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(57) ABSTRACT 

The present invention discloses a catalytic cracking process 
of petroleum hydrocarbons and a tube-in-tube riser reactor 
used therein. In the present invention, a catalyst is fed via an 
inlet conduit to an inner tube and an annular space betWeen 
the inner and outer tubes of the tube-in-tube riser reactor to 
contact a hydrocarbon feedstock, and the hydrocarbon feed 
stock is cracked under FCC conditions, then a reaction 
strearn thus produced ?oWs into a separation apparatus via 
a con?uence tube to separate a hydrocarbon product stream 
from a spent catalyst, the spent catalyst is stripped and 
regenerated, then a regenerated catalyst is recycled for reuse. 
The process of the present invention can improve both 
product distribution and product properties. 
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CATALYTIC CRACKING PROCESS OF 
PETROLEUM HYDROCARBONS 

TECHNIQUE FIELD 

[0001] The present invention relates to a catalytic cracking 
process of petroleum hydrocarbons ire the absence of hydro 
gen 

TECHNIQUE BACKGROUND 

[0002] Although catalytic cracking process has been 
developed for several decades and formed a relatively 
complete system of techniques, re?ners are still studying 
and searching untiringly to seek for a process not only 
meeting the requirements of increasingly rigorous environ 
mental laWs and regulations but also according With the 
change of market demands so as to create satisfactory 
econornic bene?t for enterprises. 

[0003] US. Pat. No. 5,043,522 and US. Pat. No. 5,846, 
403 relate to the improvements of conventional catalytic 
cracking process, in Which part of catalytic gasoline is fed to 
a riser reactor at upstream of the feedstock noZZles to contact 
a regenerated catalyst having high activity at a high tern 
perature, so that the yields of light ole?ns such as propylene, 
butylene and the like are increased, meanwhile the octane 
number of gasoline is improved. 

[0004] CN 1279270 A discloses a process for increasing 
sirnultaneously yields of both lique?ed petroleum gas and 
diesel oil. In this process, a catalytic gasoline is also fed to 
a riser reactor at upstream of the feedstock noZZles to contact 
at ?rst and then react With a regenerated catalyst. This part 
of reprocessed catalytic gasoline is cracked fully at a high 
temperature under a large catalyst-oil ratio to form a great 
quantity of lique?ed petroleum gas. MeanWhile, coke is 
deposited on the catalyst in a minute quantity, so that the 
catalyst activity is reduced appropriately in favor of produc 
ing rnore diesel oil, 

[0005] Us. Pat. No. 3,994,933 discloses a catalytic crack 
ing process With tWo riser reactors sharing a disengager In 
this process, a light cycle oil is fed to a riser reactor to 
contact a regenerated catalyst, resulting in a conversion less 
than 30%; the spent catalyst is fed to another riser to contact 
a fresh feedstock and heavy cycle oil. 

[0006] CN 1069054 A discloses a ?exible and multi 
purpose catalytic cracking process of hydrocarbons. This 
process relates to tWo independent riser reactors and tWo 
sedirnentation separation systerns attached With the risers. In 
the ?rst riser reactor, a light hydrocarbon is contacted and 
reacted With a regenerated catalyst under conditions of a 
temperature of 600-700° C., a catalyst-oil ratio of 10-40, a 
reaction time of 2-20 seconds, and the carbon content of the 
catalyst being controlled in the range of 01-04% by Weight; 
the spent catalyst is fed to the other riser to contact heavy 
hydrocarbons under conventional catalytic cracking reaction 
conditions. 

[0007] Both US. Pat. No. 4,820,493 and CN 1174094 A 
eXpand the diameter of the pre-lifting section of the riser 
reactor, in Which an inner tube for transferring catalyst is set 
coaXially to improve the contacting effect of oil and catalyst 
and to increase yield of desired product. Said inner tube for 
transferring catalyst is located at a place beloW the feed 
noZZle of hydrocarbon oil Both US. Pat. No. 4,310,489 a 
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CN 1096047 Ause a catalytic cracking unit With tWo risers. 
Therein, a riser is used to treat a heavy feedstock of 
conventional catalytic cracking, the other riser is used for 
catalytic rnodifying poor diesel oils or heavy gasoline frac 
tions. 

[0008] In sum, the catalytic conversion processes for treat 
ing sirnultaneously light oil and heavy oil disclosed in the 
prior art, can be essentially divided into tWo categories: (1) 
using a single riser reactor and charging the light feedstock 
to the upstream point of heavy feedstock inlet, and (2) using 
tWo riser reactors and treating different feedstocks in differ 
ent risers. The ?rst category of the processes need a little 
rnodi?cation on equipment, hoWever, reaction conditions of 
light oils are basically ?Xed, and product distribution and 
product properties can hardly be improved by means of 
optimization of operation variables. The second category of 
the processes overcornes disadvantages of the ?rst category 
of processes, operation conditions of each riser can be 
adjusted independently to carry out each reaction under 
respective conditions adapted to different feedstocks. HoW 
ever, for the second category of the processes, costs in both 
construction of unit and reconstruction of equipment are 
increased signi?cantly. Furthermore, in practical industrial 
production, a complicated ?oWchart Will greatly increase the 
dif?culty in operation. 

SUMMARY OF THE INVENTION 

[0009] An object of the present invention is to provide a 
catalytic cracking process of petroleum hydrocarbons using 
a tube-in-tube riser reactor, Which can provide hydrocarbon 
feedstocks having different properties With suitable reaction 
conditions and improve obviously the product distribution 
and product properties of the catalytic cracking process. 

[0010] Another object of the present invention is to pro 
vide a relay cracking process of petroleum hydrocarbons, 
Which can make the catalytic cracking process not only have 
a desirable ability to convert heavy oils and better product 
selectivity but also sirnplify ?oWchart and easy to operate. 

[0011] The catalytic cracking process provided in the 
present invention comprises the folloWing steps 

[0012] (1) feeding a catalyst from an inlet conduit to 
an inner tube and an annular space betWeen inner and 
outer tubes of a tube-in-tube riser reactor, Which 
?oWs upWard under an action of pre-lifting media 

[0013] (2) feeding a hydrocarbon feedstock into the 
inner tube and the annular space betWeen the inner 
and outer tubes of the reactor, Which contacts the 
catalyst therein to form an oil-catalyst rniXture, so 
that the reaction of the hydrocarbon feedstock is 
carried out under catalytic cracking reaction condi 
tions to form a reaction stream which ?oWs upWard 
along vessel Wall; 

[0014] (3) the reaction strearn both from the inner 
tube and from the annular space betWeen the inner 
and outer tubes ?oWs together at the inlet of a 
con?uence tube, and then enters a separation appa 
ratus via the con?uence tube, Where a hydrocarbon 
product stream is separated from a spent catalyst; 

[0015] (4) further separating the hydrocarbon product 
stream into various products including gasoline, die 
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sel oil and lique?ed petroleum gas, stripping and 
regenerating the spent catalyst, and recycling a 
regenerated catalyst into the reactor for reuse. 

[0016] Another catalytic cracking process of petroleum 
hydrocarbons provided in the present invention (narnely 
relay cracking process) rnainly comprises the folloWing 
steps: 

[0017] (1) sending a regenerated catalyst to the bot 
torn of the tube-in-tube riser reactor via a catalyst 
conduit, Which ?oWs upWards under an action of a 
pre-lifting rnedia, 20-80% by Weight of the regener 
ated catalyst ?oWing into the inner tube, and the 
remaining part of the regenerated catalyst entering 
the annular space betWeen the inner and outer tubes, 
Which ?oWs upWard under an action of the pre-lifting 
media; 

[0018] (2) feeding a hydrocarbon feedstock to the 
inner tube of the reactor to contact the catalyst 
therein and form a oil-catalyst rniXture, so that the 
reaction of the hydrocarbon feedstock is carried out 
under catalytic cracking reaction conditions to form 
a reaction stream which ?oWs upWard along vessel 
Wall; 

[0019] (3) the reaction stream from the inner tube and 
the regenerated catalyst (stream) from the annular 
space ?oW together in the con?uence tube, and 
making the reaction strearn react continuously under 
catalytic cracking conditions; introducing the result 
ing reaction stream to a separation apparatus via the 
con?uence tube, Where a hydrocarbon product 
stream is separated from a spent catalyst; 

[0020] (4) separating the hydrocarbon product stream 
further into various products including gasoline die 
sel oil and lique?ed petroleum gas; stripping and 
regenerating the spent catalyst, and recycling the 
regenerated catalyst into the reactor for reuse. 

[0021] In comparison With the prior art, bene?cial effects 
of the present invention are mainly embodied in the folloW 
ing aspects: 

[0022] The processes provided in the present invention are 
simple in equipment and ?exible in operation. Not only the 
reactions of heavy oils and light oils can be carried out 
separately in their respective reaction Zones, but also reac 
tion conditions can be regulated ?eXibly according to physi 
cal-chernical properties and mass ?oW of different feed 
stocks, Which thus create favorable conditions for improving 
product distribution and product quality. 

[0023] The processes provided in the present invention 
can make ?exible arrangements of several production 
schemes such as, for example, gasoline scherne, diesel oil 
scherne, lique?ed petroleum gas scherne, light ole?ns 
scheme and the like. Therefore, petroleurn re?neries can 
adjust product distribution pattern in time by using the 
processes of the present invention in accordance With varia 
tion of market demand so as to obtain more pro?tably 
econornic bene?t. 

[0024] The processes of the present invention can obvi 
ously irnprove catalytic cracking product distribution, 
reduce yields of dry Gas and coke, increase yields of high 
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value products such as lique?ed petroleurn as, gasoline 
and/or diesel oil and the like. 

[0025] Furthermore, the processes provided in the present 
invention can also improve the product quality and reduce 
the environmental pollution caused by petroleum products It 
is proved by test that the processes can decrease ole?n 
content of gasoline and increase the octane number of 
gasoline, reduce freeZing point of diesel oil., irnprove sen 
sibility of the diesel oil to ?oW irnprovers, increase stability 
of the diesel oil; meanwhile, the processes have a certain 
effect in reducing contents of the impurities such as sulfur, 
nitrogen and the like in gasoline and diesel oils. 

ILLUSTRATION OF FIGURES 

[0026] FIG. 1 is a schematic structure diagram of a 
tube-in-tube riser reactor having a single conduit for feeding 
catalyst. 
[0027] FIG. 2 is a schematic structure diagram of joint 
regions for an inner tube, an outer tube and a con?uence tube 
in a tube-in-tube riser reactor having a single conduit for 
feeding catalyst. 
[0028] FIG. 3 is a schematic diagram of setting modes of 
feed noZZles of an inner tube and an outer tube in a 
tube-in-tube riser reactor having a single conduit for feeding 
catalyst. 
[0029] FIG. 4 is a schematic structure diagram of a 
tube-in-tube riser reactor having tWo conduits for feeding 
catalyst. 
[0030] FIG. 5 is a schematic structure diagram of joint 
regions for an inner tube, an outer tube and a con?uence tube 
in a tube-in-tube riser reactor having tWo conduits for 
feeding catalyst. 
[0031] FIGS. 6-9 are principle ?oWcharts of the catalytic 
cracking processes of petroleum hydrocarbons using a tube 
in-tube riser reactor 

[0032] FIGS. 10 and 11 are principle ?oWcharts of the 
relay cracking process of petroleum hydrocarbons. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0033] The tube-in-tube riser reactor is used both in the 
catalytic cracking process of petroleum hydrocarbons and in 
the catalytic relay cracking process of petroleum hydrocar 
bons of the present invention. Said tube-in-tube riser reactor 
may have a single conduit or tWo conduits for feeding 
catalyst, or other reactors having similar structure. The 
structure of the tube-in-tube riser reactor is illustrated in 
detail hereinbeloW in combination With the Figures 

[0034] In the present invention, said tube-in-tube riser 
reactor With a single conduit for feeding, catalyst has a 
structure shoWn in FIG. 1. The reactor rnainly includes the 
folloWing members, regenerated catalyst inlet conduit 1, 
inner tube 2, outer tube 3, con?uence tube 4, pre-lifting 
distribution rings 5, 6 and 7, and feed noZZles 8 and 9; 
Wherein the inner tube 2 and outer tube 3 are coaXial, and the 
ratio of the cross-section area of the inner tube to the 
cross-section area of the annular space betWeen the inner 
and outer tubes is 1:0.1-10, preferably 1:0.2-2, the loWer end 
of the inner tube 2 is located at a place above the inlet of 
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regenerated catalyst, the inner tube has a length amounting 
to 10-70% of the total length of the reactor, preferably 
20-60%; one end of the con?uence tube 4 is connected With 
the upper end of the outer tube 3, and the other end is 
connected With a gas/solid separation apparatus, the cross 
section area ratio of the con?uence tube 4 and the inner tube 
2 is 1:0.2-0.8; the pre-lifting distribution rings 5, 6 and 7 are 
located at the bottoms of the reactor, inner tube and outer 
tube respectively. Fixing member 10 may be installed in 
multi-lines, for example, With 2-12 lines of shrouding Wires 
or draW-bars betWeen the inner and outer tubes according to 
the speci?c siZe of the reactor and requirement in engineer 
mg. 

[0035] In the tube-in-tube riser reactor having a single 
conduit for feeding catalyst, the distance from the upper end 
of the inner tube (i.e. the outlet end of the inner tube) to the 
outlet end of the con?uence tube is 1-30 meters (i.e., total 
length of the con?uence tube), preferably 2-20 meters. 
Different types of the joint modes betWeen the inner tube, 
the outer tube and the con?uence tube may be set in 
accordance With requirements. FIG. 2 exempli?es four 
embodiments of the joint modes in the present invention, but 
does not intend to limit the present invention. 

[0036] As shoWn in FIG. 2, in the embodiment A, the 
upper end of the inner tube is in a straight tube shape, and 
the outer tube is also in a straight tube shape; both the inner 
diameters of the con?uence tube and the outer tube are the 
same. The inner tube has an inner diameter of D1, the 
con?uence tube has an inner diameter of D2, and D1:D2= 
04-0911. 

[0037] As shoWn in FIG. 2, in the embodiment B, the 
upper outlet section of the inner tube is diverged in diameter, 
the outer tube is a straight tube, and both the con?uence tube 
and the outer tube are equal in inner diameters The inner 
tube has an inner diameter of D1 and the con?uence tube has 
an inner diameter of D2. The ratio of the height H1 of the 
upper outlet section of the inner tube to the inner diameter 
D1 of the inner tube is 0.5-3:1 The divergence angle a of the 
upper outlet section of the inner tube is 5-3°. 

[0038] As shoWn in FIG. 2, in the embodiment C, the 
upper outlet section of the inner tube is diverged in diameter, 
and the outer tube is converged in diameter and then 
connected With the con?uence tube. The inner tube has an 
inner diameter of D1 and the con?uence tube has an inner 
diameter of D2, The ratio of the height H2 of the upper outlet 
section of the inner tube to the inner diameter D1 of the inner 
tube is 05-311. The divergence angle b of the upper outlet 
section of the inner rube is 5-30°. The bottom end of the 
converged section of the outer tube is located betWeen 1.0 
D2 above the inner tube outlet and 1.0 D2 beloW the inner 
tube outlet With the convergence angle c of 10-60°. The ratio 
of the height H3 of the converged section of the outer tube 
to the inner diameter D2 of the con?uence tube is 0.5-3.0:1. 

[0039] As shoWn in FIG. 2, in embodiment D, the upper 
end of the inner tube is in a straight tube shape, and the outer 
tube is converged in diameter and then is connected With the 
con?uence tube. The inner tube has an inner diameter of D1 
and the con?uence tube has an inner diameter of D2. The 
bottom end of the converged section of the outer tube is 
located 10.5 betWeen 1.0 D2 above the inner tube outlet and 
1.0 D2 beloW the inner tube outlet With the convergence 
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angle d of 5 -45°. The ratio of the height H4 of the converged 
section in the outer tube to the inner diameter D2 of the 
con?uence tube is 0.5-3.0:1. 

[0040] Three kinds of designs for diverged, equal and 
converged diameters may be used to the loWer end of the 
inner tube in the tube-in-tube riser reactor having a single 
conduit for feeding catalyst For example, in FIG. 3, the ratio 
of the height H5 of the inlet section at loWer part of the inner 
tube to the inner diameter D1 of the inner tube is 0.5-3:1 
With the divergence angle e of —30-30°. Three kinds of 
designs for diverged, equal and converged diameters may be 
also used to the loWer end of the outer tube, in Which the 
speci?c design concept is similar to the design of the 
pre-lifting section in a conventional catalytic cracking riser 
reactor 

[0041] As shoWn in FIG. 1, feed noZZle 8 of the tube-in 
tube riser reactor having a single conduit for feeding catalyst 
may be installed at loWer part of the inner tube at a place 
5-30% of its total length, also, 2-4 layers of feed noZZles 
may be set along the inner tube. Or, as shoWn in FIG. 3, the 
feed noZZle may be set along central axis of the reactor so 
that it passes through the loWer part of the outer tube and 
then gets into 0.1-3.0 meters in the inner tube. Feed noZZle 
9 may be set at the loWer part of the out tube at a place 
5-30% of its total length; also, 2-4 layers of feed noZZles 
may be set in vertical direction of the outer tube. Feed 
noZZles 8 and 9 may be used in any form favorable to 
disperse homogeneously hydrocarbon feedstock. Feed 
noZZles 8 or 9 may consist of 2-12 feed noZZles arranged 
uniformly along circumferential direction. A quenching 
media noZZle may be set at the con?uence tube in order to 
create conditions for injecting a quenching media. In a Word, 
a relatively ?exible feeding mode may be used, and multi 
point feed injection may be performed in the inner tube and 
outer tube. 

[0042] The tube-in-tube riser reactor having tWo conduits 
for feeding catalyst has a structure shoWn in FIG. 4. The 
reactor mainly includes the folloWing members: catalyst 
inlet conduits 21 and 22, inner tube 35, outer tube 36, 
con?uence tube 38, pre-lifting distribution rings 31 and 33, 
arid feed noZZles 32 and 34. Therein, inner tube 35 and outer 
tube 36 are coaxial, and the ratio of cross-section area of the 
inner tube to cross-section area of the annular space betWeen 
the inner and outer tubes is 1:0.1-10, preferably 1:0.1-2 The 
catalyst inlet conduit 21 is connected With the loWer end of 
the inner tube 35, Which has a length of 10-70% of total 
length of the reactor, preferably 15-50%. Adistance from the 
loWer end of the outer tube 36 to the loWer end of the inner 
tube 35 is 2-20% of total length of the reactor, preferably 
5-15%. The catalyst inlet conduit 22 is connected With the 
loWer end of the outer tube 36. One end of the con?uence 
tube 38 is connected With the upper end of the outer tube 36, 
and the other end is connected With a gas/solid separation 
apparatus. A cross-section area ratio of the con?uence tube 
38 to the inner tube 35 is 1:0.2-0.8, preferably 1:03-07. The 
pre-lifting distribution rings 31 and 33 are located at the 
bottom of the inner tube and the bottom of the annular space 
betWeen the inner and outer tubes respectively. Feed noZZles 
32 and 34 are located at the loWer parts of the inner tube and 
the outer tube respectively. Fixing member 30 may be 
installed in multi-lines, for example, With 2-12 lines of 
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shrouding Wires or draW-bars between the inner and outer 
tubes according to speci?c size of the reactor and require 
ments of the engineering. 

[0043] In the tube-in-tube riser reactor having tWo con 
duits for feeding catalyst, the distance from the upper end of 
the inner tube (i.e. the outlet end of the inner tube) to the 
outlet end of the con?uence tube (i.e. total length of the 
con?uence tube) is 0 5-20 meters, preferably 1-10 meters. It 
is desirable to optimiZe the inner diameter of the con?uence 
tube according to the linear velocity of oil-gas in the 
con?uence tube, and the linear velocity of the oil-gas in the 
con?uence tube should be 0.5-2.0 times of the linear veloc 
ity at the inner tube outlet, preferably 0.8-1.2 times. The 
initial apparent linear velocity of the pre-lifting media is 
0.3-8 m/s in the inner tube, and the apparent linear velocity 
of the pre-lifting media is 0.2-10 m/s in the outer tube. 

[0044] Connection regions of the inner tube, the outer tube 
and the con?uence tube may be used With different Ways 
according to requirements. FIG. 5 shoWs four modes of 
embodiments, Which hoWever do not intend to limit the 
modes used for the reactor. 

[0045] As shoWn in FIG. 5, in embodiment Al, the upper 
end of the inner tube is in a straight tube shape, the outer tube 
is also in a straight tube shape, and the con?uence tube and 
outer tube are equal in inner diameter. The inner tube has an 
inner diameter of M1, and the con?uence tube has an inner 
diameter of M2, and M2: M1=1.5-5:1. 

[0046] As shoWn in FIG. 5, in embodiment B1, the upper 
outlet sects of the inner tube is diverted in diameter, the outer 
tube is a straight tube, and the con?uence tube and outer tube 
are equal in inner diameter. The inner tube has an inner 
diameter of M1 and the con?uence tube has an inner 
diameter of M2 The ratio of the height N1 of the upper outlet 
section of the inner tube to the inner diameter M1 of the 
inner tube is 0.5-3. 1. The divergence angle al of the upper 
outlet section of the inner tube is 5-30°. 

[0047] As shoWn in FIG. 5, in embodiment C1, the upper 
outlet section of the inner tube is diverged in diameter, and 
the outer tube is connected With the con?uence tube after 
converged in diameter. The inner tube has an inner diameter 
of M1 and the con?uence tube has an inner diameter of M2. 
The ratio of the height N2 of the upper outlet section of the 
inner tube to the inner diameter M1 of the inner tube is 
0.5-311. The divergence angle b1 of the upper outlet section 
of the inner tube is 5-30°. The bottom end of the converged 
section in the outer tube is located betWeen 1.0 M2 above the 
inner tube outlet and 1.0 M2 beloW the inner tube outlet With 
the convergence angle c1 of 10-60°. The ratio of the height 
N3 of the converged section of the outer tube to the inner 
diameter M2 of the con?uence tube is 0.5-3.0:1. 

[0048] As shoWn in FIG. 5, in embodiment D1 the upper 
end of the inner tube is in a straight tube shape, and the outer 
tube is connected With the con?uence tube after converged 
in diameter. The inner tube has an inner diameter as M1 and 
the con?uence tube has an inner diameter as M2 The bottom 
end of the converged section of the outer tube is located 
betWeen 1.0 M2 above the inner tube outlet and 1.0 M2 
beloW the inner tube outlet With the convergence angle d1 of 
5-45°. The ratio of the height N4 of the converged section, 
in the outer tube to the inner diameter M2 of the con?uence 
tube is 0.5-3.0:1. 
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[0049] The design of both loWer ends of the inner tube and 
the outer tube in the tube-in-tube riser reactor having tWo 
conduits for feeding catalyst is basically similar to that of the 
pre-lifting section in a conventional catalytic cracking riser 
reactor. The design of the pre-lifting distribution rings 31 
and 33 are also basically similar to that in a conventional 
catalytic cracking process. 

[0050] In the tube-in-tube riser reactor having tWo con 
duits for feeding catalyst, the feed noZZle 32 is set at a 
position of 5-30% of total inner tube length along the loWer 
part of the inner tube Feed noZZle 34 is set at a position of 
5-30% of the total outer tube length along the loWer part of 
the outer tube. Feed noZZles 32 and 34 may be used in any 
form, provided that it is favorable to disperse hydrocarbon 
feedstock homogeneously. Both feed noZZles 32 and 34 may 
consist of 2-12 feed noZZles, and said noZZles should be 
arranged uniformly along circumferential direction. 

[0051] In the processes provided in tile present invention, 
the catalysts fed via catalyst inlet conduit respectively to the 
inner tube and the annular space betWeen the inner and outer 
tubes of the tube-in-tube riser reactor may be the same or 
different. Speci?cally speaking, the catalysts fed to the inner 
tube and the annular space betWeen the inner and outer tubes 
of the tube-in-tube riser reactor may be the regenerated 
catalysts from a regenerator at high temperature. Also, the 
catalysts may be a mixture of the regenerated catalyst and a 
spent catalyst and/or a semi-regenerated catalyst Or else, the 
regenerated catalyst may be fed to the inner tube of the 
tube-in-tube riser reactor, and the semi-regenerated catalyst 
or spent catalyst or a mixture thereof may be fed to the 
annular space betWeen the inner tube and outer tube, and 
vice versa. In a Word, the catalyst fed to the catalyst inlet 
conduit may be contemplated comprehensively and rear 
ranged ?exibly in accordance With the unit conditions, 
feedstock properties and requirement for the desired prod 
ucts. Furthermore, the catalysts to be fed to the tube-in-tube 
riser reactor may also be cooled via a catalyst cooler, or may 
be fed to the tube-in-tube riser reactor via catalyst inlet 
conduit after the regenerated catalyst and spent catalyst 
and/or semi-regenerated catalyst are fully mixed in a catalyst 
blending vessel. 

[0052] The catalysts used in the present invention may be 
any catalyst suitable for catalytic cracking process, of Which 
active components are at least one kind of Zeolite selected 
from a group consisting of Y-type or HY-type Zeolite con 
taining or not containing rare earth and/or phosphorous, 
ultra-stable Y-type Zeolite containing or not containing rare 
earth and/or phosphorous, ZSM-S family Zeolite or high 
silica Zeolite having a pentasil structure, [3-Zeolite, ferrierite, 
and also an amorphous alumina-silica catalyst. The inner 
tube and the annular space betWeen the inner and outer tubes 
may use tWo different kinds of catalysts. 

[0053] In the processes provided in the present invention, 
the bottom of the tube-in-tube riser reactor, the bottom of the 
inner tube and the bottom of the annular space betWeen the 
inner and outer tubes are furnished With an inlet of a 
pre-lifting media respectively. Steam, dry gas or a mixture 
thereof can be used as a pre-lifting media. The apparent 
linear velocity of the pre-lifting gas in the inner tube is 
initially 0.3-6.0 m/s, and the apparent linear velocity of the 
pre-lifting gas in the annular space betWeen the inner and 
outer tubes is 0.2-8.0 m/s. 
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[0054] The hydrocarbon feedstocks fed to the inner tube 
and the annular space betWeen the inner and outer tubes may 
be selected from a group consisting of: gaseous hydrocar 
bon, re?nery gas, primary processing gasoline fraction, 
secondary processing gasoline fraction, primary processing 
diesel oil fraction, secondary processing diesel oil fraction, 
straight run gas oil, coker gas oil, deasphalted oil, hydro?ned 
oil, hydrocracking tail oil, vacuum residuum and a mixture 
thereof The hydrocarbon feedstock fed to the inner tube is 
preferably selected from a group consisting of straight run 
gas oil, coker gas oil, deasphalted oil, hydro?ned oil, hydro 
cracking tail oil, vacuum residuum, atmospheric residuum 
and a miXture thereof. The hydrocarbon feedstock fed to the 
annular space betWeen the inner and outer tubes is prefer 
ably selected from a group consisting of gaseous hydrocar 
bon, re?nery gas, primary processing gasoline fraction, 
secondary processing gasoline fraction, primary processing 
diesel oil fraction, secondary processing diesel oil fraction 
and a mixture thereof. The reaction conditions of the hydro 
carbon feedstock in the inner tube are as folloWs a reaction 

temperature of 460-580° C.; preferably 480-550° C., a 
reaction pressure of 0.1-0 6 MPa, preferably 0.2-0.4 MPa; a 
catalyst-oil ratio (Weight ratio of catalyst to feedstock) of 
3-15, preferably 4-10; an oil-gas residence time of 1.0-10 
seconds in the inner tube, preferably 1.5-5.0 seconds, a 
catalyst temperature of 620-720° C. before contacting the 
hydrocarbon feedstock, preferably 650-700° C.; and an 
atomiZation steam amount of 1-20% by Weight (based on the 
hydrocarbon feedstock), preferably 2-15% by Weight. 

[0055] Reaction conditions of the hydrocarbon feedstock 
in the annular space betWeen the inner and outer tubes are as 
folloWs: a reaction temperature of 300-680° C., preferably 
400-600° C., a reaction pressure of 0.1-0.6 MPa, preferably 
0.2-0.4 MPa; a catalyst-oil ratio of 2-30, preferably 4-20, an 
oil-as residence time of 0.5-20 seconds, preferably 1-15 
seconds; and an atomiZation steam amount of 1-20% by 
Weight (based on the hydrocarbon feedstock), preferably 
1-15% by Weight. The reaction conditions of the hydrocar 
bon feedstock in the annular space betWeen the inner and 
outer tubes can be further optimiZed in the light of the 
properties of the hydrocarbon feedstock and the requirement 
of the desired product. When lique?ed petroleum gas or light 
ole?ns are taken as major object products, relatively severe 
reaction conditions can be adopted; for eXample, a reaction 
temperature of 530-680° C., a catalyst-oil ratio of 8-30, an 
oil-gas residence time of 5-20 seconds and the like. When 
gasoline and/or diesel oil are taken as major object products, 
relatively moderate operation conditions should be adopted, 
for eXample, a reaction temperature 300-540° C., a catalyst 
oil ratio of 2-9, an oil-gas residence time of 1-5 seconds, and 
the like. 

[0056] The reaction stream both in the inner tube and in 
the annular space betWeen the inner and outer tubes is miXed 
at the inlet of the con?uence, and then continues to react in 
the con?uence tube, Wherein the reaction time is 01-30 
seconds, and the reaction pressure, temperature, catalyst-oil 
ratio and the like depend on the reaction conditions in the 
inner tube and the annular space. Generally, the reaction 
temperature is 450-600° C., the catalyst-oil ratio is 4-12, the 
reaction pressure is 01-06 MPa, the Weight ratio of steam 
to the hydrocarbon feedstock is 0.01-0.15:1. 
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[0057] The processes provided in the present invention are 
farther illustrated as folloWs in combination With the Fig 
ures, but not limited. 

[0058] As shoWn in FIG. 6, the catalyst is fed to the 
bottom of the tube-in-tube riser reactor having single con 
duit for feeding catalyst via a catalyst inlet conduit 1, and 
?oWs upWards under an action of a pre-lifting media. Apart 
of the catalyst (for eXample, 20-80 Wt. % of the catalyst) 
?oWs into the inner tube 2 and the remaining part of the 
catalyst enters the annular space betWeen the inner tube 2 
and outer tube 3, both of them continue to ?oW upWards 
under the action of the pre-lifting media. The hydrocarbon 
feedstocks are fed via noZZles 8 and 9 to the inner tube and 
the annular space betWeen the inner and outer tubes respec 
tively to contact the catalyst, and both the reaction streams 
continue to ?oW upWard along vessel Wall. The reaction 
streams both from the inner tube and from the annular space 
betWeen the inner and outer tubes ?oW together at the inlet 
of the con?uence tube 4, then the miXed stream enters to the 
disengager 12 via the con?uence tube and a rapid gas/solid 
separation apparatus, Where a hydrocarbon product stream is 
separated from a spent catalyst; then the separated hydro 
carbon product stream enters the subsequent separation 
system 14 to be separated further into different products. The 
spent catalyst falls doWn into the stripper 13, Where the 
reaction oil-gas entrained by the catalyst is stripped off by 
the action of steam; the stripped catalyst is introduced to the 
regenerator 15 to burn off coke With air. The regenerated 
catalyst is recycled to the reactor for reuse. 

[0059] As shoWn in FIG. 7, the catalyst is fed to the 
bottom of the tube-in-tube riser reactor having single con 
duit for feeding catalyst via the catalyst inlet conduit 1, and 
?oWs upWard under the action of a pre-lifting media. Apart 
of the catalyst (for eXample, 20-80 Wt. % of the catalyst) 
?oWs into the inner tube 2, and the remaining part of the 
catalyst enters the annular space betWeen the inner tube 2 
and outer tube 3, both of them continue to ?oW upWards 
under the action of the pre-lifting media. The hydrocarbon 
feedstocks are fed via noZZles 8 and 9 into the inner tube and 
the annular space betWeen the inner and outer tubes of the 
reactor respectively to contact the catalyst, and the reaction 
streams ?oW upWards continuously along vessel Wall. The 
reaction streams both from the inner tube and from the 
annular space betWeen the inner and outer tubes ?oW 
together at the inlet of the con?uence tube 4, and the miXed 
stream enters the disengager 12 via the con?uence tube and 
a gas/solid rapid separation apparatus, Where a hydrocarbon 
product stream is separated from a spent catalyst. The 
separated hydrocarbon product stream enters the subsequent 
separation system 14 to be further separated into various 
products, and the spent catalyst falls doWn into the stripper 
13 Where the reaction oil-gas entrained by the catalyst is 
stripped off under the action of steam. The stripped catalyst 
is fed to the regenerator 15 to burn off coke With air, and then 
the regenerated catalyst is introduced to the blending vessel 
16 to miX With the spent catalyst and/or semi-regenerated 
catalyst. The miXed catalyst is recycled to the reactor for 
reuse. 

[0060] As shoW in FIG. 8, the regenerated catalyst is fed 
via catalyst inlet conduits 21 and 22 to the inner tube 35 and 
the annular space betWeen the inner tube 35 and outer tube 
36 in the tube-in-tube riser reactor having tWo conduits for 
feeding catalyst respectively, and ?oWs upWard under the 
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action of pre-lifting media. The hydrocarbon feedstock is fed 
via nozzles 32 and 34 to the inner tube and the annular space 
betWeen the inner and outer tubes respectively to contact the 
catalyst, and the reaction stream ?oWs upWard along vessel 
Wall. The reaction streams both from the inner tube and from 
the annular space betWeen the inner and outer tubes ?oW 
together at the inlet of the con?uence tube 38, and the mixed 
stream enters the disengager 12 via the con?uence tube and 
a rapid gas/solid separation apparatus. In the disengager, a 
hydrocarbon product stream is separated from a spent cata 
lyst. The separated hydrocarbon product stream enters the 
subsequent separation system 14 to be further separated into 
various products The spent catalyst falls doWn into the 
stripper 13 Where the reaction oil-gas entrained by the 
catalyst is stripped off under the action of steam, The 
stripped catalyst is fed to the regenerator 15 to burn coke off 
With air, and then the regenerated catalyst is recycled into the 
reactor for reuse. 

[0061] As shoWn in FIG. 9, the regenerated catalyst is fed 
to the bottom of the inner tube 35 via catalyst inlet conduit 
21 in the tube-in-tube riser reactor and ?oWs upWard under 
the action of a pre-lifting media Apart of spent catalyst ?oWs 
via the catalyst inlet conduit 22 into the annular space 
betWeen the inner tube 35 and outer tube 36 and ?oWs 
upWard under the action of the pre-lifting media. The 
hydrocarbon feedstock is fed via noZZles 32 and 34 to the 
inner tube and the annular space betWeen the inner and outer 
tubes respectively to contact the catalyst, and the reaction 
streams ?oW upWard along vessel Wall. Reaction streams 
both from the inner tube and from the annular space betWeen 
the inner and outer tubes ?oW together at the inlet of the 
con?uence tube 38, and the mixed stream enters the disen 
gager 12 via the con?uence tube and a rapid gas/solid 
separation apparatus. In the disengager, a hydrocarbon prod 
uct stream is separated from a spent catalyst. Then the 
separated hydrocarbon product stream enters the subsequent 
separation system 14 to be further separated into various 
products, and the spent catalyst falls doWn into the stripper 
13 Where the reaction oil-gas entrained by catalyst is 
stripped off under the action of steam. The stripped spent 
catalyst is fed partially to the regenerator 15 to burn coke off 
With air, and the regenerated catalyst is recycled to the 
bottom of the inner tube for reuse The remaining part of the 
spent catalyst is recycled directly to the bottom of the 
annular space betWeen the inner and outer tubes for reuse 
Without regeneration. 

[0062] According to the processes provided in the present 
invention, in addition to the ?oWcharts as shoWn in FIGS. 
6-9 mentioned above, the regenerated catalyst, spent catalyst 
and semi-regenerated catalyst, or a mixture of any tWo 
thereof to be fed to the reactor can be fed via the catalyst 
inlet conduit to the bottom of the tube-in-tube riser reactor 
after being cooled via a catalyst cooler. 

[0063] The reactor, catalyst, feedstock and operation con 
ditions used in the relay cracking process of petroleum 
hydrocarbons provided in the present invention are substan 
tially similar to those in the catalytic cracking process of 
petroleum hydrocarbons using tube-in-tube riser reactor 
aforementioned. The difference betWeen them lies in that, 
the hydrocarbon feedstock is fed only to the inner tube of the 
tube-in-tube riser reactor but not to the annular space 
betWeen the inner tube and outer tube. Thus, the relay 
cracking process of petroleum hydrocarbons is different 
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from the catalytic cracking process of petroleum hydrocar 
bon using tube-in-tube riser reactor aforementioned in the 
aspects of feedstock and operation conditions. 

[0064] The hydrocarbon feedstock fed into the inner tube 
is selected from a group consisting of gaseous hydrocarbon, 
re?nery gas, primary processing gasoline fraction, second 
ary processing gasoline fraction, primary processing diesel 
oil fraction, secondary processing diesel oil fraction, straight 
run gas oil, coker gas oil, deasphalted oil, hydro?ned oil, 
hydrocracking tail oil, vacuum gas oil, vacuum residuum, 
atmospheric residuum and a mixture thereof. Therein, it is 
preferred to select from the group consisting of straight run 
gas oil, coker gas oil, deasphalted oil, hydro?ned oil, hydro 
cracking tail oil, vacuum gas oil, vacuum residuum, atmo 
spheric residuum and a mixture thereof. 

[0065] The reaction of the hydrocarbon feedstock in the 
inner tube is carried out under conditions as folloWs a 
reaction temperature of 480-700° C., preferably 500-680° 
C.; a reaction pressure of 0.1-0.6 MPa, preferably 0.2-0.4 
MPa; a catalyst-oil ratio of 3-30, preferably 4-25; an oil-gas 
residence time of 1.0-10 seconds in the inner tube, prefer 
ably 1.5-5.0 seconds; a catalyst temperature of 620-800° C. 
before contacting hydrocarbon feedstock, preferably 640 
750° C. and an atomiZation steam amount of 1-45% by 
Weight (based on feedstock), preferably 2-35% by Weight. 

[0066] Reaction conditions of the hydrocarbons in the 
con?uence tube are as folloWs: a reaction temperature of 
490-720° C., preferably 500-700° C.; a reaction pressure of 
0.1-0.6 MPa, preferably 0.2-0.4 MPa; a catalyst-oil ratio of 
4-40, preferably 5-30; an oil-gas residence time of 0.5-10 
seconds in the con?uence tube, preferably 1.0-5.0 seconds; 
and a steam-oil ratio of 3-45% by Weight, preferably 5-35% 
by Weight. The steam-oil ratio means the Weight ratio of 
steam to hydrocarbon feedstock. 

[0067] The relay cracking process of petroleum hydrocar 
bons is further illustrated as folloWs in combination With the 
Figures, but is not limited. 

[0068] As shoWn in FIG. 10, the regenerated catalyst is 
fed via the catalyst inlet conduit 1 to the bottom of the 
tube-in-tube riser reactor having single conduit for feeding 
catalyst, and ?oWs upWard under the action of a pre-lifting 
media; 20-80% by Weight of catalyst ?oWs into the inner 
tube 2, the remaining part of catalyst enters the annular 
space betWeen the inner tube 2 and outer tube 3, and both the 
parts of the catalyst continue to ?oW upWard under the action 
of the pre-lifting media. The hydrocarbon feedstock is fed to 
the inner tube of the reactor via noZZle 8 to contact the 
catalyst. And the reaction stream ?oWs upWard continuously 
along vessel Wall. The reaction stream from the inner tube 
?oWs together at the inlet of the con?uence tube 4 With the 
regenerated catalyst (stream) from the annular space 
betWeen the inner and outer tubes, and then the mixed 
reaction stream enters the disengager 12 via the con?uence 
tube and a rapid gas/solid separation apparatus, Where a 
hydrocarbon product stream is separated from a spent cata 
lyst. The separated hydrocarbon product stream enters the 
subsequent separation system 14 to be further separated into 
various products, and the spent catalyst falls doWn into the 
stripper 13 Where the reaction oil-gas entrained by catalyst 
is striped off under the action of steam. The stripped catalyst 
is fed to the regenerator 15 to burn off coke With air, and the 
regenerated catalyst is recycled to the reactor for reuse. 
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[0069] As shown in FIG. 11, the regenerated catalyst is 
fed via the catalyst inlet conduits 21 and 22 to the inner tube 
35 and the annular space betWeen the inner tube 35 arid 
outer tube 36 of the tube-in-tube riser reactor having tWo 
conduits for feeding catalyst respectively, and ?oWs upWard 
under the action of a pre-lifting media The hydrocarbon 
feedstock is fed to the inner tube of the reactor via the noZZle 
32 to contact the catalyst, and the reaction stream ?oWs 
upWard along vessel Wall The reaction stream from the inner 
tube ?oWs together at the inlet of the con?uence tube 38 With 
the regenerated catalyst (stream) from the annular space 
betWeen the inner tube 35 and outer tube 36 Then the mixed 
stream enters the disengager 12 via the con?uence tube and 
a rapid gas/solid separation apparatus In the disengager, the 
hydrocarbon product stream and the spent catalyst are 
separated. The separated hydrocarbon product stream enters 
the subsequent separation system 14 to be further separated 
into various products. The spent catalyst falls doWn into the 
stripper 13 Where the reaction oil-gas entrained by catalyst 
is stripped off under the action of steam. The stripped 
catalyst is introduced to the regenerator 15 to burn off coke 
With air, and the regenerated catalyst is recycled to the 
reactor for reuse. 

[0070] In addition to those shoWn in FIGS. 10 and 11 
aforementioned, in the relay cracking process of petroleum 
hydrocarbon, the regenerated catalyst to be fed to the reactor 
can be fed to the bottom of the tube-in-tube riser reactor after 
being cooled via a catalyst cooler. 

[0071] The folloWing Examples farther illustrate but do 
not intend to limit the processes provided in the present 
invention. 

[0072] The catalyst used in the Examples is a commercial 
product from Catalyst Factory, Lan Zhou Petrochemical 
Corp., Trademark LV-23, of Which major properties are 
shoWn in Table 1. The hydrocarbon feedstock used in the 
Examples is DaQing VGO blended With 30% by Weight of 
VR, of Which properties are shoWn in Table 2. The testing 
apparatus used in the Examples is a pilot FCC unit adopted 
tube-in-tube riser reactor. 

EXAMPLE 1 

[0073] The present example shoWs test results obtained by 
using the process provided in the present invention When 
light oil is produced as main object product. 

[0074] Main steps of the test are as folloWs The feedstock 
shoWn in Table 1 and the recycled oil of the present unit 
Were mixed, the mixed oil Was heated via a preheating 
furnace and fed to the inner tube of the tube-in-tube riser 
reactor to contact the regenerated catalyst ?oWing from the 
regenerator and lifted With a pre-lifting media. The cracking 
gas produced in the present unit Was fed to the annular space 
betWeen the inner and outer tubes to contact the regenerated 
catalyst therein. The reaction stream in the inner tube and the 
reaction stream in the annular space moved up along vessel 
Wall respectively, then mixed With each other in the con?u 
ence tube to continue the reaction, and then entered a 
disengager. In the disengager, the hydrocarbon product 
stream Was separated from the spent catalyst, and then 
entered a subsequent fractionation system via an oil-gas 
pipeline to be further fractionated into various products. The 
products Were metered and analyZed respectively. Spent 
catalyst Was stripped With steam, then introduced into a 
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regenerator to burn off coke With air. The regenerated 
catalyst Was recycled to the reactor for reuse. 

[0075] Main operation conditions, product distribution 
and main product properties are shoWn in Tables 3, 4 and 5 
respectively. It can be seen from Tables 4 and 5 that When 
light oil is produced as main object product, the yield of 
gasoline+diesel oil up to 77.80% by Weight and a total yield 
of liquid products can amount to 89.96% by Weight With a 
loWer yield of dry as and coke. 

EXAMPLE 2 

[0076] The present example shoWs test results obtained by 
using the process provided in the present invention When a 
lique?ed petroleum gas is produced as main object product. 

[0077] Main steps of the test are as folloWs The feedstock 
shoWn in Table 1 Was heated via a preheating furnace, then 
fed to the inner tube of the tube-in-tube riser reactor to 
contact the regenerated catalyst ?oWing from the regenerator 
and lifted With a pre-lifting media. The light oil (gasoline 
diesel oil) With a distillation range less than 350° C. pro 
duced in the present unit Was fed into the annular space 
betWeen the inner and outer tubes to contact the regenerated 
catalyst therein. Both the reaction stream from the inner tube 
and the reaction stream from the annular space moved up 
along vessel Wall respectively, mixed With each other in the 
con?uence tube to continue the reaction, and then entered a 
disengager. In the disengager, the hydrocarbon product 
stream Was separated from the spent catalyst, then entered a 
subsequent fractionation system via an oil-gas pipeline to be 
further fractionated into various products The products Were 
metered and analyZed respectively. The spent Do catalyst 
Was stripped With steam, and then introduced to a regenera 
tor to burn off coke With air. The regenerated catalyst Was 
recycled to the reactor for reuse. 

[0078] The main operation conditions are shoWn in Table 
3, the product distribution is shoWn in Table 4, and the main 
product properties are shoWn in Table 5 It can be seen from 
Tables 4 and 5 that When lique?ed petroleum gas is produced 
as main object product, the yield of lique?ed petroleum gas 
can amount to 29.46% by Weight and the total yield of liquid 
products can amount to 86.65% by Weight With a loWer yield 
of dry gas and coke. 

EXAMPLE 3 

[0079] The present example shoWs test results obtained by 
using the process provided in the present invention When 
gasoline is produced as main object product. 

[0080] The main steps of the test are as folloWs. The 
feedstock shoWn in Table 1 and the recycled oil produced in 
the present unit Were mixed, then the mixed oil Was heated 
via a preheating furnace and fed to the inner tube of the 
tube-in-tube riser reactor to contact the regenerated catalyst 
?oWing from the regenerator and lifted With a pre-lifting 
media. Coker gasoline (With a density of 0.7316 g/cm3, 
RON=58.8, MON=65.4, an ole?n content of 37.49% by 
Weight) Was fed to the annular space betWeen the inner and 
outer tubes to contact the regenerated catalyst therein. Both 
the reaction stream in the inner tube and the reaction stream 
in the annular space moved up along vessel Wall respec 
tively, mixed With each other in the con?uence tube to 
continue the reaction, and then entered a disengager. In the 
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disengager, the hydrocarbon product stream Was separated 
from the spent catalyst, and then entered a subsequent 
fractionation system via an oil-gas pipeline to be further 
fractionated into various products The products Were 
metered and analyzed respectively. The spent catalyst Was 
stripped With steam, then introduced to a regenerator to burn 
off coke With air. The regenerated catalyst Was recycled to 
the reactor for reuse. 

[0081] Main operation conditions, product distribution 
and main product properties are shoWn in Tables 3, 4 and 5 
respectively. It can be seen from Tables 4 and 5 that When 
gasoline is produced as main object product, the gasoline 
yield can amount to 59.49% by Weight, the yield of light oil 
is 78.14% by Weight, and total yield of liquid products 
amount to 90.00% by Weight With a loWer yield of dry as and 
coke meanWhile, a good quality of gasoline product is 
obtained. 

EXAMPLE 4 

[0082] The present example shoWs test results obtained by 
using the process provided in the present invention When 
diesel oil is produced as main object product. 

[0083] Main steps of test are as folloWs. As shoWn in FIG. 
7, the feedstock shoWn in Table I Was mixed With the 
recycled oil of the present unit, the mixed oil Was heated via 
a preheating furnace and fed to the inner tube of the 
tube-in-tube riser reactor to contact the mixed catalyst from 
catalyst blending vessel 16 in Which the regenerated catalyst 
and the spent catalyst Were mixed. The coker diesel oil (With 
a density of 0.8520 g/cms, a sulfur content of 8225 ppm, and 
a nitrogen content of 5018 ppm, and a cetane number of 47) 
Was fed to the annular space betWeen the inner and outer 
tubes to contact the mixed catalyst therein. Both the reaction 
stream in the inner tube and the reaction stream in the 
annular space moved up along vessel Wall respectively, then 
mixed With each other in the con?uence tube to continue the 
reaction, and then entered a disengager In the disengager, the 
hydrocarbon product stream Was separated from the spent 
catalyst, and then entered a subsequent fractionation system 
via an oil-gas pipeline to be further fractionated into various 
products. The products Were metered and analyZed respec 
tively. The spent catalyst Was stripped With steam, then part 
of the stripped catalyst Was introduced into a regenerator to 
burn off coke With air, and the remaining part of the spent 
catalyst Was fed directly into the catalyst blending vessel 16 
to mix With the regenerated catalyst in a blending ratio of the 
regenerated catalyst to the spent catalyst of 2:1. Then the 
mixed catalyst Was recycled to the reactor for reuse. 

[0084] Main operation conditions, product distribution 
and main product properties are shoWn in Tables 3, 4 and 5 
respectively. It can be seen from Tables 4 and 5 that When 
diesel oil is produced as main object product, the yield of 
diesel oil can amount to 35.13% by Weight and the total yield 
of liquid products can amount to 89.93% by Weight With a 
loWer yield of dry gas and coke. 

EXAMPLE 5 

[0085] The present example shoWs test results obtained by 
using the process provided in the present invention When 
lique?ed petroleum gas and diesel oil are produced as main 
object products. 
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[0086] The main steps of test are as folloWs. The feedstock 
shoWn in Table 1 Was mixed With the recycled oil from the 
present unit, and the mixed oil Was heated via a preheating 
furnace and then fed to the inner tube of the tube-in-tube 
riser reactor to contact the regenerated catalyst ?oWing from 
regenerator and lifted With a pre-lifting media. The gasoline 
fraction produced in the present unit Was fed to the annular 
space betWeen the inner and outer tubes to contact the 
regenerated catalyst therein. Both the reaction stream in the 
inner tube and the reaction stream in the annular space 
moved up along vessel Wall respectively, mixed each other 
in the con?uence tube to continue the reaction, and then 
entered a disengager. In the disengager, the hydrocarbon 
product stream Was separated from the spent catalyst, and 
entered a subsequent fractionation system via an oil-gas 
pipeline to be further fractionated into various products. The 
products Were metered and analyZed respectively. The spent 
catalyst Was stripped With steam, and then introduced to a 
regenerator to burn off coke With air. The regenerated 
catalyst Was recycled to the reactor for reuse. 

[0087] Main operation conditions, product distribution 
and main product properties are shoWn in Tables 3, 4 and 5 
respectively. It can be seen from Tables 4 and 5 that When 
lique?ed petroleum gas and diesel oil are produced as main 
object products, the yield of lique?ed petroleum gas can 
amount to 19.08% by Weight, the yield of diesel oil can 
amount to 31.46% by Weight, and the total yield of liquid 
products can amount to 88.80% by Weight With a loWer yield 
of dry gas and coke. 

[0088] In the folloWing examples, the relay cracking pro 
cess Will be further illustrated but not limited. The catalysts 
used in the examples beloW Were commercial products With 
trademarks respectively of RMG, CIP-1 and CFP manufac 
tured by China’s QiLu Petrochemical Catalyst Factory, and 
the three kinds of catalysts Were hydrothermally aged, of 
Which the main properties are shoWn in Table 6. In the 
examples, the hydrocarbon feedstock used is DaQing VGO 
blended With 30% by Weight of VR, of Which properties are 
shoWn in Table 1, and the testing apparatus used in the 
Examples beloW Was a pilot FCC unit adopted tube-in-tube 
riser reactor. 

EXAMPLE 6 

[0089] The present example illustrates that higher yields 
of lique?ed petroleum gas, gasoline and diesel oil can be 
obtained by using the relay cracking process provided in the 
present invention With heavy petroleum hydrocarbon as 
feedstock. 

[0090] The steps of test are mainly as folloWs. As shoWn 
in FIG. 10, the regenerated catalyst Was introduced into the 
bottom of the tube-in-tube riser reactor via the catalyst inlet 
conduit 1, and ?eW upWard under the action of a pre-lifting 
vapor With 70% by Weight of the catalyst ?eW into the inner 
tube 2 and the remaining 30% by Weight of catalyst entered 
into the annular space betWeen the inner tube 2 and outer 
tube 3 to continue ?oWing upWard under the action of 
pre-lifting vapor. The hydrocarbon feedstock as shoWn in 
Table 1 Was preheated, and fed to the inner tube via the 
noZZles 8 to contact the catalyst; the reaction stream ?eW 
upWard continuously along vessel Wall. The mixture of the 
reaction oil-gas and catalyst from the inner tube ?eW 
together in the con?uence tube 4 With the regenerated 














