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Abstract:
The purpose of this investigation was the evaluation of alumina activated with anhydrous hydrogen
fluoride as an olefin isomerization catalyst.

Heptene, 1-octene, ethylhexene, and 1-pentene were isomerized in a continuous system removing the
product from a continuous fractionating column. Isobutylene and cis-2-butene were passed over the
isomerization catalyst and fractionated batchwise in a vacuum jacketed rectification column.

The products were analyzed by hydrogenating the pentanes, heptenes, and "octenes followed by a
precision rectification of the resulting paraffins* The butene isomers were analyzed by rectification.
Infrared analysis was made of the pentenes and the hydrogenated heptenes and octenes.

The products from the isomerization were fouhd to contain a mixture of several isomers, usually with a
few predominating. The products from the 1-octene and ethylhexene isomerizations were found to be
of essentially the same composition.
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. ABSTRAGT
The purpose of this investigation was the evaluation of alumina
~activated with anhydrous hydrogen fluoride as an olefin isomerization
catalyst.

Ebpteng, l—octeﬁé, ethylhexene, and l-pentene were isomerized in
g'contihuous‘system“removing the'broduct from a continuous fractionating -
columm, ZIsobutylene and cis»Zmputene were passed over the isomerization
catalyst and fractiénated batchwise in a vacuum jacketed rectification
colurin, )

The products were analyzed by‘hydfogenating the pentegés, heptenes,
"aﬁd:pctengs followed by a p?ecision rectification o£ the resulting
paraffins., The butepe isomers were analyzed by rectification. Infpared
analﬁsis Was'madévof the pentenes and the hydrogenated hepitenses and
oqtenese

The prodﬁcts from the isomeriéation wéfe found to contain a
mixture offseveggl_isqmers, usua;;y With a few prgdgmingtingy ‘The

products from the l-octéne and ethylhexene isomerizations were found

to be of essentially the same compositione
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I INTRODUCTION

The purpose of this investiggtion‘was to continﬁe an investigation
started by Luke (5) to evaluate aiumina activated'with anhydrous hydro-
gen fluoride as an isomerization catalyt to convert olefins to their
branched}chain isomers, Iuke investigated the isomerization of hexene-l,
This iﬁvestigation was made on the'isoﬁerization of heptenés, ocfenes,.
pentenss, rand butenes. Essentially the same apparatus and methods were
used in this‘investigétion as were used by Luke,. :Oblad,& Messenger (7}
qarried,oﬁt an investigation on the isomerization of straight chain
olefiﬁ with hydrogen fluoride activated alumina, |

The isomerization of olefins occurs.in either of two ways: a
”shiffing of tﬁe double bond dlong-fhe'darbOn chain'or by chain breaking
as illustrated by Naragon (6)o The ﬁechanisms by which ‘isomeriZation = *
may take piace.areuillustrgféd.by“Egioff,“Hulla? and Komarewsky (5!.
Comparison- of the octane numbérs of the straight chain olefins with those -
.oflthe branched chain type éhqws tﬁat if impfoved octahelnumberAis'
desired it-is desirable to convert the straight chéin olefins found>in‘
olefinic gasolines inte their higher octane number branched ehain
:‘i.'somﬁrs.,.*Berg.9 Sumner, and Montgomery (i) found that tﬁe octane numbér
“of “oTefinie gasolines_ﬁas improved by tréaﬁing at 380-420°C, with »
“alumina‘activéted with anhydrous hydrogen chloride, Mgnyhgf the branched
phain olefin isomers have a lower boiling point and a higher octane
number than the straight chaiﬁ'and other .low.octane -number . isomers (2);

therefore, through the isomerization and fractionation of the low octene
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olefins a proﬁuct of a mucﬁ higher oétgne ﬁumber may be produeed.

The isomerization of thé lower.olefins {butenes, pentenes) has been
gtudied in considerable detail (8}o It was found that the following
catalysts .favored the shifting of the double bond: . zinc chloride, benzene-
sulfbnic aéid and pefchloric acid, pure’phospho?ic acid with or without
diatomacgous earth, bauxite, siiica, titania,_difficultly redicible metal -
oxides, neutral borates, neutral phospha£es, neutral silicaﬁes, aluminum
phosphate -on pumice, and aluminum sulfate, 6 The n~butenes were isomerized
to'i%ébutene'in“presehce”of stgam;using such catalysts as alundnumjsulphate,
Glukhov cldy, "floridin® or phosphoric acid’dried either-on charcosl or
"silicate” related to Chemotte (3)s |

It has been found that the aetion of an isomerization catélyst on
olefins has a tendency to produce craéking.and polymerization; this
ten@gncy.was?ndted.by Lﬁke (5) in ‘his investigation of the isomerization
. of Mexene-1.. Kindschy (4) reported that alumina activated with anhydrous- ‘f
hydrogen fluofide when used as & gatalyst for déa;ky}ating'a;ky“fbeyzenes
‘aeted also as.an. alkylation agent. AlkylétiOn decreased with inqreasg in
temperature while dealkylation increased with increase in,tempgratureo

The olefins which were used in this study Wére chosen becausevof
theip presence in cracked.gasoiines_and_Fischer:Tropsch naphtha, It was
the desired purpose of this invéstigation to £ind the composition of the .
products formed fr;m the isomerization and to notg the change in octane
numbers over the original charges. Favérable opeféting‘conditions were
also to be de%ermined in order to obtain maximun isomeriiation’without

excessive crackinge.
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IT EQUIPMENT, -METHODS AND MATERTALS
Ao quipment
The equipmenﬁ used in‘this investigation consisted of the reaction
system.shown in Figure 1. In addition, the following equipment was. res
guired: potentiometer, a precision rgetificgtion colum, Corad distill-
. igg‘head {constant veflux t&pe), distilibtioﬁ.flasks, two glass sten
thermometers, ngvard triﬁle‘b;am Balanéé, a refractometer, eight auto=
transformers; Parr h&drogenation bomb ?ith héating jacket gnd ;ocke%
powered by an electric motof, a catalytic reaétipn sjstgm.for ?éefde~
‘hydration of heptbanol and ethylhexanol, én Olaérshaw vacuwn jamkéted
rectification column, a dry ice ecooled distilling head, and a flow meter,
The catalytbic reactor consisted of a 24 inch length of three inech
standard mild. steel pipe. This pipe was capped at the\}gWQp»end and
“?itted with a.flanged‘head”for easy removal, The thermgwglls Qqnsistedt
of '1/8=inch standard bipe extending into the catalyst bed. -.The catalyst
bed extended from‘jﬁst below the 5ottom thermowsll to tﬁe top- thermo=
'well, Iron-consbantan thermocouples -were used in conjunction with a
Leeds-énd-NOrthrup potentioﬁster with built in cold junction°
The*réaetor was wrapped with aébéstos tape around which 75 feet of
.Nichrome wire was. placed, Following additional asbesfos winding two
§3'féet Tengths of Nichrome wire were added to supply additional
‘heating. «This Nichrome wire had a resistance of 1.079 ohms per foot,
More asbestos tape was wrapped around the heating wires and then the

reactor was further insulated with a one inch layer of magnesiae.
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The feéd éYstem cdhsistéd of a 1000 cc, grghuaﬁeé separatory funnel
‘attached to a ﬁbrkléwafff typq bédllows pump. Fggd was admitted directly
50 the top of the r;actof thfqugh~l/g—inch;flgxib;é copper"tubing; A
water cooled condenser followed ﬁy an 8 inch test tube aeting as a water
and tar trap was attached to the bottom of the reactor. »Overfléw from
this trap passed into the conti@ﬁous column :through a sidelarﬁ between
the upper -and ldwer sectlon of the column,.

The contimous colum was constructed of three conceﬁfric glass
tubes, The innermost tube was 33 mm insgide diamgfer'and was paeked with
1/8~inch Fenske stainless steel helices, Nichrdﬁe resistance wire was
wrapped areund this inner coluﬁ;no Tie other.two”sectidhs of tub;ng
were placed arouﬁd this inner célumn divi?ing it into two sections.
Calibration of the column indicated the upper éection to calibrate about
30 theoretical plates and the lower section aboﬁt 14 theorétical platééy
Details of the column constructipn.ére shqﬁn in Figure 1. On-the top
of the column was mounbted an adjustable reflux head with a‘cold finger
condenser -as well .as a.wall condenser, The stillpot was of the contin-
uous typewwith é sidg arm.fgr takgoff, the_ove;fféw bgiﬁg=re§ycl§dite“'_
the  feed chamber through .the use of a Merkle~Korff type bellows pump.
‘This stilipot was welded solidly o the lower‘section of the coiumn@
The bottoms rescycle was cooled by passing througﬁ another wateér cooled
condenser, |

Overhead from the cplumn was first passed into a wate¥ cooled

receiver -where the liquid. product-was removed, Any non-condensible
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vapors passing through this reciver were passed through a dry ice trap
and a "Precision™ wet test meterq | |
* The precision rectification cblu@n used to ffactioﬁate*the hydro-~
genated product was a patch column fiéted with a Corad head and packed“
with 48 inches of 1/8-ihch Feqske stéinless_steel helices, This 6olumn
calibrated 30 %ﬁeoréticgl plates.

The P arr hydrogenation bomb was of_gso ce, capacity fitted with a
‘pressure gage which read from 0-10,000 pounds per square- inch, The
'bomb_fitted igto an insulated jacket, with built-in heating coils,:
supported by an electric rpckefo- Andron -constantan fhermocouple fitted -
in the bobttom of the bomb.and led to a.Brown Potentiometer, Heat was
supplied to the jacket through an autobtransformer,

The reactor used to dehydrate the heptanol and ethylhexanol was
Qﬁlsimilar'construction to that used in the isomefizgtion unit except
~that only -two hgating wires of 33 and 75 feet Nichrome wire were used.
'Hina hundred ml, of Harshaw'l/8~inch actiwated alumina pellets were.usedu
as,a:eaﬁalysto The élcohol was introdpcéd %o the reactor fromia 1000
¢e, graduated separatory’ funnel by means of .a bellows pump, A water
condenser was fitted to the bottom of the reactor in oraer to condense
the vapors,. |

The Oldershaw column used With the butenes wasifitted with a dis-
tiliing head conbtaining a mixbture of dry‘ice and isopropaqol in ordgr
to condense. the low-=boiling butene isomers., A 1000 mlg'rOund bottomed
flask was fitted to the bottom of the column. A flow meder was Coﬁstm

‘
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ructed out of 14 1fn. pyrék tubing arranged as a simple manomstgr across a
sﬁall orifice about 1 mm. in diameter. In order to measure flow rateé,
"fhié“manomster was filled with waté; ané'calibrated with isobutylene
passé&‘ﬁhrvugh.éwﬂfrecisiqn" wet test meter connected in series with it. .

"The sdme syséem was uséd for condensing thé brpduct'fﬁom the
.OldershaW'eoluﬁn as was uééd'for conéénging the lié@t vapors which'passéé
through the water receiver in the. head as illusbrateflin Figure 1, The
Iight butene isomers necessitated condensgtion of all products ab
‘bemperatures -which ¢ould not be reached by the use of cold water; there-

fore a dry ice-isoprepancl mixture was required,-
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Bs Methods

1, Preparation of Catalyst:

The reactor was filled with Berl saddlés to a point about 1/8=-inch
below the -bottom thermowell, Fifteen hundred ml. of Harshaw l/B—inch
activated 'dlumina pellé%s werebplaced in‘theffeqctgr over the Berl saddles,
‘The-reactor was then'completeiy,filled_With additional Berl saddles which
acted ‘as a preheat ssction.

The - catalyst was first dried.by heating to 250°¢, and holding that
- temperature for.tﬁo ﬁburso  The reactor was then capped with a calcium
chloride”dryiqg tube'and allowed to.cool .to. room temperature. Anhydrous
pydrogen fluoride was passed through the reactor at room temperature for
an hour, then the reactor was heatea tpv409°co and held there for an
“hour while- the hydrogen fluoride was still passing through. The catalyst
was then purged with nitrogen to sweep out any excess ﬁydrogen fluoride;
‘Du?ing activation any excéss hydrogen fluoride that flowed through the
“~reactor wés bubbled’through kerosene aﬁd out through a blow=-down line.

i

8o .Isomerizdtion:

(a). - Heptene, pentenes and octenes:

The reactor was heated unti; the temperature of the préheat section
(top thermewell) reached“550°C°, then the reactor was purged with nitrogen. -
" By this time, the temperature of the breheat section having reached 375°C.,
the feed line was connected to the reactor and the feed introduced by'“
sﬁarting the pump which was connc;ec.ted,to..thénfee:d.chamber° Two hundred to

three hundred ml. of feed was usupally.kept.in the chamber. The column
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heats, as well as the stillpot heater, were turned on after enough material
had collected in fthe stillpot 10 reach tﬁe side arm 1éading to the recycle
.pumpe The recycle pump was stabted at this time, Thé system then was
allowed to run until material was poﬁdeﬁéiﬁg in tHe head and the colum and
the reactor temperatures Were’cbqstant showing that equilibrium conditioné
.had been reached. Tﬁeftehperathres of thé reactor geherally ranéed about
300°C, dn.the preHeat section and 375°C, in thé’middie and bottom thermos
well, [hese valuesfare'fecorded.in Table I, Thq'columng head, and still~
pot temperatures varied with the charging stock and.are recorded in Table I,
Material balances for the system were detérmined after first 1iﬁingﬁ
out the:sysﬁeﬁ:as»desgribed above. After noting the fe;d level in the “
1000 mi. gradﬁgtea feéd chambér, a weighed amocunt of charge, usually 100
grams, was addgda _At the same time, ﬁhe reading on the gas meter was
~noted and-a new coﬁdenser was inserted in the dry.ice trap. When the feed
lsvel in the graduated separatory returned to the origingl feed level (the
level before the weighed amount of olefin charge was added}, the ?ota;lt
product collected in “the water cogled receiver and the dyy ice trap was
weighed, The density of the gas was estimated at one gram. per litera-~Th¢'
sum of the- weights was then compared with thatﬁoriginally,adﬁedo_ Tpe unit
was kept in continuous operation By merely adding more fged to the chhmbero
To shut down the system; the reactor was purgéd with nitrogen for

_Pifteen minutes, The oily materigl was blown out and cqllecﬁed in«a suction
flask=wq19hmacted.as a receiver, The efflueﬁt'gases were Withdrgwgvtprough

a side arm. on the.receiving bottl%° The reagtdr was thgp capped with a
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calcium chloride drying tube off one end and tee other Wae completely .shut
off from centacﬂ”With’aire
(b)s Buteres:
Since- the butene 1somers are gases at normal teméeratures it was

necessary - to devise a new systgm for feeding and remgying the olefims to
andwfremuggé,peagteri_ The equi?ment availaele made it impossible to
construct a eonpinugHS'eyetemiwitnout-iyeurring‘conside:able 1oss of vapors.
'The'hutene cyliﬁder Wasfcehnéeﬁéd to the ‘flow meter (manometer type) by

'a neoprene tube and thence to the top of the reactor by another neoprene
'tube° The. reactoL was heated and purged in the same manner as for ‘other
olefins, and the teypereture in the preheat section allowed to reach 380°C,
before starting the butene flow, The reactor product was collected in

the round -bottoned flask attached to- the bottom of the svacuum jacketed
eolum, This flask was partially immersed in a bath of dry ice and isoprop-
anol in order to condense the. .produyct. The water conﬂenser preceding .the
stillpot codled the vapers partially in order to prevent exceesive*coqtact”
offhot vapers with the.cold stilipoge The head was'eecled_wﬁthafmixture“"
of dry ice and isoprepanol to prevent escepé of any condegsible vapors
which pessed through the. stillpot.and. up. the.colum, A 6Pfecision"_wet

test meter'was connecte@ to the'bynﬁass line on the condenser to-meaeure

the flow of non=condensible gases., After paseipg about 500 ml. of charge
mthrougﬁ the reactor the system was ¢losed down as before and: the stiilpdt
on the vacuum column sealed off from the reactor a%d the afmiosphere by

stoppering the sidearm through whieh the product entered the stillpot,
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3 Analysis of Product:

The product was hydrogenated in ordér to simplify the identification
of products by disfillatiQns Hy@rogeﬁation decreases the nﬁmber of possible
fsomers but still shows the degééé of'éhain Yranching. | |

Hydrogenatioh of all the isémers except those from the butene isomeri-
zation was-carried out by placing 100 ml. of olefiq product in the 250 cc, -

Parr hydrogenation bomb with 5-10 mls of Universal 0il Products Compeny

hydrogenation.catalyst. The bomb was tpeﬁ pressurized by connecting with

“high pregsure tubing to a hydrogen d¢ylinder at a pressure of 140051800

pounds’ per- square imeh. ‘The valve on the bomb was closed, the tubing

~disconnected and the bomb placed in the rocker and the thermocouple

insértedo The rocker Was'started and heat was applied to ﬁhe bomb Yy means
of the heamting jacket. When the ﬁempérature reached 100°C, (usually re=
quiring #bout 10=15"minutes) the héaj wés tgrned?fo; The temperature
continﬁed to increase %o 150°C due to lag, then the pressure dropped until
constan@‘indicating the reaction .was co:m.plete0 Thé borib. was allowed to
roek until the temperature.aeeﬁeased-to lOOOCa” or lower to insure com-
plete reaction. The bomb was cooléd to room temperature by removing it
from the ‘rocker and heating jacket and placing;it.in cold water, Next;

‘the hydrogen was slowly bled off in a hood by means of the valve on the
bomb and then the head.was removed, The liduid prodﬁeﬁ'in the bomb was

poured out leaving .the eatalyst in.the bomb. Another charge of olefin

was added and .the.process repeated. I} was noted that the pressure

drop for the pentene hydrogenation was about 8/5 of ghe pressure drop for
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the octene hydrogenatidn Whieh agrees with their molecular weight ratio.

The accumulated hjdrogenated product fneﬁ.eaéh ﬁype of isomerizatien
was then weighed and placed in a ‘one 1iter distilldtioﬁ flask with about
100 graﬁs;of chaser. Benzene was used-as chaser for the hydrogenated
pentenes, -and dlethylbenzene was dsed as, chaser for the hydrogenated
heptenes and octenes., The pre01s1on fractlonetion_was ca;ried"put batch~‘
wise, The-colum was run at ‘tdfal roflux ani flooded to wet the pack-
ing, This was done by merely applylng enough heat to the stillpot. After
floodlng» -the heat was reduced. The reflux was set at 30:1 by means of
the "Corad-head and the stopcock on, the head was opened to allow the .
.product t0¢be'withdraﬁno COuts were taken from the overhead the size of-
which depended upon the range of temperature increase during the cut.
When"et a-plateau, the cuts wers large, while ddring a midfraction, the
cabswere small, This was done te’defineithe dieti;letion curve rore
':clegylyo ‘The refractive index of each cut was taked, The results are
plotted in E_‘igufesizae, |

4o .Catalyst.Burn-0ff and-Reactivation:

As'fhe catalyst was used, a deposif of carbonaceous material and
'tarfwasAlaid down upon. its surfaece thus reducing the activity of the
‘catalyet and necessidatinguperiodic burn-offs. The catalyst was burned
off after 15-20 ‘liours use,

Burn-off was acco@plished by paséing air throdgh the reactor whi;e
maintaining the temperature below the sinteripg boint of the cetalyst

. (570°C, ). The air for-burn=offvwas regulated‘by a needle valve as only
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‘a small stream of air could be allowéd to pass over the catdlyst. The oil
and carbon ignited readily aﬁd heated the reactof very rapldly to the
'catalyét sintering poiﬁt unless great caré was taken in the control of the
admission of the air,
It was found that reactivation'of the catalyst with hydrogen'fiueride
was unnecessary during the 300 hours of yse sinée no loss of activity was

noted during this time,

5e Emeparation_QE)Olefins From.Alcq@o%s:

The heptene‘andnathylhe;ene'wgrevpfan:ed from the dehydration of
3=heptanol -and 2-ethylhexanol respectivély. The dehydrati&n reackor
containing the alumina catalyst was first heated to 400°C, and the aleoho}
initroduced at the rate of 15 ml. per mimite, The effluent from the reactor

:WQS“chﬂeﬁsgd"and collectedu’_The.watervwas decanted off qnd the remainder
' eolleéted«ig a. large distillation flask, Tﬁe olefins were sep@xated from
" the remaining water'énd unreacted‘alcohol ﬁy fr;ctiénation in g precision
column., The hepbene cut was ﬁade.between 88 and 90°C. at afpressure of
'640'ymﬁ and the ethylhexene-cut.madé from 113-114°C, at 635 mm. A
“refractﬁvgiindex of 104056'was found for the heptene product and 1.4173

. for.the ethylhexene product. All refractive indices were. taken at 20°C,




Material
One-eighth inch Activated
Alumina Pellets
Anhydious Hydroggn Flgoride
Hydrogenation Catalyst

Hydrogen
2=Heptanol

?entene~l
1-Octene
2-Ethylhexanol
IsobutYlene.

cis-Butene-2

16.

C. Materials

Source

Harshew Chemical Co.

‘Maﬁheson'CQmpany

Universal 0il
Products Company

Air Reduction Co.

Carbids & Carbén
Chemicals Corporation

PhilIipsIPefrdleum
Company

Humphrey Wilkinhson

“Compgny

Carbide & Carbor
Chemicals Corporation

Phillips Petroleum
Company

Matheson Company




17,

III  RESULTS

Heptene Isomerizdtion

This iso@erization'was cérrigd out on the p;o@uct from
the dghydfation of 2-he__pt"aniolo 'Th@ heﬁtene prepareg.in this
manner. had a refractive imdex.of 1.4038, énd a boiling point
of 89 °c. at 640 mnm., . These‘valu§5“in&fcated'the heptene to
be a mixture éf l-heptene annd 2-nepteﬁ¢, The conditions of
the isomérization.ére“shdwn in Table I. In rempving_?he
overiead nr&duct from this isomérization in_fhgﬂcqﬁtinuo@s
column a reflux ratio of 5:1 was used. The composition of
the ovéerhead équld be vafied by changing the reflux ratio
in the head, a more volatile produyct being obtained at a high-
-er reflux ratipo |

Analys1s of the hydrogenated overhead. product from the
heptene 1somerlzatlon was made in a nreblslon rectlflcatlon
column. Figure 2 shows the fractionation eurve of this |
hyvdrogenated product. ~Before.hydrogenation, the olefinic
product had a refractive index of 1.3873, Examination of
" the fractionation curve from the hydrogenated product showed
two distinct plateaus. The largest platesu cnwvered 50 per
cent of the charge by welght ,The.refractlve index for thls

‘plateau ranged from. 1l.3872-1,.3892 and héd a boiling,point of




18.

_about 84 °C. at 630 mm., The smaller plateau cdﬁéred about 10
per cent of the charge; .its refractive iﬁdgx.fanged from
1.3824-1.5830 and hHad a boiling Eoint_of_abbp%,?EGOC, at

630 mm. Infrared énalysis 'by the Analyﬁicél:Gfodp of the
Phillips Petrbleuﬁ'bﬁmpany of.Béqtlesviile; leahdma; showed
the smallef piaﬁeag télbe predominately 2,”4§dimethylpentane;

while the larger plateau had the followiné‘éphpbsition;'

2,B-diméthylpentane 20,1 volume %
B-methylhexane . 5008‘volum§ %
2-me thylhexane 51.2 volume %

Analysis py the infréréd method of the complete hydrogen-
ated chafgg.is'shbwn;in Tablg II. The reséarchlqctane
rymber of the}h#drogenated product was 60.6 as§ compared
with an oqtangnngmhgr of. 0 for nmﬁeptane,:Which would

have been formed‘by ﬁhe hydrogenation of'the heptene prod-

uct ‘had no chain branching ispomerization taken place.

Pentere Isomerization:

The charge used for this isomerfzation.Was l-pentene.
It was necessary to use special cooling and pfecautions with
this isomerizaﬁion in order to save the low boiling pentene
isome;sa As;éoon as the pentene produdt:was"removed from
the continuous column it was placed in a stoppered boﬁ%le
and kept cold in a refrigerator. This isomerization @Fs

divided into two parts, allowing comparison.of overhead and
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bottoms product; In the firsf the product was removed as
overhead from the ¢ontinuous column using-a-refqu ratio
of Qﬁlj'énd in the second, the product was removed from the
boﬁtom of the continuous column While the overhead wasire~
cycled. The reflux ratio used in the heéd while removing
bottoms product_was.about 1l:1. The produqt$ froim theée
isomerizations were separately hydrogenated and analyzed.
The operating_conditipns for the isomerization runs aﬁé
shown.in.Table I. The pentene overhead product had a
refractive index of 1.375 while the refractive iﬁdex of the-
pentgne-bottomé products was .about 1.383. ‘The.hydroéenated
broducts were analyzed by making a precision rectification
of the separate products. The results from these frac-
tiOnations;“aS,shown in Figures 3 and 4; indicated an iso-
structure of about 45% for .the overhead and 35% for the |
bottoms.

The olefinic products from thé.pentene isomer ization
were.aﬁalyzed by Phillips, and the results of this infrared
'analysis'afe,shown in.Tabie ;I, It can be seen théﬁ the
isomerization of 1=pentene produced.a product containing all
possible isomeré,' The_Besearch octane number of the hydro-
genated overhead and bottoms product as reported by Phill%ps
indicated the overhead .product to have an ocﬁane‘ngmber

of 80 and the bottoms product to have an octane number of
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77. Hydrogenation of l-Pentene without isomerization would
produce n-Pentane having an octane number of 61{7. ,Thé
increase in octane number as ﬁhg result of the isoﬁerization
amounted to almost 20 points,

Qcténe Isomerization: .

It was found when isomerizing octenes that cracking
took place easier than with the shorter chain;olefins. A
siight change in the réflux ratip used in the head caused
8 large variation in the temperaiure of the product being
withdrawn as overhead, In this isomerization l-octene
and ethyihexene were used as-the charge materials. The
ethylhéxene‘Was prepared by the gehydrafioﬁ of ngthy1-
hexanol° The  product from this dehydfatiQn had a'boiling
point of .113-114 °C. at 635.mm and a refractive indéx of
“104175. This iqdicated that -the ethylhexene produced,in
this manner was a mixture of the various ethylhexenes., The
temperatures and conditions for %he isomerization of each
of these olefins wére‘held as near'con$tant'as possible as
indicated in Table I in order to compare the isomerization
of the two separate charges. A reflux ratio of 4:1 was
used in the head of the continuous. column., The‘pfoéucﬁs

of the two isomerizations were both removed at a head

temperature of about .96-97 °c. and the refractive index
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of the l-octene product was 1.4033 as oomparqd with 1.4945-
for the‘ethylhexene product. The variation in the refract-
.ive index may be attributed to thé evaporation of tﬁe
ligﬁts in the product Whioh-immediatgiy changes the refract-
ive iﬁdgxo These crgcked pfod@cts‘formed from the octene
isomerization appeared to be in ‘the butene.range as indi-
cated by their rapid eva@oration%h ﬁydfogenation and-pfe-
cision rectification of the octene isomerization-prbducts
were made and their fractionatiqn curves are shown in |
*Figﬁrés 5.and 6. CompariSoﬁ of %these two plots indicate
that the products of Both iSomérizatioﬁs have essentially:
the same composition. The hydrogenated products of both
.isomerizations were sent to Phillips for anélysis; however,
because of the large numbef of‘iso&ers‘and the presence.
of unsaturates it was impossibl§ to make an accurate inf:af
red analysis . The octane numbers determined by the
ASTM method showed the hydrogenated product from the
l-octene isomerization tb have én octane number of 70.4,
and the hydrogenated ethylhexene product had an octane
number of 71.3. These octane ﬁumbers supported the fore-

going observation that the products of both isomerizations

were of esSentiélly the same composition.

Butene Isomerization:

The butene isomerization was carried out batehwise as
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‘it was not feasible to operate a continuous system without in-

curring excessive losses. Isobutylene and cis-2-butene were

used as the charges for the butene isomerization runs. The

rectification of. the products of these isomerizations was

perfdrmed in an Oldérshaw vacuum jacketed c¢olumn, and the

resulting fractionation curves are shown in Figure 7.

' Analysis of these curves indicéted that isomerization had

taken plaoé, but that theiproducts were not of the same com-
positioﬁ, This indicates that the‘ésomerization of:the
butenes is more difficult than with ﬁhe longer chain'dlefins@'
Also;no recycling was used in these isomerizationsvand'there'
was less chance for equilibrium conditions to be reached.

The conditions of these isomerizations are shown in -Table

I.

The producf from the isomerization of cis-2-butene was
analyzed by infrared methods by the Analytical Group of the
Phillips Petroléum Gompahyo' A small amount qf Cz and Cg
was removed by fractionation and the remaining C4 fraction
yielded the folloWing.analysis: Propaﬁe 0.8 Qola%, iso-
butane 1.8%, trans-2-butene 42,7%, l-butene 19.5%, isobu-
tylene 1.7%, n~bﬁtane'0.0%, cis-2-butene 30.0%, Cy and

heavier 4,1%.
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IV ~SUMMARY

'l;‘ Alumina activated:wiﬁh anhjdrou§ hydrogen fluoride
. may be used aé an isome:ation cafaljét iﬁ thé.temperafure.
.:fangé of 360-380 °C. cénﬁé:ting butenés;.péntenes,'heptenes
énd'oeteneé into-é'mixture-qf their straight.énd branched
chain isomerso. A

2°  No one:isoﬁér predominaﬁeS'excluéivély and thei
infrargd aﬁalysis'of.fhé ﬁentenes showed all iéomers‘to be .
present.

3., In thé.octeﬁe isomerization it was shown that fhe
ethylhexene and 1;octene isomerization products were of es-
sentially the same composition.

4, By isomerizing continuously a straight chain
olefin having a low octane numbér? a mixture of isomers

having a higher octané rating can be produced.
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TABLE I

'F.ffateriai Balanoes

bharge: 7 _ Héptens Pentene . :Pentene ZL-Ocisene Ethyl- Isﬁo«f Gigmew

. _ (everhead) (boi;tems) ) “.  Hexene Bubylene Bubens
Charge Weight, gramsz - 100 100 .- 160 _ 500 - 300 330 °  £00
Cherge Volume, ml: . = - 40 154 154 420 420 530 330
| Time of Run, minutes: 48’ 66 - = 22 137 126 3¢ 23
Foed Rale, ml./mimute: 1 15 17 16 16 15.6 15
. Catalyst Volume, 51- 1500 1500 1500 1500 1500 1500 - 1500 .
‘Average Reacﬁscr Temperatures, o, : g _ - _ | _
" Upper (preheat) Section: 290 - 2% - .270 325 320 - 370 3%
-Middle Section: - - 375 . %95 . B350 - 375 375 330 - 380
Lower Se&tlon' S 371 : 378 - - 363 374 871 - 3825 - 320
. Average Colunm Temperaturesa 640 mmi %, ‘ o
Head; 901 - : ‘?é°9 C T BB.6 29.5 - 86, 97,8 | mee R
" Ssction above Feed Plate° 84.0 30,0 33,6 . 108 113" il o
Section below Feed plase- jgz.o 38:5 58.8 = 119 182 . e e
Sbitlpot: - . -.102,2 48,0 36,0 - - 127 . 125 e e
Produet Weight, grams: . , . C : _ .
 Liquid Columm Overhead: 91,0 95,6 96,5  291.4  292.8 e T gt
Liguid Condensed in Trap: - 4.0 T &0 1.8 . 8.1 3,9 T s T e
zion*ennden_sibla Gases: . 0.3 0.2 Qo3 1.0 1.0 Cmm v

Total.ﬁéightvﬁégovegad;~grams: 95,5 97.87 © 98,8 297.5  297.7 o ]_';;-'




TABLE I (Continued)
Heptena FPenmtene Penfens 1-Octene IDthyl~
: {overhead) (bobtioms) Hoxene
Patal Velume Recovered, ml: - 187 150 - - 188 418 418
 Woight Por Cent Recoveryi 95.5%  97.8% 98,6 % 991% 99.2%
i

Volune Por fent Recovery: 97,9 % - 97.0 % 98.5 % 99,5 % 99,5 %

b




“PABLE 11

Liqﬁid Froduct Analysiys

Hoptense fraduct aftor Hydragenaticﬁ:
2”3~Dimﬂthylps§ﬁane
‘ 2,4~Diribthylpentane
Belathylhexans
| el ‘ﬁﬁylh@;{ana '
Pongene (overhead):

gwpothyl-l-Bubons
J=Mothyl=~l~Butens

3-;-P$nténe.
Isvpentans
Bvﬁeﬁhylf»z-}?u%ene
2=Pentene
n-Pontang
Pmﬁtana.(baﬁtomg):

2=lathyl-2-Butens
Z-Pentene -

n+Pentana

€
]
e

by

1343

| £8.6.

20,8

33,4

16.0

=

2.9
21,5

52,1

- 1.8

8347

62,2

4ol

volume %

volume %

vqlmﬁa o

volume %

volums 7

R

voluxﬁa
volume %
vo lume %
volums %

volums %

A

volums

volame

E3Y

volume %

<

r_',\'
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