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This invention-relates to a process for the production
of polymers.. More particularly it relates to a process
for the production of hydrocarbon polymers including
residual polymers, from petroleum.

it is known that cyclopentadiene, by the action of heat,
undergoes  polymerization with formation of the. dimer
and higher polymers and that cyclopentadiene is usually
a constituent of gasoline obtained by the cracking of
naphthas. By the treatment of a Cs cut from. such gaso-
lines, followed by distillation, it is possible to obtain. a
dicyclopentadiene fraction which has applications in dry-
ing oil, paint and varnish manufacture, since, by reaction
with vegetable drying oils, products are. obtained which
are superior to vegetable drying oils alone.

In: has-hitherto been disclosed that by the heat' treat-

nient of a distillation fraction of a steam cracked naphtha,
said fraction containing polymers of cyclopentadiene and
its- homelogues, it is possible to depolymerize said’ poly-
mers' to monomers: ‘
" 'We have found that under conditions of long residence
time at elevated temperatures and’ pressure, some of
the Cy and higher constituents of a distillation fraction
obtained by cracking a petroleum -cut are converted to
valuable resinous polymers.

It is an object of the present invention to provide a
process for the production of new hydrocarbon. polymers,
including resinous polymers.

According to the present invention there is: provided

a process which comprises: subjecting a cracked hydro-
carbon fraction of petroleum origin having.an. initial boil-
ing point of at least 15° C. and a final boiling point not
higher than 200° C., to a heat treatment in the liquid
phase at a temperature in: the range 100°-300° C. and
at a.pressure in the range 50-2000. Ibs./sq. in. gauge for

a period of at least 30 mins. and: thereafter distilling. the:

product to recover: a hydrocarbon. polymer fraction.

Preferably the -cracked hydrocarbon fraction has an
initial boiling point in the range 15-120° C. and in par-
ticular in the range 15-50° C. and a final boiling point in
the range 140 to 200° C.

For ease of separation of distillate polymer as dis-
tinguished from resinous: polymer, as described herein-
after, and in order to obtain maximum recovery. of this
product, it is' preferred that the feedstock fractions,
which boil within the range 15-200° C., have a. boiling
range extending over not miore than 100° C. within this
range.

According to a modification of the process of the pres-
ent invention, said process comprises subjecting a cyclo-
pentadiene-containing cracked hydrocarbon fraction of
petroleum origin. having an initial boiling point in the
range 15 t0:30° C. and a:final boiling point. in the range
50-70° C. to a preliminary heat treatment. at- a- tempera-~
ture in the range 70°~120° C., whereby cyclopentadiene

10

20

25

30

35

40

45

60

55

60

85

" Patented Dec. 24, 1957

2 ‘ .
contained in. the fraction is-converted to its.dimer, there-
after distilling the product to remove said dimer, subject-
ing the cyclopentadiene free: cracked hydrocarbon: frac-
tion. obtained overhead to-a heat treatment at a tempera-
ture above the temperature of said preliminary heat treat-
ment and. a superatmospheric pressure and distilling the
product to recover a hydrocarbon polymer fraction. - Pref-
erably the pressure of the sécond-heat: treatment lies: in
the range: 100 to 2000 Ibs./sq. in. gange. Preferably: the
period of the second. heat treatment is at least 60: mins..

In general a suitable cracking stock is a petroleum: dis-
tillate fractiom, for example, naphtha, gas oil or primary:
flash distillate.. The: preferred feedstock to. the: cracking
is a petroleum: naphtha.. -More particularly it is preferred:
that a naphtha cut. boiling within: the range 90°: to. 250°
C. is subjected to steam cracking. Suitably the naphtha
is cracked at a.cracking coil exit temperature in the range:
600° to 750> C. and at a pressure in the range from at-
mospheric to about 200 1bs./sq. in.

A. particularly. preferred feedstock is a cracked naphtha
fraction: having' an. initial boiling: point in: the range: 35
to 50° C., and a final boiling: point:in the range 140° to:
1707 C. obtained by steam cracking:a:90 to 210° C. naph-
tha- cut at a cracking coil exit temperature of 670 to:
730° C.

The.main heat treatment may be carried out. dat a tem-
perature in the range 100-250° C. or- higher for a. period
of time dependent upon the temperature of the treatment
but usually within the range: 1-12 hours. ' Preferably the
treatment is carried out at a temperature: in the range
150-275° C. and for 3-6 hours. The pressure should be
sufficient to maintain the:feedstock.in the liquid phase at
the temperature employed for the heat treatment and in
general be: at ‘least 50 Ibsi/sq. in. although lower pres-
sure can. sometimes: be used with high boiling fractions:
of the cracked product. The upper limit of pressure is
not generally critical.  However, there is little: advantage
in-using pressures exceeding the bubble point pressure of
the feed at the temperature. of the treatment, '

Preferably the distillation: of the heat treated' cracked’
hydrocarbon: fraction, wherein a resinous polymer frac-
tion is recovered,. is effected. with separate recovery of a
gasoline fraction, a distillate polymer fraction and' a resit
nous polymer fraction,

1t is particularly preferred that the heat treated product
is distilled at atmospheric pressure to remove a gasoline
fraction overhead, and to recover a polymer fraction under
reduced pressure, preferably below 300 mm. Hg, or is dis-
tilled in the presence of steam to recover a distillate poly-
mer fraction overhead and:a fraction containing resinous
polymers as bottoms.

It has been found that by distillation. under reduced.
pressure or in the presence of steam, it is possible to
avoid or reduce deterioration in the color and physical
properties of the resinous polymers.

In general, it is preferred to recover a distillate polymer
fraction which has an:initial boiling point at least 10° C;
above the final boiling point of the cracked hydrocarbom
fraction subjected to heat treatment and a final boiling
point in the range 200-300° C.

Thus; for example, the distillation of the: heat-treated
product may be carried out continuously: or batchwise to
remove:a: stabilized gasoline fraction beiling up' to' 140"
170° C., a distillate polymer fraction boiling in the range
170% to 250° C. and a residue' polymer fraction: boiling
dbove: about 250° C.. (all distillation. temperatures beifig:
reduced to atmospheric pressure) when employing a feed-
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stock of final boiling point in the range 140-170° C.

It is desirable that air or oxygen-containing gases be
excluded during the process and, in particular, during the
heat treatment and distillation stages in order to obtain
products of good color.

The distillate polymer fraction obtained according to

this invention has been found to be suitable material
for use as a component in'a drying oil mixture. Thus
this fraction may be used as a turpentine substitute.
It may also be used as an additive to vegetable drying
oils (for example linseed, tung and tall oils) to improve
their film forming properties, and may be incorporated
into natural or synthetic resins used in the surface coat-
ing industry. Preferably this distillate polymer fraction
has: an initial boiling point in-the-range 130° to 200° C.
and a final boiling. point in the range 200°-300° C.
.. Furthermore, it has been found that the resinous poly-
mers . produced according to this invention are of good
color and will dry to hard films, with or without the
addition of drying agents such as cobalt salts. They
also form hard elastic films when baked on to surfaces
either alone or with the addition of small amounts of
vegetable drying oils or semi-drying oils or other plas-
ticizers. Thus the residual polymers prepared in the
examples described hereinafter gave hard films free from
tack when painted on to steel sheet and baked at 100°—
150° C. for 1-4 hours. '

It is believed that the good qualities of the polymers
which are obtainable by the process of the invention
are attributable to the formation of novel polymer mix-
tures ‘obtained by interpolymerization of constituents of
the wide boiling range feedstock to the heat treatment.

It has also been ascertained that the recovered gaso-
line fraction is much superior to the feedstock, particu-
Tarly in respect of stability and gum forming character-
istics.

- The invention is illustrated but in no way limited by
the following examples.

EXAMPLE 1

. The feedstock treated was a 35°-145° C. fraction of
gasoline prepared- by steam cracking a naphtha frac-
tion from Middle East crude oil, the cracker coil exit
temperature being 1325° F. The fraction was heated
for six hours at a temperature of 150° C. under its own
vapour pressure (250 1bs./sq. in. gauge).  After this
treatment the product was distilled at'9 mm. of mercury
pressure. - Distillation of the residue was continued at
12 mm. of mercury pressure. Bromine numbers quoted
were determined by the Kauffman method. The results
obtained are shown in the following Table 1.

Table 1
‘Wt. percent Refractive
Product of 35-145° | Bromine Index
C. fraction | Number np20
(feed)
Gasoline Fraction (Feed).._... 100 77 1.4520
Qasoline Fraction recovered. 86 70 1. 4503
Distillate Polymer Fractions:
33-44°/9 M e 3.9 50 1. 4786
44‘52:/9 mm 3.8 67 1. 4803
52-80°/12 mm..... 2.1 117 1. 4930
80-85°/12 mm . 0.4 128 1. 4968
Residual polymer.. 3.8 125 | e

The ratio of residual polymer to distillate polymer
increased steadily during the six hours’ heat treatment.
The total amount of residual polymer and distillate poly-
mer also increased during the six hours. The experi-
ment- was repeated with a heat treatment time of 12
hours. It was found that during the second 6 ‘hours’
period there was only a slow increase in the total of
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residual polymer and distillate polymer product formed
and in the ratio of residual polymer to. distillate poly-
mer, using the same cut point between residual polymer
and distillate polymer in the distillation of both products.

EXAMPLE 2

The experiment was repéated using a 40-142° C. cut
of cracked gasoline produced as described in Example 1.
Heating was continued for six hours at a temperature
of 155° C. and the product distilled as- before. The
experiment was repeated with a heat tredatment time
of 12 hours, The results are summarized in Table 2.

“Table 2

. |Wt. percent} Bromine | Refractive
1 offeed | Number Index
(42°-142° C.| (Kaufi- _np¥
T .eut) man)
Feod . e 100 80 1. 4541
After 6 hours heating:
Gasoline fraction. ...._.___._.__ 85 71 1. 4497
38°-50° C./10mm._.___.__.._ ... 4.1 39 1. 4755
50°-€0° C./l10 mm__ 3.0 57 1.4813
60-82° C./10 mm..._ 3.7 114 1. 4920
Residual polymer.. 4.2 135 {o e
After 12 hours heating:
Gasoline fraction. . 83 73 1. 4457
30-57° C./3.6 mm.-. 6.7 43 1.4773
57-80° C./7 mm..... 4.9 93 1, 4873
80-97° C./3.5 mm._.__ 1.4 151 1. 5016
Residual polymer........_._._... 4.0 100 |
EXAMPLE 3
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_ generated were as follows:
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A crude gasoline distillate obtained by steam crack-
ing a naphtha cut from Middle East crude with a cracker
coil exit temperature of 719° C. was heated under autog-
enous pressure in an agitated steel autoclave at 150-.
160° C. for 6 hours. The run was repeated using heart
cuts of the gasoline. The boiling ranges of the feeds
to the thermal treatment and the autogenous pressures

Table 3
“ . ’ . " Pressure.
Boiling Range of Feed to Thermal treatment 1b./sq. in.
. gauge
40-150°-C_. 250
65-145° C. .. ... 200
(15-200° C.) (Crude Gasoline) 180

The products were separately distilled to recover un-
changed gasoline redistilled and under reduced pressure
to separate distillate polymer and residual polymer.

The yields of distillate polymer and residual polymer
obtained are shown in Table 4:

Table 4
" Polymer Distillate Residual Polymer
Boiling
Range of -
feed to Yield, Yield,
Thermal Bolling wt. Bromine wt. Bromine
Treatment Range percent No. percent 0.
of cut of cut
processed processed
40°-150° C..... 44°/9 mm,~ 7.9 92 4.6 60
82°/3,2
mm,
65°-145° C_.... 76°/63 mm.- 5.4 137 4.8 96
S 123°/25
mm,
15°-200° O..... .20 71
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When the crude gasoline was employed as feedstock
to the thermal treatment, a distillate polymer fraction
was not isolated, the components thereof being mainly
recovered with the overhead fraction. However, the
residual polymer obtained from the crude gasoline was
of good quality, comparable with that made from the
40-150° C. cut although of slightly darker color:

EXAMPLE 4

This example illustrates the batchwise operation of the
process on a wide boiling feed, and also shows the effect
of polymerization temperature on the product yields. A
cracked distillate of boiling range 15-200° C. from the
steam cracking of naphtha under substantially the same
conditions as these used in preparing the feedstock of
Example 3 was thermally polymerized under various
conditions. The product was distilled to separate re-
covered gasoline boiling up to 200° C.

The bottoms were redistilled at a pressure of 5-50 mm.
of mercury to recover distillate polymer boiling over the
range 200-300° C. (corrected to 760 mm.). The poly-
merization conditions and product vields are shown in
Table 5. All yields are as weights percent of the cracked
distillate feed.

The yield of residual polymer increased continuously
with rise in polymerization temperature, the yield of dis-
tillate polymer varying relatively little. At polymeriza-
tion temperatures over about 270° C. darker colored resi-
dual polymers were obtained. The product obtained at
300° C. had a distinct color, and the odor of the gaso-
line recovered at this temperature was also inferior.” For
this reason polymerization temperatures below about 275°
C. are preferred, although higher temperatures may be
used in conjunction with shorter residence times, especially
when the color of the residual polymer is not critical,

Table 5
88 93 | 105 | 94 99
150 180 |- 180 | 280 500
156 | 200 | 200 | 250 300
6 6 [ 6 6
Yield, wt, percent..___._.____.__._._ 89.1841{846|79.8} 73.1
Bromine No._.L.._______._ 2.} . 56 57 48 36
Distillate Polymer (200-300° C./760
mm.):
Yield, wt. pereent_ ... ______...____ 831 89| 8.0/ 86 7.8
Résidual Polymer:
Yield, wt. percent....____..__i__._ 261 7.0 6.4 1L6( 19.1
Bromine NO-eooo oo oo 80 83 69 82
EXAMPLE 5

The results obtained by thermal polymerization of a
cracked distillate prepared by steam cracking a primary
flash distillate are shown in Table 6. This cracked dis-
tillate contained much more lower boiling (C5~C;) hy-
drocarbon, and only small quantities of material boiling
over 120° C./760 mm. The products were recovered in
the same way as in Example 4, except that two fractions of
distillate polymer were collected, and the recovered gaso-
line was collected up to 135° C.

The yields of residual polymer in this c¢ase were con-
siderably less than from the naphtha cracking product of
15-200° C. boiling range, the products being very similar
to those obtained from the 40~150° C. cut of the cracked
distillate from naphtha. -
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Table 6
Run NOo o it 118 119 122 123
Steam Oracking (coil exit) Temp. in |
feed production °C...___._..__..... 719 ng |- 732 732
Polymerization Conditions: ]
380 | 1,330 400 1,480
200 250 | 200 250
6 6 6 6
86.6 83.8 83.0 81.0
45 51 58 52
Distillate polymer (135°~200° C.):
Yield, wt. vereent. . .. _.___.. 8.7 9.6 1.1 i1
Bromima N0 .. ..o . ... 154 146 164 163
Distillate Polymer (200~300° C.):
Yield, wt. percent. _ 3.2 3.5 3.7 3.7
Bromine..ooeoeonon 186 186 185 180
Residual Polymer; . ]
Yield, wt, percent.. .. 15 3.1’ 2.2 4.2
Bromine NO. oo i 131 133 | 132 137

The residual polymers produced by distillation to an
end point of 300° C./760 mm. are viscous liquids or semi-
solid resins. Further distillation, preferably under re-
duced pressure to avoid darkening of the resins by ex-
cessive still-bottom temperatures results im the removal
of further volatile products leaving solid resins as resi-
dual products. This is illustrated by the following ex-
ample.

EXAMPLE 6

Residual polymers boiling over 300° C. produced from
stear-cracked naphtha as described in Example 4 were
further distilled under a pressure of about 5 mm. of
mercury. | Solid products were obtained on which soften-
ing points (ring and ball) were determined. The results
are summarized in Table 7.

It appears from these results that somewhat higher
melting resins are obtained at a polymerization tempera-
ture of 200° C. than at 250° C. for the same end point
in the distillation of the residual polymer, although higher
yields are obtained at 250° C.

Table 7

Polymerization Run No_....._. 108 111
Polymerization Temp., °C_____ 200 250
Overhead Temperature in Pro-

duet - Distillation (corre, to )

760 mm.) . Ll 300 | 350 | 400 | 300} 350 400
Softening point of Residual

Resin (Ring aud Ball) °C.__.| 145 | 37.5 | 65.5 15 31 47
Yield of Residual Resin wt. per-

cent on Cracked Distillate....|- 59| 4.7 3.4]11.7]10.3 8.6

EXAMPLE 7

Continuous tests have been carried out in a stainless
steel tubular reactor 15” long and 1.6” internal diameter,
the liquid feed being pumped up flow through this reactor.
‘The products were separated by distillation in the same
way as in the batch tests described above. - Illustrative
results obtained are shown in Table 8, which gives the
product yields and reaction conditions for a number of
these tests. The feed was a cracked distillate obtained by
the steam cracking of naphtha at 719° C., as used in
Examples 3 and 4.

Products made by heat treatment at temperatures in
excess of about 275° C, tended to be darker in color
than products produced at lower temperatures, .and tem-
peratures in the range 200-275° C. are therefore prefer-
able when'it is desired to produce resins of pale color. . .
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Table 8
Run No. 1 3 4 7 8 12 16 18 21
Conditions of Polymerization: B
Temperature, °C . oo e 200 230 | 230 300 280 | 275 250 275 250
Pressure, p.s. 1. g 300 300 | 300 330 | 330 330§ 330 330 300
Residence, hours.. oo .. ocooecaaccaoon Lol 05| 10 1.0} 05} 20| 30! 40 4.0
Product data; |
Recovered Gasoline, 200° C. end point——
Wt. percent on teed 89.85 | 88.7 | 82.75[84.1]83.6183.7 82.2| 842
Bromine No 80 61 61 60 50 62 55 61 °
Distillate Polymer, 200-300°
mm,—
Wt. percent on feed ... ... 9.85 7.35 ] 8.05 6.5 7.6 6.95]8.85 7.05 8.2
Residual Polymer, Over 300° C.
Wt. percent on feed . 2.25 2.813.25 10.75 | 8.35 | 9.45 | 7.45 10.75 7.6
Bromine NO. . ce uucnae 94 106 71 o1 | 101 70 60 61 65

EXAMPLE 8

A naphtha cut from Middle East crude was steam-
cracked with a cracker coil exit temperature of 719° C.,
a crude gasoline boiling over the range 15-200° C. being

pelymer fraction under reduced pressure to recover a
distillate polymer fraction as overhead and said residual
polymer fraction containing resinous polymers as bot-
toms.

. sl fd 20 5. A process as specified in claim 3 in which the heat
obilggist;? Ig ?:t a;:dg;:a;},edd?rtolifttl}l()ils}.;crude gasoline treated prodil.ct is disfilled at atmospheric pressure to re-
by further distillation and subjected to a preliminary heat move a gasolne fraction overheadt apd. to recover a poly-
treatment at 100° C. for 8 hours to dimerize the cyclo- mer frac?mn as bottoms, thereafter distilling said po lymer
pentadiene contained therein. The product was distilled fraction in the presence of steam to recover said distillate
to remove dicyclopentadiene as bottoms, the overhead 25 pplymer fr-ac.tlon oyerhead and said residual polymer frac-
product being subjected to further heat treatment in an 1R containing resinous polymers as bottoms.
agitated steel autoclave at 150-160° C., for 6 hours, the i 6. A process as _spec:lﬁed n clal.m 4in thd} the f“‘{“‘
pressure generated being 290 lbs./sq. in. gauge. The tion copt:cnmng resinous polymers is further distilled while
product was distilled at atmospheric pressure to recover . Mmaintaining the partial pressure of the overhead product
overhead, unchanged gasoline, the bottoms being further 5° below 300 mm. of mercury, with recovery of resinous
distilled under reduced pressure to separate distillate poly- polymers as bottoms.
mer and resinous polymer fractions. The yields obtained 7. A process as specified in claim 3 in which the dis-
are shown in Table 9. tillate polymer fraction has an initial boiling point in the

Table 9
Polymer Distillate Residual Polymer
Boillng Range of feed to Thermal Treat-
ment, °C./760 mm. Yield wt. Yield wt,
Boiling Range percent | Bromine { percent | Bromine
of cut No. of eut No.
processed processed

20-58° C (Cyclopentadiene free) .. .....___... 38;’1/1219l mm.-66°/10 53 228 310 118

We claim: range 130-200° C. and a final boiling point in the range

1. A process for the plOdUCthll of hydrocarbon poly- 200°-300° C.
mers which comprises subjecting a cracked hydrocarbon 8. A process for the production of hydrocarbon poly-
fraction of petroleum origin having an initial boiling mers which comprises subjecting a cracked hydrocarbon
point in the range 15°-120° C. and a final boiling point 50 fraction having an initial boiling point in the range 15°—
in the range of 140°-200° C., to a heat treatment in the 120° C. and a final boiling point in the range 140°-200°
liquid phase at a temperature in the range 150°-300° C. C., and obtained by steam cracking a petroleum naphtha
and at a pressure in the range 50-2000 Ibs./sq. in. gauge fraction boiling in the range 90-250° C., to a heat treat-
for a period of at least 30 mins. and thereafter distilling ment in the liquid phase at a temperature in the range
the product to recover a hydrocarbon polymer fraction. 55 150°-300° C. and at a pressure in the range 50-2000

2. A process as specified in claim 1 in which the cracked Ibs./sq. in. gauge for a period of at least 60 mins, and
hydrocarbon fraction is a cracked naphtha fraction hav- thereafter distilling the product to recover a gasoline frac-
ing an initial boiling point in the range 35° to 50° C, tion, a distillate polymer fraction and a residual polymer
and a final boiling point in the range 140° to 170° C. fraction.
obtained by steam cracking a 90° to 210° naphtha cut at 60 9. A process as specified in claim 12 in which the sec-
a cracking coil exit temperature of 670° to 730° C. ond heat treatment, wherein hydrocarbon polymers are

3. A process for the production of hydrocarbon poly- produced, is carried out at a temperature in the range
mers which comprises subjecting a cracked hydrocarbon 100°-275° C.
fraction of petroleum crigin having an initial boiling point 10. A process as specified in claim 9 in which the sec-
in the range 15°-120° C. and a final boiling point in the 65 ond heat treatment, wherein hydrocarbon polymers are
range 140° C.-200°. C,, to a heat treatment in the liquid produced, is carried out at a pressure in the range 100-
phase at a temperature in the range 150°--300° C. and 2000 Ibs./sq. in. gauge.
at a pressure in the range 50-2000 Ibs./sq. in. gauge for 11. A process as specified in claim 10 in which the heat
a period of at least 30 mins. and thereafter distilling the treatment, wherein hydrocarbon polymers are produced,
product to recover a gasoline fraction, a distillate poly- 70 is carried out for a period of 3-6 hours.
mer fraction and a residual polymer fraction. 12. A process for the production of hydrocarbon poly-
4. A process as specified in claim 3 in which the heat mers which comprises subjecting a cyclopentadiene-con-
treated product is distilled at atmosphéric pressure to taining cracked hydrocarbon fraction of petroleum origin
remove said gasoline fraction as overhead, and to recover having an initial boiling point in the approximate range
o pol_yx_ner fraction as bottoms, thereafter distilling said 756 15° to 30° C. and a final boiling point in the range.50°
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to 70° C. to a preliminary heat treatment at a tempera-

ture in the range 70°-~120° C., whereby cyclopentadiene .

contained in the fraction is converted to its dimer, there-
after distilling the product to remove said dimer, subject-
ing the cyclopentadiene free cracked hydrocarbon frac-
tion obtained overhead to a heat treatment at a tempera-
ture above the temperature of said preliminary heat treat-
ment and at a superatmospheric pressure, and distilling
the product to recover a hydrocarbon polymer fraction.

13. A process for. the production of hydrocarbon poly-
mers which comprises subjecting a cyclopentadiene-con-
taining cracked hydrocarbon fraction of petroleum origin
having an initial boiling point in the approximate range
15° 10 30° C. and a final boiling point in the range 50°
to 70° C. to a preliminary heat treatment at a tempera-
ture in the range 70°-120° C., whereby cyclopentadiene
contained in the fraction is converted to its dimer, there-
after distilling the product to remove said dimer, subject-
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ing the cyclopentadiene free cracked hydrocarbon frac-
tion obtained overhead to a heat treatment for a period
of at least 60 minutes at a temperature above the tempera-
ture of said preliminary heat treatment and at a super-
atmospheric pressure, and distilling the product to re-
cover a gasoline fraction, a distillate polymer fraction
and a residual polymer fraction.

14. A process as specified in claim 13 in which the dis-
tillate polymer fraction has an initial boiling point in the
range 130°~200° C. and a final boiling point in the range
200°-300° C.
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