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@ Refining process for producing increased yield of distiliation from heavy petroleum feedstocks.

In a refining process for heavy quality oil {16, 17) by
means of pyrolysis, the yield of distillation is increased by
causing heavy feedstocks (1) to be added with oxide or
hydroxide of slkaline earth metal and to be subjected to a
thermal reaction | a presence of vapour at the temperature in
the range of from 350°C to 550°C under the pressure in the
range of from 1 to 20/cm?.
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'ﬁEFIﬁING PROCESS FOR PRODUCING INCRLASED YIELD
OF DISTILLATION FROM HEEAVY PETROLEUM FELDSTOCKS

BACKGROUND OF THE INVENTION

The present invention relates to a petroleum refining
process for taking measures to increase products extracted
from petroleum feedstocks by means ol pyrolysis,

In o0il refining for producing intermediate or final pro-
ducts from petroleum feedstocks, heavy I'eedstocks have hitheto
be Subjected to one or more processing treatments of a thermal
cracking process such as visbreaking, delayéd coking and fluid
coking and catalytic process such as hydrodesulfurization,
hydrocatalytic cracking and fluid catalytic cracking, whereas
such treatments, particularly in catalytic process,rgive rise
to many troublesome, knotly problems. The hea#y teedstocks
inciude atmouspneric or vacuum bottoms, more specifically vacu;
um distillation residue and further contain topped petroleum
residue, atmospheric or vacuum bottoms, heavy hydrocarbon
fractions obtained by being subjected to deasphalting or other

preliminary treatments, whole crude oils or petroleum derived

from coal, shale or tar sands, and tar sand's bitumen., The

heavy feedstocks are rich in coke precursors as represented by
the typically high Conradson carbon residue content thereof,
thn such heavy feedstocks are exposed to high temperatures

as in a catalytic réfining process, a quantity of coke undesir-
ably formed on catalyst surfaces is increased to suffer a low-
ering of catalytic activity, and therefore, the conventional
catﬁlytic refining process entails the disadvantage of false
economy because periodic reggneration of catalyst is frequently
required., Further,

the heavy feedstocks contain a high per-

centage of heavy metals being principally vanadium and nickel

BAD ORIGINAL
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which exist in the form of o;ggnometallic complexes. By
metals, if in excess, are adversaly affected hydrodesulfu-
rization, fluid ccatalytic cracking, heavy oil cracking,
hydrocracking and the other various catalytic reactions,

This is because the metals are deposited on the catalysts
thiereby reducing desirable catalylic activity and selectivity
thereof. The metals act as catalysts for dehydrogenation
reaction and consequently, h&drogen and coke formations are
increased at the expense of desired petroleum products, The
heavy feedstocks contain a large quantity of suifur'in petro-
leum in its condenseé state in comparison with distillate such
as gasoline, kerbsene and.gas oil, The sulfur containeéd in
the form of organosulfur complex by the heavy feedstocks is
pyrolyzed into HZS’ free sulfur, mercaptan and sulfide, and

at the same time, polymerisation and condensation are repeat-
edly carried out to be gradually turned into extremely complex
sulfur compound and further into polyaromatic sulfur comrlex.
In this case, the free sulfur thus formed by the pyrolytic
functions as the leading role to repeatedly continue a radical
reaction of petroleum analysis and polym;risation/condensation.
As a result, coke is increasingly formed due to the polymerisa-
tion/condensation and instead, the yield of liquid oil products
is diminished zu:d tlhie colke thus forned is heavily redolent of
creosote, Coke precursors, heavy metals and suflur are com-
prehended in great quantities so-called asphaltenes constitu-
ting a component of asphaltic fraction in the heavy feedstocks_
(insoluble component of isofentanE). The ésphalteneé in the
feedstocks are dispersed in heavy quality oils in the form of
colloidal solution and show fused aromatic ring constructions

with a very large molecules. The asphaltenes have a ‘property

BAD ORIGINAL
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of tending to cause further polymerisation/condensation reac-
tions only by being subjected to heat treatiment in a distil-
lation process of o0il refining and bring about cohesion.

1t has héretofore been known Lo apply a refining process
such as fluid catalytic cracking and hydrocatalytic crackihg
to treatment of heavy feedstocks, whereas these cracking pro-
cesses entail the foregoing troublesome problem., To solve
such a problem there have been proposed various measures,
However, any conventional meésure comprises turning aéphaltene

in the feedstocks, which have been soluble on colloidal dis-

person, into insoluble.solid asphaltic fractions in such a
manner that they are put on catalyst surfaces at a first stage
and heated at the reaction temperature between hOOOC and 510°C
thereby to segregate and remove the fractions along with the
catalysts from the feedstocks, and thereafter, subjecting the
fractions thus segregated to hydrogenation reaction, hydro-

cracking reaction, fluid catalytic reaction and so on by using

other catalysts at a second stage. The characteristic clincher

Tor a novel techique of a refining process resides what cata-
lysts are used for adhering thereto and removing solid aspha=-
ltic fractions at the first stage. The caialysts adopted at
the first stage are generally used in a hydrogen current, ﬁnd
among them those sufferring a lowering of activity to remove
the solid asphaltic fractions from the feedstocks are burnt
with air and regenerated to recycle.

ln passing, it is noted that the inventor'has proposed

a method (U. S. Patent iio. 4,049,538) wherein petroleum feed-
Stocks are, at the first stage in two-stage coking, subjected

to heat treatment at the temperature in the range of from 430°cC

to 520°C with the addition conpound of a small quantity (0.5

BAD ORIGIMAL
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- 1.0 weight %) of basic compounds selected from the group
consisting a}kgli hydroxides, alkali carbonates and alkali
earth metals qitﬁ:~the result that non-crystalline substances
thus obtained by the heat treatment afe continuously removed,
thereby to produce premium ncedle cokes of high quality at

the second stage. I[ydroxide and carbonate such as NaOH, Nazco3
and the like in alkali metals bite severely in steel at the
high temperature above 400°Cc. 1f the heavy feedstocks are
pyrolyzed in a molten alkali metal salt in the presence of
vapour generated at the temperature in the range of from.7600C
to 900°C, coke;formation is arrested in producing ethylene,

co, 1, and CHh‘ Furthermore, it has been watched to enable
useful gases such as CO,‘HZ, CHA and so on to be produced by
sgpplying powdered coal together with vapour into I‘:aZCO3 molten
at about 900°C to gasify the powdered coal, whercas there has
not yet been established a couunercial. plant to practicably
apply alkali metal ¢ompounds_to-cracking of heavy feedstocks
because material having corrosion-resistive against a0l and
Na2003 cannot be de;eloped.

In bri;f, oxide and hydroxide in alkaline earth metals do
not eat steel even at the high temperature in the range of from
400°c to lOOOOC, and besides, even when they are exposed to
great quantities of vapour at the foregoing temperature.

Oxide and hydroxide in alkaline metals are soluble in water and
easy to be ionized, and on the other hand, only a small amount
thergof can*be_dissolved in water cven if dissolved and they
has a little tendency toward ionization; There is a great
difference bgtween the alkaline metals and the alkaline earth

metals though they fall under ihe category of basic compounds.

Thé inventor has been made a study of a petroleum refining
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process by using chemicals such as Ca0 and Ca(ou}2 which do

not eat steel even at a high temperature. As a result,.the

following has been found.

The technique for' producing sulfide as the result of the

reaction of Ca0 on sulfur for the purpose of desulfurization

is disclosed in Japanese Patent Laid-Open Publication Sho,
46(1971)-629 (Esso Research) which relates to a method for
conversion of heavy quality oils, which is accomplished by
passing heavy.?eedstocks through a first bed incorporating
fluidized particles containing Ca0 and passing them through
a second bed and a third bed in the same way.

In Japanese Patent‘LaidfOpen Publication Sho, 46(1971) -~
628 by Esso Research, there is described a method for produ-
cing fuel gas, wherein heavy feedstocks are first passed
through a fluidizing bed incorporataing Ca0 particles at the
temperature in the range of from 800°C to 950°C, and then,

they are, at a second stage, passed through a second particle

bed at the temperature below 600°C. The both techniques are

concerned with desulfurization according to a reaction between

Ca and sulfur in the feedstocks and removal of vanadium,.

SUMMARY OF THE INVENTION

An object of the present invention is to provide a petro-
leum refining process for reducing the yield of coke and con-
sequently, increasing the yield of middle o0il, particularly
distillation 0il of good quality in pyrolyzing process for
heavy quality oil, ’

Another object of the present invention is to remove
various metals, particularly vanadium and nickel, which are

contained in heavy feedstocks and have an effect of accele-
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rating formation of sélid asphalitic fractions,

Still another object of the present invention is to
suppress appearence of harnful effect of incréasing solid
asphaltic fractions.

Still another object of the present invention is to
increase the yield of refining distillates by condensing
vanadium, nickel and sulfur to solid bodies and segregating
the so0lid bodies from coke,

To accomplish the objects described above Qccording to
the present invention, there is provided a petroleum refi-
ning process for increasing the yield of products extracted
from heavy petroleum feedstocks by means of pyrolysis which
is carried out by heating in a presence of vapour at the'
temperature in the range of from 35000 to 55000 a mixture
vhich are obtained by uniformly adding oxides in alkaline
earth metals or hydroxides, such as powdered €Cal0 and Ca(OH)2

or slurry dispersed im water to heavy petroleum feed-

stocks,

BRIEF EXPLANATION OF DRAVING
The single figure is a schematically explanatory dia-
gram of one embodiment of a petroleum refining device ac-

cording to the present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The present invention relates to a petroleum refining
process comprising staying, in a presence of vapour, a
mixture which is obtained by adding 0.1 to 5 weight % of
chemicals such as Ca0 and Ca(UH)2 to 100 weight ¢ of heavy

petroleum feedstocks selected as raw materials while being
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heated at the final ‘temperature in the range of from 400°c
to 550°C thereby to cause a small amount of solid asphaltic
fraction to be precipitated along with Ca0 and Ca(OH)z,
permittaing heavy metals to act upon Ca0O and Ca(OH)2 thereby
to be precipitated while the soild asphaltic fractions are
precipitated, and also permitting st and free sulfur formed
at the same temperature in the same reaction time to be
precipitated as a result of a reaction on Ca0 and CatOH)z,
wvhereby petroleum intermediates and final products of good
quality which contain neither solid asphaltic fraction
nor heavy metal can ecgnomically be produced with the in-
creased yield due to the coprecipitation of the solid es-
phaltic fractions, heavy metals and free sulfur;

One of the importances of the present invention con-
sists in a pbint tnat the solid asphaltic fractions, so-
called "coke", formed by hcating thé heavy petroleum feed-
stocks at the temperature in the range oi from 500°C to -
550°C is shérply reduced at length due to the reaction in
a presence of the mixture of Ca0 and Ca(OH)2 and wvapour,
and instead, the yield of liquid petroleum fractions, more
particularly gas o0il fraction is increaéed. When vacuum
residue from Middle Eastern crude petroleum, particularly,
Murban/Uman crude petroleum (consisting of 2.3 weight %
of sulfur and 13.8 weight % of Conradson carbon residueA
content) is used as raw material, there were formed 27
weight % of coke, 7.4 weight % of coker gas and 65.6 weight
% of cokér distillate at the tempcrature of 530°C in a
coking drum., When adding 3 weignt % of Ca0 to the same
raw material, there were formed 12 weight % of coke, 8.0

’

weight % of coker gas and 79.7 weight % of coker distillate
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at the temperature of 530°C in the coking drum, As evi-
denced from the experiﬁental results, the yield of tne
formed cokeiis_remarkably reduced and conversely, the
yvield of‘ﬁge coker distillate is romarkdbly increased. ~
Heavyrpé%ro?eum feedstocls are diffefent in their’
components.witﬁ a kind of the raw materials and contain
solid asphaiﬁgﬁ fraction which are turned to coke due to
heat tfeatmen# at thé temperature higher than #OOOC. The
amount of sélid asphaltic fractions in vacum residue is larger
than that iﬁrathSPherie residue, Therefore, crude oil
containiné a higg ﬁércentage of vacuum residue, for example,
Daqing crude_pe?roleum andVMinus crude pectroleum confronts

LS

a troublesomqrproflem of the increased coke formatioq:?n
petroleum ;;fining in comparison with Middle Eastern crude
petroleum ana inevitably increases the prices of final
products, Canadian and Veneczuelan tar sand bitumens Qill
bring about far more troublesome problem from the stand-
point of réfining cost because vanadium and nickel contents
thereof are extremely‘high. The content of solid asphaltic
fraction dé?ends upon those of Conradson cgfbon residue and
ésphaltene, gé that the solid asphaltic fractions are in-
creased witﬁ:the contents of Conradson carbon residue gnd
asphaltene with the result that the yield of coke formed
therefrom i;iin;reased. Also, ash and metal components
constitute solid asphaltic fractions thereby increasing coke
formation ph;§.involved. Vanadium and nickel have an effect
to accelerate dehydrogenation of petrolecum hydrocarbon and
COnsequeﬁfiy, ‘the yield of carboneus matter is increased.
“heq thé‘iéasf ?méunts of.a;tive carbon, activated alumina,

silica gel, activated clay and acidic clay are added as

eeS k. @
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addition compounds into the heavy fecedstocks and the .feed-
stocks with the addition compounds are heated, the reac-

tions of hydrocarbon cracking, dehydrogenetion, polymeriza-
tion and condensation are allowed té progress on the surfaces
of the addition compounds tnereby turning them.into tarry
matter and further carboneus matter, the amount of solid
asphaltic fractions thus formed is mmuch greater than esti-
mated in view of Conradson carbon rcsidue,c;ntent and as-
phaltent content of the fecedstocks. Even if heating ﬂeavy
feeds%ocks with the least amout of addition compoundg such
as sulfuric acid, 803’ 502 and free sulfur, a large amoun£
of coke is formed and the yield of solid asphaltic fractions
is increased beyond imagination. Accordingly, there has
been developed a technique for solution and removal of
materials harmful to a real catalyst in FCC and hydrocracliing
at the second stage in the result ol agglutination of the
solid asphaltic fraction onto the surface of a catalyst at
the first stage, which is used as a preliminary treatment
in the FCC and hydrocracking for the heavy fecdstocks, .
llowever, it is not negligible tnat.the catalyst (in-
cluding zeolite, alumina, silica gel, ctc.) used at the
first stage acts as an accelcrator for fonuation of the
solid asphaltic fractions. Furthermore, the formation
of the solid asphaltic fractions is also acceclerated by
various metals such as vanadium and nickel, in the hcavy
fecdstocks, Sulfur compounds are ha?mful more than metals.

This is because as alrcady mentioned above, bridging and poly-~

nierisation/condensation of tarry matter being heavy feedstocks,

particularly hydrocarbon having a high boiling point are hastcned

due to free sulfur which is inevitably yiclded in an instance
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by pyrolyzing sulfur compounds to form an extremely increased
amount of coke.' LEven whén such a reaction is carried out in

a presence of hydrogen, such a harmful action of sulfur are

not negligiblel Inasmuch as metal complexes, frece sulfur and
HZS are solidified upon a rcaction on Ca-ion, the farnmful action
of the accelerafed increase of thiec solid asphaltic fraction
involved in betroleum refining is supre;sed due to metals such

.

as vanadium and nickel and free sulfuf, thereby to markedly

.

increase the yield of refihing distillate. In addition to an

effect to improve petroleum refining products in quality due

to Cal0 and Ca(OH)2 because of condensed wvanadium, nickel and

sulfur in a solid seg;egated as a result of coprecipitation

of Cal0 and Ca(OH)z, the petroleum refining process according

to the present invention entails a superior effect of heat
treatment and thexrmal cracking by use of chemicals such as

Cal and Ca(OH)Z. In this case, the reaction of Ca0 and Ca(OH)2
necessitates goexistence of moisture, preferably steam. When
adding 3 weight % of Ca0 to vacuum residue of Kuwait crude ‘oil
used as feedstocks, 36 weight % of coke is yielded at 560°c

in a presence of no steam, whercas 23 weight of coke is
yvielded in a présence of 2% stcam, and 18 &eight % of coke in
a presence of 30% steam,:and further, 16-weight % of coke in

a presence of 50% steam. Thus, the yield of coke is remarkably
reduced,' and as a result, the amount ol extracted oils in-
creases with the reduced amount of coke, namely, by about 12%
to 15%, and the majority of the components iucreased consists
of Kkerosene and fraction of’gas 0il., In order to accomplish
an incrased yield of extracted oil practicable in petroleum
refiningrand solidification of metals and sulfur in coke, it

is compu1$ory and important to usc either water or steam, and

feoer
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the required amount thercof is at lecast three to eight times
and at most ten to thirty times the armount of daU_and Ca(bn)z.
2ven when only Ca0 and Ca(OlI)2 arc mixed into thier licavey féed-
stocks, no foamy effluence of Lhe fecedstocks occurs at the tew-
perature in the range of from 200°C to 550°C; nevertheless,
the feedstocks‘with such mixtures are foameq in a presence of
steam. The degree of the foamy effluence depends on a kind
of crude petroleum, TFor exaaple, vacuum resiéue of Daqing
crudé petroleum gives rise to severe foamy effluence compared
with atmospheric residue of liinus crqde petroleum. This foamy
effluence is caused by a strongly bésic surfacé active agency
of Cal0 and Ca(OH)2 due to coexistence of water or stecam. At
any rate, water is compulsory. The surface active agency of
Ca0 and ca(on) , is reduced in its viscosity and interfacial
tension by mixing the heavy Tecedstocks of high viscosity with
1 to 3 % water. Despit vacuum residue of Daging crude petro-
lou: uifhout an addition coapound can be conveyed in 1.5 kg/min
at 50°C through pipelines by use of a pump having a fixed horse-
powver, residue with 1 to 3 % CaC can be conveyea in 2,0 to 2.1
kc/min under the same condition thercby carrying out trans—
portation of 0il ecconomically.

In twief,’the feature of the refining process according
to the present invention is to maintain lhecavy feedstocks under
the condition of strqngly basic surface activation of Ca-ion
al the temperature in the range of farom BSO“C to 55000. The
amount of gas yielded By subjecting hcgvy Tcedstocks with an
addition compounds of CaO and Ca(O!l)2 to heat trcatment at the
temperature in the range of fiom hOOOC to 55000 under coexis-
tance of wvater or stecam is sowmewhal more than that in case of

feedstocks without addition compound. - ‘Mlien vacuuwn residuec of
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“urban/Oman crude petrolcum is trcated at 530°C, GO - 66 4/ke
of gas is produced with add;tion compound ol 3% pa(OH)Z, an@
however, 50 —.52 ﬂ/kg of gas is yielded without addition com-
pound. The components of the crackedrgas are of 6 mol ‘% of
hydrogen with 3% addition compound, S mol % of hydrogen without
addition compound; 29 mol % of methane with 3%.addition compo-—
und, 25 mol % oé methane without addifion compound; 11.0 mol %
of CB'with 3% addition compound, 13.3 mol % of C3

tion compound. When vacuum residuc of Daging crude petroleum

without addi-

is treated at 53000, 37 - 44 kg of gas is yielded with addi-
tion compound of 3% Ca(Oli),, and whem it is treated at 190°c,
20-- 24 f/kg of gas is yielded with addition cgmpoﬁnd of 1%'
ca(o011) o+ and on the other hand, 16 - 23 d/vg of gas i.s yvielded
without addition compoﬁnd.
. Particulary noteworthy is the fact that, in spite of

cracked gas fonaation being somewhat incrcased, the amount of
the formed coke is lalved, and instead, the cracked distillate

is certainly increased, and that gas oll fraction is more than

gasoline fraction. -

The component such as tar sand bitumen, which.containéwa
high percentage of metals such as vanadium and nickel is so
trecated that it reacts upon Ca-ion to be turned into a solid
in a separatably form from liquid oil together with sq}id

asphaltic fraction.

The chemicals of strongly basic alkalin earth compounds
such as Ca0 and Ca(OH)2 to be used %or heavy feedstoks at the
temperature in the range of from 400°C to 550°C in the petro-
leoum refining‘proqess according to the present invention has
satisfactory property of strongly basic surface activation of

Ca-ion at the temperature in the range of from hOOOC to 55003.

dresey
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The most of the characteristic fcatures of ihe present inven-
tion consists in an increased yicld of gas oil fraction as -
refining distillate and a reduction of coke formation.

The present ihvention aims at a continuous increase yield
of middle o0il, particularly gas oil, from heavy feedstocks
as raw material by use of chemicals such as Ca0 and Ca(OH)z.
But the increased yleld of the middle oil is not accomplished
only by desulfurization due to Cal and c;(ou) 5 and solidifi-

cation of metals such as vanadium and nickel, It is attained

under coexistence of Cal and Ca(OH)2 and water or steam and
entails a lafge reduction of coke foxmation thus involved,
The additional interest of the present invention lies in that

the yield of gas is slightly increased., It is unexpected that

the yield of gas is increased, despite that of coke is reduced.

llowever, as a result of mecasurcment of the composition of yielded

cas, H2 and 03 - Ch hydrocarbon arc ascertained to be reduced

and methane to be increased. If CaC and Ca(OII)2 are mot mixed,

thermal cracking for taking measurcs to increase C3 - :h gaseous
hydrocarbon and gasolinic hydrocarbon is preferentially carried
out. The thermal crackiﬁg is further promoted due tb.sulfu;,

metals and carbon. It is, however, anticipated that the ther-

mal cracking being promoted due to sulfur, metals and carbon is
suppressed when Ca0 and Ca(OH)2 exist together, and in the
meantime, the thermal cracking by which analysis is stopped
is preferentially carried out when interrupted due to gas oil

of high molecular weight and high boiling point. Essentially,

heavy feedstocks of petroleum are not soiled by metals such as
vanadium and nickel, sulfur, oxygen compounds and nitrogen
compounds.

Thus, from extrecmely pure heavy fcedstocks, the

yield of distilliation fraction of middle oil, particularlyu

[ 1 2 2]
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gas oil is to be increased at the temperature in the range
of from hod°c to 550°C. Solids of carboneus matters éuch
as active carbon and soiled mesocarbon readily absorbs’
oxygen compounds on its surface and is soiled by metals,
sulfur, oxygen compound and nitorgen compound, thereby
reducing the yield of middle oil, particularly gas oil.
This principle will be easily understood even from the fact
that synthesizing zeolite is practically applied to catalytic
cracking for gas oil., So far as a refining process carried
out at the temperature.in the range of from 400°C to 550°C
by using chemigals such as Ca0 and Ca(UH)2 makes use of a
certain quantity of water or steam, even if any kind of

heavy feedstocks is used as raw material, the most of raw

material is soiled by metals such as vanadium and nickel,

mud, ash, sulfur, oxygen, nitrogen and carboneus matter
(asphaltene and soiled mesocarbon), thereby suppressing
"unclear pyrolysis" tnus involved which brings about an
remarkable reduction in the yield of middle oil, particu-
larly gas oil (on the basis of the art for positively promo-
ting the pyrolysis by means of catalytic analaysis using
zeolite). It can be considered that the principle contri-
butes to keep pyrolysis of heavy feedstocks in a clear con-
dition. And strongly basic surface aétiviation of Ca-~ion
at the temperature in the range of from 400°c to 550°C
serves to remove various soiled impurities from the heavy
feedstocks and solidify and segrégate them,

The basic process according to the present invention

is explained hereinafter.,
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Heavy feedstocks 1 are inhaled by a pump 4 and mixed
with slurry of milk of lime discharged from a vessel 2
by means of a pump 3, and the mixture thus obtained is
forwarded intQ a heater 6 via a lheat exchanger 5 and heated
in the heater 6 while constantly keeping the output tem-
perature at the desired temperature in the range of from
400°C to 55000. Thereafter, the mixture is fed into one

of surge drums 7 and 8, thereby accumulating solid asphal~-
tic fractions on the bottom of the surge drum. Two surge
drums are alternatively used so thai, where the yield of
the solid asphaltic fractions collected in one of surge
drums reaches a certain quantity, a supply of the feeé-
stocks to the one surge drum is discontinued and at the
same time, the feedstocks begins to be supplied to the
other surge drum, After the rest surge drum is purged

with steam to remove- 0il and gas collected therein, manhole
covers disposed on the top and bottom of the rest surge
drum are opened, and tnen, a hard solid body formed in the
drum is quarried out by virtue of high pressure water being
injected inside the drum tnrough the upper manhole thereofl
by means of a water jet cutter and the solid asphaltic
fractions 10 is discharged through the lower manhole,

Each surge drum is provided on its lower portion with a
steam blowing nozzle 9, Steam to be injected inside the
surge drum from the nozzle 9 contributes to mixing suffi-
ciently the heavy feedstocks fed into the surge drum with
Ca(OH)2 to maintain the condition of strongly basic surface

activiation of Ca-ion at an arbitrary temperatures in the

range of from 400°C to 550°C, and to accelerating the reac-
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tion to soiidify metals, sﬁlfur, etc, while minimizing
solid asphaltic fractions. An oil inlet port may be dis-
posed on any portion of the top, the side wall and the

bottom of the surge drum. It is preferable to mount the

\

oil inlet port between the top and the side wall theréof
when ﬂxareéction temperature is relatively low. At any
rate, a place at which the oil inlet port is determined
by quality and quantity of solid asphaltic fractions sub-
sided in and adhered to one of the surge drums 7 and 8,
The time for which heavy feedstocks is stayed at the surge
drum may be controlled on the basis of the amount of
steam supplied. When a large amound of steam is supplied
or a specifiq raw material is used, a foamed body yielded
in the surge drum overflows and is fed into a distilling
column 11 while solid asphaltic fractions and its pre-
curson are fed thereinto., Then, a purpose to obtain a °
desired petroleum product by o0il refining and a kind of
raw materiais enable determination on wheter solid aspha-
ltic fractions is subjected to a segregation treatment in
2u a settler 18 to obtain slurry-like fuel oil 20, or whether
the feedstocks are to be reccycled via a pipeline 21, in
order to recover gas lh,"gasolino 15 from the top of the
distilling column 11, kcrosine 16, gas o0il 17 from the

side portion thereof and clarified fuel oil 19 from the

25 bottom thereof,

| When unexpensive fucl for a gas turbine or Diesel engine

is chiefly produced from tar sand bituwnen, it is necessary to

sufficiently remove metals such as vanadium, nickel, sodium

[ XXX K}
XX XN ]
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and the like which are comprocliended in large quantities by the
bitumen therefrom, The hecat trecatmenl rofining process carried
out at the temperature in the range of from 400°C to 550°C to
maintain the cbndition of strongly basic surface activia;ion

of Ca-ion in the surge drum mects the aforesaid requirement.

In this case, it is proper to keep the temperature in the range

of from 400°C to 500°C.

At a lower temperature, the yields of gas and gésoline
are reduced, and at a high;r temperature, the yield of coke
is increased though a faster reaction is caused. Also, when
producing raw material used for productions of ethylene and
prophlene adapted for petrochemistry from wvacuum residu?'of
Daqging crude petroleum and lMinus crude Qetroleum, it is suitable
to maintain the interior of the surge drum at a lower tempera-
ture, preferably in the range of from 400°C to 500°C so as to
increase the yield of distillate such as middle o0il and gas
0il of good quality, which is adapted to reduce the yield of
coke and gas. Dy selecting a lower temperature, the distillate
of good quality being low in bromine value thereby entailing
a reducéd con;umption of hydrogen can be yielded, Ev?£ when
the superior distillate obtained by the present invention is
épplied to the conventional short-time staying type cracking
furnace and subjected to a transfer line quench hcat exchange
-in the hydrofining process which is performed while continuously
adding contact hydrogen little Dby litt;e, the coke formation

does not exert a baneful influence upon the.surfaces of the
boiler tubes.

Further, it is desirable to collect middle oil of good
quality.(kerosine 16 ana gas o0il 17) from raw material for

hydrocracking and FCC, therelore, recycling the majority of



10

Ut

20

30

- 0072873

percipitate o0il on the bottom of the distilling column through
the pipeline 21 so as not to collect fuci oil 19, It may be
attempted that the yield of the distillate thus obtained is
increcased so that gas o0il having a high boiling point by re-
turning settler 18 to a reboiler (combined with a second heater)
and the fuel o0il 19 to thedistilling coluun 11,

EJ "Z l)I IE l

Nesidual substance of atmospheric distillate (mixed iiddle

Iastern crude petroleum) of specific gravity of 0.9429 (15/4°C),

2.6 weight ¢ of sulfur content, 5 g/lOOg of bromine value, and

the composition (by elution cliromatography) of 50.0; mixed
paraffid-and olefine hydrocarbons, L45.6% mixed aromatic hydro-
carbon and diene synthesis, 1.6% resin and 2.8% the others, and
showing initial boiling point (IDP) at 225°C, 10% at 340°cC,
20% at 375°C, 303 at 470°C by ASTIl distillation test was used
as raw material., The raw material was fed into a pressure
vessel at the.temperature of from hSOOC to h70°C and the pres-
sure of Skg/cmz—gauge énd subjected to a coking treatment for
20 hours with the result that a product conmsisting of 28.2
weight % of cracked gas, 25,2 weight % of mixed coke and cra-
cked oil; whose distillate is of 36.4 weight % below 25000,'
10.2 weight ¢ at 250 - 35000, namely, 46.6 weight % of coked
extract oil in éll total were yielded, -As to the properties
of the products thus;obtained, the distiilato below 250°C is
of specific gravity of 0.7756(15/4°c), énd consists of 0,50
weight % of sulfur content, 17.7 weight (% of aromatic hydro-
carbon, 26.1 weight % of olefine hydrocabon, 56.1 weight %

of saturation hydrocarbon, and shows IBP at 60°C, 10 at 108°C,

200 at 129°c, 504 at 175°C. 907 at 234°c, 955 at 246°C; whose



distillation at the temperature in the range of from 250°C
to 35000 is of specific gravity of 0.8509 (15/“00) and
average molecular weight of 200, 16 g/100g of bromine value,
and consists of 1.47 wieght % of sulfur content; the coke
thus yielded was of 4,5 weight % of sulfur content,

On the contrary, according to the present invention,
coking treatment was carried out in the same condition as
described above except that 3 weight % of calcium hydroxide
having particle size less than 100 mésﬁ, preferably 4 -

8 am, is added in the form of water slurry to the raw mate-
rial wath the result tnat a product comnsisting of 13.3

weight % of cracked gas, 12.0 weight % of coke and cracked
0oil of 13.2 weight % distillation below 250°C, 22.3 weight

% at 250°C to 350°C, 39.2 weight % above 350°C, namely,

74.7 weight % of coked distillation oil in all total was
yielded. As to the properties of tne'products thus obtained,
the distillation below 250°C is of specific gravity of

0.783 (15/&00), and consists of 0,56 weight % of sulfur
content, and the composition { by eclution chromatogzraph)

- of 42.4% aromatic hydrocarbon,; 4.8 % olefine hydrocarbon,
52.8% saturation hydrocarbon; whosc distillation at 25Q°C -
350°C is of specific gravity of 0.871 (15/4°C) and 25.6
g/100g of bromine yalue, and consists of 1.63 weight % of
sulfur content, and whose distillation above 350°C is of
specific gravity of 0,94l (15/&00) and 8 g/100g of bromine
value and consists of 2,37 weight % of sulfur content;

and coke was of 1.86 weight % of sulfur content.

EXAMPLE 2

In Tables 2, 3 and 4 are set out the resulls of experi-
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ments which were carried out by use of heavy feedstocks
represented in Table 1 in conformity with the operating
sequence illustrated in the accompanying flow sheet under
such a condition that the surge drum is maintained at the
temperature of from 490°C to 53000 to confirm the effect
of addition of Ca0 having particle size less than 100 mesh,
preferably 4 - 8 ym in its average size. As is evidenced
from the following Tables, the addition of Ca0 contributes
to increasing the yield of lignt oil (gas o0il) by a large
quantity and further to solidifying, within coke, sulfur
contained by the feedstocks. As to the sulfur components,
combustible sulfur is obtained by subjecting 802 which is
obtained by burning the coke containing sulfur at SOOOC,

to a quantitation analysis, and solidified sulfur is obtained
by subjectingVSO3 which is obtained by burning the coke at
1500°C, to a quantitation analysis. The suin content of the
combustible sulfur and solidified sulfur is represented as
100 per cent; in Tables. Compared with the case in which
Cal is used as addition compound, sulfur is appearently,
remarkably solidified, This is extremely important for

a refining process. VWhen the yielded éoke is burnt to be
gasfied or used as fuel, it does not.generate sulfur com-—
pounds at the temperature below SOOOC, and thereby gas thus
exhausted is clean. As in Boscan crude pctroleum, vanadium
contained therein is solidified within coke and it is almost
remainéd in heavy oil. On the cohtrary, when no addition
compound is used, vanadiuﬁ is almoét remained in heavy oil,
Thus, 1t is extremely important for a refining process to

effectively solidify vanadium within coke, but not remain

heavy oil, thereby allowing the heavy o0il to be adopted as
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fuel for a gas turbine and a Diesel engine. It is worth

noting that light o0il and heavy o0il obtained by novel
refining process according to the present invention do not

cause a lowering of active power thereof even when the

conventional catalyst is used, and consequently, the pro-

cess of the present invention can substitute for the
conventional process in which hydrogen and troublesome
catalyst are used for a preliminary process for treating

super heavy quality oil such as tar sand bitumen,

S—
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EXAMPLE 1

0072873

Properties of lleavy Feedstocks

Murban/Oman

Bos can Daqing
vacuu crude vacuum
residue residue

Specific gravity
(15/4°c) 0.979 0.999 0.947
Pour point (°C) +27.5 - +32.5
Conradson
carbon residue 13.8 16.2 8.6
(wt %)
Ash content
(wt %) 0.02 0.24
Sulfur content
Nitrogen content
(wt %’5 0.24 0.54 0.37
Composition
analysis (wt %)
Saturation
content 37.1 29.3 h2.7
Aromatic
content k3.3 39.1 31.3
tesin 17.5 19.1 25.7
content b ¢
Asphaltene
content 2.1 12.5 0.3
letal analysis
(ppm)
Na 31 24 9
Ni 23 114 9
A' 30 1221 <l
Fe - 9 -
Ca - T -
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Table 2 ¢ Properties by Murban/Oman
crude vacuum residue

Presence of 3 wt®% of No
addition Ca0 addition
Temperature in

surge drum (°C) 530 530

Yield (wt %):

Far G = C 8.0 4
Distillation (°C) . 7.
Coker naphtha
(c, - 205°C) 3.7 9.2
Light oil
Coke 10.6 22.0

Propertiess
Coker naphtha:
Specific
gravity (15/4°C) 0.732 0.73h
Sulfur (wt %) 0.34 o.44
Light oilgs
Specific Y
gravity (15/4°C) 0.840 0.839
Sulfur (wt %) i.54 1.59
Coke:
Sulfur (wt %) 3.75 3.68
Calorific
value {cal/g) 7470 - 8190
Combustible sulfur
Solidified
sulfur {800°C) 5% b
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Table 3 : Properties by Daqing crude

-24-

vacuum residue

0072873

Presence of 1 wt % of No
addition ca(OH) 2 addition
Temperature in
surge drum (©C) k90 490
Yield (wt %):
H2, Cl - CG 7.0 6.5
distillation (°C) . y
Coker naphtha
(C7 - 205°C) 17.7 18.0
Light oil
(205-400°C) 63.0 58.3
Coke 903 1L‘.O
LOSS 3.0 3.2
Properties:
Coker naphtha:
Specific -
gravity (15/4°C) 0.742 0.743
Sulfur {(wt %) 0.01 0.04
Light oils
Specific
Sulfur (wt %) 0.09 0.11
Coke:
Sulfur (wt %) 0.80 0.45
Calorific value
800 00
(cal/e) ? 95
Combustible
sulfur {800°C) 3% 82%
Solidified
sulfur (800°C) o7k 18%
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Table 4 ¢ Properties by Boscan crude 0072873
vacuum residue
Presence of 3 wt % of No
addition Cal addition
Tompersture 32, 490 490
Yield (wt %)3
Hys & = C¢
diatillation(OC) 8.0 1.7
%‘é‘;ef ggg’&gl)m 17.5 14.6
Light oil.(250-400°C) 9.0 39.3
Heavy o0il (> 350°C) 6.5 12,6
Coke 17.4 23.8
Loss 1.6 2.0
Properties:
Coker naphtha:
Specific gravity (15/4°C) 0.742 0.745
Sulfur (wt %) 0.35 0.48
Light 0ils
Specific gravity (15/4°C) 0.857 0.876
Sulfur (wt %) 3.08 3.22
Heavy oil: 7
Specific gravity (15/4°CJ 0.923 0.944
Sulfur (wt %) . 3.68 3.89
Vanadium (ppm) 1 50
Coke: . . “ !
Sulfur (wt %) 8.51 8.80
Celorific value (cal/g) 8326 9109
Combustible sulfur (800°C)  18,9% 98, 2%
Solidified sulfur (800°c) 781.176 1.8%
Vanadium 1.13% 0.80%
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WHAT IS CLAIMED IS:

1.

3.

A refining process for petroleum and the like in
pyrolysis for heavy feedstocks thereof, which comprises
supplying to the pipeline of a heating furnace the feed-
stocks mixed with oxide of alkaline earth metal, or
hydroxide content and water respectively, or the mixture
thereof with slurry-like addition compound to be heated;
staying the heated feedstocks at a soaking drum for 1
second to 30 minutes after the heating temperature reaches
to the range of from 350°C to 550°C and a pressure gauge
reaches about 1 to 20 kg/cmz; and continuously segregating
gas and residue from the feedstocks at a distilling column
while precipitating and solidifying asphaltene, heavy
metals and sulfur content to segregate them as solid bodies
therefrom by maintaining the condition of strongly basic

surface activiation of Ca-ion.

The refining process according to Claim 1, wherein

the yield of distilled oil of good quality, particularly

gas oil, is increased.

The refining process according to Claim 1, wherein
heavy oils of good quality for gas turbine and Diesel
engine, which contain a small amount of heavy metal content
such as vanadium and nickel under_thé condition of the
output temperature of the heaéing furnace in the range
of from 350°C to 500°C and for the staying period from

1 second to 30 minutes in the socking drum,
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8.

9.

2. 0072873

The refining process according to Claim 1, wherein
distillation of the feedstocks for petrochemistry is
yielded under the condition of the output temperature of
the heating furnace in the range of from 400°C to 500°C

and for the staying period from 1 second to 10 minutes

in the soaking drum,

The refining process according to Claim 1, wherein
feedstocks for FCC and hydrocracking of good quality are
vielded under the condition of the output temperature of
the heating furnace in the range of from 400°C to 550°C

and for the staying period from 1 second to 10 minutes

in the soaking drum,

The refining process according to Claim 1, wherein

the oxide of alkaline earth metal is CaO.
The refining process according to Claim 1, wherein

the hydroxide of alkaline earth metal is Ca(OH)z.

The refining process accoxrding to Claim 1, wherein
a delayed coking drum is used as the soaking drum,

thereby to increase the yield of middle oil.

The refining process according to Claim 1, wherein
a fluid coking drum is used as the soaking drum thereby

to increase the yield of middle oil.,



0072873

12 14

13

1D 1343

20



D)

European Patent

EUROPEAN SEARCH REPORT

Office

0072873

EP 81106517.6

DOCUMENTS CONSIDERED TO BE RELEVANT CLASSIFICATION OF THE
Category| Chtation of document with indication, where appropriate, of relevant Relevant
passages to claim
C 10 G 11/04
A |GB - A - 1 576 720 (STANDARD OIL 1-9 C 10 G 19/00
COMPANY)
* Claims 1-3,12,13; page 2,
lines 50-65; page 3, lines 1 -
page 5, line 15 *
A |GB - A - 1 307 543 (ESSO RESEARCH 1-9
AND ENGINEERING COMPANY)
¥ Claims 1-9; page 1, line 86 -
page 2, line 9 * .
o TECHNICAL FIELDS
A |US - A - 3 707 462 (G.MOSS) 1-9 SEARCHED (int.Cl.3)
* Claim 1; column 1, line 22 -
column 2, line 32 * C10 G
A |US - A - 3 707 459 (R.B.MASON et al}1-9
* Claims 1,3; column 1, line 65 +
column 2, line 28; column 3,
lines 38-47 *
CATEGORY OF
CITED DOCUMENTS
X: particuiarly reievant if
taken alone
Y: particularly relevant if
combined with another
document of the same
category :
A: technological background
O: non-written disclosure
P: intermediate document
T: theory or principle
underlying the invention
E: earlier patent document,
but published on, or atter
the filing date
D: document cited in the
application
L: document cited for other
reasons
&: member of the same patent
X The pressnt search report has been drawn up for a claims :::“:; ponding document
Place of search Date of completion of the search Examiner

VIENNA 31-03-1982

STOCKLMAYER

Form 15031 08.78




	bibliography
	description
	claims
	drawings
	search report

