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Sclective Conversion of Normal Paraffins

We, Essc RESEARCH AND ENGINEERING
Company, a Corporation duly organised
and existing under the laws of the Siate of
Delaware, United States of America, of
Blizabeth, New Jersey, United States of
America, do hereby declars the invention
for which we pray that a patent may be
granted 1o us, and the method by which
it is t0 be performed, to be particularly

10 described in and by the following state-
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The present invention relates to the up-
mrading of hydrocarbon oils, and more
particularly relates to an improved process
for reducing the noumel perafin content of
hydrocarbon oils in which such parafiins
are present in admixture with other hydro-
carbons. The process according to the inven-
tion comprises contacting such oils with a
meiallic aluminosilicate having uniform
pore spaces of about 5 Angstrom uuits
under conditions such rthat normal parsfiing
are continnonsly adsorbed into the aluming-
silicate and continuously converied to
olefins which are recovered with the nop-
adsorbed conmstituents of the ail,

Because of their jow octape value in
gasolines und their adverse effcct upon the
pour point and cloud point of hydrocarbon
oils generally, normal paraffins sre undesir-
able in high octane gasolines, aviation turbo-
jet fuels, kerosenes, heating oils, lubricating
oils and other preminm qualily petroleum
products. Recognition of this fact hag
spurred. efforts to develop processes which
will perinit the removal of normal paraffing
from oiis intended for use ia the many-
facture of swch products. One of the most
promising methods proposed for scparating
normal paraffing from branched chain zod
cyclic compounds developed to date in-
volves the use of adsorbents which are
selective for the normal paraffin molecules,

Price « "t~ __

These adsorbents, geaerally referred to as
melecular sieves, are crysialline metallic 45
alurino-silicates containing a iaree number

of submicroscopic cavities interconnccted
by many smaller pores or chamnels which
are extremely uniform in size. Molecules
having affinity for the alumino-silicate and St
small encugh to eater ihe pores or channels
are readily adsorbed, while those of greater
size or lacking such affinity are rejected.
By employing alumino-silicates having
ucilorm pore spaces of about 5 Angstrom 5%
units in diameter, excellent separations be~
tween normal paraifins and other hydro-
carbops present in hydrocarbon oils can be
made.

The scientific and pateat literaiure con- GO
tains numerous references to the composi-
tion and adsorbing action of metallic
elmmino-silicatcs. In  general thege arc
crystalline zeolites coataining an alkali or
alkaline earth metal, alumminum, siticon and 65
oxygen. They may be either natural or
synthetic in origin and may have uniform
pore spaces generally in the range of from
3 to 15 Angstrom units, depending upoi
their composition and the conditions wnder 70
which they werc formed. As mentioped
above, those having pores of about 5
Angstroms are uscful for separating normal
parafliins from branched chain and cyclic
compounds, Among the natural zeolites 75
having molecular sieve properties may be
meniioncd  analeite, NaAISLO,H0O, "and
chabasite CaAlLSLO6H,. Synthetic zeo-
lites having similar properties have been
describcd  in the chemical and patent 86
literature.

Despite the exccllent selective adsorption
propertics of molecnlar sieves, ceriain
difficulties have been encountered in attempt-
ing to apply them 1o the laree scale removal 8%
of normal paraffin  hydrocarbons from
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branched chain and cyclic hydrocarboms.
In uysing such adsorbents, it is necessary (o
employ a two-step cyclic process, The
normal paraffing must first be selectively
adsorbed upon the molecular sieve. Usually
this is accomplished by contaciing the oil
with the adsorbent ai temperatures in the
range of from 100° to 600°F. and at pres-
sures of from atmosphetic to 100 psic.
Following this adsorption step, the molecular
sieve must next be reactivated by a desorp-
tion sicp before it can be used for adsorp-
tion again. The desorption step is usmally
carried out by steaming the used adsorbent,
evacuating i, or displacing the adsorbed
compountds by means of a gas which is
noi itself adsorbed by the sieve. The capa-
city of molecnlar sieve adsorbents when
used I this manner is very low and there-
fore such cyclic processes arc relatively
cxpensive because of the frequency with
which the sieve mmst be desorbed. The
desorption  methods available ' are only
partially. effective and the selectivity and
capacity of ihe sieve rapidly decline atshait

t
cathoniacesus deposits rapidly build up on
the sucface of the sieve, Regeneration of
the sieve at frequent intervals by heating
it to very high fempcratures or by employ-
ing other regenerative techniques alleviates
thiy latter difficulty to somc exfent but very
frequent regenerafion shortens fhe active life
of the sieve. Becanse of these difficulties,
the cost of effecting separations between
hydrocarbons by means of molecylar sieves
is inordinately high,

The present inveniion provides a new
and improved method for eliminaling
formal paraffing from hydrocarbon oils by
means of molecular sicves which is free
from many of the disadvantages associated
with inoleeular sieve processes employed in
the past. The process differs from prior
processes i thai moleenlar sieves are
employed to effect chemical conversion of
the notmal paraffins upon a selective basis,
rather than merely a mechanical separation,
E has been found that mormal paraffins

ptesent in a hydrocathon oil cam be

sclectively converted to olefins by contact-
ing the oil with a molecular sieve having
pore diameters of abont 5 A under critical
vonditions. Tt is believed that the explana-
tion for this selective conversion phenome-
non lies in the fact that gas phass con-
figurations are pot possible in the pores of
molecnlar sieves. I}E is impossible for =
normal paraffin molecule to rotale in the
5 Angsirom pores of a molecular sievs
cxcept on its longitudinal axis and there-
fore the rotations corresponding o the
three main moments of incriz of the

~ molecule become vibrations 4s the molecule

65

iz occluded in the sieve. This results n «

high loss in enmergy of the molecule over
an extremely short pariod of sime. By pro-
viding the molecule with a suiliciently gigh
Initial energy. it is possible to wuse this
energy loss to effect rupture of bonds in
the molecule and convert the normnal
parafiins into lower molecular weight olefing
before vomnplcte ceclusion takes place. The
olefins are not rewained by ths sieve but
Instead are recovered with the non-adsorbed
isoparaffins and cyelic compoands in the oil.

Regardless of the theoretical explana-
tion for the phenomenon which takes place,
the process of the invention has npmerous
advantages over processes Which have becn
Froposed for thie removal of normal paraffing
rom hydrocarbon oils by means of moleeglar
sieves I the pasi. Since the normal parafiins
which would otherwise be occluded by the
sieve are continuously converted to olefing
which are not refained on the sieve, the
pores of the sieve remain relatively free
of hydrocarbons. No desorption step is
necessaty and the difficuities epcounterad in
desorbing the sieve in prior processes are
thus avaided. Olefins formed in the pro-
<cess can readily be separated from saturated
cotistituenis in the oif and form 2 valuable
by-product. The simplificd procedure and
equipment employed make the process con-
siderably more atiractive from an econcmic
standpoint than processes utilized heretofore.

Molecnlar sieve adsorbents suitabie for
use in the process of the invention are avail-
abic commercially and may be produced in
a number of ways, One snitable process
for preparing such adsorbenis involves the
mixing of sodinm silicate, preferably sodivm
metastlicate, with sodium aluminaie, mder
carefully conirofled conditions. The sodium
silicate employed should be one haviag a
ratio of soda tv silica between 0.8 to 1 and
2 10 1. Water glass and other sodinm
silicate solutions having lower s0da fo silica
ratios do not produce the selective absorbant
crysials unless they are subjected to ex-
tended heai soaking or crystallization
periods, Sodivm aluminate solutions having
a ratio of soda 1o alumina in the range of
from 1 tv 1 to 3 to 1 may be empioved.
High soda to alumina ratios are preferved
and sodinm aluminate solutions having soda
to alumina ratios of about 1.5 to 1 have
been found to be eminently satisfaciory.
The amcunis of the sodivm silicaic and
sodjum aluminate solutions employed should
be such that the ratio of siliea to alumina
in the final mixtore ranges from 0.8 Lo 1 to
3 to | and preferably from lio 1 t0 2 %0 1.

These rcactants are mixed in a manner
to produce a precipitate having a uniform
composition. A preferred method for com-
biniag them is to add the aluminate to
the silicate at ambient teraperatures using
rapid and efficient agitation to produce a
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liomiogeneous mixture. The mixture is then
heaicd to a temperature of from 180° to
215°F. and held at that temperature for
@ period of from 0.5 to 3 hours or longer.
The crystals may be formed at lower
ternperatures but in that case longer renc-
tion periods ure required. At temperatures
above 250°F., a cryslalline composition hay-
ing the requisitc uniform sie pore open-
gs is not obtained, During the erystalliza-
tion siep, the pH of the solution should be
mainizined on the alkaline side, at 12 or
higher.” AL lower pH levels, crystals hav-
ing the desired properties are not as readily
formed.

The crystals prepared as described ahove
have pore diameters of about 4 Angstron
units. To convert these to crystals having
2 Angsfrom pores, it is necessary to employ
& base exchange reaction for the lace-
ment of some of the sedium by calcinm,
magnesium, cobalt, nickel, iron or u simiiar
inetal. Magnesium, cobalt, nickel and iren
have greater cracking activity than does
caleium and therefore it will often be pre-
ferred to employ solutions of these meials
for_replacement purposes.

The base exchange reaction may be
carried out by waler washing the sodinm
almyino-silicate crystals amd adding them
to & solution containing the desired replace-
ment fons. An  aguecus solution of
magnesium chloride of about 20%  con-
centration, for example, may he wvsed for

S preparation of the magnesinm form of the
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5 Angstrom sieve. After a contact time
which may range from 5 minutes to ag hour,
the 5 Angstrom product is filtered from
solulion and washed free of {he eschancs
liguid. 50 to 75% of the sodiom in the
crystals is normally replaced during the
base exchange reaction,

The crystals thus prepared are in a finely
divided statc and are usualfy pelleted with
a suitable binder materia] before they are
calcined in order to activate them, Any of
a number of binder agents used in the
manufacture of catalysts may be employed
for this purpose. A binder consisting of
bentonite, sodium silicate and water, for
example, has been found satisfactory, In
ueing this bindes, the constituents shonld
be mixed so that the product contains from
5 to 10% bentonite, 5 (o 3% sodium
silicate and 75 to 90% of the crystals on
a dry basis and that the total mixiure con-
taills 25 to 35% water. This mixture may
then be extrnded into pelleis or atherwise
shaped and subsequenily dried and calcined,

60 Calcination temperatures of from 700° 1o

65

200°%, or higher are satisfactory.

In carrying out the process of the inven-
tion, (he feed stream is contacted with the
molecnlar sieve adsorbent in vapor phase
at a temperature 6f from 800° io 11BD°F.

At temperatures below 800°F. little con-
version iakes place and therefore femoval
of normal paraffins from the oil iz low. At
temperatures above 1000°F. some thermal
cracking, and above 1100°F. considerable
thermal cracking, of isoparaffinic and cyclic
constituents of the ol {akes place and hence
much of the selectivity of the process dis-
appears. Conlacting temperatures of from
800° o S00°F. arc most effective and a
temperature of about 830°T, s
peeferrad,

The pressures employed in contacting the
oil with the adsorbent may ranges, for
example, from 30 mm. of mercury to 10
almospheres. Geuerally it is preferable to
carry out the contacting step at about
atmospheric pressure, The feed rate em-
ployed may range, for example, from 0,1
to 3 pounds of oil per pound of molecular
sieve per hour, Preferred rates range be-
tween G,1 and 1.0 pounds pound per
hour, Under these conditions, normal
pareffins present in the oil will be selectively
converted to lower boiling olefing which
are 1ot retained upan the sieve and imstead
are discharged with the product oii. These
olelirs may be readily separated from the
ofl and consiitute a valuable by-product of
the process.

The invention in a preferred embodiment
is a process for lowering the pour point
of a middle distillate, boiling between 300°
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and 650°F.. by ireating it in the vapor

phase with a SA alumina-silicate at g
lemperature bstweaen 800° and 900°F. and
at a space velocity of 03 to 1.2 Ib./lb,,
removing any by-product boiling below
300°F. and recondensing the vaporized
rroduct.

Although the olefiny formed by the
selective conversion of normal pataffins in
the process are not retained upon the sieva,
deposits gradually build up on the sieve
surface, probably dee fo polymerization of
the olefins. Sulfur corapounds, water and
othicr contaminating materials present in the
feed may also contribute to the gradoal
accumufation of such deposits. In order to
remmove these deposits and maintain the
activity of the adsorbenmt at a hish level,
the sieve is regenerated at suitable imtervals.
Althongh steam and other regeneration
procedures  heretofore  disclosed may be
employed in this step of the process, it is
normally preferred to regemerate the sieve
by passing a stream of oxygan«contain@ug
gas through the siove Ded at high
tempezaturcs. In the presence of the oxyeen,
the deposits are burned from the surface
of the sieve and the sieve activity is restored.
The quantity of oxygen required for this
burning step is small, sfuce the total amount
of foreign matter on the sieve is small, and
therefore gus streams containing as little as
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% oxygen may be used. It is preferred,

however, to employ air for this purpose.
The air or other gas stream used in fthe
regenerative step may be pireheated to a
temperature of from 300° io R00°F, bafore
contacting it with the sieve. The high
temperature zone formed by combustion of
tie deposits upon the sieve surface proceeds
through the adsorbent mass capidly and
exists al any one spol for only a brcf
instant. It has been found that the sieve
crystals are mot appreciably impaired by
this regenerative treafrieni.

In order io further minimize deposit
formation and rednce the frequency of
regensration, it & often advantageous to
contact the feed stream with a guard bed
of aluming, silica ge! or a similar adsorbent
prior to introdweimg it into the treating
zone. Polar contaminants in the feced are
removed by the gnard bed and hence the
formation of deposits within the ireating
zone is reduced. The guard bed may be
regencrated by burning or other comven-
tional techpigues.

In urder to further reduce deposit forma-

_fion within the treating zone, it is preferred

in carty out the process in the presence of
added hydrogen, nitrogen, carbon dioxide
or u simifar gas having a moiecular diameter
smaller than the pore diameter of the sieve,
The presence of such a gas scrves fo purpe
hydrocarbon fragmenis from the pores of
the raolecular sieve and prevent the reac-
tion of such fragments to [ozin carbon and
polymeric deposits, Hydrogen is particnlarly
preferred for this purpose because it may
also result in saturation of some of the
olefins produced and thus further reduce
deposit formation. The use of hydrogen is
particenlarty effective in thc presence of
metallic zlumino-silicate adsorbents which
have some hydrosenation properties. The
nickel form of 5A molecular sieve, for
example, (ends to ceuse hydrogenation of
the olcfin to a greater degree than doss the
calcium form and therefors deposit forma-
tion is reduced. The gas employed may be
introduced with the feed at a tate such that
its concentration in the reactor ranges from
5 to 95 mole perceit.

The oils adapled for treatment in accord-
ance with the process of the invedtion arc
preferably hydrocarbon oils boiling in the
range between  100° and  750°F. aad
especially between 320° apd 650°F. Such
oils include naphthas, keroscne (hoiling be-
tweer 320° and 555°F.) and middle distil-
Iates and are widely nsed for the produc-
tion of gasolines, Jel fuels, diesel foels,
heating oils and similar products wherein
the conlent of normal paraffins must be
limited to control undesirable effects such
as solidification in storage at low tempera-
tore. The process of the invention is

particularly effective for removing wax and
similar normal paraffinic constituents from
middle distillate potroleum fuels in order to
reduce thelr pour point, clowd point and
haze point, and it is in this area that the
process of the iovention will find widest
applcation.

The process described above is partiou-
larly effective in exfending Lthe fime between
adsorption and desorption when wax-con-
taining feeds are treated. The chemical con-
version of wax by the sieve rather than
its refention within the sieve pores greaily
extends the scope and capacity of such a
bad. Monetheless, after a period on the
adsorptive cycle, the sieve gradually loses
capacity, and thix is reflected by 2 gradual
increase in the pour point of the dewaxed
oil. However, pour poiuts cannot be quickly
dctermined on the oil, and thus their deter-
mination is not a suitable means for con-
wolling the sorplive cycle. Were the wax
sorbed without cracking or thermal conver-
sion, the gradval saturation of the bed
could be readily Iollowed by measuring the
temperature Tise in each section of the bed
as the adsorption front moves through it
However, when selective wax conversion
oceurs, during adsorption, there is no
temperature rise in any section of the sieve
bed.

It is a further featvre of the present
invenfion that the rate of saturation of the
sieve bad under seleciive wax ecracking con-
ditions can rcadily bc followed by measur-
ing the rate of hydrocarbon “make™ gas. It
has Dbeen found thai as the pour point
reduction of the treated oil decreased, the
amount of hydrocarben gas make glso de-
creases. When the gas make ralc has leveled
off, there is likewise mo further reduction
in pour point, i.e the sieve has become
saturated, and the desorplive regeneration
part of ihe cycle now fs employed,

The exact nature and objects of the Inven-
tion may be more readily understood by
refeiring to the following detailed descrip-
tion of a preferred embodiment of the pro-
cess, to the examples set forih hereafler, and
1o the aitached drawings in which:

Fimere 1 depicts a flow diagram of a pre-
ferred embodimenti of the process of the
nvention;

Figure 2 is 2 graphical representation of
data showing the effect of contacting
temperature upon the reduction in pour
point of a gas oil freated in accordance
with the invention: and

Figure 3 is a graphical representation of
data iliustrating the effect of contacting
temperature upon sieve capacity in the treat-
ment of a gas oil in accordance with the
invention;

Figure 4 is a graphical representation of
data relating the powr poini reduction of a
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ireated oil with the rate of Iydrocarbon
make gas production;
Figure 5 is a graphical representaiion of
data illusirating the effect of conlacting time
5 ypon the raie of hydrocarbon make gas
production; and
Figores 6 and 7 are graphical ilinstra-
tons of the data in Examples 10 and 11
relating the gas make rate with sor ion
10 iime of 5 Angstrom molecular sieves igure
6) and hydrogen chioride modified 5
Angstrom sieves (Figure .
Referring now to Figure 1 a hydroearbon
ol contsmning normal parafiins as well as
t5 isu-paraffinic and cyclic compounds, a gas
oil boiling in the range of from 450° to
JO0°F., for example, is introduced through
lime 1 into furnace 2 where it is preheatsd
Lo 2 temperature of about 850°F. The pre-
20 heated feed, now in vapor phase, is passed
" through line 3 and valve 4 into contacting
zone 3. Hydrogen or a similar gas having
4 molecular diameter less than S Angstrom
Uils may be introduced with the vaporized

- 25 feed into zope 5. The contacting zone has

disposed therein a bed of molecular siave
having uniform  pore dismeters of 5
Angstrom units. The contacting zone ma
be filted with suitable jacketing, heat coils

3% or similar means for controlling temperature

within the bed. The feed stream passcs np-
wardly through the adsorbeni bed and m
50 deing, normal paraffing present thercin
are selsctively converted ta lower molecnlar
35 weight olefins. Some light gases are also
formed. The vapor stream after contact with
the adsorbent is removed overhead fram
comtacting zone 5 through line 6 contain-
ing valve 7 and is passed to condenser 8.
40 In the condcnser, hydrocarhons  boiling
above 100°F, are condenmsed and taken off
s a hottoms product theough line 9. Un-
condensed gases are removed overhesd
through line 10. The product oil recovered
45 through line 9 may be further fractionated
o remove constituents boiling below the
fesd boiling point if desired. The averhead
gas siream may be passed to a light ends

plant for scpuration apd Tecovery of the

50 individual gaseous constituents,

The contacting procedure described above
is continued until the concenfration of
normal paraffing in the product stream with-
drawn fhrough fine ¢ reaches un utaceept-

§5 able level, This concentration mgy readijly
he determined by uitraviolet analysis, infra
red analysis, refractive index defermination
or the like. Preferably, the contacting pro-
cedure described above is continued unfl

60 the ratc of light hydrocarbon mas forma-

. tion, as determined by analysis of praduct
stream withdrawn through Yine 10, has be-
come substantially zero or has leveled off
al a vary low rate of about 10 to 50 cc froin,

65 At this point, the sicve has now hecome

saturated with wax and other carbonaceous
deposits, and the desorptive regeneraiion
pari of the cycle follaws.

Introduction of the feed stream is thers-
fore balted and folowing nitresen or other
inert gas, air or other oxygen coptaining
gas is introduced into the bottom of con-
tacting zome 5 through line )1 containing
valve 12. The wgus stream should be prc-
heated 10 a temperature of fromg 500° to
800°F, This may be accomplished in a suit-
able fumace, “mot shown. Under the
temperature conditions prevailing within the
sieve bed, oxyeen in the gas siream com-
bires with the deposits an the sisve surface
and the deposits ‘are bumed off. The cOm-
bustion takes place within a narrow zone
which moves from the bottom of the bed
to the top of the bed. At any insiant the
tetliperature  within the combustion 2one
may range from 1000° to 1500°F. but he-
cause of the short time doring which these
temperatures prevail at any level in the bed,
crystallinity of the sieve is not materially
affected, Gases are removed overhead from
the contacting zone through line 13 coy-
taiming valve 14. Upon compietion of the
regeneraiing step of the process, valves 12
and 14 may be closed and valves 4 and 7
apened to permit teswmption of the contact.

“ing siep. AMhough only one contacting

vessel is shown m Figure 1, it will he
understood that in most cases it will be
advaniageonus to employ two or more vessels
suitably connected in parallel to permit
regeneration of the spent sieve withowr
interruption  of the process. The arrange-
ment of such vessels will be obvions to

_those skilled in the ar,

The process of the invention is further
illusirated by the following examples.
EXAMPLE [

A petrolenm middis distillaie hoiling be-
lween 326°F. and G80°F. was contacted
with 2 calcinm form molecular sieve have
ing uniform pore diameters of § Ansgirorm
units by passing the feed stream downflow
through a fixed bed containing 500 grams
of the sieve, The contacting temperature
was B50°F. and the pressure was about 760
mm. of mereury, The feed rate averaged
1 pound of il per pound of sieve per hour.
This contacting was continusd until about
750 grams of the oil had been passed
through the sieve hed. Ai this point the
operation was discontinued and the product
collacted was analyzed. A similur THN Was
then made in which the feed stream  was
contacted with the sieve at a tempcrature
of 390°F. and at a pressure of 0.2 mm,
of mercury. Again the product recovered
from the contacting zone was collected and
analyzed. Inspections of the fced streain
and the products from these two operalions
are shown in Table I below.
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TABLE I
INSPECTIONS OF FEED AND
PRODUCTS
ASTM D-158 850°F. 390°F.
5 Tistillation Fead Producr Product
LB.P. 324 108 328
549, 369 180 362
10% 385 320 378
20%% 415 - 352 408
10 30% 440 418 430
4595 472 456 456
3044 304 502 488
609% 533 534 520
705 562 560 552
15 B, 592 579 584
90% 623 592 620
959, 642 598 654
I'R.P. 680 652 676
Pour Point, °F. +5 -55% 40
20 Cloud Point, °F. +16 —55% _32
Rl at 20°C. 14630 1.4737*% 14862
Bromine No. 04 17.1 0.5
* 850°F, produet adjusted to 325°F. initial
boiling peint.

25  From the distillation data szt forth in the
above fable it can be seen that an appre-
ciable quantity of Jow boiling material was
formed in the runm carried out at 850°F.,
white essentially none was formed duzing

of e product collccied in the 830°F. run
had an cxtremely high bromine pumber,
indicating that this {raction consisted largely
of olefins. The pour point and clowd peint
data found i the fable show that normal
paraffins present in the fced stream were
veduced (0 a much greater extent in the
high icmperature run than ia the 390°F.
run. This was true even aflier material boil-
ing below 325°F. was removed from the 49
850°F. product. In the Jow temperaturc run
it was found that the sicve hed rapidly be-
came saturated with normal paraffins. Tn
the high tens}llaerature run the sicve was
inspected ai the end of the run and there
was no evidence of any hydrocarbons on
the sieve. It therefore appears that normal
paraffins preseni in the feed stream wete
adsorbed upon the sieve in both runs bui
that in the high te;iperaiyre run the
adsorbed compounds were continmously
sclectively converted to olefins which were
not retained by the sieve.
EXAMPLE 2

A mixed blend gas oil boiling between
575° and 658°F. was passed through a bed
containing 850 grams of a2 SA calcium
molecular sicve at temperatnres of from
600° to 1010°F. Data collected in these
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53

30 the low temperature run. The inifial 109 runms aze shown in Table I below. 60
’ TABLE IT :
PRODUCT DISTRIBUTION AT SIEVE SATURATION(1)
Contacting Temp. °F. ] 735 - 830 800 1016
Pressure, mm Hg 750
65 Rale, W/W/Hr. 0.5
Feed “treated, g/100 g sieves 83 80 195 190 190
Total Product, g/100 g sieves 70 70 170 158 118
wi. % on feed 84.0 1.0 857 834 61.9
: Material refained on sieve,
70 /100 g. sleves — 73 7.8 7.6 10.6
Maulerial Distribution,
wt. % on feed:—
Gas {C; and Hghter) Nit <Z0.5 3.4 6.1 15.6
Naphtha (€-325°EV.T) Nil ~10 1.9 6.3 73
75 Product (325-575°FV.T.) Nil 120 237 293 275
(375°F. +) 84.0 75.0 62.0 54.1 344
Material retained on sieves — 91 4.0 44 5.4
Matesial Balance — 97.8 97.0 99.8 80.4(2)
(1) Sieves were considered saturated when products boiling above 575°F. showed
0 no improvemcnt in pour point compared io frcsh feed,

(2) Poor material balance believed to bc caused by loss of sas.

In order to differentiate between the
benefits due to  sslective conversion of
normal paraffins and benefits which might

85 be due io cracking, only material boiling
above 375°F, was considered in determin-
ing the satnration or exhaustion point, The
data show that the amount of feed whick
can be ireaicd before satmration oecurs is
considerably eteater of femperatures of
850°F. and higher. A fomperature of 850°F.,
showed the most favorable results. At that
temperature the tofal product yield was
about B69,, hased on the feed. With increas-
05 ing temperatures, this valne decreased

0

uppreciably with a corresponding increase
in the production of gascs. This indicates
that a non-sclective cracking oceurs when
{vo high a temperature is used. Material
retained on the sieve at a temperature of
1010°F. was greatcr than that remined at
awy of the lower temperatures, This again
appeared due Jargely (0 non-selective crack-
intg but may elso be attributable to fncreased
polymerization of olefins at the higher
temperature.

The products vbiained in the runs deseribed
in Example 2 were analysed and their inspee-
tons are set forth in Table TIT below.
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TABLE IIT
PRODUCT INSPECTIONS

Mixed Blend Gas

Oil Treated With 54 Molecular Sieves

Contacling Temp. — 600 735 850 900 1010
3 °f, . (feed-stock)
Liquid Product
Bromine No. 2 4 3] 6 7 11
Mercaptan No, 4.2 05 0.4 Nil 0.2 0.1
Total 8. Wt. <, 0.42 044 (.44 040 0.48 0.51
10 Vise. 100°F. SUS 47.6 470 452 e 46.0 41.2
' Aniline Pt. °F, 172 156
R.I at 68T, 1.4778 1.4813° 1.4855
% Gas on Feed — Nil 0,13 54 6.1 156
Total Gay
15 Hydrogen, mol, % 217 22.8
Meathane Essentially 11.3 28,0
Ethylene No Gas 6.1 9.8
Eihane Produced 152 175
Propylene 221 157
20 Propane 14.4
Butene-1 15
Butene-2 29 52
Isobutane 1.5
n-butane 23
25 Gas Gravity 1.01 0.79

The inmspections in the above table show
that the bromine number of the product
increased with incroases in contacting
temperature. Tha change in bromine nembey
with a change in contacting tempetature of
from 755° to S00°F. was not appreciable,
Increasing the tempesature io 1010°F., how-
ever, bromght about a large incresgse in
bromine number. This indicates that at fhe
lower temperatures, the process was largely
Iimited to selective conversion of the normal
paraffins and that at the higher tcmperatuze
non-selective cracking was taking place.

Samples of the product obtained at inter-
vals during the rons deseribed in Bxample
2 were tested to determine their pour points.
These samples had been “fashed” to an
initial boiling point of 575°F., approxi-
mately the initial boiling point of the feed,
in order to avoid distortion of the resuits

~that would otherwise have becn caused by
the presence of the Jow boiliny cracked
materials, which naiurafly have low pour
points. These pour point dats are shown
m Figore 2 of the drawing. From the
figure it can be scen that preater quantifies
of considerably Iower pour point product
can be obtained by conlacting the Feed at
femperatures of 850° to 900°F. than can
S5 be obtained by treating the feed at higher
ur lower temperatures, At the lower
temperatores the sieve rapidly becomes
saturated and little further improvement in
pour pojnt fesults. At high temperatures
60 zhove about 1000°F. non-selective cracking
takes place and the pour point is mot
improved as much,
Based on data obtuined in the runs set
forth in Example 2, sieve capacity at

30

as

45

50

various temperatures for a 0°F. pour point 65
product was dstermined, The tesults of
these determinations are shown iz Figure 3.
The data thus presemted illustrate the
critical effect of the contacting temperatuce
Upoa sieve capacity. At & tomperature of 78
about 850°F, capacities in excess of 100
grems per 100 grams of sieve are obtained.
At temperatures higher than 950°F., or
lower than 800°F. capacity rapidly falis off.
EXAMPLE 3

In order to determine the effect of con-
tacting pressure upon the selective conver-
sion of normal paraffins, a gas oil was
contacted with a 5A moleoular sieve at a
teznperature of 980°F. and 750 mm of 80
mercury. A sample of the same gas oil was
then testcd under similar conditions except
that the pressure was reduccd to 200 mm
of mercory. It was found that the reduc-
tion in pressure improved the selective con-
vetsion of normal paraffing somewhat. This
improvement, however, did not increase fhe
yield of accumulative product in excess of
that obtzined at 850°F. and 750 mam of
mercury. Operation under the latter condi-
tons is therefore to be preferred.
EXAMPLE 4

A number of runs were also conpducted
at a feed rate of 1.5 W/W/Hr. and the
resulls obtained wers compared with those
obtained in eatlisr runms carried out at 0.5
W/W/Hr. It was found that increasing thc
feed rate from 0.5 to 1.5 W/W/Hr. with-
out changing the temperature gave a lower
yield of good product. By increasing the
temperature to 930°F., however, i was
possible to operats at the higher feed tate
withont any significant reduction i sieve

75
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capacity over that obiained at 8350°F. with
the lower feed rate.

EXAMPLE 5
In order to [urther demonstrate the
5 eifect of temperature and pressure upon the
process of the invention, a C; naphtha was
processed with a JA molecular sicve at a
temperature of 1100°F. and a pressure of
130 psig. The feed rate was 1| V/V/Hr
i0 At t%w temperature and pressurc it was
found that a substantial amount of the
naphtha was thermally cracked to form low
boiling gases. Despite this thermal crack-
ing, however, 2 considerahble amount of
15 selective conversion, neverthelsss, took place
as shown by the following datu.

TABRLE IV
TREATMENT OF C; NAPATHA
1I00°F., 100 psig

20 Liguid Product Com-

panents, Vol % Feed Product

n-Hexane 523 36.1
C. Isopuraffins 304 303
.. € Naphthenes 113 2.0
25 Other type Hydrocarbons 60 246
Ratio n-Hexane to Isop.
+ Naphthenes 125 052

. From the above table it can be seen that

the ratie. of normal hexane to isoparaffing
30 ard nazphthenes decreased from 1.25 to 0.92,
indicating that normmal parafiins were con-
verted jn the presence of the molecular
sieve, in preference to isoparaffins and
naphthenes. Under the conditions which
have been found necessary for carrying out
the process of the invention, thermal crack-
ing doss not ocenr to & significant extent
end therefore the improvement in the ratia
of siraight chain compounds to isoparaffing

35

40 and naphthenes would be considerably
higher.
EFXAMPLE 6
Samples of a mized blend heavy

almospheric gas oil having an ASTM boil-

45 ing ranpe between 560 and G58°F. and z
pour point of {-40°F. were confzcied with
a 5 A molecnlar sieve in the pressace and

in the absznce of added hydrogen in order
to demonstrate the effect of & mus bhaving
a molecular diameter less than that of the
sicye upon the process of the invention.
Fhe contacling femperature employed was
850°F. Pressure within the contacting zons
was hefd at 750 mm of mercury. The feed
rate in both cases was (.1 pounds of feed
per hour of sieve per hour. In the first
run no hydrogen was mnsed and in the
second hydrogen was iutroduced with the
feed at e rate such that the hydrogen con-
centration in the reactor was 90 mole per-
cent. The resulis obiained in these two
parailel runs are shown in Tuble V below.

50

55

£0

TABLEV
EFFECT OF ADDED HYDROGEN

UPON CONVERSION OF
NORMAL PARAFFING
Rui A B
Coniacting Temp., °F. 850 830
Contacting Pressure, mm Hg., 759 750
Feed Rate, W/W/Hr. 0.1 0.1
H, Conc. in Reactor,
Mole % o 90
0°F., Pour Point Product,
gf100 g. Sieve : 173 242
Wt % Yield on Fewd 79 84
- 30°F, Pour Point Product,
/100 g. Sieve™ 123 177
. Wt, % Yield on Feed 77 82
" Bromine No. of Produet 6.5 5.7

* Product adjusted to 325°F. initial vapor

tempearatire.

Referring Lo Table V, it can be seen that
the presence of the 2dded hydrosen in Run
B resufted i an inerease in sicve capacity
of about 40 (o 45% und an increass in
yield, based upon fead, of about 5% over
the valnes obtained in Run A. This improve-
ment is shown with tespect to Dhoth the

® and the —30°F, product. The bromine
numbers of the two products indicate that
the Improvemeni was primarily due fo ihe
purging of the gas, rather than hydrogena-
tion of olefins, although some hydropena-
tion did occur. From this it can be seen
that the improvement obtained is not
limited to the use of hydrogen and that
other gases, nifrogen for example, may be
used as murging agents during the contact-
ing step of the process. The improvement
due to the use of such a purging agent is
& significant one and for this reason i i»
preferred to employ such an zgent,
EXAMPLE 7

A 560/658°F. boiling range gas oil {rom
Western Canadian crude, having 2 +40°F,
pour point, was dewuaxed by passing the
feed through R30 p. of 5A sieves packed
in a hench scale apparatus similur to that
shown in Figure 1. Sorption conditicns were
B50°F.. atmogpheric nressure, and 0.5
W/W/Hr. feed rate, By measuring the
hydrocarhon gas make with a wel rest
meter or some other type of flowmeter,
sufficient daia were obfained to relate the
rate of hydrocarbon gas formstion with
sarption time (shown 1 Figure 5), When
the gos mske had levelled off to & low
rate (in this case, approximatcly 25 cc/min.)
the sieves were considered satorated and
the desorptive regenerative part of the
cycle commenced,

EXAMPLE §

A 545 /660°F. virgin gas oil from Pembina
crude showing a +40°F. pour point and
a bydrogen gas siream were simultapeously
passed throngh 850 g of 54 sicves. Sorp-

tion conditions were 858°F.. almospheric

65
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- pressuie, and 0.5 W/W/Hr, fead r1atc.
Hydrogen gas rate was maintained at 1250
std, cc/min. so that the concentration was
65 mole percent in the reactor at the

5 designated sorption conditions, By measur-
ing the hydrocarbon gas make rate (in this
case, total gas make rate minus 1250 ml.
Hi/mnin) at periodic sorption time, a
similar plot as shown in Bxample 7, relat-

10 ing zas make rate with sorpiion tme was
obtained (Figure 6), When the hydrocarbon
gas make rate levelled off at about 20
cc/min., the sorpiion part of the cycle was
stopped and tegensrafion comrmencad.

15  Under the sorption conditions employed
in Bxamples 7 und 8, the waxy n-paraffins
wers cracked upon sorption to lower boil-
ing hydrocarbons. As described earlier, {hiz
sclective wax cracking phenomenon per-

20 mitted an appreciable incrcasc i sieve
capacity. However, as the sieve cavities

. became fouled with polymers and other
contaminants, the sorbability of the sieves
decrcased, and Donsequcnt[dy the pour point

25 reduction of the treated oil gradnally
approached zero (Figure 4). The tate of
hydrocarbon gas make followed a similar
trend as ihe reduction in pour point. At
the carly stages of the sorption cycle, con-

30 siderable waxy n-paraffing were sorbed, and

under the sorption conditions emplo

they were converted to low boiling hydro-
carbons, Consequently, the rate o hydro-
carbon gas meke was high. Typical analyses
of the make pas were H, 21.7 mole %, CH,

113, GH, 6.1, CGH; 152, GH, 221 CH,

144, CH, 54, CHy 3.8. As the sieves

became fouled, less n-paraffing were sorbed,

resulting in a smaller quantity of light

40 hydrocarbons formed and a lower hydro-
carben gas make rale. When the sieves
approached saluration, the rate of gas
formation levelled off to a very low rats,
which is a measwe of the small amount

45 of non-selective cracking of the feed that
was oceurring during sorption at 830°F,

Comparative data on treating the 560 /
O58°F. virgin gas oil with a hydrogen
chloride modified 5A sieves are shown in

50 Figure 7. Treating conditions were 903°F.,
atmospheric pressure and 0.6 W/W/Hr.
fecd rate, The SA sieves were modified hy
initially saturating the sieve cavities with
anhydrous lrydrogen chloride at 700°F. (11

55 2/100 g sieves) befors passing the gas oil
feed. Thus, with the sieve cavifies filed, any
gas formation must be due entirely to non-
selective cracking of the feed. As can
be seen {rom the data thc sieves were

35

60 essentially ineffective for sorbing n-parafing. -

The 5°F. reduction in pour point was due
to non-selective cracking of the feed. The
hydrocarbon gas make rate curve did mot
extibit a maximum that was evident in
65 Examples 7 and 8. Tnstead, it was a Hnear

relationship; the hydrocarbon gas rate de-
creasing slowly as the cracking activity of
the sieves dropped. If an 850°K. treating
temperature  were employed instead of
908°F., non-selective cracking of the feed 70
would be reduced considerably, In the
absence of selective wax cracking; the
hydrocarbon gas make relationship should
be similar to that shown in Figure 6 but
displaced to a much lower valne, 75

WHAT WE CLAIM 15—

1. A process for reducing thc normal
paraffin ‘content of a hydrocarben oil
characterized by contacting said oil in
vapor phase at a temperaturc of from R00 80
to 1100°F. with a  aystzliine mecallic
alumimosilicate having uniform pole spaces
of about 5 Angstrom units i a contacting
zone, and withdrawing from said zose g
vapor stream having a redoced normal g5

araffin content and an increased olefin and
ight hydrocatrbon content,

2. A process according to claim 1 further
characterized in that said hydrocarbon ojl
boils in the range of from 10G to 750°F.

3. A process sccording to claim 1 or
claim 2 further characterized by condens-
ing the hydrocarbons boiling above 100°F.
from said withdrawn vapor stream, separat-
ing the uncondensed gases, maintaining said 95
contacting until the rate of said light hydro-
carbon gas formation is less then 50 cc per
minute and thereafter regenerating said
metallic aleminosilicate with an oxyren
containing gas,

A process according to claim 1 or
clajim 2 further churacterized by continuing
said contacting until vapor i§ withdrawn
having an undesirably high mormal parafin
confeit and thercafter repenerating said
metallic aluminosilicate with an oxygen
containing gas.

3. A process according to amy of claims
1-4 further characterized in that said hydro-
carbon oil is contacted in said vapor phasc
with said aluminosilicate at a pressure of
from 50 millimeters of mercury to 10
Atimospheres,

6. "A process according to any of claims
1-5 further characterized in that seid hydro-
carbon oil is contacted in said vapor phase
with said aluminositicate at a rate of from
0.1 to 3.0 Ibs. of oil per Ib. of alumino-
silicate per homur.

7. A process according ta any of claims
1-6 further characterized in that said hydro-
carbon cil is contacted with said alumino-
silicatc in the presence of a gas selected
from the group consisting of hydrogen,
nitrogen, carbon dioxide and zn inert gas,
said gas having a molecular diameter less
than 5 Angstroms.

8. A process according to claim 7 further
characterized in that said hydrocarbon oil
is contacted with said zluminosilicate in the 136
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-presence of from 5 to 95 mole percent of particular reference to the examples and
sgid gas having a molecular diameter of accompanying drawings, 10
less than 5 Awsgstrom units, : 11. A hydrocarbon oil whosc normal

8, A process according to any of claims paraffin content has been reduced by a pro-

5 1-8 further characterized in that said cess according to amy preceding claim,
n-paraffing comprise waxy hydrocarbons. K. J. VERYARD,
S0, -A process according 1o claim 1 sub- 50, Stration Strest, W.1,
sfantially as hereimbefors described with Agent for the Applicanis.

Berwick-upon-I'wesd; Printed for Her Majesty's Stationery Office by The Tweeddale Press Ltd.—i564
Published at The Patent Oflce, 25 Sonthamgt:nblgaqﬂdéngs, London, W.C.2. from which copies mav
obtained.
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