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DECLARATION IN SUPPORT OF A
CONVENTION APPLICATION FOR A PATENT

In support of the Convention Application made for a patent for an
invention entitled:

Process for increasing the molecular weight of hydrocarbons and/or
derivatives thereof

I, Onno Aalbers, of Carel van Bylandtlaan 30, 2596 HR The Hague,
the Netherlands, do solemnly and sincerely declare as follows:-

1. I am authorised by SHELL INTERNATIONALE RESEARCH MAATSCHAPPIJ B.V.,
the applicant for the patent to make this declaration on its behalf.
2. The basic application(s-) as defined by Section 141 of the Act was/were
made in France
on 15th June, 1988
by Shell Internationale Research Maatschappij B.V.

3. Jacques Julien Jean DUFOUR and Yves Paul Raymond JEAN, both French
citizens of Centre de Recherche, Route de Caen, 75530 Grand Couronne,
France

(respectivaly), s/are the actual inventor(s) of the invention
and the facts upon which the applicant is entitled to make
the application are as follows:

The Applicant is the assignee of the actual inventor(s).

4, The basic application(s) referred to in paragraph 2 of this
Declaration was/were the first application(s) made in a
Convention country in respect of the invention the subject
of the application.
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(12) PATENT ABRIDGMENT  (11) Document No. AU-B-36308/89
(19) AUSTRALIAN PATENT OFFICE (10) Acceptance No. 608448

(54) Title
PROCESS FOR INCREASING THE MOLECULAR WEIGHT OF H'/DROCARBONS
AND/OR DERIVATIVES THEREOF

International Patent Classification(s)

(561)* €CO7C 002/0C C07C 002/74 C07C 085/24 C10G 049/00
C10G 071700 C10M 171/00 C07C 067/333 C07C 067/465
(51)* CO7C CL2/76 C07C 209/68 C07C 067/347

(21) Application No. : 36308/89 (22) Application Date : 13.06.89

(30) Priority Data

(31) Number (32) Date (33) Country
88 08006 15.06.88 FR FRANCE

(43) Publication Date : 21.12.89
(44) Publication Date of Accepted Application : 28.03.91

(71) Applicant(s)
SHELL INTERNATIONALE RESE: >H MAATSCHAPPIJ B.V.

(72) Inventor(s)
JACQUES JULIEN JEAN DUFOUR; YVES PAUL RAYMOND JEAN

(74) Attorney or Agent
SPRUSON & FERGUSON, GPO Box 3898, SYDNEY NSW 201

(57) The hydrogen-containing plasmas to be used in the
process according to the present invention are suitably
produced by so-called plasma torches, which are well-
known as such and used in various branches of industry.
Typically, plasma-torches having an energy-production
in the range up to 8000 kW can be suitably applied.
Prefererice is given to the use of plasma-torches having
an energy-production in the range between 500 and 3000
kw.
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1. Process for increasing the molecular weight of
hydrocarbons and/or derivatives thereof by contacting
them with an active-hydrogen containing system which
comprises generating a hydrogen-containing plasma at a
pressure of at least 0.007 bar and allowing contact of
said hydrocarbons and/or derivatives thereof in liquid
form with the plasma-generated system and recovering
therefrom a product having an increased average

fiolecular weight.
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ABSTRACT

PROCESS FOR INCREASING THE MOLECULAR WEIGHT
OF HYDROCARBONS AND/OR DERIVATIVES THEREOF

Process for increésing the molecular weight of
hydrocarbons and/or derivatives thereof by contacting
them with an active-hydrogen containing system which
comprises generating a hydrogen-containing plasma at a
pressure of at least 0.007 bar and allowing contact of
said hydrocarbons and/or derivatives thereof in liquid
form with the plasma-generated system and recovering
therefrom a product having an increased average

molecular weight.
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PROCESS FOR INCREASING THE MOLECULAR WEIGHT
OF HYDROCARBONS AND/OR DERIVATIVES THEREOF

The present invention relates to a process for
increasing the molecular weight of hydrocarbons and/or
derivatives thereof. The present invention relates in
particular to a process for increasing the molecular
weight of hydrocarbons containing one or more
functional groups as described hereinafter.

Hydrocarbons are used in many applications which
depend on the nature of the hydrocarbons concerned. In
the present invention emphasis is laid on hydrocarbons
suitable in the field of lubricating but the invention
is by no means limited to hydrocarbons and/or
derivatives thereof which are known to be of interest
in said field.

One of the important aspects of lubricating oils
is their viscometric behaviour. Well known and widely
accepted parameters indicating the viscometric
properties are the kinematic viscosity and the so-
called viscosity index (VI) which is a measure for the
internal resistance of a lubricating oil against
changes in performance under respectively cold and hot
conditions. 0ils having a high VI are of great interest
in that they can be used under extreme conditions
without deteriorating performance.

There are a number of methods known in the art to
increase the VI of lubricating oils such as hydro-
isomerization of linear paraffins present in the
lubricating oils or by the addition of so-called
VI-improvers: polymers which are added to an oil in
order to improve its viscosity/temperature relation-
ship.
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It is of course possible to increase the molecular
weight of a given molecule by subjecting it to a
dimerisation or oligomerisation treatment. In order to
achieve this normally rather reactive molecules and/or
stringent conditions have to be applied. Moreover, the
di- or oligomerisation envisaged should be kept under
control since otherwise products with gndesirable or
even unfavourable properties would be obtained in ever
increasing amounts.

The use of electric discharges to change the
molecular weight of hydrocarbons is another method and
of course in principle well known. The production of
ethylene, acetylene and carbon black from hydrocarbon-
aceous materials by subjecting them to electrical
discharges has been extensively reco.ded in the
literature and several processes have become
commercial. It will be clear that such processes when
starting from normally liquid hydrocarbonaceous
materials are in essence cleavage processes, i.e. not
only carbon-carbon bonds are ruptured but also carbon-
hydrogen bonds in order to obtain molecules of Lower
molecular weight.

It is less frequently reported in the literature
to increase the molecular weight of normally liquid
hydrocarbonaceous materials by using electrical dis-
charges. When the influence of an electrical discharge
is described in the literature for such materials it
becomes clear that rather reactive molecules have to be
processed whilst using a specific.form of electrical
discharge, commonly referred to as a corona discharge. h
In US patent specification 3,356,602 a process is
described relating to the dimerisation of carboxylic
acids by submitting them to a high electrical field N
(causing the occurrence of *he so-called corona-

discharge) together with a group O inert gas and/or
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hydrogen. It is clear from said specification that good
results are only obtained in systems operating under
alternate current and containing ethylenic un-
saturation. Subjecting a saturated compound such as
stearic acid to the process described in said US
specification leads only to a fractional increase in
molecular weight compared with related unsaturated
compounds such as oleic acid and linoleic acid (see
Table III of US patent specification 3,356,602).

It would therefore be highly advantageous when the
molecular weight of hydrocarbonaceous materials could
be increased substantially in a controlled and
controllable manner. It would be in particular
advantageous when the viscosity and possibly the VI of
lubricating base oils could be increased by means of an
electric discharge, especially when such lubricating
base oils would contain functional groups such as
carboxylic groups, ester groups, amino groups and/or
amido groups which would continue to be present in
substantial amounts in the thus treated lubricating
base oils having an increased viscosity and, optionally
VI. It would also be very advantageous when such
functional groups could be incorporated into the
structure of lubricating base oils not containing such
functional groups (or only minor amounts thereof)
during the process which allows an increase in
viscosity and/or VI.

It has now surprisingly been found that an
increase in the molecular weight of hydrocarbonaceous
material, in particular of hydrocarbonaceous material
containing one or more functional groups can be ob-
tained in a controlled and controllable manner when use
is made of an active-hydrogen containing system under
certain conditions.
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Substantial increases in viscosity and optionally
VI have been found both for hydrocarbonaceous-type
lubricating base oils as well as for hydrocarbonaceous-
type materials containing or receiving functional
groups without impairing other important physical
parameters of the materials thus treated. In some
instances even a lower pour point of the treated oils
has been observed, which renders the process which
allows already an increased molecular weight and a
higher viscosity and/or VI even more attractive.

The present invention therefore relates to a
process for increasing the molecular weight of hydro-
carbons and/or derivatives thereof by contacting them
with an active-hydrogen containing system which
comprises generating a hydrogen containing plasma at a
pressure of at least 0.007 bar and allowing contact of
said hydrocarbons and/or derivatives thereof in liquid
form with the plasma-generated system and recovering
therefrom a product having an increased average
molecular weight.

It should be noted that the process according to
the present invention allows at least an improvement of
the viscosity and optionally also of the VI when a
lubricating oil is used as feedstock. This means that
the (high) viscosity is improved even further whilst
maintaining or even increasing also the VI of oils
based on already heavy molecules.

Without wishing to be bound to any particular
theory it would appear that by cafrying out the process
according to the present invention in such a way that
the hydrocarbons and/or derivatives thereof are not i
directly submitted to the electrical field generating é.
the hydrogen-containing plasma, it has become possible
to control the conditions leading to desired increases

in molecular weight whilst reducing or even preventing

CpIUTTE T
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the amount of cracking which would occur if a hydro-
carbon and/or a derivative thereof was placed directly
in the influence of the electrical field of the
electrical discharge applied.

The process according to the present invention can
be carried out by using any hydrocarbon and/or
derivative thereof which is liquid or solid under
conditions of standard temperature and pressure.

Preference is given to the use of hydrocarbons
ranging from the kerosene range to the heaviest grades
of lubricating base oils. In particular the process
according to the present invention is carried out in
order to increase the molecular weight (and therefore
the viscosity and optionally the VI) of the so-called
XHVI base oils, i.e. base oils having already a VI of
at least 140. Various refinery feedstocks such as
hydrocracker bottoms, gas oils as well as various kinds
of cycle oils can be used in the process according to
the invention. Also mixtures of various hydrocarbons
(e.g. varinus base o0il compositions) can be used.

It has been found that the process according to
the present invention can be carried out in a controll-
able manner: the molecular weight can be suitable
increased by a factor of e.g. 30-150%, without suffer-
ing from disadvantages like cracking or coke formation.

If desired, and often preferred, the hydrocarbons
to be treated in the process according to the present
invention may contain functional groups which will
remain substantially unchanged during the molecular
weight increase. This is very important since such
groups are either of value per se or can be used in
further modifications envisaged.

Examples of functional groups which may be present
in the hydrocarbons to be treated in accordance with
the present invention comprise carboxylic groups, ester
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groups, amino and/or amido groups. Typical examples of
compounds carrying functional groups comprise carboxyl-
ic acids and carboxylic acid esters such as stearic
acid, linoleic acid, oleic acid and the alkyl esters,
in particular the methyl and ethyl esters thereof. If
desired, the hydrocarbon derivatives to be treated may
contain two or more functional groups like the higher
amino carboxylic acids and the corresponding esters. It
will be appreciated that when mixtures containing both
hydrocarbonaceous materials and hydrocarhon compounds
containing one or more functional groups are treated in
accordance to the present invention not only the
molecular weight of the starting materials will be
increased but that functional groups may also be in-
corporated into said hydrocarbonaceous materials.

It should be noted that also unsaturated compounds
may be used together with the hydrocarbonaceous
materials and/or derivatives to be treated in
accordance with the present invention. Even under such
circumstances the process can be carried out in a
controllable mode.

In order to account for the possibility that a
minor amount of the feedstock to be treated might
undergo a (temporarily) molecular weight decrease which
would offset the substantial molecular weight increase
contemplated by the present invention, the expression
"average molecular weight" will be used throughout the
specification indicating an overall increase in molecular
weight which should be in the order of at least 20%,
preferably at least 30% as described hereinbefore.

It is imperative in the process according to the
present invention that the hydrocarbon(s) and/or
derivatives thereof are contacted in liquid form with
an active-hydrogen containing system which is obtained
by generating a hydrogen-containing plasma at a
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pressure of at least 0.007 bar (Hg). A plasma is
defined for the purpose of this invention as a gaseous
medium containing electrical charges which as a whole
are at electric neutrality. It will be clear that a
hydrogen-containing plasma therefore does not only
consists of hydrogen atoms and hydrogen molecules (e.g.
obtained by pure thermal dissociation): Hz—ions as well
as electrons should also be present, provided the
electric neutrality is preserved.

Molecular hydrogen is of course a suitable source
to produce a hydrogen-containing plasma, but other
hydrogen-containing species such as ammonia, hydrogen
sulphide, methane and/or HZO may be present if desired
to contribute to the generation of the hydrogen-
containing plasma. In general, the hydrogen-source
should contain no less than 75% (on a molar basis) of
molecular hydrogen. Conventional refinery hydrogen
streams can be suitably applied.

The hydrogen-containing plasmas to be used in the
process according to the present invention are suitably
produced by so-called plasma torches, which are well-
known as such and used in various branches of industry.
Typically, plasma-torches having an energy-production
in the range up to 8000 kW can be suitably applied.
Preference is given to the use of plasma-torches having
an energy-production in the range between 500 and 3000
kw.

In principle, any means for activating hydrogen to
the extent that a hydrogen-containing plasma is formed
can be used such as electrode-less discharges and
appropriate laser beams. .

The amount of activated-~hydrogen needed in the
process according to the present invention depends to

some extent on the scale of the equipment used. In
rather small reactors less than 1% of the hydrogen in
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an activated-system already gives remarkable increases
in molecular weight. In larger reactors, directed at
the production of rather large amounts of products
having an increased average molecular weight, the
amount of activated hydrogen could well be more than
40%, preferably more than 70%.

The hydrogen-containing plasma is produced at a
hydrogen pressure which may range from as low as 0.007
bar up to several bar.

Preference is given to the use of a hydrogen
pressure in the range between 0.40 bar and 1 bar, in
particular between 0.53 bar and 0.93 bar. It is
preferred not to use a rather low hydrogen pressure
since this would reduce the power density and lLience the
efficiency in generating the plasma whilst requiring a
substantial increase in the volumes needed to carry out
the process. Although in principle the use of hydrogen
at a pressure above e.g. 10 bar is possible, it would
require a very high temperature to reach a sufficiently
high concentration of atomic hydrogen in the hydrogen-
containing plasma under such conditions, which would
have serious economic disadvantages.

If desired, inert gases like argon or helium can
be present in the hydrogen-containing system which will
be used to generate the plasma but they do not
contribute substantially to the process, contrary to
what is normally observed in corona-type discharges.

The process according to the present invention can
be suitably carried out in a discharge-equipment
provided with recycle means- in order to increase the
overall yield of the process.

An embodiment of the procéss according tot the
present invention is depicted in Figure 1. The
apparatus comprises a high voltage generator 1, a
reactor 2 and a recycle pump 3. Hydrogen is introduced
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into the reactor via inlet 4 and withdrawn from the
system via outlet 5 (normally by means of a vacuumpump,
not shown). The current necessary to produce the
active-hydrogen containing plasma is introduced via
electrode 6 and leaves the system via electrode 7. The
electrodes are normally composed of stainless steel.
The hydrocarbon and/or derivative to be treated is
introduced via line 8 and sent via line 9 to the top of
reactor 2, in this particular case a glass tube
provided with external temperature controlling means
indicated with 10 and 11. When the power is switched on
the discharge can be observed in the apparatus in the
form of a bright violet/purple display when the
hydrogen is sucked through the reactor.

The hydrocarbon to be treated (12) flows as a thin
film along the walls of the reactor 2 and is collected
at the bottom part of the reactor 2, indicated by 13.
It is removed from the reactor via line 14 and recycled
to pump 3 via line 15 with the possibility to withdraw
product via line 16.

A further embodiment of the process according to
the present invention is depicted in Figure 2. The
apparatus comprises a plasma torch 21, an expanding
area 22, an oil/gas separating means 23 and a recycle
pump 24. Hydrogen is introduced via line 25 into plasma
generating device 26.

The plasma generating equipment is operated in
such a way that hydrogen is introduced at about 1 bar
and has a temperature of about 4500 K when leaving the
torch. It is important in the apparatus operating under
these conditions of temperature and pressure to allow
for expansion of the hydrogen-plasma created.

It has been found that the plasma should be
allowed to expand to such an extent that the pressure
of the generated plasma in the expansion area 22 (Pz)
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is at most 0.6 times the initial pressure at which the

plasma was generated (P Preferably, the expansion

).
area 22 is constructed in such a way that a P2 of no
more than 0.2, and preferably less than 0.1 of the
initial pressure P1 is achieved. Good results can be
obtained when the pressure at the end of the torch is
relieved from atmospheric to between 0.027 and 0.067
bar since such pressure drops allow an optimal contact
between the species generated in the plasma (but not
necessarily having the initial composition of the
plasma) and the hydrocarbons and/or derivatives to be
treated.

Normally the feedstock to be treated is introduced
via line 27 and sent via lines 23, 28A and 28B to
openings 29 in the expansion area 22 to allow intro-
duction of the feedstock to be treated in liquid form
downstream of the generated activated hydrogen-plasma.
It will be clear that more inlet openings are possible;
the number and design of openings is preferably chosen
to allow for the optimal droplet size. After the
contact between the o0il to be treated and the plasma-
generated system has taken place inside area 22 the
mixture obtained is sent to oil/gas separation
chamber 23 allowing for the gaseous part (consisting
mainly of unchanged and recombined hydrogen) to be sent
to compression in order to be introduced again into the
system via line 30 which is linked (not shown) with
line 25. The oil phase is sent via line 31 to recycle
pump 24 to bring it at the desired pressure level to be
recycled via lines 32 and 33 to line 28 for reintro-
duction within the expanding area. Product can be
withdrawn from recycle stream 32 via line 34. It should
be noted that the proper dimensions of the expansion
area allow for a reduction in temperature to about

2500 K and to a pressure of about 0.40 bar.
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By properly choosing the recycle ratio of the
hydrocarbonaceous material processed and by adjusting
the size of the droplets to be introduced via openings
29 into expansion area 22, the reaction can be
controlled in suc. a way that the appropriate average
molecular weight increase is achieved. The present
invention will now be illustrated by means of the
following Examples. .

Example 1

An XHVI base oil having the properties as
expressed in Table I was processed in the equipment as
described in Figure 1. The reactor was operated under
the following conditions:

- total pressure : 0.047 bar (Hg)
- current ¢ 1-3 mA
- voltage ¢ 10,000-15,000 V
- distance between
stainless steel electrodes :40 cm
- inlet water temperature (10) ¢ 40 °C
- base o0il temperature (13) : 60 °C
- energy input : 14 Wh/g

The results of this experiment are also given in
Table I. No :.racking was observed and the average
molecular weight increase was no less than 46%. The
viscosity in ¢St (at 100 °C) was raised from 8 to 19.6
whilst also an increase in VI and a decrease in pour
point was observed.

-
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TABLE I
XHVI XHVI
untreated treated

viscosity (100 °C) 8 cct 19.6 cSt
viscosity ( 40 °C) 46.8 cst 153.4 cSt
VI : 143 147

Poor Point (°C) - 16 - 18
Volatility (Noack) (%) 4.1 3.1
Flash Point (°C) 237 237
Average molecular weight 578 846

Example 2
Methyl oleate having an average molecular weight

of 292 was processed in the equipment as described in
Figure 1. The reactor was operated under the conditions
as described in the previous Example but this time with
an energy input of 10 Wh/g. No cracking was observed
and the average molecular weight measured (by tono-
metry) was 493, giving an increase in molecular weight
of 66 %. From I.R.-spectroscopy it was found that the
ester function was maintained quantitatively in the
product as treated.
Example 3

Squalane (molecular weight 422) was processed as
described in Example 1, but using an energy input of
12 Wh/g. No crackiny was observed and the average
molecular weight of the product was 521 giving an
increase in molecular weight of 23%. From the distilla-
tion curve it was clear that dimers had been produced.
By increasing the energy-input or by extending the run
length a higher amount of dimers as well as the
formation of trimers and tetramers can be observed.
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Example 4
The process as described in Example 3 was repeated

but now in the presence of 10% w of methyl oleate as
described in Example 2. Under otherwise identical
conditions the product obtained had a substantially
increased average molecular weight and it was
demonstrated by means of the distillation curve that
co-oligomers of squalane and methyl oleate had been
formed (comparison with the distillation curves
observed for the experiments described in Examples 2
and 3).

Example 5

".he process as described in Example 3 was repeated
but now in the presence of 10 %w of diethyldihexyl-
anine. Under otherwise identical conditions the product
obtained showed an average molecular weight of 894,
ranging frcm 622 to 1083. The presence of co-oligomers
of the amine and squalane was demonstrated by
comparison of the appropriate distillation curves.
Example 6

The process as described in Example 1 was repeated
but using the bottom fraction left over after a
standard distillation of a commercially produced hydro-
crackate.

Such a bottom fraction is known to be rather
unstable during storage which is likely to be caused by
the presence of unstable polyaromatic components.

The storage stability, measured after dewaxing at
-20 °C, was markedly improved after the treatment with
a hydrogen-containing plasma had taken place for a
period as short as 3 hours compared with an untreated
bottom fraction.
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. Process for increasing the molecular weight of
hydrocarbons and/or derivatives thereof by contacting
them with an active-hydrogen containing system which
comprises generating a hydrogen-containing plasma at a
pressure of at least 0.007 bar and allowing contact of
said hydrocarbons and/or derivatives thereof in liquid
form with the plasma-generated system and recovering
therefrom a product having an increased average
molecular weight.

2, Process according to claim 1, wherein use is made
of a hydrocarbon and/or derivative which is liquid or
solid under conditions of standard temperature and
pressure.

3. Process according to claim 2, wherein use is made
of a hydrocarbon ranging from the kerosene grade to the
heaviest grades of the lubricating base oils.

4, Process according to claim 3, wherein use is made
of an XHVI base oil.

5. Process according to claim 1 or 2, wherein use is
made of a hydrocarbon containing one or more functional
groups which will remain substantially unchanged during
the process.

6. Process according to claim 5, wherein use is made
of hydrocarbons containing carboxylic groups, ester
groups, amino and/or amido groups.

7. Process according to claim 6, wherein use is made
of stearic acid, linoleic acid, oleic acid and/or the
appropriate alkyl esters.

8. Process according to claim 7, wherein use is made
of methyl oleate.
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9. Process according to one or more of claims 1-8,
wherein use is made of a hydrocarbon and a hydrocarbon
containing one or more functional groups.

10. Process according to one or more of claims 1-9,
wherein additionally use is made of unsaturated
compounds.

11. Process according to one or more of claims 1-10,
which is carried out using molecular hydrogen as source
for the hydrogen-containing plasma.

12. Process according to claim 10, wherein use is made
of molecular hydrogen containing up to 25% (on a molar
basis) of ammonia, hydrogen sulphide, methane and/or
water.

13. Process according to one or more of claims 1-12,
wherein use is made of a plasma torch to generate ths
hydrogen-containing plasma.

14. Process according to claim 13, wherein use is made
of a torch having an energy-production within the range
500-3000 kW.

15. Process according to one or more of claims 11-14,
where.'.n use is made of a hydrogen-containing plasma
containing at least 40% activated hydrogen.

16. Process according to one or more of claims 1-15,
wherein the hydrogen-plasma is produced at a hydrogen-
pressure in the range between 0.40 and 1 bar.

17. Process according to claim 16, wherein the
hydrogen-plasma is produced at a hydrogen-pressure
between 0.53 and 0.93 bar.

18. Process according to one or more of claims 1-17,
wherein the plasma generated is expanded to a value of
at most 0.6 times the initial pressure at which the ;
plasma was generated.

19. Process according to claim 18, wherein the plasma
is expanded to a value of at most 0.2, and preferably

PP - P - . A
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less than 0.1 times the initial pressure at which the
plasma was generated.
20. Hydrocarbons and/or derivatives thereof, whenever

produced according to a process as claimed in any one
of claim 1-19.

DATED this TWENTY-FOURTH day of.MAY, 1989

Shell Internationale Research Maatschappij B.V.

Patent Attorneys for the Applicant
SPRUSON & FERGUSON

ML3.T5882FF
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