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3 Claims. ~ (Cl 196-—50)

This invention relates to a thermal conversion process,
and more particularly to a process whereby exceptionally
heavy fractions of crude petroleum are converted fo
more valuable products by thermal conversion.

Methods of refining crude petroleum vary consider-
ably depending upon the type of crude oil available, the
market area in which the refinery disposes of the products,
and other factors. The method probably most frequent-
ly employed in modern refineries involves first subject-
ing the crude oil to atmospheric distillation under con-
ditions to recover distillate fractions including a gasoline
fraction and a furnace oil fraction having an end point
of about 650° to 750° F. The bottoms from this distil-
lation is then subjected to distillation under a vacuum
to remove overhead a charging stock for conventional
cafalytic cracking such as fluid catalytic cracking or
moving bed catalytic cracking. In this last distillation
step it has been the practice to produce a vacuum bot-
toms which contains not only the asphaltic constituents
initially present in the crude oil but also certain of the
heavier oil fractions. This final reduced crude has then
generally been disposed of as a heavy fuel oil referred
to as No. 6 or Bunker C fuel oil.

Despite the fact some of the oil constituents of the
crude are generally retained in this bottoms product, it
is normally too heavy and viscous a material to be sold
as such, particularly if the vacuum distillation has been
carried out so as fo yield an efficient amount of catalytic
cracking charge stock. In order to convert this heavy
material to a salable product, it has been necessary to
dilute it with a lighter oil, usually catalytic cycle stock
which is frequently about 650° F. end point material;
in other words, a No. 2 fuel oil, which would demand
a relatively high price if sold as such. Inasmuch as a
No. 6 fuel oil is a low-priced material, it has long been
the desire of refiners to reduce the production of this
product while increasing the production of more valuable
products obtainable from the crude oil.

One procedure that has been given consideration in-
volves subjecting the vacuum bottoms product to thermal
conversion to accomplish conversion of a part of the
product into gasoline and the remainder into a less vis-
cous material than the charge stock. However, so far
as known, attempts to subject the vacuum bottoms prod-
uct obtained in the conventional operation to thermal
cracking or visbreaking at femperature above 900° F. in
the equipment generally employed for thermally crack-
ing or visbreaking lighter charge stocks, have not been
successful. This is because such products obtained from
the types of crudes handled in the majority of domestic
refineries have yielded an inordinate amount of coke
and gas if subjected to thermal conversion under con-
ditions sufficiently severe to obtain the desired conver-
sion of the charge stock. Thus, if such a stock is sub-
jected to visbreaking at a temperature sufficiently high
to cause adequate conversion of the stock, such as con-
version resulting in the production of 8 per cent or more
gasoline by volume of the charge, the formation of coke
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is such as to reduce to an uneconomically short time the
period during which the conversion unit can remain on
stream. On the other hand, if the maximum tempera-
ture to which the charge is heated is reduced to a point
at which coke formation permits long on-stream periods,
the amount of conversion is substantially reduced.

The coke deposited during thermal conversion opera-
tions of the type under consideration is a hydrocarbon-
aceous material in which the ratio of carbon to hydrogen
is extremely high. It has long been accepted. that under
a given set of operating conditions the amount of coke
produced in thermal conversion operations will vary gen-
erally in accordance with the carbon-hydrogen ratio of
the hydrocarbon compounds making up the charge stock,
and this has been confirmed by numerous experimental
and commercial thermal operations on heavy gas oils
and on typical reduced crudes containing asphaltic and
heavy oil constituents of the original crudes. A re-
cognized indication of the carbon-hydrogen ratio of a
heavy oil, and therefore the coke-making tendency of
the oil, is the Conradson carbon residue number of the
oil. Thus it is accepted that by controlling the degree
of reduction of a crude so as to produce a reduced -crude
having a relatively low Conradson carbon residue num-
ber, a charge stock suitable for thermal conversion with-
out the production of uncesirable amounts of coke can
be obtained.

The present invention is based upon the discovery that
by removing substantially more of the lighter compounds
in reduced crude oils than is the conventional practice,.
the resulting residual product can be successfully vis-
broken in a single-pass operation by flowing the reduced
crude through a thermal conversion zone under condi-
tions including zone exit temperature of about 900° to
about 1000° F., which is applied to a longer residuum of
the same crude oil, would resulf in the production of coke
and gas at rates such as to reduce to an uneconomically
short period the time during which the operation could
be continued. The product of the process comprises gaso-
line and a residue substantially less viscous than the
charge material.

The extent of reduction of the crude required to pro-
duce a charge stock suitable for use in the process of the
invention cannot adequately be defined as a percentage of
the crude because of the wide variance in the composition
and properties of crudes from different oil fields. In the
case of a highly paraffinic crude, a bottoms product con-
sisting of only 5 to 6 per cent by weight of the crude might
be too light for effective use, whereas in. the case of a
crude containing a substantial amount of asphalt, a bot-
toms product consisting of as high as 30 per cent of the
crude might be suitable. We have found that reduced
crudes which have a Conradson carbon residue number
of at least 18, an A. P, I, gravity below 10, and a viscosity,
S.U. S. at 210° F., of at least 6000 can be employed suc-
cessfully in the present process. ) »

While it is not intended to limit the present invention
to any particular theory, the research work leading to
the development of the invention has indicated that the
difficulties experienced in the past in attempting to vis-
break deeply reduced crudes were due to the fact the
reduced crudes employed contained oil components prob-
ably largely paraffinic in nature. These components,
although lighter and having a smaller carbon residue .
number than the remainder of the reduced crude, appar-
ently were converted readily to coke and may have tended
to direct conversion of the remainder of the reduced crude
towards high coke formation. Removal of lighter com-
ponents in accordance with the invention has resulted in
a charge stock which can be visbroken at temperatures
above 900° F. without the production of ‘excéssive
amounts of coke. ' il e
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The deeply reduced crude charge stock for the present
process is preferably prepared by subjecting the crude
oil to conventiona] distillation at atmospheric pressure
to remove overhead as distillate the gasoline, kerosene,
and furnace oil cuts; for example, the fractions boiling
below a selected temperature such as 650° or 750° F.
The bottoms from this operation is then subjected to
vaciium distillation under conditions to pass overhead an
amount of catalytic cracking charging stock in excess of
that conventionally produced from such a bottoms mate-
rial and to yield a vacuum bottoms or tar having the
characteristics discussed above; i. e., a Conradson carbon
residue number of at least 18, an A. P. L. gravity of below
10, and a viscosity, S. U. 5. at 210° F., of at least 6000.
The production of a vacuum bottoms of this type is pref-
erably accomplished by increasing the vacuum in the dis-
tillation, but also can often be accomplished by increasing
the heat content of the charge to the vacuum stiill.  The
necessary adjustment of conditions to obtain the desired
extent of reduction of the crude is fully within the skill
of an operator of this type of equipment.

The vacuum bottoms constituting an exceptionally
deeply reduced crude is then passed to a thermal cracking
unit of conventicnal design comprising a conversion coil
in a cracking furnace and means such as gas or fuel oil
burners positioned in the lower part of the furnace. - The
conditions of the operation, including heat input, rate of
flow -of charge through the coil, and time, are adjusted
so that the temperature of the charge at the outlet of the
coil is about 900° to about 1000° F., preferably about
920° to about 980° F.; and the charge to the coil is con-
verted to gasoline (Ca's up to 400° F. end point) in an
amount equal to at least 8 per cent and preferably nct
more than 20 per cent by volume of the charge. These
conditicns are preferably selected from within the ranges:
coil volumes of about 0.012 to about 0.050 cubic feet of
coil volume above 750° F. per barrel throughput per day;
linear velocity of about 0.1 to 10 feet per second; pressure
of -about 50 to about 1000 pounds per square inch gauge
{pressure is not an important factor because the extremely
héavy charge will be in liquid phase and it is only towards
the end of the coil that lighter hydrocarbons are formed
in any substantial amount); and a heat input of about
5000 to about 15,000 B. t. u.’s per hour per square foot
of outside heating surface.

A preferred embodiment of the invention will be under-
stood more fully by reference to the accompanying draw-
ing, the single figure of which is a diagrammatic repre-
sentation of a suitable system for carrying out the em-
bodiment. The drawing will be described in connection
with the treatment of a typical West Texas crude -oil.
The crude oil is introduced into the system through a
valved line 1 leading to a conventional furnace Z wherein
the crude is heated to a suitable elevated temperature such
as a temperature of about 650° to 750° F. From the
heater the crude flows through valved line 3 to an atmos-
pheric distillation column 4. As is well known, such a
distillation column may be operated so as to separate the
crude into a variety of products; however, in this instance
the column is operated so as to obtain the Ca and lighter
hydrocarbons as overhead products which are passed
through line 5, a 300° F. end point gasoline which is
passed through line 6, a 300° to 400° F. naphtha which
is passed through line 7 and a 400° to 650° F. furnace
oil fraction which is passed through line 8. Operating
in this way the bottoms product will comprise of the
order of about 40 per cent of the crude and this product
is removed through line 9 leading to a heater 11 which
supplies sufficient heat to the bottoms to raise this prod-
uct to a temperature of about 700° to about  800° F.
The heated material then passes through line 12 leading
to a vacuum tower 13.

This tower is operated as previously described in order
to produce as a vacuum bottoms or tar a-deeply reduced
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crude having the characteristics outlined above. To ac-
complish this on the bottoms from the atmospheric dis-
tillation column, an amount equal to about 30 volume
per cent of the original crude, is passed overhead from
the vacuum tower through line 14 as charge to a conven-
tional catalytic cracking unit and auxiliary equipment
indicated generally at 15. Thus, the vacuum bottoms
comprises about 10 volume per cent of the crude and is
a product having the properties specified above.

The vacuum bottoms is passed through line 16 leading
io a conveitional visbreaking or thermal cracking furnace
indicated generally at 17. In order to move the vacuum
bottoms from the vacuum tower to the furnace 17 and
also to provide the desired pressure on the oil in the fur-
nace, a pump 18 is employed in line 16. 1In the furnace
‘he vacuum bottoms is passed through coil 19 and is
heated by means of a plurality of burners 21, disposed
in the lower portion of the furnace. In the arrangement
shown, the furnace comprises a convection heating sec-
tion indicated gemerally at 22 and a radiant heat-
ing section indicated genmerally at 23. The pressure
in the coil may vary, for example, it may be about 50
to about 1,000 pounds per square inch, and preferably
is about 100 to 600 pounds per square inch. In the
coil the charge is subjected to visbreaking under condi-
tions such that the coil outlet temperature is about 900°
to 1000° F., preferably about 920° to about 980° F.,
and the coil voiume is about 0.020 to about .035 (cubic
fcat of coil volume above 750° F. per barrel of through-
put per day).

The product from the visebreaking furmace 17 is re-
moved from the furnace through valved line 26 leading
to a fractionator 27. In this embediment the fraction-
ator is operated so as to pass overhead the 400° F. end
point gasoline and lighter materials through a line 28.
This cverhead product is sent to a stabilizer, not showa,
wherein Ca’s through 400° F. end point gasoline is sepa-
rated from the Cy’s and lighter gases. The gasoline re-
moved through this line under the conditions stated will
comprise of the order of 8 to 18 volume per cent of the
vacuem bottoms and the bottoms product will comprise

about 92 to 82 volume per cent of the vacuum bottoms.

The bottoms product is removed through valved line
79 to a mixing vessel 31. Since the product alone will
be too heavy for sale as No. 6 fuel oil, it is mixed with
catalytic cracking cycle stock from the catalytic cracking
unit 15 through line 32.

In order that this embodiment of the invention may
be understood more fully, there is presented below in
Table T data cbtained in a series of runs in which the
charge to the visbreaker was a vacuum bottoms com-

- prising 9.9 volume per cent of the West Texas crude.

In all of the runs for which data are given in the table,
coke deposition was insignificant and the runs were ot
extended to evaluate the advantages of the operation
with respect to duration of on-stream periods. The in-
spections for the 9.9 volume per cent West Texas re-
duced crude were as follows:

Gravity, © APT e - 85
Viscosity, SUS at 210° F. o 7932
B.S. & W, per Cent e 0.1
Conradson carbon residue, per cent oo~ 19.8
Sulfur, per €ent oo ccm e 2.90
Pour peoint, °F. oo 100
Melting point, °F. (R. & B.) —cmmom oo e 117
Penetration (D3) cocmmmc e 168

The gravity, viscosity, and Conradson carbon residue
values given in this table were determined in accordance
with the test methods given in “ASTM Standards on
Petroleum Products and Lubricants” November, 1950.
The gravity test bears ASTM designation D287-39; the
viscosity test, the ASTM designation D%8—44; and the
Conradson carbon residue test, the designation D189-46.
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The oil used to cut the various bottoms product Was a
light catalytic cycle stock having a gravity, °API, of
31.2. This oil is referred to as “cutting 0il” in the fol-

lowing Table I,
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F. It is pointed out that these runs and the runs described
later in this specification were carried out in pilot plant
equipmnent. It is a generally accepted rule that the period-

during which a commercial visbreaking plant can remain

Period. o

Operating Conditions:
Coil Qutlet Temp., °F ... ___.____________
Qoil Pressure, p.s.f.g_______.__ 777"
Coil Volume gbove 7i
throughput/day)_..____ . __ " "~ T
. Length of Test Period, hours.................
Yields, Vol. Percent of Charge to Furnace:
Qas (C; and Lighter) (FOE)
C4 400° F, Gasoline.
300°-400° F, Naptha.
400° F.4-Bottoms____
Fuel Oil Blends (200 SFS at 165°
Yield of Bottoms (Vol. Percent of Crude)
400° F.+-Bottoms of Visbroken Produects. ..
Cutting Oil Required to Make Fuel Oil (Vol.
Percent of Crude)
Yield of Fuel Oil (Vol. Percent of Crude).....
Fuel Ol Inspection Datar
Gravity, °API _..____.__ .. .
Viscosity, SUS at 130° T
Viscosity, SUS at 210° F_
Viscosiry, SFS at 122° F____
B.S. & W., Percent
Carbon Residue,
Sulfur, Percent
Pour Point, °F T TTTTTTTTTTmmmmm
Flash Point, °F_ -
Sediment by Extraction, Percent (D473) .___

Table 1
9.9 Vol. Percent Wegt Texas Crude
Charge A B C
________ 1 2 1 2 1 2
________ 920 940 960 980 950 950
........ 200 200 200 200 600 | 1,000
________ 0.019 | 0.020] 0.020 | 0.020| 0.016 | 0.014
________ [ 12
L5 2.0 2.0 2.2 2.3 1.9
9.3 107! 123| 17.3| 182 15.3
4.8 5.3 4.7 5.3 8.6 6.0
________ 91.6 | 89.8) 8.0 842] 834 87.0
9.9 2.0 8.9 8.7 8.3 8.3 8.6
4.9 2.8 2.7 2.6 2.6 2.3 1.9
4.8 1.8) 1.6 1L3! 10.9 10.6 10.5
150 1247 1247 115! 10.8! 1L5 12.3
1,400 | 1,530 | 1,440 | 1,680 | 1,710 | 1,550 | 1.310
19; 179 161 293 274 146 158
194 214 202 210 174 207 185
trace | 0.05 0.4 0.5 1.4 0.2 0.1
1497 <185 21L,2| 2.9 922.7| 219 20.8
2141 238 248| 247 256| 262 2.32
10 20 30 25 45 45 25
230 230 225 295 230 230 230
001| 001f 006| 0.15] 0.40| .0.14 0.04

Each of the runs A, B, and C was a

ation over the two periods named, although the prod-

ucts were analyzed at the end of each

portant coke deposition occurred and the light gas pro-
duction was satisfactory during the runs. It was ap-

parent that each run could have been

period many times as long as the periods named in the
table, and this despite the facts that the reduced crude
charge was an extremely heavy material and that the
coil outlet temperatures were substantially above 900°

continuous oper-

period. No im-

continued for a

on-stream without excessive coke deposition is many
times that for a pilot plant when charging the same stock

35 under comparable operating conditions.
From a study of the results set out in Table I, it will

be seen that the operation described has important ad-
vantages with respect to the reduction of heavy fuel oil
production and an increase in the total amount of lighter

40 products obtained from the crude.
the reduced crude charge was employed for making heavy
fuel oil, 14.8 per cent by volume of the original crude

For example, when

Table 11
Oharge to Visbreaker Furnaee......_________.___ Charge I Charge IT
Run No e ——————— --{ Charge] D Charge k)]
I II
Duration of Run, Hours.. ... | _______ b7 S 72
Period: - ;2 1 2 3
Remarks—Qoil Condition oK 0K OK
Operating Conditions:
Coil Gutlet Temp., °F. 950 950 950
Coil Pressure, p.8.4.g oo 7" 200 220 250
Coil Volume above 760° F. (Cu. Ft./Bbl.
throughput/day)... ... """ - 0,020 ;... . 0.020 | 0.020 0. 020
Length of Test Period, hours.. .| 7-7777" 24 ) ... 20 24 20
Yields, Vol. Percent of Charge to Farnace:
Gas (Cyand Lighter) (POE) o ___|. .. 9 OF I 19 17 18
C4400° ¥, Gasoline 4.1 (... 14,0 12,4 10.8
300°-400° ¥, Naphtha, 6.4 .. ____ 5.0 4.7 4.0
400° F.+-Bottoms 877 |eeeee 83.3 89.4 90.7
Fuel Oil Blends (200 STS at 122° F.):
Yield of Bottoms (Vol. Percent of Charge)
(400° F.-+-Bottoms of Vishroken Produets).| 100.0 87.7 | 100.0 88,3 80.4 90.7
Cutting Oil Required to Make Fuel Oil
(Vol. Percentof Charge)..._._______.______ 45.0 27.3 68.2 60. 2 56.7 66.7
Yield of Fuel Oil (Vol. Percent of Charge)....| 1450 | 115.0 | 168,2 | 1485 | 146.1 157. 4
Fuel Oil Inspection Data:
Gravity, API ______ . 15.0 13.1 14.8 13.9 14.1 14.6
Viseosity:
SUSat130° F. 1,266 | 1,458 | 1,815 | 2,169 3,048 [_.__.__.
SUSat210°F. 178 166 190 208 170 182
SFSat122°F. - 173 219 180 241 252 230
B. 8. & W., Percent 0.1 2.0 0.1 18 2.0 L6
Carbon Residue, Percent (Conradson)....___ 13.3 17.4 16.8 20.4 19,9 19,5
Sulfur, Percent 2,14 2.37 2,02 2.15 2.09 2.08
Pour Point, °F 5 35 —5 85 90 21
Flash Point, ° F o 224 235 208 185 204 450
Sediment by Extraction, Percent (D473)......]  0.01 0.46 0.01 0.34 0.58 0.36
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had to be disposed of as heavy fuel oil. Moreover, in
order to produce a salable fuel oil from the reduced crude
charge, it was necessary {0 employ 4.9 per cent by volume
of the cutting oil, which was a light TCC cycle stock suit-
able for incorporation in a No. 2 fuel oil. Proceeding
in accordance with the invention reduced the total amount
of heavy fuel oil to from 11.8 to 10.5 volume per cent
of the crude, and perhaps more important, reduced the
cutting oil required to an amount from 2.8 to 1.9 vol-

[

Gravity, ° APL —
Viscosity, SUS at 210° Foooe e 16,200

Conradson carbon residue, per cent e e 22.0
Sulfur, per cenf— . mmmm oo 5.30
Pour point, ° F —— - 110

The oil used to cut the various bottoms product was a
light catalytic cycle stock having a gravity, © API, of 31.2.
This oil is referred to as “cutting oil” in Table IH.

Table 111

17.7 Vol. percent Euwait Crude

RN N0 oo oo commmmmmem o mmmm = emmmemsmmememossassesossoissos Charge F G H I T K L ‘ M
Puration of Run-weeooooeemaann 20 10 40 48 21 13 12 10
Remarks—Coil Condition.... 0K
Operating Conditions:
Coil Outlet Temp., ° F'.._ 900
Coil Pressure, P. 8. de Bocaeooncornzzmozrzonzomo=ngoc s 200
Coil Volume above 750 0.0343
Tength of Test Period, hOUrS . —-oocoowouommmomnommmommomnmmoos
Vields, Vol. percent of Charge to Furnace:
Gas (Cz and Lighter) (FOR) - ccecoacmmmmmmmmcemmmmmmm s 1.9 2.7 2.7 1.5 1.6 1.9 1.1 1.4
Oy 400° F. Gasoline. ...~ 14.2 17.1 18.3 12.3 10.9 14.9 10.1 11.6
B s b N - W 6.9 4.3 3.2 3.0 3.0 3.8
400° F. ++ BOCEOMS. e oo oooo o ommmmme oo mmm oo menmsoemm st TS 87.3 85.1 83.5 90.6 91.0 87.1 91.6 80.2
Fuel Oil Blends (200 SFS at 122° F.):
Yield of Bottoms (Vol. percent of Crude 400° F. 4 Bottoms of Vis-

Proken ProQUCES) oo o oo oesmmszocsmmzinsomzmsoms oo rn i 17.7 15.5 15.1 14.8 16.1 16.1 16.4 16.2 16.0
Cutting Oil Required to Make Fuel Oi1 1. percent of Crude)...-| 10 2 5.6 5.5 5.4 5.7 6.3 5.2 5.5 55
Yield of Fuel Oil (Vol. percent of Cruade) . ..--omvvmmamomcmmmmmomnoe 27.9 211 | 20.6 20.2 2L.8 22.4 20.6 2L.7 215

Fuel Oil Inspection Data:
[eT o AN <) I e 13.9 0. 9.5 9. 1.1 11.3 9.7 10.5 10.7
Viscosity, SUS at 130° F__ | 1,450 1,204 | 1,511 1,358 1,236 | 1,375 1,475 | 1,486 1,528
Viscosity, SUS at 210° F.. - 202 16 166 15 162 175 174 182 183
Viseosity, SFS at 122° F_. 184 172 206 192 171 187 203 202 195
B.S. & W., Dercent ..o —_-oao----o- trace | trace 0.05 0.05 | trace | trace | trace | trace trace
Carbon Residue, percent (Conradson). 14.6 20. 5 21.5 21.9 19.9 20.1 22.0 20.4 2.1
Sulfur, Pereent o oo oowoeammammeo 3.71 4.24 4.42 4.47 4.29 4.28 4.53 4.41 4,44
Pour Point, © F.. 5 5 15 15 10 15 15 15 20
TFlash Point, © F oo 224 230 230 225 224 210 196 220 16
Sediment by Extraction, percent (DA7B) e e 0.01 0.02 0.02 0.09 0.01 0.02 0.02 0.01 0.2

ume per cent of the crude. Moreover, in each of the
runs the gasoline produced varied from 9.3 to 18.2 per
cent by volume of the reduced crude charge.

To illustrate the importance of extremely heavy re-
duced crudes as charge stocks in the process of the in-

vention, there is presented in the following Table IT the =

results obtained in visbreaking operations with two charge
stocks, one of which was the bottom 70 volume per cent
of the other. The lighter stock was a reduced crude pre-
pared from a mixture of Venezuela and Oklahoma crude
oils. This stock will be identified as charge 1. The
other stock was the bottoms prepared by distilling off
under a vacuum the lighter 30 volume per cent of the
first stock. This bottoms will be identified as charge Il
The inspections for these charge stocks are as follows:

Charge I |‘Charge 11

Gravity, ® AP o oo 9.0 5.6
Viscosity, SUS at 210° Fooouommaeamnnas 3, 607 49, 960
Conradson Carbon Residile, percent-_- 19.0 26.2
Sulfur, percend. - ooooaiooomooo- 2.76 2.98
Melting Point, ° F. (R & B) . - 99 145
Ponetration (D5)  ceocaccmmcmmmccmmamm oo nas 235 16

The oil used to cut the various bottoms products was a-

catalytic cycle stock having a gravity, "APL, of 31.2. This
oil is referred to as “cutting oil” in Table II.

From the results set out in Table II, it will be seen
that run D using charge I had to be discontinued after 27
hours because of serious coking difficulties experienced in
the coil. This is to be contrasted with run B which, al-
though it was continued almost three times as long as run
D, did not result in the formation of any serious amount
of coke in the coil.

Additicnal runs in accordance with the invention have
been made with other charge stocks. For example, suc-
cessful results were obtained employing as the charge
stock a 17.7 volume per cent reduced Kuwait crude. The
inspections for this reduced crude were as follows:

40

45

60

70

5 exceed that required for

It will be seen that practice of the present process omn
the heavy reduced crude of Table TiI substantially reduced
the amount of heavy fuel oil prepared from the whole
crude and correspondingly reduced the amount of cutting
oil required for blending with the bottoms to produce the
heavy fuel oil. Also, although the temperatures were as
high as 955° F. in these ruas, the visbreaking operation
was carried out without coking in the visbreaker coil.
This is surprising in view of the fact that the reduced crude
charge had the low gravity, ° API, of 5.4; the high vis-
cosity, S. U. S. at 210° F., of 16,200; and the Conradson
carbon residue of 22.0.

The present process, when applied to the treatment of
typical crude oils, has the advantages of permitting vis-
breaking without heavy coke depositions so that long on-
stream periods are feasible, and substantially reducing
not only the total heavy fuel oil produced from the crude
but also the amount of light oil such as a No. 2 fuel oil
obtained as a fraction from the products of catalytic
cracking required for diluting the reduced crude to form
the heavy fuel oil. However, when visbreaking bottoms
fractions of certain crudes which are frequently referred
to as tar oils, the visbreaking operation in accordance
with the invention is successful with respect to coke

- deposition and the production of gasoline, but, due to the

almost coal-like nature of the bottoms of the visbroken
product, a substantial amount of light fuel oil is required
to make a heavy fuel oil, an amount which may even
dilution of the charge to vis-
breaking to form a similar heavy fuel oil.

From all of the foregoing, it will be seen that the in-
vention provides a process of visbreaking extremely heavy
reduced crudes that had previously been considered un-
suitable for visbreaking under conditions adequate to
produce commercially valuable conversion of the charge.
In general, the thermal conversion conditions are such
as to yield at least 8 per cent gasoline (Ces to 400° F.
end point) by volume of the reduced crude and include

75 a thermal conversion zone exit temperature of abouf

-
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900° to 1000° F. These conditions are such that when
applied to a longer residuum of the same crude oil (i. e.
a residuum constituting a higher percentage of the crude
oil and having a higher API gravity than 10, a lower
S. U. 8. viscosity at 210° F. than 6000, or a Conradson
carbon residue number less than 18) would cause the
formation of coke at a rate such as to reduce materially
the time during which this longer residuum could be
charged to the thermal conversion zome. A striking
example of this is shown in Table II above. The vis-
cosity of charge I was below 6000 and this stock coked
the conversion coil in 27 hours, whereas charge IT which
had a viscosity substantially above 6000 did not cause
substantial coking after 72 hours of operation.

The stocks suitable for use as charge stocks in accord-
ance with the. invention have the characteristics: °API
less than 10; Conradson: carbon residue of at least 18;
and viscosity S. U. S. at 210° F. of at least 6000. These
characteristics represent the best practical manner of de-
fining reduced crudes that crack at sufficiently low rates
(reaction velocity constants) to keep coke formation low
during visbreaking operations. Reaction velocity con-
stants of the charge stocks in Table II show that charge
I has the higher reaction velocity constant, and therefore,
would be expected to coke more readily. In the past it
was thought that the coking rate (or reaction velocity
constant) increased with an increase in the molecular
weight of a cracking charge stock (prepared by deeper
vacuum topping of the reduced crude). However, we
have discovered that continued reduction of a crude
apparently removes high boiling oils which have high
reaction velocity constants and coke readily. After this
heavy oil is removed, the deeply reduced crude can be
visbroken without serious coke formation. Since reaction
velocity constants of reduced crudes can only be calcu-
lated after cracking data have been determined, and the
values differ depending on methods of calculation and
equipment used, etc., the values have a relative meaning
only, and therefore they have not been employed to
characterize charge stocks. As indicated above, it is be-
lieved that the characteristics given comstitute a means
of defining stocks having suitable reaction velocity con-
stants.

Obviously many modifications and variations of the in-
vention, as hereinbefore set forth, may be made without
departing from the spirit and scope thereof, and there-
fore only such limitations should be imposed as are indi-
cated in the appended claims.
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We claim:

1. A process for the conversion of petrolenm hydro-
carbons comprising distilling from a crude oil kerosene
and lighter fractions to form a bottoms fraction, vacuum
distilling the bottoms fraction under conditions of tem-
perature and vacuum to form a residuum having a gravity
less than 10° A. P. L., a Conradson carbon residue num-
ber of at least 18 and an S. U. 8. viscosity at 210° F.
of at least 6000, and thermally cracking the residuum
at a temperature in the range of approximately 900° to
1000° F. and a pressure of about 50 to 1000 pounds
per square inch in a once-through visbreaking operation
to yield at least 8 per cent, by volume of the residuum,
400° F. end point gasoline.

2. A process for the conversion of petroleum hydro-
carbons comprising distilling from a crude oil kerosene
and lighter fractions to form a bottoms fraction, vacuum
distilling the bottoms fraction under conditions of tem-
perature and vacuum to form a residuum having a gravity
less than 10° A. P. L, a Conradson carbon residue num-
ber of at least 18 and an S. U. S. viscosity at 210° F.
of at least 6000, and thermally cracking the residuum
at a temperature in the range of approximately 920° to
980° F. and a pressure of about 50 to 1000 pounds per
square inch in a once-through visbreaking operation to
yield at least 8 per cent, by volume of the residuum,
400° F. end point gasoline.

3. A process for the conversion of petroleum hydro-
carbons to more volatile products comprising passing a
charge stock consisting of a deeply reduced crude having
an A, P. I. gravity lower than 10°, a Conradson carbon
residue number of at least 18, and an S. U, S. viscosity
at 210° F. of at least 6000 through a cracking coil, the
temperature at the outlet of the coil being in the range
of 900° to 1000° F., the pressure being in the range of
50 to 1000 pounds per square inch gauge, and the volume
of the coil above 750° F. being in the range of 0.012 to
0.05 cubic feet per barrel of throughput per day, whereby
about 8 per cent to 20 per cent 400° F. end point gasoline,
by volume of the deeply reduced crude, is formed.
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