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{71)  We, INSTITUT FRANCAIS DU
PETROLE, a body corporate organised and
existing under the laws of France, of 4
avenve de Bois-Preau, 92302 Rueil-Mal-
maison, France, do hereby declare the mven-
ton for which we pray that a patent may
be pranted to ws, and the method by which
it is to be performed, to be particularly des-

cribed in and by the following statement:—

During the past years, oil has gaibed an
important and often major positon among
the power sources.

successive increases of the ofl price
during recent years have made it necessary
to consider the development and use of other
power sources, such as coal and shales, which
were previously  considered  insufficiently
profitable.

A fairly long time ago, techniques for pro-
ducing. lquid hydrocarbons from solid com-
bustibles and partcularly from coal were
studied and used in countries which have no

. exploitable oil fields in their territory. .
For cxample, solid combustibles may be

hydrogenated wmder pressure, according to
the two following techmques;

(2) catalytic hydrogenation of the pulverized
coembustible in one single step, A mixture
of Liquid hydrocarbons may thus be
obfained (for example, Synthoil and
H-Coal processes),

treatment in two successive steps: the
first (not catalytic) operation comprises
dissolving the combustible into a solvent
materizl in the presence of hydrogen.
The resulting mixture is then catalytic-
ally hydrogenated {for example: Pits-
burg Midway and Consol processes).

Coal may also be converted to gas, thus

G

yielding 2 gas mixmure which may be catabytic- -

ally converted to liquid and gaseous hydio-
carbons having the same uses as ofl and its
derivatives.

These various hydrogenavion or other pro-
cesses, such as the Eischer-Tropsch synthesis,
yield practically sulfur-free products (polfu-
tion problems are thus avoided) and also com-
plex products which may contain, in addition
to hydrocarbons, alkiehydes, ketones, fatty
acids, esters and other carbozy compounds.
Tt is thus necessary, ‘when increasing the value
of these products, to treat them in convenient
manner to obtain a maximem of usefal frac-
tions such as gasoline, kerosene and gasoil
fractions,

According to the inventiom, there is pro-.

vided a process for increasing the value of
effinents from syntheses of the Fischer-
Tropsch type, these effluents being gssentally
formed of three cuts, the first cut or “light
fraction™ centaining a major portion of hydro-
carbons with 3 to 6 carbon atoms per mole-
cnle, these hwdrocarbons being largely un-
saturated apd also comtaining oxygen com-
pounds, the second cut of “light oil” contain-
ing a major portion of hydrocarbons whose
lightest have 5 carbon atoms per molecule
and whose heaviest have an ASTM final dis-
tillation point of about 30°C, said “light
oil” alsu containing organic oxypen com-
pounds, the third cur or “‘decanted oil” con-
taining & major portion of hydrocarbons of
distillation point between abour 300°C and
500°C and also containing organic oxy,

compounds, in which process the maﬁﬁ
Yght fraction cut is subjected to fractionation
to obtajn (2) & gaseous cut of low volume with
respect to the light fractiom, {b) a cmt con-
taining a large propertion of wnsaturated
hydrocarbons amd consisting essentially of
hydrocarbons with 3 and 4 carbon atoms per
molecyle and (¢) a cur consisting of G,
hydrocarbons and also containing oxygen
compounds, 1o be treated as hereunder stated,
in which process tha cur {b} of high unsamr-

ated hydrocarbon content is treated im ad-

mixtors. with another ot (b) of condensable
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gas, 35 hereimafter defined, in a polymeriza-
tion zone in the presence of a catalyst of the
acid type at a temperature between 100 and
400°C. under a pressnxe between 1 and 200
kg/em? and ot a liquid hydrocarbon feed rate
of 0.05 to 5 volumes per volume of catalyst
per hour, the efluent of the polymerization
zone being supplied to a fractionation zome
to obtain (o) 2 fraction of high contenr of
relatively light normal and iso olefins and
paraflins, (£) a fraction of high gasoline con-
tent, comprising hydrocarbons whose Lightest
have 5 carbon atoms and heavicst have =n
ASTM final distillation point of about 200°C
(Ge: 10 200°C) and (v) a fraction of high

- kerosenc and gas-oil content, the ASTM fingl

distitlation point being higher then about
200°C, in which process said fraction (o) of
high content in relatively Hghr olefing and
parafiins is subjecred at least in part to an
alkylation reaction, the effluent from the alkyla-
tion zone being subjected to fracticnation to
recover (1) at least one light hydracarbon cur
containing jsoparaffins and pormal paraffins

‘of 3 and 4 carbon atoms per molecule, (2) an

alkylate nseful as molor gasoline and (3) &
residue, in which process said fraction (8) of
high gasoline (C;. to 200°C) content re-
cavered from the fractionation zone following
the polymerization zone i5 treated in 2 hydro-
trcatment zone, the efflucnt from the hydio-
treatment zone boing supplied to a fractiona-
ton zone 10 recover cssentizlly a motor gas0-
line cur of high purity, in which pracess said
fraction (4} of high kerosenc and gas oil con-
tent, as recovered from: the Fractionation zone
following the polymerization zope is supplied
in admixmre with  heavy cut whose origin
is defined hereunder and comprising hydro-
carbons ranging from those with 11 cazbon
atoms per molecule np to those having an
ASTM #inal distfilation point of 380°C, to
a hydrotreatment zone, zs hereinafter stated,
in which process the so-called “light o5l
second cut and the so-called “decanted-oil”
third cut, in admixture with said cur (<) of

+« hydrocarbons recovered from the irac.
tionzation of the said “Hight fraction™ first cut,
ate supplied to a cracking-decarboxylation
Zone operated in the presence of an acid cata-
Iyst at a temperature berween 400 and 1200°C
at a space velocity of 2 to 10 volumes of
liguid charge per volume of catalyst per hour,
the effuent from the ¢cracking-decarboxylation
zone being supplied to a fractionation Zone to
recover {a} uncondensable gaseous cur con-
taining hydrocarbons with Icss than 3 carbon
zroms per molecule, (b) a condensablc gas
cut containing olefins with 3 and 4 carbon
atoms per molecule, this cur being supplicd
t0 said polymerizarion zone in  admixmre
with the cut (b) of high unsaturated hydro-
carbon content ‘as recovered from the frac-
tonation of the first so-called “light fracrion”
cut, (¢) a light cut contalping unsatursred

hydracarbons with 5 and 6 carbon aroms per
molecule, that cut (¢) being subjected w iso-
merization at a tempereturc of from 0 1o
400°C in the presence of a presuifurized
catalyst contuining an alumine-Dased carrier
and g metal from group VIII of the periodic
clessification of the elements, s0 as 16 obtain
@ motor gasoline fraction of high purity, ()
a heavy gasoline cut comprising hydrocarbons
with 7 to 10 carbor atoms per molecule, said
cut /d) being subjected to hydrotreatment to
climinate olefins’ and oxygen compounds, the
effluent from the hydrotreatment being sub-
jected to hydro reforming, the effluent from
the reforming being fractionated to recover
4 gasolinc fraction of high quality, (&) a cut
comprising hydrocarbons ranging from those
with 11 carbon aroms per molecule up to
those having an ASTM final distillation point
of about 360°C or more, and () z residue of
tar and other heavy products, in which pro-
cess sald ¢ut {e) is admived witl said frac-
tion (y) of high kerossne and gas ofl content
recovered from the fractionation zone follow-
ing the polywerization zone and alsn with
said residue (3) obtained when fractionating
the efffvent from said alkylation zone, and
the mixture supplied to u hydrorreatment
zone, the effiuent from the hydrotreatment
zone being subjcced to fractiomation to re-
cover (3) a pas fraction, (b) a kerosene frac-
tion, (c) a gas oil fraction and (d) column
bottoms,

The charges obtained from units for the
catalytic conversion of products resulting from
gasifying coal {Fischer-Tropsch and analogous
conversions) have different compositions de-
pending on the different varighles intervening
in the processes which have been used to
prochice these churpes, these variables being,
for example, the catalysts, pressures, tempera-
tures, the manner to cmploy the catalyst, ctc.

The resulting lignid products t be used as
charges in the process according to the inven-
ton may have, far example, compansitions
ranging usnally within the following domains
(by weight): ‘

C3"'-'C4

C. o Cy

Cn and highEI (C11+)
Ozygen compounds

from 4 to 309
from 30 w 75%
from 3 to 159,
from 4 to 159

Organic acids traces to 29
-with an olefin percent-
agent from about 40 to 73%,

The present invention will be better under-
stood by consideration of the single nom-
limitative figure of the accompanying draw-
ings, which shows how products discharged
from a process of the Fischer-Tropsch syn-
thesis type can be subjected to the plurality
or a seres of conversions to vield products
{including  gasoline, kerosene and gas  oil,
particularly  gasoline) having  substantially
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better use and value than those obtained by

- using, as such or after simple fractionation,

the raw products obtained from syntihesis of

the Fischer-Tropsch type, since these pro-

ducts would contain substantal amounts of
hardly wtilizable prodncts.

The various operations which can be com-
bined in the process of the present invention
are: distillation, polymerization, alkylation,
crecking, hydrogenation, decarboxylation, iso-
merization, reforming, ew.

The materials to be Ueated, which may be
supplied from units of the Fischer-Tropsch
synthesis type, consist ususlly of 3 distinct
fractions: a light fraction, an intermediate
fraction and a heavy fraction, Since the raw
materials consist of a complex mixture of
varions chemical specics, particularly as con-
cerns the fight fraction concaining saturated
and unsaturated light hydrocarbons, it is
essential to subject them first to fractionarion,
for example by distillation, in order to obtain
the above thres individual cuts, ie.:

Lz “light fraction™ cut containing, for ex-
ample, hydrocarbons having from 3 o 6
carbon atoms per molecule and oxygen
commpounds  (such as carboxy com-
pounds), this cut being fed to pipe 1.

2/-—a “light oil” cut containing, for example,
hydrocarbons whose lightest have 5 car-
bon atoms per molecule and heaviest an
ASTM final distillation point of 300°C
{the maximum boiling point of the cot
is ahout 200°C), and alsc containing
oxygen compounds {for example, carb-
oxy compounds} which cut is fed to pipe

3/—a hcavier cur callad “decant oil” whose
distillatien peint is, for example, from
200 to 300°C and containing oxygen
camponnds, which cut is fed to pipe 3.

The first so-called C;—C, “light cnr” has
usually a very high conteat in olefinic hydro-
carbons which are first fractionated in zome 4.
A gas fraction, wsually in very low ameunt
by volume, is recovered from the top through
pipe 5. A Cp--C, fraction s recovered
throngh pipe 6 and a heavier fracdm usually
of the C;* type, with carboxy compounds
through pipe 7, said [raction being treated
with the orther rwo heavier fractions of pipes
2 and 3, as recovered fromy the synthesis of
the Fischer-Tropsch type. The Co—C, frac-
tion pipe 6, together with another fraction
from pipe 12, as hereinafter defined, is sup-
plied w a polymerization zone 17 so as 1o
oblzin a product of high gasoline, kerosene
and gas ail content to be discharged through
pipe 18.

The polyterization reactions are per-
formed in that zone 17 under conventional
conditions, in the presence of a caralyst, for
cxample in fxed bed, at u temperature of
from 100 w 400°C, under a pressurc of from
i o 200 kgfom® at a liguid bhydrocarbon

fced rate (space velocity) of 0.05 to 5 volumes
per velurne of catalyst per hour. The catalyst
of acid type is selected, for example, from
silica-alumina, silica-magnesia, boron-glumina,
phosphoric acid on  quariz, mixtures of
aluminz gel with thorls, with optional addi-
tion of small mnounts of chromium oxide or
equivalent metal, A catalyst of the “solid
phosphoric acid” type may also be used, ie.
a- catalyst consisting of silica containing
material of high absorption power, impreg.
nated with a large amount of phosphoric acid.
Catalysts obtained by trcatment of transidon
alumina with an acidic fluorine compound,
with optional addition of e silicic ester, may
also be used,

The product obtained atr the outlet from
the polymerization zone is then passed
through pipe 18 to zone 29 where it is sub-
jected ta fractlonation in order to separate
and obtain valuable producis, Particularly
there s recovered, on the one hand, through
pipe 31, a gasoline fraction {containing Cy*
with an ASTM final distillation point lower
than about Z00°C) which may be subjected,
before its use as gasoline, to hydrotreatment
in the presence of hydrogen in zone 40 (in
the presence of hydrogen supplied from pipe
41 and of a conventional hydrogenation cata-
lyst, ar —20 to 400°C, nnder a pressure be-
tween 1 and 90 kg/cm?®, with a rado H,/HC
between 0.05 and 3), so as to eliminate the
traces of actual and potential gums, and on
the other hand a heavy fraction of ASTM
initial disrillation point higher than 200°C,
which is passed through pipe 32 to another
hydrotreatment zone 46, admixed with a
fraction from a “Huid catalytic cracking” step
(FCC-decarboxylation) as  hereinafter  ex-
plained,

The product discharged from rhe hydro-
treatment zone 40 through pipe 42 is high-
Erade gasoline, If desired, this product may

e fractivnated in zone 43 to eliminate 2 top
Hght gas fraction through pipe 44, while
the proper gesoline [racton is discharged
through pipe 45.

From the top of the fractionation zone 29,
there is further recovered ihrough pipe 30
@ fraction containing olefins and paraffins

" {LPG), which are afl C, and C, hydrocarbons.

As the conversion is not complete in the poly-
merization zone 17, there is collected at the
wop of the fractionation zone 29 a fraction
containing unreacted olefins and also paraf-
fins (normal and mainly isoparaffins, for ex-

-ample isobutane),

It has been found that it was advantageous
10 pass this mixture of paraffins and olefins
to an alkylation reaction 33 under appropriate
corglitions of temperature, pressurc and space
velacity, in the presence of a convenient cata-
lyst. The alkylation rezction is usuafly carried
out in the presence either of a solid catalyst
used in fixed bed or of a dissolved catalysrt,
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ie. in liguid phase, at a temperature between
=20 and 200°C, under a pressure of 0.1 m
200 atmospheres. It is thus possible w pro-
ceed in the liquid phase in the presence of a
strong inorganic acid such as hydrofluoric or
sulfuric acid with or without addition of a
Lewis acid such as boron tri antimony
peatatiuoride or aluminum trichloride and/or
in the optional presence of & Bromsted acid.
The operation may glso be condncted in vapor
phase i the presence of solid catalysts of the
polyvalent metal phosphate, arseniate or stan-
nate type, with added boron trifluoride.
Alkylation processes effected in the presence
of caralysts having & zeolitic sructure are pow
available, with molecular sieves, with or with-
out silica-alumina or aluming, for example,
optionally with at leasi ome meral such as
nickel, palladiom, rhediom, platinum, with
molybdenum or uranium oxides, or with aci-
vated earths,

More particalarly, the alkylation reaction
is carried out ar temperatures close to room
temperature and at muderate pressures,

An alkylate is thus obtained during the
alkylation; it is discharged through pipe 34
and may be fractionated in zone 35 to obtain:

LPG which is discharged through pipc

37; it conmains satzrated hydrocarbons (iso

or normgl parafiing) with 3 or 4 carbon

atoms per malecule, .

an optional fraction (pipe 36) discharged
either from the top of the fractionation zone

35, as shown in fi 1, or from pipe

37; ir has a high tsobutane content and

may be recycled to the alkylation zone,

an _alkylate, useful for example as motor
gasoline, since the alkglation products have

usudlly a clear octane number between 88

and 95. This afkylate is discharged through

pipe 38,

a minor residue which s discharged

through pipe 39,

The residue of the larter distiflation con-
veyed through pipe 39 contnins hydrocerbons
beavier than C, (C,* for example) and may
be usefully added to thc two other heavier
tuts recovered from the synthesis of the
Fischer-Tropsch ie. to the cuts, of lines
2 and 3. This residue may also be fed to the

" hydrotreatinent zone 46 as hereinafter defined.

The second “lHght eil” cut amd the thicd
“decanted oil” cut are treated as follows.

These second and third cuts contain, in addi-

tion to hydmcarbons, an amount of oxygen-
contzining hydrocarbon products, such as
aleghols, aldehydes, acids, etc.

preducts are subjecied to decarb-

oxylation {or cracking} in order to convert

. e oxygen-comtaining products to hydro-

carbons.

The mixrore of these products is thus
pass::dthmughamcﬁngunit&inthcpras—-

ence of an

appropriate catalyst. As alread
s pprop: talys y

zone 8 is alo used to trear the

residuc from the zone 4 for fractionating the

t eut C,—C,, this residus heing fed to
znneSthmughpipe?,andzonesmayabsn
beusedtct:eatatleastaporﬁunﬂfthemi-
due (pipe 39) from the distillarion of the pro-
duct recovered from the alkylation carried onr
in zope 35. At least one part of this residue
may also be fed from line 39 intp the hydro-
treatment zone 46,

The cracking or decarboxylation zone
(FCC, “Buid catalytic crecking™} is gperated
at a temperatwre usually between 400 and
1200°C ar a space velocity of 2 1o 10 volumes
of fiquid charge per volume of catalyst and
per hour. The catalyst is arranged In a fixed
moving or fuidized bed. A moving or fuid-
ized bed is uscd by preference in order to
maintain the catalyst in a stare of optirnal
actvity and selectivity and to prevent too
large coke formation.” A solid catalyst with
acid properties is wsed, for example silica-
alumina, sitica-magnesa, boria-alumina, silica-
zirconds, aluwting with elements conferring
acidic properties, patueal earth or e rmineral
such as bentoniic or hallosite. Traces of
chroptium or equivalent metal may be optiop-
ally introduced into these solid masses ta cara-
lyse carbon combustion when regenerating
the catalyst Various zeolites are now used as
catalysts, such as those of the aluming-silicate
type (various ZMS, for example) or zsolites
of the faujasite wpe and/or sieves of the X
and Y 8, etc. These catalysts, as used in
the crackiog zome, are usually employed as
tablets or finely divided powder, for example
as microspheres.

The products discharged through pipe 9
from the cracking (FCC) uait, when subjected
to distillation in zone 10, vield: )

an amoont of uncondensable gas used as
fuel (pipe 11), {containing hydrocarbons
havi;:g less than 3 carbon gtoms per mole-
cnle), :

& condensable gas cur of high C; and C,
olefin content, which is supplied through
piggmlz to the polymerization unit 17,
W it is polymerized in admixture with
the C—C, "cut recaversd through pipe 6
from the lighr fraction, ss hereinbefors ex-
plained,

a light cut containing exclusively hydro-
catbons with 5 and 6 carbor atoms per
moler}:lu]n (pipe 13), dro

4 heavy gasoline cur comprising hy
catbony with 7 @ 10 carbon atoms per
molecule (pipe 14), :

2 ier cur comptising hydrocarbons
ranging from those with 11 carbon aroms
per molecule up to those having an ASTM
final distilation point of 360°C or even
maore, ic. up to 380°C, for example, this
cut being discharged through pipe 15,

2 residue of tar and o heavy pro-
ducts, discharged through duct 15 anod
which cannnot be recycled.
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The light ¢ut containing exclusively hydro-
carbons with 3 and 6 carbon atoms per mole-
cule has a high centent of olefins, most of
them being alpha-olefins; it is however known
that the octane rating of olefins of this type
is guitc lower than that of the other isomers.
Thus, according to the invention, this cut is
fed through duct 13 to a zone 19 for isomeriz-
ing the double bond, so a5 1o optimize its
octane nuttber and collect a fraction {(duct
20} to be added to the motor gasoline pool.

This reaction of olefinic double bond iso-

- merization is effected under conventional con-

ditions, in the presence of a caralyst, for ex-
ample, in the form of a fixed, moving or
fluidized bed, at a temperature between 0°C
and 400°C, under 4 pressure of 1 to 20 bars
and at a liquid hydrocarbon feed rate (space
velocity)} of 1 to 20 volumes of hydrocarbon
per volume of catalyst and per hour. The
catalyst gencrally comprises a metal, prefep-
ably from group VIII of the periodic classifica-
ton of the cﬁcmcnts (for example cobalt,
nickel, palladium, etc,) deposited on a carricr
preferably of low acidity, for example, transi-
tion alumina, silica, ete. with a specific surface
between 20 and 300 m?® per gram and a pore
volume between 0.20 and 0.80 cc per g.

The catalyst may work in a sulfurized (to
inhibit the hydrogenating propertics of the
metal} or unsulfurized medivm; in order 1o
avoid a loss of the catalytic properties of the
solid, it is preferred to operate under partial
hydrogen pressure  (hydropen  supplied
through pipe 53), the hydrogen/hydrocarbun
ratio being usnally between 0.0 and 2 (this

fatdo is expressed in mele per mole).

The heagly gasoline cut containing hydro-
carbons with 7 to 10 carhon atoms; discharged
through pipe 14, is so treated as to be trans-

. formed into high grade motor gasolina,

The heavy gasoline cut i5 subjected to

 hydrotreament in zome 21 also fod with

hydragen through pipe 23, the cffluent from
the hydrotreatment zone being then passed to
a reforming zone 24 fed with hydrogen
through duct 56, .

The hydrotreatment in zone 21 hes for
cbject to hydrogenate the heavy gasoline cut
te a certain extentl, in order to eliminate cer-
tain constituents thereof, such as diolefins and
oxygen derivatives which would be detri-
mental to the reforming catalyst of zone 24,

This hydrutreannent is conducted in the
presence of a conventional hydrogenstion cata-
lyst, at -a temperature between —20 and
450°C, under a pressure berween 1 and 90
kg/em?, with a2 molar ratic H,/HC between
0.05 and 3.

The appropriate operating conditions for
reforming reactions in zone 24 yre as follows:

temperature usually between 300 and
600°C und preferably between 450 and
580°C,

pressure between 5 and 20 bars,

houring space velocity berween 0.5 and
10 volumes of lquid charge per volume of
catalyst per hour,

mlar ratia of hydrogen to hydrocarbons

between 1 and 10.

It is operated in the presence of a reform-
ing catalyst comprising as a rule, a carrier,
a halogen and one or more metals, for ex-
ample one or more noble metals from group
VIII or without promoter metal, the promoter
consisting itself of oue or more metals selected
from any group of the periodic classification
of the elements.

The catalyst may be employed in fixed,
fluidized or moving bed.

The rcformed cut is discharped through
pipe 25 and fed to the fractionation zone 26
w eliminate any hydrogen formed during
reforming as well as, if any, the hydrocarbons
lighter than butanes which have alse formed

70

75
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85

during reforming. The resulting gasoline is

fed to the gasoline pool through pipe 28.

As to the heaviest cut discharged through
pipe 135 from the fractionation zone 10 apd
which contains bydrocarbons with more than
11 carbon atoms per moleculs, ir is passed to
the hydrotreatment zone 46 fed with hydro-
gen through duct 52. This hydrotreatment
zone 46 also receives, on the onme hand, the
cut discharged throogh duct 32 from zone
29 for fractonating the prwducts discharged
from the polymerization zome 17 and eventu-
dlly, on the other hand, the bottom product,
discharged through duct 39, from the frac-
ticnation zone 35 for the products discharged
from the alkylation zone 33, The hydwtzeat-
ment is carried out at a temperature berween
—20 and 4450°C under a pressare between
1 and 90 kg/fem?, with a ratio H,/HC be-
tween 0.05 and 3 and in the presence of a
conventional hydrogenation catalyst, The pro-
duct from the hydrotreatmen: zone 46 is
passed through duct 47 to the fractionation
zone 48 to racover

a gaseous light cut containing an excess
of the” hydrogen fed through pipe 52 to
the hydrotreatment zone 46; it is dis-

charged through pipe 54,

‘2 keroscne cut discharged through duct

49.
0:1 gas oil cut discharged through duct
5

battoms which can be at least partly re-
g}lrcled to cracking zome 8 thromgh duct

EXAMPLE

By way of czemple, the three following
cuts, discharged from a Fischer-Tropsch
synthesic unir, are admixed to constituze 1009,
of the total charge to be treated according to

the inventon: .
a lighr cur consisting of hydrocarbons
having from 3 to ¢ carbon atoms per male-
culc, this cut alsa conraining carboxy com-
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pounds nnd amounting 1o 44.6% b.w. of
the total charge to be treated;
a_previcusly cafled “light ofl” cur con-
taining hydrocarbons and oxygen-contin-
ing hydrocarbon molecules; this cur com.
prises melecules ranging from those having
at least 5 carbon atoms per molecule up
to those having an ASTM fing distillation
point of about 300°C and represents 46.2 %
bw. of the total charge to be treated
according to the process of the invention;
a cut known as “decanted oil” consisting
of a mixture of hydrocarbons and hydro-
carbon molccules” containing  combined
oxygen, which have a distillarion zange
from about 300°C to 500°C. This cur re-
presents 829 baw. of the tora] charge to
be treated hy the process of the inventon.

According to the process of the invention,
the light cut is first subjected 1o distillation
in zone 4 in the Figure in order to remove
through pipe 5 the hydrocarkons having less
than 2 carbon atoms per molecale {in the
prescnt example, they amovnt ® 0,19 baw.
of the chargfg and 3lso to remove a residue
containing hydrocarbons with more than 5
carbon atoms and carboxy molecules (Le, in
the present example, 11.5% b.w. of the total
charge). These columnn bottoms are discharged
throngh duct 7 and treated with the rwo
other cuts of the total charge, ie, the Light
oils and decantation oils, in the BCC de-
carboxylation zone 8.

At (he outlet from the separation zone 4,

there is obtained in pipe 6, a cut containing
amly C; and C; hydrocarbons, which repre-
seats 33% bw. of the total charge to be
treated according to the process of the inven-
tion,
This cut has a high C, and C, olefin con-
tent; its unsaturated hydrocarhon content is
68% b.w., Le. 22.49% b.w. of the total charge,
This cut is passed 1o a caralytic polymeriza-
tion unit 12 of the “polynaphtha™ twpe, 50 as
o converr the light olefinic hydrocarbons
to gasaline and m.igdle distillates, This cut is
passed to the polymerizetion zome 17 jn ad-
mixture with the cot of pipe 12, as obrained
from a zone 10 for fractionating the effiuent
from the cracking zone 8, zs hersunder ex-
plained. The mixture of pi 6 and 12
which amounts to 38.4% of the total charge
treazed according to the invention i relatively
light and has o relatively large olefin content,
since the C;~-C, fraction of pipe 6 contains
69% b.w. thereof and the fraction of pipe 12
conlains 67.5% b.w. of alefins,

The operating conditions in the polymetiza-
tion zone 17 are as follows:

volume velocity: 2 volomes of charge
per volume of catalyst per hour,
temparature: 200°C
pressure: 40 bars
The catalyst is sifica-alumina in the form

- of balls.

The products discharged from the poly-
merization zone 17 are supplied 10 the frac-
tionation column 29, from where are dis-
charged: .

(=) from the top of the colupm, through
Pipe 30, gaseous products containing hydro-
carbons with less than 5 carhon atoms per
melecnle, ie. mainly C, and C, hydro-
carbons; this fraction amounts o 14.6%
of the total charpe treated according 10
the invention and 38% of the charges
subjected to polymerization,

@ e C—20°C gasoline fraction,
through duct 31, which amounts o 18.6Y
of the total amount of the charge treated
according to the invention and 4859 of
the charges subjected to polymerization.
This fraciion is passed through pipe 31
W Zone 40 to he hydrotreated,

(v} column bottoms, through pipe 32,
which amount to 5.2% bw. of the tutal
initial charge and 13.5% of (he charges
subjected to polymerization. These column
bottoms consist of products having 2 dis-
tillation peinr higher than 200°C; they are
subjected to hydrotreatment and distillation
in admivture with the fraction from dnct
15, as’ hereinafter cxplained, in order to
obfain 2 keroscoe and 2 gas oil cut,

The gaseous products of pipe 30, whick
consist essentially of hydrocarbons with 3
and 4 carbon atoms per molecule, also con-
tain Gy and C, olefins which have not pely-
merized, since the polymerization conversion
is mot complete and attains sbout 90%.,

In the present example the fraction of duct
30 contains 18.2% bw. of olefins; it also
contains 2 substantial isobutzne amounme:
53.2% b.w. in the present case. It is particn-
larly gdvantageous at this tme to subject the
cut of pipe 30 to a proper alkylation reaction,
to obtain an excellent yield of alkylate, useful
as motor gasoline, By this way, it is possthle
to recover nearly all the olefins and a spb-
stantiall pruportion of the isohutane,

The cut from pipe 30 is alkylated in the
presence of hydroflvoric acid which is one

of the most selective and easiest o usg cara- -

Iysts, its activity is also 245y to control. In
fact the activity of catalysts of this type de-
creases versus time, due to the formarion of
complexes with diolefins and to their dilp-
tion by traces of water introduced with the
charge,

It is 70 be noted that, when working with
hydroflueric acid, a Iazge cxcess of isobntanc

in the camalytic alkylation zone Kmits the -

secondary polymerization reaction, and also
decreases the amount of isobutane to he
valorized as alkylate. Thus, since in the pre-
sent example there is obtained a large excess
of isphutane (51.8% bw. for 18.2%, olefins
with 3 or 4 carbon atomns) it is advantagous
te recycle at least o portion of this excess
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.10 the alkylation reactor 33 through drer 36;

in the present ezample the ratio isobutane/
olefins is maintained at a value of about 10,
thereby making the alkylation reaction easier,
although limiting the formation of heavy pro-
ducts.
* Another advantage of the use of hydroe
finoriec acid is that it remains selective in a
temperaturc tange broader than that used
with, for example, sulfuric acid, which per-
mits 10 operate at temperatures compatible
with the use of water for cooling (10 and
50°C with HF and 0 0 10°C with F,S0,).
The elkylation is conducted in reactor 33
which is stitred and cooled so us to maintain
the temperatnre of the reaction misture at
32°C under a pressure of 14 bars,
i—LZ, folefins ratio; 10
volume of HF (85% b.w.) per hour and
per olefin volume unie; 2
acid/hydrocarbon volume ratio: 1.
After decantation, separation, washing and
distiflation in column 33, there is obtained:
1/ in pipe 38:5.80% b.w. (with respect to
the total initial charge to he treated
accarding to the invention) of gascline
alkylate, which amounts to 39.7% of
LPG fed through duct 30 to the alkyla-
tion zane 33,
0.2% bw. of column bottoms through
duct 39.
B.6% hw. of LPG (duct 38) containing
a pordon of unreacted iscbutane, the
other portion of isabitane being recycled
‘1o the alkylation reactor 33, through duct
36, in order to muzintain an appropriate
iso C,/olefin ratio; in this example, the
ratio is 10, the portion of recycled iso-
butane being 45% b.w. of the charge to
be atkylated, as supplied from line 30,
Since the LPG obtained consists mainly
of C,, it may be fed in part or totality
to the gasoline poof,

The C.—200°C gasoline fraction (the
above {B-fraction) recovered from the poly-
merization step through duct 31 has a very
high olefin content; it has the following
characteristics :

specific gravity 15°G: 0.739

olefins: 79.59 by volume (3.8% of di-
olefing); bromine mmber: 128

F, octane oumber (tetraethyl lead—2 oo
per gallon): 94,

3/

Since this gasolinc has a high diolefin”

content, it is necessary to remove these di-
olehins, in order to make this gasoling usahle
as high grade gasoline. This removal of di-
olefing is cbrained by selectively hydrogenat-
ing this gasoline in the hydrotreatment zone
40. In zone 40, the diolefins react very
guickly with minimal lowering of the octame
murnber.,

This sclective hydrogenation is carried out
with a caralyst of the trade (Procaralyse LD

265 type) whick is a palladinm-on-alumina
catalyst whose particle size is 3 mm,

_ The operating conditions are the follow-
ing: ]
pressure: 60 bars

temperamre: 190°C
hydrogen/hydrocarbon rade: 0.2
volnme velocity cxpressed as volume of

charge/volume of catalyst: 1.5.

strict control of ihe hydrogen supply
permits 10 stop at an optimal point: maxi-
mum removal of diolefins, so as  obtain a
potential and actual gum content lower than
the standard value, while remining sufficient
octane nmumber and lead susceptibility; the
hydrotreatment is so contrelled as to obtain
a hydrogenation ratc of about 30%,.

The useful final product has the following
properties;

specific gravity at 15°C: 0.736
F, octane number (lead—2 cc per

gallon): 93.4.

There is thus obtained, according w the
invention, a gasoline content amounting to
18.6% baw. of the total treated charge.

The bottoms of the distillation column 4
are fed to the FCC decarboxylation zone § as
explained above. The two light oil and de-
canted oil cuts are also inwoduced into zone
8 throngh the respective ducts 2 and 3,

The mixtuze of the 3 fractions of ducts A
2 and 3 supplied t zone 8 has, in the present
example, the following properties:

0.785

specific gravity at 15°C

bromine number (g/100g) 79

acid number (mg KOH/g) 5.8

distillation : —initial point 33°C
—50%, point  171°C
—final point  510°C
—% distilled 98.5

This charge, amounting to 66.9% b.w. of
the total amount of the products treated
according to the present inventlon, iz thus
contacted in zone 10 with a solid catalyst
which, in the preseat case, is synthetic

alumina-silica containing 85%, SiQ, and 159%

of A:O,.
The operating conditions are:
volume velocity: 4 voluntes of liquid

charge per volume of catalyst per hour
temparature ! 460°C :
pressurc: atmospheric,

The products discharged from reactor 8
are cooled: at this moment, the acid mum-
ber, which was 5.8 (mg KOH/g) before the
FCC step, becomes Iower than 0.01, which
shows the cffect of decarboxylation, The pro-
ducts discharged through pipe 7 are then
fractionated {zone 10) to obtain 5 cuts:

(a} a gascous cut {duct 11) containing hydro-
carbons with less than 3 carbon aroms
per molecule. This cut amounts ta about
.39, by weipht of the whole amount
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of the preducts to be treated, ic. the
initial charge, and 0.45% of the charge
supplied ro FCC 8, without teking into
account  recycling  from  subsequent
bydrotreatment throngh line 51;

a cut comprising hydrocatbons with 3
to 4 carbon atoms per molecule, whick
represents 5.4% b.w. of the whole charge
to be treated. This cui has a high G,
t C, olefin content: 67.5% b.w. This
cul is supplicd to the polymerization unir
17 through duct 12, where it is treated
in odmuxture with the C; and C, cur dis-
charged throngh duct 6 from the frac-
tionation. of the light C—C, cut, as
explained above;

a light gasoline cut containing exclu-
sively hydrocarbons with 5 and 6 carbon
atoms per malecile and having a high
clefinic hydrocarbon content, 89°%, by
weight. More than 93% of these olefins
are of the alpha type and have an octane
mumber lar lower than thar of the other
tsomers.

This cut represents 17.2% b.w. of the
total charge and 2549 of the effluent from
zone § of the FCC, nor taking inte account
the recyeling of duct 51; it has the following
properties;

specific gravity ar 15°C: 0,663
bromine mumber: 179

acid number in mg KOH/g: 0.2
research octane nmmber: 78.

This cut is passed through duct 13 to the
olefin isomerization zone 19 operated under
optimized conditions, in  the presence  of
hydrogen supplied through duet 53, so a5 to
obtain an isomerizate, fe. a product having
an octane number substantislly higher than
that of the starting material, thus gasoline
of outstanding quality. The catelyst used in
zone 19 contains 0.3% b.w. palladium on
alumina of 200 m®/g specific surface. This
catalyst was previously sulfurized with an
organic sulfur derivative (methyl disulfide) so
as to inhibit the hydrogenating activity of the
metal.

The operating conditivns arc the following
{(in zone 19):

volume velociry: 7 volumes of charge
per volume of catalyst per hour
© temperature: 100°C
pressure: 5 bars
H. hydrocarbon: 0.5

A strict control of the hydrogen feed rate
sud prior sulfurization of the catelyst permit
to limit the hydrogenation of olafing to abour
6%, bow, while reducing the content of actual
and potential gums to & yuitc satisfactory
leval.

There i thus obtained at the outlet from
the isomerization zome 19, a gasoline cur,
smounting to 17.2% bw. if the toral initial
charge treated according to the present in-

(b

{©)

veniion, which has the foliewing character-
istics;

specific gravity at 15°C: 0.672
bramine numtber: 161

research octae pumher: 92

a heavier gasoline cut discharged throngh
duct 15 and containing hydrocarhons
with 7 to 10 carbon atoms per molecule,
whose ASTM disilllation ramge is be-
tween B0 and 177°C; this cut amounts
to 23.8% b.w. of the total charge to be
treared according to the present process
and 35.5% b.w. of the effluent from the
mixture snbjected to FCC of zone 8,
" not taking into account the recycling of
duct 51, This cor has 2 high olcfin con-
tent and containg also diolefing and some
carhoxy compounds. :

It hay the following charecteristics:
specific pravity at 15°C: 0.71%8
olefins: 76.2Y% by volume

bromine number: 126

diolefins: about 3.7%, by volume.

This cnt is first hydrotreated in the pres-
ence of hydrogen supplied through duct 23,
in zone 21, before being passed to the re-
forming zone 24 for transformation into high
grade gasolinc.

The hydrotreatment in zone 21 is effected
in the prosence of a conventional catatyst
(Procatalyse, LD 265 type) of paliadiom on
aluming, whosc grain size is 3 pm,

The operating conditions are the following ;

pressure: 5Q bars
temperature: 19°C
volume velocity in volume

valume of catalyst: 1.5
H./HC ratio: 4.

The product discharged from the hydro-
treatment zone 21 is passed through duct 22
to the rcfomu'n% zone 24 fed with hydrogen
through duet 53, in which zone prevail the
following operating conditions:

temperaturc: adjusted according to the
O.N. to be obtained (in the present case:
O.N. of 96) and varying in the present ex-
ample in relation with time from 490°C
up 1o 530°C; when the temperature attains
530°C, the operadon is discontinued and
the catalyst is regenerated.

pressure: 20 bars
H,/hydrocarbons ratic by mole: 5
wexght of naphtha/weight of catalyst: 3.

There i used a conventional catalyst (P'ro-
catalyse, RG 432 type) containing platinnm
deposited on alumins. Tt appears as cxtrue
dates of 1.2 mm, This catalyst is arranged in
fixed bed.

The average yield of (O, gasoline fraction

fs 82.2¢% ~with respect to the charge intro-r
duced into sald zome 24, which represents

)

of charge per
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fully recycled to zone 8 of FCC cracking.
This bottom residue represents 10.5% b.w.
of the fresh charges to be treated, ie. the
total charpe; and

content, compuising hydrocarbuny  whose
lightest have 5 carbon atoms and heaviest
have an ASTM final distilladon point of

9 1,541,204 9
19.69 of the toral charge to be treated accord- () a2 residue with coke (ducr 15) which g5
ing to the present invenngg.}é%;r; tls also gnsltz:u;lts 0;0 319‘%% ng thcc];l total Chirg;;'nd
obtained LPG comtaining 83% of hydeogen B2, e F large, 10 ing
to be recycled to the reforming zone 24, The into_account the recycling through duct

S e e BT T S when estng oo o the i 70
plied to the gaspline pool. I -

O e o e s Fiocher- Tropsch ssnthens, dhere e cbisined
T 3 r D -
;a:;glagolégﬁlet ;psc t‘gl those Cﬂdis.ti]].ing at  products of high quality with cxecllent yickds
10 I80°C, wh.i!::h are given_ hereunder as % of ti}e toral
This cut-amounts 1o 248% bw. of 611:/8 inttial charge, be. of the thrce fractions of 73
total initfal charge o be treated and 36.6% ! : ) ]
of the mixture suppl}i}ed tadtht% ch;1 ofdzcne 85 buf;iz’: b.w. of LPG (duct 37): essentially
This ctut is discharge rough duct I .

15 from the cracking decarboxylation zome 8, 286;.82%;}3?‘ of motor gasoline {ducts 20, 50
and passed to the hydrotreatment zone 46, %5 mb ) F e (@uct 49)
together with the bottorn efftvent discharged 1 ZIU%b. . 0? fﬂaﬁfl?i tu‘S:E'.‘
through duct 32 from zome Z9 for fractionat- 2% bw. of gas oil {duct 50).
ing the products from the polymerization zong .

20 17, and also together with the effluent of duer FH;LT WE ?LA_IM_IS_- e vadue of
39 from the fractionation zcncs ;»5 of the pro- effluents P;?Ocﬁs S;:; . ﬁg:é:ast)%g o ‘i?i::her- .
ducts of the alkylation zome 33. : i
gt ot 9 it ona vt Topedh o, S et Vg v

This hydrotrearment has for object to im- E}i ¥ ‘;Tml’—_ ol  CUYS, i oy

25 prove th?i stabi]it{i, color and octlﬁlr of the of gll:;dmmcg?[;?ns ﬁmm%o aG Dg:]rggnpgml;
final products and tv increase the cetaine .
pumber of the gas oil cut to be obtained in P mﬂlw-éles tﬂzase hslrdmcarbﬂnf being largely 90
pipe 50 after further fractionation. This ggﬁf‘-’g;‘g&s B sczrl:osr?d gg?ta:}‘:lﬁgﬁ i oﬁg

_ hydrotreazment is cifected in zome 46 in coﬁtlgini A maior vortica of drgcarhnns

30 the presence of the same catalyst Gfbléaﬂadmu; whose h};ﬁ:ﬂcst ha]ve Spgarbon s:mlm.'sY per mole-
?gfﬂ fﬁ?dh;élmi:gfmwﬁd;ﬁzdm en. e cute and whose hezaviest have an ASTM final 95

The uperatizé% bcanditions are s follows: g;lsiﬂlﬂai? gg;ﬂt_ of ;b?;;;a?n?c? (;;ysga;g s:’%‘]jlf
: BrS i i
15 ?arﬁ;leuf:mra: 320°C pounds, the third cut or “decanted oil” con-
volume velocity: 2 volumes of charge Wining a major portion of hydrocarbons of
volume of catalyst per hour distillation point between about 300°C and 100
H,/HC ratio: 5. : 500°C and -also containing, organic oxygen
After distillation in zone 48 of the resule compounds, in which process the so-called
40  ing prodocts, there is cssentially obtained a lightbfraction cut is subjected to fractionation
. L (200—250°C) in duct 49 and a 1o cobtzin (a) a gaseous ent of low volume
: Eii"i?i‘ecﬁ? _t(z(ézo-'—sgggc?in duct 50. with respect to the light fraction, (b) a cut 105
The kerosene cut (200—250°C), which vontaining z Jarge proportion of unsaturated
' amounts to 85% baw. of the total initial hydrocarbons and consisting essentially of

4% charge weated sccording rto the invention has [tg]dlgggiﬂ;bﬂat% W%! 1&23[4.:3;:;2& ;to;rés gef

the tallowi haracteristics: 5
?;:g'c ai:a' r 15°C: 0.820 hydrocarbons and also containing oxygen 110

gpe inc ‘os ?0 o8 compounds, to be treated as hercunder statad,

rr; nl;emc qﬁn(rg;'). 32 in which process the cut (b) of high unsatur-

30 ? 0k point tuc: —70 sted hydrocarbon comtent is treated in ad-

i TeEZIg pomt . . mixmure with another eur (b) of condensable
The gas ol cut (250—360 C}:_‘}'hwh Ie-  pag, as hereinafter defived, in a polymeriza- 115

. presents 1129 b.w. of the total initial charge  fion zone, in the prescace of a catalyse of the

treated accordmg to the invention has the ,a4 type at a temperature between 100 aod

following properties: - 400°C ander a pressure between 1 and 200

55 specific gravity at 154C: 0.860 kg/oem® and ar 2 liquid hydrocarbon feed rate
bromine number: 0.02 of 003 to 5 volmmes per volume of catalyst 120

pour point (°C): —57 per hour, the effluent of the polymerization

cetane mumber: 60 zone being supplied 10 a fractionation zone

_ There is also discharged, through duct 51, T°1 ﬂ,bt‘alin éﬂ%l a ﬁﬁcﬂ?n Gcfl high ‘fggfﬂt 0({

60 heavy oil (or bottom residuc) which is use- Ielalively Light mormat amd iso olefins an
paraffins, (8) a fraction of high gasoline 125
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about 200°C (C;,—200°C) and (y) & fraction
of high kerosene and gas-oil content, the
ASTM final distillation point being higher
than about 200°C, in whicﬂo process szid frac-
ton (o) of high content in relatively light
olefins and paraffing Is subjected at least in

part to an alkylation reaction, the effluent’

from the alkylatfon zone being sobjected to
fractionation to tecover {1} at lesst one light
hydrocarbon cut containing iscparaffing and
nerinal paraffing of 3 and 4 carbon atoms per
melecule, (23 an alkylate useful as motar gaso-
line and (3} a residue, in which progess said
fraction (8) of high gasoline (Ci. to 200°C)
coptent recovered from the fractionation zone
following the polymerization zone is treated
in a hydrotrestment zoge, the efffuent from
the hydrotreatinent zone being supplied 1o a
fractionation zore o recover essentially a
motor gasoline cut of high purity, in which
process said fraction (y) of high kerosene and
g2s oil content, as recovered from the fraction-
ation zone following the polymerization zone
iy supplicd in admixture with a heavy cut
whose origin is defined hereunder and com-
prising hydracarbons ranging from those with
11 ‘carben atoms per molecule up to those
having an ASTM final distitlation point of
380°C, to a hydrotreatment zone, us herein-
after staed, in which process the so-called
“light oil” second cir and the so-called “de.
canted-oil™ third cut, in admixture with said
cut (o} of Co. hydrocarbons recovered from
the fractionation of the said “light fraction™
first cut, are supplied to a cracking-decarb-
oxylatien zone operated in the presence of an
gcid catalyst at 2 temperature between 400
and 1200°C at a space velocity of 2 to 10
volumes of liquid charge per volume of cata-
lyst per hour, the effluest from the cracking-
decarboxylation zome being supplied to a
fractionation zome to recover (a} an uncon-
densable gaseous cut containing hydrocarbons
with less thas 3 carbon atoms per molecule,
(b} @ condensable gas cut containing olefins
with 3 and 4 carbon atomas per melecule,
this cut beigijsupplied to said polymerization
zone in admixture with the cut (b) of
high unsawrated hydrocarbon content as
recovered from the fracelonation of the firse
so-called “light fractlon™ cwt, () a light
cut containing unsstrated hydrocarbons with
3 and 6 carbon atoms per molecule, that cut
{c) being subjected to isomerizaton at a
remperature of from 0 to 400°C in the pres-
¢nce of 2 presulfurized catalgst containing an
alumina-based carrier and a metal from group
VIIT of the periodic classification of the ele-
ments, 5o 35 10 obtain a motor gasoline frac-
don of high purity, {d) a heavy gasoline cut
comprising hydrocarbons with 7 to 10 carbon
atoms per molecule, said cut (d) being sub-
jecred 1o hydrotreatment to eleminare olefins

and oxygen compounds, the effluent from the
hydrotreatment being subjected to hydro-
reforming, the efffuent from the reforming
being fractionated to recover & gasoline frac-
tion of high quality, (¢) a eur camprising
hydrocarbons ranging from those with 11
catbon atoms per molecule up to those having
an ASTM final distillation point of zbout
360°C or more, and (f) a residue of tar and
other heavy products, in which process said
cnt (¢) is admixed with said fraction &) of
high kercsene and gas oil content recovered
from the fractionation zone following the
palymerization zone and also with said resi-
due (3) obrained when fractionating the
effluent from said alkylation zone, and the
mixture supplicd to a hydrotreatment zone,
the efffuent from the hydrotreatment zome
being subjected to fractionation w recover
(a) a gas Iraction, (b) a kerosene fraction, (c)
2 gas oil fracton and (d) column bottoms.

Z, A process according to claim 1, where-
in the alkyladon reaction is effected in the
presence of hydroflueric acid at a remperarre
of from —20 to +200°C under a pressure of
0.1 t 200 armospheres, and ~wherein, after
having subjected the efffuent from the atkyla-
tion zonc to fractionation to recover a light
hydrocarbop _cut containing isoparaffin  and
normel paraffins, at least a portion of the iso-
paraffins with 4 carbon atoms per mulecnle
is recycled to the alkylation zone.

3, A provess according ro- claim 1, where-
in at lcast a portlon of the residue (3)

obtzined by fractionation of the alkylation .

cffluent is treated in a hydrotreatment zone
together with said fraction {v) of high kero-

sene and gas oll contcnr recovered from the.

fractionation zone following the polymeriza-
tion zone) and with said cut {¢) obtzined by

fractionation of the efffuent from the eracke'

ing-decarboxylation zone,

4. A process according to claim 1, where-
in at least 2 portion of the residue (3) obtained
by fractionadon of the alkylation effluent is
supplied to the cracking-decarboxylation zone,

5. A process according to claim 1, where-
in, in the cracking decarboxylation zone, the
reaction is carried out in the presence of an
acid catalyst in a fluidized bed.

8. A process according to claim 1, where-
in at least a portion of the column hottoms
Ed) obtained by fractionation of the efuent

rom the hydeotreatment zeone for said cut (e),
said fraction (y) and said residue (3), is re-
cycled to the cracking.decarboxylation zone.

7. A process according to clabm 1 for trear-
ing preduct mixtures obtained by Fischer-
Tropsch syntheses, substantially as herein-
before described with reference to the accom-
panying drawings.

process for treating product mixtures
obrained by Fischer-Tropsch syntheses, sub-
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stantizlly as hercinhefore described with refer- For the Applicants:
enc ta the Example. D, YOUN% & CO,
- 9. Refined products, pgasofines, kerosenes Chartered Patent Agents,
and gas-oils obtained by a process accordmg 9 & 10 Staple Inn,
5 to any preceding clzim, London, WCIV 7RD.
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