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@ Upgrading of heavy hydrocarbons.

6) Heavy hydrécarbonaceous materials are converted to
distillate products and piich in a hydrogen donor diluent
cracking process, and the pitch is utilized as feed to a
delayed coker. Green coke is calcined in a vertical shaft
kiln, and steam is injected into the bottom of the kiln to
produce hydrogen by reaction of steam with coke. The hy-
drogen is drawn from the kiln and used to hydrogenate
recycle donor solvent for the cracking step. High sulfur coke
can be desulfurized in the kiln, and distillate products in
addition to donor solvent can be hydrotreated using hyd-
rogen from the kiln.
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"This invention relates to upgrading
of heavy hydrocarbonaceous materials, and more |
particularly to upgrading of materials such as low
gravity crude o0il, petroleum residual oil,‘shale
oil, tar sand bitumen and coal-derived liquids.

The invention is especially useful for upgrading
low gravity, high sulfur crude oil.

. There are many processes available in
the petroleumfrefining art for upgrading heavy
hydrocarbonaceous materials. The prior art process
most pertinent to the present invention is described
in U.S.A. Patent No. 4, 178, 229. That patent
describes treating residual oil by the hydrogen
donor diluent cracking method, followed by fraction-
ation. of the.cracked products to produce gases,
distillate streams and pitch. The pitch is then
subjected to delayed coking.

A process wherein synthesis gases and
calcined coke are produced in a vertical shaf$
calciner is described in U.S.A. Patent No. 3,676,517.

There has been a need for a process of
upgrading heavy hydrocarbonaceous materials which is
effecient, and does not require an outside source of
hydrogen, even when the material being upgraded is a
high sulfur material. Such s process is provided
by the present invention.

According to the present invention,

heavy liquid hydrocarbonaceous material is subjected



10

-3 - 0103053

to hydrogen donor diluent cracking (HDDC), the
effluent from the HDDC is fractionated, énd pitch
from the fracticnator is subjected to delayed coking.
The term 'pitch' as used herein means a bottom stream
from a fractionator used to separate distillates

and lighter cracked products from the effluent of an
HDDC unit, and the pitch typically contains the
heavier effluent components along with some material
in the gas o0il boiling range.

Green coke from the delayed coking
step is calcined in a top fed internally fired
moving bed vertical shaft kiln. Steam is inJjected
into the lower part of the kiln to produce a hydrogen-

rich stream by the well-known water gas reaction.

15 Part of this gas stream flows up through the calciner
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and part of it is withdrawn below the combustion zone
and, after treatment to remove carbon dioxide or
carbon dioxide and carbon monoxide if desired, used
to hydrogenate recycle donor solvent for use in the
HDDC step.

In cases where the feedstock is a high
sulfur material, the kiln can be operated at desulf-
urizing conditions to produce a low sulfur coke
product, and part of the hydrogen produced in the
lower section of the kiln can be used to hydrotreat
other product streams from the fractionator.

Accordingly, the process of this
invention provides for upgrading a heavy hydrocarbon-

aceous material such as a low gravity, high sulfur
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crude oil by the HDDC process and includes the
feature of pro&ucing~the hydrogen required for
the HDDC step by reaction of calcined coke produced
from the HDDC pitch with steam in a vertical
calcining kiln. The products of the process
include cracked products and desulfurized coke,
and the products are all either low sulfur products
or can be hydrotreated by internally generated
hydrogen to provide low sulfur products. Hydrogen
sulfide can also be recovered and processed by
conventional methods to produce elgmental sulfur.

The process of this invention is
useful for materials such as tar sand bitumen,
petroleum residuum, retorted shale oil, coal-derived
liquids and heavy (low gravity) crude oils. it‘is
particuarly useful for viscous low gravity high
sulfur crudes which have until recently been
considered unrecoverable or undesirable for processing.
Even high sulfur crudes containing more than ten per
cent by weight sulfur can be processed successfully
by the process of the invention.

The accompanying drawing is a schematic
flow sheet illustrating the preferred embodiment
of the invention which will now be described with
reference to the drawing as it applies to heavy
hydrocarbonaceous materials.

Feedstock from line 10 and hydro-

genated doanar solvent from line 11 are fed to donor
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cracker 12. The conditions for the HDDC operation
are well known, as exemplified by U.S.A. Patents Nos.
2,953,513 and 3,238,118, Donor cracker effluent is
fractionated in fractionator 1%, and recycle donor
solvent is drawn off through line 14 ami hydro-
genated in hydrotreater 15. Hydrogenated solvent
from hydrotreater 157goes through flash separator 16
where gases are removed, and the donor solvent then
is recycled to donor cracker 12.

The bottom pitch fraction from
fractionator 12 passes through line 17 to coking
furnace 18 and then to coke drum 19. The coking is
carried out at conventional delayed coking conditions,
and overheadrvapors from coke drum 19 are returned to
fractionator 13.

Gréen coke from coke drﬁm 19 passes
to an internally-fired moving bed vertical shaft
kiln 20. Air is injected from line 21 into a
combustion zone in kiln 20. Steam from boiler 28
passes through line 22 into the lower part of kiln 20

where it reacts with hot calcined coke according to

i . _— . . .
the reaction H207+ C\_______H2 + CO. This is sometimes

referred to as the water gas feaction, for which
the conditions are well known.

Gas flow in kiln 20 is upward, so that
nitrogen from combustion air does not contaminate
the water sas reaction products which are withdrawn
from line 23 located below the air injection level.

The water gas reactiown products may be treated in
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a scrubber (not shbown) or other equipment to
remove gases other than hydrogen before the
hydrogen passes to hydrotreater 15 where it is
used to hydrogenate recycle donor solvent. Thus,
hydrogen generated in kiln 20 can regenerate the
donor solvent for the HDDC unit.

According to a more specific
embodiment of the invention, a high sulfur feed-
stock (above 2 percent by weight sulfur) is fed to
donor cracker 12. With a high sulfur feedstock,
the green coke from coke drum 19 will contain an
unacceptably high sulfur content. By operating
kiln 20 at a high temperature (from 1300 to 1500°C),
the sulfur level of the green coke is substantially
reduced so that the product coke can be used as a
fuel. Sulfur removed from the coke is recovered
as hydrogen sulfide in scrubber 24. Part of the
hydrogen from kiln 20 is passed through line 25 to
hydrotre atar 26 where overhead liquidls from fraction-
ator 13 are hydrotreated to produce low sulfur
products. Gases from various stages of the process
are scrubbed in vessel 27 to produce low sulfur
gaseous products.

Even very high sulfur crudes (above
8 percent by weight sulfur) having high viscosity
and low gravity may be satisfactorily processed
in accordance with the invention, producing low
sulfur gas, liquid and coke products without the

need for purchased hydrogen. This results from
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the unique combination of the HDDC step with
delayed coking and shaft calcining of the coke
with internal generation of hydrogen in the
calcining kiln. This proceés is particularly
useful where low sulfur liquid products are to
be made from high sulfur crude oil in processing
plants where reformer generated hydrogen is not

available,.
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CLAIMS

1 A process for upgrading a heavy
hydrocarbonaceous material comprising :

(a) subjecting said heavy hydrocarbon-
aceous material to a hydrogen donor diluent

cracking step;

(b) fractionating the products from

said cracking step and subjecting the bbttoms

stream from the fractionation to delayed coking;

(e) passing delayed coke to a top fed
internally fired moving bed vertical shaft kiln;

(d) introducing steam to the lower
portion of said shaft kiln whereby hydrogen is
produced by reaction of steam with descending hot
coke;

(e) recovering a hydrogen-rich gas

stream from said shaft kiln; and

(£) utilizing hydrogen from said hydrogen-
rich gas stream to hydrogenate hydrogen-depleted
recycle donor solvent for use in said donor cracking
stepe.

2e A process according to claim 1, wherein
said hydrogen-depleted recycle donor solvent is a
product of sald factionating step.

3. A process according to any one of the
preceding claims, wherein said heavy hydrocarbonaceous

material is a high sulfur material, and said shaft
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calciner is operated at desulfurizing conditiomns.
4, A process accqrding to any one of
the preceding claims, wherein a portion of said
hydrogen is utitilized to hydrotreat both recycle
5 donor solvent and other distilled liquids from

said fractionating step.

Se A process according to any one of
the preceding claims, wheréin carbon oxides are
removed from said hydrogen-rich gas stream priof

10 to utilizing said hydrogen.
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