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process for converting a high pour point oil to a
low pour point oil with a high viscosity index
(VI) in high yield. The catalyst utilized is a
crystalline molecular sieve having a pore size of
no greater than about 7.1&. The crystallite size’
of the molecular sieve is geherally no more than

about 0.5 microns.

Background Of The Invention

A large number of molecular sieves are
known to have use as catalysts in various
hydrocarbon conversion reactioas such as one or
more of reforming,.catalytic cracking,
isomerization and dewaxing. Typical intermediate
ﬁbre_sizé molecular sieves of this nature include
ZSM-5, silicalite, generally considered to be a
high silica to alumina ratio form of 2ZSM-5, Z$SM-
11, ZsM-22, ZSM-23; ZSM-35, S§S2-32, SAPO-11, SAPO-
31, SAPO-41, and the like.: Zeolites such as
Z2SM-5, ZSM-11, 2ZSM-12, 2ZSM-23, 2%ZSM-35 and ZSM-38
have been proposed for use in dewaxing processes
and are described in U.S. Patents Nos. 3,700,585;
3,894,938; 3,849,290; 3,950,241; 4,032,431;
4,141,859 4,176,050; 4,181,598; -4,222,855;

~4,229,282; and 4,247,388 and in British Patent
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11, ZSM 22, ZSM 23, ZSIVI-3':5, SSz-32, SAPO-11, SAPOG- . 31, SAPO-41,

and the Like. Zeolites such as 35 ZSM 5, ZSM 11, ZSM 12, ZSM 23,
ZSM 35 and ZSM 38 have been proposed for use in dewaxi ng
processes "~ and are described in U.S. Patents Nos. 3,700, 585;
3,894, 938; 3,849, 290; 3,950, 241; 4,032, 431; - 4,141,859 4,176, 050;
4,181, 598; 4, 222,855; 40 4,229, 282; and 4,247,388 and in British

Pat ent . ' -3 - -3- 1, 469, 345.
O her zeolitic catalysts of slightly | arger pore size, but stil

of, for exanEIe, rg%A69,34§éN$?QhekeﬁﬁolatEcabseagpﬁﬂa b9 sﬁiﬁﬁwz¢ sucr
reacti ons. -zeolite an are, exa 0 syc rials.
Attenpts to utilizd3Fgefk PRES § f?'a?uﬁrngiff °E' fﬁfsﬁﬁ%@%geabgggﬁfor
converting an oil wix dlesisgsazxe also knowal toi catalpzghspolir point to an oi
whi ch has a relativel y_ r [ baye d. 1 £ .
significant'portioﬁ%ﬁﬁgﬁﬁésdrigi%gpiggg Bgﬁngg" P4Caré ﬁ%%?gcégéied to form
relativel ¢ | ow nol &ghgmaterials. wejght products.which nmust be separated

frorhths e d DEOdUC;AQEbmbBQFQbyuhﬁadhégsﬁfhﬁ056539§ﬁ€:¥s|£Wb |
yi e of the desir roduct .., 15 ' . H.gh-qual it ubricating oils
hre critical AR pbOT5e2r; SARSPTHABE- AR Ch: PRFSH s &

aut onobi | es. Unf or melattdlwely hlighspppkypofintatarah oil which basda oils

havi ng- good | ubri cagtj AL S Al el agegquate for present
demands. Due to 2OqgnyiREﬁﬁgé%PaﬁﬁP?eEoﬁﬁtmg?rg g%ﬁdggogl suppl i es, high-
qual ity 13ricati nfignifipant persisnueddthponriginal oilobgingry crude

f eedst ocks. and can @R drackedd¥ecdorm relatively low molecular
' weight products‘ﬁhich must be separated from the
product oil thereby leading to a relatively low
. yield of the desired product. '

15 High-quality lubricating oils are critical
for the operation of modern machinery and
automobiles. Unfortunately, the supply of natural
crude oils having good lubricating properties is

" not adequate for present &emahds. Due to
20° uncertainties in world crude oil supplies, high-
| quality lubricating oils must be produced from
ordinary crude feedstocks,and can even be produced
from paraffinic synthetic polymers. Numerous
processes have been proposed for producing

25 ;ubricating oils that can be converted into other
.products by upgrading the ordinary and low-
quality stocks.

It is desirablé to upgrade a crude fraction
otherwise unsuitable for lubricant manufacture

30 into oneé from which good yields of lube oils can

' be obtained as well as being desirable to dewax
more conventional lube 0il stock in high yield.
Indeed, it is even at times desirable to reduce.
waxes in relatively light petroleum fractions such

35 as kerosene/jet fuels. Dewaxing is required when

- highly paraffinic oils are to be used in products :
, A ——
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frrom paraffinic synthetlo-polyners Numer ous : processes have been

pr oposed .f or produci ng 25%- | ubricating oils that can be converted

int o. ot her products by upgrading the ordinary and | ow

qual ity stocks. " It is desirable to upgrade a crude fraction

ot herw se unsuitable for |ubricant manufacture 30 into one from

whi ch good yields of |ube oils can be obtained as well as being
desirabl e to dewax . nore convent4 anal |ube oil stock in high

yi el d. Indeed, it is even at tines desirable to reduce waxes

inrelatively |ighwhpebroeedntoroendbmsnahicle 35t low tempanartomatol | et

fuels. Dewaxing ig, éequiﬁﬁgi&5€ﬂng oils, heJ%fHHBbﬂEEVHHH'ﬁé% oils are-to
be used in products - 4-

whi ch need to renaf“eﬁﬁblIEhﬁth*%ﬂf?eﬂ?kﬁ%&%ﬁ%&?eight straight chajs | cating
oils, heating oil snéfflalecand slightly UstsncHé® g HEFin® hidmrasei ght

stfalght hai n ot I hed ar aff.i ch are 5
present ih oils ofpfﬁfgng'%ﬁ é}%@ §egﬁ€% %ﬂg es wniéhngﬁipour
poi nts -and hi gh clbighpppurspohintheand high CIQ#dsPOﬂﬁtQuknnkk%ﬂy | ow pour

points are to be 5315, 1foRhakBSEe1y NES® yw@ Jitfds Rireid) Ipe Or partly
renoved. I n the past arious._sol vent renoval 1 technlqres wer e used

such as propane deﬂﬁ&?Xﬁe dpgthese waxes \Bust RS WL K 0% RARFL¥%chni ques
are costly and removedti NnEncbtheupast, wGatbdyd | wolemxirepgwadcesses are

nore ecopom cal an t e y iqgg ng the
| onger ¢ E(g.l n n- parg?gﬁm'&ﬁgs Woie ng&) s% To%\eoﬁﬂﬁeecﬁa?rﬁ\ﬁca

products, sone MEK dewé¥iﬂﬁlbhtnﬁ93%% ?%ﬁ%ﬂ%ﬁPQﬁlQﬁ%tQQQQ&X(ﬂﬂd

Because of thelr sgimet b¥hbMmiAgl Orcatdlytic dewaxing processes are

more economical and achieve this end by
sélectively cracking the longer chain n—paraffins
15 . to produce lower molecula: weight products, some
of which may be removed by diStillgtion.'
Because of their selectivity, prior art.
dewaxing catalysts generally comprise an
_ aluminosilicate zeolite having a pore size which
20 admits the straight chain n-paraffins either alone
or with only slightly branched chain paraffins
(sometimes referred to herein as waxes), but which
excludes more highly branched materials,
_ qfcloaliphatics and aromatics. Zeolites such as
25 ZsM-S5, 2sM-11, ‘ZSM-12, ZSM+23, ZSM-35 and 2SM-38
have beén proposed for this purpose in dewaxing
processes. Such processes;are used to accomplish
| dewaxing on feeds which contain relatively low
. amounts of waxes, generally well below 50%, and
30 ' they operate by selectively cracking the waxes.
These processes are not readily adapted for
treating high wax content feeds since, due to the
large amount of cracking which occurs, such waxes
' would tend to be cracked to provide very low
35 . molecular weight products.
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dewaxi'ng catal ysts general,ly conprise an alum nosilicate zeolite

havi ng a.pore size which 20 - admts the straight chain n-paraffins
ei.t her al one or with only slightly branched chain paraffins
(sonetinmes referred to herein as waxes), but which excl udes nore
hi ghly branched materi al s, : -cycl oal i phatics and aronati cs.
Zeolites such as 25 . ZSM 5, ZSM 11, ZSM 12, ZSM 23, ZSM 35 and

ZSM 38 have been proposed for this purpose in dewaxing
processes. Such processes are used to acconpl Tsh -~ dewaxi ng on

feeds which contain relatlvel general ly

wel | bel ow 50% and 30 3§|ﬁ§fﬁﬁ&gﬂaPé°5§s§8Fe8? gé?§B§$38klng t he

waxes. Thisrec tpkart exs eweamse ofocraekdngy radaplensf oa numbexr
treating high wax ctppt@ggf f\%%d%d’t%ebe@kiﬁet ﬁengded 50 1°}', ekarge anount of
e

cracki ng which occurs, suc cracked to
proyi de very | ow 3gnolecul ariedahtamak@rdmdspr oBQE: example, waxy -

]:5- bs gaﬁmk glaviX by craekedses buthhes fiofane, o u

uncti on y neans o CK] I’l ctlons, u
products becone ded? 6? \ég%ane ag mgrnﬁﬁgcéﬁgptag,gh?aﬁg?§#n3|s For -
exanpl e, waxy 5 whictpa#tafuoms:qmﬂmt@r &oksbet wakyt naturpr ofakbe

ethane and nethane &g Mysddifudd HHéde T 1RRLRY | pidducts are heRadl@ynot

contribute to the waxy, nature eca Ilghter
products are gener aPfylower valu%ﬁtHQRMEhevgﬁﬂgth59§PﬁBTﬂFgﬂﬁﬁg | ecul ar
wei ght 1010 = natmaitétsals) 1OwWahlde dediesdliradlieotbi timithehe .

degriee of oracking yhl el ok srdheily Wik elxes prace GaLEhY L° dewaxi ng

process
catalytic dewaxing process.

Although U.S. Patents Nos. 3,700,585;
3,894,938; 4,176,050; 4,181,598;'4,222,855;

15 - 4,222,282; 4,247,388 and 4,859,311 teach dewaxing
of waxy feeds, the processes disclosed therein do
not disclose a process for producing high yields
of a lube oil having a very low pour point and
high viscosity index from feeds containing

20 anywhere from a low to a very high wax content,
i.e., greater than 80% wax, such as slack wax,
deoiled wax or synthetic liquid polymers such as
low molecular weight polyethylene;

’ Since processes which remove wax by
25 cracking will give a low yield with very waxy
' feeds, isomerization processes are preferbed.
U.S. Patent No. 4,734,539 discloses a method'for
isomerizing a naphtha feed using an intermediate’
poré size zeolite catalyét, such as an H-offretite

30 catalysﬁ U.S. Patent No. 4,518,485 discloses a

process for dewaxing a hydrocarbon feedstock

containing paraffins by a hydrotreating and
isomerization process. A method to improve ﬁhe'
yvield in such processes would be welcome. |

35 .

I —
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Although U.S. Patents Nosk 3, 700, 585; 3,894, 938; 4,176, 050;
4,181,598, 4,222,855; 15 - 4,222,282; 4,247,388 and 4, 859, 311 teach
dewaxi ng of waxy feeds, the processes dlsclosed t herein do

‘not di scl ose a process for prodUC|ng hi gh yields . of a lube oi
having a very | ow pour point and hi gh viscosity index fromfeeds
cont ai ni ng, 20 anywhere froma | ow tgp .a very high wax content,

i.e., greater than 80% wax, such as slack wax, deoi | ed. wax or
synthetic |iquid ponnersUSQChPa@ent No. 4 SSmeJnﬂdzxdrnsauﬂqﬂn

pol yerhylene.” 4 somerszaston 8ok ORESSESalblch ORTYERY bV 25

cracking wll give
i soneri zation procE%S@gfbmecﬁmtﬁwkr@ﬁ a hydrocaernSpi#%ﬁQ§Q8¢QPk4.734 539

di scl oses .a methodygPhg a catalyst EEé {40 aaxﬂaﬂhééﬁxé&ﬂ%él dide AN

i nt'ermedi agte - eoljite catal asan of fretite
30 Seat al yst 5479, B fodafiinfi0rho Sntate et eet iRt
~process for demaxiugnaahyﬂmgcamemuﬁe@UBIom«tal componeutnﬂhﬂﬁhr@sparaffins

by a hydrotreatlng o@Ptuded in theIégg?$é£§ZF§¥a€iO€f§G%h rﬁ&@@g to inprove

t he yleld I N such processe

- 6- : methpd winhel fyouid &mBB@Vi3@‘%I|%%?%éS°‘hW be

i someri zati on procgsescémé.reduci ng the nornal paraffln content of
a h droc -bon oil feedsto cata risin

|nt>érrred| te polre 5 ﬁl‘é??e°§+?|‘35¥u ﬁﬂg?l%?logﬁ ?’ée‘fm#?ti\%%lg?gi?eve

cont.ai ning a G ouphavingrathighowponeontent céucs as slack wax|byleanin t he

crystal s during or Qutfler£g98kfonprocess. IR!HPIoPNAED Wyl d inprove the
yi el d woul d be

isomerization processes, however, either'the yield
is low and thus the process is uneconomical, or
15 the feed is not completely deﬁaxed; When the feed
is not completely dewaxed it must be recycled to a
dewaxing process, e.g., a solvent dewaxer, which
limits the throughput and increases cost. U.S.
Patent No. 4,547,283 discloses converting wax to
20 - lube. However, ;he'MEK dewaxing following
|  isomerization disclosed therein severely limits
pour reduction and thus, very low pour points
cannot be achieved. Further, the cat&lyst
disclosed therein is much lesé selective than the
25 catalysts used in the present invention.
The present invention is directed to
overcoming one or more of the problems as set
forth above. .

30 Disclosure Of The Invention .
' In accordance with an embodiment of the
' present invention a process is set forth for
converting a relatively high pour point o0il to a
relatively low pour point oil with a -high .
35 ' viscositg index. The process comprises contacting
' the relatively high ﬁour point oil under
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welcohe. 10 [ube oils hay al so be prepared from f eeds

havi ng a.hi gh wax content such as slack wax by an | soneri zation
process. In prior art wax " isonerization processes, however, either
the yield ' is low and thus the process is uneconom cal,; or 15

the feed is not conpletely dewaxed. Wen the feed - I s not
conpletely dewaxed it must be recycled to a dewaxi ng process,

e.g., a 'solvent dewaxer, which - Limits the throughput and increases
cost. U S Patent No. 4,547,283 discloses converting wax to 20
|Ebe-_ H0Weve.r|, trlesdﬂﬁl%\&ﬁm@d‘ualﬂta\&nggwim a mgléﬁﬁﬁfi aaéirlen di scl osed
therein severely Limt¢ R reduction_an u ry_lLow pour

poi nt's %Vo‘tngoepc'é"cﬁﬂ é‘\fe%mulzuﬂoﬁ Preferal XI ggtgﬁ" or

di scl osed therelrlMessnkﬂ1dhamataﬁ&ahawhaqth&nlbhstZQne porecat al ysts used
in the present i nyyidd¥br greater than or e§id %piﬁsﬁnhk'ﬁﬁénﬁ&GQnés

directed to - over Com ng one or Nore o ens as set
forth abdve. 30 2 crystglddites gigegoiTie merenthan about . ‘ I n

accor da]pce W?“ an#EsHl MyHe Watdlyyst is charaee%emheanmntwﬂ atprocess
is set ort or

relatively | ow pod}aspoﬁ“}ﬁﬁo‘%nv'ﬁir H&"%’% %l"g?c'\{‘%le t 9?2&8 {:yg&ﬁgéﬁm | T:uca) :
process conpri ses hoaxadaxdog at 370°C artdhewhé.lbattlsvel ¢Ohoghgpeatepoi nt oil
under (fsomerizat on seﬁectivity ratio as’ aefined herein

i sonerization conditions wt ecul ar “si eve

10 at 96% hexadecane conversion. The catalyst
further includes at least one Group VIII metal and
the process is carried out at a pressure. from
about 15 psig to about 3000 psig. ' .

B When operating in accordance with the

15 present invention one can produce a low pour
point, high viscosity index final product oil from
a high pour point oil feed at high yield. Through
maintaining the pore size at 7.1A or less too much
of the feed is not admitted to the pores thereby

20 : discouraging hydrocracking reactions. Basically,
the pores should have no diameters greater than
'7.1A and should have at least one diameter greater
than 5 A (see, for example, AtIas of Zeolite
Structure Types, W. M. Meier and D. H. Qlson,

25 Second Ed;fion, 1987, Butterworths, London which-
is incorporated herein by reference for pore '
diameters of zeolites). The molecular sieves must
be about SA in minimum pore dimension so that
methyl branching can occur. The molecular sieves

30 are basically optimized to allow the initially
formed branched species to escape the pore system
before cracking occurs. This is done by using the
réqgired small crystallite size molecular sieves
and/or by modifying the number, location and acid

- 35 o étrength of the acid sites present on the. '
molecular sieve. The result of operating in

WP2/HED/CVRN4020. 001
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haV|ng pores of 7.1A, nost preferably [err]6.5A or ' less in

di aneter, having at |east” one pore di aneter greater than or equa
to 4.8A and havi ng 5 a crystallite size of ' no nore than about 0.5

m cron. The catalyst is characterized in that it ) has sufficient .
acidity to convert at |east 50% of ' hexadecane at 370[err] C and-
exhibits a 40 or greater | somerizgtion selectivity ratio as
defined herein 10 at 96% hexadecane conversion. The catal yst ,
further includes gicd&afindd s ¥ Whe/ |jdeddiitdlindhtion is thet he process is
carried out at a pressure fro abo t 15 S|g o about 3000 psig.
When operating |n%HE¥§f %%t§1q§ﬂ91ﬂ?s°° ty Ve BPMSn one can
produce a | ow pourpoint prodymt ntithimigh/iybdeasi.ty |ndex final product oil
from - a high pour point oil feed at high yield.. Through

mai ntaining the pore size at 7. lA or |ess too much of the feed is

not adm tied to tHehaxlad LPRS - X hydr ocr acki ng
.reactions. Basically, In accorggﬁngufghsﬂygﬂdxdy@aeogotgbaneters greater
t han 7. 1A and should have at | east one dianeter qreater

than 5 A (see, forPESSFRYlnVRMEOH2 RRNGEYSS 18 set forgh Loxyre Types, W’
M Meier and D. H. jiddmeriziiegy hydroc&gun Jidi Yizimg kQ&EysBuuuahnorths

London whi ch Tolecﬁfﬁ}i‘”& pé)r‘f\;glde{}pr&g dkh grer;qL%J

di aneters of zeoli ar sl eves mus gbut BA in
m ni mum pore di nerehenl@o enal2- member r#ngrﬁarﬂaman@mdnga@an occur. The

nol ecul ar sieves 3faximum péfé® LEMEEdr YoPRId rw&d thandlyl QW taf&ols@ tially

formed branched specie 0 ape, t he pore syst before cracking
occurs. This is dd%%eﬁif%%lﬂ ffptar sieves lﬁif §mﬁq“1cﬁfbtgﬁllte si ze
nol ecul ar si eves process ofincie@rphyserti fnpvernt ide inolinde tihecati on and
acid 35 é‘gi{‘té’% iﬁkf ?C'é’sﬁ'ffs ﬂ:ﬁsﬁ“ AN zsm-22,
nol ecul ar S|eve e resu

15 Z8M-23, ZSM- 35 ZSM-38 ZSM 48, 2ZSM-57, S88%-23,

$S2%-25, §S2-32, ferrierite and L and other
molecular sieve materials based upon aluminum
phosphates such as SAPO-11, SAPO-31, SAPO-41,
MAPO-11 and MAPO-31. Such molecular sieves are
20 described in the'following publications,'each of
| which is incorporated herein by reference: U.S.
Patents Nos. 3,702,886; 3,709,979; 3,832,449;
3,950,496; 3,972,983; 4,076,842; 4,016,245;
4,046,859; 4,234,231; 4,440,871 and U.S. Patent
25 ! ipplications.Serial Nos. 172,730 filed March 23,
' - 1988 and 433,382, filed October 24, 1989,

The molecular sieves of the invent;oﬁ are
optimized to allow the initially formed branched
species to escape the pore systems of the

30 catalysts before cracking occurs. This is done by
using small crystallite size molecular sieves
and/or by modifying the number, location and/or
strength of the acid sites in the molecular
sieves. The greater the number of acid sites of

35 the molecular sieves, the smaller must be the

crystallite size in order to provide optimum
S
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-8- accordance’with the present I nvention is the

producti.on of a high visébsity I ndex, | ow pour poi nt product with

hi gh yi el d. 5 Detailed Description O The Invention: :

In accordance with the nmethod of the present i nvention a process .

Is set forth for i someri zing hydrocarbons utilizing a crystalline

nol ecul ar sieve wherein the nol ecul ar S|e e is of 10 the 10- or 12-
~menber ring variety and has a maxXi mum pore di aneter of no nDre
“than 7. 1A across. pe | & ful in

t he pr oc8g¥axng hléy %ééé{ ilgr?vis%ﬁflvgintﬁ } %dcrb&r&ﬂ?& zeolites

ZSM 5, ZSM 11 ZSthoge zmm;a:zsmwes Mhich havezsﬁwzanm apaky S\ 38,
ZSM 48, ZSM57, S§£1d3pites may nadShdintSUPAady dAdtARNG L and

ot her “nol ecul ar sieve materjal s base %' m_nu

phosphat es such a§iBgpcyhile pheose molegwdap si eves wh i?\m%f‘a&?%l _
MAPO- 31. sSuch nol aadlat petaeivély s¥kong acidbsitdwrdunist te fol | owi ng
publ i cations, each_g or porated herein by reference:
us oot BRPLIRE LR °’9’6¥%§£‘é§ Af%" '979; 3, 832, 449;

3,950, 496; 3,972, 983; 4,The, bangth of chmmrystallite Amaheso; 4,234, 231;
~4, 440,871 and U. Sm%@t:@ﬂ&mZéf the m | Catin S SRt icl 1 NOSnerde/or30 fil ed ,
March 23, é ggd 43g éﬁ“& | ed toberd 1989.

The nol ecul ar si e%§a¥f tREERALLGR; fan De use éﬁ iBRAAHFS FBE 1 ow t he
initially fornmed boaechedgth by lzneslpmam.tmg eszperdiantpor e Byst ens of
the 30 Catg %3ee-B8" 01£eCh @g J‘ﬂlf’E&é”ﬁn tHil Siﬁéerf%l?uor

using small cryst Fite size rol Q% nodi fyi ng
t he nunber, | ocat i€8nSanBPse Preferable$Qé%gt$F¥#lt#&??uﬁ%ﬁ%ﬁ%%% Yn the

{fﬁl ecu: ar | €0.9 ?%esonTafoﬂéeeﬁ@raimm%f Cihélcpdkéétﬁh?f 35
e nol ecul ar si eves, e.shm ystallite size in
order to provide oﬁt ﬁﬁﬁ]) ané §£Dnyfnetgroa§;ning for Xﬁﬁ fg

15 correspondlng to the c-axis is observed for these

preferred crystallites. The smaller size
' crystallites, particularly those having a
crystallite size of <0.2 micron, acidity becomes
much less important since the branched molecules
20 can more readily escape before being cracked.
This is even more true when the crystallite size
is €0.1 micron. . For crystallites larger than 1 to
2 microns, scanning electron microscope (SEM) or
transmisgion electron microscope (TEM) is needed
25 to estimate the pore length because the XRD line’
is not measurably broadened. In order to use SEM
or TEM accurately, the molecular sieve catalyst
‘must be composed of distinct individual
c}ystallites, not agglomerates. of smaller
30 - particles in order to accurately determine the
size. Hence, SEM and TEM measured values of pore
length are somewhat less reliable than XRD values.
The method used to determine crystallite
size using XRD is described in Klug and Alexander
35 *X~ray Diffraction(Prbcedures", Wiley, 1954 which
is incorporated herein by reference. Thus,
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9- - dewaxi ng by isonerization with mnimzed cracking.

*Those nol ecul ar sieves which have few and/ or weak . . acid sites may
-have relatively large crystallite size, while those nol ecul ar

si eves whi ch have many 5 and/or relatively strong acid sites nust be
smaller in crystallite size. The length of the crystallite
In the direction of the.pores is the critical dinension.

X-ray diffraction (XRD) can be used to neabure the 10 ' pore | ength by
| i ne broadeni ng neasurenents. The preferred size crystallites

in this invention are D &0 8998 YPreferably [err] 0.2, still
more preferably ghere: " [€rr]0.1 micron along the .direction of the pores
(the : "c-axis") and XRD |line broadening for XRD |ines 15
corresponding to the c-af & iFF&Y fsdﬁet'hgse pref erred
crystal lites. The small erk s anstant = lcrystallites, particularly those

havi ng ag crystallj éﬁ%"%%& [er]0.2 mcron, acidity becones

much | ess inportant since th ranc mol ecul es 20 i can nore readily
escape before béing cracked corrected hgdifs width/dp meddapsye when the -

crystallite size o 4 aiffrddkibdrifdgie For crystallites |arger
than 1 to .2 mc¢gons, scannng electro 1 gr.oscope ((SEM or
transni ssi on el ectron mi %c‘fﬁ%ﬁ'i%#%i %éa&fé’g: %Cl mJ""'rlgnt Restimat e .t he
pore | ength becauskendth XRialome the pore dirmguitonicdwcraalsing cdhecned. |In
order t se SEM T r I I Leye_ catal yst
nmust beolcd(;rrposed o?umles?ion%g?lndj:\év?ed%yal (%f é&cﬁan?g cryfsa'?gl ﬁ?t gg'?xngf‘ _

aggl omerates of sralkaki 3 alkalingreazrthcation far exanpd@larcany

determ ne the increa$e ZEhe Hedoke r SREM £8Y s d®aatyedoval ues of pore
| ength are sonewhat less reliable t The

an XRD val ues,
met-hod used to det@PHRFIEP CFHEERF1 i tﬂ‘e {sonefi datton selectivity of
' smaller crystallites is less dependent on the

15 - acidity since the branched products can more
readily escape before being cracked. - Titration
during the isomerization process (by adding a base
such as NH;) to decrease acidity during a run can
also increase isomerization selectivity to a small

20 extent.
| . The most preferred catalysts of the
invention are of the 10-membered ring variety (10
oxygen atoms in the ring defining the pore ’
opening) with the molecular sieves having pore

25 ' opening sizes of <7.1 A, preferably <6.5A. Such
catalysts include ZSM-5, ZSM-11, 2SM-21, ZSM-22,

" ZSM-23, ZSM-35, 2SM-38, ZSM-48, 2SM-57, S§SZ-23,
§S2-32, ferrierite, SAPC-11 and MAPO-11. Other
useful molecular sieves include SAPO-31, SAPO-41,

30 MAPO-31 and SSZ-25, the precise structures of
which are not known but whose adsorption
characteristics and catalytic properties are such
that they satisfy the pore size requirements of
the catalysts useful in the process of the present

3% - invention. Also -useful as catalysts are 12-
membered ring zeolitic molecular sieves such as L

WP2/HED/CVRNA020. 001
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' . : F o '
si-ze using " XRD is described in Klug and Al exander 35 "X-ray

Diffraction Procedures",\Wley, 1954 which . - 1s incorporated
herein by reference. Thus, _ -10-
D= (Klerr][err])/([err].cos [err]), wher e: - D=
crystallite size, A . K = const ant 15 :

[err] = wavel ength, A ’ : [err] = corrected half width in

radi ans : [err] dlffracthqn angl e For
crystallites [err] about "0O.1 mcron in | ength, (along the pore

di rect i on) decr eagig e b zsu- 12, MHEVERg e Ak (h- bt rcdANge O

Herr] by with an I ne earth cation for exanple)

can- _ i ncPOFES ﬁﬁécpséﬁﬁﬁﬁfﬂtFBﬂ Leqeirergny that, they have certalﬁ

extent. The isqnemdauﬁdyaawaheahuuhtgreiter than 7.50ml ler crystallites is
| ess dependent on the 15 {se fhe branched products can

nor e readily es@gpgrBQFB#eiBé?ﬁt P R YRS i on
during t®e isonericadiEilys s wdsds sehbpchddi agidityseselected pomaich as

NHerr]) to decr eanauiiel Whalubletedy! hybeiliLive size A SO inCrease

| someri zation select|V|t tq a snal xtent. The
nost preferred catl@ Ropding to sel°°te¢rﬂQﬁR|¥ﬂPQ§h91ﬁ TR 10- menbered
ring variety (10 selection G)sygeﬁhaﬁﬁﬁﬂolﬂnithﬁertm dgidint nigs t he pore

open 19) i1 L AR Meg4TeyIRY BEcRRY o Srompuyin BSF 0 5. 55, 1
ZSM 11, 18SM 21, ZSMclp that the prodSht28anZes®se ASMIBEce ARNSUEn ZSM 57,
SSZ- 23, quickly enough so that cracking is minimized. The
~ pore diameter requirements have been set forth
above. The required relationship between acidity
_ and crystallite size of the molecular sieves in
15 . order to provide an optimum high viscosity index
oil with high yield is defined by carrying'out
standard isomerization activity tests for '
isomerizing n-hexadecane. The test conditions
include a pressure of 1200 psig, hydrogen flow of
20 160 ml/min (at 1 atmosphere p:essuré and 25°C), a
feed rate of 1 ml/hr and the use of 0.5 g of
cétalyst loaded in the center of a 3 feet long by
'3/16 inch inner diameter stainless steel reactor
tube (the catalyst is located centrally of the
25 - tube and extends about 1 to 2 inches in length)
with alundum loaded upstream of the catalyst for
preheating the feed. A catalyst, if it is to '
qualify as a catalfst of the invention, wheh
tested in this manner, must convert at least 50%
30 of the hexadecane at a temperature of 370°C or
‘below and will preferably convert 96% or more of
the hexadecane at a temperature below 355°C.
Also, when the catalyst is run under conditions
which lead to 96% conversion of hexadecane the
35 isomerization selectivity obtained by raising the
temperature, by which is meant the selectivity for

WP2/HED/CVRN4G20. 0OL
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SSZ-32, ferrierite, SAPOfll,and~NAPC>11. O her : useful nol ecul ar

si eves ‘i ncl ude SAPO 31, SAPO-41, 30 MAPO- 31 and SSZ-25, the precise
structures of . which are not known but whose adsorption
characteristics and catalytic properties are such t hat they
satisfy the pore size requirenments of the catal ysts useful in the
process of the present 35 ~ invention. Also-useful as.catalysts are
12- menbered ring zeolitic nol ecygr. si eves such as L

- 11 - . zeolite and ZSM 12, having deformed (non-circular)

pores which satisfyptéduttay jeometiz6dt hakelobane as opposednao

_di Sl ha 0
mmkes use of o o Ce&bupdbrbadGes musk be 40, or,argutel cBBES Lore
di anmeter and sel ectpuefeysbdyl 50cosi gesater. The(deomespaatiiom to sel ected
pore |ength). The ..1.cc1v1%g' echieR i3 auehtig {4 &é!iﬁo&h%tﬁ their is

I SOI’TEI’I zat I on

sufficient acidity to catalyz ‘that the

suc
product c@h escape ‘He—pome—asy : =N ' ' '
cracking is mnimzed We¥nhBra ched Cu ﬁﬂr?’&' ﬁ@tér"Féunreﬁ&ﬂRFQQW%tbeen
set forth above. The required rel ationship between acidity

and crystallite size of the nDIxcubaras|9805an b&nwez'ionprder to provide

areying o O ' SFAER ¥ahQaSk toar rhopfinhell b, Ap3d, KEet i O°'1 o0 O

i soneri zikYy n- hexadewfifideisns tespreuhdetnonged 1lomerizst¢bude a pressure

of 1200 psig, hyd; CHEELbaRY Bue’ds 1ov endBOnToMiRat bl oRIMPRP O

pressure and 25 se of 0.5 g
of cat al y@%n#eaaee i nTPReEMR ik es: Lgads; Lot ipguEfiigient

catalyst -activity. With too many sites with
-.'largor crystallites, cracking predominates over
15 isomerization.

Increasing the cryltallit- size of a2 given
catalyst (having a fixed Si0,/A1,0, ratic) increases
the number of acid, e. ¢., alumina, sites in each
pore. Above a certain crystallite size range, .

20 cracking, rather than isomerization, dominates.

The molecular sieve crystallites can
suitably be bound with a matrix or porous matrix.
The terms "matrix® and "porous matrix” include

3 inorganic compositions with which the crystallites

25 can be combined, dispersed, or otherwise
intimately admixed. Preferably, the matrix is not
catalytically active in a hydrocarbon cracking
sense, i.e., is substantially free of acid sites.
The matrix porosity can either be inherent or it

30 : can be caused by a mechanical or chemical means.

' Satisfactory matrices include diatomaceous earth
and inorganio oxides. Preferred inorganic oxides
. include alumina; silica, naturally occurring and
conventionally processed clays, for example .
35 bentonite, kaolin, sepiolite, attapulgite and

halloysite.
Sheet Has Been Replaced
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3/ 16 inch inner dianeter sfainless steel reactor tube (the

catalyst .is located centrally.of the 25 tube and extends about 1 to
2 -inches in I ength) " with al undum | oaded upstream of the catalyst
for preheating the feed. A catalyst, if it"is to -
qualify as a catalyst of the invention, when tested in this

_manner, must convert at |east 50% 30 . of the hexadecane at a
tenperature of 370[err]C or “bel awignd wi Il preferably convert 96%
or nore of t he- hexadecane at a tenperature bel ow 355[err]C

Al so, when the catal yst isconpospdengcendi trpssallites withhanh lead to 96%

by raising the - rnocgaplf deipe macysR RER B8 bERuRIed iy bY T\ Lo

| 11111111131111111shitablei known method wherein the crystallites are -

12 - - 'prOQHE&HQt8§g”§&hZ§QdhGIEHeEﬂQeo§§d999w§f9 tfe latter
cracked products nus reater, nore referably 50 or
greater. The isonetBzihi oft hydrous StéEPe&F?Vl?§amﬂh?cha$saah¥%f?%s is
defgned as; 5 salto hydrogeé wet gelatxnousmpﬁbbiﬁunﬂmqg g%sri? in

roduct o Rr ' relsin c rr err in
Brodﬂct a 3&{;& 2@3@8 cg%b§8@£ gﬁg %TL% % r5|%n

This assures that tnenﬁenﬁentome&b¢@ §Bt 89 brepare a hydroMsimeRAtoro
provide needed i sonphi%ati emae gel or esawaxihat hsaé;@&beglough so that
cracking Eg .solgkggglgg a sa?t or ii;gargeggssa ts ? ffICIent
example aluminum and sodium silicate). Ammonium
hydroxide carbonate (or a similar base) is added
to the solution in an amount sufficient to
precipitate the oxides in hydrous form. Then, the

15 . precipitate'is washed to remove most of any water
soluble salts and it is thoroughly admixed with
the.crystallites. Water or a lubricating agent
can be added in an amount sufficient to facilitate
shaping of fhe mix (as by extrusion).

20 - The feedstocks which can be treated in
accordance with .the present invention include oils
which generaliy have relatively high pour points
which it is desired to reduce to relatively low
pour points. ' _

25 The present process may be used to dewax a

| Qariety of feedstocks ranging from relatively
light distillate fractioné such as kerosene and
jet fuei up to high boiling stocks such as whole

. crude petroleum, reduced crudes, vacuum tower
30 residua, cycle oils, synthetic crudes (e.g., shale
' oils, tars and oil; etc.), gas oils, vacuum gas
oils, foots oils, and other heavy oils. Straight
chain n-paraffins either alone or with only
slightly branched chain paraffins having 16 or

35 more carbon atoms are sometimes referred to herein

| as waxes. The feedstock will often be a C,+

WP2/HED/CVRNA020. 001 .
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catal yst activity. Wth too many sites with  larger crystallites,

¢racking predom nates over 15 | soneri zation.

| ncreasing the crystallite size of a given catal yst (having a

fixed Siderr]/Al[err]O[err] ratio) increases t he nunber of acid,
- e. g., alumna, sites in each pore. Above a certain crystallite

si ze range, 20 cracking, rather than isonerization, dom nates.

The nol ecul ar sieve crystallites can -.- 14 - suitably be bound with a

matrix or porous matrij X. The ternms "matrix" and " porous matri x"

i ncl ude ifeedgaoick qenpualtyohoiudnq1abnvﬁ1ahunun%m&aﬂ lites 25

can be conbined. de3pges3dgn@heoblt hifL ususlly nd el y adm xed

Preferably, the matr active'in a -
hydr ocar bon cracklﬁégnifica“t quaptities of V%FXHHQ&RSGEQ%Q v free of acid

Si te; - . Thewﬁﬁb&:l Xtaerpsbéassaﬂs epifﬁcd&nmers@ﬁulowdh 30
can pe cause y a_fiec ans act ory
‘matrices fnclude dlgfgnégéégélggftﬁg°°Es suc %ﬂufﬁ4%%9a5ﬁ8533%

Preferred inorgani 6toskéedncluding gagneilsle lsﬁmm&sﬁlnd:aiemat ur ally
occurring and fuels,c‘imﬁ‘i‘:%h@'ﬂﬁlﬂ MiPré’E@@ﬁ@d t?éaﬁ}’ﬁxg AN Lxyepl e 35

bent onite, kaolin, seplo Ite, attapulgite and al | oy S|te

- 13 - her é&ﬁﬁél-llPFﬁngﬁ'étE‘?‘}%t‘éMﬁ YN tpr?id’rF ‘and
i norgani ¢ oxi de mawiiscosdrybee@htovpd hyimtyined withirswdrdim known

oxi do whiiPe the | afPerifioaci8h Rifise.  punpldiedR B2 MV Wil (0%,
hydr ous sgleneraldyodypoi 1 abPVge2éQ|©oU$5QwEﬁm[ﬂqnﬁeysuﬂllm1 :

above 315°C (600°F). Hydroprocessed stocks are a
convenient source of stocks of this kind and also
of other distillate fractions since they normally

15 contain significant amounts of waxy nQparaffins.

~ The feedstock of the present process will normally

be a C,,+ feedstock containing paraffins, olefins,
naphthenes, aromatics and heterocyclic compounds
and with a substantial proportion of higher

20 - . molecular weight n-paraffins and slightly branched
paraffins which contribute to the waxy nature of
the feedstock. During the processing, the n-
paraffins and the slightly branched paraffins
undergo some'cracking or hydrocracking to form

25 liquid :ange'materials which contribute to a low
Qiscosity product. The degree of_cracking which
occurs is, however, limited so that'the'gas yield
is reduced, thereby preserving the'economic value
of the feedstock;

30 ‘ Typical feedstocks include light gas oils,
heavy gas oils and reduced crudes boiling above

350°F. Typical féeds might have the fdollowing
general composition:

-
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to facilitate
The feedstocks which can ge %reated in
present invention i ncl ude"d

hi gh pour p0|nts

pour poin

vari ety o? feedstocks ran

a dried state, or conblnatlons thereof). A . conveni.ent nmethod is to
prepare a hydrous nmono or ~ plural oxide gel or cogel using an

- agueous 10 solution of a salt or mxture of salts (for
exanpl e al um num and sodium silicate). Amoni um hydrOX|de
carbonate (or a simlar base) is added to the solution in an
anount sufficient to precipitate the oxides in hydrous form Then,
the 15 precipitate is washed'to remo¥@ rmost of any water .
soluble salts and it is thorou adm xed with the crystallites.
Water or a lubricating ag®Rt aV tY  can be &Y in an anount sufficient

shaarageﬁf the m x (asob@-B&Grpﬁmon) 20

mhlch g%ner ?3 ha Q?%tlveiy

VIwhich it is de5|redﬂﬁnl7%duce to relatlvely | ow
Pour |BSiREESENt DPrOCess: FByoPLelSESlot Q) devax a

romrelatively l'i ght dlstlllate

fractions such as kerosen oaﬁang Point Rapge” r3LP-TPP1% high boiling stocks

such as whol e

cvigeopttypl eum reducskdigoades, vacuum tower 30

residua, cycle oils, syntggkhc CEHd@? (e.g., shale . oils, tars and
oil, etc.), gas oills, vac g 0|Is foots oils, and other
heavy oils. Straight * Thischai the- ﬁ&r@ftensselvhet dewaxing with only
slightly,granched chain paraffins having 16 or 35 nore carbon atons

are sonetinmes referred to hereln
often be a Jerr]

15

20

25

30

35

' af waxes. The feed tock\MII
typical product might have the folloying

composition:

API Gravity 20-40

VI 90-160
Pour Point . <0°"c
Boiling Point Range 315-700°C
Viscosity, 3-1000

(cSt @ 40°C)

The typical.feedstocks which are

advantageocusly treated in accordance with the

present invention will generally have an initial
pour point above about O'C, more usually above
about 20°C. The resultant products after the
process is completed generally have pour points
which fall below -0°C, more preferably below about
-10°C. ' |
As used herein, the term "waxy feed"
1ncludes petroleum waxes. The feedstock employed
in the process of the invention can he'a'waxy feed.
which contains greater than about 50% wax, even
greater than about 90% wax. Highly paraffinic
feeds having high pour points, generally above
about 0°C, more usually above about 10°C are also
suitable for use in the process of the invention.

Such a feeds can contain greater than about 70%
. R —
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f eedst ock general |y boiling above about 350[err]F since lighter
oil's will 'usually be free of - significant quantities of waxy
conponents. However, the process-is particularly useful with 5
waxy distillate stocks such as middle distillate st ocks i ncl uding
gas oils, kerosenes, and jet fuels, lubricating oil stocks,
heating oils and other distillate fractions whose pour -point and
viscosity need to be naintained within-cergq@in 10 speci fication
limts. Lubricating oil stocks will general ly boil above
230[err] C (450[eb%k5kfxgﬂkec%§%%h|Yeven greate®@K&n3iBbaer b6x(600[err]F).
Hydr opr ocessed st ocks are conveni ent source of stocks of this
kind and al so paraf %ﬁﬁcoPH§PQﬁ ‘stillate fractions since they normally
%5 . ) c?ntﬁln S|gnlfm&mﬁpbmwQUEﬁni&ﬁoualysminabaéfEes%s fog[use] The
eedstock of the present Qcess e.a Cerr
~feedstock contalnlﬁb%%arggpcﬁﬁ§ 4? g%e 3nven€&on ‘“°ﬁaﬁﬁtﬁaﬁ¥s aromatics
and het eBocyclic ddwpddidse stocks sughdawi glasaoddisst dnbrakapiogorti on of

hi gher 20 118 Gl ok ee sgle na TR BN SudRd sl ’tﬂQEbyb?r anched
par af fi ns whi ch contrlbute to the waxy nature of he feedst ock.

During the proces§iif§henidropsch synt esﬁ&napﬂﬂﬁsP&HH PA&NE|  ght |y branched
par af fi ns po lyadehea® 1@ in s r-EFoloitag oaashydlymhaekc ngakesf eugh25

| i qui d range naterlal C t I e ' i Ity o
product. The degree @E%ﬁ%&J&#ﬁﬂl 1J¥ﬂB ﬁ%&e% %Wégguygx?gf é8§§3§9, limted
'so that 0he gas yiwaixes and micrqq;yméa@dé@e wiaxesby Preteroidgishe econonic

val ue Eﬁdaiﬂéﬁﬂ$¥f¥é§afﬂ%ing oil from thbyRhgal iRedst ocks
i nclude |ight gas oil zy as oils and reduced crudes boiling
above éﬁplaﬁ?ﬁ o4l d’?frﬁ kv @8 $Oor8 Pdhi- ng
general conp05|t|0n The feedstock may be a C,+ feedstock
. generally boiling above about 600°F. The process
15 _ of the invention is useful with waxy distillate

stocks such as gas oils, lubricating oil stocks,
heating o0ils and other distillate fractions whose
" pour point and viscosity need to be maintained
_ within certain specification limits. Lubricating
20 0il stocks will generally boil above 230°C '
(450°F), more usually above 315°C (600°'F).
Hydroprocessed stocks are a convenient source of
stocks of this kind and also of other distillate
fractions since they normally contain significant’
25 ._ . amounts of waxy neparaffins} The feedstock of the
| present process méy be a C,+ feedstock containing
paraffins, oleflns, naphthenes, aromatics and
heterocyclic compounds and a substantial
_proportion of_hlgher molecular weight
30 ‘n-paraffins and slightly branched paraffins which
contribute to the waxy nature of the feedstock.
During processing, the n-paraffins and the
slightly branched paraffins undergo some cracking
or hydtocracking to form liquid range materials
35 which contribute to a low viscosity product. The
degree of cracking which occurs is, however,
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o o - :
-°15 - APl Gravity 25-50

Ni trogen. 0. 2-150 ppm Waxes :
1-100 (pref. 5-100)% Vi - 70-1705
Pour Poi nt - Jerr]O[err] C (of ten [err]20[err] C)Thls SheetHasBeenRe Iaced
Boi I i ng Point Range 315-700[err]C V'scos

. 3-1000 (cSt [err] 40[err] O

~the VI after solvent dewaxing 10 A typi cal pro uc
have the following - : conposition:i. 17 - API C?aV|ty
20- 40 Vi 90- 160 15 Pour
Point [emﬁrdﬁ[ear rs]oCthat the y:.eld of 1B bbmuﬁgl ﬁi—oaaage

315-700[err]C
(o3 @ao[eir] ispreduced, tnereHiprkaosving Fhe efaiRELRAYERUS o
~advant ageousl y tr eatfedhien fzedstadekce Wi th t he present invention

W ||l generally have an |m§y&g wax fﬁféref%%%?ggbat nggigﬁggtaCIerr]C

nor'e usual |y above ~abaout resul tant products after
the 25 5 pr oc 8¥dLosraskedetladpey Oidr S5 ¢ BI¥SpSurefinadslube
which fall bel ow - @iar.r] @,yamarc&a@w;@r akl prh(ileQWeab%bause that -10[err]C.
As used herein, the term” ncl udes sgtrgl um waxes.

o]

The feedstock enpl Sf&fe:?(f nyalso ﬁﬁ‘?‘é“cﬁr &8@s§i§l’7o9ﬁ5 °R Ocan be a
waxy feed - lcwhw@nu@antaMh$Mdeaw&*wamadeauaaﬂ Seomnarlventn

~greater than about J%Q@n‘%; oiTsghlde A+ ?hgr r:'&'nC e useg to E@&qéeh@}’xbng hi gh

pour points, general err nore usual 'y above
~about 1OPer]C areq%¥§9€§? contentmu199&#9nﬁéﬂyuséY#ﬁ°$Hea§#ase9§ of the

“invention. . the G IA vatctarr Jb Catrdied uRaker 1bhap 8Rheut 70%

' - nitrogen content thereof. Slack waxes possess-é
very high viscosity index, normally in the range:

. of from 140 to 200, depending on the oil content

15 and the starting material from which the wax has
been prepared. Slack waxes are therefore
eminently suitable for the preparation of
lubricating oils having very high viscosity
indices, i.e., from about 120 to about 180.

20 Feeds also suitable for use in the procesé
of the invention are?partially dewaxed oils
wherein dewaxing to an interquiate pour point has
been carried out by a process other than that

_ claimed herein, for example, conventional

25 catalytic dewaxing processes and solvent dewaxing
processes. Exemplary suitable solvent dewaxing
processes are set forth in U.S. Patent No.

4,547,287, _
The process of the invention may also be
30 . employed in combination with conventional dewaxing

processes to achieve a lube oil having particular
desired properfies. For example, the process of
‘the invention can be used to reduce the pour point
of a lube oil to a desired degree. Further
" 35 reduction of the pour point can then be achieved
' using a conventional dewaxing process. Under such

WP2/HED/CYRN4020. 001



-16- paraffinic#carbon, even greater than ébout 90%

parafflnlc car bon. Exenpl ary additional suitable feeds for
use. in the process of the invention include waxy 5
- . distillate stocks such as gas oils, lubricating . oil stocks,
synthetic oils such as those by Fi scher-Tropsch synthesis, high
pour .poi nt pol yal phaol efins, foots oils, synthetic waxes such
~as nornal al phaol efin waxes, slack waxes, deoiled 10 waxes and
mcrocrystalline waxes. Foots oil is _ 318 - prepared by separating oi
fromthe wax. The Isolated oil is referred to as foots oi
TBe IegggEOCk]gaYOEQc@mgkahébsfeeﬂﬁéwfktely followlied t etted | y bo;ling ?Eove
abou err e _pr nventjon ig useful w waxy
distillate 35nBr oAt Lol CREaLetsSh 1S IRYPRELTT nghs 1T ks
heating oils and ouhemaglhawblatpoﬁrap@imhsgn&nﬁmr than abou;xmﬁ $0|nt and
viscosity.need to nt e n t é¥3§“ gation
limts. Lubrlcatrggtgg& ehd gouf go #*E %éééeﬁ#i] ol é%ove
230[err] & by theopepepRs ofpthe uswawyi%o%na% %ﬂ#l}@d( RO err] F).

Hydr opr ocessed StQ@h&n@rgoarCﬁBYﬁﬁlGéﬁréﬁﬂ&ﬁe @6mpos1tions Heedso of this
kind and al so of ot her since they normally

distil t|o S
~contain significant 25 The °3ﬁgﬁh?§s ?“%%§y“% %%rrh?lns The feedstock-
of. the peezertizptdonidevaying pxd#ess]OfeéNetmm*sztha|nlng

paraffins, ol efi ”igv@%&%ﬁe'ﬂésca?&@&&t bGE g&ﬁera11¥ iﬁnclﬁxﬂ?éeéocyc' I C

conpounds and a substanti al £ tion nol ecul ar melght
30" n- par af FeFPexAUSe; YRiry Brh Eh@ﬂtﬁéPa?fF§%9?WﬁE9P abou
contribute to the2eaXy matubeuef4obecfeﬁdsaopkessu:e from ihwuﬂg1s

g;ggf;g'gghetgfaQQQ@r% We"30889pb15. More prefbiBiyVeRl WebsLperalfins
: is from about 100 to about 2500 psig. The liquid :
hourly space velocity during contacting is |
15 generally from about 0.1 to about 20, more
preferably from about 0.1 to about 5. The
. contacting is preferably carried out in the
presence of hydrogen. The hydrogen to hydrocarbon
- ratio preferably falls within a range from about
20 - 1.0 to about 50 moles H, per mole hydrocarbon, more
'preferahly from about 10 to about 30 moles H2 per
mole hydrocarbon.
) The product of the present invention may
bé further treated as by hydrofinishing. The
25 hydrofinishing can be conveﬁtionally carried out
' _ in the presence of a metallic hydrogenation
catalyst, for example, platinum on alumina. The
hfdrofinishing can be carried out at a temperatufe
of from about 190°C to about 340°C and a pressure
30 of from about 400 psig to about 3000 psig.
Hydrofinishing in this manner is described in, for
example, U.S. Patent 3,852,207 which is
incorporated herein by reference.
The feed preferably has an organic nitrogen
35 " content of less than about 100 ppmw.
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or hydrocracking to formliquid range materials 35 | whi ch contribute

to a low viscosity product The degree of cracki ng which occurs
i's, however, ' - 17 -

Ilntted SO that t he yreId of | ow boiling products I s reduced,

t her eby preserving the econom c val ue of the feedstock

Sl ack wax can be obtained fromeither a 5 hydrocracked lube oil or a
sol vent refined | ube oi | . Hydroeraski-ng is preferred because that
process can al so reduce the nitrogen content to | ow val ues. Wth

sl ack wax derived from sothencatalyst preferabdyoilngludesi i ng can be used

to reduce the 10 ydrothEEQGEncsﬁﬁbﬁaht wﬁm&hoaakbxs gydpebmeeki ng of
t he sl ack wax can be carried out ogen cogtent

thereof. Slack wakBSmpEizasicy, name?y av§F9“9|8515|§85§&ty PRdeR!
'nornally in the ratge known hydebgbnaridéAOcompofiéntdepagdbeg on the oi

cont ent 1 ' tar e I C h

been prepared Slacgi%gggé argi?giHE? Qhﬁ pLnghWﬂh QzE ﬁfpﬁégggéable for

t he preparation of Tune #asﬁheéPpngiéllbehbeFﬁgrvEB9eHF§ﬁ°G|§Eosrty
indices, i.e., frOEbQQQHthZQotQhébQBlléaQn?ZQllustrative exampeds.al so
suitable for use in the process the invention are partraIIy
dewaxed oil s . wherei n dewaxi ng to an internedi ate pour point has
been carried out bgxamplecdss other than that - -~ clainmed herein, for

exanpl e, ygonventional 25 gne exp3iabkth QQW%%FQQaEFBﬁe§§§§c@991§9'Ve”t

dewaxi ng processes. nplary sult vent
of a catalyst can be measured by using a test w;th

n-hexadecane feed at the conditions given in Table
1. The isomerization selectivity is defined as:

' _ wt% branched C. in product
15 : wt% branched C,; in product + wt$ C;;- in product

X 100 at 96% nC,g conversion.
The metals (0.5 wt%) were added by ion
, exchange using an aqﬁeous solution of PA(NH,),(NO,),
20 or Pt (NH;),(NQ,), buffered at a pH between 9 and 10
using dilute NHOH. The Na was added-by ion
exchange using a dilute aqueous solution of a
sodium salt before the metal was exchanged.
_ It can be seen from Table 1 that 1.5 micron
25 crystallites (having 1.5 microns pore length) have
‘very low isomerization selectivity (10%) while
' <0:1 micron crystallites have > 40% isomerization
selectivity. Also, sodium exchange significantly
increases the isomerization éelectivity of a 0.09
30 . micron crystallite catalyst, but led to little
| increase in isomerization selectivity of catalysts
. made with smallér crystallites. Titration (during
processing) with ammonia also increased
isomerization selectivity of catalysts to a small
35 extent. ' |
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processes are set forth in U S. Patent No. 4,547, 287. o
The process of the ifyentiton may & so be 30 « enployed in conbination

wi,t h conventi onal dewaxi ng ' processes to acligve a | ube oil having
parti cul ar ) . desired properties. For exanpl whes process of

the invention can be used to reduce the pour point o 3 & of a lube oil
to a desired degree. Further 35 reduction of ¥h& @ur point can then
be achi eved usi ng a conventional dewaxi ng ﬁ',)rg“c%;s Under such
circumstances, imediately follow ng the ngrl fatl on process of .
t he i nvention, tnhe'vl udoe'u W oW oW owmlhmay haye a poumpel n eater than

about 15[err]F. & & & & & Pl Ttk Sour dbint of &h8 IGbE oi | produced 5

by the process & EneSi Fv Bt Forfcin BHeTreduddd by 28 , 8 Badding pour
poi nt depressant, cpergs‘L,t @n‘& tme';,,et;@ =R £ Q9 '@eﬂcondl tions
under which the®, fn 2} gn% /devvz i Nng progess wf 3t he pr esent
inventionds carli gd 0u§ q@ne IX, ude *L 10 & Gt Brature whi ch
fal'l's Wlthlnarmnﬁear & O[err]C;,.o:a ouf’ 400[err] C and
a pressure from%about 13 9 3 to about {3000 psi®. Hvu#egpref erably the
pressure S s ft;orﬁ;about 100 to aboyt 2500 gglg she liquid
"hourly space velocity dgrl ng contacting 1is/}l5 gergerg'lly f rom about
0.1 to about 20, nore o preferably firom abOLg- QL ®t8 about 5. The
contacting is pref erablﬂ. carried out in the @euseﬂce of hydrogen
The hydrogen to hydroTar bon . ratijo,pref ergbl_y Lafls within a
_ ) ; s .
range from about ze o 532
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20 1.0 to about 50 noles Herr] per nole hydrocarbon, nore
preferably from about "10 to about 30 noles Herr] per : nol e
hydrocarbon. . The product of the present invention nmay

be further treated as by hydrofinishing. The 25 - hydr of i ni shi ng can
be conventionally carried out in the presence of a netallic

hydr ogenat i on catal yst, for exanple, platinumon alumna.. The
hydr of i ni shing can be .carried out at a tenperature : of from about
190[err]C to about 340[err]C and a pressurﬁ of from about 400 psig
to about 3000 psig. Hydr of i ni shi in this manner -is described
in, for- .exanple, U S Patent 3 7o0Which is

|ncorporated her ei n by reference. The feed preferably has
an organic nitrogen 35 Catal&éﬁ?eﬂ?défWﬂéészPﬁAﬁtasoﬂitQOQipﬁhiF pore

- ég - t opeﬁ}ﬁzgh%uQab&&yithEQQQEEDl!tbnSk!ﬁeﬁeﬁe used to
ydr ogenat i on conpqnen i.C za
nanely a Group VII e Rﬁ? % aving'p Phgrﬂﬁéﬁﬁ ﬂ§d?hggn§## 2.89
conmponent $ may be ppm sulfust,i 0i.7@dppmPhitrogenand pelukapointaoé pBéCerred.
The iinvention will b%i@%%%ﬁ%y“@@eQ§beogfb¥3 7E§sﬁﬁ atr?§9E6856150 11 B8¢

fol |l ow ng |IIustrat|ve
experi ment al |soneﬁnﬂaﬁﬁoﬂogepeeﬁl§|P91 cSt, a VIppf;12Qt h+§sE eahveat

neasured by using @aewasleaVirh= 104), an avBexgdemanechead abighe eenditions
given in Table o7, a bosliGy $AMGR 52! 593-8°LCGheVE! nb®adghined 2o
10 _content of 10.4 wt%. Results are given in Table 2.
It can be seen that catalysts with high isomerization
selectivities produce a higher yield of lube product '
with a higher VI. ' '

The
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e £ . s _
wt % branched C[err] .in product 15 wt % branched C[err] in product
+ w%err]- in product X 100 at 96% nCferr]
conver si on. The netal s5(0.5 wt % wgre added by ion

exchange using an aqueous sol ution of Pd(NH err])[err] (yOdgrr])[err] 20
or Pt (NH[err])[err](qurr])[err] buffered at a pH bet@e% 9 and 10

using dilute NH err]OH The Na was added by ion . ® <exchange using a
di | ut e aqueous solution of a sodi um salt befoge ¢ he netal was
exchanged. It can be seen from Table 12that 1.5 nicron 25
crystallites (having 1.5 mcron.su PO Q I.‘en.gth.)mha 2 & very low
i sonerization selectivity (10 awiT I & & o.* rr]0.a ® cxon
crysgallites have > 40%|soner|g,at='ioﬁ | ectigify. @A so, sodium
exch@nge significantly ei’ses ghvs i goneri z@t |§;Ybn,_.sel ectivity of
a 0.%9 30 m cron crystal ? uatoal & Gbuf | ed t% ™ tgr
|ncrgase in isonerization sel ecgi Lé 'eat}aﬁ"yst 5 made wth
smalfer crystallites.. Titratiop ¢ proo:essn ) with anmoni a
al s@increased |sorrer~Pzat|7§n sel ectivify of c%lt 3I ts to a small
>
35 8 extent. [err]a » AL -
> - o @
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-.21 - | Exanpl e 2 '
Cat al yst,s made with zeolites with simlar pore openi ngs but

varying crystallite size were used to - dewax a | ube feed having a
gravity of 31.3 API, 2.89 5 ppm sul fur, 0.72 ppmnitrogen, a pour
~point of 35[err]C, a viscosity at 40[err]-C of 33.7 cSt, at
70[err]C of 12.1 cSt _ .and at 100[err]C of 5.911 cSt, a VI of 120
(-6 C.sol vent . dewaxed VI = 104), an average nol ecul ar wei ght of
407, a. boiling range of 343[err]C - 538[err33 Cand a wax 10 cont ent
of 10.4 wm % Results are given in Table 2. It can be seen that

catal ysts with high i sone#Ecidity of the satadyisti efeshpr pygsens hi gher
yield of |ube prodygivention can d ecnddcdn¥d Wy conventhi8hally

- 23 - . The .acidity of the catal of th resen

invention can be c&ﬁﬁﬁﬂﬁ&&iﬁﬂf1§ﬂ“ﬁ;ﬂQwﬁﬂﬂﬁﬁft ot the °3F83M§Fﬁg tk@n

al ym na content,ofgmhmanmmmWwﬁhLaMknii or alkalimeclamgk cathoakkaan or

dkaine LD cAll Ay G vhea vo 1GUSH dift U3Alikg.| OUBholblE1RC EhY-
cmﬁy with'a diifu

General ly,” the st i's contacte e~ agleous

sol ution - c@tad vk i [9pntashednwidi asddiuse agupausnEPLluEéoBnd
then dried before wee Or(Jdudlly) WoRiRMHEigdAt such as sodium nitrate and

then dried before use or further processing.
The production of small crystallite molecular
10 sieves can be accomplished by assuring a high
nucleation rate preceding crystallization. This can "
be accomplished in several ways including the

following: _
1) The alkalinity of the reaction mixture used in
15 the synthesis of the molecular sieve can be increased

as described in Hydroﬁhermal Chemistry 0Of Zeolites'by-
R. M. Barrer (Academic Press, 1982) at pages 154-
157, which are incorporated herein by reference;
2) Small amounts of dye molecules or of inorganic
20 cations can be present during crystallization. These
serve to retard crystal growth on certain faces of
the growing crystal as described in British Patent
1,453,115 which is incorporated herein by reference;
_ ’ 3) Nucleation can be accelerated usihg novel
25 sources of inorganic reactants such as other zeolites
' as described in copending U. S. Patent application
Serial No. 337,357 which is incorporated heérein by
reference; - '
4) Crystallization can be carried out at reduced
30 , temperature if the activation energy is relatively
low as described in U. S. Patent 4,073,865 which is
incorporated herein by'reference; or '
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The production of small crystalllte nmol ecul ar 10 ; si eves can be

acconpl i,shed by assuring ®-high - - nucl eation rate preceding
erystallization. This can _ be acconplished in several ways
including the foll ow ng: . 1) The alkalinity of the
reaction m xture used in 15 the synthesis of the nolecular sieve can
be increased as described in Hydrothermal Chemistry O Zeolites
by - R M Barrer (Academ c Press, 1982) at pages 154-

157, which are incorporated herein by refgfence; ‘ 2) Smal |
anounts of dye nol ecul es or of inorganic 20 . cations can be present

during crystallizatipn. HikgSepeed mixingseh‘x‘xebbocﬁﬁ‘kabd euys8akiggowt h on
certain faces of R&ﬁiﬁ¥w%$ st al gsscrl d.i.n British

* Pat ent  prgstalld i 88? 8r AP eﬁ 8PnBY PFERBNCe;

3) Nucl eati on carr;tﬂaaiccgaio&wﬂt @b tdssmg-ibedebyza L Thompsonr cad af

' ' t t | aiat '
copending U 5. PR SekUak, 7.°%05 Wossy which I8 %@??&E?ﬁaﬁé‘h s

i ncor por & ed her eitpxgin bY referq!\geer ence;

Crystallization can be carried out at reduced 30 _ tenperature I f the
activation energy Js,relativel ; | ow as described in U S. Patent
4,073,865 which i herein by reference; or :

- 24 - 5) |Thsh preeehtnibavegtion providescd pwbcdssi fgr

crystallization tW&ﬂl&H eqt;d&n p%rﬂiglﬁr B?;g zrocess QE&SE%I growt h .I

as described by R onpson and
(1985) W ch is i RHEMgePt 5"3"1’ oils wish, the Fesuliing. product

being produced in a relatively optimum amount and
having a desirably high viscosity index.
While the invention has been described in
connection with specific embodiments thereof, it will
15 be understood that it is capable of further
- modification, and this application is intended to
cover any variations, uses, or adaptations of the
invention foilowing, in general, the principles of
the invention and including such departures from the
20 present disclosure as come within known or customary
practice in the art to which the invention pertainé
and as may be applied to the essential features
hereinbefore set forth,.and as fall within the scope
of the invention and the limits of the appended
clainms. '
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| ndustrial Applicability The present invention provides a

process for | soneri zat.ion, -nore particularly a process for the 10
demeX|ng, of waxy oils with the resultlng pr oduct bei'ng produced

in a relatively opti numanount and - havi ng a desirably high

vi scosity index. Wil e the |nventron—has—beeﬂeekém#+¢x%Lln

connection w th specific enbodi nents thereof, it

understood that it is capable of further Jmmﬂwrl“"jm" "'
application is intended to - cover amy-variati

adapt ati ons of the . i nvention following, in general t he
principles of t he invention and KCldalimdi ng such departures from

t he 20 - present disclosure as cone within known or custonary

practice in the art _to which the invention pertains and as may be
applied to.the esschabiiibelfesClaimed I8: horejnbefore set forth,.and as

fall within the scope 1., aojrédess wtdmmwmydﬁd&wntfad
appended ' : cl ai ns 25

to produce a dewef%ﬂr%ybe oil, the.ﬁﬁﬁd\hﬁcﬁpqin%jalned
| s: staight prbabe sandrs bightd noratshed chadion gakaffins

to produce a dewaxegalyRg 96! rt*@&ée%gkbéﬁﬂéggﬁg) comprisiﬁ&raight chain
and slightly branched chain araff aV|ng 10 or nDre car bon

atoms, conprising: 5 co tactm%oﬂ%c“t?% ynRex TR GiQPher i zati on

conditions with an intermediate pore size molecular
sieve having a crystallite size of no more than about
0.54, having pores with a minimum.pore diameter of at
_ least 4.8A and with a maximum pore diameter of 7.1A

10 or less, the catalyst 1) having sufficient acidity 8o
that 0.5g thereof when positioned in a % inch
internal diameter tube reactor converts at least 50%
of hexadecane at a temperature of 370°'C, a pressure
of 1200 psig, a hydrogen flow of 160 ml/min and a

15 - feed rate of 1 ml/hr and 2) exhibiting 40 or greater
isomerization selectivity which is defined as:

wt% branched Cwugifgﬁigﬁgidzgat% Cy3~ in product
X 100, :

20 when used under conditions leading to 96% conversion
.0f hexadecane to other chemicals, the catalyst
including at least one Group VIII metal, the
contact;ng being carried out at a pressure from about

15 psig to about 3000 psig.

2. The process of claim 1, wherein said feed
is selecﬁed from the group consisting of gas oils,
lubricating oil stocks, synthetic oils, foots oils,
Fischer-Tropsch synthesis oils, high pour point

5 polyalphaolefins, foots oils, normal alphaolefin
waxes, slack waxes, deociled waxes and '

microcrystalline waxes.
/.
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conditions wth an internediate pore si ze nol ecul ar si eve having a

erystallrte size of no nore than about 0.5{err], having pores with
a m ni mim pore di amet er of at ' | east 4. 8A and-mrth-a~ﬂaxrﬁvﬂrpore
di ameter of 7.1A 10 or less, the catalyst 1)
acidity so t hat 0.5g thereof when positi'oa%lli "ﬂ“ﬁ ll
internal diameter tube reactor converts.at |east 509
hexadecane ‘at a tenperature of 370 C, a pressure of 1200 psrg, a
hydrogen flow of 160 m/nmin and a 15 - g¢feed rate of 1 m/hr and 2)
exhi biting 40 or greater | somerization selectivity which is
defined as: The prodbds Riancieth G eiilerdfh RiALHC!

wt % br anched C[err] i n product Cierr produc
X 100, 20 mﬁeﬂlasléﬁaﬁnﬂ%?"%o%ﬂrf 43S ?%a%ﬁ% the mr&metww

of hexadecane to oﬁbezsnhsn1zsus11;hasnaiajyasM-21, ZSM-23 hcdsMHag, at | east -

one CouP, VI e ghu- 385 sow-g, gaf RS HROSRoIBO SR |, st

2.. The Process 032¢| enrierihes cSAPQal b, fSARO-31, SAPO-4k, SBARQtEY, from
the group CO”S'St'ﬂﬂPQi3ga§n&'£szeolite and éé&ﬁ'iﬁ%&imhé” e AP £rom

synthetic oils, foots ol Fi scher-Tropsch synthesis olls, hrgh
pour point- 5 - thep%??%?pﬁ%ﬁ?%??h%g P62t Hast Qﬂﬂrﬁﬂ RlahimRe 3 na

waxes, slack waxespalkadiesl. waxes and S nrcrocrystallrne waxes.

- 26 - 3. The process of claim1l, wherein said

4. The process of claim 1, wherein said
contacting is carried out at a ﬁemperature of from
about 200°C to about 400°C and a pressure of from
about 15 to about 3000 psig. | |

5. The process of claim 4, wherein said
pressure is from about 100 to about 2500 psig.

6. The process of claim 1, wherein the
'liquid.hourly space velocity during contacting is
from about 0.1 to about 20.

7. The process of claim 6, wherein the
liquid@ hourly space velocity is from about 0.1 to
about 5.

8. The process of claim 1, wherein
cqntacting is carried out in the presence of
hydrogen.

9. The process of claim 1, further
comprising hydrofinishing the dewaxed lube oil.

10. The process of claim 9, wherein
hydrofzn;shing 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. '
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nol ecul ar sieve is select ed from the group consisting 3 of ZSM 5,

ZSM 11, ZSM 12, ZSM 21, ZSM 22, ZSM-23, - . ZSM 35, ZSM 38, ZSM 48,
ZSM 57, 'SSZ-23, SSZ-25, SSZ- 5 32, ferrierite, SAPO1L,—SAPO-31,——
SAPO- 41, NAPO- 11, - MAPO-31 and L zeolite and sal ed
from the group consisting of at |east one of pl l%ﬁﬂﬂm ‘Nﬂﬁm
pal I adi um 4. . The process of claiml,

contacting.is carried out at a tenperature of 2from about 200[err]C
to about 400[err]C and a pressure of from about . 15 to about 3000
psi g. 5. The process of claim4, wherein said

pressure is fromabout 100 te@iaborte 2508c¢sd f claim 10, wherein 6.. The

pocess ol oLl ity YRgEERshIfhing g sabt ) 0UT PIRISY &

7. The process of chetalbjicvhydedgensdiion catalydti.quid hourly space

velocity is fromabout 0.1 to about 5. 8. The
process of claim1, wherein " contacting is carried out in the
presence of hydr ogeh?- ' The process o clpim Iphwhergdds $add fegdn
1, further . © CR&Prafi oggdyLld ofitiSHem B ddenicwixaddsuthagi labout '
10. The process of cl ?b5n 9 V\/nerel n hydrofinishing is carried out
at a tenperature of ™ rom about 190[err]C to about 340[err]C and a
pressure of " from about 400 psig to about 3000 psig.

13. A dewaxed lube oil prepared by the
process of claim 1. '
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27 - L 11. The process of claim 10, wherein hydrofinishing is
carried out in the presence of a nmetallic hydrogenation catalyst.

12 ~The process of claim 1, wherein said feed has an organic nitrogen
content of I ess than about 100 ppnw. 13. .- A dewaxed | ube oil
prepared by the process of claiml. ' '

- 28 -

USE OF MODIFIED 5-7 A PORE MOLECULAR
SIEVES FOR ISOMERIZATION QF HYDROCARBONS
5, Abstract Of The Disclogure
' A process is disclosed for dewaxing a
'hydrqcarbon.feed to produce a dewaxed lube oil. The
feed includes straight chain and slightly branched
chain paraffins héving 10 or more carbon atoms. In
10 ! the process the feed is contacted under isomerization
conditions with an intermediate pore size molecular
sieve having a crystallite size of no more than about
0.54 and pores with a minimum diameter of at least
4.8A and with a maximum diameter of_7,1A~or less.
15 The catalyst has sufficient acidity so that 0.5 g
thereof when positioned in a tube reactor converts at
least 50% of hexadecane at 370°C, a pressure of 1200
psig, a hydrogen flow of 160 ml/min, and a feed rate
of 1 ml/hr. ‘It also exhibits 40 or greater '
20 isomerization seledtivity'when used under conditions
leading to 96% conversion of hexadecane to other
chemicals. The catalyst includes at least one Group
VIII metal. The contacting is carried out at a
pfessure_from about 15 psig to about 3000 psig.
25 S
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