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We, THE BRITISH PETROLEUM COMPANY
LiMiTeD, of Britannic House, Finsbury Cir-
cus, London, E.C.2, & British joint-stock
Corporaticn, and Joun NorRMAN HARESNATE
and ANTHONY GECRGE GOBLE, both of the
Company’s Research Centre, Chertsey Road,
Sunbury-on-Thames, Middlesex and botk of
British nationality, do hercby declare the
invention for which we pray that a patent may
be granted 1o us, and the methed by which
it is to be performed to be particularly des-
cribed in and by the following statement; —

This invention relates to the isomerisation
of C; and higher parafin hydrocarbons in
the gasoline boiling range (i.e. up to 200°C).
The term “isomerisation® includes the con-
version of normal poreffing to iso-paraffins
and alse the conversion of fso-paraffins o
isv-paraffins with a higher degree of branching.

Caralysts comprising @n inorganic oxide,
fluorine and a hydrogenating metal are known.
For example, catalysts of platioum, alumina
and combined hulogen are well lnown as
catalysts for the reforming of petroleum naph-
thas. The smount of halogen may be from
0.1 to 8%, wt, although in actusl commercial
practice, the amount rarely cxceeds 1% wt.
These catalysts are also suitable for the iso-
merisation of hydrocarbons at relatively high
temperatures and in UK. Patent Specifica-
tion No. 823,010 an isomesisation procecss
uses a catalyst comprising alumina, 2 plati-
pum group metal, frem 2.0 to 3.09 by weight
of combined fluorine snd less than 0.075%
by weight of combined chlorine.

It has now heen found that the important
ctiterion is not the total weight of fluorine,
but the weight of fluorine in relation to the
surface area of the alumina,

According to the present invention a process
for the isomerisation of C, and higher para-
fiin hydrocarbons in the gasoline boiling range
comprises contacting the hydrocarbons in the
presence of hydrogen at a temperature of at
least 230°C with a catalyst of a plarinom
[Price 4s. 6d.]

DRAWINGS ATTACHED

Duate of flling Complete Specification: May 22, 1962,
Application Dute: June 7, 1961.

Complete Specification Published: April 29, 1944,
© Crown Copyright [964,

No. 20526761,

_group metal, alumina and at lease 1%, wt,

of fluorine, by weight of total cataiyst, the
fluorine being present in an amount of from
LZ X 10~ 1o 3.4 % 10~ grems/sq, metre
of the original alumipa surface area,

The fiuorine is believed to be retained on
the cutalyst by reaction with certain surface
groups containing oxygen, particularly hy-
droxyl groups, originally present on the
aluming and the number of thesc available
surface groups iz in its turn dependent on
the surface area, Tach group takes up ome
or two fluorine atoms and the amount taken
up should be such as to give the above rela-
tionship between the smount of fluorine and
the surface arez. With the preferred method
of fluorination given later, two fluorine atoms
are taken up #nd an oxygen avom is given
up. For maximum fiuorination of the avail-
able snrface groups the amount of fluorine
will be of the order of 3.4 X 10—, for example
30 m 3.4 X 10, the variation being due
to possible slight variation of the amoumr of
surface groups per cent of surface arca be-
tween alumings preparcd in different ways.
An amount of fluorine in excess of 3.4 X
10 arams/sq. metre of surfacc arca implies
cither that reaction with the alumina proper
is occurring, or that the fluorine is not ade-
quately beld on the catalyst and amounts
in excess of this amount are, thercfore,
avolded, Fluorination up to the limir speci-
ficd results in Hule or no loss of surface
area, for example not more than 10%,, but
ap excess of fluorine results in a greater lass
of surface ares. Desirably, therefore, there is
not more than 109%, diffcrence betwesn the
surfave arca of the original aluming end the
fluorinated zlumina,

It follows from the above that catalysts with
high finorine contents can be preparcd by
selecting aluminas of high surface area, and
it is possible to nse aluminas with a warface
area, as measared by low temperature nitro-
gen sbsorption wsing the BET method, of at
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least 300 sq. m/gram, and preferably at least
400 sg. m/gram. Such orides give a pre-
ferred fluorine content of at least 5.0/ wi
and it may be in excess of 8.0%, Wt Having
regard to the surface areas of alurninas suir-
able for use as camlyst supports, the upper
limit of Ruorinc comtent is likely te be in
the region of 153, wt.

Provided the amount of {luorine does not
exveed the relationship hetween fluorine con-
tent and surface area given above, it has been
found thar increase of fluorine content in-
creascs the isomerisation activiry of the cata-
lyst and decreases its hydrocracking acdvity
giving increased selectivity. "T'his is in comrast
to @ previous suggestion that isomerisation
activity declines at fluorine contents ahove
5.0%, wt.

“Fhe fluorine is preferably added o the
alumina after the platinam group metpl has
beed added. If necessary the platipum-aluming
composite may be dried and/or calcined before
contact with the fluorine, Another suitable
source of platinum-alumina composires can be
found among the commerclally available cata-
Iytic reforming catalysts. It may be added In
any convenient manner, but 2 particularly
suitable method is thar disclosed in copend-
ing UK. Patent Appiication Nu. 203525/61
{Serjal No. 956,684). This application claims
4 method for preparing catalysts, which com-
prives contacting a halogenatable inorganic

- oxide ar clevaied temperature with the vapour

of a fucrine ccmpoun% of general formula:

i
Y-—}]{—-F

(where X is carbon or sulphur and Y is {luorine
or hydrogen) to give a catalyst containing
at feast 194 wt. of flmorine.

The compounds within the general for-
mula are carbon tetrafimoride, Huoroform,
methylene fuoride, and the carresponding sul-
phur compounds, carbon tetraflnoride being
preferred. Carbon tetrafinoride is an extremely
stable compound and is net, prima facie, an
obvious choice for preparing flucrine contain-
ing caralysts. Nevertheless it has been found
suitable end it has advantages over other
fluotinating compounds. In the particular
context of the present invention the method
has a particular advantuge over the use of
hydrogen fluoride, for example, in that high
fluorine comtent catalysts can be prepared
withaut the use of high comcentrations of cor-
rosive fluorine compounds which are Kikely
ta damage the alumina. The compounds used
are also easier (0 handle and readily utili-
gable in the vapour phase. As compared
with alkyl finorides contzining s higher num-
ber of carbon atoms, for example teritary butyl
fluoride, the compounds used are less likely
to produce carbonaceous or hydrecarbona-

ceous deposits in the caralyst during fluori-
natiom.

Preferably the conracting of the inorganic
oxide with the fluorine compound is carried
aur under non-reducing conditions. A conve-
nient method of contacting s (0 Pass a STIEam
of the vapour over the alumina either alone
or in admixture with an inert gas, for example
air. The vapour may be rccycled, desirably
ymtil all the fuoride has been used, and in
this way an accurate comtrol of the amount
of fluorine taken up by the catalyst may be
obrained.

The temperature, time of contact and
amount of fluorine compond used affect the
amount of fluorine taken up by the caralyst,
increasc of any of these increasing the amouat
taken up. Preferred temperatures are in the
range of 300—3500°C particularly  350—
450°C and the time of contact may be from
5 minutes ro 24 hours, particudarly 10 minutes
to 10 hours. In general higher tempcratures
are used with lower contact times and vice
versa, The amount teken up should not be
sufficient to destray the oxzide structurcs as
indicated by X-ray diffraction nor to form
detecrable amounts of free fluoride or vola-
tile hydrogenating metal-flnorine complexes.
As stated eatlier, it is believed that the fluorine
compound reacts with surface groups of the
oxide with loss of an oxypen atom. Thus
carbon dioxide 15 a product of the reaction,
and i certain cases, water may also be
given off.

The amount of the platinum group metal
may be from 0.01 to 3% @t and preferably
from 0.1 to 2 wt. and the preferred plati-
num group metals are platinum and palla-
dium.

The suppori should be predominantly alu-
mina but it may, if desired, contain a minar
amount by weight of one or mare other refrac-
tory oxides {rom Groups III to V of the
Periodic Table, for example bogia, silica,
tirania, or zircomia.

“The presence of chlorine in the catalyst in
amounts up 10 1%, Wi at least has not been
found to be disadvapageous to the activity
of the catalyst. However, since chlorine is
readily removed from the caralysis at high
temperatures and since it competes with
fiuorine for the available surface hydroxyl
sites, the chlorine comtent is preferably as
low es possible, for example below 1%, wt.

The feadstock of the process Is preferably
one containing a major proportjon of pentancs,
hexanes or a mixture of these paraflins. A
feedstock containing a major proportion of
hexanes is particularly preferred. If it is
desired to isomerise mormal paraffins only,
the feedstock may first be treated to separate
normal paraffins from the other hydrocarbons
and the normal paraffins contacted with the
isomerisation catalyst, Such separation may
conveniently be efiected by means of the so-
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called molecular sicves.

The product of the isomerisation reaction
may similarly be treatcd to recover umcon-
verted normal paraffing which may be recycled,
to the isomerisation reaction zone, Such sepa-
ration may also convenently be affected by
mcans of the so~catled molecular sieves.

The isomerisation is catried out in ihe

presence of hydrogen and the process condi-
tiops shoufd be sclected to minimise the
amnunt of cracking to lower-boiling material,
Such cracking is minimised, for example by
the use of lower temperatures, and higher
space velocitics and the conditions may be
selected from the following ranges:

Temperatnre 250° to 500°, preferably 300 to 400°C
Pressure psig  atrmosphetic-2000, preferably 225-1000
Space Velocity vivfir  0.05-10, preferably 0.2-5

Hydrogen/Hydrocarbon mole rate

0.01-20:1, preferably 1.5-15:1

The invention is flustrated by the foflowing examples,

Exampie 1

10 ml of a commercial reforming catalyst
coasisting of 0.58%, wt. platinum and 0.81%,
wt chiorine supported on alumina and baving
a specific surface area of 354 m®/g was con-
tacted with a stream of dry carbon tetra-
finoride vapowr. The temperature was 450°C,
the flow rate 20 ml CF,/min and the time of
contact 30 minures, The uptake of fAvorine
was 7.6% wt (le. 2.14 x 10* grams/sq.

metre of surface area).

A sample of the catalyst prepared as above
was used to isomerise pure #-hexane ar 300°C,
atmospheric pressure and a hydrogen/n-
hexane mele rado of 6.2:1, The results
obtained at various gas  space  velocitles
were: ——

The non-funrinated reforming catalyst vsed
as the starting material for the catalyst had
a negligible isomerisation activity under the

Product %, wt Gas Spacc Velocity viv/hr

57 129 231
C,-C; hydrocarbons 3.8 3.3 16
Total #-C, isomerised 70,7 733 68.2
2,2-dimethylbuisne 8.7 6.3 3.5

conditions used,

EXaMmrLE 2

200 ml of the commercial plarinum-on-
alumina catalyst used in Example 1 was con-
tacted with a stream of dry carbon tetra-
fuoride vapour at 460°C, The flow rate was
12 litres/br und the time of contacr was
30 minutes. The uprake of fluorine was 9.3
per cent weight {ie 2.63 X 10~ grams/sq.

metre of surface ares).

A sample of the catalyst prepared above
was uscd to isomerise pure 7-hexane at 300°C,
atmospheric pressure and a hydrogen to z-
hexame molar ratio of 6.2:1, The results
obtained at varfous gas space velocities
WETE ! =

ExaAMrLE 3
16 ml of the commercial platicum-on-

Produoct %, wt Gag Space Velocity viv/hr
107 | 146 221 496
C,-C; hydrocarbons 5.4 5.3 2.8 14
Total #-Cy isomerised 74.0 743 73.6 5.0
2,2-dimerhylbutane 13.0 11.3 8.0 5.0
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alwmina catalyst tsed in Example 1 was
reacted at 450°C for 10 minutes with a streant
of dry air (2 volumes) and carbon teira-
flvaride (3 volumes), Sowing at 100 ml/min.
‘Che catalyst was then used for the isomeri-
sation of m-hexane at atmospherie pressure
and hydrogen to n-hexane molar ratio of
62:1. At 300°C and gss space velocity
46 v/v/hr the product contained 14.0 per cent
weight of 2,2-dimethylbutane which, alinw-
ing for hydrocracked products, corresponds to
a greatr thap 90 per cent approach @
equilibrinm.

‘Another cotalyst sample, prepared at the
higher temperature of 550°C  with the
air/CF, mixture, gave only 0.3 per cent weight

Platinum % Wt
Fluorine 2% Wi
Clilorine o wi

BET surface area m2g

content and the rasultant Suorinated catalysts
were used to isomerise m-hexane. .

The fuorine comtents of the camaiysts by
total weight, and by weight per unit of surface
area ate given in the fables below, together

of 2,2-dimethyibusane under similar reaction
conditions.

ExaMPLE 4

This example compares the isomcrisation
actvity of catalysts of different surface areas
and finorine conlents.

Portions of twe commercially available
platinum-aluimina  reforming  catalysts were
{luorinated to different fluorine contents using
a fluorination technigue similar to that des-
cribed in Example 1. The catalysts were of
gimilar composition bur had different surface
areas as follows:

Portions of the two catalysts were each
fluorinated to give different fevels of fluorine

Cagalyst 1

0.58 Cat;:l%rst ?
—_ 0.35

0.8 0.35
400 180

with the isomerisation conditions used and the
resulty vbtained.

Fig. 1 shows the conversion to 2. 2-dimethyl-
butane and rthe selectivity for isvmerisation

CATALYST 1

Tsomerisation activity of CF, — Treated platinum-on-alumina catslyst (BET 400 m/g)

Temperature 300°C
Pressute atmospheric
Hydrogen : n-hezane mole ratio 6.2:1
GHSV 172 vivihr
Fluorine Content %, wt 1.3 3.4 6.1 8.0 9.0
BET Surface Area m*/g 405 402 Not 397 393
determined
Pluorine per unit BET
sutface arez 10~ gfm?® 0.33 0.55 152 2.00 225
Total Conversion of n-C;
9% wt 60.0 70.8 80.5 80.1 81.3
22 dimethylbutane % Wt nil 10.9 13.2 13,7 14,4
"Total Isomerisation %, wt 15.9 57.8 68.3 700 72.8
Hydrocracking (C,-Cs)
o WL 44,1 21.0 12.2 10.1 B.5
Sclectivity for Isomerisation
% 26,5 72.4 84.8 B7.5 89.5
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CATALYST 2

Tromerisation activity of CF, — Treated platinum-on-alumina catalyst (BET 180 m?jp)

Tempetature 300°C

Pressure atmosphetic

Hydrogen : n-hexane mole ratio 6.2:1

GHSV 172 vjy/hr
Tluorine content %, wt LI 2.4 3.7 4.6 5.6
BET Surfzce Area méfg 184 136 176 178 178
Fluorine per wnit BET surface

area 10~% gfm? 0.61 133 2.07 2.55 3.11

Total Conversion of p-C; % wt| 88.7 78.9 7.7 70.3 79.5
22 Dimethylbuiane o Wi 5.2 o8 121 15.2 15,0
Total Isomerisation SHwt] 273 50.2 65.4 73.5 4.6
Hydroeracking % wt 61.4 18.7 1235 5,8 4.9
Selectivity for Isometisation % 30.8 75.0 4.2 02,7 93.8

The results given in the two tables are shown praphically in Figures 1 and 2 of the

accompanying drawings.

plotted against the catalyst Huorine comtent in
“% wt. Fig. 2 shows the same isomerisation
results plotted against the catalyst fluorine
confent per unmit of surface area,

5 From Fig. 1 it appears at first sight that
cataylst 2 with & surface area of 180 m*/z is
the better isomerisation catalyst, However,
Figure 2 shows that at the same fluorine con-
tents per unit of surfacc area the catalysts

10 have the same acrivity and that this is the
cotrect criterion to take in asscssing catalyst
activity.

WHAT WE CLATM IS:—
1. A process for the isomerisation of
15 and higher paraffin hydrocarbons in the gaso-
line boiling range comprising contacting the
hydrocarbons in the presence of hydrogen ar
a temperature of at least 250°C with o cata-
lyst of a platinum group metal, alumina, and
20 at least 19, wt of fluorine by. weight of
“total catalyst, the fluorine being present in
an amount from 1.2 X 10~*t¢ 34 x 10~*

grams/sq. metre of the alumina surface area.

2. A process as claimed in claim 1 wherein

25 the amount of fluorine is from 3.0 X 10—
to 34 X 10 gms/sq. metre.

3. A procees as claimed in claim 1 or 2
wherein the alumina surfacc area is at least
300 sq. metres/gram.

30 4. A process as claimed in claim 3 wherein

the alumine surface area is ar least 400 sq.
metres/ gram.

3. A process as claimed in any of claims
1 to 4 whercin the catalyst is prepared by
adding fluorine to a platiaum-aluming com-
pDSltC.

6. A process as claimed in any of claims
1 to 5 wherein the catalyst is prepared by
contacting the alumina with the vapour of a
fluorine compoumd of ig;eneral formula

|
Y-X—F
|
¥
(whete X is carbon or sulphur and Y is flnorine
or hydrogen).

7. A process as claimed in claim 6 whersin
the fluorine compound js carben tetrafluoride,

B. A process as claimed in any of claims
1 ta 7 wherein the isomerisation temperatore
is from 250 o 500°C,

9. A process as claimed in claim 8 wherein
the ispmerisation temperature #5 from 300 to
400°C.

10. A process as claimed in any of claims
1 to 9 wherein the pressure s from atmos-
pheric to 2000 psig. the space velocity from
0.05 to 10 v/v/hr and the hydropen/hydro-
carbon mole ratio from 001 te 20:1.

11. A process as claimed in claim 10
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stantially as described in the Examples.

J. WOOLARD,
Agent for the Applicants,
Chartered Patent Agent,

wherein the pressure is from 225—1000 psig,
the space velocity from 0.2—35 v/v/hr and
the hydrogen/hydrocarbon mole ratio from

1.5 to I5:1.
5 12. A process as claimed in claim 1 sub-

Teamingten Spa: Priuted for Ier Majesty's Stationery Office, hy the Courier Presg
{Leamizgton) T.td—106+, Published by the Fatent Offics, 28 Southampion Buildings,
Tondon, W.0.2, from which coples may be ohblained.



%7

57

77

AR LENT

Fia.

7.

Se Ty o | pd—07 o
 TSOMEEISATION T
A ]

vy
77
/ / O BET SR~
MEF a5
/ / AT ST O
ABET SUHAIaE
AT D
/ rAﬁz}fowﬁ
e L] a A §
T CONIERSION T B e
,af;/ | | |.5’.sf7:4.4/£
772 3 £ F 5 7 P 5 %

CREILY ST FELOEINE CONTEAT
FERT CENT WSS



. QBET SURGHE
S OF o
AT Y 5T A
- ABET SUPFHEE

AR T
IR AT

— # iy

7O 2 L s TR Y

S CENT

N

| lﬁ'&f(k{/w’f

7 F & o
VTN T
77

e
0

&

R

S

356585 COMPLETE SPECIFICATION

This drawing Is @ reproduction of
¢ SHEETS the Original on a reduced scale

Sheets 1 &_2
FIGZ.
[
c
v‘:" SR ECTITY AU
zs/‘ ) BRI A TEON
M
/a
‘:\J‘
/ L QBET SUEEREE
APEL OF AT 5T
/ 780 7957,
B\ BT S s
A OF CATALYST
220 1.
l,
A
IS | e VERSION T
j = o TAdTEI BUTANE
W, ]
%4 29 F0 P £

LATALYET  FLLORINE CONTENT g, D '
WEIHT FER UIT BET SUPAE AREA 17G077



L8 STy TS LTF LIV I L Er AT M INES T
LNTLNBS SNUIOTTS  L5A T b LNTLNOF TNGIORTS LA TR

Ped i oL aF 2 & ¥ 6 & L. 9 £ ¥ £ Z i
FNELDE T LTI 525 o P AT ST B NOISRTANG ] %
CBE AR TANG il Hm-ﬁ\uf 2
aloilj}.m | F g 10t 2
- ‘Q 778 $ oz
: o . 4.
T e
J .
B 007, ” o
LG I P2 T PR ) 0 e \ R
A g s @ w_ T 438 23
F L7 2, i
Lk \ 29 \%@W«hk&ﬁ?ﬁ.ﬁ \ \
Fds 2950 \ A LT \\ 7 4
74 A ] &
v ; i % 7
@ »
: \\ ap PV o
)
PGPSV &~ . P <)
e \n.mxkk.mww.ﬁm. nr\ﬁ\ a5 L \&k&.@u@&ﬁw& i P
_ S J - Lod® |20 Atrtzzzis
o . Y N N
"ZO D

[ mummnmu
© 5ipas pampes p up [2BLEG S
Ja wopanpasdss b 51 f&ku;.% uuﬁ. SIA3HS 2

NOUYORIDAS 1T WWOD £88935



