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A PROCESS FOR PRODUCING HEAVY LUBRICATING
OIL HAVING A LOW POUR POINT

e [

. Technical Field.

This invention relates to a process for reducing the pour
point of a waxy refinery stream using a medium pore
aluminosilicate, SsZ-32.

BACKGROUND OF THE INVENTION

Recent advances in the development of catalysts used for

| catalytic dewaxing have made it possible to produce low

pour point lubricating oil base stock from waxy feeds at

- high yield. Dewaxing is required when highly paraffinic

oils are to be used in products which need to remain
mobile at low temperatures, e.g., lubricating oils,
heating oils and jet fuels. The straight chain normal
and slightly branched paraffinic substituents which are
present in oils of this kind are waxes which cause high
pour points and high cloud points in the o0ils. In heavy
oils, cyclic paraffins and aromatics having paraffinic
side chains re also present as wax. If adequately low
pour: poinﬁs are to be obtained, these waxes must be
wholly or partly removed, or converted to non-waxy
analogues. In the past, various solvent removal
techniques such as propane dewaxing and MEK dewaxing were
used, but these techniques are costly and time consuming.

Catalytic dewaxing has been used to overcome the
deficiencies of commercial solvent wax removal processes.
U.S. Patent No. 4,222,855 issued September 16, 1980, to
Pelrine eﬁ.al. describes a process for dewaxing a waxy
hydrocarbon fraction boiling between 450°F and 1050°F
(about 232-566°C) using 2ZSM-23 or ZSM-35. U.S. Patent
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%3 diffraction pattern as ZSM-23, described in U.S. Patent

07 No. 4,076,842. In the present invention the aluminum

o8 content is higher_than previously described. The X-ray

09 diffraction lines are quite broad due to the very small

10 crystal size. '

i1

12 Catalytic dewaxing processes using conventional catalysts

13 remove waxes by selectively cracking waxy components to

14 produce lower molecular weight products, some of which

15 may be removed by distillation. For example, waxy

16 paraffins may be cracked to lighter n-paraffins,

17 including bﬁtane, propane, ethane and methane, which do

i8 not contribute to the waxy nature of the oil. Because

19 these lighter products are generally of lower value than

20 the higher molecular weight materials, it would be

21 desirable to limit the degree of cracking which takes

22. place during a catalytic dewaxing process.

23 '

24 Recent advances in processes for reducing the pour and

25 cloud points of refinery streams have provided medium

26 pore molecular sieves for isomerization and

27 hydroisomerizatioh of the paraffinic components in the

28 refinery streams. Isomerization of wax, which converts

29 wax to non-waxy components boiling in the same range as

30 the wax; is preferred to the. cracking reactions described

31  above. '

32

33 U.S. Patent No. 4,734,539 discloses a method for

34 isomerizing a naphtha feed using an intermediate pore

size zeolite catalyst, such as an H-offretite catalyst.
U.S. Patent No. 4,518,485 discloses a process for
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éatalytic_demaxing has been used to overcone the deficiencies of comercial
sol yent wax renoval processes. U.S. Patent No. 4,222,855 i ssued Sept ember
to Pelrine et al. describes a process for dewaxi hg a waxy

16, 1980,

hydr ocarbon fraction boiling between 450[¥7r]F and 1050[err]F (about
232-566[err]C) using ZSM 23 or ZSM35. U.S. Patent
4,414,097 issued Novenber 8, 1983, to Chester et al.

-2

No.

01
02
03

- 04

os
06
07

09
10
11
12
13
14
15
16
17
ls
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34

dewaxing a hydrocarbon feedstock containing paraffins by
a hydrotreating and isomerization process.

In U.S. Patent No. 4,814,543 issued March 21, 1989, Chen
et al. teaches'paraffin isomerization of a 330-650°F

'(about 166-343°C) boiiing range feedstock having a

paraffinic content with not more than 20 carbon atoms and
containing at least 20 ppm nitrogen impurities. 2SM-22,
ZSM-23 or ZSM-35 are suggested as alternative

‘hydroisomerization catalysts for this application. These

catalysts are taught as being resistant to nitrogen
poisoning under isomerization conditions in the
conversion of distillate range feedstock.

U.S. Patent Nos. 4,689,138; 4,859,311; 4,921,594; and
5,149,421, the disclosures of which are incorporated
herein by reference, teach silicoaluminophosphate
molecular sieves for isomerizing waxy hydrocarbon
components.

The present invention is directed to a process for
dewaxing a épecific type of oil, which contains wax
having a low proportion of normal alkanes. Dewaxing oils
of this type requires a highly selective catalyst in
order to maintain a high yield of lubricating oil base
stock product. The present invention provides such a

4 _
~catalyst. A medium pore aluminosilicate zeolite, SSz-32,

is the catalyst used in the present process. S§SZ-32 has
been shown in co-assigned U.S. Patent No. 5,053,373,
issued 10/01/91 to S.I. ZOnes,'to dewax hydrocarbon feeds
by selectively removing straight chain paraffins. Feeds
to the dewaxing process include light gas oil, heavy gas
cils and reduced crudes boiling above 350°F (about -
177°C). The SS2-32 hydrodewaxing catalyst of /373 may
optionally contain a hydrogenation metal. The present
process . is particularly directed to heavy refinery
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di scl oses dewaxi ng hydrocrackate wth ZSM 23, where the hydrocrackate is
derj ved from hydrocracki ng a hydrocarbon feedstock boiling above 343[err]C.
The zeolite used in the present process has essentially the sane X-ray
diffraction pattern as ZSM 23, descri bed4-n U. S. Patent No. 4,076,842. In
the present invention the alum numcontent is higher than previously-
described. The X-ray diffraction lines are quite broad due to the very
smal | crystal size. Cat al yti ¢ dewaxi ng processes using conventi onal

cat al yst s Henp\rtngans egntaining veihiah RAIAReF tkeny afomsomaszmmalo produce
:jpwterl ImDIt el a?d&%ﬂi“in Iomelw,t %n&Q'IBf?ftQ:fe Wd&g@w}e lfrmd t %ﬁ; Q?]i}[e pour

istillatiQn. For, exa wax araffins, cracked to |7 er

n- par af f i r?;s i rﬂﬂﬁf& rgbﬁf%ﬁ% at &%@%Wnéan’cﬂ‘w not
contri but ®% o tynieMbxy nature of the oil. Because these |lighter products. -
are genergg y of lower value-than the higher nolecular weight materials, it
woul d be desirable to limt the degree of cracking which takes place during
a catal yt i% dewaxi ng process. - _

07 _ SUMMARY OF THE INVENTION

08

09 In accordance therefore with the present invention, a

1o process is set forth for converting a high boiling, high
11 pour point oil to a relatively lower pour point oil.

12  More particularly, a process is provided for producing a
i3 lubricating oil base stock from a heavy wax-containing

14 oil, said process comprising contacting said heavy oil

15  under mild cracking and isomerization conditions with a
16 catalyst comprising

17

18 (a) a zeolite having a mole ratio of silicon oxide
19 to aluminum oxide greater than about 20:1 to
20 less than 40:1, and having the X-ray

21 diffraction lines of Table 1; and

22

23 (b) at least one Group VIII metal,

24

25 wherein said wax is a naphthenic wax, and wherein the
.26 pour point of said lubricating oil base stock is reduced
27 relative to the pour point of said heavy oil.
28 | |
29 As used herein, naphthenic wax is wax containing a
30 substantial portion of naphthenic wax components, ie. wax
31 components which are not normal alkanes.
32
33 Among other factors, the present invention is based on
34 our diséovery that SSZ2-32 selectively isomerizes small
amounts of normal paraffins in the presence of high
concentrations of waxlike non-normal paraffins. This

This Sheet Has Been Replaced




Recent advances in processes for reducing the pour and cloud points of
reftnery streans have provided nmedi um pore nol ecul ar sieves for
-isomeri zati on and hydroi sonerization of the paraffinic conponents in the
refinery streanms. |somerization of waX®Which converts wax to non-waxy
conponents boiling in the same range as the wax, is preferred to the
cracking reactions descri bed above. U S. Patent No. 4,734,539 discloses a

rethod G | SIEALI.E SRS LSRRl 19 AL SHIEH B¢ B0LESH 7
4,518, 482 di sﬁxﬂros]emer:prg:)dﬂies pour point of heavy feeds which contain
03 naphthenic wax at high yield of lubricating oil base
‘04  stock.
05
06 _
07 ETAILED DESCRIPTION OF THE INVENTIO
08
09 In the present process, a heavy oil containing naphthénic
10 wax is converted under mild cracking and isomerization
11 conditions to a low pour point oil. ©0ils which contain a

- 12 high wax content, up to and including essentially pure
13 wax, and oils containing a minor amount of wax may both
14 be treated in the present process. As used herein,

15 naphthenic wax is contrasted from paraffin wax in that
16 naphthenic wax is a pétroleumlderived wax cohtaining a
17 substantial amount of hydrocarbons other than normal

i8 alkanes. In general, naphthenic waxes are composed of C;
19  and larger hydrocarbon molecules. Less than about

20 50 weight percent, preferably less than about 40 weight
21 percent, and more preferably less than 35 weight percent
22 of the molecules are normal alkanes (ie. normal

23  paraffins), the remainder being largely isoparaffins,

24 noncondensed cycloparaffins and condensed cydioparaffihs.
25 fThere may also be small amounts of benzenes and

26 naphthalenes. Each or all of these may have normal

27  paraffin substituent groups to increase the waxlike

28 character of the particular molecular species.

29 ' ,

30 When determining the composition of the naphthenic wax,

31 it is frequently necessary to separate the wax from oil

32 containing the wax or contained in the wax. Methods are

33 available in the art for both removing a major amount of

34  0jil from a minor amount of wax, and for removing a minor

amount of oil from a major amount of wax. The oil
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- 3- dewaxi ng a hydrocarbon feedstock containing paraffins by a
hydrotreating and isonerization process. In U S Patent No. 4,814,543
issued March 21, 1989, Chen et al. teaches paraffin isomerization of a
330-650[err] F (about 166-343[err]C) boi6mg range feedstock having a
paraffinic content with not nore than 20 carbon atons and containing at

| east 20 ppmnitrogen inpurities. ZSM 22, ZSM 23 or ZSM 35 are suggested as

cat ol yot O4ar o CORFARE B pliendRIEHEIR HAK9N MG PECEOMIIE Ander
| soner i zai one&amﬂslte,om&-um; tdw—_xmm\pfsm @vzd. distillate range feedstock.

03 '

'94 There are a number of methods known in the art for

05 quantifying the normal alkane content of a naphthenic

06 wax, including gas chromatographic methods, and mass

07 spectroscopic methods. It is preferred that the

08 naphthenic wax to be analyzed for normal alkanes contain

09 no more than about 25 weight percent oil, and more

10 preferably no more than about 15 weight percent, most

11 preferably no more than about 5 weight percent oil.

12 )

i3 Examples of feeds which may be treated in the present

14 process include, for exampie, crude oils, reduced crude

15 oils, gas oils, lubricating oil'stocks, foots o0ils, slack

16 wax, deoiled waxes, waxy bright stock and

1?7 microcrystalline wax. The total wax content of the oil,

i8 including normal alkane and naphthenic waxes, depends on

19 the crude from which it is produced. 0il having a total

20 wax content ranging from about 0.5 weight perceﬁt to

21 100 weight percent can be dewaxed in the present process.

22 The benefit of the present process increases with wax

23 content. Thus, oils containing greater than 5 weight

24 percent total wax are preferred, and oils containing

25 greater than 10 weight percent total wax are particularly

26 preferréd. The o0il will have a pour point of at least

27 0°C, preferably at least 10°C, and more preferably at

28 least 20°C. Typically, at least 80 volume percent of the

29 heavy oil will boil'at a temperature greater than about

30 800°F (about 427°C), preferably greater than about 850°F

31 (about 454°C). :

32

33 Heavy gas oil boiling in the range of about 800°F to

34 about 1050°F (abouf 427°C~566°C) is a specific example of
2 heavy oil which can be treated using the present
process. Bright stock is another specific example.

his Sheet Has Been Replaced

v




U. S. Patent Nos. 4,689, 138; 4,859, 311; 4,921,594; and 5, 149,421, the

di scl osures of which are i ncorporated herein by reference, teach

si | i coal um nophosphate nol ecul ar sieves for isomerizing waxy hydrocarbon
conponents. The present invention is W Tected to a process for dewaxing a
specific type of oil, which contains wax having a | ow proportion of nornal
al kanes. Dewaxi ng oils of this type requires a highly selective catalyst in
order to i nt ield of lubricatin bas oduct. The
present |Jn?\;ent %g}%? g‘a@g 1%ch e%ﬁi’bé?ig?‘.h %e'ﬁ’b Yt é?ﬁn‘%’ﬁB@i ficate
zeolite, ®SZ-3xude dbistidlatjen cekumnn t‘nbepdeaspbaptedeseawmwSads

been shovgy i n €Qe€g§bﬂ?§dﬁ¥e§% P?tﬁPﬁgk'g séo?lg?’hg‘g hSoilst 139{9# 1 to

S.1. Zones, to d dr ocar bon” f ee ctlve removi n

chaln[xﬂeﬁflrﬁﬁni%eﬁ% FBetﬁEdﬂ%mB§|ﬁ§°ﬁr%E%%§ ?%@Tﬁdﬁolﬁbﬂﬂtgbéoﬁlr heaVy
gas oils o8d reseee csmdcsvbmt) POaRdOpee BEPALIPLDN t R "Fangd NeromZ- 32
hydrodewaag ng acgéul yf(t)OgIF to agat\{t 1250°F (about 530°C-677°C).
07
o8 Before being treated according to the present process,
09 the hydrocarbon feed may be treated in one or more prior
10 treating steps, including hydrotreating, hydrocracking,
11 solvent refining or deasphalting. These pretreatment
12 processes may remove sulfur, oxygen and nitrogen
13 heteroatoms from the feed and increase the viscosity
14 index of the feed. The nitrogen content of the heavy oil
15 depends on a number of factors, including the source of
16 the oil, the boiling range of the oil, and the processing
17 steps encountered by the oil before being treated in the
i8 present process. In the present process the nitrogen
i9 content of the heavy oil will be generally less than
20 about 100 ppm, though it is preferred to maintain the
21 nitrogen level below about 50 ppm, and more preferred
22 below about 10 ppm, where ppm represents parts per
23 million parts by weight.
24
25 As stated above, heavy oils containing a major amount of
.26 wax may also be treated in the present process. These
27 highly waxy oils include oils containing greater than
28 about 50 weight percent total wax. Oils consisting of up
29 to 100% wax may be treated in the present process.
30
31 Slack wax from heavy gas oil and heavy microcrystalline
32 wax are two specific examples of naphthenic wax which can
33 be treated in the present process. Slack wax is
34 recovered from heavy gas oil by methods known to the art
such as, for example, by solvent dewaxing. Heavy
microcrystalline wax is generélly differentiated from
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optionally contain a hydrogenation netal. The present process is
partgicularly directed to heavy refinery streans containing a
hi gh proportion of non-normal paraffin waxes, and to the process for
reduci ng the pour p0|nt of these streans8at hlgh selectivity ahd at high
yleld .

01 paraffin wax by the size of the wax crystals in the solid

02 wax mass, by the difficulty of separating |

03 microcrystalline wax from the oil liquid in which it is

- 04 found, and by certain characteristic physical'properties,

05 “including refractlve 1ndex, melting point and molecular

06 weight. Heavy microcrystalline wax is largely composed

07 of C4, and larger hydrocarbons, with less than 10% C;y and

08 gmaller hydrocarbons. In general, a heavy _

09 nmicrocrystalline wax has a refractive index greater than

10 1.434 measured at 98.9°C and a melting point of greater

11  than about 145°C. Chapters 1 and 2 of H. Bennett,

12 Industrial Waxes, Volume I, Chemical Publishing Company,

13  1Inc., 1975, and Kirk-Othmer: Encyclopedia of Chemical

14  rTechnology, John Wiley and Sons, Third Edition, Vol. 24,

1s p. 473-476 includes a description of microcrystalline

16  waxes.

17

18 The present process is contrasted from conventional

19 processes forldewaxing heavy oil by the high yield of

20 high viscosity index lubricating oil base stock having

21 the same boiling range as that of the feed. However, the

22 present process is not to be limited to products boiling

23 in the same range as the feed. Depending on process

24 conditions and the type of feed processed, lubricating

25 il base stocks having boiling ranges well below that of

26 the feed may be produced, including base stocks boiling

27 at or below 650°F. The lubricating oil base stock which

28 is the product of the present process has a pour point

29 Dbelow that of the heavy oil feed. Preferably, the

30 1ubricating oil base stock has a pour point of less than

31 about -10°C. Ultra-low pour p01nts of less than -25°C

32 are also p0551b1e with the present process. The present

33 process is particularly suited to the preparation of high

34 viscosity index base stocks. Thus, when heavy waxy oils
are treated in the present process, the viscosity index
of the base stock product will generally be greater than
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. SUMVARY CF THE I NVENTION  In accordance therefore with the present
invention, a process is set  forth for converting a high boiling, high pour

point oil to a relatively |ower pour point oil. More particularly, a
process is provided for producing a |ubri@ating oi | base stock froma heavy
wax-containing oil, said process conprising contacting said heavy oil under

m | d cracking and | soneri zation conditions with a catal yst conprilsingnum
(2) s 2eodLe T "SehePhfelBhi9 8LahL SURGRIE Y myre v P Re
X-r ay 02 cemtaimingohighnpercéntages df wast, the viebpsdtyl gagexone
Goup VI1lo3Tet 3¢ the base stock product may be greater than 115, and,
- 04 depending on the type of oil treated, may be as high-as
05 140 and above.’

06 _
07 _ §52~-32
08

09 The zeolite useful in the present process is termed

10 §§Z-32. Novel SSZ-32 zeolites, as synthesized, have a
11 crystalline structure whose X-ray powder diffraction
12 pattern shows the following characteristic lines:

i3
14 | TABLE 1
15
16 - d/n ‘ ' Int. I/I,
17
- 11.05 26
8 10.05 10
19 7.83 17
o 4.545 71,
20 4.277 71
21 3.915 100
3.726 = o8
22
2-3 [} [3 .
24 The X-ray powder diffraction patterns were determined by
25 standard techniques. The radiation was the
26 K-alpha/doublet of copper and a scintillation counter
27 spectrometer with a strip-chart pen recorder was used.
28 The peak heights I and the positions, as a function of 2§
29 where § is the Bragg angle, were read from the
a0 spectrometer chart. From these measured values, the
a1 '~ relative intensities, 100 I/1,, where I, is the intensity
32 of the strongest line or peak, and d, the interplanar
a3 spacing in Angstroms corresponding to the recorded lines,
3¢ can be calculated. The X-ray diffraction pattern of

Table 1 is characteristic of novel SSZ-32 zeolites. The
zeolite produced by exchanging the metal or other cations
present 1n the zeolite with varlous other cations yields

Sheet Has Been Replaced

NI II




wherein said wax is a naphthenic wax, and. wherein the pour point of said
| ubri cating oil base stock is reduced relative to the pour point of said

heavy oil . As used herein, naphthenic wax is wax containing a substanti al
portion of naphthenic wax conponents, i=t0-wax conponents whi ch are not
nor mal al kanes. Anong ot her factors, the present invention is based on

our di;covery t hat SSZ- 32 selectively i somerizes smal|l anmobunts of nornal
parai | e %T hepBLESe1S8 .y the0laSNgERELaLk0s Slebaxli ke pon poryml |

can be minor shifts in interplanar spacing and minor

03 variations in relative intensity. Minor variations in

04 the diffraction pattern can also result from variations

05 in the'organid'compound used in the preparation and from

06 wvariations in the silica-to-alumina mole ratio from

07 sample to sample.

08

09 Calcination can also cause minor shifts in the X-ray

10 diffraction pattern. Notwithstanding these minor

11 perturbations, the basic crystal lattice structure

12 remains unchanged.

13

14 Methods of preparing SS2-32 zeolites are disclosed in

15 U.S. Patent No. 5,053,373, the disclosure of which is

16 incorporated herein by reference.

17 ' ]

18 The synthetic zeolites can be used as synthesized or can

19 be thermally treated (calcined). Usually, it is

20 . desirable to remove the alkali metal cation by ion

21 exchange and réplace it with hydrogen, ammonium, or any

22 desired metal ion. The zeolite can be leached with

23 chelating agents, e.g., EDTA or dilute acid solutions, to

24 increase the silica:alumina mole ratio. The zeolite can

‘25 also be steamed; steaming helps stabilize the crystalline

26 lattice to attack from acids. The zeolite can be used in

27 intimate combination with hydrogenating components, such

28 as tungsten, vanadium, molybdenum, rhenium, nickel,

29 cobalt, chromium, manganese, or a noble metal, such as

30 palladium or platinum, for those applications in which a

31 hydrogenation-dehydrogenation function is desired.

32 '

33 Typical replacing cations can include metal cations,

34 e.g., rare earth, Group IIA and Group VIII metals, as
well as their mixtures. Of the replacing metallic
cations, cations of mefals such as rare earth, Mn, Ca,
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- 5- property of SSZ-32 provides a highly selective process for |owering
t he 'pour point of heavy feeds which contain naphthenic wax at high yield of
lubricating oil base stock. DETAI LED DESCRI PTI ON OF THE
INVENTION ~ In the present process, a TEHvy oil containing naphthenic wax
is converted under nild cracking and isonerization conditions to a | ow pour
point oil. Gls which contain a high wax content, up to and i ncl udi ng

cosent L ThAY PG, YR A O B o, e S ol B Dot e

0 particularly preferred. High conversions can be obtained

03 with zeolite SSZ-32 in the hydrogen form.

04 _ | |

0s The hydrogen, ammonium, and metal components can be

06 exchanged into the zeolite. The zeolite can also be

07 impregnated with the metals, or the metals can be

o8 physically intimately admixed with the zeolite using

09 standard methods known to the art. 'And, the metals can

10 be occluded in the crystal lattice by having the desired

11 metals present as ions in the reaction mixture from which

12 the SSZ-32 zeolite is prepared.

13

14 Typical ion exchange techniques involve contacting the

15 synthetic zeolite with a solution containing a salt of

16 the desired replacing cation or cations. Although a wide

17 variety of salts can be emﬁloyed, chlorides and other

i8 halides, nitrates, and sulfates are particularly

19 preferred. Representative ion exchange techniques are

20 disclosed in a wide variety of patents including U.S.

21 Patent Nos. 3,140,249; 3,140,251; and 3,140,253. Ion

22 exchange can take place either before or after tﬁe

23 zeolite is calcined.

24 Following contact with the salt solution of the desired

25 replacing cation, the zeolite is typically washed with

26 water and dried at temperatures ranging from 65°C to

27 about 315°C. After washing, the zeclite can be calcined

28 in air or inert gas at temperatures ranging from about

29 200°C to 820°C for periods of time ranging from 1 to 48

30 hours, or more, to produce a catalytically active product

31 especially useful in hydrocarbon conversion processes.

3z

33 Regardless of the cations present in the synthesized form

34 of the zeclite, the spatial arrangement of the atoms
which form the basic crystal lattice of the zeolite
remains essentially unchanged. The exchange of cations
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naphthenic~max I's contrasted frdn1paraffin wax in that naphthenic wax is a

pet+ ol eum deri ved wax contai ning a substanti al
al kanes. In general, naphthenic waxes are conposed of (err]

than nor mal

-and | arger
preferably | ess than about 40 wei ght percent,

hydrocarbon ol ecul es. Less {R&T about 50 weight percent,
and nore preferably | ess than

35 wei ght percent of the nol ecules are normal al kanes (ie. nornal

fi . d
DS opar a7t ne BAE LENEL  DEF by 0 GEL UL DGR LALTLOS) RO TRRRTART,

anount s of

paraffin sgstituent groups to increase the waxlike character of the

partlcula
naphthenlc

cont ai ni n@% he 2ed itte Gentwiitized imepraetidbhdotie aigveneibable in the

Iecular speci es. Wien determ ning the conposition of the

x, 1% 118§ P erfé%m"rﬁ|shm"edé%%%?’y"?hvsm%bt%rm‘éahaalzeom 0i |

For romovisy o harsranln s Wed et brelfe e ol giensie Hhan °

renovi ng a m nor

08
09
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34

about 0.5 microns, more preferably no more than about 0.1

microns and still more preferably not more than about
0.05 microns.

The shape selectivity of SSZ-32 is manifested by
Constraint Index values (as defined in J. catalysis 67,

page 218), after calcination and in the hydrogen form, of

preferably greater than 12, and more preferably 13 or
greater. Determination of Constraint Index is also
disclosed in U.S. Patent No. 4,481,177.

The "constraint index" is determined by passing
cbntiﬁuously a mixture of an equal weight of normal
hexane and 3-methylpentane over a sample.of zeolite at
atmospheric pressure according to the following
procedure. A zeolite sample is prepared in the form of
peilets. .The pellets are lightly crushed, and the 20-40
mesh fraction is dried in flowing air at 1000°F (about
538¢C) for at least 30 minutes. A reactor tube is
charged with 0.47 grams of the dried zeolite sample.
Helium at 9.4 cc/min is introduced to the catalyst
charge, and the charge is heated at 800°F. A 1:1 weight

ratio blend of normal hexane and 3-methylpentane is then

passed over the zeolite at 8 ul/min. Effluent samples
are analyzed by on-line gas chromatography to determine
the fraction remaining unchanged for each of the two
hydrocarbons.
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- 6 - content of the napht heni c waxes may be determ ned, for exanple,
usi ng et hod ASTM D721. There are a nunber of nethods knomn in the art
for quantifying the nornmal al kane contegi3gf a napht heni ¢ wax, i ncl uding
-gas chromat ographi ¢ net hods, and mass spectroscopi c nethods. It is
preferred that the

01
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06
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o8
09
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11
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25
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28
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30
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34

The "constraint index" is calculated as follows:

logjo(fraction of n-hexane remaining)

Constr. Index =
‘ log;p(fraction of 3-methylpentane remaining)

-

The aluminosilicate can be formed into a wide variety of
physical shapes. Generally speaking, the zeolite can be
in the form of a powder, a granule, or a molded product,
such as an extrudate having a particle size sufficient to
pass through a 2-mesh (Tyler) screen and be retained on a
400-mesh (Tyler) screen. In cases where the catalyst'is
molded, such as by extrusion with an organic binder, the
aluminosilicate can be extruded before dfying, or dried
or partially dried and then extruded. The zeolite can be
composited with other materials resistant to the
temperatures and other conditions employed in organic
conversion processes. Such matrix materials include
active and inactive materials and synthetid or naturally
occurring zeolites as well as inorganic materials such as
clays, silica and metal oxides. The latter may occur
naturally or may be in the form of gelatinous
precipitates, sols, or gels, including mixtures of silica
and metal oxides. Use of an active material in
conjunction with the synthetic zeoclite, i.e., combined
with it, tends to improve the conversion and selectivity
of the catalyst in certain organic conversion processes.
Inactive materials can suitably serve as diluents to
control the amount of conversion in a given process so
that products can be obtained economically without using
other means for controlling the rate of reaction.
Frequently, zeclite materials have been.incorporated into
naturally occurring clays, e.g., bentonite and kaolin.
These materials, i.e., clays, oxides, etc., function, in
part, as binders for the catalyst. It is desirable to
provide a catalyst having good crush strength, because ih
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napht heni ¢ wax to be anal yzed for normal al kanes contain no nore than about
25 wei ght percent oil, and nore preferably no nore than about 15 wei ght
percent, nost preferably no nore than about 5 wei ght percent oi

. Exanpl es of feeds which nay be treated TH4T he present process |nclude for
exanpl e, crude oils, reduced crude oils, gas oils, lubricating oil stocks,
foots oils, slack wax, deoiled waxes, maxy bright st ock and

' | | th i1, includi r mal
Al Kane. anc na:om%%ed\%)%eésg sl the’ Wl el i Gflan akaesiad £6
produced. 48 | meughy handking wa Thdenttends ammxgaam mhealn:analysa‘. Vb t

percent t ®3100 14 HPoRRHGEh ) Rtidlevpsd &&r ocess. The
benefit of_ the present process increases mnth max content. s, oils

contalmruftneater than 5 wei ght percent total wax are preferred, and oils
cont ai ni n@&yr eatai&uxtim Mdtouthghig nﬂra@@mi:.@lﬁbdlﬁ)beardb shtféd aFith

Dl eaot 2 or e sWiiPnerE Bedlids B Il Boaiiy &g “ar
| east 80v@m|Mﬂpqnnnnnmlkﬂhnﬁqaand kaolln families, whlch families
08  include the sub-bentonites and theé kaolins commonly known
0s as Dixie, McNamee, Georgia and Florida clays or others in
10 which the main mineral constituent is halloysite,
11 kaolinite, dickite, nacrite, or anauxite. Fibrous clays
12 such as sepiolite and attapulgite can also be used as
13 supports. Such clays can be used in the raw state as
14 originally mined or can be initially subjected to
15 calcination, acid treatment or chemical modification.
16
a7 In addition to the foregoing materials, the Ssz-32
18 zeolites can be composited with porous matrix materials
19 and mixtures of matrix materials such as silica, alumina,
20 titénia, magnesia, silica-alumina, silica-magnesia,
21 silica-zirconia, silica-thoria, silica-beryllia,
22 silica-titania, titania-zirconia as well as ternary
23 compositions such as silica-alumina-thoria,
24  silica-alumina-zirconia, silica-alumina-magnesia and
25 silica-magnesia-zirconia. The matrix can be in the form
26 of a cogel. | '
27
28 The SSZ-32 zeolites can also be composited with other
29 zeolites such as synthetic and natural faujasites (e.q.,
30 X and Y), erionites, and mordenites. They can also be
31 composited with purely synthetic zeolites such as those
32 of the ZSM series. The combination of zeolites can also
33 be composited in a porous inorganic matrix. '
34
The SS2-32 hydrodewaxing catalyst contains a Group VIII
hydrogenation component of the type commonly employed in
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heavy oil wll boil at a tenperature greater than about 800F (about
427(€rr] O, preferably greater than about 850F (about 454[err]C). Heavy
gas oil boiling in the range of about 800F to about 1050[err]F (about
427[err] C-566[err]C) is a specific exanptl®of a heavy oil which can be
treated using the present process. Bright stock is another specific

exanpl e. _
o1 dewaxing catalysts. The hydrogenation component may be

02 © selected from one or more metals of Group VIII, including
03 the salts, complexes and solutions containing such

‘04 metals. The preferred hydrogenation catalyst is at Yeast
0s one of the groip of metals, salts and complexes selected
06 from the group conéisting of at least one of platinum,

07 palladium,,rhodium, iridium and mixtures thereof. -
08 Reference to the catalytically active metal or metals is
09 intended to encompass such metal or metals in the B
10 elemental state or in some form such as an oxide,

11 sulfide, halide, carboxylate and the like. -

12 '

13 The hydrogenation component is present in an effective
14 amount to provide an effective hydrodewaxing catalyst,
15 and preferably in the range of from about 0.1 to 5% by
16 weight.

17
18 Process Conditions
19

20 The conditions under which the isomerization/dewaxing

21 process of the present invention is carried out generally
22 include a temperature which falls within a range from

23 about 392°F (about 200°C) to about 887°F (about 475¢°C),
24 preferably from about 482°F (about 250°C) to about 842°F
25 (about 450°C). The pressure ranges from about 15 to

26 about 3000 psig, preferably from about 200 to about 3000
27 psig, and more preferably from about 200 to about 2000

28 psig. The liquid hourly‘space velocity during eontacting
29 is generally from about 0.1 to about 20 hr’!, more

30 preferably from about 0.2 to about 10 hr-l. The

31 contacting is preferably carried out in the presence of
32 hydrogen. The hydrogen to feed is typically between

33 about 500 and about 30,000 SCF/bbl (standard cubic feet
34 per bérrel), preferably about 1,000 to about 20,000

SCF/bbl.
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Bright stock is a deasphalted residuumfraction froma crude distillation-
colunn. The deasphal ted resi duum used to prepare the waxy bright stock has
a normal boiling range on the order of from about 900[err]F to about .
1300[ err] F (about 482C-704C), and prefer¥sty in the range from about

1000[ err] F to about 1250[err]F (about 530[err]C—677[err]C3. Bef ore bei ng
treated according to the present process, the hydrocarbon feed may be

t ted t, L udi hydr ot ting,
hyar ocr acht ng. 7861 BEREePEr B Hh0unudnt RR: me S 1tR. B8 BRELPYRENIR
processes9%my cembwaatmbhuw;tbxygaweaMdonaﬂrdgvnxhagepuacesseSrmdlthe f eed
d ' h
and i ncregge thgiéésoé'ﬁﬁgbnéi? vaEB§SB%%§3F§ %r”hhﬁggéﬁ b%?%g%& the

heavy oi] depen a nu acto source®o € oi
the boili%Y rahgs examaéemuFheaHGOFﬁ§Sppéc§§§|Agvgn§p§neﬁeauhgenéedbyOthe

oi | beforesbei paabegatne bBuEhﬁoﬁhQSBBtapuﬁﬁéﬁ%lllBotEedEéQ§éatdE§96§$5 the
nit rogen nt ent

opm CrouiR | PREEReE( EPABAELBRaEnEhenBOHE Point an'Eheh be Schieved

07 using a conventional dewaxing process. Under such

o8 circumstances, immediately following the isomerization .

09 process of the invention, the lube oil may have a pour

10 point greater than about 15°F. Further, the pour point

11 of the lube oil produced by the process of the invention

12 can be reduced by adding pour point depressant

i3 compositions thereto.

i4

15 It is often desirable to use mild hydrogenation referred

16 to as hydrofinishing after dewaxing to produce more

17 stable lubricating oils. Hydrofinishing also can be

18 carried out prior to the dewaxing step. Hydrofinishing

19 is typically conducted at temperatures ranging from about

20 190°C to about 340°C, at pressures from about 400 psig to

21 about 3000 psig at_épace'velocities (LHSV) from about 0.1

'22  hr! to about 20 hr!, and hydrogen recycle rates of from

23  about 400 to about 1500 SCF/bbl. The hydrogenation

24 catalyst employed must be active enough not only to

'25.  hydrogenate the olefins, diolefins and color bodies

26 within the lube o0il fractions, but also to reduce the

27  aromatic content. The hydrofinishing step is beneficial

28 . in preparing an acceptably stable lubricating oil.

29 )

30 Suitable hydrogenation catalysts include conventional

31  nmetallic hydrogenation catalysts, particularly the

32 Group VIII metals such as cobalt, nickel, palladium and

33 platinum. The metals are typically associated with

34 carriers such as bauxite, alumina, silica gel,
silica-alumina composites, and crystalline
alum1n05111cate zeolltes. Palladium is a particularly
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nitrogen | evel bel ow about 50 ppm and nore preferred bel ow about 10 ppm
wher.e ppmrepresents parts per mllion parts by weight. As stated above,
heavy oils containing a najor anount of wax nay al so be treated in the
present process. These highly waxy oil s~}#mtlude oils containing greater
t han about 50 weight percent total wax. G ls consisting of up to 100% wax
may be treated in the present process. Slack,max from heavy gas oil and

Whi o can e | BERRATTed DYARASATL: Besed-* SHR HeRiTeds MECHRBIAE {1 om
heavy gas0@i | Ioroup WMITY Imedhalst anauh@eamtsadumiitans ;ndltyrbdataml e Mdbalsol vent
dewaxing. geavy, JH{IPHUY Shillfidie Wah ve G882 lhi¥ahe” daltadlatd 38
- 04 disclosed in U.S. Patent Nos. 3,852,207; 4,157,294;

05 3,904,513; and 4,673,487,

06 o

07 The invention will be further clarified by the following
o8 examples, which are intended to be purely exemplary of

09 the invention.

10 ~

11 E LES

12 | .

i3 The wax content of the oil set forth in the following

14 Examples was determined as follows: 300 g of oil was

15 diluted 50/50 by volume with a 4:1 mixture of methyl

16 ethyl ketone and toluene which was cooled to -20°C in a
17 refrigerator. The mixture was filtered through a Coors
is funnel at =-15°C using Whatman No. 3 filter paper. The

19 - wax was removed from the filter and placed in a tarred 2
20 liter flask. The solvent was removed on a hot plate and
21 the wax weighed.
22 _

23 The normal paraffin analysis of a naphthenic wax set

24 forth in the following Examples was determined using the
25 following gas chromatographic (GC) technique. A baseline
26 test is made to determine the retention times of a known
27 mixture of Cy; to C4 normal paraffins. To make the

28 . getermination, approximately 5 ml of carbon disulfide is
29  added to a weighed amount of the known mixture in a

30 2-dram vial. Two microliters of the CS,/known sample are
31

32
33
34 e —
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- 8- paraffin wax by the size of the wax crystals in the solid wax nass,
by ‘the difficulty of separating mcrocrystalline wax fromthe oil liquid in
which it is found, and by certain charaﬁigrlstlc physi cal properties,

i ncluding refractive index, nmelting poi and nol ecul ar _wei ght. Heavy

m crocrystalline wax is largely conposed of CJerr] and Iarger hydr ocar bons,
with less than 10% Cferr] and smaller hydrocarbons I n general a heavy

m crocryspaglli a r ' | gg?ﬁ ﬁﬁgh ured at
98.9[err] C andgg %@‘??n%nggfﬁﬁ 0 5?2&1 than out ‘err t{néﬂipters 1
and 2 of P@ BeﬁBGFPteﬂnHﬁépﬁ'§P9M££@§°“$ﬂﬁﬂﬁéqam33ﬁﬁﬁxuﬂ Publ i shi ng
Conpany, 03

04 carrier gas - helium column - 15 m X 0.32 mm ID
05 Splitter flow - 50 ml/min fused silica capillary
Inlet pressure - 30 psig coated with DB-1.
06 Make-up gas - nitrogen Available from J&W
Make-up flow - 25 ml/min Scientific.
07 .
(€ 8 psig) -
os FID hydrogen - 20 ml/min Oven Temperature Program -
09 (é 16 psig) (150 °C initial, 4 min.
FID air - 300 ml/min ' delay, 4°C/min rate, 270°C
10 (40 psig) final temp, 26-min final
11 Injector Temperature - 350°C temp hold.
Detector Temperature - 300°C
12 .
i3 The peaks in the resulting GC trace are correlated with
14 the identity of each of the normal paraffins in the known
15 nmixture. :
16
17 The gas chromatographic analysis is then repeated on a
18 sample of the unknown wax. A weighted amount of the
2®  unknown wax is dissolved in 5 ml of CS, and the solution
20 . .
21 injected into the gas chromatograph, which is operated
22 using the parameters listed above. The resulting GC
23 trace is analyzed as follows:
24 . ) . .
25 ~(a) Each peak attributable to each normal paraffin
26 Cx present in the wax is identified.
27 : ' . .
28 (b) The relative area of each normal paraffin peak
29 is determined by standard integration methods.
30 Note that only the portion of the peak directly
31 attributable to the normal paraffin, and
32 excluding the envelope at the base of the peak
33 attributable to other hYdrocarbons, is incloded
34 in this integration.

(c) The relative area representing the total amount
of each hydrocarbon C, (both normal and non
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Inc., 1975, and Kirk-OQ hner: Encycl opedi a of Chen1ca| Technol ogy, John

W ey and Sons, Third Edition, Vol. 24, p. 473-476 includes a description
of mi crocrystalline waxes. The present, process is contrasted  from
convenfi onal processes for dewaxing heavy oil by the high yield of high
viscosity index lubricating oil base stock having the same boiling range as
that of the feed. However, the present process is not to be limted to

products pgiling in the %%%%argn&% %ﬁet@%xf%@ﬂpl@e&%nﬁbﬂgrﬂ@naﬁoQﬁﬁi a
condltlonﬁFand the type of feed processed, l|ubricating aqil_ base stocks

havi ng boPRi ng ranges wePea¥cinhegration from the B¢ BE bh8dGeegnormal

i ncl udi ngoBase stocks boilakagfdin ?@ameh@wtﬁépb@arbf tﬁaeclqgéapallﬁ930|l
base stock,which is the peruct 0 he present process ha8 ‘a pour point

bel ow t hat $of the heavy Weidhdcpersestagspiof each POERAdaPRRRLSAR BBse
.stock has©8 pour point oftheewaxt Han delteriminkd] &y Felablihgathewapeur offoi nt s

of less tggn -25[err]C a also ssibl e i th t&e resen rocess. The
pr esent process is parti p@ga&glphges eﬁgrgﬁﬁoﬁogF hFﬁﬁa
attrlbutable to each carbon number component in
o8 the wax.
0%
10  The normal paraffin content of waxes boiling at
11 temperatures beyond the range of the gas chromatograph
12 yere estimated from literature references to waxes having
a3 similar physical properties..

14 |
1 . EXAMPLE 1
16 :

17 1400 ml1 of water and 56.5 grams KOH were mixed in a

18 Hastelloy C lined l1-gallon autoclave, which was stirred
19 with an overhead paddle-blade stirrer. 23.3 grams of
20  Reheis F2000 alumina (50 wt$ Al,0;) were added, and the

21  pixture stirred until clear. 62 grams of isobutylamine
22 and 200 millimoles of N,N’ Diisopropylimidazolium

23 hydroxide (1M aqueous solution) were then added. 253

24 grams of Cabosil M-5 were then added in increments with
25 stirring. After an additional 30 minutes of stirring,
26 the pH of the mixture was 13.2-13.3.

27

28 The reaction mixture was stirred at 75 RPM and heated to
29 170°C for 5 days. After washing and drying the reaction
30

product, the product was analyzed by X-ray diffraction

31 and found to be SSz-32.
32

33
34

The uncalcined zeolite was bound with alumina as follows:
180 grams of zeolite was blended with 97 grams Catapal
alumina in a Baker Perkins mixer. To the mixing powders
was added 8.3 g of 70% HNO; in sufficient water so that
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VISCOSIty |ndex base stocks. Thus, mhen heavy waxy oils are treated in the
pr.esent process, the viscosity |ndex of the base stock product wll
*general ly be greater than -9- 95.
Wien the waxy oil is essentially pure Wa®T or an oil contalnlng hi gh
percent ages of wax, the viscosity index of the base stock product may be
greater than 115, and, depending on the type of oil treated, may be as high
as 140 a%q

ab@%e total of water in the zeolite, in the alumina, and
02 with the HNO; was 269 g. The mixing powders containing
03  the nitric acid was mixed for 30 minutes at a total
'.°4 volatiles content of approximately 45%, and was then’
05 extruded with a 0.113 in die. The extrudates were dried
06  at 250°F (about 121°C) for 8 hours and calcined at 1150°F
07  (about 621°C) for 1 hour at 1 SCFH dry air. The
08  extrudates were then subjected to a sequence of 4 NH,NO;
09  jon-exchanges in a 1M solution, each for 2 hours at
10 100°c.
11
12 The bound exchanged zeolite was impregnated with 0.325
13 wt% platinum from platinum tetraaminonitrate as follows:
14 A platinum solution was prepared by combining 6.44 grams
15 Pt (NH3) 4(NO3), with 337 grams water and 48.2 grams of

16 dilute NH, OH (1/100 volume dilution of concentration NH,OH

17 containing 28.5% NH;). A slurry was also prepared by

18 combining 100 grams zeolite (volatiles-free basis) with
19 1048 grams deionized water and 201 grams of 1/100 diluted
20 NH,OH. The zeolite slurry was contacted with the platinum
:: solution for 24_hours. The zeolite slurry was then

23 filtered, washed by reslurrying twice with a 10/1 weight
24 ration of_deionized water, air dried for at 30 minutes,
25 and dried at 250°F (about 121°C) for 4 hours in forced

26 air. The zeolite was then calcined at 250°F (about

27 121°C) for 2 hours and then heated at 100°F/hr (about

28 56°C/hr) to 550°F (about 288¢°C), and held at 550°F (about
29 288°C) for 3 hours in 1 SCFH dry air.

30 | X ) .

31 Before testing the catalyst with heavy waxy oil feeds, it
a2 was reduced in flowing hydrogen at 400°F (about 204°C)

33 and 2300 psig pressure for 4 hours in order to

34 equilibrate activity.
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: . [ [ Is termed SSZ-32, Nove
-32 .The zeolite useful in the present process is !
ggélgz zeolites, as synthesized, have a crystalline structure rhoselx ray
bomder diffraction pattern shows the foll ow ng characteristic |lines:

' i . "21= Int. I/I]err]
din
17.05 26 10. 05 10
7.83 17 ~ 4.545 Ne
4.277 o1 71 Exanpd 5, _

02
03 The SSZ-32 zeolite of Example 1 was tested with a slack
- 04 wax having the following properties: :

0s
06 Gravity, °API - 21.2
07 Sulfur, ppm _ : 30
Nitrogen, ' ppm ' <1
08 Pour Point, °C ' 63
09 Cloud Point, °cC 77
" Viscosity, cSt @ 100°C 8.473
10 Oil Content, wt% (ASTM D-721) 30
11 Simulated Distillation (ASTM D-2887)
10% overhead 886°F (about 474°C)
12 50% overhead 963°F (about 517°C)
13 90% overhead 1028°F (about 553¢(C)
N-paraffin content of deociled wax, wtg 30
14 . _ . .
15 . Pa s .
The reaction conditions ang product properties from the
16 .
7 reaction test were as follows:
1 .
18 Test
19 Number
20 . 1 2
Reaction Conditions . o
21 Temperature, °F (°C) 670 (354) 580
22 (304) :
- - WHSV 0.49 0.47
23 Gas Rate, SCFB 7070 7242
24 Inlet H, Pressure, psia 2242 382
25  Product Properties .
26 Viscosity, cSt (corrected to 500°F flash point)
€ 40°C 52.92 56.50
27 Viscosity Index ' 133 132
28 Pour Point, °cC : -27 -18
Cloud Point, °cC - - -7 -7
29 Refractive Index
30 e 20°c - 1.4666 1.4684
Yield, wtg ' 63.3 68.6
31 _ .
32
33
34
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3.726 98 The X-ray powder diffraction patterns were
det ermi ned by standard techni ques. The radiation was the K-al pha/doubl et
“of copper and a scintillation counter Zﬁﬁgtroneter with a strip-chart pen
. recorder was used. The peak heights | & the positions, as a function of
2[err] where O is the Bragg angle, were read fromthe spectroneter chart.
From t hese neasured values, the relative intensities, 100 I/I[err], where
I[err] iggthe intensity of the strongqﬁbmkﬁ Pr peak and d, the
|nterplanar spaci ng in Angstrons correspvn&gﬁg"to the recor ded | i nes, can
be cal cl®&ted. The X-ray diffraction pattern of Table 1 is characterlstlc

of novel g$Sz- ﬁezgghl-bgszesliqtéeslfltz& t;ﬂ@qe%fyt@s@&n% kg Bhe metal or

ot her ca&*on resent In_the zeolite vari ous other cations vyields
rocrystalllne wax havxng the following propertles'

0S5
06 Gravity, °API ' : 32.1
07 Sulfur, ppm 6
Nitrogen, ppm ‘ 0.62
os Pour Point, °C . 81
09 Cloud Point, °C
Viscosity, cSt @ 100°C 21.13
10 0il Content, wt% (ASTM D~-721) 6.7
31 Simulated Distillation (ASTM D-2887)
10% overhead 1052°F (567°C)
12 50% overhead ' 1160°F (627°C)
13 95% overhead 1238°F (670°C)
N-paraffin content (estimated), wt$% 25
14 .
18 The reaction conditions and product properties from the
16 .
reaction test were as follows:
17
18 Test
19 Number :
20 3 4
Reaction Conditions
21 Temperature, °F (°C) 680(360)
22 600(316) )
WHSV 0.40 0.41
23 Gas Rate, SCFB : 7953 7833
24 Inlet H, Pressure, psia 2272 _ 405
25 product Properties
26 Viscosity, cSt (corrected to 500°F flash point)
8 40°C 134.1 166.6
27 Viscosity Index 127 120
28 Pour Point, °C -39 -42
Cloud Point, °C _ -5 4
29 Refractive Index ,
30 @ 20°C : 1.4655 1.4704
Yield, wt% - 25.1 31.4
31 :
32
33
34
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-10- substantially the sane diffraction pattern although there can be
m-nor shifts in interplanar spacing and mnor variations in relative
‘intensity. Mnor variations in the diffraction pattern can also result from
variations in the organi c conpound use®3dm the preparation and from
variations in the silica-to-alumna nole ratio fromsanple to sanple
Cal cination can also cause mnor shifts in the X-ray diffraction pattern
hbtmnthshgnding these m nor perturbatigns, the basic crystal lattice
st ruct ur & remai ns unchanged. EXAMPLE 4 |

02

03 The SSZ-32 zeolite of Example 1 was tested with a heavy
04 hydrocracked 011 having the following properties:

05 |

06 Gravity, °API 29.6

07 Sulfur, ppm 10
Nitrogen, ppm 4.36

08 Pour Point, °C 54

09 Cloud ?oint, °C 60
Viscosity, cSt @ 70°C 25.98

10 viscosity, cSt € 100°C 11.05

11 Wax Content, wt% 18.0
N-paraffin content of wax, wt% 29

12 Simulated Distillation (by ASTM D-2887) '

13 10% overhead _ 866°F (463°C)

50% overhead 953°F (512°C)
14 95% overhead 1025°F (552°C)
15 '

16 The reaction conditions and product properties from the
17 reaction test were as follows: _
i8 .

19 Test
20 Number :
) 5 6
21 Reaction Conditions
22 Temperature, °F (°C) 660(349)
700(371) '

23 WHSV 2.16 _ 2.17
24 Gas Rate, SCFB 4991 4965

_ Inlet H, Pressure, psia 2227 2208
25

26 Product Properties
Viscosity, cSt (corrected to 500°F flash point)

27 € 40°C 102.5 99.72
28 Viscosity Index : 100 98

Pour Point, °C -21 -30
29 ~ Cloud Point, °C , -7 _ -62
30 Refractive Index

8 20°C } 1.4781 1.4777

31 Yield, wt% 89.1 86.3
32

33 The examples above show the high yield and excellent
34 viscosity index possible when dewaxing heavy waxy oils
with Ssz-32.
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Met hods of preparing SSZ-32 zeolites are disclosed in U S. Patent No.
5053, 373, the disclosure of which is incorporated herein by reference..
"The synthetic zeolites can be used as synthesized or can be thermally
treated (calcined). Usually, it is de$frable to remiwﬂumnﬂulllmﬂllal
cation by ion exchange and replace it with hydrogen

desired netal ion. The zeolite can be | eached with chelatlng a ents

EDTA or | ut id.s Sy to i ncrease the silica:alumna nole ratlo
The zeol?%e ég%ﬁglg% §£H£¥ggne steam ng hel ps stabilize the crystalline
lattice 9 attaghwtfrbm-aci ds. The zeolite can be used in intimte .

combi natgpn wiih hxdﬁpseagélfsr%fm@@gﬁ% Sﬂﬁﬂri‘éa{:ﬂﬁgséfﬂ bxgaagtua;

nol ybdenum rheni um™ ni ckel, cobal um _mangane
such as P&l | adi um B5¥oB| atheawy Pdf vhich a‘abtaéaemmuﬁam Eﬁogess

hydr ogenes i on- dehygémgeieingnconbatt Ong i Sad@sheady oil under mild

06 cracking and isomerization conditions with a

07 catalyst comprising

08

09 (a) a zeolite having a mole ratib of silicon oxide
10 to aluminum oxide greater than about 20:1 to
11 less than 40:1, and having the X-ray

12 diffraction lines of Table 1; and

13

14 (b) at least one Group VIII metal,

15 PN O

16 wherein said wax—ss—a naphthenic wax, and wherein
17 the pour point of said lubricating oil base stock is.
18 reduced relative to the pour point of said heavy
19 oil.

20

21 2. The process according to Claim 1 wherein the heavy
22 oil contains at least 5 weight percent wax. |
23 ' i

24 3. The process according to Claim 2 wherein the heavy
25 " 0il contains at least 10 weight percent wax.

26

27 4. The process according to Claim 1 wherein the

28 naphthenic wax contains less than about 50 weight
29 "percent normal alkanes.

30

31 5. The process according to Claim 4 wherein the

32 naphthehic wax contains less than about 40 weight
33 ~ percent normal alkanes.

34
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Typi cal replacing cations can include netal cations;,- --rare -earth,

€ g
Geoup I1A and Goup VIII netals, as well as th t he
‘replacing netallic cations,. cations of netals @"ﬂgﬂmﬁ h, M, Ca,
My, Zn, Cd, Pt, Pd, Ni, Co, Ti, A, Sm2%e and L hdr |y

ite

preferred Hrgh conversions can be obtained with zeol SSZ-32 in the
hydr ogen form

01 6. The process according to Claim 1 wherein at least
02 " about 80 volume percent of the heavy oil boils at a
03 temperature greater than about 800°F at atmospheric
04 pressure. )

05 ‘ ' .

06 7. The process accordlng to Claim 1 whereln the heaﬁy
07 oil is a heavy gas oil.

o8 |

09 8. The process according to Claim 1 wherein said heavy
10 oil is a hydrocracked stock. '

11

12 8. The process according to Claim 1 wherein said heavy
i3 ‘0oll is a solvent refined stock.

14

i5 10. The process according to Claim 1 wherein at least
16 about 80 volume percent of the heavy oil boils at a
17 temperature greater than about 1000°F at atmospheric
18 pressure.

19

20 11. The process according to Claim 10 wherein the heavy
21 oil is bright stock.

22

23 12. The process according to Claim 11 wherein the bright
24 stock contains at least about 5% by weight of wax.
25 )

26 13. The process accofding to Claim 1 wherein said

27 contacting is carried out at a temperature of from
28 | about 400°F to about 850°F, a reaction pressure of
29 "from about 15 psig to about 3000 psig and a liquid
30 hourly space velocity from about 0.1 to about 20

31 hrl.

32

33  14. The process according to Claim 13 wherein said

34 pressure is from about 100 to about 2500 psig.
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The hydrbgen aﬁﬁﬁﬁ?ﬁﬁl and netal conponents can be exchanged into the
_zeolite. Theum !mﬁmﬁﬂum be i npregnated with the netals, or the netals
can be physi IﬂWadnixed ith the zeolite using standard -

met hods known to the Art® Ahd, the nE€&™s can be occluded in the crystal
lattice by having the desired netals present as ions in the reaction

m xture fromwhich the SSZ-32 zeolite is prepared.. Typical ion exchange
techni ayps |10l vengOBEBERER0aLBErSIRYNEL! €1250' 13 QMELLIA SR U 18Ria
containing a salt_ o e desired_replacing cation or cafions. ough a
wide vadl¥ ety of sBPUEL¥afPREecHPloGEly if| Bromcabell thcko Rbowess.
nitratem3 and sulfates are particularly preferred. Representative ion
exchange, t echpi q are disclosed in a wde variety of patenis including

U s Pdnt Nos. Ihe,Brogessidterding tq £1aim l shereln aiflange can take

pl ace e@%her bef ocentactingrisheazebédteut sinatie neresémté ot rigetwsbnct
W th i sal U S0l yhlgp ghotbg deshE ob6PLeEhREARLe 08750 Lo 1S

typi cal y washed
o hydrogen per barrel of feedstock.

08

0% 17. The prbcess according to Claim 1 further comprising
10 hydrofinishing the dewaxed lube oil.

11 ' |

12 18. The process according to Claim 17 wherein

13 hydrofinishing is carried out at a temperature of
14 from about 190°C to about 340°C and a pressure of
s from about 400 psig to about 3000 psig.

16 o

17 19. The process according to Claim 17 wherein

18 hydrofinishing is carried out in the presence of a
19 metallic hydrogenation catalyst.

20 | N

21 20. The process according to Claim 1 wherein said heavy
22 0il is one or a mixture of materials selected from
23 | the group consisting of crude oils, gas oils,

24 iubricating oil stocks, foots oils, slack waxes,

25 ‘deoiled waxes, waxy bright stock and

26 microcrystalline waxes. |

27 _

28 21. The process according to Claim 20 wherein the heavy
29 0il contains greater than about 70 weight percent
30 wax.

a1

32 22. The process according to Claim 21 wherein the heavy
33 _ 0il contains greater than about 80 weight percent
34 wax.
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. Water and dried at tenperatures ranging from 65[err}€ to about-315{err]C.
_APter washing, the zeolite can,be calcined in air ' s_at

tenperat ures ranging from about 200][ err170 to 820[ I&ﬂ@&)i"ﬁﬁﬂl of time
ranging from1 to 48 hours, or nore, {87produce a tive
product especially useful in hydr ocar bon conversi on processes. Regar dl ess
of the cations present in the synthesized formof the zeolite, the spatial
arrangeng t ons Lch [ he basji¢_cry lattice,of th

zeolite J;ﬂﬁj%% gg% tP5?¥€£%n%%§%§% _91€8 %géhﬁnéi B?eESFPoﬁg wax

contains less than about 50 weight percent normal

03 alkanes.
o4 |
05 24. The proceés according to Claim 23 wherein the wax
06 contains less than about 40 weight percent normal
07 alkanes. .
08
09 25. The process according to Claim 20 wherein the wax is
10 a slack wax from a heavy gas oil.
11 |
12 26. The process according to Claim 20 wherein the wax is
i3 '~ a heavy microcrystalline wax from a bright stock.
14
15 27. The process according to Claim 1 wherein the
16 Group VIII metal is platinum, palladium, or mixtures
17 .thereof.
i8
19 28. The process according to Claim 1 wherein the
20 Group VIII metal is present in the range from about
21 0.1 to about 5% by weight.
?_2
23 29. The process according to Claim 1 wherein the zeolite
24 has a crystallite size of less than about 0.5
25 " microns.
26 .
27 30. The process according to Claim 01 wherein the
28 zeolite has a constraint index of greater than 12.
29
30
31
33 S
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has I|ttIe |f any, effect on the zeolite lattice structures. It is
preferred that relativeély small crystal size zeolite be utilized in
practicing the invention. Preferably, the average crystal size is not
greater than about 0.5 microns, nore pe8ferably no nore than about 0.1

m crons and still nore preferably not nore than about 0.05 m crons. The
shape selectivity of SSZ-32 is manifested by Constraint |ndex val ues (as

hydr oge® ¥ orm of pr ef er abi y A ot tith SRS, e b1 y 13 o
greater 82Det ermi nati on of Constraint Index is also disclosed in U S. Patent
No. 4’4%3’17§eavy waxy oil.is dewaxed by a mild cracking and
- 04 isomerization procéss using a catalyst comprising SsZ-32

05 and at least one Group VIII metal. The heavy oil

06 contains naphthenic wax, which includes only a relatively

07 small amount of normal alkanes. Naphthenic wax

o8 containing a minor amount of oil may also be dewaxed

09 using the process.
10

11

12

i3

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

32

32

3
34
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The "constralnt i ndex" is deternined by passing contlnuously a n1xtd?%”%ﬁﬂ”j
" an equal weight of normal hexane and 3-net hyl pent'ane:o S e. B
zeolite at atnDspherlc pressure according to the. foll.
zeolite sanple is prepared in the form of pellet§r Th pel
crushed, and the 20-40 mesh fracti or43s dried in flov
(about 538C3 for at |east 30 minutes. A react or Vube h ' .
grams of the dried zeolite sanple. Heliumat 94" cefmin i s it §duced. to

the catal yst charge, and the charge i s heated at 800[err]F. A 1:1
ratio bl entHBT ASr FERIMERaTS Sand 3- met hyl pent ahe:i's t hen :passed. d%£?7g

zeolite at 8 [err]l/m n. Effluent sanples are analyzed by on-Tine gas =~

T APy ahopiocesl Tor e AP AL 1401 H°B200BYsLOGLRRK" O

from a heavy oil which contains wax, said process

vl

comprising contacting said heavy oil under mild
cracking and isomerization conditions with a

catalyst comprising

(a) a zeolite having a mole ratio of siiicon oxide
to aluminum oxide greater than about 20:1 to
less than 40:1, and having the X-ray
diffraction lines of Table 1; and

(b) at least one Group VIII metal,

wherein said wax is a naphthenic wax, and wherein
the pour point of said lubricating oil base stock is
reduced relative to the pour point of said heavy
oil.

2. The process according to Claim 1 wherein the heavy
0oil contains at least 5 weight percent wax.

3. The process according to Claim 2 wherein the heavy
oil contains at least 10 weight percent wax.

4. The process according to Claim 1 wherein the
naphthenic wax contains less than about 50 weight
percent normal alkanes.

5. The process according to Claim 4 wherein the
naphthenic wax contains less than about 40 weight
percent normal alkanes. '
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-13- The "constraint index" is calculated as foll ows:

| og[err] (fracti.on of n-hexane remaining) Constr. Index =

l og[err] (fraction of 3-nethyl pentane remaini ng) The al um nosilicate can
be fornmed into a wide variety of physical shapes. Generally speaking, the
zeolite can be in the formof a pomd?g_ a granule, or a nolded product,
such as an extrudate having a particle size sufficient to

6. The process according to Claim 1 wherein at least
about 80 volume percent of the heavy oil boils at a
temperature greater than about 800°F at atmospheric
pressure.

7. The process according to Claim 1 wherein the heavy
oil is a heaﬁy gas oil.

8. The process according to Claim 1 wherein said heavy
oil is a hydrocracked stock.

9. The process according to Claim 1 wherein said heavy
oil is a solvent refined stock.

10. The process according to Claim .1 wherein at least
about 80 volume percent of the heavy o0il boils at a
temperature greater than about 1000°F at atmospheric
pressure. i

11l. The process according to Claim 10 wherein the heavy
oil is bright stock.

12. The process according to Claim 11 wherein the bright
stock contains at least about 5% by weight of wax.

13. The process according to Claim 1 wherein said
contacting is carried out at a temperature of from
about 400°F to about 850°F, a reaction pressure of
from about 15 psig to about 3000 psig and a liquid
hourly space velocity from about 0.1 to about 20
hrl. '

14. The process according to Claim 13 wherein said
pressure is from about 100 to about 2500 psig.

-y e
‘\
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pass through a 2-nmesh (Tyler) screen and be retained on a 400-nesh (Tyler)
"screen. In cases where the catalyst is nolded, such as by extrusion with an
organi ¢ binder, the alum nosilicate can be extruded before drying, or dried
or partially dried and then extruded. The zeolite can be conposited with
other materials resistant to the tenpératures and other conditions enpl oyed
in organi c conversion processes. Such matrix materials include active and
i nactive materials and synthetic or naturally occurring zeolites as well as
i norganic materials such as clays,, silica and netal oxides. The latter may
occur natutdt| yTBe REPCESS RaarrdBimtst Gk i hbusheresnpthat ddquddls, or
gel's, includi nghBu¥iy epalle Sidldci B0 dTBtAdm CabEeE - 0 Uset8f apBucEi,ve
material in conjunction with the synthetic zeolite, i.e., conbined with it,
tends to inprove the conversion and selectivity of the catalyst in certain
organi c copger sTha preeesscacddrliny st riiml 5 wheréeiht ahlig serve as

diluents to contro% t he amgunt of .conver.sion én a given grﬁgeﬁstso t hat
products can be“BBFaFNeB% ISR WY Hoht tb%i_ﬂge%?ﬂg afi§“¥&en
controlling theabatie @bor eaactabwut BEIeastdnydazdotubicmBeeti afs have been

|ncorporated.|n£§;drogen per barrel of feedstock.

17. The process according to Claim 1 further comprising
hydrofinishing the dewaxed lube oil.

18. The process according to Claim 17 wherein
hydrofinishing is carried out at a temperature of
from about 190°C to about 340°C and a pressure of
from about 400 psig to about 3000 psig.

19. The process according to Claim 17 wherein
hydrofinishing is carried out in the presence of a
metallic hydrogenation catalyst.

20. The process according to Claim 1 wherein said heavy
oil is one or a mixture of materials selected from
the group consisting of crude oils, gas oils,
lubricating oil stocks, foots oils, slack waxes,
deciled waxes, waxy bright stock and
microcrystalline waxes.

21. The process according to Claim 20 wherein the heavy
oil contains greater than about 70 weight percent
wax.

22. The process according to Claim 21 wherein the heavy
oil contains greater than about 80 weight percent
wax.

O .
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naturally occurring clays,
cl ays,

. e.,

e.g.,

oxi des, etc., function,

bentonite and kaolin.
in part,

These material s,
as binders for the catal yst.

It is desirable to provide a catal yst having good crush strength, because

in

- 14-

petrol eumrefining the catalyst

I's often subjected to rough handll%@ Thi's tends to break the catal yst down

i nto powders which cause problens in praoc€ssing.

cl ays which can be conposited with

23.

24.

25.

26.

27.

28.

» 29.

30.

The process according to
contains less than about
alkanes.

The process according to
contains less than about
alkanes.

The process according to
a slack wax from a heavy

The process according to

a heavy microcrystalline

The process according to

Claim 21 wherein the wax

50 weight percent normal

Claim 23 wherein the wax
40 weight percent normal

Claim 20 wherein the wax
gas oil.

Claim 20 wherein the wax
wax from a bright stock.

Claim 1 whereiﬁ the -

Natural |y occurring

is

is

Group VIII metal is platlnum, palladium, or mixtures

therecf.

The process according to

Group VIII metal is present in

Claim 1 wherein the

0.1 to about 5% by weight.

The process according to

has a crystallite size of less

microns.

The process according to Claim
zeolite has a constraint index

R

Claim
than about 0.5

01 wherein the

of greater than 12.

the rénge from about

1 wherein the zeolite
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the synthetic zeolites of this invention include the nontnorillonite and
kaolin famlies, which famlies include the sub-bentonites and the kaolins
connDnIy known as Di xi e, McNanee, Ceorgia and Florida clays or others in
whi ch the main mineral constituent is halloysite, kaolinite, dickite,
nacrite, or anauxite. Fibrous clays suzth as sepiolite and attapul gite can
al so be used as supports. Such clays can be used in the raw state as
originally mned or can be initially subjected to calcination, acid

treatment o H g d iﬁe EAVY ﬁggk%égf &@ PE foregO|ng
materi al s, é g §§E§ goﬁegg €80 tRP %e conposi W T h porous matrix
materi al s an nlxtures of-matri X naterlals such as silica, alumna,
titania, magnesia, silica- alunlna silica-zirconia,
silica-thoria, silica-beryl ABEIRE &4 a-zirconia as well as
ternary conpositions such as S|I|ca alunlna thorla

silica-alu na2|rcon|a,. |I|<éaaI$2) glfiﬁaan

si | i ca- magne§PYYz¥PEnCE 1 5 depxed P¥n &Y tq’r?cs‘&r"rﬂ &4 cogel .
1somer1zatlon process using a catalyst comprising SSZ-32
and at least one Group VIII metal. The heavy oil
contains ndphthenic wax, which includes only a relatively
small amount of normal alkanes. Naphthenic wax
containing a minor amount of o0il may also be dewaxed

S|I|ca naon%§|a

using the process.
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~The SSZ-32 zeolites can al so be conposited mnth d/her zéolit
"synthetic and natural faujasites (e.g., X and Y) - efioniites,
nmor denites. They can al so be conposited with pure[y synt:het i
as those of the ZSM series. The COﬁbInaHIOH !zeolltes can:aks 2. .
conposited in a porous inorganic matri X. The {SSZ- 32 hydrodemaX|ng o

catal yst contains a Goup VIII hydrogenatton cqnpgnentuof_Lhe typgﬁﬂpnnnnly
enpl oyed in T T i

A PROCESS FOR PRODUCING HEAVY LUBRICATING
OIL HAVING A LOW POUR POINT

Technical Field

This invention relates to a process for reducing the pour
point of a waxy refinery &tream using a medium pore
aluminosilicate, 85z~32.

BACKGROUND OF THE INVENTION

Recent advances in the development of catalysts used for
catalytic dewaxing have made it possible to produce low
pour point lubricating cil base stock from waxy feeds at
high yield. Dewaxing is required when highly paraffinic
oils are to be used in products which need to remain
mobile at low temperatures, e.g., lubricating oils,
heating oils and jet fuels. The straight chain normal
and slightly branched paraffinic substituents which are
present in oils of this kind are waxes which cause high
pour points and high cloud points in the oils. In heavy
oils, cyclic paraffins and aromatics having paraffinic
side chains re also present as wax. If adequately low
pour points are to be obtained, these waxes must be
wholly or partly removed, or converted to hon-waxy
analogues. In the past, various solvent"rembyal
techniques such as propane dewaxing and MEK dewaxing were
used, but these techniques are costly and time éonsuming.

Catalytic dewaxing has been used to overcome the
deficiencies of commercial solvent wax removal processes.
U.S. Patent No. 4,222,855 issued September 16, 1980, to
Pelrine et al. describes a process for dewaxing a waxy
hydrocarbon fraction boiling between 450°F and 1050°F
(about 232-566°C) using ZSM-23 or 2SM-35. U.S. Patent

This is the replacemernt sheet
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~dewaxi ng catal ysts. The hydrogenati on conponent may be sel ected from one or
“more metals of Group VIII, including the salts, conplexes and sol utions
contai ning such netals. The preferred hydrogenation catalyst is at |east
one of the group of metals, salts and -<<bnpl exes sel ected fromthe group
consisting of at |east one of platinum palladium rhodium iridium and
m xtures thereof. Reference to the catalytircally active netal or netals is

|1t ended (0 AEOTPI WL J5b0ke HoVERPLE b AD8ac) BTBhaRsSEIbE, 2L,
The hydr ogenatiiswl cxep aterdx isg (pdeotrackate ehitht 28H-28PuURhete phevi de an
ef fective hydrofnex] o cat Al \ales 08 PEGHRGRLSCHICRRG" B"AaRbebERThOU!
feedstock boiling above 343°C. The zeolite used in the
present process has essentially the same X-ray
diffraction pattern as ZSM-23, described in U.S. Patent
No. 4,076,842. In the present invention the aluminum
content is higher than previously described. The X-ray
diffraction lines are quite broad due to the very small
crystal size.

Catalytic dewaxing processes using conventional catalysts
remove waxes by selectively cracking waxy components to
produce lower molecular weight products, some of which
may be removed by distillation. For example, waxy
paraffins may be cracked to lighter n-paraffins,
including butane, propane, ethane and methane, which do
not COntribute'to the waxy nature of the oil. Because
these lighter products are generally 6f lower value than
the higher molecular weight materials, it would be |
desirable to limit the degree of cracking which takes
place during a catalytic dewaxing process.'

Recent advances in processes for reducing the bour and
cloud points of refinery streams have provided medium
pore molecular sieves for isomerization and
hydroisomerization of the paraffinic componen%s-in the
refinery streams. Isomerization of wax, which converts
wax to non-waxy components boiling in the same range as
the wax, is preferred to the cracking reactions described
above.

U.s. Patent No. 4,734,539 discloses a method for
isomerizing a naphtha feed using an intermediate pore
size zeolite catalyst, such as an H-offretite catalyst.
U.S. Patent No. 4,518,485 discloses a process for

This is the replacement she&i
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Process Conditions The conditions under which the isonerization/dewaxing
‘process of the present invention is carried out generally include a
tenperature which falls within a range from about 392[err]F (about
200[err]C) to about 887F (about 475[err]C), preferably from about 482[err]F
(about 250[err]C) to about 842[err]F (about 450 C). The pressure ranges
fromabout 15 to about 3000 psig, preféﬁﬁbly'fronlabout 200 to about 3000
psig, and nore preferably from about 200 to about 2000 psig. The liquid
hourly space velocity during contacting is generally fromabout 0.1 to

about 20 hr[e&ébafgg Fshgh%% éﬁ%?gcé)é%ﬁéh OH%yéngéﬁgﬁgL

contacting is pre arried resence o
hydr ogen to féehYﬁ§°¥V§ﬁ@éPﬂya@ﬂn&ﬁﬂmeﬁkﬁﬁtEQH)Rﬁﬂb%&@ut 30, 000 SCF/ bbl
(standard cubic feet per barrel), preferably about 1,000 to about 20, 000

| . .
SCF/ bb In U.S. Patent No. 4,814,543 issued March 21, 1989, Chen

et al. teaches paraffin isomerization of a 330-650°F
(about 166-343°C) boiling range feedstock having a
paraffinic content with not more than 20 carbon atoms and
containing at least 20 ppm nitrogen impurities. 2zsM-22,
ZSM-23 or ZSM-35 are suggeéted as alternative
hydroisomerization catalysts for this application. These
catalysts are taught as being resistant to nitrogen
poisoning under isomerization conditions in the
conversion of distillate range feedstock.

U.S. Patent Nos. 4,689,138; 4,859,311; 4,921,594; and
5,149,421, the disclosures of which are incorporated
herein by reference, teach silicoaluminophosphate
‘molecular sieves for isomerizing waxy hydrocarbon
components.

The present invention is directed to a process for
dewaxing a specific type of o0il, which contains wax
having a low proportion of normal alkanes. Dewaxing oils
of this type requires a highly selective catalyst in
order to maintain a high yield of lubricating oil base
-stock product. The present invention provides such a
catalyst. A medium pore aluminosilicate zeolite, SSz-32,
is the catalyst used in the present process. $S2-32 has
been shown in co-assigned U.S. Patent No. 5,053,373,
issued 10/01/91 to S.I. Zones, to dewax hydrocarbon feeds
by selectively removing straight chain paraffins. Feeds
to the dewaxing process include light gas oil, heavy gas
oils and reduced crudes boiling above 350°F (about
177°C). The S52-32 hydrodewaxing catalyst of /373 may
optionally contain a hydrogenation metal. The present
process is particularly directed to heavy refinery

T je the rapkenarient steer
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The process of the invention may al so be enployed in conbination with
‘conventional dewaxi ng processes to achieve a | ube oil having particul ar
desired properties. For exanple, the process of the invention can be used
to reduce the pour point of a |ube oil to a desired degree. Further
reduction of the pour point can then be achi eved using a conventi onal
dewaxi ng process. Under such circunstanees,; *imedi ately follow ng the

i someri zati on process of the invention, the | ube oil may have a pour point
greater than about 15[err]F. Further, the pour point of the |ube oi

produced by th rocess. of the |nvent|on can be, reduced by addlng pour
poi nt depress eams containing a high proportion of non-normal

paraffin waxes, and to the process for reducing the pour
point of these streams at high selectivity and at high
yield.

SUMMARY OF THE INVENTION

In accordance therefore with the present invention, a
process is set forth for converting a high boiling, high
pour point o0il to a relatively lower pour point oil.
More particularly, a process is provided for producing a
lubricating oil base stock from a heavy wax—containing;
oil, said process comprising contacting said heavy oil
under mild cracking and isomerization conditions with a
catalyst comprising

(a) a zeolite having a mole ratio of silicon oxide
~ to aluminum oxide greater than about 20:1 to
less than 40:1, and having the X-ray
diffraction lines of Table 1; and

(b) at least one Group VIII metal,

wherein said wax is a naphthenic wax, and whe;ein the
pour point of said lubricating oil base stock is reduced
relative to the pour point of said heavy oil.

As used herein, naphthenic wax is wax cbntaining a
substantial portion of naphthenic wax components, ie. wax
components which are not normal alkanes.

Among other factors, the present invention is based on
our discovery that SSz-32 selectively isomerizes small
amounts of normal paraffins in the presence of high
concentrations of waxlike non-normal paraffins. This

This is the replacement sheet
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conposi tions thereto. It is often desirable to use m|d hydrogenation
"referred to as hydrofinishing after dewaxing to produce nore stable
lubricating oils. Hydrofinishing also can be carried out prior to the
dewaxi ng step. Hydrofinishing is typically conducted at tenperatures
rangi ng from about 190[err]C to about 340[err]C, at pressures from about
400 psig to about 3000 psig at space v&-ocities (LHSV) fromabout 0.1
hr[err] to about 20 hr[err], and hydrogen recycle rates of from about 400
to about 1500 SCF/ bbl. The hydrogenati on catal yst enpl oyed nmust be active
enough not only to hydrogehate the olefins, diolefins and col or bodies

c

within the | BEBPSYEY: PEcOPénS2 PROVAASS 1B g $¢EeGhbYet PEOEBRfent. The
hydr of i ni shi igrsieperingethle poxlr ipvipttepsf igawyn Peedptwhiyhseehtain

rotal 1o hyaPBBRTRERSS SReariRae i et of | fhuitces i 0P 1BREED) < Slon

as cobalt, nstkek. pall adi um and

DETATLED DESCRIPTION OF THE INVENTION

In the present process, a heavy oil containing naphthenic
wax is converted under mild cracking and isomerization
conditions to a low pour point oil. 0Oils which contain a
high wax content, up to and including essentially pure
wax, and oils containing a minor amount of wax may both
be treated in the present process. As used herein,
naphthenic wax is contrasted from paraffin wax in that
naphthenic wax is a petroleum derived wax containing a
substantial amount of hydrocarbons other than normal
alkanes. In general, naphthenic waxes are composed of Cj,
and larger hydrocarbon moleédies. Less than about

50 weight percent, preferably less than about 40 weight
percent, and more preferably less than 35 weight percent
of the molecules are normal alkanes (ie. normal
paraffins), the remainder being largely iscparaffins,
noncondensed cycloparaffins and condensed cycloparaffins.
There may also be small amounts of benzenes ang
naphthalenes. Each or all of these may have normal
paraffin substituent groups to increase the waxlike
character of the particular molecular species.

When determining the composition of the naphthenic wax,
it is frequently necessary to separate the wax from oil
containing the wax or contained in the wax. Methods are
available in the art for both removing a major amount of
oil from a minor amount of wax, and for removing a minor
amount of oil from a major amount of wax. The oil
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plati num The netals are typically associated with carriers such as
" bauxite, alumina, silica gel, silica-alumna conposites, and crystalline
alum nosilicate zeolites. Palladiumis a particularly _
-17- preferred hydrogenation nmetal. If desired, non-noble Goup VII
metals can be used with nol ybdates. Metal oxides or sulfides can be used.
Sui tabl e catal ysts are disclosed in U-& Patent Nos. 3,852, 207; 4,157, 294;

content of the naphthenic waxes may be determined, for
example, using method ASTM D721.

There are a number of methods known in the art for
quantifying the normal alkane content of a naphthenic
wax, including gas chromatographic methods, and mass
spectroscopic methods. It is preferred that the

" naphthenic wax to be analyzed for normal alkanes contain
no more than about 25 weight percent oil, and more
preferably no more than about 15 weight percent, most
preferably no more than about 5 weight percent oil.

Examples of feeds which may be treated in the present
process include, for example, crude oils, reduced crude
oils, gas oils, lubricating oil stocks, foots oils, slack
wax, deoiled waxes, waxy bright stock and _
microcrystalline wax. The total wax content of the oil,
including normal alkane and naphthenic waxes, depends on
~ the crude from which it is produced. 0il having a total
wax content ranging from about 0.5 weight percent to
100 weight percent can be dewaxed in the present process.
The benefit of the present process increases with wax
content. Thus, oils containing greater than 5 weight
percent total wax are preferred, and oils containing
greater than 10 weight percent total wax are pQrticularly
preferred. The oil will have a pour point of at least
0°C, preferably at least 10°C, and more preferably at
least 20°C. Typically, at least 80 volume percent of the
heavy o0il will boil at a temperature greater than about
800°F (about 427°C), preferably greater than about 850°F
' (about 454°C).

Heavy gas oil boiling in the range of about 800°F to
about 1050°F (about 427°C~-566°C) is a specific éxample of
2 heavy o0il which can be treated using the present
process. Bright stock is another specific example.
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3,904, 513; and 4, 673, 487. The invention wll be further clarified by the
“foll ow ng exanples, which are intended to be purely exenplary of the

i nventi on. ' EXAMPLES The wax content of the oi
set forth in the foll ow ng Exanpl es was determ ned as follows: 300 g of oi
was diluted 50/50 by volunme with a 4:1 m xture of methyl ethyl ketone and
t ol uene which was cooled to -20[err]C +n-a refrigerator. The m xture was
filtered through a Coors funnel at -15[err]C using Whatman No. 3 filter
paper. The wax was renmoved fromthe filter and placed in a tarred 2 liter

flask. The solvent was renpved on a hot plate and the wax wei ghed.
Bright stock is a deasphalted residuum fraction from a

crude distillation column. The deasphalted residuum used
to prepare the waxy bright stock has a normal boiling
range on the order of from about 900°F to about 1300°F
(about 482°C-704°C), and preferably in the range from
about 1000°F to about 1250°F (about 530°C=677°C).

Before being treated according to the present process,
the hydrocarbon feed may be treated in one or more prior
treating steps, including hydrotreating, hydrocracking,
solvent refining or deasphalting. These pretreatmént
processes may remove sulfur, oxygen and nitrogen
heteroatoms from the feed and increase the viscosity
index of the feed. The nitrogen content of the heavy oil
depends on a number of factors, including the source of
the o0il, the boiling range of the o0il, and the processing
steps encountered by the oil before being treated in the
present process. In the present process the nitrogen
content of the heavy oil will be generally less than
about 100 ppm, though it is preferred to maintain the
nitrogen level below about 50 ppm, and more preferred
below about 10 ppm, where ppm represents parts-per
million parts by weight.

As stated above, heavy oils containing a majog\amount of
wax may also bé treated in the present process. These
highly waxy oils include oils containing greaterfthan
about 50 weight percent total wax. O0ils consisting of up
to 100% wax may be treated in the present process.

Slack wax from heavy gas oil and heavy microcrystalline
wax are two specific examples of naphthenic wax which can
be treated in the present process. Slack wax is
recovered from heavy gas o0il by methods known to the art
such as, for example, by solvent dewaxing. Heavy
microcrystalline wax is generally differentiated from
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Jhe normal paraffin analysis of a naphthenic wax set forth in the follow ng
Exanpl es was determ ned using the follow ng gas chromatographic (GO
technique. A baseline test is made to determine the retention tines of a
known m xture of Cferr] to (Jerr] nornal paraf fins. To nmake the _
determination, approximately 5 m of carbon disulfide is added to a weighed
anount of the known m xture in a 2-drassvial'. Two mcroliters of the
CS[err]/known sanple are i njected into an HP-5711 gas
chromat ograph, which is

paraffin wax by the size of the wax crystals in the solid

wax mass, by the difficulty of separating

microcrystalline wax from the oil liquid in which it is

found, and by certain characteristic physical properties,

including refractive index, melting point and molecular

weight. Heavy microcrystalline wax is largely composed

of C, and larger hydrocarbons, with less than 10% q” and

smaller hydrocarbons. In general, a heavy

microcrystalline wax has a refractive index greater than

1.434 measured at 98.9°C and a melting point of greater

than about 145°C. Chapters 1 and 2 of H. Bennett,

Industrial Waxes, Volume I, Chemical Publishing Company,

Inc., 1975, and Kirk-Othmer: Encyclopedia of Chemical

Technology, John Wiley and Sons, Third Edition, Vol. 24,

pP. 473-476 includes a description of microcrystalline

waxes.

The present process is contrasted from conventional
processes for dewaxing heavy oil by the high yield of
high viscosity index lubricating oil base stock having
the same boiling range as that of the feed. However, the
present process is not to be limited to products boiling
in the same range as the feed. Depending on process
conditions and the type of feed processed, lubricating
0il base stocks having boiling ranges well below that of
the feed may be produced, including base stocks boiling
at or below 650°F. The lubricating oil base stock which
is the product of the present process has a pour point
below that of the heavy o0il feed. Preferably, the
lubricating oil base stock has a pour point of less than
about -10°C. Ultra-low pour points of less than -25°C
are also possible with the present process. The present
process is particularly suited to the preparation of high
viscosity index base stocks. Thus, when heavy ﬁaxy oils
are treated in the present process, the viscosity index

of the base stock product will generally be greater than
This is ths replacememnt sheet
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operated using the fol |l ow ng paraneters: Carrier gas - helium

Colum - 15 mX 0.32 mm ID Splitter flow - 50 mM/mn fused silica
capillary Inlet pressure - 30 psig coated with DB-1. Make-up gas -
ni trogen Avai |l able from J&W Make-up flow - 25 m/mn _
Scientific. (@8 psig) FID hydrogen - 20 m/mn Oven Tenperature
Program - (@16 psig) =9=-.¢150 [err]Cinitial, 4 nin. FID
air - 300 M/mn delay, 4Cmn rate, 270[err]C (40 psigQ)
final tenp, 26-mn final Injector Tenperature - 350C t enp hol d.

Det ector Te atu s rJ.C s The pe ' lting GC trace,are
correl at ed Umptsﬁ'thgﬁiege%?% %}ao Sac t}% %%&%#n%&pé‘?%%fvﬁé'iﬁrtﬁg Rhown
m xt ur e. containing high percentages of wax, the viscosity index

of the base stock product may be greater than 115, and,
depending on the type of oil treated, may be as high as
140 and above.

882-32

The zeolite useful in the present process is termed
8SZ-32. Novel SSZ-32 zeolites, as synthesized, have a
crystalline structure whose X-ray powder diffraction
pattern shows the following characteristic lines:

TABLE 1
a/n Int. I[In
11.05 . 26
10.056 10
- 7.83 17
4.545 71
4.277 71
3.915 100
3.726 98

The X-ray powder diffraction patterns were determined by
standard techniques. The radiation was the
K-alpha/dbublet of copper and a scintilléfion\counter
spectrometer with a strip-chart pen recorder was used.
The peak heights I and the positions, as a function of 26
where @ is the Bragg angle, were read from the
spectrometer chart. From these measured values, the
relative intensities, 100 I/I,, where I, is the intensity
of the strongest line or peak, and d, the interplanar
spacing in Angstroms corresponding to the recorded lines,
can be calculated. The X-ray diffraction pattern of
Table 1 is characteristic of novel SSZ-32 zeolites. The
zeolite produced by exchanging the metal or other cations
present in the zeolite with various other cations yields
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The gas chromat ographic analysis is then repeated on a sanple of the
“unknown wax. A wei ghted anmount of the unknown wax is dissolved in 5 nml of
CS2 and the solution injected into the gas chromatograph, which is operated
using the paraneters |isted above. The resulting GC trace is anal yzed as

fol |l ows: (a) Each peak attributable to each normal paraffin

Clerr] present in the wax is identifizy9=~* (b) The relative area of
each normal paraffin peak is determ ned by standard integration
met hods. Note that only the portion of the peak directly

2t Lhe base ShPeransamyTy ¥ Ldnd qffraction patfrtn AiEHanak, Eherert”
i ncl uded can be mindr shifitsgriat i imterplanar (spadimgrahdt minoar ea
representingyhhg J4qidle AP YU1ative intensity. Minor variations in

the diffraction pattern can also result from variations

in the organic compound used in the preparation and from

variations in the silica-to-alumina mole ratio from

sample to sample.

Calcination can also cause minor shifts in the X-ray
diffraction pattern. Notwithstanding these minor
perturbations, the basic crystal lattice structure
remains unchanged.

Methods of preparing S§82-32 zeolites are disclosed in
U.S. Patent No. 5,053,373, the disclosure of which is
incorporated herein by reference.

The synthetic zeolites can be used as synthesized or can
be thermally tréated (calcined). Usually, it is
desirable to remove the alkali metal cation by ion
exchange and réplacé it with hydrogen, ammonium, or any
desired metal ion. The zeolite can be leached -with
chelating agents, e.g., EDTA or dilute acid solutions, to
increase the silica:alumina mole ratio. The zeolite can
also be steamed; steaming helps stabilize"thekgrystalline
lattice to attack from acids. The zeolite can be used in
intimate combination with hydrogenating components, such
as tungsten, vanadium, molybdenum, rhenium, nickel,
cobalt, chromium, manganese, or a noble metal, such as
palladium or platinum, for those applications in which a
hydrogenation-dehydrogenation function is desired.

Typical replacing cations can include metal cations,
e.g., rare earth, Group IIA and Group VIII metais, as
well as their mixtures. Of the réplacing metallic
cations, cations of metals such as rare earth, Mn, Ca,
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of each hydrocarbon Cerr] (both normal and non

"normal) in the wax sanple is determ ned froma peak integration
fromthe end of the CJerr] nornal paraffin peak to the end of the
Cerr] peak. The wei ght percentage of each normal paraffin in

the wax is determned by relating the area of the normal paraffin
peak to the total area attrilknt abl e to each carbon nunber
conmponent in t he wax.

Mg, 2Zn, Ccd, Pt, Pd, Ni, Co, Ti, Al, Sn, Fe and Co are
particularly preferred. High conversions can be obtained
with zeolite 8SZ-32 in the hydrogen form.

The hydrogen, ammonium, and metal components can be
exchanged into the zeolite. The zeolite can also be
impregnated with the metals, or the metals can be
physically intimately admixed with the zeolite using
standard methods known to the art. And, the metals can
be occluded in the crystal lattice by having the desired
metals present as ions in the reaction mixture from which
the SSZ-32 zeolite is prepared.

Typical ion exchange techniques involve contacting the

- synthetic zeolite with a solution containing a salt of
the desired replacing cation or cations. Although a wide
variety of salts can be employed, chlorides and other
halides, nitrates, and sulfates are partidularly
preferred. Representative ion exchange techniques are
disclosed in a wide variety of patents including U.S.
Patent Nos. 3,140,249; 3,140,251; and 3,140,253. Ion
exchange can take place either before or after the
zeolite is calcined. ' '
Following contact with the salt solution of the desired
replacing cation, the zeolite is typically washed with
water and dried at temperatures ranging from 6§°c to
about 315°C. After washing, the zeolite can be calcined
in air or inert gas at temperatures ranging from about
200°C to 820°C for periods of time ranging from 1 to 48
hours, or more, to produce a catalytically active product
especially useful in hydrocarbon conversion processes.

Regardless of the cations present in the synthesized form
of the zeolite, the spatial arrangement of the atoms
which form the basic crystal lattice of the zeolite
remains essentially unchanged. The exchange of cations

This is ths replacemernt sheet

BT OHAY oy

Dats:



The normal paraffin content of waxes boiling at tenperatures beyond the
range of the gas chromatograph were estimated fromliterature references to
waxes having simlar physical properties. EXAMPLE
1 1400 mM of water and 56.5 grans KOH were mixed in a Hastelloy C lined
1-gal | on autocl ave, which was stirred with an overhead paddl e- bl ade
stirrer. 23.3 grans of Reheis F2000 al Uiffha*(50 w % A1203) were added, and
the m xture stirred until clear. 62 grans of isobutylam ne and 200
mllinmles of NN Diisopropylimdazolium hydroxide (1M aqueous sol ution)

were then add ra f bosi 5 t ed Lp.increnents
wth stirringsgif§§§%%${§}|tﬁé§kﬂé%éf$grﬁﬁfgﬁ%f9§ +$€€ngé£€ﬁgepH of the
m xture was 18tructures.

It is preferred that relatively small crystal size
zeolite be utilized in practicing the invention.
Preferably, the averége crystal size is not greater than
about 0.5 microns, more preferably no more than about 0.1
microns and still more preferably not more than about
0.05 microns.

The shape selectivity of SS2Z-32 is manifested by
Constraint Index values (as defined in J. catalysis 67,
page 218), after calcination and in the hydrogen form, of
preferably greater than 12, and more preferably 13 or
greater. Determination of Constraint Index is also
disclosed in U.S. Patent No. 4,481,177.

The “constraint index" is determined by passing
continuously a mixture of an equal weight of normal
hexane and 3-methylpentane over a sample of zeolite at
atmospheric pressure according to the following
procedure. A zeolite sample is prepared in the form of
pellets. The pellets are lightly crushed, and the 20-40
mesh fraction is dried in flowing air at 1000°F (about
538°C) for at least 30 minutes. A reactor tube is
charged with 0.47 grams of the dried zeolite éample.
Helium at 9.4 cc/min is introduced to the catalyst
charge, and the charge is heated at 800°F. A 1:1 weight
ratio blend of normal hexane and 3-methylpentane is <then
passed over the zeolite at 8 ul/min. Effluent samples
are analyzed by on-line gas chromatography to determine
the fraction remaining unchanged for each of the two
hydrocarbons.

L T aom v A
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The reaction mxture was stirred at 75 RPM and heated to 170[err]C for 5
‘days. After washing and drying the reaction product, the product was

anal yzed by X-ray diffracti-on and found to be SSz-32. The uncal ci ned
zeolite was bound with alumna as follows: 180 grans of zeolite was bl ended
wWith 97 grans Catapal alumna in a Bakﬁ Perkins m xer. To the m xing

.
powders was added 8.3 g of 70% HNO err[>in-sufficient water so that

The “constraint index" is calculated as follows:

logjg(fraction of n-hexane remaining)
Constr. Index =

logjg(fraction of 3-methylpentane remaining)

The aluminosilicate can be formed into a wide variety of
physical shapes. Generally speaking, the zeolite can be
in the form of a powder, a granule, or a molded product,
such as an extrudate having a particle size sufficient to
pass through a 2-mesh (Tyler) screen and be retained on a
4oo-mésh (Tyler) screen. 1In cases where the catalyst is
molded, such as by'extrusion with an organic binder, the
aluminosilicate can be extruded before drying, or dried
or partially dried and then extruded. The zeolite can be
composited with other materials resistant to the
temperatures and other conditions employed in organic
conversion processes. Such matrix materials include
active and inactive materials and synthetic or naturally
occurring zeolites as well as inorganic materials such as
clays, silica and metal oxides. The latter may occur
naturally or may be in the férm of gelatinous
precipitates, sols, or gels, including mixtures of silica
and metal oxides. Use of an active material in
cpnjunctioﬁ with the synthetic zeolite, i.e., combined
with it, tends to improve the conversion and selectivity
of the catalyst in certain organic conversion processes.
Inactive materials can suitably serve as diluents to
control the amount of conversion in a given process so
that products can be obtained economically without using
other means for controlling the rate of reaction.
Frequently, zeolite materials have been incorporated into
naturally occurring clays, e.g., bentonite and kaolin.
These materials, i.e., clays, oxides, etc., function, in
part, as binders for the catalyst. It is desirable to
provide a catalyst having good crush strength, because in
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the total of water in the zeolite, in the alumna, and with the HN( err]
was 269 g. The m xing powders containing the nitric acid was m xed for 30
mnutes at a total volatiles content of approximtely 45% and was then
extruded with a 0.113 in die. The extrudates were dried at 250F (about
121[err]C) for 8 hours and cal ci ned at %%§O[err]F (about 621C) for 1 hour
at 1 SCFH dry air. The extrudates were en 'subj ected to a sequence of 4
NH err]NJ err] ion-exchanges in a 1M solution, each for 2 hours at 100
[err] C. The bound exchanged zeolite was inpregnated with 0.325 wt %

pl atinum fr ongete«buaum &@tf&mmgnmé ré&t?a £ ol d lestu]arf‘ r\%@iéﬁ%ﬁe spLution

was prepared wth

44 Pt
337 grams wat 5¥' gﬁnp‘l mdgq&ﬂa asdrr:sqqﬁ egq} )Q[ﬁe-lr rtl? 1%t§/1i’%ﬁedwnut i on

of concentratunhoNﬁbaﬂek@Hwhammmdaugp:ykdﬂﬁéﬁﬁéiﬁ]ﬁroéﬁééiﬁéy was al so
prepared by conbining 100 grans zeolite (volatiles-free basis) wth 1048

grans deionized water and 201 grans of 1/100 dil uted
Naturally occurring clays which can be composited with

the synthetic zeolites of this invention include the
montmorillonite and kaolin families, which families
include the sub-bentonites and the kaolins commonly known
as Dixie, McNamee, Georgia and Florida clays or others in
which the main mineral constituent is halloysite,
kaolinite, dickite, nacrite, or anauxite. Fibrous clays
such as sepiolite and attapulgite can also be used as
supports. Such clays can be used in the raw state as
originally mined or can be initially subjected to
calcination, acid treatment or chemical modification.

In addition to the foregoing materials, the S$Sz-32
zeolites can be composited with porous matrix materials
and mixtures of matrix materials such as silica, alumina,
titania, magnesia, silica-alumina, silica-magnesia,

->  silica-zirconia, silica-thoria, silica-beryllia,
silica-titania, titania-zirconia as well as ternary
compositions such as silica-alumina-thoria,
silica-alumina-zirconia, silica-alumina-magnesia and

- silica-magnesia-zirconia. The matrix can be in the form
of a cogel. )

The S§SZ-32 zeolites can also be composited with other
zeolites such as synthetic and natural faujasites (e.q.,
X and Y), erionites, and mordenites. They can also be
composited with purely synﬁhetic zeolites such as those
of the ZSM series. The combination of zeolites can also
be composited in a porous inorganic matrix.

The SSZ-32 hydrodewaxing catalyst contains a Group VIII
hydrogenation component of the type commonly employed in
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NH err] OH. The zeolite slurry was contacted with the plati numsolution for
‘24 hours. The zeolite slurry was then filtered, washed by reslurrying twce
with a 10/1 weight ration of deionized water, air dried for at 30 m nutes,
and dried at 250[err]F (about 121C) for 4 hours in forced air. The zeolite
was then calcined at 250[err]F (about 121C) for 2 hours and then heated at
100F/ hr (about 56C/ hr) to 550[err]F (abbui-288C), and held at 550F (about
288[err]C) for 3 hours in 1 SCFH dry air. Before testing the catalyst

wi th heavy waxy oil feeds, it was reduced in flow ng hydrogen at 400F

; g?iogf t 594@ 88¢a2i0g BatdIRRESUN S hyliEimat bR EStipdleflUhdy PEAT €
selected from one or more metals of Group VIII, including
the salts, complexes and solutions containing such

~ metals. The preferred hydrogenation catalyst is at least
one of the group of metals, salts and complexes selected
from the group consisting of at least one of platinum,
palladium, rhodium, iridium and mixtures thereof.
Reference to the catalytically active metal or metals is
intended to encompass such metal or metals in the
elemental state or in some form such as an oxide,

sulfide, halide, carboxylate and the like.

The hydrogenation component is present in an effective
amount to provide an effective hydrodewaxing catalyst,
and preferably in the range of from about 0.1 to 5% by
weight.

rocess Conditions

The conditions under which the isomerization/dewaxing
process of the present invention is carried out generally
include a temperature which falls within a range from
about 392°F (about 200°C) to about 887°F (about 475°C),
preferably from about 482°F (about 250°C) to about 842°F
(about 450°C). The pressure ranges from about 15 to
about 3000 psig, preferably from about 200 to about 3000
psig, and more preferably from about 200 to about 2000
psig. The liquid hourly space velocity during contacting
is generally from about 0.1 to about 20 hr’!, more
preferably from about 0.2 to about 10 hril. The
contacting is preferably carried out in the presence of
hydrogen. The hydrogen to feed is typically between
about 500 and about 30,000 SCF/bbl (standard cubic feet

per barrel), preferably about 1,000 to about 20}000
SCF/bbl.
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-21- EXAMPLE 2 The SSz-32 zeolite of Exanple

1 was tested with a slack wax having the followi ng properties: Gavity,
[ err] API 21.2 Sul fur, ppm

30 Nitrogen, ppm <1 Pour Point, [err]C

63 Coud Point, [err]C 77 Viscosity, cSt @100C
8.473 G| Content, wt% (ASTM D-721) =16- - 30 Sinul at ed

Distillation (ASTM D-2887)

The process of the invention may also be employed in
combination with conventional dewaxing processes to
achieve a lube 0il having particular desired properties.
For example, the process of the invention can be used to
reduce the pour point of a lﬁbe 0il to a desired degree.
Further reduction of the pour point can then be achieved
using a conventional dewaxing process. Under such
circumstances, immediately following the isomerization
process of the invention, the lube oil may have a pour
point greater than about 15°F. Further, the pour point
of the lube o0il produced by the process of the invention
can be reduced by addlng pour point depressant
compositions thereto.

It is often desirable to use mild hydrogenation referred
to as hydrofinishing after dewaxing to produce more
stable lubricating oils. Hydrofinishing also can be
carried out prior to the dewaxing step. Hydrofinishing
is typically conducted at temperatures ranging from about
180°C to about 340°C, at pressures from about 400 psig to
about 3000 psig at space velocities (LHSV) from about 0.1
hrl to about 20 hr!, and hydrogen recycle rates of from
about 400 to about 1500 SCF/bbl. The hydrogenation
catalyst employed must be active enough not only to
hydrogenaté the olefins, diolefins and color bodies
within the lube o0il fractions, but also to reduce the
aromatic content. The hydrofinishing step is beneficial
in preparing an acceptably stable lubricating oil.

Suitable hydrogenation catalysts include conventional
metallic hydrogenation catalysts, particularly the
Group VIII metals such as cobalt, nickel, palladium and
platinum. The metals are typically associated with.
carriers such as baukite, alumina, silica gel, |
silica-alumina composites, and crystalline
aluminosilicate zeolites. Palladium is a particularly

This is the replacement sheet

Date: = 7 MAY 1947



10% over head 886F (about 474[err] O 50% over head

963F (about 517[err] QO 90% over head 1028F (about
553[err] C) N-paraffin content of deoiled wax, w % 30 The reaction
conditions and product properties fromthe reaction test were as foll ows:
Test Number 1 2
Reacti on Conditions Tenperature, [err|¥¢[err]C 670 (354)
580 (304) VHSV 0. 49 0. 47

Gas Rate, SCFB 7070 7242 Inlet Herr]

Vi Soosi by, | cSERRETTER] AV AEogBBREIPPEnAEAdy pdtnieired.’ Hon-Foble
Group VIII metals can be used with molybdates. Metal
oxides or sulfides can be used. Suitable catalysts are
disclosed in U.S. Patent Nos. 3,852,207; 4,157,294;
3,904,513; and 4,673,487.

The invention will be further clarified by the following
examples, which are intended to be purely exemplary of
the invention.

EXAMPLES

The wax content of the o0il set forth in the following
Examples was determined as follows: 300 q of oil was
diluted 50/50 by volume with a 4:1 mixture of methyl
ethyl ketone and toluene which was cooled to -20°C in a
refrigerator. The mixture was filtered through a Coors
funnel at -15°C using Whatman No. 3 filter paper. The
wax was removed from the filter and placed in a tarred 2

liter flask. The solvent was removed on a hot plate and
the wax weighed.

The normal paraffin analysis of a naphthenic wax set
forth in the following Examples was determined using the
following gas chromatographic (GC) technique.\ A baseline
test is made to determine the retention times of a known
mixture of C;; to C4 normal paraffins. To make the
determination, approximately $ ml of carbon disulfide is
added to a weighed amount of the known mixture in a
2-dram vial. Two microliters of the CS,/known sample are
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@40[err] C 52.92 56. 50 Vi scosity

| ndex 133 132 Pour Point, [err]C
-27 -18 Cloud Point, [err]C -7

-7 Refracti ve | ndex @ 20C : 1. 4666
1.4684 Yield, W% 63. 3 68. 6
-22- EXAVALE 3 +

injected into an HP-5711 gas chromatograph, which is
operated using the following parameters:

Carrier gas - helium Column - 15 m X 0.32 mm ID
Splitter flow - 50 ml/min fused silica capillary
Inlet pressure - 30 psig coated with DB-1.
Make-up gas - nitrogen - Available from J&W
Make-up flow - 25 ml/min Scientific.

(€ 8 psig) _

FID hydrogen - 20 ml/min Oven Temperature Program -
(€& 16 psigqg) (150 °C initial, 4 min.
FID air - 300 ml/min delay, 4°C/min rate, 270°C

(40 psig) final temp, 26-min final
Injector Temperature - 350°C temp hold.

Detector Temperature - 300°C

The peaks in the resulting GC trace are correlated with

the identity of each of the normal paraffins in the known
mixture.

The gas chromatographic analysis is then repeated on a
sample of the unknown wax. A weighted amdunt of the
unknown wax is dissolved in 5 ml of CS, and the solution
injected into the gas chromatograph, which is operated
using the parameters listed above. The resulting GC
trace is analyzed as follows: - ’

(a) Each peak attributable to each normal paraffin
Cx present in the wax is identified.\

(b) The relative area of each normal paraffin peak
is determined by standard integration methods.
Note that only the portion of the peak directly
attributable to the normal paraffin, and
excluding the envelope at the base of the peak
attributable to other hydrocarbons, is included
in this integration.

(c) The relative area representing the total amount
of each hydrocarbon C, (both normal and non
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The SSZ-32 zeolite of Exanple 1 was tested with a microcrystalline wax

havi ng the fol |l owi ng properti es: Gavity, [err] API _

32.1 Sul fur, ppm 6 N trogen, ppm

0.62 Pour Point, [err]C ' 81 doud Point, C
Viscosity, ¢St @100[err]C 21.13 Ol Content, w % (ASTM
D 721) 6.7 Sinul ated DREfLIM ation (ASTM D- 2887) 10%
over head 1052[err]F (567[err] C 50% over head
1160F (627[err] O 95% over head 1238[err] F

(670[err] Q) N-paraffin qQuben) (§5LRBLEH) s¥hdle is deter&?nedTQ?oﬁF%Ption
condi tions and product properties fromthe reaction test weie as To0ll ows:
peak integration from the end of the C,.; normal

paraffin peak to the end of the C, peak. The
weight percentage of each normal paraffin in
the wax is determined by relating the area of
the normal paraffin peak to the total area

attributable to each carbon number component in
the wax. '

The normal paraffin content of waxes boiling at
temperatures beyond the range of the gas chromatograph
were estimated from literature references to waxes having
similar physical properties. .

XAMPLE 1

1400 ml of water and 56.5 grams KOH were mixed in a
Hastelloy C lined 1-gallon autoclave, which was stirred
with an overhead paddle-blade stirrer. 23.3 grams of
Reheis F2000 alumina (50 wt% Al,0;) were added, and the
mixture stirred until clear. 62 grams of isobutylamine
and 200 millimoles of N,N’ Diisopropylimidazolium
hydroxide (1M aqueous solution) were then added. 253
‘grams of Cabosil M-5 were then added in increments with
stirring. After an additional 30 minutes of qtirring,
the pH of the mixture was 13.2-13.3.

The reaction mixture was stirred at 75 RPM and heated to
170°C for 5 days. After'washing and drying the reaction
product, the product was analyzed by X~-ray diffraction
and found to be S8S82-32. |

The uncalcined zeolite was bound with alumina as follows:
180 grams of zeolite was blended with 97 grams Catapal
alumina in a Baker Perkins mixer. To the mixing powders
was added 8.3 g of 70% HNO; in sufficient water so that
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Test Nunber 3 4

Reaction Conditions Tenperature, [err]F ([err] QO 680( 360)
600(316) VHSV 0. 40 0.41 Gas
Rat e, SCFB 7953 7833 Inlet Herr]
Pressure, psia 2272 405 Product Properties

Viscosity, cSt (corrected to 500[err]FA%sh:point) @ 40C

134. 1 166. 6 Vi scosity | ndex 127

120 Pour Point, [err]C -39 -42 Cl oud
gg'cnt’ [erT]Ctne total of watg[_iiégStne zeolitel_‘lﬁxog l" 3G 'm‘éi?xq'm['%eﬁ(d @
25. 1 witlgitke HNO; was 269 g. The mixing powders containing

the nitric acid was mixed for 30 minutes at a total
volatiles content of approximately 45%, and was then
extruded with a 0.113 in die. The extrudates were dried
at 250°F (about 121°C) for 8 hours and calcined at 1150°F
(about 621°C) for 1 hour at 1 SCFH dry air. The
extrudates were then subjected to a sequence of 4 NH4/NO;
ion-exchanges in a 1M solution, each for 2 hours at
100¢°C.

The bound exchanged zeolite was impregnated with 0.325
wt% platinum from platinum tetraaminonitrate as follows:
A platinum solution was prepared by combining 6.44 grams
Pt (NH;) 4(NO3), with 337 grams water and 48.2 grams of
dilute NH©OH (1/100 volume dilution of concentration NH,OH
containing 28.5% NH;). A slurry was also prepared by
combining 100 grams zeolite (volatiles~-free basis) with
1048 grams deionized water and 201 grams of 1/100 diluted
NH, OH. The zeolite slurry was contacted with the platinum
solution for 24 hours. The zeolite slurry was then
filtered, washed by reslurrying twice with a 10/1 weight
ration of deionized water, air dried for at 30 minutes,
and dried at 250°F (about 121°C) for 4 hours in forced
air. The zeolite was then calcined at 250°F (about
121°C) for 2'hours and then heated at 100°F/hr (about
56°C/hr) to 550°F (about 288°C), and held at 550°F (about
288°C) for 3 hours in 1 SCFH dry air.

Before testing the catalyst with heavy waxy oil feeds, it
was reduced in flowing hydrogen at 400°F (about 204°C)
and 2300 psig pressure for 4 hours in order to
equilibrate activity.
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EXAMPLE 4  The SSZ-32 zeolite of Exanple 1 was tested with a heavy

hydrocracked oil having the foll owi ng properties: Gavity, [err] API
29.6 Sul fur, ppm 10

-] ?

EXAMPLE 2

The S5Z-32 zeolite of Example 1 was tested with a slack
wax having the following properties:

Gravity, °API - 21.2

Sulfur, ppm 30

Nitrogen, ppm <1

Pour Point, °C 63

Cloud Point, °C 77

Viscosity, csSt € 100°C 8.473

0il Content, wt% (ASTM D-721) 30

Simulated Distillation (ASTM D-2887)
10% overhead 886°F (about 474°C)
50% overhead 963°F (about 517°C)
90% overhead 1028°F (about 553°C)

N-paraffin content of deoiled wax, wt% 30

The reaction conditions and product properties from the
reaction test were as follows:

Test
Number
1 2
Reaction Conditions
Temperature, °F (°C) 670 (354) 580
(304) _
WHSV 0.49 ; 0.47
Gas Rate, SCFB 7070 7242
Inlet H, Pressure, psia 2242 392
Product Properties '
Viscosity, cSt (corrected to 500°F flash point)
8 40°C 52.92 56.50
Viscosity Index - 133 132
Pour Point, °C -27 -18
Cloud Point, °C -7 -7
Refractive Index
e 20°C 1.4666 1.4684
Yield, wt% 63.3 68.6
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Ni trogen, ppm 4.36 Pour Point, [err]C

"54 Cloud Point, [err]C 60 Viscosity, cSt @
70[err]C 25.98 Viscosity, cSt @100[err]C

11. 05 Wax Content, w % 18.0 N-paraffin content
of wax, w % 29 Simulated Distillation (by ASTM D-2887) 10%
over head 866RA463[err] O 50% over head
953[err]F (512[err] O 95% over head 1025[err] F

(552[err] © The reaction conditions and product properties fromthe
reaction test were as foll ows:
. Test Nunber EXAMPLE 3 5 6

Reaction Conditions Tenperature, [err]F ([err]C 660( 349)
The SSZ-32 zeolite of Example 1 was tested with a
microcrystalline wax having the following properties:

Gravity, °API " 32.1
Sulfur, ppm 6
Nitrogen, ppm _ 0.62
Pour Point, °C 81
Cloud Point, °C
Viscosity, cSt € 100°C 21.13
0il Content, wt% (ASTM D-721) 6.7
Simulated Distillation (ASTM D-2887)
10% overhead , 1052°F (567°C)
50% overhead 1160°F (627°C)
95% overhead 1238°F (670°C)

N-paraffin content (estimated), wt% 25

The reactibn conditions and product properties from the
reaction test were as follows:

Test
Number
3 4
Reaction Conditions :
Temperature, °F (°C) 680(360)
600 (316) : _
WHSV 0.40 0.41
Gas Rate, SCFB 7953 7833
Inlet H, Pressure, psia 2272 405
Product Properties
Viscosity, cSt (corrected to 500°F flash point)
€ 40°C "134.1 166.6
Viscosity Index 127 120
Pour Point, °C -39 -42
Cloud Point, °C -5 4
Refractive Index
e 20°C 1.4655 1.4704

Yield, wt% 25.1 31.4
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89.1

. 700(371) VHSV 2.16 2. 17 Gas
Rat e, 4991 4965 Inlet Herr]
Pressure, psia 2227 2208 Product Properties

Vi scosity, ¢St (corrected to 500[err]F flash point) @ 40C

102.5 99.72 Viscosity Index 100

.98 Pour Point, [err]C -23=21 -30 doud
Point, [err]C -7 : -62 Refracti ve | ndex

20C 1.4781 1.4777 Yield, w%

: 86. 3 The exanpl es gagvg ghOM/the hi gh yield and
excel l ent viscosity index possible wh g heavy waxy oils with

SSz- 32.

The SSZ-32 zeolite of Example 1 was tested with a heavy
hydrocracked oil having the following properties:

Gravity, °API : K 29.6

Sulfur, ppm 10
Nitrogen, ppm - 4.36
Pour Point, °C 54
Cloud Point, °C 60 -
Viscosity, cSt @ 70°C 25.98
Viscosity, cst @ 100°C 11.08
Wax cOntent, wt% : 18.0
N-paraffln content of wax, wt% 29
Simulated Distillation (by ASTM D-2887)
10% overhead 866°F (463°C)
50% overhead ) 953°F (512°C)
95% overhead 1025°F (552°C)

The reaction conditions and product properties from the
reaction test were as follows:

Test
Number
_ 5 6

Reaction Conditions

Temperature, °F (°C) 660(349)
700(371) '

WHSV ] 2.16 2.17

Gas Rate, SCFB 4991 4965

Inlet H, Pressure, psia 2227 2208
Product Properties -

Viscosity, cSt (corrected to S00°F flash point)

@ 40°C 102.5 99,72
Viscosity Index ' 100 98
Pour Point, °C -21 -30
Cloud Point, °C -7 -62
Refractive Index

@ 20°C 1.4781 1.4777
Yield, wt% 89.1 86.3

The examples above show the high yield and excellent
viscosity index possible when dewaxing heavy waxy oils
with SS2-32. -
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