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{57) Improved catalyst performance in,

catalytic hydrodewsaxing of bath
petroleum and synthetic hydrocarbon
feedstocks utflizing a special group of
acidic crystalline aluminosilicate
zaolites such as those of the ZSM-5,

11,12, 35 or 38 type is obrained by
using catalysts which have an alpha
activity within the range 55-—150
alpha. The catalyst can be prepared
having the required alpha value or its
alpha value can be changed, c.g. by
steaming, basa exchange with alkali
metel cations, partial coking or
diluting with a matrix.
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SPECIFICATION -
improved Hydrodewaxing Catalyst Performance

Background of the Invention
Field of the Invention .

This invention relatas to 8 novel catalytic hydrodewaxing process utilizing an acidic crystailine
zaolitic material of a spaclal group such as ZSM-6 which has had Its properties enhanced by controiling
its alpha activity to a certain specified range prior to its use In hydrodewaxing operations.

Description of the Prior Art

Hydrocarbon conversion pracesses utilizing crystalline aluminosilicate zeolites have been the
subject of extensive investigation as is obvious in both the patent and scientific literature. Catalytic
hydrodewaxing operations utilizing Z5M-5 typs zeolites ars also known in the art and it is also
generally known that the performance of these zeolites will bs enhanced by treatment of the-same with
steam. In this connaction, United States Patent 3,700,585 discloses and claims a hydrodewaxing
operation utitizing ZSM-5 type zeolites and at column B, lines & and following, points out that catalysts
of improvad selectivity and having other bensficial properties in some hydrocarbon conversion
procassas, such as catalytic cracking are obtained by subjecting the zenlita to treatment with steam at
elevated temparatures ranging from about 800°F 10 1500°F and preferably 1000°F and 1400°F, This
patent daas not cantain any specific examples of steaming a Z2SM-5 type zeclite and the subsegquent
use tharsof in hydrodewaxing operations.

United States 4,053,532 is directsd towards & hydrodewaxing operation invaiving a Fischer-
Tropsch synthesis product utilizing ZSM-5 type zeolites. However, at eolumn 1 1, lines 20 and
following, it is disclosed that a further improvement can be realized in the Fischer-Tropsch operation or
in hydrodewaxing a heavy gas uil stream with a ZSM-b class of crystalline zeolites with respect 10
catalyst aging rate if the catalyst is preconditioned with a hydrogen/steam mixture.

Unltad States 3,755,145 is directed towards lube all hydrocracking with ZSM-& type zeolites
utilizing a8 mixiure of ZSM-5 containing a hydrogenation component and another zeclite. This patent
discloses at column 5, that steaming of the catalyst mixture is beneficial,

United States 3,858,102 is concerned with a process involving the hydrodawaxing of petroleum
distillates wiilizing a ZSM-6 type zeolite catalyst. This patent doss not contain any spacific disclosure of
steaming of ZSM-5 type zeolites but it does refer to previously mentioned United States 3,700,585 at
column 1, lines 66 and following.

- Summary of the Invention

- It has now been discavered that the catalytic performance of cartain acidic zeolites can he
improved by controlling their alpha activity to within the range of 55—150. In other words, this
invention is directed towards an impravement in connection with the known technique of using acidic
zaolites such as those of tha ZSM-5 type in hydrodewaxing operations and it resides in modifying said
zeolites in order ta obtain a critical range of alpha values.

Briaf Dﬁscription of the Drawings
- Figura 1 represents a graph which shows tha aging rates of five steamad catalysts of varying
alpha values for hydrodewaxing of 2 Nigerian Gas Oil to O°F pour point.
Figure 2 shows the aging rates for thrae steamed cataiysts for hydrodewaxing Arabian Light Gas
Qil to O°F pour peint,
Figure 3 shows a-plot of the alpha values of steamed nickel hydrogen exchanged ZSM-5 versus
equilibration temperature. '

Dascription of Specific Embodiments

It has been discovered that tha catalytic psrformancs of cartain acidic zeolites can be improved
by controlling their alpha activity ta a range of within 55— 150 alpha, with 80—135 being even more
desirable and alpha valuas of 90—120 being the most desirable. Although it had been praviously
known that steaming might be beneficial in enhancing the catalytic performance of certain zeolites in
hydrodewaxing operations, nevertheless, this invention represents an improvement over the previously
known state of the art in that applicants have discovered that thara is a critical range of alphs values
wherein catalytic performance can be aptimized for hydrodawaxing operations.

Mathods of enhancing the catalytic properties of tha spacial class of zeclites by controlling aipha
activity include reducing the initiat alpha activity by such technigues as partiai coking, partial base
exchange with basic cations such as sadium, diluticn with a matrix or preferably by treatment with
steam. Another tachnlque for controlling alpha activity is by manipulation of the silica to alumina ratio
of said zeolites to certain ranges. The desired ailica to alumina ratio can be obtained either by
synthasizing the zeolite so that i initially has the proper sifica to alumina ratlo or a zeclita having too
high an alumina content, i.e. a low silica to alumina ratio, can be treated with wel! known alumina
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removing materials such as strong mineral acids 1o achieve the propar ratio. !t is also within the scope
of this invention to use more than one of the above techniques to contral the alpha activity.

Alpha values or alpha activity is a measure of normal hexane cracking conversion relative to a
silica-alurnina cracking catalyst and the alpha test is described in a Letter to the Editor entitled
~Superactive Crystalline Alumingsilicate Hydrocarbon Cracking Catalyst” by P. B. Welsz and J. N.
Miale, Journal of Catalysis, Vol. 4, No. 4, August 1965, pages 527—528, said article being herein
incorporated by reference.

The catalyst used in the mathod described herein comprises a crystailing aluminosilicate zeolite
which is a membar of a8 novel class of zeolites exhibiting some unusual properties. These zeolites
induce profound transformation of aliphatic hydreecarbons to aromatic hydrogarbons in commarciaily
desirable yislds and are generally highly effective in conversion reactions involving aromatic
hydrocarbons. Although they have unusually low alurnina contents. i.e.. high sillca to alumina ratios,
they are very active even when the silica to alumina ratio exceeds 30. The activity is surprising since
catalytic activity is ganarally attributed to framework aluminum atoms and cations associated with
these aluminum atoms. These zeclites retain their erystallinity for long periods in spite of the pressnce
of steam at high tamparature which induces irraversible collapse af the framewaerk of other zeclites,
e.g.. of the X and A type.

An important characteristic of the crystal structure of this class of zeolites Is that it pravides
constrainad access to, and egress from tha intracrystalline free space by virtue of having a pore
dimension greater than about 5 Angstrams and pere windows of about a size such as would he
provided by 10-membered rings of oxygen atoms. Itis to be understood, of coursa, that these rings are
thosa formed by the reguiar disposition of the tetrahedra making up the anionic framework of the
crystailine aluminosilicats, the oxygen atoms thernseives being handad to the silicon or aluminum
atoms at the centers of the tetrahedra. Briefly, the preferred type zeolites useful in this invention
possess, in combination: a sitica to alumina mole ratlo of at least about 12; and a strugture praviding
constrained access to the crystaltine free space.

The silica to alumina ratio referred to may ba determined by conventional analysis. This ratio is
meant to reprasent, as closely as possible, the ratia in the rigid anjonic framework of the zeolite crystal
and to exclude aluminum in the binder ar in cationic or other form within the channals. Although
raplites with a silica to alumina ratio of at lasst 12 are useful, it is preferrad to use zeolites having
higher ratios of at least about 30, Such zeolites, after activation, acquire an intracrystalline sorption
capacity for normal hexane which is grester than that for water, i.e. they exhibit “hydraphobic”
properliss. It is believed that this hydrophabic character is advantageous In the present invention.

The type zeolites useful in this invention freely sorb normal hexane and have a pore dimension
greater than about 5 Angstroms. in addition, the structure must provida constrained access to large
molecules. It is sometimas possible to judge from a known crystal structure whether such constrained
access exists. For example, if the only pore windows in a crystal are, formed by 8-membered rings of
oxygen atams, than access by molecules of largsr cross-section than normal hexane is excluded and
the zeolits is not of the desired type. Windows of 10-membered rings are preferred, altheugh, in some
instances, excessive puckering or pare blockage may render these zeclites ineffective. Twelve-
membered rings do not generally appear to offer sufficient constraint to produca the advantageous
conversions, although puckered structures exist such as TMA offretite which is a known effective
zeoilte. Alsa, structuras can be conceived, due to pors blockaga or other cause, that may be operative.

Hather than attempt to judge from crystal structure whether or not a zeglite possesses the
necessary conatrained access, a simple detarmination of the “constraint index” may be made by
passing, continuously a mixture of an equal weight of normal hexane and 3-mathylpentane over a
sample of zealite at atmosphearlc pressure according to the following procedure, A sample of the
zeolite, in the form of pellets or extrudate, is crushed to a particle size about that of coarse sand and
mountad In a glass tube. Prior to testing, the zeolits is treatad with a stream of air at 1000°F for at
Jeast 15 minutes. The zeolite is than flushad with helium and the temperature adjusted between 550°F
and 950°F to give an overall conversion batween 10% and 60%. The mixture of hydrocarbons is
passed at a 1 liquld hourly space velocity {i.e., 1 volume of liguid hydrocarbon per volume of zeolite per
hour} over the zeolite with a helium dilution to give a helium to total hydrocarbon mele ratio of 4:1,
After 20 minutes on stream, a sample of the effluent is taken and analyzed, most conveniantly by gas
chromatography, 1o determine the fractlon ramaining unchanged for each of the two hydracarbons.

The “constraint index” is calculated as follows: o

log,p {fraction of n-hexane remaining}

Canstraint index—
- log,, (traction of 3-methyipentane remaining}

The constraint index approximates the ratie of the cracking rate constants for the two
hydrocarbons. Zeolites suitable for the presant invention are thouse having a constraint index in the
approximate range of 1 to 12. Constraint Index (CI} values for some typical zeolites are:
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CAS C.1.
Z5M-5 8.3
Z5M-11 B.7
Z5M-12 2
Z5M-38 2 5
Z5M-35 4.5
Clinoptilaiite 3.4
TMA Offretite 3.7
Beta 0.6
Z5M4 0.8 . 10
H-Zeolon ' 0.4
REY 0.4
Amorphous Silica-Alumina 0.6
Erionite 38
It is to be realized that tha abave constraint index values typically characterize the specified 15

zaolites but that such ara the cumulative result of several variables used in determination and

calculation thereof. Thus, for a given zeclite depending on the temperature employed within the

aforenoted range of 550°F to 950°F, with accompanying conversion between 10% and 50%, the
constraint index may vary within the indiceted approximate range of 1 1o 12. Likewise, other variablas

such as the crystal size of the zaclite, the presence of possible occluded contaminants and bindars 20
intimately combined with tha zeolite may affect the constraint index. It will accordingly be understaed

by those skilled in tha art that the constraint indax, as uiilized hereln, while affording a highly useful

means for charactarizing the zeolites of intarest is approximate, taking into consideration the manner of

its determination; with probability, Tn some instances, of compeounding variable extremes.

Whila the above experimental procedure will enable cne 1o achieve the desired averall conversion 25
of 10 to 60% for most catalyst samples and represents praterred conditions, it may cccasionally be
necessary to use spimewhat mara savere conditions for samples of very law activity, such as those
having a very high silica to alumina ratio. In those Instances, a temperature of up to about 1000°F and
a liquid hourly space valoacity of iess than one, such as 0.1 or less, can be employed in order 1o achieve
a minimum total convarsion of about 10%. 30

The class of zeolites defined harein is exemplified by ZSM-5, ZSM-11. 25M-12, Z5M-35 and
2SM-38 and other similar materlals, U.S. Patent 3,702,886 describing and claiming Z6M-5 is
incorporated herein by reference.

ZSM-11 is more particularly described in U.S5. Patant 3,709,979, the antire contents of which is
incorporated herefn by reference. 36
Z5M-12 Is more particularly described in U.S. Patent 3,832,449, the entire contents of which is

incorporated harein by reference. : :

ZSM-35 is more particufarly dascribed in 1.5, Patant 4,016,245, the entlre contents of which is
incorporated herein by reference. . _

ZSM-38 is more partlcularly described in U.S. Patent 4,046,859, the antire contents of whichis 40
incorporated herein by refarance.

The specific zeo!ites described, when preparad in the presence of organic cations, are catalytically
Inactive, possibly because tha intracrystalline free spaca is occupied by organic catiuns from the
forming solution, Thay may be activated by heating in an inert atmosphere at 1000°F for ane hour, for
example, followed by base exchange with armmanium salts followed by calcination at 1000°F in air. 45
The presenca of organic cation in the forming solution may not be absolutaly essential ta the formation
of this type zeaolite; however, the prasance of these cations does appear to favor the formation of this
special type catalyst by base exchange with ammonium salts followed by calcination in air at about
1000°F for from about 15 minutes t6 about 24 hours.

Natural zeclites may sometimes be converted to this type zealite catalyst by various activation 50
procedures and other treatments such as base exchange, staaming, alumina extraction and calcination,
in combinations. Natural minerals which may be so treatad include ferricrite, brewsterite, stilbite,
dachiardlte, epistilbite, heulandita, and elinoptilolite. Tha preferred crystalline aluminosilicates are
ZSM-5, ZSM-11, ZSM-12, ZSM-38 and ZSM-35, with ZEM-5 particularly preferred.

in a preferred aspect of this invention, the seqlitas hareof are selected as those having a crystal 55
framework density, in the dry hydrogen form, of not substantially below about 1.6 grams per cubic
centimetar. It has been found that zealites which satisfy all three of these criteria are maost desired.
Thaerefors, the preferrad zeolites of this inventicn are those having a constraint index, as defined above
of about 1 to about 12, a sillca to alumina ratio of at least about 12 and a dried crystai density of hat
lass than about 1.6 grams par cublc centimeter. The dry density for known structures may be 80
calculated from the aumber of silicon pius aluminum atems per 100 cubic Angstroms, as given, e.g., on
Page 19 of the article on Zeolite Structure by W. M. Meler. This papar, the entire contents of which are
incorporated herein by reference, is included in "Proceedings of the Conference on Molecular Sieves,
London, Aprll 1967, published by the Soclety of Chernical Industry, London, 1968, When the erystal
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structurs Is unknown, the crystal framework denslty may be determined by classical pyknometer
technigues. For example, it may be determined by immersing the dry hydrogen farm of the zeolite inan
organic solvent which is not sorbed by the crystal. it is possible that unusual sustalned activity and
stability of this class of zeoiites Is associated with its high crystal anionic framewaork density of not less
than about 1.6 grams per cubic centimeter. This high density, of course, must be associated with a
ralative small amount of free space within the crystal, which might be expected to result in more stable
structures. This free space, however, is important as the locus of catalytic activity.

Crystal framework densities of soma typical zeolites are:

Void Framawork
Zeolite Valumea : Density

Ferrierita 0.28 ccfce 1.76 g/ce
Mordanite 28 1.7
Z5M-5, —11 © .29 1.79
Dachiardite : 32 1.72
L 32 1.61
Clinoptilolite 34 1.71
Laumontite 34 1.77
Z5M-4 {Dmogal .38 1.65
Heulandite 38 1.69
P A1 1.57
Offretite A0 1.5%
Levynite 40 1.54
Erionite .35 1.51
Genelinite 44 1.4
Chabazita A7 1.4
A ' .5 1.3
Y A48 1.2

The crystal size of the synthesized zeolits Is generally within the approximate range of .01 to 40
miGrons.

The zeolites used in the instant invention can have the original cations associated therewith
replaced by a wide variety of other caticns according to technigues well known in the art. Typleal
replacing cations would include hydrogen, ammonium and metal cations including mixtures of the
same, Of the replacing metalllc cations, particular preference is given to cations of matals such as rare
carth metals, manganssa and calcium.

Typleal lon axchange technigues would be to contact the particular zeolite with a salt of the
desirad reptacing cation or cations, Although a wide variaty of salts can be employed, particular
preference is given to chlorides, nitrates and sulfates.

Representative ion exchange techniques ara disclosed in a wide variety of patents, including
United States 3,140,248: United States 3,140,251; and United States 3,140,253,

Following contact with tha salt salution of the desired replacing cation, the zeolites ara then
preferably washed with water and dried at a tamperature ranging from 150°F to about 800°F and
thereafter calcined in air or an inert gas at temperatures ranging from about §G0°F to 1500°F for
periods of time ranging frarmn 1 te 48 haours or more.

Although not requirad tor successful operation, the zealites can also be usad in intimate
combination with a hydrogenating component such as tungsten, vanadium, molybdenum, rhenium,
nickal, cobalt, chromium, mangenese, or a noble metal such as platinum or palladium. Such
component cen be exchanged into the composition, impregnated therein or physically intimately
admixed therewith. Such component can be impragnatad in or onto zealite such as, for example, by, in
the case of platinum, treating the zeclite with a platinum metai-containing ion. Thus, suitable platinum
compounds.include chlcroplatinis acid, platinous chloride and various compounds containing the
platinum amine complex,

Tha compounds of the useful platinum or other metals can be divided inmo compounds in which
the metal is present in the cation of the compound and compaunds In which it is present in the anion of
the compound. Both types of compounds which contaln tha metal in the ionic state can be used. A
salution in which platinum metal Is in the form of a cation or cationic complex, e.g.. Pt{NH;),Cl, is
particularly usaful. It Is ta be understood that the presence of a hydrogenating componant is not
required and is opticnal.

Prior to use, the zeolites should be dehydrated at least partially. This can be done by heatingto a
tempaerature In the range of 200 to BOO®C in an atmosphere, such as air, nitrogen, etc. and at
atmospheric or subatmaspheric pressures for between 1 and 48 hours. Dehydration can also be
performed at lower temperatures merely by using a vacuurn, but a longer time is required to obtain a
sufficiant amount of dehydration.

As has heretofore been pointed gut, the novel process of this invention Is concermned with
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hydrodewaxing of nydrocarbon feedstocks inc

luding petroleum as well as synthetic hydracarbon

feedstocks such as those resulting from the conversion of synthesis gas. The term “hydrodewaxing” as

used in tha spacification and claims is used in

its broadest sense and is intended to maan the removal

of those hydrocarbons which readily solidify (waxes) from nydrocarbon stocks., Hydrocarbon feeds
which can be treated include lubricating cil stocks as welt as those which have a fraeze point or pour

point problem, i.e. stocks boiling above about
Hydrodewaxing conditions include temp

350°F such as whole crude, distillates, bright stock, etc.
eraturas between H00°F and 1000°F, a praessure

betwecn 100 and 3000 psig but preferably between 200 and 700 psig. The liquid hourly space
velocity is generally between 0.1 and 10, preferably between 0.5 and 4 and the hydrogen to
hydrocarbon male ratio is generally between 1 and 20, preferably betwsen 2 and 1C.

The zeolites utilized in this invention are
matrix, Matrix materiais are well known in the
alumina, silica-atumina, ete. The matrix which
particularly preferred.

As has heretofore been statad, the novel

preferably incorporated or otherwise admixed with a
art and include Inoeganic axides such as clay, silics,
is. used is preferably non-catalytic—with alumina being

process of this invention resides in controlling the alpha

value of the zeolites previously described prior ta their use in & hydrodewaxing operation, In those
situations where tha acidic zeolite has an initlal alpha activity In excess of 150, centrol of the alpha

value can be achievad by reducing the initiaily

high alpha activity down to the desired range by a wide

variety of techniques. In this connection, it is known in the art that the aipha activity of a zeolite can be
reduced by providing basic cations such as sodium in order 1o replace a portion of the cationic sites of
the zaoclites. Tehniques of this type are described in United States 3,899,544 the disclosure of which is
incorparated by reference. Thus, by way of specific iilustration, if an acidic ZSM-3 zeolite had an injtial

alpha value in excess of 160, i.e. 177, a portio

n of its cationic sites could be replaced by sodium ichs

until its alpha activity was within the desired range.

5till another methad of reducing the alpha activity is by partial coking nf the catalyst. As is known
in the art, when acidic zeolites are utilized for various hydrocarbon conversion processes a material
deposits an the catalyst which is commoniy raferred to as coke. This material has a tendency t6
deactivate the zeolite and, as such, partial coking is an effective way of reducing the Initially high alpha

activity of the zeolite down to the desired leve

Is.

Another technique which can be empioyed for the reduction of the Inftiaily high alpha activity
wauld be to use the special class of zeolites in combination with an inert matrix either by using &
catalyst particle which contains both matrix and zeolite or by using separata particles of both the

zeolite and the matrix,

Tha preferred method for reducing the initially high activity of the special class of zaolites with

which this invention is concernad is by steami
As has heretofore been pointed out, stil!

ng.
another method of controlling the alpha activity of the

zeclites is by manipulating the silica-to-alemina ratic of the zeolites within a certain range. In this
connection, it is generally known in the art that the lower the aluminum content which is present in the
crystal structure, the less places there gre with which a catianic site can attach so that the alpha
activity of zeolites is diminished. In this connection, the foliowing correlation has bean found between

acid ZSM-5 having particular silica to alumina

SilicalAtumina Ratio of ZSM-
70
140
22Q
500

ratios and alpha values.

] Alphe Value
: 177
125
100
37

" From the above, It can be seen that an unsteamad Z5M-5 zeglite having a stlica to alumina ratio
of 140 or 220 wottld satisfy the alpha value requirement while zeolites with a silica to alumina ratio of
70 or 500 would be outside the prescribed range. It is also to be undserstood that a combinatien of all
the above tachniques can be used. In this cannection, itis specifically noted that a ZSM-b zeolite

having a silica to alumina ratio of about 220 h

as a corresponding alpha value of 100. As will be shown

in Example 13, this zeclite does, indeed, provide an effective cantrol of a hydradewaxing operatica In
the unsteamed state. Still further improvement can ba obtained if the material is stearmed in

accordance wlith tha teachings of this Invantio

n.

The acidic zeolites, prior 1o steaming in accordance with tha instant invention, have an alpha

value in excess of 150 and steaming is carried
previously sat forth.

out in arder to reduce the alpha activity to the ranges

Preferably, steaming is carrled out at elevated tamperatures ranging from 300°F—1500°F at

either atmospheric or elevated pressures. The

steaming can ba carried out in atmospheres of 100%

steam ot an atmosphere of steam and an inert gas.

If the catalyst is to be steamed in situ, it
pressures from 50—200 psig and temperatur
{1-=48 hours. The gxact reduction In alpha act

is expedient to use mixtures of steam aﬂd‘hydrngan at
as from 700—800°F for periods of time ranging fram
ivity is a function of steam partial pressure, temperature
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and time. None of these variabies Is critical per se 2nd the only requirement is that the steaming be
carried out in order te obtain the critical range of alpha values.

For a nickel exchanged acid ZSM-5 {NiH/ZSM-5) steaming wlth a 80/50 mixture by volume of
steam and hydrogen at 100 psig and B00°F for 12-—24 hours Is satisfactory,

Following the treatmant with stearn, the nickel exchanged acidic Z5M-6 type zeolite is preferably
sulfided by treatment with a sulfiding compound such as hydragen sulfide at slevated temperatures of
about 450—650°F.

The following examples wil! iliustrate the novet process of this invention.

Example 1
Catalyst Preparation

The catalyst used in the steaming studies was prepared by mixing a dried, as synthesized, Z5M-5
zeclite having a sifica/alumina ratio of about 70 with alumina and water, extruding into 1/16" diamatar
peltets. The extruded material contalned 85 parts Z5M-5 per 35 parts alumina.

The dried extrudate was calcined for threé hours at 538°C in flowing nitrogen. After cooling, the
extrudate was contacted with an ammonium nitrate exchange solution {sbout .08 ib NH,NGC,/1b
extrudate) for one hour at ambient temperature, This exchange was then repeated until the sodium
jevel was less than 0.05 wt %. The extrudate was then contacted with a nickel nitrate axchange
solution {about 0.1 Ib Ni{NG,), . 6H,0/1b extrudate) for two hours at about 80-—~39G°C. After this
exchange, the extrudate was washad, dried and calgined in a flowing gas mixture (approximataly 10%
alr—90% nitrogen) at 538°C for six hours, |t was then detarmined to have an alpha vatue of 177,

Example 2
The catalyst of Example 1 was traated with 1 Q0% steam for 18 hours at 1000°F and O psig. 1t

was then detarmined to have an alpha value of 22,

Example 3
The catalyst of Example 1 was treated with 100% steam for 2 hours at 1000°F and O psig. It was

then datermined to heve an alpha value of 85,

Example 4 :
The catalyst of Example 1 was treated with 100% steam for 3 hours at 900°F and Q psig. It was

then determined to have an alpha value of 90.

Example &5
The catalyst of Example 1 was trasted with 100% steam for 8 houss at B50°F and O psig. lt was
then determined to have an aipha value of 111,

Exampla 8
The catalyst of Exarnple 1 was treated with 100% steam for 4 hours at B5C°F and O psig. it was
then detarmined to have an-alpha valua of 135.

Example 7
The catalyst of Example 1 was treated with a 30/70 mixture by volume of staam and hydrogen
for 6 hours at 800°F and 100 psig. it was then caléulatad to have an alpha value of 145,

Exampla B
The catalysi of Example 1 was traated with a 40/60 mixture by volume of steam and hydrogen
for 24 hours at 800°F and 100 psig. it was than calculated to have an alpha value of 58.

Example 3

The catalysts of Examples 1—8& wers then evaluated for hydraodewaxing Nigerian gas oil after
having been sulfided by treatment with hydrogen sulfide over a temperature range of 450-—650°F.

The hydrodewaxing was carried out at 400 psig, 1 LH5V, and 2500 SCFH,/B and the results are
shown in Figure 1 wharein the temperature required for 0°F pour point is plotted against time on
stream. The approximate aging rate for tha unsteamed catalyst of Exampla 1 {alpha 177} is also
indicated by the solid line.

As can be seen, the required equilibration tamperature was lowest for the catalyst of alpha 111
followed by the catalyst of alpha 90, followad by the catalyst of alpha 135, followed by alpha 55. The
catelyst having an alpha value of 22 required the highest temperature.

The resuits of Figure 1 are repiotted in Figura 3 to show the effect of alpha activity on
aquilibration temperature. As can be sean, optimum results are obtalned within the range of 55—150
alpha. Better results are achiaved at B0O—135 alpha and aven bstter results are achieved at 80—120
alpha. In additlon, Figura 3 also includes information in connection with steaming zeclites having silica
to alumina ratios of 220:1 and 40:1. As can be seen, improved rasults are obtained. In this connection,
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axtrudate) for one hour at amblant tamperature. This axchange was repeatad until the sodium leval
was less than about 0.05 weight per cent. The extrudate was then dried at about 250°F and then
contacted with a 1 N nickel nitrate solution (S ce/gm of extrudate} for four hours at 190°F, After this

7 GB 2 027 742 A 7
the triangle in Figure 3 represents a ZSM-E zeolite having a silica to alumina ratio of 220;1. The broken
line shows the decline In equilibration temperature as this materiat was steamad.
Example 10
The catalysts of Examples 7—8 were evaluated for hydrodewaxing an Arabian Light 850-—
G 775°F gas oil after having been sulfided by treatment with hydrugen sulfide aver a temperature range 5
of 450—650°F,
The hydrodewaxing was carried out at 400 psig, atan LHSV of 3.0, and 2500 SCF H,/B and the
rasults are shawn in Figure 2 where the ternparature required to O°F pour point is plottad against days
on stream.
10 Example 11
The catalyst described in Example 7 and evaluated as described in Example 10, was subsequently 10
ragenerated in an air/nitrogen mixture 10 remove carbonaceous deposits. It was then further treated
with a 40/60 mixture by volume of steam and hydrogen for 6 hours at BOO®F and 100 pslg. After this
treatment, it was caleulated to have an alpha vaiue of 84.
15 Example 12 15
The catalyst of Example 11 was evaluated for hydrodewaxing by the procedure described in
Example 10. The results are shown in Figure 2 whare temperature required for 0°F pour point is
plettad against days on stream.
As can be seen, the catalyst having an alpha value of 84 {Example 11} required the lowest
20 temperature followed by the catalyst having an alpha value of 58 (Example B}. The catalyst of alpha 20
1465 {Exampla 7) required the highest tamparature.
The properties of the Nigerian and Arabian Light gas oils used in Examples 9 and 10 are shown In
the following table.
Table 1
26 Nigerian Arabian Light 25
Gas Oif Gas O
Gravity. *AP| 26.8 26.3
Pour Paint, °F +95 +65
Cloud Point, °F +94 +68
ao Hydrogen, % wt. 12.67 12.40 30
Sulfur, % wit. 0.23 2,33
Nitragen, % wt. 0.08 0.035
CCR, % wt. Q.04 >0.01
K.V. at 40°C, C8 31.90 16.16
35 Paraffins, % wi. 30.9 - 35
Naphthenes, % wt. 33.2 —
Aromatics, % wt. 35.9 —
Distilfation, °F
Ditrso .
40 IBP 548 604 40
' 5% Vol 671 685
10% Vol 633 692
30% Vol 721 706
50% Vol 745 721
45 70% Vol 771 738 45
20% Vol 810 762
95% Vol B24 770
Example 13
This exampie will illustrate that effsctive controi of alpha activity can be achieved by control of
50 the sliica to alumina ratio of the zaolite. 50
The catalyst used was prepared by mixing a drled, as synthosized, ZSM-5 zeglite having a silica ta
alumina ratio of about 220 with alumina and water, extruding into 1/18" diametar pellets. The
extruded material contained 85 parts Z8M-5 par 35 parts of alumina.
The dried extrudats was calsined for three hours at 1000°F in flowing nitrogen. After cooling, the
56 extrudate was contacted with a 1 normat ammonium nitrate solution {about & ¢c per gram of b5



