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11 Claims,

This invention relates to the separation of
mixtures of hydrocarbons, and more particularly
to the separation of petroleum or petroleum prod-
ucts into fractions of different chemical compo-
sition. 2

In the solvent refining of hydrocarbons such
as petroleum and petroleum products, it is well

known that solvents differ in their ability to sepa-

rate the hydrocarbon or petroleum fraction into
components of differing types. (See Ferris, Birk-

- himer, and Henderson, Industrial & Engineering
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Chemistry 23, 753-761, 1931.) It is desirable, how-"

ever, that the separation of such 0il components
be accomplished as selectively as possible so that
the maximum segregation of the components by
type may be obtained. |

The selective solvent extraction of petroleum

and petroleum products depends upon the fact

that they are mixtures of hydrocarbons, which
may be roughly divided into paraffinic and naph-
thenic compounds, and which have different solii-
bility characteristics. Solvents can thus be used
to extract preferentially the more soluble naph-
thenic types of compounds from the less soluble
paraffinic compounds. The more selective the
solvent in its extractive action the more econom-
ical is its use or the more effective is its refining
action or both. Oil fractions from different crude
petroleum sources may differ considerably with

‘respect to their composition and so may require

different solvents or different operating condi-
tions with the same solvent or both. Hence it
is of material advantage to have s selective sol-

vent whose selectivity can be varied at will to

permit the most advantageous operation of a

- Selective solvent extraction. |

It is an object of the present invention to pro-
vide a solvent of variable selectivity and to pro-
vide a new and improved process for the selective
refining of petroleum and petroleum products.

Other objects and advantages of this invention
will be apparent by reference to the following
specification. |

According to the present invention mixtures of
hydrocarbons, and particularly petroleum and
petroleum products, are selectively separated into

fractions of differing chemical compositions by

- . treatment with a solvent containing a substituted

¢ 90

amide and a substance or substances represented
by the formula ROH in which R represents hy-
drogen, or an alkyl or methylol group.

Although specific disclosure will be made here-
inafter of single water-soluble substituted amides,

it should be understood that the invention in-

(CL 196—13)

cludes the use of mixtures of as well as individual
water-soluble amides. . |

Water-soluble substituted _aﬁndes generally are

sultable for use, according to this invention, it
being preferred, however, to utilize the mono-

and dialkyl substituted amides of acids contain-

ing from one to and including four carbon atoms,

such, specifically as the mono- and di-methyl,

-

ethyl, propyl or isobutyl formamides, acetamides,

‘propionamides or butyramides or the like.

Although specific disclosure will be made
hereinafter of water, which is my preferred hy-
droxyl-containing compound to be used with a.
substituted amide as solvent, it will be understood
that the invention is not to be limited to the use
of water and shall extend to the use of hydroxyl-
containing compounds generally such as herein-
before broadly described. Specifically and as il-
lustrations of alternative hydroxyl-containing
compounds, I may use mono- and polyhydric ai-
cohols such as methanol or ethylene glycol, and
the like, the only limitation on my hydroxyl-con-

- talning materials as broadly described being the
necessity that they are relatively inscluble in

hydrocarbon mixtures such as petroleum and
petroleum products.

In applying my invention specifically to pe-

troleum of refining, as an example, I first mix
the oil which it is desired to treat with a suitable
proportion of my solvent. The mixing is accom-
plished at a temperature, or during elevation of
the temperature to a degree, sufficiently elevated
to ensure solution of the oil in the solvent. There-
after the oil-solvent mixture is cooled, resulting
in the formation of two layers which may, in
turn, be separated by simple decantation.

The naphthenic hydrocarbons, being more
soluble in my solvent than the paraffinic, dissolve
in the greater portion of my solvent and separate

into one of the two layers. The paraffinic con-:

stituents of the original oil, being lezs soluble in
my solvent, separate into the other layer which
contains a relatively small portion of the solvent.

It will be apparent that the preferential solvent
characteristics of my solvent may be employed in

a variety of ways for effecting selective separa-

tion. Thus, as an alternative procedure, the oil
and solvent may be agitated to effect more rapid
separation while heating the mixture to a tem-
perature of more or le~s complete solution, or the
oil and the solvent may be vigorously agitated at
temperatures at which they are not wholly mis-
cible to effect a solution. In any or all of these

methods of extraction, the invention may ad-
vantageously be operated on the principle of.
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counter-current flow, i. e., the oll may be caused
to contact the solvent which is caused to flow In
the reverse direction from that of the oil.

In wheatever manner the extraction step is op-
erated, the two layers hereinbefore described are

~ allowed to form, separated one from the other
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by simple decantation and thereaiter I may sepa-
rate the solvent from either or both of the two
layers by distillation or by addition of further
hydroxyl-containing madterial. Tnasmuch as the
oil fraction extracted is soluble in my solvent and

relatively insoluble in the hydroxyl-containing

material and inasmuch as my solvent is complete-
ly miscible with the hydroxyl-containing mate-
rial, the addition of further amounts of hydroxyl-
containing material to either or both of the two
oil fraction-layers effects selective separation of
the solvent from the oil fraction. The remaining
substituted amide-hydroxyl-containing material
may be separated by distillation and the recov-
ered amide recycled if desired such, for exam-
ple, as in a continuous process. |

In the examples given below, the selective re-
moval of non-parafiinic constituents from a min-
eral oil has been measured by following the
change in viscosity-gravity constant of the oil.
The constant has been described by J. B. Hili and
H. B. Coats in Industrial and Engineering Chem-
istry, volume 20, page 641, et seq., in an article

2,188,852

decantation. The solvent and ofl were separated
by distillation. In this example pure dimethyl
formamide and a dimethyl formamide solution
containing 10% water by volume respectively
were used as solvents. The data in the table
below demonstrate the increase in solvent selec-
tivity brought about by the addition of hydroxyl
containing material to the substituted amide.

Example II

A Pennsylvania distillate was extracted with an
equal volume of solvent consisting of pure di-
methyl formamide and with additions of 5
volume per cent of water and methanol, respec-
tively. When using pure dimethyl formamide the
oil-solvent mixture was heated to miscibility with
agitation, cooled to 80° C. and maintained at that
temperature for ¥ hour with agitation, allowed
to settle and the two resultant layers decanted.
When using dimethyl formamide-water and di-
methyl formamide-methanol as the solvents the
extraction was made by agitating oil and solvent
2 hours at about 90° C., cooling to 80° C. with
agitation, settling, and separating the raffinate
and extract lavers by decantation. In each case
the oil was then freed from solvent by distilla-
tion. The data below on the oils so obtained
show an increase in selectivity and in miscibility
temperature on the addition of hydroxyl contain-

entitled “The viscosity-gravity constant of petro-' ing material to the substituted amide.
I Temperature ' Saybolt
L Gravity | Universal Viscosity| Selec-

Solvent ) I degrees { viscosity | Field | gravity | tivity

| Misci- Sopa- API soc. 8t constant

bility | ration 100° F. I
— - -t T R | |
°C. °C.

Example L. ...-- PP SRS P MPOIONI . Gull Coast distillate..... 20. 2 7 N |  0.872 |..__.._.
DMF (dimethy! formamide)_.| 15120 | 85| {ERRGCTol WSl gom | 22| osoff 18
90% DMF.__..oooomeeeecl o5 | {Bofoate.....—-.- 22,0 573 00.8 | 0.864 128
109, water. .o v eceaaccccncen nithdiiainiety * Extract_ . oonooa-. 6.8 5124 | 8.8 0. 992 ’

Example IT___ .. e e es Pemﬁﬂ.fgist{_’lelatﬁ -------- ! g&ig i%g% ..... 266 g %ﬂ ..........

- affinate.....ccuoe-- : . : :
DM;MF 130 S0 BXLrB0t. .- --rnenne- | B9l wLE| 86| 0.8 } o.om
05%, DMF . eee ' affinate. ... cccecuu- . : ), 0. 817
: gwaiieri ...................... }oom %0 EXtact, -ooeacaca- 15.0 5| 41) 002 } 0.105
05% DMPFE __ e 141: 1 7L FE . . s . 81
597, Tethanol. .. .- —--------_- } 134 | 80 Extract.. ... 19, 5 *51.6 9.2 | 0,888 0.075
| 1

*Viscosity at 210° F.

leum lubricating oils.” If a given crude petro-
leum be distilled into successive fractions and the
specific gravities and viscosities of the several
fractions determined, it will be found that they
conform to the general relationship:

22272 1og (V—38)

in which G is the specific gravity at 60° F., V is
Saybolt Universal viscosity at 100° F., and a is
the viscosity-gravity constant. This viscosity-
gravity constant is lower for fractions of paraf-
finic crudes than for fractions of naphthenic
crudes. This constant is, therefore, an index of

G=a-

the paraffinicity of an oil, and a decrease in the

10

{

value of this constant for a given fraction of oii
indicates an increase in paraffinic hydrocarbon
content. Moreover the difference in the values
of the constant for the paraffinic and naphthenic
fractions ohtained in a solvent extraction is a
measure of the selectivity of the solvent.

Example 1

A Gulf Coast distillate was extracted with an
equal volume of solvent by heating with agitation
to 125-128° C., cooling with agitation to about
85° C., agitating at 85° C. for 30 minutes, settling

for ten minutes and separating the ‘tWO layers by

The use of dimethyl formamide-water solvent
has been specifically disclosed by Examples I and
II. However, as indicated previously, water-
soluble substituted amides generally are suitable
for use according to this invention, the only re-
striction being my preference for employing one
to four carbon atom amides such as previously
specifically mentioned. Any of these substituted
amides may almost equally as well be substituted
for dimethyl formamide without sacrificing ad-
vantages of this invention. |

Other variations may also be made in the

'methods of operation while utilizing the principles

of this invention, without departing therefrom

or sacrificing the advantages thereof.

Although I have indicated by Example I that
10% by volume of water in the amide-water solu-
tion is an effective solvent, it should be under-
stood that this is an illustration only and not &
limitation. The selectivity of the substituted
amide-ROH solution is increased as the concen-
tration of the amide is decreased and thus the
solvent’s selectivity may be varied by changing its

composition. Thus, for example, if it is desired:

to vary the selectiveness of my hydroxyl-con-

taining compound-amide solvent, the content of
hydroxyl-containing compound may be consider-

ably _raised or lowered to give solvents containing
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from 99% by volume amide and 1% by volume

of hydroxyl-containing compound to solvents
containing 1% amide and 99% by volume of hy-

droxyl-containing compound.

I claim: | |

1. In a process for separating normally liquid
hydrocarbon mixtures into fractions of different
compositions the step which comprises bringing
the mixtures into contact with a solvent contain-
ing & substituted aliphatic amide of an acid of
from 1 to 4 carbon atoms and a compound repre-

- sented by the formula ROH in which R repre-
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sents & substance from the group; hydrogen, alkyl
and methylol groups, separating the resultant
layer containing the major portion of the solvent
and the major portion of the hydrocarbons, and
separating the hydrocarbons from the solvent.
2. In a process for separating normally liquid
hydrocarbon migtures into fractions of different
compositions the step which comprises bringing

the mixtures into contact with a solvent contain-

Ing a substituted sliphatic amide of an acid of
from 1 to 4 carbon atoms and water, separating
the resultant layer containing the major portion
of the solvent and the major portion of the hy-
drocarbons, and separating the hydrocarbons
Irom the solvent. '

3. In a process for separating normally liquid
hydrocarbon mixtures into fractions of different
compositions the step which comprises bringing
the mixtures into contact with a solvent con-
taining a substituted aliphatic amide of an acid
of from 1 to 4 carbon atoms and methanol, sepa-
rating the resultant layer containing the major
portion of the solvent and the major portion of
the hydrocarbons, and separating the hydrocar-

bons from the solvent.

€. A process for separating mineral oils con-
taining liquid paraffinic and naphthenic hydro-
carbons into fractions which comprises the steps
of bringing the oil into contact with a dimethyl

formamide-water solvent, separating the result-

ant layer containing the major portion of the
solvent and the major portion of the naphthenic
hydrocarbons by decantation from the remainder

.of the oil, and treating both portions of the oil

to remove the solvent from the oil.

d.- A process for separating mineral oils con-
taining liquid parafiinic and naphthenic hydro-
carbons into fractions which comprises the steps

of bringing the oil into contact with a dimethyl

formamide-methanol solvent, separating the re-
sultant layer containing the major portion of the

solvent and the major portion of the naphthenic
hydrocarbons by decantation from the remainder

of the oil, and treating hoth portions of the oil

. to remove the solvent from the oil.

6. A process for separating mineral oils con-

taining liquid paraffinic and naphthenie hydro-
carbons into fractions which comprises the steps

of bringing the oil into contact with a solvert

containing about 90% by volume of dimethyl

formamide and 10% water, Separating the re-

sultant layer containing the major portion of

the solvent and the major portion of the naph-
thenic hydrocarbons by decantation from the re-
mainder of the oil, and treating both portions of
the oil to remove the solvent from the oil.

1. A process for separating petroleum oils con-
taining liquid paraffinic and naphthenic hydro-
carbons into fractions which comprises bringing
the oil into contact with a substituted aliphatic
amide of 1 to 4 carbon atoms and water, heat-
Ing, while agitating, the mixture until complete
solution of the oil and the solvent, cooling the

solution until separation into two layers, one

rich in parafinic and one rich in naphthenic hy-
drocarbons, occurs, separating the two layers by
decantation and removing the solvent from the
oil in the two layers |

8. A process for separating petroleum oils con-
taining liquid paraffinic and naphthenic hydro-
carbons into fractions which comprises bringing
the oil into contact with a substituted aliphatic
amide of 1 to 4 carbon atoms and methanol,
heating, while agitating, the mixture until com-
blete solution of the oil and the solvent, cooling
the solution until separation into two layers, one
rich in paraffinic and one rich in naphthenic
hydrocarbons, occurs, separating the two layers
by decantation and removing the solvent from

the cil in the two layers.

9. A proce=s for separating petroleum oils con-
taining liquid parafiinic and naphthenic hydro-
carbons into fractions which comprises bringing
the oll into contact with a dimethyl formamide-

- water solvent, heating, while agitating, the mix-

ture until complete solution of the oil and the
solvent, cooling the solution until separation into
two layers, one rich in paraffinic and one rich

In naphthenic hydrocarbons, -occurs, separating

the two layers by decantation and removing the

solvent from the oil in the two layvers.

10. A. process for separating petroleum oils
containing liquid parafiinic and naphthenic hy-
drocarbons into fractions which comprises bring-
ing the oil into contact with a dimethyl form-
amide-methanol solvent, heating, while agitat-

Ing, the mixture until complete solution of the
~oll and the solvent, cooling the solution until

separation into two layers, one rich in parafiinic

and one rich in naphthenic hydrocarbons, oc-
curs, separating the two layers by decantation

and removing the solvent from the ofl in the two
layers.

11. A process for separating petroleum ofls
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containing liquid parafiinic and naphthenic hy-

drocarbons into fractions which comprises bring-

ing the oil into contact with a solvent contain-
Ing about 80% by volume dimethyl formamide
and 10% water, heating, while agitating, the mix-
ture until complete solution of the oil and the
solvent, cooling the solution until separation into
two layers, one rich in parafiinic and one rich
in naphthenic hydrocarbons, occurs, separating
the two layers by decantation and removing the
solvent from the oil in the two layers. j

JAMES H. BOYD, Jx.
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