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This invention relates to a process for treating hydro~ 
carbons and more particularly relates to the conversion 
of higher boiling hydrocarbons to lower boiling hydro 
carbons. 

This invention is especially concerned with cracking or 
conversion of petroleum oil residuums or residual oil 
obtained when distilling crude petroleum oil to recover 
distillate fractions such as naphtha, heating oil, gas oil, 
etc. The residual oil resulting from such distillation is 
a high boiling hydrocarbon oil which cannot be vapor 
ized at ordinary pressures without cracking the high boil 
ing constituents in the residual oil. 

It is known to coke or visbreak heavy residual petroleum 
oils in the presence of ?nely divided inert solid particles 
maintained as a ?uidized bed. -In coking, poor quality 
gasoline or motor fuel is obtained and in visbreaking a 
small amount of poor quality gasoline and a larger amount 
of gas oil stock is obtained which gas oil is a relatively 
poor cracking stock but may be used as feed for a catalytic 
cracking unit. 

According to the present invention heavy residual 
petroleum oil is contacted with a dense ?uidized bed of 
catalytically inert solid particles in a reaction zone heated 
to a cracking temperature. At the same time a gaseous 
or volatile cracking catalyst is passed through the dense 
?uidized bed to crack the heavy residual oil to motor 
fuel and other hydrocarbons lower boiling or of lower 
molecular weight than the hydrocarbons in the heavy 
residual oil being cracked. 

in the drawing the ?gure represents one form of appa 
ratus adapted to carry out the process of the present in 
vention. 

Referring now to the drawing the reference character 
10 designates a line for introducing heavy residual pe 
troleum oil and steam or inert gas carrier. The residual 
oil may be preheated to a temperature of about 500° to 
800° F. before being mixed with hot inert ?nely divided 
solids introduced into line 10 from standpipe 12.. In some 
cases the oil without preheating is mixed with the hot 
solids in which event the solids are heated to a su?iciently 
high temperature and a su?‘icient amount of solids is 
used to vaporize and crack the oil. The inert solids 
may comprise sand, pumice, kieselguhr, Carborundum, 
etc. but preferably are ?nely divided petroleum coke. 
The inert solids have a particle size between about 100 
and 400 standard mesh or ?ner. Stated in another way 
the particle size is such that less than about 20% is 0-20 
microns, about 40 to 60% is between 20 and 80 microns 
and the rest larger than 80 microns. The ?nely divided 
inert solids in standpipe 12 are at a temperature between 
about1000° and 1500” F. The heating of the solids will 
be hereinafter described in greater detail. The amount 
of inert solids added to'line 10 from standpipe 12 is about 
5.00 to 7000 lbs. per barrel of oil feed, preferably about 
1500 to 5000 lbs. per barrel of oil. I 

‘ The heavy oil may comprise atmospheric or vacuum 
residual petroleum oil, reduced or whole petroleum crude 
oil, tars, pitches, shale oil, heavy cycle oil or virgin 
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gas oils and the like. Heavy residual petroleum oils 
may have a gravity of about 0 to 20° API and a Conradson 
carbon of about 5 to 30 wt. percent and an initial boiling 
point above about 800° F. for atmospheric residua or 
above about 1050° F. for vacuum residua. When using 
gas oils or cycle oils the initial boiling point may be 
about 600° to 800° F. ' 
The mixture of hot inert solids and oil is then passed 

through line 14 into cracking vessel 16. The mixture is 
passed into inverted cone 18 having a horizontal grid 22 
arranged in its upper end for distributing the solids and 
oil ‘across the area of the reaction or cracking vessel 16. 
The inverted cone 18 and grid 22 are preferably arranged 
in the lower portion of vessel 16 and concentric there 
with. The grid 22 is smaller in‘ diameter than the internal 
diameter of vessel 16 to provide an annular space 24 for. 
withdrawal of solids from the vessel 16. The super 
?cial velocity of the vapors and gases passing upwardly 
through the cracking vessel 16 is selected to provide. a 
dense dry ?uidized turbulent bed of solids in Vessel 16 
with a level indicated at 28 and a dilute or less dense 
phase 32 thereabove. The dense ?uidized bed supplies 
heat for the cracking step and also controls the tempera 
tures during cracking. The super?cial velocity of the 
gases and vapors passing upwardly through the dense bed 
may be between 0.5 and 5 feet per second and when 
using particle sizes of the range above described. 

‘Instead of introducing the solids and oil as a mixture 
via line 14, the oil may be introduced via line 14 or 
another line directly into or onto the dense fluidized bed 
26 in vessel 16 and the hot inert solids may be separately 
introduced into vessel 16 so that mixing of the solids 
and oil will take place in vessel 16. 
The gaseous or volatile catalyst is-added through line 

34 to the mixture passing through line 14. However, the 
gaseous catalyst may be added by a separate line directly 
to the dense ?uidized bed 26 maintained in vessel 16. 
The gaseous catalyst is any suitable cracking catalyst and 
may comprise anhydrous AlCl3, anhydrous FeCl;,, HCl, 
HBr, HI, ‘Brz, l2, vB133, BCl3, ‘P013, S02, S03, H28, SOCl2, 
C0012, HF or mixtures thereof. Instead of a gaseous 
catalyst, components which form a {gaseous catalyst in 
cracking vessel 16 may be used, such as: hydrogen with 
the halides, chlorine, bromine or iodine; also HCl, OOCIZ, 
'or SOClz may react with iron or alumina in the reactor 
to produce AlCls or FeC13. ' 

In the usual cracking operations a solid catalyst is used 
which becomes partially ‘deactivated by the deposition of 
coke thereon and the catalyst must be regenerated by 
burningwith air before being used‘ again in a cracking 
step. In the present invention as the catalyst is gaseous, 
there is no deposition of carbon thereon and no need 
to regenerate the catalyst. The catalyst may be used on a 
once through basis and discarded. To recover the gase- , 
ous catalyst it is only necessary to scrub the gases sepa 
rated during fractionation of the cracked products and 
return the resulting solution to line 34 for recycling to the 
cracking vessel 16. ' 
The amount of gaseous catalyst used is about 0.05 to 

10 lbs. per barrel of oil feed, preferably 0.05 to 1 lb. per 
barrel. » ' . 

The temperature during cracking in dense ?uidized bed 
26 is between about 700° andl100° F. The cracking is 
carried out under substantially atmospheric pressure but 
pressures up to about 200 lbs. per square inch may be 
used. The cracked vaporous products pass into dilute 
phase 32 and thence into a gas-solids‘ separating means 
36 such as a cyclone separator to separate entrained 
solids from vaporous products which pass overhead 
through line 38 and may be further treated as by frac 
tionation to separate desired, motor fuel from gas and 
higher boiling distillates. The separated solids from sep 
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arator 36 are returned to the dense ?uidized bed 26 
through dip pipe 42 which normally extends below the 
level 28 of the dense bed 26. I _ _‘ 

~ ‘During the ‘cracking of the‘ hydrocarbon oil coke 'or 
carbonaceous material ‘is formed and deposited on‘the 
coke or other inert particles forming the dense ?uidized 
bed 26 so that the weight and volume of coke is increased. 
Coke particles are continuously withdrawn from the 
bottom portion of the dense ?uidized bed 26 and passed 
through arstripping section 44 where the coke particles 
are stripped of volatile hydrocarbons by stripping gas 
such as steam introduced through one or more lines 46. 
The stripped coke particles pass to standpipe 48 provided 
with one or more aerating lines 52 for supplying aerating 

_ gas such as steam to the coke particles in the standpipe 
to maintain the particles in ?uidized form and to pro 
duce a hydrostatic pressure at the base of the standpipe. 
The standpipe 48 as provided with a slide valve 54 for 
controlling the rate of ?ow of solids from standpipe 48. 
From standpipe 48 the coke particles are introduced 

into line 56 where they are picked up by an oxidizing 
gas such as air to form a suspension which is passed 
through line 58 into the lower portion of a heater or 
burner vessel 62 for burning part of the coke and to 
raise the temperature of the rest of the coke and’ thus 
supply heat for the process. The bottom portion of 
vessel 62 is provided with conical inlet chamber 64 and 
grid member 66 similar to inlet chamber 18 and grid 
member 22 previously described in connection with 
cracking vessel 16. The oxidizing gas passing upwardly 
through burning or heating vessel 62 has a super?cial 
velocity between about 0.5 and 5 feet per second to main 
tain the coke particles during burning ‘as a dense ?uidized 
turbulent ‘bed 68 having a level designated at 72 and a 
dilute phase 74 thereabove. 
The combustion gases pass from the dilute phase 74 

through a gas solids separator such as a cyclone separator 
76 to separate‘entrained solids from the outgoing gas 
which leaves through outlet 82. As the outgoing com 
bustion gases are at a high temperature, it may be desir 
able to recover heat therefrom as by passing the gas 
through heat exchangers, waste heat boilers etc. The 
recovered heat may be used to preheat the oil feed to 
the process. The separated solids from separator 76 are 
returned to the dense bed 68 by means of dip pipe 84 
similar to dip pipe 42 above described. 
During heating in the burner vessel 62 the temperature 

of the dense ?uidized bed 68 is maintained‘between‘ 
about 1000° and 1500° F. The heated coke particles 
are continuously withdrawn from the lower portion of 
burner vessel 62, passed through stripping zone 86, if 
desired, provided with stripping gas inlet lines 88 and into 
standpipe 12, previously referred to. The standpipe 12 
is provided with a slide valve 92 at its bottom’ portion 
and also one or more aerating or ?uidizing lines 94 for 
maintaining the particles in a ?uidized condition in the 
standpipe 12 so that hydrostatic pressure is produced at 
the base of the standpipe. Excess coke made over that 
required to supply heat for the process is withdrawn 
from the bottom portion of the burner vessel 62 through 
line 96. The withdrawn coke may be cooled or quenched 
and sold as such or used in any desired manner. If 
insufficient coke is made to supply, the heat for the crack 
ing‘ step, coke or burnable gaseous, solid or liquid fuel 
may be introduced into burner vessel 62 from an outside 
source. 

Example 1 

A residuum representing about 16% bottoms on West 
Texas crude and having a gravity of 1l.0° API was fed 
into the bottom of a ?uidized bed of sand in a 1.6" _in 
ternal diameter laboratory reactor heated to an average 
temperature of about 950° F. The residuum feed rate 
on sand was about 2 w./hr./w. v(weight of residuum per 
‘hour per Weight of sand) and steam diluentequivalent 
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to about 70 wt. percent of the residuum was addedto 
maintain ?uidity. The following tabulation compares the 
results obtained under these conditions when hydrochloric 
acid equivalent to 1% by weight of the residuum fed 
was continuously fed with the water used to make the 
steam in one run and was absent in the other. 

Feed: 16% West Texas residuum. 
Contact medium: Fluidized sand. 
Feed rate, 2 w./hr./w., steam diluent 70 wt. percent on feed. 
30 minute cycle, 950° F. reaction temperature. 

Added Catalyst _______________________________ -_ 1% H01 on None. 
- Feed. ' 

Product Distribution: ' 
4, Vol. Percent 1 6 1.2. 

(ls/430° F., Vol. Percent 22.5- 15.5. 
430° F.+Btms., Vol. Percent 69 4 74.4. . 

Gr., ° APT 9.1-- 13.6. 
Coke, Wt. Percent 8 4 10.5. 
C3- Gas, Wt. Percent ____________________ _- 3.1 ________ __ 3.2. 

It will’ be noted that in the presence ofithe homogeneous 
catalyst I-ICl (1) an enhanced conversion of the resid 
uum to products boiling below 430° F. was obtained 
and (2) that the selectivity of this conversion to liquidv 
gasoline components was improved. It was-also observed 
in the analyses of the C4; components‘ from‘ these'runs 
that in the presence of the HClcatalyst 7.6 mole percent 
isobutane was found in the C4 cut while, no 'isobutane was 
observed in the absence of theHCl. These results in 
dicate enhanced'isomerization of the products in the 
presence of the catalyst which result in a higheroctane 
number gasoline and more valuable products. . _ Example 2 

Using the same feed,_'reaetor, and general reaction 
conditions described in.Example 1, the 16% West Texas 
residuum, was contacted in the presence and absence; of 
0.1 wt. percent iodine on residuum feed. In these runs‘ 
hydrogen was used as a diluent in amount 'of'5000 cu.v 
ft. per barrel of feed.v The iodine was added‘ dissolved 
in the residuumfeed. The following, tabulation ‘sum; 
man'zes the data obtained. in the presence and ‘in‘the‘ 
absence of iodineat 850°. and. 950° F. reaction/temper; ‘ 
ature. , . ' i 

Feed: 16% West Texas residuum. ' V l 
Contact medium: Fluid sand. 
Hydrogen diluent, 5,000 c. f./bbl. feed. 
30 minute cycles; feed rate 2 w./hr./w. V 

Reaction Temp., ° F _____________ _.~_Y._;___>_>_- J - 9507.7‘ 

0.1% Iodine on Feed _______________________ __ Yes No Yes ‘No Product Distribution: ’ > ' ' ‘ ‘ ’ I‘ 3 I 

04, Vol. Percent _______________ __, _____ __ 3. 7 1 2. 9 i 3.7 “5,0 
05/430‘) F., V01. Percent..’.___- 18. 2 '15. 6 26. 3 , 17. 8 
430° F.+Btl11S-, V01. Pereent__ 71. 4 73. 8 61. 7 ‘69. 7 

G12, ° API ____ -Q ____ __ 17. 2 15. 8 26.2 7'12. 4 
Coke, Wt. Percent..‘____._ 13. 3 V 11. 5 9. 9 ;~9. 8 
(la-G35, Wt. PGI‘GQDI____ 1. 6 2.8 4. 3 ‘~ '4. 6 

In the presence of hydrogen and'iodine, enchanc'ed’coné 
versions and yields of gasoline'were obtained at both 
temperatures. The gravity of the 430° Fri-product 
formed in the presence of iodine is 'shownlto be higher 
than when the iodine was omitted and representsa more 
valuable product for further utilization as- a cat-al' "c 

What is claimed is: 4 I ~ - I ‘ M ' 

1. A process for converti'n'gihigher boiling hydrocar 
bons to lower boiling hydrocarbons ,in the, absence‘ of ‘ 
a solid catalyst which needs regeneration; which com 
prises cont-acting higher boiling: hydrocarbon oil with hot 
catalytically-inert solid particles in a dense dry ?uidized 
turbulent bed maintained at an'active cracking tempera 
ture above about 700° _F.‘,and ‘introducing a gaseous 
halogen-containing catalyst-into said dense ?uidized ‘tur 

to lower boiling hydrocarbons and?recovering' vaporous 
cracked products overhead. > ’ ‘r _ 
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2. A process for converting residual hydrocarbon oil 
containing high boiling constituents which cannot be 
vaporized at ordinary pressures without cracking which 
comprises introducing such residual hydrocarbon oil into 
a dense dry ?uidized turbulent bed of catalytically-inert 
?nely divided solid particles maintained in a conversion 
zone at a cracking temperature above about 700° F. and 
introducing a gaseous halogen-containing catalyst into 
said dense ?uidized bed of inert solids to catalytically 
crack the residual hydrocarbon oil to lower boiling hy 10 
drocarbons without depositing carbonaceous material on ' 
said gaseous catalyst while depositing carbonaceous ma 
terial on said inert solids. 

3. A process for converting residual hydrocarbon oil 
containing high boiling constituents which cannot be 
vaporized at ordinary pressures without cracking which 
comprises introducing such residual hydrocarbon oil into 
a dense dry ?uidized turbulent bed of catalytically-inert 
?nely divided solid particles maintained in a conversion 
zone at a cracking temperature above about 700° F. 
and introducing a gaseous halogen-containing catalyst 
into said dense ?uidized bed of inert solids to catalytically 
crack the residual hydrocarbon oil to lower boiling hydro 
carbons without depositing carbonaceous material on said 
gaseous catalyst while depositing carbonaceous material 
on said inert solids, continuously withdrawing catalyti 
cally-inert solid particles containing carbonaceous ma 
terial from said dense turbulent ?uidized bed, passing 
the withdrawn inert solid particles to a burning zone 
wherein at least part of the carbonaceous material is 
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burned from said inert solid particles to raise the tem 
perature of said inert solid particles above the cracking 
temperature selected for said conversion zone and con 
tinuously withdrawing the so-heated inert solid particles 
from said burning zone and returning them to said con 
version zone to supply heat of cracking thereto. 

4. A process for converting higher boiling hydrocar 
bons to lower boiling hydrocarbons in the absence of 
a solid catalyst which needs regeneration, which com 
prises contacting higher boiling hydrocarbon oil with 
hot catalytically-inert solid particles in a dense dry ?uid 
ized turbulent bed in a conversion zone maintained at 
an active cracking temperature above about 700° F. and 
introducing a gaseous halogen-containing catalyst into 
said dense ?uidized turbulent bed to convert the higher 
boiling hydrocarbon oil to lower boiling hydrocarbons, 
removing vaporous cracked products overhead, separating 
gaseous halogen-containing catalyst from the vaporous 
cracked products and recycling such catalyst to said con 
version zone. ' 
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