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PROCESS F ERVAL CRACKI NG OF A RESI DUAL

,RHYDROCARB%ogllail{%';liI‘E| The present invention relates grlgr%spggoétss for
t he t hermal cracking of a residual hydrocarbon oil. Mre-
specifically, the present invention relates to a process for the
thermal cracking of a residual hydrocarbq? oi |, wherein the thermal
cracking is integrated with a gasi |cat|on treatnment of an

asphal tene-rich bottom product derived fromsaid thermal cracking.

residual nydrocarberoprss FBK PAEORHERARE ERALRONG oF A RESEBfRR oduct of

the distillation of crude ol eric pressure
("at mospheric" or "long" re5|due) &%DROCARBON Ik educed pressure ("vacuunt
or "short" residue). Converting residual hydrocarbon oils by

means of her nal cranl is alr own for a long time.
Basical |y, ther %nﬁﬁﬁa%ﬂf|¥9 Wéié%%? R PEpcess e#%%ic
process in vvltjl'retrrdar garadiyidio ceft trorremlchmﬂl dsydrocarbomfoikesiMued oi |
fractions are t gﬁ&!l ecul es. e e red

for breaking [pﬁi kt‘aa&'l{bg‘_!‘eln'L ﬁ[eﬁer}:tulle%véﬂ)clt o&&sjrr]g aeré]sgntgég ‘_lggé( 65% ed by
heating the for the rthegmmal qgankkngtnﬁ1annesxﬂualchyﬁxnnaxbﬂmwm Y, high 20

tenperqt ure. JHEARME! tie GalErnd ] Yo r KO8HY @ HeeRdd with a thernal
cracking operations is the fornmation of cok artlcularly at nore

severe crackidffidokptighsLregiaient of an %?@‘%%@/%‘?%Tr%ﬁilsbckﬁm in the art
to suppress tgdcdutkaelerived from said thermal cracking.

Residual hydrocarbon oils may be obtained as the
bottom product of the distillation of crude oil ‘at

10 atmospheric pressure ("atmospheric" or "long" residue) or
at reduced pressure ("vacuum" or “short" residue). |

Converting residual hydrocarbon oils by means of
thermal cracking is already known for a long time.
Basically, thermal cracking is an endothermic, non-

15 catalytic process in which larger hydrocarbon molecules
of residual oil fractions are broken into smaller
molecules. The energy required for breaking the larger
molecules into smaller ones is supplied by heating the
residual hydrocarbon o0il feed to a sufficiently high

20 temperature. However, a generally recognised problem in
thermal cracking operations is the formation of coke,
particularly at more severe cracking conditions. There
are several ways known in the art to suppress this coke
formation. For instance, if the conversion level of the

25 heavy hydrocarbons, i.e. those hydrocarbons having a
boiling point of 520 °C and higher (520 °C+
hydrocarbons), is kept sufficiently low then the
formation of coke may be larqely prevented. Depending on
the type of feedstock and severity of the thermal

30 cracking, said conversion level (further referred to as
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soaker the gffcking reactions continue. Since cracking in . ‘

- The furnace-soaker configuration is well known in the

field of thermal cracking. Within the furnace, heating of

15 - the residual hydrocarbon oil feed takes place and a |
substantial part of the hydrocarbon oil feed is already
cracked into lower boiling components. The heated oil is
then fed into the soaker or "reaction chamber". In this
soaker the cracking reactions continue. Since cracking in

20 the furnace is rélatively cheap and easy, the usual aim
is to convert as much as possible high boiling material
in the furnace and to use the soaker for further
increasing the conversion level. However, the attainable
conversion lével in the furnace is restricted by the

25 formation of coke.'In the conventional furnace-soaker
configuration, wherein a final 320 °C+ conversion of
about 30% by weight can be attained, about half of the
final conversion (i.e. about 15% by weight) therefore
takes place in the furnace and the other half in the

30 soaker. If the conversion level in the furnace would be
higher, which implies that cracklng conditions are more
severe, then coke will be_rapidly.formed and will depositl
onto the internals of the furnace, thus causing a rapid
decrease in heating efficiency of the furnace and hence a

35 decrease in the final conversion.
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cracking reactions, the evaporation of light distillates

15 and the heat loss to the environment via the soaker
walls. As a result of this temperature drop across the
soaker, there is a decrease in cracking reactions in the
direction of the oil flow. Accordingly, the cracking
efficiency within the soaker is not at an optimum level.

20 . In EP-A-0,328,216 a process for the thermal cracking
of residual hydrocarbon o0ils is disclosed wherein a
furnace is dispensed With and wherein the residual
hydrocarbon oil feed is directly fed into a soaker
together with hot synthesis gas. This synthesis gas

25 originatés from gasification of an asphaltene-rich heavy
hydrocarbon o0il derived from the cracked residue of
thermal cracking. Accordingiy, the heating of the
residual hydrocarbon oil feed is attained by direct heat
exchange with the hot synthesis gas. Although this

30 process performs well and provides a very high level of
integration between thermal craCking and gasification, it
cannot be easily implemented in an existing refinery
'having thermal cracking and gasification capacity,
because that would require radical changes in both .

35 refinery line-up and particularly in the thermal cracking
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in both furnace and soaker, while Xt,the same time
improving the cracking efficiency within the soaker, thus
15 increasing both 520 °C+ conversion and runtime, which
self evidently is beneficial from an economic point of
view. _ | :
All the before mentioned objects have been met by the
present invention which relates to a process for the
20 - thermal cracking of a residual hydrocarbon oil wherein a
final 520 °C+ conversion of at least 35% by weight is
attained, i.e. wherein at least 35% by weight of the
hydrocarbons having a boiling point of 520 °C and higher
present in the residual hydrocarbon o0il are converted
25 into lower boiling components, said procéss comprising
the steps of: _
(a) heating the residual hydrocarbon oil feed in a
furnace to a temperature in the range of from 400 to
510 °C for sufficient time to achieve 30 to 45% of the
30 final 520 °C+ conversion;. .
(b} feeding the partially converted, hot hydrocarbbn oil
produced in step (a) and' a hot hydrogen-containing gas
into a soaker, said hydrogen-containing gas having a
sufficiently high temperature to maintain the temperature
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feedstocks thus include atmospheric residues and vacuum
residues. If desired, the residual hydrocarbon oil may be
blended with a heavy distillate fraction, such as e.g. a
cycle oil obtained by catalytic cracking of a hydrocarbon

20 oil fraction, or with a heavy hydrocarbon o0il obtained by
| extraction from a residual hydrocarbon oil.

In step (a) of the process according to the present
invention the residual hydrocarbon is heated in the
furnace to a temperature in the range of from 400 to

25 510 °C for sufficient time to achieve 30 to 45% of the"
final 520 °C+ conversion. The precise combination of
temperature and residence time in the furnace must in any
event be such that 30-45% of the final 520 °C+ conversion
takes place in this furnace. Since in normal thermal

30 cracking operations involving a furnace and a subsequent
soaker about 50% of the final conversion takes place in
‘the furnace, this implies that relatively mild thermal

. cracking conditions are applied in the furnace, for
instance those conditions usually applied in visbreaking
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normal. thermphe entire soaker length at a similar rate. The hot
15 hydrogen-containing gas can be introduced into the soaker
at one or more of its internals and/or at the bottom of
the soaker. In the event the heated hydrocarbon oil feed
from the furnace is fed into the bottom of the soaker,
the hot gas is preferably introduced at one or more of
20 the internals of the soaker to warrant an efficient
heating. If, on the other hand, said oil feed enters the
soaker at the top, the hot gas can be suitably introduced
at the bottom of the soaker, as in this mode of operation
the hot gas and the o0il flow move in a countercurrent
25 mode through the soaker which enables an efficient heat
exchange between the hot gas and the oil.
Beside its function as a heating medium, the hot gas
also serves as a stripping medium for removing the
lighter fractions from the cracked oil, thus increasing
30 .the stability of the remaining liquid, which in return
results in decreased coke formation on the metal parts
inside the soaker which are in direct contact with the
hot gas. In this way longer runtimes and a deeper final
520 °C+ conversion can be attained. The use of hydrogén-
35 containing gas as a stripping medium in the thermal
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_ temperatures and which contains hydrogen. It may for
instance be pure hydrogen or a hydrogen-rich gas.

15 Particularly in a refinery where hydrotreatment units are
present, the use of such gases may be beneficial. Hot
synthesis gas may also be applied as the hot hydrogen-
containing gas. This is a very feasible option if the

. refinery involved has a gasification unit where hot

20 synthesis gas is produced by gasification, i.e. partial
oxidation, of heavy asphaltene-rich o0il fractions.
Furthermore, synthesis gas from a gasification unit may
also contain soot. Without wishing to be bound by any
particular theory, the presence of soot in the soaker may

25 be beneficial, since it offers a surface area to deposit
coke and coke precursors, thus inhibiting fouling of the
metal parts in the soaker, and it may act catalytically
in aétivating the hydrogen present in the synthesis gas
due to the metals present in the soot. In this connection

30 the presence of nickel (as nickel sulphide) is considered
particularly important. It will be understood that due to
its aforementioned advantageous effects in thermal
cracking reactions, hydrogen may also be present in step
(a) of the process according to the present invention,

35 i.e. in the furnace.
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conversion can be realised in the soaker without
_ excessive coking. Because coking is also significantly

15 reduced in the furnace due to the milder cracking
conditions, the overall result is less coke deposition on
the internals of the furnace and soaker and hence longer
run times can be achieved. In other words, by shifting
the conversion to a certain extent and under certain

20 conditions from the furnace to the soaker, coke formation
is reduced and longer run times are attained.

The total pressure in the socaker may vary from 2 to
100 bar. For economic reasons it is, however, preferred
to apply total pressures in the range of from 2 to

25 65 bar. At pressures above 65 bar and especially at
pressures above 100 bar, the high pressure equipment
needed will become so expensive that economically
feasible operation of the process will become
increasingly difficult.

30 ] After the thermal cracking has taken place a gaseous
fraction containing the hydrogen-containing gas and a
cracked residue are recovered from the soaker in step
(c). The said gaseous fraction can subsequently be
further separated in a fractionator into a top fraction

35 containing methane, ethane and the hydrogen-containing

Y
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the soot. Ind&htéréﬁmnaetsltqna&(ions. tiie o%&ﬁ%@iCQr%ftaﬁic%kﬁe (R thizaks)
sul phide) is_consid

under st ood tﬁﬁttaﬁéiég recycleq kﬁgﬁﬁ%ﬁg dﬁ&gtéﬁv o mnluﬁgﬁﬁbts in

t her mal soakerafbedgtbeacumonxdehydmo@enommk abaanbsu@yﬁﬁﬁﬁdlmbstep
ol noce. | PERGERRISECAENANY LOMIR B LW HUeVRr Preterrda tndd 1N°

furnace.
PCT/ P95/ 0350he cracked residue is further separatedsin a subsequeny n any

event, the hg%ggqaacqm;@ Bind o&aao@éstas%altene-go%&a@z%&tmmc Ry gh
tenperatures which are necessar% maintain the tenperature of the
‘hydr ocar bon 8pr asphgifene-rich bottom fraction. This separation can

suitably be performed by means of vacuum flashing or
vacuum distillation. In this mode of operation the bottom
15 fraction obtained from fractionating the gaseous fraction
recovered from the socaker may optionally be wvacuum
flashed together with said cracked residue. =
" The asphaltene-rich bottom fraction can subsequehtly
be used in several ways. It can for instance be applied
20 in bitumen for road and roofing purposes, in emulsion
fuels or in solid fuels by means of pelletizing. In a
preferred embodiment of the present'invention, however,
the asphaltene-rich bottom fraction is partially oxidised
(gasified) in an additional step (e) in the presence of
25 oxygen and steam, usually high pressure steam, théreby
producing hot synthesis gas. This synthesis gas, in
return, can be applied as clean fﬁel gas in the refinery
or for the cogeneration of power and steam, hydrogen
manufacture and hydrocarbon synthesis processes. For the
30 purpose of the present invention it is however preferred
that at least a part of the hot synthesis gas produced in
step (e) is introduced into the soaker in accordance with

step (b) of the process accordlng to the present
invention.



soaker at a value in the range of from 420 to-650 [err]c, 5 preferably ~~

450 to C, by neans of direct heat exchanger Eﬁﬁ dacady
nentionggg-e o?%, by i ntroducing heat and hydrogen 1n o‘?ﬁe soaker

in the formof hot hydr ogen- cont ai ni ng gas, a tenperature drop
across the soaker is at least significantly reduced and coke 10
formation on the netal parts inside théOsovaker being in di rect

contact with the hydrogen-containing gas is ) suppressed, as a result
of which 55% ofnnfiguse dhanfiexample of a@RAEMATOH I DP r¥Rlised in the

soaker wi tha Hﬁ.cted J.nvo@.)(zci 'aV?)r(‘éE@r%d Regratbitneroki o\ tise-atlsérmal
significantly duce rscp LsL" gi_gadue to the m Iger crackl ng
condltlonscr9ﬁ5189eP§PF9§§nﬂqu < % otPEgRtion, 1.epe
internal s gf fhlaaatumsme:emwd:osmlgarramcbmatmcjmm with a run tinmes can
be achi eved th r by shifting the conversion to a ..
certain ex?@ﬁf%éﬁatgﬁéq&d$% it

cer'tain 20 conditions fromthe furnace to the
soaker, coke fBesatiued hydrocarbon educdeethd §ongerfedinintoefurnace

attained. () where it'N% th@a%e@@&%”@exﬁﬂbfahﬁlﬁé’%ﬁrff@d{ yeoyghrom2 to
100 bar. For economc reasons It i, pply

total presSdPesCi anchahereys b sy &F Ztrﬁ) @E}"afrc°%‘5e5%+°nA¥a]§?§ssur

above 65 bﬁﬂa@@d Q%@ﬁﬁd%|fbd¥t1ally convestsed aeydboyerion oalL, (The hlgh
pressure e

neede w | econe e
ecéfoni cal gabls" the furnage &t 47 i 5¢ RS ?ﬁ%%gsgfhnf?égg%%r
i ncreasi ngwy tth Hdtcwyntmls gas (sﬁ)f tmrodursedhmngas:cfacatngn hasitaken

| pI aee e gas(ﬁgg &§ PRF d‘alraoq romfﬁ M'df %89€6ﬁi ning gas an‘

e are recovere e soa In ep
(c). The sdiraagdssous Fr dat itdre mmcﬁ@mwwsteam (8¥urther

separ at ed 'dahsaeofdsacftfaaf@m{ (16 #nd OPrdéRéd | P8sB8ue (15F08EaI Ning met hane,
eth%Pe andrecoverééx¥¥hﬁx¥ﬁé“soéﬁkr (3). Gaseous fraction (10) is
separated in fractlonator (4) into top fraction (11)
-containing methane, ethane and synthesis gas-, light
hydrocarbon fractions (12) and (13) and bottom fraction
| (14) . This bottom fraction (14) is fed into vacuum
20 flasher (5) together with cracked residue (15), where
" separation into the asphaltene-poor fractions (16), (17)
and (18) and the asphaltene-rich bottom fraction (19)
takes place. Part of the bottom fraction (19) is
subsequently uéed as.feedstock for gasification unit (1).
25 The invention is further illustrated by the following
examples.
Example 1 and Comparative Example 1
When subjecting a Middle East short residue, having
the properties as indicated in Table I, to thermal
30 cracking, a final 520 °C+ conversion of 40% by Weight can
be attained when applying the process according to the
present invention as illustrated by figure 1 (example 1).
Under similar conditions, a conventional thermal cracking
process only yields a final 520 °C+ conversion of 31% by
35 weight (comparative example 1). Pressure in the soaker in




V[)96/07716 ' - PCT/EP95/03504

,a,nlgne or nore gaseous | ower hydrocar bons
.ﬁropane bu?ane and the like, and a bottom fraction. et Esm?oé'd t he

ydr ogen-cont ai ni ng gas can then be separ at ed fromthe sai d
- top-fraction, for instance by 5 pressure swi ng adsorption. The cracked
-resi due can have di fferent destindflions. It can for instance be

partially or total I%/ recycl ed and bl ended wi.th the furnace and/ or

soaker feedst®BtIRYE of de3 dRPWe PhRARgalle SRBPREcoRELtions Undpg,

cracki ng condiiisihoth mehﬁy\BV@fa@kﬁfz@r;sﬁ&cé@gés 1@ake plabe g5anked
residue is further se arated |nJa fsbsf

QUlina SRef dhnbnpe0ne o
nore asphal t ie-porCIHaTh T B 20 %%p%?t%?\% 7 So Bm
fraction. Thlssle]e:tmrcaﬁlt‘he qarpduct streams sty imdpeatedntn Dgbheads. of

vacuurg f | ashi \V/ s tiaL Se e i on

t he ,bor%tom 1?1% mﬁearcstl%z}] @ﬁ%ﬁ%ro%ﬁ‘ér%g{?%ggtl% {Tﬁgfagéegg £§&
fraction referencs RWReFHME¢R thakbgurylopti onal |y be vacuum

fl ashed together ppdm Sad dré?é@P@ng\?éﬂdﬂ? Table II it cdR€p@sphaltene-rich
bottom fraction can_s bseqéJe tlé/ gb d%l n several wa It can
for instance RNGHHIS ‘?IFP%H%‘?I% with t dc%ﬂYlePBb‘F’?ﬂé pur poses,
in enul sion furnace#smékenrthérmma|ckiukingbyrdeess thepptbeesziog. In a

pref efged_emigil Menl . (e, ALERSHT SLNPOL T 9% BOUEVELna1 520 sclle

aspha ene-r Ton 1's pa (gasified) in
an addi ti onalcenegrgidni nthye peswbhirg oin lelgheroxygbﬂsaﬂﬂ theausefudal | y

hi gh pressurepﬁé&@é% $OLESRY boiling P& DS CERE h@taﬁaniﬁe%ésgi‘ésﬂﬁhi

synthesis gas, In return, can be applied as clean fuel gas In the
refinery. hydregayhens ne cogeneration of power and steam hydrogen
manuf act ure and hydrocarbon synthesi s processes. For the 30 pur pose of

the present invention it 'S'Ilé%vieevef Epre%lfs o ‘?cdpropertles

350-520 °C fraction (% wt) 5.0

520 °C+ fraction (% wt) 95.0
Sulphur (% wt) : 5.4
Conradson Carbon No. (% wt) 20.3
| C7-asphaltenes (% wt) 10.2
Viscosity at 100 °C (mm2?/s) 2350
Density 70/4 . 0.998
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process accor
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g to the present

nventi on.

figure 1 an exanple of a refinery line-up is

| east a part of the hot synthesis gas-produced in
3&71 to the soaker in accordance with

Sl

10-
depicted in

step (e) - °

f the

107716
In

volving a

preferred enbodi nent of the thermal = 12 = cracking process according to
the present invention, _i a furnace-soaker configuration
integrated with a @able ﬁksufmﬂﬁHMﬁitﬁﬁqcklng experimengsj dua

hydrocarbon oil feed (6) is fed into furnace (2) where it is heated
to a tenperaturg-of TTom400 tO ?LH@% 17T an where 30-§15% of the
final conversior takes pl| At&e amplet 1 a] F9™Ponvert ¢d
hydr ocarbon oil |(7) 10 Ieav:ﬁﬂﬂﬁeNaunace and i s| Erdmpheolspaker (3)
t oget her S ( groaucea I gasi 1 ion unit
(1) via partial B8R | bf asM%ﬁtene-rl cho8%t t om fraction (19)
in the presence qa"e@d(ygsgll st eam EQ. ' 25%aseous feaction (1¢) and
cracked residue Q}Q& gbé cover ed %%ﬁn1the spaker (3). f{aseous
fraction (10) iS5 gas eparate in frac ator (4) into top fraction
(11) - cdrig@® ni Q) net hane,| 2t hane andi68ynt hesi s46as-, i ght
hydr ocar bon fradtdons,¢de) and (] and b fractip : 14). This
bottom fracti on \%.c?rf |(oé.|gcu +Ato i@abuuu|2 5@(5“ st 1@3%5) tugt her with
cracked residue |[(B)duekegtreans separdtion into the asphal tepe-poor
fractions (16), {(d¢)q) and {(18) and {t he asphal tene-rich boftom _
fraction (19) _ : . ‘

‘Gas 11 288.6 25.2

0-165 °C 12 - 74.4 54,0/

165-350 °C| 13 140.7 104.1

350-520 °Cj1l6, 17, |182.5 166.7

18
520 °c+ |19 568.8 650.0
520 °C+ conv. | |
(% wt) _
Furnace 15 (37.5%| 15 (48.4%)
Final 40 31

The abbreviations and expressions used in Table II have
the following meaning:

t/d : tons/day

$ wt : % by weight
5 Feed gas : synthesis gas from gasification unit

Tgas : temperature of the feed gas

FOT Furnace Outlet Temperature

SOT Soaker Outlet Temperature.

The product streams are indicated via their boiling

10 péint range and of the 520 °C+ conversion it is indicated

what the final conversion is ("Final") and what part of
it is attained in the furnace. The percentage between



. takes place. Part of the bottomfraction (19) is subsequently used

as feedstqf‘g ofigasi fication unit -(1). 25 L The i rptq%ﬂ,g,%(
I'Tu ; anple 1

further strated by the follow ng exanpl es.

‘and Conparative Exanple 1 When subjecting a M ddl e East short
“resi due, having the properties as indicated in Table I, to thermnal
30 cracking a final 520 [err] Cr cokversi on of 40@6by wei ght can

be attalned | i cess accordlng t h esent
i nvention as |ﬁ eh3§#5%}?é2ﬁh TIe @ é the final Wler éEim’lar

condi tions, a:oamamomrtadk:txtgarpﬂsdce:rmlmm furnace. process.-only yields a

final 520 [er ersion of 31% by 35 wei ght (conparatrve exanpl e
1). Pr essureE'r l(\eorwaker in WO 96/ 07716

PCT/ EP95/ 03504 A stirred autoclave of 100 ml capacitiy was charged exanpl e
1 is apout 1QiRa .apbift Pdey soNdid '§Hl§e Wided1e Ea?1e shbi-€ hr 091 &y d her mal -

cracki ng processes t ake place as_wel conversion |levels in

furnace and SBRE AT, K e 1. The yﬁ’e“d%d (ﬂu‘i?\‘éli‘)‘f%dﬁﬁ‘:? RY$E3NREL 20¢

i n]Eii cated i Ewm syrthdsis gasihw nbrﬁmﬁﬁﬁ l'rdhé rh.@efa:@rtcufma ndtieant Unit No."

refers to the ergnce nu s,used in_ fi €o From

t he resuItsgﬁQﬂ§$q9§'H§¥%aéﬁ TN heateé é&ﬁ d(YhEPl?n

conpari son. wintinutes cartinort 350 °C) amdnmmismmm atethat cracking

procesp the t t b gher fina
a5 Rassatird ¥or 20 xﬁﬁ}giér?éegﬁf ATven élﬁé‘rxﬁé‘f J:Pé 5151‘?%

520 [err] C+ conver si on, trng 1n f the
usef ul reagti RS GQ QG bOe TRA Dt by IR (Fe a5 0T wag mmelsx
resi dual cooldy HPddiPNSemperature. The autoclave was

subsequently depressurized and the gas and liquid were
collected and sampled for analysis. The amount of coke

15 was determined by extraction with tetrahydrofuran. It was
found that only 4.7% by weight of the total of gas and
liquid recovered was coke. In addition, the surfaces of
the autoclave and the stirrer parts in contact with the
synthesis gas remained uncoked. '

20 Comparative Example 2 :

The procedure of Example 2 was repeated only this
time nitrogen was used to pressurize the filled autoclave
to 50 bar instead of synthesis gas. It was found that-
coke constituted 7.8% by weight of the total of gas and

25 liquid recovered and that coke was formed on the surfaces
of the autoclave and on the: stirrer parts in contact with
the nitrogen.

Comparing the results of Example 2, wherein the
'qonditions in a soaker operated in accordance with the

30 process of the present invention are imitated, with those
of Comparative Example 2, shows that at thermal cracking
conditions in the presence of a hot hydrogen-containing
gas coke formation is significantly'reduced and
deposition of coke onto the metal parts inside the soaker




Table | Feedstock properties ' - 350-520 [err]C fraction (% £

520 [err]C} fraction (% wt) 0
SuI phur ‘?’é’\gv’t"?“ - 5.4 Conradls’% E\S"i?gﬁ* No. (%
wt ) 20. 3 C7-asphal tenes (% wt) 10. 2
Vi scosity at 100 [err]C (mR/s) 2350 Density 70/ 4
0.998 WD 96/ 07716 14 -
PCT/ EP95/ 03504 12
Table || Whigd @de érrhc%rrﬁffe%?%%t‘%lth said h°t gas is even
Strean EgempletklyCempided. Unit No.
Exanple 1 3 Feed (t/d) 6 1000 1000

Feed gas (Eﬁ§¥Eﬂ§L—- 255 - Tgas ([err] O
9 650 A stirred autoclave of OO (fkrcdgdcity was €harged 460

g?g et Stw1th ab&ggri§‘HW3f3 q (Qame ﬁ&ddle Eas€69horEh£esf§3e as11

288. 6 ~usgsl 4n Example 1. The ibleadmyieelave Yas pressurizad

54.0 with pure hydrogen gas to 10 bar. The autoclave was
operated at constant pressure using a.preSsure controller
in the outlet line of the autoclave and a continuous gas

10 supply through the liquid residue via a hollow stirrer.

' Gas flow was kept constant at 200 Nl1/kg.h. The residue
was then preheated to a temperature of 340 °C under ‘
stirring and was held there for 15 minutes. Thereafter,
it was heated at a rate of 45 °C/min to the desired

15 reaction temperature (450 °C) and was maintained there
for 15 minutes to allow thermal cracking reactions to
occur. Subsequently, the autoclave was cooled to room
temperature at a rate of 90 °C/min. The autoclave was
subsequently depressurized and the gas and liquid were

20 collected and sampled for analysis. The amount of coke
was determined by extraction with tetrahydrofuran. It was
found that only 3.5% by weight of the total'of gas and
liquid recovered was coke. In addition, the inner
surfaces of the autoclave and the stirrer parts in

25 contact with the hydrogen had remained uncoked.

The results of this example show that under thermal
cracking conditions in the presence of hydrogen, even at
such low pressure of 10 bar, coke formation is
significantly reduced whilst deposition of coke onto the

30 metal parts inside the soaker which are in direct contact
with the hydrogen is completely avoided.



*165-350 [err]C 13 140. 7 104. 1 - 350- 520

[err]C 16, .82.5 166. 7. ,

520 [err] &&z"""i’g 568. 8 650.0 52H’{’E’F9F1"s;§“conv
(% wt) Fur nace 15 (37.5% 15 (48.4%

Fi nal 140 - 31 ' The abbrevi ati ons and
expressions used in Table Il have the foll owi ng neani ng:

t/d . tons/day % it 15 - .. Y%by weight 5

Feed gas . synthesi's gas from gasification unit ““l““ullmmuu“‘
: tenperature of the feed gas c LFg!%J! 5 : .
Tenperature SOr : tlet Tenpefaturée. " s

The product streans are indicated via their boiling 10 poi nt range and

of the 520 [efr] C?r&f’é‘%’?fb?\?\ﬁhé -'tﬁe}iilgiftcéﬁr'ééking_ of aRakikingyfinal
conversion is ("Fina and at part of it is attarned in the
furnace. The p¥iEeGRERenpeihewherein a fippdsPgP7i6+ conversion of at

PCT/ EP95/ 0350%east 35% by weiﬁht is attained, which- p¥dcess comprilyedckets
i ndi cates the ﬁercgntagefgf the final 520 [err] C+ conversi on taking
FnatgPbs of:

pl ace in the ¥ Exampl e 2 A stirred autocl ave of
100 m 5capaci () wasatimggtHe residual hydrocarbon oil feed in a

furnace to a temperature in the range of from 400 to
510 °C for sufficient time to achieve 30 to 45% of the
final 520 °C+ conversion;
(b) feeding the partiaily converted, hot hydrocarbon oil

10 produced in step (a) and a hot hydrogen-containing gas
into a soaker, said hydrogen-containing gas having a
sufficiently high temperature to maintain the temperature
of the hydrocarbon o0il in the soaker by means of direct
heat exchange at a value in the range of from 420 to

15 650 °C, in which soaker the remainder up to 100% of the
final 520 °C+ conversion takes place; and
(c) recovering a gaseous fraction containing the
hydrogen-containing gas and a cracked residue from the
soaker.

20 2. Process according to claim 1 further comprising the

- step of

(d) separating the cracked residue recovered in step (c)
into one or more asphaltene-poor fractions and an
asphaltene-rich bottom fraction.

25 3. Process according to claim 2 further comprising the
step of
-(e) partially oxidising the asphaltene-rich bottom
fraction resulting from step (d) in the presence of
oxygen and steam thereby producing hot synthesis gas.



5 with about 25 g of the sane M ddle East short residue used in
Exanpl e filled autoclave was pressurized ﬁ%ﬁg &4 S gas
to 50 ,ba oggﬂﬁnfeactor and its . contents were then rap nﬁﬁeated to
450 [err]C (within 2 m nutes starting at 350 [err] C) and mai nt ai ned
at that 10 tenperature for 20 mnutes to allow thermal cracking
reactions to occur. Thereafter the reactér-was rapidly cooled to
roomtenperature. The autocl ave was subsequent |y depressurized and
t he gas and4liqardceeseaccordingcbbleéaem and whamslied aftorleasd] yasipartThe
armunt of coke Stfieke ggd A cle tgtd ey ofdiran. It
8# tﬁ% hﬁt gg F % %nb |ght d? tn!he t t4é)

oun % by ) of gas and
I|qU|d recobb?eboﬁa§Y€§R§enrﬁ°&Gé#F#6§ g@iFe 13y steRe st t he

aut ocl ave agd tﬂ)@esbfr éehyaﬁbbénl-&oﬁﬁahﬁﬁhg\/\ﬂghls tafsea str:l.ppﬁwﬂ hesi s gas

remaji ned unco ocedure
of Banpl o BSULEN, Shef BEOGARS PREGTOLAY T Gn, one Ak RS bk
pressurize 4he filled autocl ave to 50 bar instead of synthe3|s gas.
It was found that coke constituted 7.8%by—wei-ght—ef—the—total of
gas and 25 | iquid recovered and that coke surfaces
of the autoclave and on the stirrer parts in Com ill[u' jﬂm t he

ni t rogen. Conparing the results of t he
conditions in a soaker operated in accordance with the 30 ——process of
the present invention are initated, with those of Conparative
Exanpl e 2, shows that at thernal cracklng conditions in the
presence of a hot hydrogen-containing gas coke formation is "
significantly reduced and deposition of coke onto the netal parts
i nsi de the soaker ' ‘WD 96/ 07716

PCT/ EP95103504
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conpl ete
.m capaci
‘residue as

wi th pure hydrogen gas to 10 bar.
constant pressure using a pressure controller
t he autoclave and a continuous gas 10

resi due via

Nl / kg. h.” The residue

[err] C under

¥

which are in direct contact with said hot gas is even
d. Exanple 3 A stirred f 100

harged 5 wi th about 25 g of the sane SFS§?29%§%€ short

used in Example 1. Thg filled autoclave was pressurized

The autocl ave was oper at ed at

in the outlet line of

supply through the |iquid

Gas flo|v¥ was kept constant at 200

was then prfehedied to a tenperature of 340

stirring and was dth pe for 15 m nutes.

a hollow stirrer.

Thereafter, 8 it was heatetpat alrdreB8f“45 C/nin to the desired 15
reaction te at ule (F97][err] q4_maingai ned there for 15
mnutes to fllow thermal ¢rac idns to occur. Subsequently,
t he autocl ave was cool ed t tenperature at a rate of 90 C/ m n.
The autocl ave was su epressuri zed and the gas and liquid
were 20 col | ected and nal ysis. The anmount of coke

was determped b j th tetrafydrofuran. It was f ound
that only 3} 5%% t ‘of the tlotal of{l§as and liquid recovered
was coke. Ip additi [ surfaces ﬂi t he autocl ave and the
stirrer parfts in 25 wi th tHe hydrfoge ad remai ned uncoked.

The results
condi ti ons
of 10 bar,
deposi tion
in direct ¢

coke formation is
pf coke onto the 30
pnt act

cracki ng
such | ow pressure
t %educed whi | st
rm&!%e the soaker which are
conpl etel y avoi ded.
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(54) 'ﬁtle:,/fROCESS FOR THE THERMAL CRACKING OF A RESIDUAL HYDROCARBON OIL
(87) Abstract

Process for the thermal cracking of a
residual hydrocarbon oil wherein a final 520
°C+ conversion of at least 35 % by weight is -8 :
attained, which process comprises the steps ::E
of: (a) heating the residual hydrocarbon oil | 9
feed in a furnace to a temperature in the
range of from 400 to 510 °C for sufficient

time to achieve 30 to 45 % of the final
| 520 °C+ conversion; (b) feedingthepartially

converted, hot hydrocarbon oil produced in _ . ' 3 .
step (a) and a hot hydrogen-containing gas '
into a soaker, said hydrogen-containing gas 6 ‘ 14

having a sufficiently high temperature to

maintain the temperature of the hydrocarbon - J 16
oil in the soaker.by means of direct heat : \.,

‘| exchange at a value in the range of from 420 17
to 650 °C, in which soaker the remainder up :
to 100 % of the final 520 °C+ conversion ' 15
takes place; and (c) recovering a gaseous _ _ : 18

fraction containing the hydrogen-containing
gas and a cracked residue from the soaker.

19




asphal tene-rich bottomfraction. 25° 3. Process according to claim?2

further conprising the step of (e) partially oxidising the
asphal tene-rich bottom- fraction resulting fromstep (d) in the
presence of oxygen and steamthereby produci ng hot synthesis gas.
WD 96/ 07716 PCT/ EP95/ 03504

- 16 - 4. Process according to claim3, wherein at |east a part

of the hot synthesis gas produced in step (e) is used as t he hot
hydr ogen-containing gas in step (b). 5. Use of a hydrogen-contai ni ng
gas as a stripping 5 mediumin a process according to any one of clains
l1to 4. :
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