® Weight of catalyst divided by weight of oil pumped prior to regeneration.
55 *® {Net 343°C— (650°F-) liquids+gas+coke)/(343°C+ (650°F+) charge).

a (éatalys: u;ed in Examples 4 and 5 was steamed at 760°C (1400°F), 4 hrs, 100% steam and used in

xample 6. _ : : .
¢ Continuous run—no periodic regeneration: 100 minutes cracking time.

60 The results depicted in the above table show the high conversion activity of the equilibrium
~ commercial catalyst (74F-Example 12) and its preference for gasoline product, i.e. 68% naphtha selectivity
and gasoline to distillate (G/D) of 4.0. The table also shows that a conventional low silica-to-alumina ratio
- ' _ sodium zeolite Y, i.e. (Example 11) operating at the same conversion level as 75-F, (85—90%) produced
excessive amounts of coke and gas as is obvious from the combined coke and gas selectivities which

65 exceeded 35%. Also the G/D ratio exceeds 2.



catal yst had subst.anti-ally no neasurable framework al um num Neverthel e
as can be seén, the product distribution from Exanple 7 indicated sone
\h/l gher gas and napht ha selectivitie® MO #32er distillate at about the
‘conversion I?,v /AI Na, exe The aL
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Zeolith beta oder Zeolith ZSM-20 ist.
65 3. Verfahren nach Anspruch: 2, bei dem der Zeolith Zeolith Y ist.
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silica-to-alunmina ratio and testing hhb? ]i\gg acid form (Exanple 3) showg
that +t had about the same activity ﬁe me operating conditions as
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itrait de A¥ aide d une solution de nitrate de sodium 25 30 35 40 45 50 i
55 60 65

55

&0

) O A O
' * € L M 5 .

1"




