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[0003] Historically, quenching effluent from a heavy feed cracking furnace
has been technically challenging. Most modern heavy feed furnaces employ a
two-stage quench, the first stage being a high pressure 10400 to 13900 kPa (1500-
2000 psig) steam generator and the second stage utilizing direct oil quench
injection. See, e.g., U.S. Patent No. 3,647,907 to Sato et al., incorporated herein
by reference. In the 1960s high pressure steam generating cracked gas coolers
deployed as transfer line exchangers were found to be especially useful in
cracking liquid feeds. The high steam pressure (8100 to 12200 kPa (80 to 120
bar)) and high tube wall temperatures (300° to 350°C) limited the condensation of
heavy hydrocarbons and attendant coke formation on tube surfaces.

[0004] Conventional steam cracking systems have been effective for cracking

high-quality feedstocks such as gas oil and naphtha. However, steam cracking
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[0006] U.S. Patent 4,176,045 to Leftin et al., which is incorporated herein by
reference, discloses production of C, to Cs olefins by "steam pyrolysis, i.c.,
cracking”" of normally liquid hydrocarbons while minimizing coke deposits on the
interior surface of the furnace. More highly aromatic, higher coking petroleum
derived feedstocks are blended with lower coking petroleum derived feedstocks to
provide cracking feedstock.
[0007] Leftin, et al., "High-Severity Pyrolysis of Shale and Petroleum Gas Oil
Mixtures," Ind. Eng. Chem., Process Des. Dev., Vol. 25, No. 1, pp. 211-16,
January, 1986, teach high-severity pyrolysis of narrow boiling range shale gas oil

and petroleum-derived light gas oil mixtures to reduce coking rates as compared
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furnaces.

Summary

[0012] In one aspect, the present invention relates to a process for cracking a
synthetic crude oil-containing feedstock comprising: 1) hydroprocessing a wide
boiling range aliquot containing a) normally liquid hydrocarbon portion boiling in
a range from 50° to 800°F, substantially free of resids, and b) thermally cracked
hydrocarbon liquid boiling in a range from 600° to 1050°F, to provide a synthetic
crude oil boiling in a range of from 73° to 1070°F, containing greater than 25 wt%
aromatics, greater than 25 wt% naphthenes, less than 0.3 wt% S, less than 0.02
wt% asphaltenes, and substantially free of resids other than asphaltenes; ii) adding

to the synthetic crude oil a normally liquid hydrocarbon component boiling in a



boiling range aliquot containing a) normally |iquid

hydr ocarbon portion boiling in a range fromb50 to
W@o®8M9143ubst antial ly free of resids, and b) tP&Er/msio0y085826

cracked hydrocarbon liquid boiling in a range from 600
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t Qﬁﬂhetlc crude oil has a pour point no greater than 80°F, typically no greater than
70°F, e.g., no greater than 52°F, say, -12°F, while the normally liquid hydrocarbon
component has a pour point greater than 50°F, say, greater than 102°F, e.g.,
greater than 120°F, and the mixture resulting from ii) has a pour point no greater
than 100°F, say, no greater than 90°F, e.g., no greater than 80°F.

[0016] Embodiments of this aspect of the invention can comprise the process
wherein the mixture comprises from 1 to 99 wt% normally liquid hydrocarbon
component and from 1 to 99 wt% synthetic crude oil, typically from 50 to 80 wt%
normally liquid hydrocarbon component and from 20 to 50 wt% synthetic crude

oil, e.g., 75 wt% hydrocrackate and 25 wt% synthetic crude oil.
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[0022] Additional embodiments of this aspect of the invention include those
wherein the synthetic crude oil contains no greater than 0.1 wt% S, ¢.g., no greater
than 0.05 wt% S.
[0023] In still other embodiments of this aspect, the normally liquid
hydrocarbon component is added to the synthetic crude oil in an amount sufficient
to provide an optimum coil outlet temperature of the cracker furnace for the
resulting mixture which is increased by at least 10°F, typically at least 30°F, e.g.,

at least 70°F, over the optimum coil outlet temperature of the cracker furnace for

synthetic crude oil alone.



hydr ocracki ng. [0022] Additional enbodi nents of this

aspect of the invention include those wherein the
w@shense crude oil contains no greater than PCI/US09G/085826

S, e.g., no greater than 0.05 wt% S. [0023] In stil

ot her enbodi ments of this aspect, the normally liquid

hydr ocar bon conponent is added to the synthetic crude

oil in an amount sufficient to provide an optinmum coi

0 t erature.of.th racker furnace for t

G Rl FonRiish iR o7 S ¥ Shect RS ' ePlial B gty

t vigiiidahydyo@tbdne@mipodelttis ®Rlded to &e dy@artic L 0iP Ve bn tahdunt
opti mum coil outlet tenperature of the cracker furnace

f suffisipnt ieeinricassy tha dobeackadnfBugrydenperpiragidhpeeil outlet of the
€ gpa%ﬁc{trr@prﬁaicg&? gﬁ% 5983‘1%8810 éoipfou{leqeterlnn \e/rt%p&rle Wkt tggt?%rglallﬁ eliquid

nor na rocarpoon conponent IS ad

S ¥ipddoedrben ©6mﬁ6ndhit.| Typically, efeonttnalyifliquid Bydroé#®bon component
i ncrease the hot cracked effluent tenperature at the

c &i 9ddgditte gre yntheHe cardgcitein g apRIne seidiciont tolmcrogtmscyerity by
oA Gk ETRTRLER SO SRR o RV UGS o

c affipame Rifficiena sl etert e t f@cisty byt il6ase rouahe (3EIC 1 Mor@bach 5°F
anount sufficient to increase severity by at | east
0ingreasg iy @il quilet CHYKTAWE. | ncrease in coil outl et

t ature... e [ . u uf ficient, t S
RS odv sy SpBRUBERY Bl R st Ramaplig guic
| hgdreasBoh BorGpdrenoidtadadd toahp eymhdticecrudddsIP ] anl diniink kifficient
anot her enbodi nent of this aspect, the nornmally liquid
h{QiFedues Bl Balm dnanicass] ydue dnienliyme ledphd fattie cerumeto 20
OiJiod N an amount sufficient to reduce coke neke, by at
least 1 % typically at least 10 wt% e.g., up to 20
W[0626] 0026] anlothed re@itiveimeitaddhivenpedfoftthé snvaapestthomormally
the invention, the nornmally |liquid hydrocarbon
nisirogasbondepmppongnt erddod th g wynéietigeredy oif jn gy amount

C
STt ML SRS IR LORCIRE Sy LR B A e
| egsdalliak Uaett Iyl Rehylehee.g., aitlcdseasity2etikoet hyl ene.
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increase the optimum coil outlet temperature (COT) by at least 10°F, typically by
at least 70°F. For present purposes, the term "optimum coil outlet temperature” is
defined as the maximum temperature at which an acceptable rate of radiant or
quench coke formation is effected, except for pentane insoluble-containing feeds
wherein an acceptable rate of coke formation is effected in the convection section.
Typically, the optimum coil outlet temperature is that which provides a
commercially acceptable runlength for the unit, and can be readily determined by
those of skill in the art. Optimum coil outlet temperature can be determined by
tube metal temperature increase rate. For example, a tube metal temperature
increase of 125°F is observed in a lab unit operating on 75 wt% hydrocrackate and
25 wt% syncrude. Factors affecting the optimum COT include furnace coking and

downstream constraints. Generally, the optimum COT to make more cthylene
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hydroprocessed mixture of a) normally liquid hydrocarbon portion boiling in a
range from 50° to 800°F, substantially free of resids, and b) thermally cracked
hydrocarbon liquid boiling in a range from 600° to 1050°F, the synthetic crude oil
boiling in a range of from 73° to 1077°F , containing greater than 25 wt%
aromatics, greater than 25 wt% naphthenes, less than 0.3 wt% S, less than 0.02
wt% asphaltenes, and substantially free of resids other than asphaltenes, which
process comprises: adding to the synthetic crude oil a petroleum-derived normally
liquid hydrocarbon component boiling in a range from 100° to 1050°F, which

component 1) provides a greater optimum coil outlet temperature for cracker

furnace effluent than the synthetic crude oil cracked separately.
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using the synthetic crude oil alone.
[0036] Embodiments of this aspect can include those wherein the normally
liquid hydrocarbon component is selected from the group consisting of light virgin
naphtha, condensate, kerosene, distillate, heavy atmospheric gas oil, virgin gas oil,
hydrotreated gofinate, and hydrocrackate. Typically, the normally liquid
hydrocarbon component is selected from the group consisting of light virgin
naphtha and gas oil. Alternately, the normally liquid hydrocarbon component is
selected from the group consisting of hydrotreated light virgin naphtha and
hydrotreated gas oil.

[0037] In certain embodiments of this aspect of the present invention, the

synthetic crude oil has a pour point no greater than 80°F, typically no greater than



[0035] In an enbodi nent of this aspect of the present
invention, the normally |iquid hydrocarbon conponent
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| ?iahilgidfydtrgc%?‘t?on portion is a hydrotreated refinery stream selected from the
group consisting of gofinate and hydrocrackate, and the thermally cracked
hydrocarbon liquid is selected from the group consisting of thermally cracked
very heavy crude and coker gas oil.
[0042] In another embodiment, the normally liquid hydrocarbon portion
comprises light virgin naphtha condensate, and the thermally cracked hydrocarbon
liquid comprises thermally cracked very heavy crude.
[0043] Additional embodiments of this aspect of the invention include those

wherein the synthetic crude oil contains no greater than 0.1 wt% S, ¢.g., no greater

than 0.05 wt% S.
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out leedt 35 wt%, over coke make for the synthetic crude oil alone.
[0047] In another embodiment of this aspect of the invention, the normally
liquid hydrocarbon component is present in the feedstock for cracking in an
amount sufficient to increase olefin yield from cracking by at least 0.1 wt%
cthylene, typically at least 1 wt% ecthylene, e.g., at least 2 wt% ethylene, over
olefin yield for the synthetic crude oil alone.
[0048] In certain embodiments of this aspect of the invention, the feedstock
for cracking ranges from 0.1 to 99 parts by weight, typically from 1 to 9 parts by
weight, e.g., from 1 to 3 parts by weight of normally liquid hydrocarbon
component to each part by weight of synthetic crude oil.
[0049] In still other embodiments of this aspect, the wide boiling range aliquot
contains from 0.1 to 10 parts by weight, typically from 2 to 3 parts by weight of
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means containing less than 70 wppm resids, preferably less than 20 wppm resids.
Given the resid-based coking problems associated with using heavier feeds in
cracking processes, synthetic crude oils lacking resids are regarded with particular
interest as a cracking feedstock, especially steam cracking. Asphaltenes, which
may be present in resids, are n-heptane insoluble components. For present
purposes, asphaltene content of a sample can be determined by well-known
analytic techniques, ¢.g., ASTM D6560 (Standard Test for Determination of
Asphaltenes (Heptane Insolubles) in Crude Petroleum and Petroleum Products), or
ASTM D3270 (Standard Test Method for n-Heptane Insolubles).

[0052] Synthetic crude oil or "syncrude" is typically a synthetic blend of non-
resid containing virgin liquids that have been combined with thermally cracked

liquid products where the combined stream is subjected to hydroprocessing, i.e.,
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hydroprocessing the resulting gas oil/bottoms blend to reduce olefins content. The

properties of Sincor crude (Venezuelan) and Syncrude 319 (Canadian) are set out

below in TABLE 1.



pressure is greater than 200 psig, preferably ranging
from500 psig to 2000 psig. Hydrogen recircul ation
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[0055] Suitable feed for admixing with the synthetic crude oil to improve
operability during cracking is a normally liquid hydrocarbon component boiling in
a range from 100° to 1050°F. Heavy aromatic gas oil (HAGO) is especially suited
to this use in the present invention. HAGO can be obtained as a bottom side
stream off an atmospheric pipestill. Properties of HAGO are set out below in
TABLE 2.
TABLE 2--HEAVY AROMATIC GAS OIL PROPERTIES
Specific Gravity 0.8671

Boiling Curve BP (°F)
IBP 3553
10% 554.2
20% 609.1
30% 645.8
40% 668.1
50% 685.8
60% 703.5
70% 722.1
80% 744
90% 774.2

FBP 878.1



70% 730 719 80% 790 779 90% 865 851 95% 924 906 100%
1052 1029 [0055] Suitable feed for adm xing with the
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cracking is a normally |iquid hydrocarbon conponent
boiling in a range from 100 ti@-10500F. Heavy aromatic
gas oil (HAGD) is especially suited to this use in the
pr esent invention HAGO can be obtained as a bottom
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operablllty durlng cracking is a hydrocrackate of
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11Lﬁéed Nﬁlr"n'e) are—set—out—berow Rotter'aarn nydrocrackate (SOR)
Feed Properties
P (n-paraffins) 7.5
I (iso-paraffins) 238
N (napthenics) 553
Hydrogen content (wt%) 133
Specific gravity 0.8674
Sulfur content (wt%) 0.004
D-86 IBP (°F) 622
D-86 BP10 (°F) 716
D-86 1BP 30 (°F) 769
D-86 1IBP 50 (°F) 797
D-86 1IBP 70 (°F) 830
D-86 1IBP 90 (°F) 888
D-86 FBP for Gas Oils, 981
BP 95 for Naphthas

[0057] In applying this invention, the hydrocarbon feedstock comprising a
mixture of synthetic crude oil and normally liquid hydrocarbon component may
be initially heated by indirect contact with flue gas in a first convection section
tube bank of the pyrolysis furnace before mixing with a dilution fluid, ¢.g., steam.
Preferably, the temperature of the heavy hydrocarbon feedstock is from 150° to
260°C (300° to 500°F) before mixing with the dilution fluid.

[0058] Following mixing with the primary dilution steam stream, the mixture

stream may be heated by indirect contact with flue gas in a first convection
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aﬂgllillr(]it f?orgfthe vapor phase. The vapor phase may be heated to above the flash
temperature before entering the radiant section of the furnace, for example, to
425° to 705°C (800 to 1300°F). This heating may occur in a convection section
tube bank, preferably the tube bank nearest the radiant section of the furnace.
[0062] A transfer line exchanger can be used to produce high pressure steam
which is then preferably superheated in a convection section tube bank of the
pyrolysis furnace, typically to a temperature less than 590°C (1100°F), for
example, 455 to 510°C (850° to 950°F) by indirect contact with the flue gas before
the flue gas enters the convection section tube bank used for heating the heavy

hydrocarbon feedstock and/or mixture stream. An intermediate desuperheater may

be used to control the temperature of the high pressure steam. The high pressure



liquid fromthe vapor phase. The vapor phase may be
heated to above the flash tenperature before entering

wo b@sogdsant section of the furnace, for exanpP&l/Us2907/085826
425 to 7050C (800 to 13000F). This heating nmay occur
in a convection section tube-lgank, preferably the tube
bank nearest the radi ant section of the furnace.
[0062] A transfer |ine exchanger can be used to
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[0066] The invention is illustrated by the following Examples which are

provided for the purpose of representation and is not to be construed as limiting
the scope of the invention. Unless stated otherwise, all percentages, parts, etc., are
by weight.

EXAMPLE 1

[0067] Engineering calculations (COMPASS) which simulate processing
synthetic crude alone and admixtures of synthetic crude with HAGO in
accordance with this invention are conducted and compared with actual laboratory

results. Reaction conditions include reactor temperature of 725°C (measured at



fractionator or at |east one tar knock-out drun),

wherein the condensed tar is separated fromthe
wekdoBoers9 stream [0065] The gaseous over head RPET/UB07/085826

separation vessel is directed to a recovery train for

recovering Cto Colefins, intrer alia. [0066] The

invention is illustrated by the foll ow ng Exanpl es

mhich are provided for the purpose of representation
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Resul ts for cracking Sincor and Syncrude 319 synthetic
cEXe®PREdne, or in combination with heavy aromatic
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| ippgstble, and will become apparent to one skilled in the art. Therefore, the spirit
and scope of the appended claims should not be limited to the descriptions of the

preferred embodiments contained herein.



[0069] Although the present invention has been

described in considerable detail with reference to
w@e2rsadr3pr ef erred enbodi nents, ot her enbodi MEPEEUS2087/085826

possi ble, and will becone apparent to one skilled in

the art. Therefore, the spirifg-and scope of the

appended cl ains should not be limted to the

descriptions of the preferred enbodi nents contai ned

h%ﬁ? ﬂw AIMS What is clained is: 1. A process for

craé#rﬁé a synthetic crude oil-containing feedstock

conprising: i) hydroprocessing a wi de boiling range

aki et c1siaryai-ni ng a) normally |iquid hydrocarbon

portion boiling in a range from50 to 8000F,

s bAtraedesafor grackimg asintheté dwide andohlpintine faradtdok emaekent:

hydrocarbon liquid boiling in a range from 600 to

10500F, to provide a synthetic crude oil boiling in a
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100 tp‘105égF; and iii) cracking the mxture resulting
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cqail tlett ovi a . cracked effluent, wherein the.
e Phgr TSR TN o SuRBFEEAG end Rt fsh orEsics
ebftRethad ak@altamds; coi | outlet tenperature which is

greater than the optinmumradi ant coil outl et

tenperature for cracking the synthetic crude oi

separatel.y. 2. The process of claiml. .wherein the
D el it e SPRPCETRERT kBT i RSB Pub Bpmponen
OPbiliy M h 2eigd Mont 000° tOUOS®E; 4@nper ature than the

synthetic crude oil. 3. The process of claim 2,
wherein the normally |iquid hydrocarbon conponent is

added to the ﬁgntqgtic q ud% ol l..i.n an nnynt -
11 . £rac 1ntg t MIXture resu 1ng TO 112) 11 a Cracker rurna c&rnprlslng a
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15Q0F, and E? olefin yields resulting fromthe o
c PRiciIdey congkitionsriyHlicent tte cffpet a radiant coil outlet temperature which is

greater than the optimum radiant coil outlet temperature for cracking the synthetic

crude oil separately.

2. The process of claim 1, wherein the normally liquid hydrocarbon
component has a greater optimum radiant coil outlet temperature than the

synthetic crude oil.

3. The process of claim 2, wherein the normally liquid hydrocarbon
component is added to the synthetic crude oil in an amount sufficient to increase
at least one of A) cracked effluent temperature at the coil outlet by from 5° to
150°F, and B) olefin yields resulting from the cracking, as compared to the

synthetic crude oil alone.



synthetic crude oil alone.4. The process of claiml,
wherein the normally |iquid hydrocarbon conponent is

W@ d08o91a from t he group consisting of |ight vPEHU007/085826
napht ha, condensate, kerosene, distillate, heavy
at nospheric gas oil, virgin g&s oil, hydrotreated
gof mate, hydrotreated gas oil, and hydrocrackate. 5.
The process of claim1l, wherein the synthetic crude
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| thsti 1@07Es sel ected from the group consisting of

thermally cracked very heavy crude and coker gas oil

8. The process of claim1, wherein the hydroprocessing
conpri g&s pioctwast e of, Wieckeot rteatiorgally liquid hydrocarbon
hydr ogenati ng, and hydrocracking. 9. The prqcess of
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8. The process of claim 1, wherein the hydroprocessing comprises at least

one of hydrotreating, hydrogenating, and hydrocracking.

9. The process of claim 1, wherein the normally liquid hydrocarbon
component is added to the synthetic crude oil in an amount sufficient to provide
an optimum coil outlet temperature of the cracker furnace for the resulting
mixture which is increased by at least 70°F over the optimum coil outlet

temperature of the cracker furnace for synthetic crude oil alone.



to 3 parts by weight of normally liquid hydrocarbon to

each part by weight of synthetic crude oil. 12. The
wWe@sese3of claiml, wherein the wide boiling PEHYs2007/085826

aliquot contains from2 to 3 parts by weight of the

normal Iy liquid hydrocarbon moetion for each part by

wei ght of the thermally cracked hydrocarbon |iquid.

13. The process of claim 1, wherein the synthetic
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normal Iy liquid hydrocarbon portion boiling in a range
from50 to 8000F, substantially free of resids, and b)
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range from 600 to 10500F the synthetic crude oi
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aof aess, indm) thermally cracked hydrocarbon liquid boiling in a range from
600° to 1050°F, the synthetic crude oil boiling in a range from 73° to 1077°F ,
containing greater than 25 wt% aromatics, greater than 25 wt% naphthenes, less
than 0.3 wt% S, less than 0.02 wt% asphaltenes, and substantially free of resids
other than asphaltenes, which process comprises:
adding to the synthetic crude oil a petroleum-derived normally liquid
hydrocarbon component boiling in a range from 100° to 1050°F, which component
1) provides a greater optimum coil outlet temperature for cracker furnace effluent

than the synthetic crude oil cracked separately.

15. The process of claim 14, wherein the normally liquid hydrocarbon

component is added to the synthetic crude oil in an amount sufficient to increase



600 to 10500F, to provide a synthetic crude oil
boiling in a range of from73 to 10770F, containing
WQ@Qe@aner3e han 25 wt % aromati cs, greater than 2BCTS2007/085826
napht henes, less than 0.3 W% S, less than 0.02 w %
asphal tenes, and substantial I)-free of resids other
t han asphaltenes; and 2) normally |iquid hydrocarbon
corrponent boiling in a range from 100 to 10500F,
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effluent temperature at a cracker furnace coil outlet by from 5° to 150°F, and B)

olefin yield resulting from cracking, as compared to that obtained using the

synthetic crude oil alone.

18. The feedstock of claim 16, wherein the normally liquid hydrocarbon
component is selected from the group consisting of light virgin naphtha,
condensate, kerosene, distillate, heavy atmospheric gas oil, virgin gas oil,

hydrotreated gofinate, and hydrocrackate.

19.  The feedstock of claim 16, wherein the synthetic crude oil has a pour point

no greater than 80°F, while the normally liquid hydrocarbon component has a



23. The feedstock of claim 16, wherein the normally
i quid hydrocarbon portion is a hydrotreated refinery

W@ eosam43e! ect ed fromthe group consisting of POFUSRDB085826
and hydrocrackate, and the thermally cracked
hydrocarbon liquid is selectexp-fromthe group
consisting of thermally cracked very heavy crude and
coker gas oil. 24. The feedstock of claim 16, wherein

h mal Ly |jqui d - : |
| PEHRU rer iy AR R GERCERE R il BRSERBH PPy poin no
cpaleehdaydogtar bon 1iquid conprises thermally cracked

very heavy crude. 25. The feedstock of claim 16,
wherein the wide boiling range aliquot contains from
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21. The feedstock of claim 16, which comprises 75 wt% hydrocrackate as

normally liquid hydrocarbon component and 25 wt% synthetic crude oil.

22. The feedstock of claim 16, wherein the normally liquid hydrocarbon
portion is a virgin refinery feed selected from the group consisting of light virgin
naphtha, condensate, kerosene, distillate, heavy atmospheric gas oil, and vacuum
gas oil, and the thermally cracked hydrocarbon liquid is selected from the group

consisting of thermally cracked very heavy crude and coker gas oil.

23. The feedstock of claim 16, wherein the normally liquid hydrocarbon
portion is a hydrotreated refinery stream selected from the group consisting of
gofinate and hydrocrackate, and the thermally cracked hydrocarbon liquid is
selected from the group consisting of thermally cracked very heavy crude and

coker gas oil.

24. The feedstock of claim 16, wherein the normally liquid hydrocarbon
portion comprises light virgin naphtha condensate, and the thermally cracked

hydrocarbon liquid comprises thermally cracked very heavy crude.

25.  The feedstock of claim 16, wherein the wide boiling range aliquot contains
from 0.1 to 10 parts by weight, typically from 2 to 3 parts by weight of the
normally liquid hydrocarbon portion for each part by weight of the thermally
cracked hydrocarbon liquid.



