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United States Patent Office

- 2,953,612 ! |
CATALYTIC HYDRCGENATION OF DRIPOLENE

Manford R. Haxton, Texas City, Walker F. Johnston,
Jr.,, La Marque, and Irvin F. Teykl Houston, Tex.,
.assrglmrs to The American Oil Company, Texas City,
Tex., a corporation of Texas

Filed Mar 3, 1958,.Ser. No. 718,577
9 Claims. (Cl.~260—-—683.9)

‘This invention-relates to the catalytic hydregenatlon of
olefinic hydrocarbons. -More- specifically- the- Imvention 1is
concerned with an improved process for - the  catalytic
hydrogenation of dripolene fractions, dripolene: being the
normally l1qU1d mixture of hydrocarbons- obtained as a
byproduct in the hlgh temperature pyrolysm of gaseous
hydrocarbens

It is well known-that the high- temperature pyrolys1s of

gaseous hydrocarbons- to- prepare cthylene results in the
~ by-production of a normally liquid mixture of hydro-
carbons through reactions such-as polymerization, alkyla-
tion, aromatization, dehydrogenation, and the like. The
mixture is commonly termed “dripolene,”
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catalytic: hydrogenation of olefinic hydrecarbene in drlpe-a

- lene fractions which enables the: process to be conducted
for :periods substantially in excéss of - these heretefore

o

obtainable. |

‘In accordance with the object above, we have now dlS-
covered a method of substantially reducing thie formation
of troublesome coke-like deposns Briefly, we have dis-
covered that coke formation is, virtually eliminated if the -

- dripolene fraction and a hydrogen-containing gas stream

10

15

initially contact the platinum-alumina hydr ogenation cata-
lyst at conditions of temperature and pressure such- that
substantially all (i.e. about 80% or more, and preferably

~at least 90% ) of the dripolene remains in the liguid

phase, while mamtamlng a critically low hydrogen sulfide
concentration in the hydrogen-eeutalmng gas stream. By

-means of our discovery it is possible to conduct the hy-

~ drogenation of dripolene in a convenient manner and

20

20

and while it

contains virtually all classes of hydrocarbons it predomi- .

nates in olefinic and aromatic compounds, mainly ben-
zene. As the demand for ethylene for the production of
polyethylene and plastics and-other petrochemicals -rises,
increasingly large supplies of dripolene are becommg
available. Because of its benzene content, dripolene rep-
resents an exceedingly valuable material, and one which
is steadily becoming more obtainable. h
~ Thus far three large-volume usages have developed for

dripolene.

ponents render dripolene a desirable blendmg stock,
Dripolene may be fed to aromatics extraction units for
the recovery of pure benzene. Finally, exceedingly valu-
~ able resins have been made by thermal or catalytic poly-
merization of high boiling dripolene fractions.

Dripolene however contains cyclic diolefins, and these
giv.e rise to problems which have somewhat restricted the
‘quantity of dripolene blended into motor fuels or fed to
aromatics extraction units. Cyclic diolefins tend to .form
gum-like polymers in the presence of air, or upon . heat-
ing and for this reason only relatively small amounts of
dripel’ene ~can be blended into premlu:m ‘motor fuels.

It 1s blended into motor gasolines, where the
high octane numbers of its aromatic and olefinic com-
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“with mterstage heating between the two.

with on-stream times of many weeks or months without
the need for catalyst regeneration. Our system. may be
embodied-in either of two-variations, each of which has
advantages under particular circumstances. In the first
embodiment only one reaction zone is employed, and the |
commingled hydrogen-containinig gas and liquid charge

stock stream contfacts a substantially adiabatic catalyst
zone, and the exothermic heat of hydrogenation serves to

increase the commingled stream temperature as- it passes
through the zone. In this embodiment the amount of
catalyst, expressed as weight hourly space velocity (Welght
of charge stock per unit weight of catalyst' per hour) is
at least effective to hydrogenate olefinic hydrocarbons
withiout the need for application of external heat. In
the second embodiment, two-reaction zones are employed,
In the first -
zone, the dripolene charge stock is substantially in the
liquid:phase when the commingled stream: of charge stock

~ and ‘hydrogen-containing. gas contact the ecatalyst, and
~after partial hydrogenation an 111terstage heater raises
 the temperature between reaction zones in: order to Pro-
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vide a hlgher temperature stream to the second zone
and thus minimize the total amount of: catalyst necessary.
It will be noted that the single-zone embodiment requires
no external heating facilities.

 The amount of hydrogen sulfide that- may be present
In our process is-quite critical, and accordingly we find it
essential to provide to the reaction zone a hydmgen—con-
taining gas stream containing less than 12- grains of hy-
drogen sulfide per 100 standard cubic feet of gas. If for

- example the level of sulfur in the hydrogen—«eentammg :

50

And in aromatics extraction units, it is found that cyclic

diolefins tend to concentraté in the aromatics extract,
thereby complicating the preparatmn of pure aromatic
compounds.’

It has previously been disclosed in: 0il. and Gas Journal,
volume 52, May 11, 1953, page 124, and in- Haensel U.S.
Patent Number 2,799,627 that a 130-360° F.. ASTM
distillation boiling range dripolene fraction may- be treated

in- the presence of a. platmum—aluauna—halegen catalyst 0

at elevated temperatures and pressures and in the pres-
ence of hydrogen gas to selectively hydrogenate monoole-

55

fins and diolefins without simultaneously hydrogenatmg_ .

the aromatic compounds to naphthenes.. However, in
attempting to utilize this process, we have found that an
inordinate amount of a coke-like material forms through-

gas exceeds 12 grains, both :the catalyst actmty and: the
catalyst life diminish rapidly, and. if the level increases. to
as much as 57 grains per 100 s.c.f., the catalyst.becomes
completely deactivated in a matter of minutes. For-
tunately however, the effect of either hydrogen sulfide
gas or mercaptan sulfur in the dripolene feed -on. the

“hydrogenation’ process appears to be temporary with re-

spect to its effect on preduet quality although periods of
high- sulfur do materlally increase the amount ef eol{e

“deposition.

Suitable plaﬁnum—alumma hydrogenatlen eatalyste are

conveniently those. catalysts which - have been found
| emme:atly suitable for use in naphtha hydroforming. proc-

esses. - Generally, these catalysts contain: from- about 0. 01
to about 10% by weight of platinum and may optionally

- from about 0.05 to about 3% by weight of a halogen,

65

out the charge stock preheater system and: throughout the

catalyst bed.

In fact, with this process, after on-stream

times of less than a week a solid- coke-like matrix:forms

~ in the reactors which completely prevents further opera-
‘tions and' necessitates shut-downs: for coke and: catalyst
removal. It is therefore an object of the present inven-

70

tion to provide an ampreved methed ef conductlng the -

preferably chlorine and/or fluorine, on a high surface

area alumina support such as-the alumina described in
Heard Reissue Patent Number 22,196. The catalysts

- may be.in the-form of pills, pellets, extrudates spheres or
the like, and cenventmnally have a size between about
146 to ¥4 in maximum dimension. A. particularly stiit-

able catalyst is one which has been partially deactivated
by continued use in a naphtha hydreformmg process,
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since it appears that catalysts previously used for hydro-
forming are more stable and have less tendency to hy-
drogenate aromatic compounds than fresh platinum-
alumina catalysts. Furthermore, used catalysts exhibit
less tendency to cause wasteful hydrocracking of hydro-
carbons and thus result in higher yields ot recoverable
liquid product. |

The conditions of pressure, temperature, liquid hourly
space velocity and hydrogen-containing gas rate which
are employed in the practice of the present invention are
inter-related such that the commingled feedstock and hy-
drogen-containing gas, as it initially contacts the catalyst
bed, consists of a gas phase and a liquid phase wherein the
liquid phase comprises substantially all of the charge
stock. It is desired that at least 80 mol percent, and pref-
erably at least 90 mol percent of the dripolene charge
contact the catalyst as a liquid. Pressures within the
range of 100 to 1000 p.s.Lg. are desired, with pressures
from 300 to 500 p.s.i.g. preferred from a comercial stand-

point as this latter range favors conditions at which the

hydrogenation reaction occurs rapidly. Within the broad
pressure range the bed inlet temperature may be be-
tween 50 and 200° F., most desirably between 100 and
150° F., typically 115° F. With most dripolene stocks
the temperature rise through an adiabatic bed, for com-
plete olefinic saturation, is on the order of 350-450° F.
and provides an average reactor temperature of about
280-340° IF. This average temperature may be in-
creased by providing more catalyst or may be decreased
by increasing the proportion of hydrogen-containing gas
to charge stock. With respect to the hydrogen-containing
oas, it is desirably employed m a proportion of 500 to

10

~ because of its complexity.
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tarry material condenses out of the gas during the quench-
ing. The gases from the quenching operation are coml-
pressed and cooled and a liquid material which boils be-
tween about 100° and 400° F. condenses out of the gases
during the compressing-cooling step. This liquid is drip-
olene. The amount of tar and dripolene produced is
dependent upon the feed, temperature, contact time and
pressure. The quantity of liquid hydrocarbons produced
in this way is ordinarily about 3% Dby weight of the total
quantity of gas charged to the pyrolysis reactor.

The normally liquid mixtures of hydrocarbons which
is termed dripolene has never been completely analyzed
A typical specimen of total
dripolene was characterized as follows:

TABLE 1

ASTM distillation range, ° F.:
| Initial o e e ———————— 100
109 e e 146
20 e ———————— 162
B0 e e —————— e e e e 178
A e e o 188
50 e e 196
60 o e e 206
IO e e 234
80 e 296
00 o 340
Final — o e 360
Gravity, ° API at 60° F. - 34.7
Bromine number, ¢g. Bro/g oo 104.1
Maleic anhydride value, mg. M.A./E e 79
Index of refraction, np® — e e 1.4830

10,000 standard cubic feet per barrel of charge stock,

preferably from 1000 to 4000 s.c.f./b., e.g. 1500 s.c.f./b.
This gas preferably is composed of at least 70% hydro-
gen and may be derived from a naphtha hydroforming
operation. Although the experimentally observed con-
sumption of hydrogen varies between 600 and about 650
s.c.f./b., it is preferred to maintain a substantially larger
amount in the reaction zone. This may be accomplished
economically by recycling the excess hydrogen. The hy-
drogen-containing gas, if recycled, must be chemically
treated to maintain the critically low hydrogen sulfide
level therein. : o
Dripolene employed as the charging stock in our in-
vention is a portion of the hydrocarbon liquid obtained
by the high temperature pyrolysis of a normally gaseous
hydrocarbon containing at least two carbon atoms in the
molecule, or a mixture of such hydrocarbons. The nor-
mally gaseous hydrocarbon which 1s charged to the high
temperature pyrolysis may be a byproduct refinery gas.
In the preparation of dripolene, a gaseous hydrocarbon
such as ethane, propane, propylene or a mixture of such
hydrocarbons is preheated and passed through an alloy
tube at a high space velocity and a pyrolysis temperature
between about 1200° and 1800° F., preferably between

about 1350° and 1550° F. Low pressures up fo about

100 p.s.i.a. are ordinarily employed in this operation, a
pressure below about 35 p.s.i-a. being satistactory. The
time of exposure to the high temperatures is usually about
0.05 to 5 seconds, contact times of 0.1 to 1 second being
prefered. | |

The pyrolysis produces normally gaseous products con-

taining unsaturated hydrocarbon such as ethylene, nor-

mally liquid hydrocarbons rich in unsaturated hydrocar-
bons including olefins and diolefins of varying boiling
points and structural coniiguration, and various aromatic
hydrocarbons, as well as tar. The unsaturated hydrocar-
bons such as ethylene which are contained in the nor-
mally gaseous product are usually the desired product of
the pyrolysis process. The normally liquid hydrocarbons
and tar which are obtained are considered to be byprod-

ucts of the pyrolysis operation. High temperature pyro-

lysis products are rapidly cooled, usually by quenching
with water to a temperature of about 400° . A viscous
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A typical example of dripolene was !analyzed'by conven-
tional techniques and was found to contain the following
compounds in the amounts specified:

TAB_LE 1T
Analysis, volume—percent:

Propane and propylene .o
TSODULANE — e e e 0.1
Isobutylene oo e e 0.8
LB N e e —————— —— e 0.5
) I eI e e e et e e e 0.6
N-butane — e 0.4
ButadieNe o o e e 3.9
PentadieNeS — e e — e e 7.7
Pentylenes - 6.3
Other Cﬁ _______________________________ 04
BONZEME o o e e e e 34.2
Toluene — e e e 1.8
XYIENES e e e e e 1
StYTEeNe - e — 3
Dicyclopentadiene —— - 5
COMREL e e — — 29.6

Our invention is particularly concerned with the frac-
tion of dripolene boiling within the range of about 100
375° F., although it is not essential that the dripolene
boil entirely within the range or that all of the dripolene
fraction boil within the range. Our charging stock is
obtained as an overhead or heartcut in the distillation of
total dripolene to obtain about 70 to 90% of charge frac-

" tion, while the bottoms may be used to prepare resins by
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processes well known to the art.

To more fully describe the process of our invention and
to illustrate the two embodiments thereof, attention is di-
rected to the attached flowsheet showing a hydrogenation
unit designed and adapted to produce from dripolene
either an aromatic concentrate or a high octane. motor
fuel blending stock by either embodiment. |

Dripolene liquid is withdrawn from external storage
tanks and conducted through line 1 to fractionator 2
which - is provided with corrosion resistant distillation

trays or perforated pans, wherein an overhead dripolene
charge stock fraction comprising about 80% of .the total



dripolene is separated by distillation from about.20%: of

high boeiling bottoms, which: latter is: sent via. line 3. to
the: resins plant, not shown. -The total dripolene fed to
fractionator 2 has an analysis-approximating the typical
~dripolene described previously.. .The 80% fractionator

2 overhead which is taken through hne 4 has the fellow—

ing COHIPOSIHOH

25
0.2

]2#¥5$é$12

after more than one year’s.use in a regénerative naphtha
hydroforming unit and has-an activity for hydroforming of

suhsta.ntlally less. than that of fresh Ultraforming. cata-

lyst but is. very. nearly as active for hydrogenation. as

is fresh- ea,talyst ‘The. catalyst in Reaction Zone. I, 1.€,
chamber 11, is in the form of. pellets havmg an. average

- length and dlameter approximating 18’ and- is. disposed

4 10

15

so- as. to- permit downflow passage of the: commingled
stream. A weight hourly -space velocity of 2 is em-
ployed. In passage through Reaction Zone.I the dripo-
lene plus hydrogen stream temperature is increased to
625° F., which provides an average reaction temperature
of 370° F. 1In this zone, 625 standard cubic feet per
barrel: of hydrogen is. consumed by olefin hydrogenation,

a-quantity which compares closely with the theoretical .

hydrogen consumption based on the observed experi-
mental heat of reaction, 280- B.t.u./Ib. The: quantity- of

~catalyst in . Reaction Zone I is that -which provides -a

- weight: hourly -space velocity of 2.0, i.e. 2.0 pounds of

dripolene charged per hour for each. pound of catalyst in

 Zone-1. The hydrogenated stream leaving chamber 1

30

- TABLE ’IH’

Charge analysis: | -
‘Gravity, ° AP e 32.4
RVP, p.s.i.a. ._........_;.____..__._-_____________' 6.8

ASTM d1stlllat10=n B ' | IR
IBP o e e e 134
1090 e e 163
3090 o e e 179
50% T T T T S D T T SN A Y Sl Sl ey et v kT P S e 189

O e 202
0 e 280
EBP o 356

| Lrghr hydmcarhon cmaly.s':.s'

Cempenent .' | |
g ._..;._.__...'__..'_._...hqmd vol. percent.._ 0.1
= i dO . 03
AC = im0 0.2

o 2 e do____

. '---}"ZC4 ________ RS « (o SUNRTE § A
o Cydiolefin oo do__ 1.6

- T Cyrdiolefin _____._.r_..__.._.,__.___..._..,_.__._,.__.de____.. 6.6
Cs monoolefin L. ____ do.-~-2 3.1
C5 p&l’ﬂfﬁﬂ _______________________ do__.._. 02

N Cg+ _____________________________ dO...._...._. 7.5
“Benzene' Vel pereent__ 53
Ce. gravity, - APT _____ ... ______ e e 28.0

per million sulfur-and 29 parts per million organic-chior-

ides, and has a-bromine number of 48 (indicative of total

olefins) and a maleic anhydride value (MAV, represent-
ing- conjugated diolefins) of 47 msg./g.

The bottoms

40

withdrawn through line 3 has an  ASTM distillation boil-
mg--range- between about 200 and--400° - F., preferahly |

:hetween about 230 and:375° F.

- The ~dripolene charge is cendncted throngh line 4, o

cooler 5, :and line-6. to-charge. pump 7, -‘whichmay be:a
multistage centrifugal pump adapted-to. pump the dripo-
lene charge to the reactor.system. eperatlng at-a. pressure
of 325 pounds. per square’ mchi gage.

“The cooler 5 out-

4D

let tempevature is-about 80° F. The- charge.-stock. fr-em |

pump 7 is sent through lineg 8 to juncture 9, where:it. is

o0

et by-a stream of recycle -hydrogen-containing gas’ from -

Tline 10 in the amount of 1350 standand cubic feet- of
The

‘total hydre gen-containing gas per barrel of -charge.
:gas has a composition of approximately 80% hydrogen
‘with the balance consisting primarily of methane,. ethane,
and some_propane.and propylene together with less than
“the critical-limit-of 12 grains- of - HyS-per - 100--standard
cubic feet of total gas. Ii is highly preferred that: this

55 .

27. "Valves 14 and 22 are closed, thus blanking off
“ 18 and reactor’ 20-which are not used. |

passes threugh line 12, line .15, valve .16, line 17, and
line-24 to-cooler 25, and- then through: line 26: to- receiver
heater

As an-alternate embodiment to the use of a smgle
Reaction Zone I, a modification may be employed wherein:
the: necessary: quantity of catalyst can be: reduced  sub-
stantmlly In this second embodiment, the catalyst is
loaded in-adiabatic Reaction Zone I to: prewde a weight

hourly space Veleerty of frem say 4 to 20 (less than: half-

- the loading as in: the previous emhedlment), and: .the

product stream leaving chamber 11 through:line 12, in-

_ap Stead of: passing"through: by-pass line 15, a valve 16: and

" The 80% dripolene charge fraction eontains 70 p-arts .

linec 17, passes through: heater 18 and a second: adiabatic
reaction -zone, :Reaction Zone II. This latter zone is

-represented: symbolically by chamber 20 which also: nmay

be a plurality of serially or parallel-connected reaction
chambers. "Reaction Zeme IT also has a: catalyst loading
to: provide  a” weight hourly: space velocity of from 4 to
20, but.not necessarily the: same-loading as in: Zone T,
In:this: two-zone embediment, only a fraction of the
olefin hydrogenation is completed in Reaction Zone. I,
and as a consequence: the: partially hydrogenated: stream
is-reheated: by heater 18- after passage through line 12,

valve: 14, and: line: 13, to- a temperature: within the: range
of :about 200 to 50690° F Thereafter, it is passed. through
line 19 to Reaction Zone IT and thence via. line 21, valve
22, line 23, and line 24 to .cooler 25 and receiver 27.

For this operation, valve 16 is closed. Thus, by providing
a.-higher - temperature. in- Reaction.. Zone II and conse:
quently a. more rapid reaction. rate, olefin: hydrogenation
proceeds more rapidly with a consequently reduced cata-
lyst requirement while still retaining the benefits of the
invention i hiaving liquid phase hydrogenation eecnrrmg’ |

in Redction Zone I "Thus, the coke depontton of prior

. art processes’ is ‘suhstannally reduced by~ the elimination

-gas contain; if-possible; Iess than-3-grains-per- 100 cubic

feet of HQS The temperature: of. the. commingled liquid

60

-and--gas- stream: is 115° F.,-and. at. this- temperature..the

,cnmmmngled streamy passes into-reaction as employed, and

8. shown:-symbolically as -a single bed or' chamber 11,
although: it ‘may - comprise ‘a :plurality - of :serially .or
-parallel-connected reaction: chambers. At these epenatlnﬂ

-conditions,. 94- mol percent of  the. dripolene s in the

liquid: phase: when: the- cenammgled strearn 1n1tlally con-
tacts: thezcatalyst. S .

In the first embodiment; a smgle reaetlen zene,i reaetlen' '
70

zone- . X, operates . essentlally adiabatically, that 'is- the
commingled dripolene eha:rge and:: hydre gen-containing
:gas stream are permitted to increase in temperature by
the: exothermic: heat of moneolefin and: diolefin. hydro-
-genation en. passage through- the. catalyst- bed. TEhe cata-

65

~of .prebeaters dand by eemmenemg hydrogenation whﬂe

most of the dr1pelene charge is in the liguid phase.

In either alternative, the hydrogenated product stream
comprising partially hydrogenated dripolene in vapor
form together with - excess hydrogen-containing gas is

cooled 1n cooler 25 wherein the hydrogenated dripolene -

fraction condenses as a liquid which is. sent, along with
the noncondensible hydregen»eontannn«:Ir gas, t0 receiver
27. At receiver 27, the hydrogen-containing gas is sepa—-
rated and withdrawn through line 28 and conducted. via

line 31 to amine scrubber 32, where a descending. stream

of dlethanelamlne or other agent effective to absorb -

"~ H,S is employed to remove ‘hydrogen sulfide gas formed

lyst. employed is- spent. Ultrafernnng catalyst ehta:med 7 5

in: the dripolene charge
line 34 and heated in a stripper, not shown, for the pur-—

by the destructive hydregenatlon of sulfur compounds
The amine is withdrawm from

pose of releasmg absorbed hydrogen sulﬁde
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~ Since hydrogenation results in a net consumption of
hydrogen on the order of 600-650 standard cubic feet
per barrel, it is necessary to replenish this by the addi-
tion of hydrogen from an external source, conveniently a
naphtha hydroforming unit. Depending upon the pres-
sure and hydrogen sulfide concentration of the hydro-
former hydrogen-containing gas, it may be added at
either valved line 30, valved line 40 or valved line 42.
Briefly, if the hydroformer gas is relatively high in hy-
drogen sulfide, irrespective of its pressure, it is com-
ducted into the system through valved line 31 where it
can pass into the amine scrubber 32 for hydrogen sulfide
removal. However, where the hydroformer gas is rela-

10

tively low in hydrogen sulfide, it may be added to the

system either through valved line 46 if at low pressure
or valved line 42 if at high. The composition of hydro-
former gas varies with the operation of the hydroformer
and may range for example from 70-95% hydrogen, the
balance being saturated light hydrocarbons such as meth-
ane, ethane and propane. If this gas is of a purity below
about 80% it may be desirable to vent a portion of the
pas from receiver 27 through valved vent line 54 s0 as
to prevent a build-up of noncondensible methane, ethane
and propane within the recycle gas system. ‘Where large
quantities of hydroformer gas are available, the present

recycle gas system may be eliminated in favor of a once-

through hydrogen flow.
After treatment in amine scrubber 32, the essentially

hydrogen-sulfide-free hydrogen-containing gas (1.e. con-

taining less than 12 grains of H,S per 100 standard cubic
feet) is conducted via line 35 to water scrubber 36 where
a descending stream of water from line 37 scrubs en-
trained or vaporized amine from the gas. The rich water
stream is withdrawn through line 38 and is concentrated
for amine recovery in a distillation column, not shown.
If desired, water vapor removal facilities such as a glycol
scrubbing tower or a silica gel or alumina drier may fol-
low water scrubber 36 in line 39.

The treated gas passes from water scrubber 36 through
line 39 to the suction of recycle gas compressor 41.
Compressor 41 recycles the gas through lines 43, 44 and

10 back to the juncture 9 with dripolene charge line 8

and thence to Reaction Zone 1.

15

20

25

30

35

40

Returning now to receiver 27, hydrogenated dripolene

as a liquid condensate passes through line 29 to stabilizer
45. The unstabilized hydrogenated dripolene, obtained
from hydrogenation in a single Reaction Zone I, has the
following analysis:

TABLE 1V
Gravity, APl e 34.4
Reid vapor pressure, P.Sd. —ceeccemm—cmmmme - 6.0
ASTM distillation, ° F.: -
IBP o ———— 126
10% e e 162
21 17 R —— 178
5000 o e e e 188
TOT e e i 202
000 e e —— e e o e 256
FBP oo e 412
F-1 octane, clear (research) e 100.2
F-2 octane, clear (MoOtOr) — oo 88.5
Cs+ gravity, APl 33.0
_Cﬁ-ﬂ- gTaVity, APl e 30.1

Light hydrocarbon analysis

Component: -
1 OF (. Liquid volume percent__. (.1
HC4 ______________________________ do___. 2.3 |
I s e e e do_._.. 1.4
IHC5 et e e e e i e do_—__ 4.8
Cs+ S dO_-_..:._' 01.4
Bromine NO., CZ./8 cocmmme oo mmrm e D
MAV, Mmg./8 - m e 02

45

b0

b5

60

6o

" The prodlict --yiel_ds By catalytic hydrogenatfon are set
forth below. The increase in volume and in weight per-
cent recoveries is primarily due to an increase in volume

and weight produced by the h}'fdrogenation.

TABLE V
Product Yields. t Yields, Wt. | Yields, Vol.
Percent Percent

C o e —— . ————————m e — e 0.2 | -
C o e e ————————m e T T
e e e ———————mmmm———m e o 7 A ——
3 e ——————————————— e — = 0.1 0.2
28 e e e e — e m e ——————————— 1.9 2.8
T e e e e ———————— o —mm 1.3 1.9
T o e mm—— e m e m e mmmm————amm——————— - 3.7 50
8] USRI T S 03.7 92.1
P ota] . e mm——— e —————————= -101. 1 102.0
BeNzZene . e mm e ——mmm——————————— 2> T PO
Unstabilized Product. - - o cc e cemeee e 101, 4 [

1 Yields are based on dripolene overhead charged.

In stabilizer 45, the fraction boiling from the initial
boiling point to 140° F. is taken overhead through line
46 while the stabilized product is withdrawn as a bottoms
through line 47 and conducted to splitter 48 where it 1S
rerun. to distill a 140-190° F. aromatics concentrate as
an overhead and a 190° F.-E.P. fraction as a bottoms.
The respective properties of the IBP-140° F. fraction
from line 46, the 140-190° F. fraction from line 49, and
the 190° F.-E.P. fraction from line 50 are set forth
below. - |

TABLE VI

Properties of hydrogenated dripolene overhead fractions
1BP-140° F. | 140-190° F. |190° F'. plus

Fraction Fraction Fraction
Welght Percent of Charge. ... 0.6 | 61.8:ca- 28. 6

Composition of Fraction: ~
 Total Cs Olefins. oo 2. S (OSSN N -
. NCs e 8.5 oo e -
Cy OlefinsS. v e 19.7 oo e mm e m e ma
1 L O] S 14, 7 b cec e s — e
: 11 L S 5% e 2 BRI [ U
Bromine NO- o e mmemreemee 26.8 | 1.9 cucane. b, 2
MAV - e e 0.6 1 0.5 - 1.5
Benz%ne In Fraction, Vol. Per- |ocacamacavan 80,6 e ——————— -

cent. |
Aromatics, Vol. Percent_ v |ommmmmmroceaf e vmmmm e 78.2
Olefins, Vol. Percent oo o e b.8
Saturates, Vol. Percent.._.____ Y AU poe [ 16.0
Corrosion, ASTM Copper Strip. joacoiccwumena- OK v e
Doctor . e | ——— OK ool
HoS. .- e e eae | —————— ASSCS e e -
ROH & e cvrem e e e ———— 0.0001 | emm e -
SO e —— = | o — e ——— PASSESacc e e
ATt Y o e m e o m e nil_ e
Thiophene Sulfur. .o 6 P.P.Me | eccaamms
Tet SUHUT o oo ecmmmmem  c e ————— 30Ty o 2 1 « HOUUONY I -
Research Octane, Clear .o focommmmeseame [ mmm e n o 08.5
Research Octane, +1.0ce. TEL | femimcanmas 101.6
Research Qctane, +3.0cc. TEL: | e mem 104.3
RVP, DS e s e e 0.6
Gravity, AP et mae e I D 28. 2
ASTM Distillation:

TR P e e e —eeveeen | m e m = [ — - —_——— 230
109 et mmm e m | mm e mmm e — e e 242
B0 e[ m e mmm e | m et e 254
B0« e mmm e e | mrmm e m = [ e e e 270
00 e e m i | e mm———————— e ———— 306
00T e e m e omm e m | ra e mmmm e m e m = [ e —— 380
FB P - o e | e m e m [ cen mm—————— 410

Tt may be noted from the above that the 140-190° F.
aromatics-rich fraction contains 90.6 volume percent
benzene, is non-corrosive under the ASTM copper strip
test, and has sulfur contents which are entirely satisfac-
tory for all commercial purposes. However it does con-

tain a trace of olefinic and diolefinic material as indicated

by the 1.9 bromine number and the 0.5 maleic anhydride
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pose of poly

value, and therefore prior to extraction to remove a 100%

pure benzene fraction it is desirable to pass the 140-190"

F. fraction from line 49 through heater 51, line 52, and
clay treater 53 at about 50 p.s.i.g. pressure and at the
boiling point of the fraction at this pressure for the pur-
| rerizing diolefins. Alternatively, sulfuric
acid or maleic anhydride may be used for this treatment.
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After dloleﬁn removal the 140-190* F. fractien is: passed
through line 54'and conducted: to: an- aromatics. extraction
unit-employing known: selective:solvents:such as diethyl-
ene - glycol-water, ‘diethylene glycol-triethylene. . glycol-
water; phenol,- sulfur ‘dioxide, or: Peurex or -a silica . gel
chrematographlc adsorbent.. -

10

" Frony the: discussiom and the: exaniples abeve 1t is evi-

| dent that our process is::an extremely valuable improve-

Returmng to- stabilizer - 45, the IBP 140“ F fractmn :

contammg almost:90% pentanes: and: pentenes: is- highly
useful as a gasoline blending component to provide front
end volatdify properties. .  Simiilarly, the 190° F.-E.P.
fraction taken.as. a.bottoms. thmugh line 50 splitter 48 is
composed of about 78% aromatics, largely boiling within
the: toluene .and..xylene. nange,-:e.nd,.:asi::sﬁe-wn has .an ex-
ceedingly valuable. high. octane: rating, making it .a.desir-
able. blejldihg' component for.motor: fuels. Its.research

octane.clear is 98.5,.and.with 3: ces.oof: tetraethyﬂead per

gallen 1s 104.3...
. Thus. it 1s: emdenLthai our. pmcess: is: emmenﬂy smtahle

for hydrogenating olefinic hydrocarbons in a low boiling
dripolene fraction. Of particular interest is the fact that

benzene comprises 53 volume percent of the dripolene
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charged to Reaction Zone I, and also is 53 volume per-

cent of the total liquid product obtained at receiver 27.

This indicates that substantially none of the benzene is

hydrogenated under our reaction conditions, although
about 90% or more of the monoolefins and the diolefins

20

are saturated. The above run was conducted for a total -
of 280 hours and during this time the maleic anhydride

value of the total product remained below 2 while the
bromine number remained below 14.

While there exists a very important limit with respect
to the maximum tolerable hydrogen sulfide level in the
hydrogen-containing gas, it has been found that organic
sulfur compounds in the dripolene charge have a far

lesser effect on the process and do not lead to coke forma-

tion. For example, when the normal 70 p.p.m. sulfur
content of dripolene was increased four hundred fold by
the addition of butyl mercaptan, the product maleic an-
~ hydride value remained unchanged. However at the
same time the product bromine number increased from
4 to 16. When butyl mercaptan addition was discon-
- tinued the bromine number returned to 4. These indi-

o0
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ment in the catalytic: iydrogenation of olefinic. hydrocar-
bons:in dsipolene: fractions. By empleying:our invention
and ‘contacting the . dripalene: with: a - platinum=alumina

- catalyst in: the: presence:of low: HsS content’ hydrogen £as
while the. dmpolene isiinitially: eubstantlally entirely in: the

liguid: phase;: it. is. possible. to-minimize or:reduce almost

~entirely: the .quantity:.of: coke: fermation: heretofore. expe-

rienced under the:- prer.art processes. - Our discovery
may :be.used. either:in the: form of -a. single adiabatic

reactiorn: zone:employing a.low: space: velocity -0r-may have

two.. or .more - adiabatic. - zones - with: 111terstage heating

whereby: substantial: economies :are ae]:ueved in res;_:_lect te-

the: necessary: quantity:.of-catalyst.. S
-Having described the: invention, we clalm | .
1. In a process for the catalytle selective hydregenatlen |

of: - olefinic : hydrocarbons; .in:-a. low-boiling: fraction: of

- dripolene, said dripolene belng the normally liguid mix-

ture of hydrocarbons obtained in the pyrolysis of normally
gaseous hydrocarbons having at least two carbon atoms

- in the molecule at a temperature between about 1200

and 1800° F. and a contact time between about 0.05 and
5 seconds, the improved method of operation -whereby
conversion of olefins to coke is substantially reduced
which comprises commingling said dripolene fraction with
a hydrogen containing gas, said hydrogen containing gas
having less than 12 grains of hydrogen sulfide per 100
standard cubic feet, and passing said commingled drip-
olene fraction and hydrogen-containing gas stream, while
said dripolene fraction is initially substantially in the
liquid. phase .and at a temperature between 100 and 150°
F., into at least one fixed substantially-adiabatic bed of
platinum-alumina hydrogenation catalyst, whereby mono-
olefins and diolefins in said dripolene fraction are hydro-

‘genated and wherein said stream temperature is increased

by the exothermic heat of hydrogenation to vaporize said
dripolene fraction,
2. Process of claim 1 wherein said hydrogen-containing

- gas stream is employed in a proportion of between about

500 and 10,000 standard cubic feet per barrel of dripolene

cate that organic sulfur does not affect hydrogenation of

diolefins but does alter the catalyst’s activity for mono-
‘olefin hydrogenation. Thus when it is desired to employ

the total hydrogenated dripolene as a motor fuel blend-
stock, organic sulfur compounds can be added to the
charge for the purpose of retaining high-octane mono-
olefin in the product while selectively hydregenatlng
polymer-forming diolefins. -

Where, however, the dripolene charge contains exces-
sive sulfur, or when it is desired to produce a very high
purity product, mercaptan removal facilities may be in-
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fraction, and the total bed inlet pressure is within the
range ef 100 to 1000 p.s.i.g.

3. Process of claim 1 wherein the hydrogen—centalmng
gas stream is employed within a proportion of between
about 1000 and 4000 standard cubic feet per barrel of
dripolene fraction, and the total bed mlet pressure is

- within the range of 300 to 500 p.s.i.g.
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stalled. Sodinm or potassium hydroxide, caustic-metha-

nol or similar extraction facilities, placed preferably be-
fore fractionator 2 can remove any dissolved hydrogen
sulfide and most of the lower molecular weight mercap-

tans before the charge is hydrogenated. In addition, and

more for the purpose of eliminating corrosion in product
stabilizer 45 and splitter 48, hydrogen sulfide may be ex-
tracted from the unstablhzed dripolene passing through
line 29 by suitable basic materials, of which mention may
be made of sodium or potassium hydroxide, mono-
- ethanolamine-water,
dium carbonate.
Numerous other modifications may be made to the two
principal embodiments described above, with the obten-
tion of improved or equivalent results.

heated out of the presence of the dripolene, and may be
added to the effluent leaving Reaction Zone I and before

| diethanelamine—water,- or solid so-
85
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4. Process of claim 1 wherein the platinum-alumina
hydrogenatlon catalyst is spent hydroforming catalyst.

5. In a process for the catalytic selective hydrogenation
of. olefinic hydrocarbons in a low-boiling fraction of
dripolene, said dripolene being the normally liquid mix-
ture of hydrocarbons obtained in the pyrolysis of normally
gaseous hydrocarbons having at least two carbon atoms
in the molecule at a temperature between about 1200-

- 1800*% F. and a contact time between about 0.05 and 5

60

For example, a
portion of the hydrogen-containing recycle gas may be

seconds, the improved method of operation whereby con-
version of olefins to coke is substantially reduced which
comprises commingling said dripolene fraction with a

-hydrogen—centammg gas, said gas having less than 12

grams of hydrogen sulfide per 100 standard cubic feet,
passing said commingled dripolene fraction and hydro-
gen—contammg gas while said dripolene fraction is initially

substantially in the liquid phase and at a temperature

between 100 and 150° F. into a first fixed substantiaily-
adiabatic bed of platinum-alumina hydregenatlen catalyst,
wherein monoolefins and diolefins in said dripolene frac-

~ tton are at least partlally hydrogenated and wherein said

70

passage into Reaction Zone II. Thus the low-catalyst

requirements of the two-zone embodiment is achieved
while any possibility of coking up heater 18 because of
residual diolefins is of course obviated entirely.

15

stream temperature is increased by the exothermic heat
of hydrogenation to at least partially vaporize said

dripolene fraction, withdrawing said commingled stream

from the first bed and heating said stream to a tempera-
ture within the range of about 300° F. to about 600° F.,
and passing the heated cemmmgled stream into at Ieast
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one additional fixed substantially-adiabatic bed of plati-

num-alumina hydrogenation catalyst for additional hydro-

genation of monoolefins and diolefins.. |
6. Process of claim 5 wherein the hydrogen-containing
oas stream is employed in a proportion between about
500 and 10,000 standard cubic feet per barrel of dripo-
lene fraction, and the commingled dripolene fraction and
hydrogen-containing gas stream initially contacts the bed
of hydrogenation catalyst at a total bed inlet pressure
within the range of 100 to 1000 p.s.ig. '

7. Process of claim 5 wherein the hydrogen-containing -

- gas stream is employed in a proportion of between about
1000 and 4000 standard cubic feet per.barrel of dripolene
fraction, and the commingled dripolene fraction and
hydrogen-containing gas stream contacts the first bed of

hydrogenation catalyst at a total bed inlet pressure within

the range of 300 to 500 p.s.i.g. -
] ‘8. Process of claim 5 wherein the product stream after

5

10

15

12

the last bed of hydrogenation catalyst is cooled to sepa-
rate a liquid product from a normal gaseous material,
and the liquid product is thereafter fractionally distilled
to.separate a relatively low-boiling fraction. for aromatics
extraction from a  relatively high - boiling - fraction . for
use as a motor fuel component. . - oL

9. Process of claim 5 wherein’the platinum-alumina
hydrogenation catalyst is spent hydroforming catalyst. -
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