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PROCESS FOR INCREASING THE MOLECULAR

WEIGHT OF HYDROCARBONS AND/OR DERIVATIVES

THEREOF

ABSTRACT

Frocess for increasing the molecular weight
of hydrocarbons and/or derivatives thereof by con-
tacting them with an active~hydrogen containing
system which comprises generating a hydrogen~con-
taining plasma at a pressure of at least 0,007 bar
and allowing contact of said hydrocarbons and/or de-
rivatives thaereof in liquid form with the plasma=-
generated system and recovering therefrom a product

having an increased average molecular weight.
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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 jncreasing the molecular
weight of hydrocarbons containing one o; more function-

al 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 in the invent-
jon is by no means 1imited to hydrocarbons and/or deri-
vatives thereof which are known to be of interest in

said field.

One of the important aspects of ludbricating oils
is their viscometric behavioul? Well known and widely
accepted parameters indicating the viscometric proper-
ties are the kinematic viscosity and the so-calledviscosity
index (VI) which is a measure for the internal resistance
of a lubricating oil against changes in performance under
respectively cold and hot conditions. Oils 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-isome-

rization of ljnear paraffins present in the lubricating
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oils or by the addition of so-called VI-improves;

polymers which are added to an oil in order to

improve its viscosity/temperature relationship.

It is of course possible to increase the mole-

cular weight of a given molecule by subjecting it

to a dimerisation or oligomerisation treatment. In
order to achieve this normally rather reactive mole-
cules andfor stringent conditions have to be applied.
Moreover, the di- or oligomerisation envisaged should
be kept under control since otherwise products with
undesirable 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 product-
]
jon of ethylene, acetylene and carbon black from hy-

drocarbonaceous materials by subjecting them to elec-
trical discharges has been extensively recorded in
the literature and several processes have become com-
mercial. It will be clear that such processes when
starting from normally liquid hydrocarbonaceocus mater-

jals are in essence cleavage processes, {i.e. not only

);WDQ

carbon-carbon bonds are ruptured but also carbon-hydrogen

bonds in order to obtain molecules of lower molecular

weight.



o~

10

15

20

25

(laz’"'l’))

It is less frequently reported in the literature
to increase the molecular weight of normally 1i-
quid hydrocarbonaceous materials by using eldctri-
cal discharges. When the influence of an electri-
cal discharge is described in the literature for
such materials it becomes clear that rather react-
ive molecules have to be processed whilst using a
specific form of electrical discharge, commonly re-
ferred to as a corona discharges In US patent spe
cification 3,356,602 a process is described relating
to the dimerisation of carboxylic acids by submitting
them to a high electrical field (causing the occurrence
of the so~-called corona-discharge) together with a
group O inert gas and/or hydrogen. It is clear from
said specification that good rgsulta are only obtain-
ed in sgstems operating under alternate current and
containing ethylenic unsaturation. Subjecting a satu-
rated compound such as stearic acid to the process des-
erived in said US specification leads only to a fract-
jonal increase in molecular weight compared with relat-
ed unsaturated compounds such as oleic acid and lino-
leic acid (see Table III of US patent specification
3,356,602).

It would therefore be highly advantﬁgeous when

the molecular weight of hydrocarbonaceous materials
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could ke increased substantially in a controlled and

controllable manner. It would be in particular ad-

vantageous when the viscosity and possibly the VI

of lubricating base oils could be increaged by means

of an electric discharge, especially when such lubri-
cating 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, optional-
1y VI. It would also be very advantageous when such
functional groups could be incorporated into the struc-
ture .of lubricating base oils not containing such func-
tional 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 in- -
crease in the miolecular weight of hydrocarbonaceous
material, in particular of hydrocarbonaceous material
containing one or more functional groups can be obtain-
ed in a controlled and controllable manner when use
is made of an active-hydrogen containing system under

certain conditions.

Substantial increases in viscosity and optionally

VI have been found both for hydrocarhonaceous—typo lubri-
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cating base as well as for hydrocarbonaceous-typo
materials containing or receiving functional groups
without impairing other importeant physical parame-
ters of the materials thus treated. In some ins-
tances even a lower pour point of the treated oils
has been observed, which renders the process which
allows slready 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-bydrogen 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 li-
quid form with the plasma-generated system and recoyer-
ing therefrom a product having an increased average mole-

cular 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 lub-
ricating oil is used as feedstock. This means that the
(high) viscosity is improved even further whilst main-
teining or even jncreasing also the VI of oils based on

already heavy molecules.
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without wishing to be bound to any particu-
lar theory it would appear that by carrying out
the process according to the present invention in
such a way that the hydrocarbons and/or(derivativea
thereof are not directly submitted to the electrical
field generating the hydrogen-containing plasma, it
has become possible to control the conditions leading
to desired increases in molecular weight whilst redu-~
cing or even preventing the amount of cracking which
would occur if a hydrocarbon and/or a derivative there-
of was placed directly in the influence of the electri-

cal field of the electrical discherge applied.

The process according to the present invention
can be carried out by using any hydrocarbon and/or de-
rivative thereof which is liquid or solid under conditions

of standard temperature and pressure.

Preference fis given to the use of hydrocarbons
ranging from the kerosene range to the heaviest grades
of lubricating base oils. In particular the process ac-

cording to the present invention is carried out in order

to increase the molecular weight (and therefore) the vias-
cosity 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



10

15

20

25

27¢!

used 1in the process according to the invention. Also
mixtures of various hydrocarbons (e.g. various base

oil compositions) can be used.

It has been found that the process according
to the present invention can be carried out in a con-
trollale manner; the molecular weight can be suitable
jncreased by a factor of e.ge 30~150%, without suffar-

ing from disadvantages 1ike 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 re~
main 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 modifie-

cations envisaged.

Examples of functional g;oups which may be present
in the hydrocarbons to be treated in accordance with the
present invention comprise carboxylic groups, ester
groups, eamino and/or amido groups. Typical examples of
compounds carrying functional groups comprise carboxyle-
jc acids and carboxylic acid esters such as stearic acid,
linoleic amcid, oleic acid and the alkyl esters, in parti-
cular 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
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acids and the corresponding esters. It willtebe ap-
prodiafed that when mixtures containing4both hydro-
carbo@aceous materiale and hydrocarbon compounds con-

taining one or more functional groups are treated in

" accordance to the present invention not only theé mole-

/ .
cular weight of the starting materials will be in-

creased but that functional groups may also be incor-

porated into said hydrocarbonaceous materials.

It should be noted that also unsaturated com-

pounds may be used together with the'hydrécarhona—

'céone materiels end/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 un-

dergo a (temporgfily) molecular weight decrease which
would offsat the substantial molecular weight increase
contemplated by the present invention, the expression

"average molecular weight' will be used throﬁghout the

specification indicating an overall increase in mole-

‘oular 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 hydrocérbon(s) and/or deri-



et

vatives thercof are contected in liquid form with

an ective-hydrogen containing system which is ob-
tained by gencrating a hydrunen-contnining plooma

at a pressure of at lenst 0,007 bar (Hp)e A plas-

ma in defined for the purposc of this invention as a
gnseous medium containing electrical charges which
as o whole nre at electric neutralitye. 1t will be
clear thant & hydrogen—cnntnininu plasma therefore

does not only consists of hydropen atoms and hydrogen
molecules (e.r. obtained by pure Lhermal dissociation);
HZ- jons an well ns electrons should nleo be prerent,

provided the electric neutrolity is preserveds

Molecular hydropen 4~ of course a suitable source
to produce A hydrogon—cnntnininn plrema, but other hy-
.dronnn~contnininr apecies cuch as ammonia, hydrogen sule
'~ phide, methnne nnd/or H?U may be present if desired to
contribute to the generation of the hydrogen-contnining
plasma. In general, the hydropen-source should contnin
no lepe thet 75% (on a molnr basie) of moleculer hydro-
gene Copventional refinery hydrogen streams can be suit-
ably applied.

The hydrogen-conhnining pleamers to be used in the
process according to the prerent invention are suitably

producad by po-called placma torches, which are well-

known ns such ond ured in vnrious branches of induslrye

l
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Typically, plasma-torches having an energy-product~
jon in the range up to 8000 kW can be puitably ap-

plied. ‘Preferencc is given to the use of plasma-

" torchese having an energy-production in the range be-~

tween 500 and 3000 ki,

In principle, any mesans for activating hydro-
gen to the extent that a hydrogen-uontaining plasma
is formed can be used such as electrode-less discharges

and appropriate lsser beams.

The amount of activated-fydrogen needed in the
process according to the present invention dgpends to
mome extent on the scale of the equipment usede In
rather amall reactors less than 1% of the hydrogen &n

an activated- system already gives remarkable increas~

es in molecular weight. In larger reactors, directed

at the production of rather large amounts of products
having an incrensed average moleculsr weight, the amount
of activated hydrogen could well be more than ho%, pre~

‘ferably more than 70%e

The hy.rogen-containing plasma is produced at a

hydrogen preasure which mey range from ss low a8 0.007

"bar up to several bar.

Preference is given to the use of a hydrogen pre-
ssure in the range between 0.40 bar and 1 bar, in parti-

cular between 0.53 bar snd 0.93 bar. It is preferred not

- 11 =~
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to use a rather low hydrogen pressure since this
would reduce the power donsity and hence the effi-
cientdy in generating the plasma whilet requiring
substantial increese 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 teuch a

sufficiently high concentration of atomic hydregen in
the hy:irnpen which would contailning plosma under such
conditions, which would hnve cepiour economic diead-

vantagese.

If denired, inert gaeses 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, contraty to what is normal-

1y ohsnrvad in coronn-type dischnrge.

The process ascerding to the prasent invention
can he suitably carried ont dn n dinchsrge-equipment
provided with recycle noans in order to increcasc tho
overall yield of the process.

An embod iment of the process according to the
present invention is depicted in Figure 1. The appa-
rafus comprises a high voltage generator 1, B reactor
2 and a recykle pump 3. Hydrogen is introduced into
the reactor via inlet & and' withdrawn from the system

via outlet © (uorrnlly bE neans ol a vacuum pump, not

- 12 =
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_shown). The current necesanry to produce the active-

hydropen contsining plasma is introduced vim electrode 6‘
and leaves the system via electrode 7. The electrodes
are normally composed of stainlesms steel. The hydro-
carbﬁn and/orv derivative to be treated is introduced via
line 8 and sent via line 9 to the top of reactor 2, in
this particular cnse a glass tube proviéed with oxtef-
nal temperature controlling means indicated with 10 and
ll. VYhen the power is switched on the discharge can go
observed in the appsratus in the form of a bright violet/
purple display when the hydrogen is sucked throﬁgh 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 viam 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 Yigure 2. The eap-
paratus comprises a plasma toroch 21, an expending area
22, ®n o0il/gas separating means 23 and a recycle pump
24, Hydrogen is intrqduced via line 25 into plasma ge-

nerating device 26,

Tpo plaasma gqnerht;ng equipnont ia operatod in

such § way that hydrogen is introduced at about 1 bar
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and has n temperature of aboul LS00 K when lenviné
the torch; 1t is important in the apperatus operat-
ing under these conditions of temperature and pres-
sure to allow for expansion of the hydroren-plasma
cfeﬁted.

it has been found that the plasma should be
allowed to expand to such an e*tent thnt the pressure
of the genvrated plasma in the expansion area 22 (223‘
i nt most 0.0 tiwes the initial prossure at which
the plasma was generated (Pl). kreferabl&. the ex-
pansion area 22 is conatructed in such a way that a P2
of no more than 0.2, and prefernbly less than 0.1 of
the‘initial pressure'Pl i3 achioved. Good results can
be obtained when thevprensure at the end of the torch
is relieved from atmospheric to be tween 0,027 and 0,067
bar since such pressure dréps allow an optimal bpnuwct
between the enecies generated in the flnsma (but not
necessarily having the initial composition of the plas~

ma) and the hyirocarbons and/or derivatives to be treated.

Normally the fegdstock to be treated is 1ntroducedv
vin line 27 and sent via lines 28, 28A and ZBB to open-
ings 29 in the exponsion area 22 to nllow introduction
of the feedstock to be treated in liquid form downstream
of the genernted activated hydrogen-plaaﬁd. It will be

clenr that more inlét openings nare possible; the number

A

|
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and desipn of openings is preferably chosen to allow
for the’optimal droplet size. After the‘contnct be-
tween the oil to be treanted nand the plasﬁa-gen~rntcd
system hns tnken place inaside area 22 the mixture ob-
tained is rent to o0il/pns rcparntion chamber 23 nllow-
ing for the renseous part (consisting mniniy of un-
chanpged and recombined hyvdroren) tc be sent to compres-
sion in order to be introdused apain into the syrtem
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 re-~
cycled via lines 32 and 37 to line 28 for reintroduct-
ion within the expanding arens. lroduct cen be with-
drawn from recycle stream 32 vie line 3, It should

be noted that the proper dimensionn of the expansion

area allow for a redvction in temprreture to about

2500 K and to a pressure of about 010 bare

By properly choosing the recycle ratio of the
hydrocarbonaceous material processed and by adjusting
thé size of the droplets to be introduced via open-
ings 29 into expansion ares 22, the reaction can'be
controlled in such a way that the aprropriate average
molecular weipght increnne is achieved. The present in-
vention will now be f1lusrtrated by means of the follow-

ing txsmpless

- 13 -
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‘Example 1

An XHVI base o0il heving the properties as
expressed in Tawble I wns processed in the equip-
ment as ncrcribed in Figure 1. The renctor was

opernted under the following conditions:

0.0h7 bar (Hg)

..

- total prerrure

- current 1~3% mA

- voltage 10,000=15,000 V

~ distance between stainleas

steel electrodes ¢t 4o cm
-~ inlet water tempcrnture (10) : 4o %
~ base o0il temperoture (17) : 60 ©
- energy input : 1h wWwh/g

The recults of this experiment are also given
in Table I. No cracking was ohserved and the average
molecular weipht incrense wns no less than 46x. The
viscosity in eSt (at 100 %) wae ralsed from 8 to 19.6
whilst slso an incrense in V1 and a decrejsse in pour

point was observed.

- 16 - - ;:: T
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XHV1 XHVI

untrented treated
vincosity (100 °¢) 8 cst 19.6 cSt
viscosity (4o °¢) I L6,B cut 1534 cst
V1 1T 147
Poor point (°C) -14 -18
Volatility(Noack) (») h,1 3.1
Flash Point (°C) 237 237

Average moleculnr weight 578 846

Lxample 2

Methyl oleate having an average molecular weight of’

292 wns procensed in the equipment as described in
Figure l. The reactor waas npe;nted under the condi-
tions as described in th¢ previoue lixample but thie
time with an energy input of 10Kh/g. No cracking was
observed and Lke averape molecular weirht measured (by
tonometry) wns 493, giving sn incrense 1in moleculaf
weight éf 660, From I.Re.-spectroscopy it wes found
that ﬁhn eater function wns maintained qua;titatiVely

in the product as treated,

Example 3

Squalane (molecular weight h22) processed as

\BAD ORIGINAL Q
Lo :
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,uolocular weight of the product was 521 giving an

increase in molecular weight of 23%. From the dis-

tillation curve it was clear that dimers had been

17

produced. By increasing the energy-input or by extend-

ing the run ;ength a higher amount of dimers as well as

the formation of trimers and :otramorn can be observed.

Example kL

The process as described in Example 3 was re-

peated but now in the presence of 10% w of methyl

" oleate ms described in Exsmple 2. Under otherwise
4dentical conditions the product obtained hsd a subs-

tantially increased average molecular weight and it was

den-matrated by means of the distillation ourve that‘

co-oligomers of squalane and methyl oleate had been

" tormed (comparison with the distilletion curvo§ ob-

served for the experiments described in Examples 2

- and 5)0

Exsmple 5

The pioteaa a8 described in Example 3 was re-
peated but now in:the pfeaonco of 10 %w of diethyl-
dihexylamine. Under otherwise identical conditions
the produ&t obtained nhéQed an average molecular

weight of 894, ranging from 622 to 1083, -The presence

« I8 =
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of co-oligomers of the amine and squalane was demons-
trated by comparison of the appropriate distillatien

ourves,

Example 6

The procass as described in Examblo 1l was re-
peatad but using the bottom fraction left over after
a standard distillation of a commercially produced

hydrocrackate.

Such w bottom fraction is known to be rather un-

" stable during storage vﬁichria 1ikely to be caused by

the presence of unstable polyaromatic components.

fhe atorage stability, measurad after dewaxing
a£ -20 OC, was markedly improved af@er'the treatment
with a hydrogen-containing plasma hdd taken place for
a period as short es 3 hours c&mparéd with an untreat-

ed bottom fraction.

- 1 -
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CLAIMS .

1. Frocens for increasing the molecular weight

: Of hydrocnrbon and/or derivatives thereof by contact-

1ng them with an active-hydrogen containing system
which comprises generating a hydrogen- containing plas-
ma st a pressure of at 1eéat 0.007:bsf and allowing
contect of said hydrocarbons and/or derivatives there-
of in liquid form with the plnsme~generated syateﬁ and
recoverins therefrom a product having an increased ave-

rage molecular weighte N

2. [Process according to claim 1, wherein the hy- s
drooarbon is a hydrocarbon ranging from the kerosene
grade to the heaviest pgrode of the lubricating base

Oiqu

3., IProcess according to cleim 2, whorein the lub-

ricating oil is an XHVI base oil.

b, Frocess amccording to ¢laim 1, wharein the hy~
drocarbon is & hydrocarbon confnining one or more funct-
fonal groups which will remain gubstmtially unchanged

during the processs

5. ‘rocess according to claim 4, wherein the hy-
drocarbon containing one or more functional groups is =
hydrocarbon contnining.bne or more carboxylic groupn.

ester groups, amino and/or smido groups,(4).Process nc-

‘ cording to claim 5, wherein the hyirocarbon containing

n e SF:.AD ORIGINAL Q)
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one or more functional groups comprises stearic
acid, linoleic ncid, oleic ncid end/or the appro-

priate alkyl ester(s).

7. IProcenn necording to claim ¢, wherein the

ester in methyl olente.

8, lrocesr nccording to claim 1, wherein R

. hydrocarbon and a hy-irocarbon containing one or more

functional groups ere used as stearting materials.

9. VProcess according to claim 1, wherein the
starting materinl(e) additionally somprise unsatura-

ted compoundse

10. Frocess sccording to claim 1, wherein mole-
cular hydrogen is the source for- the hydrogen-contain—

ing plasmae.

11, Process accorvding to slaim 10, wvherein the
hydrogen source contains at least 750 of molecular hy-

drogen (on a molar bamsis).

12 Ffoc%sa pecording to claim 1, wherein the
hydrogeh —contoining plrema is genersted via a plnasnma
torche |

13, Proceso pccording to clgim 12, Qherein the

torch hans an energy-proddction within the range 500-

3000 KW,

- 5 -
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14. Jrocess nccording to elaim 1, wherein

the hydrnﬁon?containing plasma contains at leaat

4o activated hy rogene

15, Praocoss anccording to claim 1, wherein
the hydrogen-plasma is produced at a hydrogen=

pfessure in the range between 0.40 snd 1 bar;

16. Process according to claim 15, wherein the

hydrogen-plasma is produced at a hydrogen-pressure

between 0.53 end 0.93 bare

17. Process according to claim 1, wherein the
plasma generated is expanded to & value of at most

0.6 times the initial pressure at which the plasma was

generatede.

18. VYrocess according to claim 17, whrein the

" plasma is expanded to a velue of nt most 0,2 times

the initial pressure at which the plasma was penerat-
ed. |

19. Process according-to claim 17, wherein the
plasma is expanded to a. value less tQBn 0.1 times the

iqitial pressure at which the plasma was generatede.

 JACKUES JULIEN JEAN DUFOUR
YVES PAUL RAYMOND JEAN
Inventors
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