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A novel, high porosity, high surface area catalyst is
disclosed whi;h is useful in'Wax isomerization processes, especially
for the prodiction of high.viscosity index, low pour point lubricating
0il base stocks or blending stocks. The catalyst contains a catalyti-
cally active metal component selected from the group consisting of
Group VIB and Group VIII metals, and mixtures thereof, preferably
Group VIII metals, and mixtures thereof, more preferably noble Group
VIII1 metals and mixtures thereof, most preferably platinum, which
* * catalytically aétive metal component is present in the range of about

0.01 to 5.0 wt%, preferably about .1 to 1 wtX and a fluorine content
" in the range of about 0,01 to about 10.0 wtX, preferably about .1 to
2.0 wtZ, The catalyst employs a refractory metal oxide support
material, one preferably predominantly (i.e., at least 50 wtX)
alumina, most preferably h;ompletely alumina, e.g., gamma or eta
alumina. The finished catalyst has a porosity, expressed in terms of
pore volume, of at least about .50 cc/gram preferably at least about
0.55 cc/gm, more preferably at least about 0.65 cc/gm and a surface
area (in mZ/g) such that the product of the porosity (in cc/gm) and
the surface area (in m2/g) is at least about 107, preferably at least
about 110, more preferably at least about 115, most preferably at

least about 120,

_ The catalyst isomerizes wax Iin high yield into 1liquid
products, preferably high viscosity index, 1low pour point lube oil

base stocks and blending stocks.

o

BACKGROUND OF THE INVENTION

Isomexrization of wax over catalyst comprising a Group VIII
metal, usually platinum support on a fluorided alumina base which has
long been practiced. See for instance US Patent 2,668,866, US Patent
3,308,052, and US Patent 3,365,390.
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_-;present |nvent|on relates to a process for the catalytic isomerization
WA ng" quEI’I zation of wax over a catalyst conprisi RETAUSR260R69V | |
L?gg ati num support on a fluorided alum na base has | ong been
"_*%e»_tr#sed See for I nstance US Pat ent- 2, 668. 866. US Patent -3.--308,052,..and.
ﬂ?"ét’ttent 3,365. 390. US Patent 4,906.601 and US Pat ent| ZRE$EFEG1A%RE
“particle size | ow fluorine content catal yst and thie _use RGPLAF
__or the iscnerization of wax_into |ube Of, e cks bl endit
'____cat“al VBS Pagcent #5206 ,60hopnd U RARST 14 #re' tesatc I%orﬂlg %11 :
2in the JI | ¢eudr9ht eBhtdnt Ieﬁﬁljrhanaﬂdwb%a-ﬁd tafe saishbort h
o N net er ess than 1/16 inch. 23,288 £l gt gatal yst
i 1m1mt és@arﬁ?Fe IspRed =35t Yahd i?%?flggg °a"?‘e§% are not recited.
.,99 SARnhHAC Bescke . NEhbotkthlysti oqupoiess wWainableiGrornl VIL| ngiaddiRdt i on. A
al yst-is described. for | Bl BRISEEONInBARP 1€ ONRE | &iaR02 ArcRUPRERSN T .
Qa] 1 adi um%’t‘ﬂr’athﬁ‘? w?ﬁlzeeiélu%beor?t |§ a rg rac%ory net al oxi de such as
alunmina - haeueng;p@osurﬂaacei asxticdé digmatsToOd Apey thawyr a416 tRehal &R Y2 suppor

when for mdgbgtﬁgpgv{ébgt&tgffst@n AP 2Mbed B Kexample. Pore volumes and

surface areas are not recited.

—

GB 1,499,570 teaches a method for improved white mineral oil
production. A catalyst is described for use in the second step
comprising a support, palladium and a halogen. The support is a

refractory metal oxide such as alumina having a surface area of 25 to

600 m2/gram. The alumina support when formed into pellets has an ;
apparent bulk density of from 0.60 gm/cc to .85 gm/cc, pore volumes of ,
from 0.45 ml.g to 0.70 ml/gm and surface areas of from 50 m2/g to 500
mz/gm. In the Example an alumina support extrudate having a surface
area of 194 m2/gm and a total pore volume of 0.60 cc/gram was used to
‘produce a palladium on chlorided alumina catalyst. This catalyst was
used to treat the 650 to 900°F cut of oil obtained from the first

stage hydrogenation zone of the process.

US Patent 2,838,444 teaches an improved reforming catalyst
comprising platinum or alumina. An acidic promoter such as "fluorine
can be added to enhance hydrocracking activity., The isomerization of
normal paraffins to isoparaffins 1s defined in the patent as a reform-
ing operation. The alumina 1is described as having a pore volume
distribution as determined by nitrogen adsorption in the range of 0.1
to about 0.5, preferably 0.15 to 0.3 cc/gram of their pore volume in
pores greater than about 100A, and surface areas of about 300 sg m/g

(vhen the monohydrate has a crystallite size of about 30 to 40A) or 60
to 250 sq m/gram (when the crystallite size of the uncalcined
trihydrate is in the range of about 300 to 1000A). After calcination
of the trihydrate the crystallite size is predominantly in the zrange
of about 35 to 65A and the surface area is in the range of about 350

to 500 or more sq m/gram. Average crystallite size of the ctrihydrate
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#ty of from0.60 gmcc to .85 gmcc, pore vol unes of fromO 45 mM.g to
§ / gm auifase areas of from 50 mMerr]/g to 500 nferr]/BCT/USS2/EB01
Examgl e an al um na support extrudate having_a surface area qf..194 nferr]l/gm
# total pore volume of 0.60 cc/gram Was3uSed to produce aT}paIsHaHrumcm‘t\:
i® ded al umi na catalyst. This catalyst was used to treat {t he GSEPLAGCED

g r]F cut of oil obtained fromthe first stage hydrogenation zone of

the @ ocess. US Pat ent 838, 444 te v | yst
conprg si ng pl atprhﬁﬁ?ndSFeﬁ"ﬂf‘E% 2% 8%%05% i8¢ p”ﬁ?ﬁ%t“e’?pé %cﬁgrer g??%(r)gﬁggg%tﬁ"
addecg t o enhan&ﬁnhgldﬁmﬁrzackd»mgaﬁo:tel wi tiyidicHtdon sfnbader atTuntupé meﬁaiblll’?

paraf'lnst0|soa ffin ef t as a reformng
oper & ion. The a?uén%aan% |""s“3t sgr gﬁj ® %\t}%ﬁgﬁa%gore vol ume distribution as
det ergri ned by nitrogen adsorptlon in the range of 0.1 to about 0.5,

prefefably 0.15 to 0.3 wchgram foghhgr cEAE WPE: Bk MY Q514K Qat Bacd1jae
aboutg 1 00A, rand surfac‘gscareas %f about gqq{)],dg (Wne%%[ he 1gci)noh dra?{i{s
he

crystal | eoBpsising ol a@@a#nas@#%mos&)ppeﬁﬁe t&roxB0 G Inf

crystpllite si Zm%tgiufch@odgeﬁaltcwdfwrwrahecatal st t BeefANYR NfisabpriicedQ0
to 1 -PO0A). After calcination of the trihydrate the cryg&aslqliln}e size is

predoli nant | y iweuldhdaremgeucfacerrge ofsabept S0 to about gram, a pore
diameter of about 20 to 300A, a pore volume of about 0.10 to abouc

0.80 ml/g, and an apparent bulk density in the range 0.10 to 0.30
gm/ce.

US Patent 3,794,580 teaches a hydrocracking process using a
catalyst comprising a Group VI-B, VII-B and VIII metal deposited on a
refractory metal oxide support, preferably promoted with a halogen or
phosphorus. The process is then Fun in the presence of added ammonia
or other nitrogen containing compound which is converted into ammonia
under operating conditions. The alumina has a compacted bulk density
of 0.75 to 1.6 g/ml and a pore volume of 0.15 to 0.5 ml/gm.

US Patent 3,709,817 describes a process for the selective
hydrocracking and isomerization of paraffin hydrocarbons using added
water as a hydrocracking moderator. The catalyst comprises a Group
VII-B or VIII metal on fluorided alumina, The alumina has a surface
area of from 50 to 800 sq m/gram as determined by the BET method,
Preferably the alumina is eta or gamma alumina having a surface area

) - of 50 to 400 sq m/gram (see also US Patent 3,717,586).

2 US Patent 4,588,701 teaches a catal?tic cracking catalyst" 
z comprising a mixture of zeolite and an inorganic refractory metal -

0 oxide combined with a fluoro salt, ammonium exchanging the product to

d produce a catalyst having less than 0.3 wtX Na0 and optionally adding fti
n an effective amount of cation selected from the rare earths. In ':-
e describing the inorganic refractory metal oxide component of this -«
i0 mixture, the oxide is identified as being preferably alumina and

e having a surface area, as measured by the BET method of greater than .-
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65A and the surface area is in the range of about 350 to 500 or mor e sq
m gram AVEDaZR0TVystallite size of the trihydrate phase det pPCIMUSS2/03691
before calcination and the pore size disjribution after calcination may be
an indication of base structure accessibility related to cati af:usknaet VI TY:
and stability. US Patent 3,963,601 teaches hydrocracki ng usi Nngedarnn |
catal yst conprising an alum na-silica support, a Goup V/ I an*d"@f}uﬁ H-B-
netalli'c co d | yst V] n [ ces ul d
have a surfgaé)gl a 2,39%]: %Hautatgg atbgh"gggﬁt O%dbzg )r'grslrnarhénhaﬁ?g?g ﬁl g?r%gt)er of
about 20 tovEEeA graatry sharoPudfe cefem@@out 0.10 to about 0.80 nl/g, and an

apparent bulk density in the range 0.10 to 0.30 gni cc. US Pat ent
rocess using a catal yst conprl sing a

3,794,580 teaches a hydrocracki n %£

Group V1-B, VII-B affiBerent Aet38 /¢ 58%5hesd2 drocessefon PrEraring et oxilde

support. prﬁiberﬁlll My Myarstradicigt B vaxhaltageprotesd ieeP O EUsoridbe NLOHRRSS
en Cc nt ai

sthen 1o Laae Rieserice of, Jodeq et ol ki oaen ot g
al um na haﬁmaﬁﬁtﬁﬁ&ehﬁﬁyﬂm{n&n @aasid yurstén 751ﬁ(£x3imﬂegﬁ.n¢amylsta£&pbida avol une
of 0.15 pore volume of 0.44 ml/g and a specific surface area of 117.1 nl/g.
Catalyst B had a pore volume of 0,23 ml/g and a specific surface area
of 63 m2/g. Catalyst E, F and G are reportedly made using an alumina
xerogel with a compacted bulk density between 0.75 and 1.6 g/ml and a

pore volume between 0.15 and 0.5 ml/g.

US Patent 3,486,993 teéches the catalytic production of low

pour point lubricating oils. The process is improved if the aromatics

content of the feed is reduced via hydrogenation prior to the isomeri-
zation step. - The hydrogenation catalyst comprises Group VIII metal
on alumina. The alumina is described as loading high porosity and

surface area to the composite.

DESCRIPTION OF THE INVENTION

It has been discovered that wax can be isomerized in a high
yield into liquid products, preferably and especially into high
viscosity index. ILow pour point Ilubricating oil base stocks and
blending stocks using a catalyst comprising a catalytic metal compo-
nent selected from the group consisting of Group VIB metals, Group
VIII metals and mixtures thereof, preferably Group VIII metals and
mixtures thereof, more preferably noble Group VIII métals and mixtures
thereof, most preferably platinum deposited on a fluorided, high
porosity high surface area refractory metal oxide support, preferably
predominantly alumina (i.e., at least about 50 wtX alumina), most

preferably gamma or eta alumina. The catalytically active metal

component is present in the range of about 0,01 to 5.0 wtX metal,
preferably about 0.1 to 1.0 wtX metal. The fluorine content of the
support is about 10.0 wtX and less, preferably about 0.11 to 2,0 wtX
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to O.% m/gm US Patent 3,709,817 describes a process for the selective
Mldr oy acki ndVRBH20ESeri zati on of paraffin hydrocar- bons usi ngCIAHEN2/03691
wat er |as a hydrocracki ng noderator. The cat@lyst conprises a Goup VII-B or
VI tal on fluorided alum na. The alum na has a surface
to 80 sq nfgram as determ ned by the BET nethod. Preferabl
eta orf gamma al um na having a surface area of 50 to 400 sq! 2
US Patgent 3, 71ﬂu58ﬁ)e 'rhe Ugeffatb sty fletalB, odllet QRGP ds Cauiaky&ﬁeeiﬁécac kirng

catal ygst conprisin ture of zeolite and ium |ng§% glc refrﬁ %{j

net al fpxi de cRAF nﬁn‘l‘ 1gh RoEBF Y s SFPresifito RanT gV e he&epr Yauét to
produck a cat alesst atbautrmsbeﬁﬁgwﬁnp&ﬁrmﬁ)’o bla[lrakt 0 adadt copisso:n:aﬂghy agddeng
an effgctive ano f cation s ect the rare th | n describing
the i nprganic ‘?‘8???@35@‘: né?%ﬁ B3%%e c‘é%rp‘iﬁ?@ﬁt BE ?m@% “trﬁace £RE o) Be
is ideptified w?s/ghm e mmﬁaeabfga af utengirdistied avialysx beirigasectarbat wasn
measured by th B T _ne h t r f I
about 9100 to 3 Bt gr‘éem(g%d%ﬁzgn) tjlga por{éﬂj’%ﬁ tlme greg?g&r&t %g%’?o)é?%
cc/ gram product obtained is at least about 107, preferably at least about
110, moxre preferably at least about 115, most preferably at least
about 120, In absolute terms the minimum surface area of the support
is about 140 m2/g. By observing the aforesaid relationship between

porosity and surface area the finished catalyst never possesses both

the minimum porosity and minimum surface area simultaneously,
Expressed differently, in the finished catalyst, when the porosity is
about .50 cc/g the surface area must be at least about 214 m2/g
whereas when the porosity is about .70 cc/gm the surface area can be
152.8 m2/g., Similarly, if a suppo¥t with the minimum surface area of
about 140 m2/g is employed, the poros?ty of that support must be at

least .764 cc/gm.

That the larger pore, high porosity alumina base catalysts
of the present invention can produce high yields of high VI low pour

point product is surprising because previous results have shown that

b wax isomerization catalysts with widely differing pore structures have
¢ generated products of comparable VI, See Table B which compares the
1 performance of Pt-Zeolite Beta (see US Patent 3,308,069) having micro-~
- pores of about 7A diameter with a Pt-fluorided alumina catalyst (not
) one within the scope of this invention) with a median pore radius of
i . 35A on a synthetic Fischer-Tropsch wax. The synthetic Fischer-Tropsch

at

i

wax 1s described in Table A.

W

Products were generated at two conversion levels (58 and 84

wtX conversion of 370°C+ wax) over the Pt Zeolite Beta catalyst and at

T

an intermediate level (69 wtX 370°C+ wax conversion) over the Pt

* fluorided alumina catalyst. The total liquid products were distilled

®

into narrow boiling trange fractions then dewaxed, <resulting in the

dewaxed oil products shown in Table A. It is seen that the products
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U S. Patent 3,830,723 teaches a process for preparing high VI |ube oil by
hydr ocr ackVRP22078%. The process uses a fluorided al um na caP&IyE$92/03691
containing m xed netal sulfides of nickele and/ or cobalt and in addition
mol ybdenum and/ or tungsten. In Exanple 1 Catalyst A had a pdr- HRE BE
0.44 mM/g and a specific surface area of 117.1 nferr]/g. Catalyst & é;,ﬁ 7
pore volume of 0.23 nm/g and a specific surface area of 63 nftg—Cat-at-yst—Fp—
E, F and G afwarepbr tadilystade s rigvanpdkenithe seseogealscosittiea monpewst ed

bul k density, e ot ; nd o) I yesn and
0.5 nm/g. PQ%I.:MSI.E g%‘?eé: n?o%?g%%'?gg%jo eac es°q11%eée§1ae¥gifwgmr.oduct ?g%iof | ow
pour point |assetiesed wjithi |the mmevak ok shei slesathuspelly | Parsidiar cwpacies

content of tRGeb&Edeten ERMECARYS AnRY UREGNAL | HbrRI {Hhol OaduB® #ra@MBHezal i ON
step. The hydrogenation catal yst conprises oup VIl metal on alum na. The

al umina i s ¥@¢iPhed predRgadith FerSyRE 3r 5597 PLenp@otenss ZeelitreBetEols RS
conposite. goodldz Aod, BEBrefOlctingl FrBudtOffadd atyd | ot hyFluotiddeyaalufihaof a

solid carbonaceous materijal, for exanple coal or coke,
catalyst. Zeolite Beta is not necessarily e better catalyst,

however, because the yields of isomerate oil are low compared with Pt
fluorided alumina catalyst but it does show that even microporous

catalysts can yield high VI product

Table A
HCS Wax as Received
Pour Point, °C +99
Cloud Point, °C +116
Flash Point, °C 394
Fire Point, °C +120

Melting Point
(From Supplier), °C

Hivac Distillation, WX, Grams
I1-370°C 21.1%
370°C+ 78.9%
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Co or N[err] on a support..The support is a porous refractory oxi de and the!
catal yst hw© e2/20789ace area from 150 to 300 nferr]/g and a p@ECHUS§2/O8691
fromO0.4 to 0.8 cnferr]/g. US- A-4,_738,.544 di scl oses a hydroprocessi ng

and/ or hydrodenitrification catalyst, consisting essentially of a.ce
preci pitated al um na-al um num phosphate-silica support bearTiig %Eﬁ'ﬁlﬂa‘@éﬁma
Goup VI netal and a G oup VIII netal. The support can havie a s&Elfidt%JaL,eah
from50-to 400 nferr]/g and a pore volune of 0.1 to 1.5 crr’BT'g

US- A- 2,838,444 relates to a reformng catalyst and its use in reformng

li ght hydrocarbon | iguttist ebed€ocks gﬁ) phesglieee oSOt tetthaAt®i™8ct ane

val ue. The pefdily oAl 2h¥ERlenes ANt teplebyalQ9NSdcilife Ghe xRk NSUBLO6N aof
cal cined base of a m xture of ganma al um na_podifications. A pronoter, for

exanpl e a frh%ﬁeaetl%wesqﬁ%smﬁ RHER cTRAhCEdaFEr BR dPBoHE™EFckPRg i s
desired, tothélnabemagbFiARCEs (peiémenrumhﬁra. The support has a surface area
of 350 to 550

The catalysts of the present invention are useful for

isomerizing wax to liquid products. The wax which 1s isomerized can

be any naturzl petroleum wax jdentified as slack wax, recovered by the

solvent dewaxing of petroleum hydrocarbon feeds, or synthetic wax such

as that obtained by the Fischer-Tropsch process.

Natural waxes such as the aforementioned slack wax can
It is desirable to deoil the slack

contain appreciable amount of oil.
wax before the isomerization process. Slack waxes containing anywhere
between 0-to 50X o0il can be isomerized, although the more desirable
oil content is about 35X oil and less. Natural waxes also can contain
heteroatom compounds, that is compounds containing nitrogen and
sulfur. Such hetercatom compounds are known to deactivate noble metal

containing isomerization catalysts. Before isomerizing such hetero-

atom containing wax feeds it is necessary to reduce the sulfur and
nitrogen content of the feed. These hetercatom containing wax feeds
should be hydrotreated to reduce the level of heterocatom compounds tTo
levels commonly accepted in the industry as tolerable for feeds to be
exposed to isomerization catalysts. Such levels will typically be a
nitrogen content of about 1 to 5 ppm and a sulfur coutent of about 1
to 20 ppm, preferably 2 ppm or less nitrogen and 5 ppm or less sulfur,
The hydrotreating step will employ typical hydrotreating catalysts
such as Co/Mo, Ni/Mo, or Ni/Co/Mo on alumina under standard, commer-
cially accepted conditions, e.g., temperature of about 280°C to 400°C
space velocity of about 0.1 to 2.0 V/V/hr, pressure of from about 500
to 3,000 psig Hy and hydrogen gas rates of from about 500 to 5000

SCF/bbl.

As previously stated, synthetic waxes such as those obtained

from Fischer-Tropsch synthesis processes can also be used as the wax
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ml?%g ;daporosity of 0. 1 to Q5 cnferr]/g. FinaIIy, V\DA—911 7825 )
|'i geed 28 wio®2/20289 1991, discloses a catalytic hydrocarbon r eHC¥/USA2/03691

cat al y @t and a hydrocarbon reformng procgsg enploying the catalyst. The
catal y@t essentially conprises a platinum conponent, a hal o-peﬂ-—aoapo.n.enL
and a'Porous carrier of gamma al um na having a defined pore dHENEHRST HamBesN
and BHE surface area. According to the present inventi t hEEBLAGED
provi ded a- progess thOthet NEsomdt flattdif pbodyyB! i Z%Teb&&eOBumxwaés) aké quisdally
producgs of high viscosity index and | ow o 0| nt rocess
conprifes cont 4E%S Af THERERd BitrogRn PITRSERSS W&FB@J@? ﬁgtfeﬁﬂ’ﬁeers fRg X

| sonergzation Qgﬁdttﬁéyagdof sy{,mi@dmkﬁrpenmme aidg Psreashrechen lidlaa VX

i somer§ zati on catalg smg cat al tlcaII CtIV% G{,gu ey . _netal
conporgnt on a°¥&8 ?‘-‘d‘ea" é’f‘?‘é\i‘t ?%tﬁé‘fealm 5345de¥ {fg‘pgﬂ % 7R hprclgfaI%?st

Peast *14GHTERS R LSS (1) oo AELE ay%%%%?% Y5 gt
surfacg area to facllitate handling prior to isomerization. These two goals can be
accomplished by treating the synthetic wax with a hydrotreating
catalyst and hydrogen to reduce ‘the oxygenate and trace metal levels
of the wax and to partialiy hydrocrack/isomerize the wax to lighter
and lower melfing point materials, This pretreatment of synthetic

Fischer-Tropsch waxes is one -aspect of the invention taught in U.S.
Patent 4,943,672.

Isomerization over the catalyst is conducted at a tempera-~

ture of 300°C-400°C, SO0 to 3000 psi Hp; 1000-10,000 SCF/bbl, Hz, and
h 0.1-10.0 LHSV, preferably 320°C-385°C, 1000-1500 psi Hp, and 1-2
{ v/V/hr,

An integrated process to produce lube base stock oils or
blending stocks by isomerizing waxes is disclesed in copending appli-
cation US Serial No. 522,275, filed May 11, 1990, which is a continua-
tion under 37 CFR 1.60 of US Serial No. 07/283,664 filed December 13,
1988, which is a continuation-in-part of US Serial No. 135,150 filed
December 18, 1987, in the names of Cody, Achia, Bell, West, and
Wachter.

The desired conversion of wax to a finished grade lube oil
is dictated by two factors: (1) the ability of the dewaxing unit to
process the unconverted wax remaining in the isomerate and (2) maximum
production of dewaxed oil boiling in the lube oil range, e.g., about
330°C+, preferably 370°C+; thus high levels of conversion to non lube
boiling range products are undesirable. Consequently, a balance must
be struck between low conversions (favoring lubes production but

sending too wmuch residual wax to the dewaxer) and high conversion

e
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are each separately selected fromsaid ranges such that the di nmensionless :

product ofwOlvasme7sal ues is at | east 107. DESCRI PTI ON OF THEpCiNrtiS9R/ 63891
It has been discovered that wax can be isomerized in a high yield |nto
liquid products, preferably and especita®y =i nto hi gh viscos _
pour poi nt Iubrlcatlng oi | base stocks and bl endi ng stocks,

catal yst conprising a catalytic netal conponent sel ect ed fr
consi sting o up, Vvl t al Group VI I 1 | s and ther of
preferably (gsﬁf%&&l 1 %{’%sf r‘f’&xn’ﬁ& Soge YW@F%B’F g’%’faﬁ Sbie §
Goup VI rexpehse afidubest.ures thereof,- nost preferabl y pI ati num dep05| t edf

on a fluorided, high porosity high surface area refractory netal oxide supg
port, preferably predom nantly alumna (i.e., at |east 50 wt % al um na),
nmost preferably gamin 8% BatentaSuPiha99 Ehpravess|ist fisdlbgediofi the pradue—
CO”pone“t 'Stil?ﬁeosfeﬂ&n-cﬂmie@&&ﬁﬁgﬁm%f §3108ade0s Locks Mo BBl Hing NrSles aBky O

to 1.0 wm % net
very low pour point, pour point of about -21°C or lower, preferably

about -24°C or lower, said pour points being achieved by conventional
dewaxing techniques without resort to dee§ dewaxing procedures, and

very high viscosity index (VI), VI's of about 130, and higher, prefer—

ably 135 and higher by the isomerization of waxes over isomerization h
catalysts in an isomerization unit to a level of conversion such that
about 40% and less, preferably 15-35%, most preferably 20-30% uncon~
in the fraction of the isomerate boiling in the
(uncorn-—

verted wax remains
lube boiling range sent to the dewaxing unit calculated as

verted wax)/(unconverted wax + dewaxed o0il) x 100. For the purposes
of that calculation the amount of unconverted wax in the 370°C+ oil

fraction is taken to be the amount of wax removed or recovered from

said oil fraction upon dewaxing.

Following isomerization the isomerate is fractionated into a
lubes cut and fuels cut, the lubes cut being identified as that
fraction boiling in the 330°C+ range, preferably the 370°C+ range or
even higher. The lubes fraction is then dewaxed to a pour point of
about -21°C or lower. Dewaxing is accomplished by techniques which
permit the recovery of unconverted wax, since in the process of the
present invention this unconverted wax is recycled to the isomeriza-—
tion unit. It is preferred that this recycle wax after the removal of
the solvent used in the dewaxing operation be recycled to the isome—
rization reactor. A separate stripper can be used to remove entrained

dewaxing solvent or other contaminants.

- Solvent dewaxing utilizes typical dewaxing solvents such as

C3aCg ketomes (e.g., methyl ethyl ketone, methyl isobutyl ketone and

mixtures thereof), Cg-C1p aromatic hydrocarbons (e.g., toluene)

mixtures of ketones and aromatics (e.g., MEK/toluene), autorefrigera-

tive solvents such as liquified, normally gaseous C3-C4 hydrocarbons
\&\\ —
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ontent of the support is 10.0 wt% and | ess, preferably 0.11
Siiorjpe. The refractory netal oxide support is cRETAIS%Y/I368Y by
92 mﬁ porosity, expressed in ternms of pore volune, of at |east

:gh surface area (in nferr]/ t he surface o

yst being such that when ]thgn)porom ty val ue L:aeﬂgfg%&?wmwi
the surface area the product opt-ai ned is_a {4 €

FEagold®, PRIPELeNcef BIEABLY byty}engst o e, rmsk’ prelg&]?arbl y at
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a[oérm/g%é?@?%"o Sitlysi$ 5 §££a9:u§:£'en§%é% g @ Nust

epor03|y|s. cc/gmthe surf
' Th6¢d.] / BourSi ﬁﬂﬂnﬂﬁl];bwerftl‘anStﬁﬂ-ﬂﬁrtC% b4 atchée‘?ﬁdm WEihe aee

- %0 err/ is e ed, th ro, hat BRGY,
Wfﬁ@ﬁgnﬁe‘mem ?ﬁ%ﬁ aPRé ﬁ\{‘ﬁfgr gsorg %‘ Eo%ﬁgs?t ;%gl unmi tnamJSt
k

I USGtkihg fsblerate seide fn’vmentni@no@asm prdd u%’éi%tgﬁt‘iﬁkeﬁb%c
, it has been found to be preferred that the fraction of the
omerate which is dewaxed is the "broad heart cut" identified as the
fractlon boiling between about 330°C to 600°C, preferably 370°C-600°C.

When ‘pzocess:mg wax fractions higher than 1050°F+ the heavy bottoms

actlon contains appreciable unconverted wax so they can be recycled

0 -t-he hydrotreatlng unit,

It has also been found th;t prior to fractionmation of the
; ir-';a't:e jnto various cuts and dewaxing said cuts, the total 1liquid
oéuct (TLP) from the isomerization unit can be advantageously
treated in a second stage at mild conditions using the isomerization
catalyst or a noble Group VIII on refractory metal oxide catalyst to
reduce PNA and other contaminants in the isomerate and thus yield an
oil of improved daylight stability. This aspect 1is covered in
:gopendlng application. US Serial No. 07,283,659, filed December 13,
41‘?9188 which is a continuation-in-part of US Serial No. 135,149, filed
ember 18, 1987, in the names of Cody, MacDonald, Eadie and Hamner.

In that embodiment, the total liquid product is passed over
'a ‘charge of the isomerization catalyst or over noble Group VIII on,
T’\ie g., gamma alumina catalyst under mild condit:.ons e.g., a tempera-—
‘Zife in the range of about 170°C-270°C, preferably about 180°C to
i20°C at a pressure of about 300-1500 psi Hp, preferably about 500 to
*1000 psi Hp, a hydrogen gas rate of about 500 to 10,000 SCF/bbl,
referably 1000 to 5000 SCF/bbl and a flow velocity of about 0.25 to

0 V/V/hr, preferably about 1-4 V/V/hr.

&
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of high VI |ow pour point product is surprising because previous reém‘“
have showWOHRI20%8% i soneri zation catalysts with widely diff®qMySe/e391 -

structures have generated products of conparable VI. See Table B which
conpares the performance of Pt-Zeolit8 B8ta (see US Patent 8;308; 069) I
havi ng m cropores of about 7A diameter with a Pt-luorided dHn 11‘;“ét" Il'Jy's'“t"I‘J
(not one within the scope of this invention) with a nedi an oo
35A on a synthetic Eischer- .Tropsch _wax, The theti.c Eischar-Trqpsgh wax

i s described in TabIlJé“’A'.:"E‘\:al liﬂ‘"gduefég’ﬁ%rcgggeglye?ﬁ%ﬁdat"ufd\sﬁ/% g%er?ve?g‘l_on

| evel s (58 awnddiBdomt S comeprsiten defiGizef amik G whx )TLEvEron ke Psomastitt e
Beta cataly d_at i.ofe ' sevel, {9 w%r(o 3% V=R Kegi on)
over the H%%F%%rf%ecgggl ﬁ%ﬁngﬁgggttg{rgastﬁ %lhe t%ta .qi qg%%tlgr odaﬁ?galwere
distilled i wheeughr thonipmierizagiommgectoraendensaidneil dlepiisdons estF t PAGi n t he
devaxed oi | yRLOGHGLS 5 MAWEndeRedBhl e A eldcthonadletnd Rotall NeqRiOdpedductr om

each catal yst do not have quite the sanme viscosities or pour polnts._Lower

pour poi nt PEtAferartdisiniddgererdl FlRstateeatBeRy. \BUR] egtiiec Fit &4°0F ¢ FLE he

renoval of theigssiibranehy sEE%@fti:éébnSﬁ)E%B&xqeﬁow\bﬁl,pl'.%\dﬁﬂt ke @pbRi S

I nto account, there is no doubt that the quality ofb pro Ect}&_lbn ferns of VI‘
subsequent fractionation and dewaxing yields” a base oll exhibiting a

high level of daylight stability and oxidation stability.

from

In preparing the catalysts of the present invention the
catalytically active metal, preferably mnoble Group VIII metal is
deposited in the high p.orosity, high surface area refractory metal
oxide support by any convenient method such as soaking, spraying,
incipient wetness, solution exchange, etc., followed by drying,
typically conducted at 120°C to 150°C, and calcination, typically
conducted at 350°C to 500°C, preferably 450°C to 500°C, typically for

from 1 to 5 hours. Suitable sources of noble Group VIII metal include

chloroplatinic acid and fluoro platinic acid. Metal loading in from

0.01 to 5 wt¥, preferably 0.1 to 1.0 wtX, most preferably 0.2 to 0.6

wtl. The preferred metal is platinum.

Following metal deposition, drying and calcination, the

catalyst is fluorided. Total fluoride levels of 0.01 to about 2.0 wtl

are produced using fluoride solution, e.g., HF or NH4F solutions,

preferably aqueous NH4F solutions. Following fluoriding the catalyst

is dried. fluoriding is conducting using any convenient method such

as soaking, spraying, incipient wetness, ete.

.

The catalyst is usually activated prior to use by heating in

a hydrogen atmosphere (e.g., pure or plant hydrogen (i.e., "60 to 70

volZ Ho)) to from 350°C to 500°C for from 1 to 48 hours or longer.

A typical hydrogen activation profile may be a period of 2

hours to go from room temperature to 100°C with the catalyst being

held ar 100°C from 0 to 2 hours, then the temperature is raised from
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eta is as good as or better than product fromthe Pt
a catalyst. Zeolite Beta is not necessarily the better .
®se the yields of isomerate oil are | ow cof$dyEg92/03691
um na catal yst but it €o¥3 show that even-m.cropqgrous

hi gh VI product THIS SHEET HAS BEEN
. REPLACED

:(preferably 24 hours)., .Similarly, hydrogen activation can be
.1ished by going from room temperature to the final temperature
¢ to 500°C preferably 350°C to 450°C in 1 to 50 hours,

The present invention is demonstrated below in the following

=i catalyst. Two slack waxes derived from 600N distillate streams

re employed as feed and they are described more fully in Table 1

LT -

TABLE }
600N 600N
Slack Wax Slack Wax
(Feed A) (Feed B)
, wtd 20 16 to 17
Wt 0.06 0.07
otal Nitrogen, wppm 9 25
Density @ 15°C, g/cc 0.8342 - 0.8367
389 "397
423 437
439 454
488 501
. 549 563
od of
t being
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In charactérizing the catalysts, surface area was measured

by the BET methed using Ny as the adsorbate. .Pore volume and particle

density were measured by Hg porosimetry. The median pore diameter is
taken as the calculated diameter at which half of the pores are filled
on a volume basis in the Hg porosimetry experiment, using a Hg contact

angle of 140° and a Hg surface tension of 474 ergs/cm2,

Each catalyst was prepared according to the general proce~
dure of loading platinum, in the form of chloroplatinic acid, onto the

calcining the metal loaded support followed by
afrer

alumina supports,
fluorided using an aqueous solution of ammonium fluoride (NH4F)

which the catalyst was calcined at 400°C.

The high purity (reformer grade) alumina bases in catalysts
A to F (below) were prepared by Akzo and are all 1/20" trilobe extru-—
Catalyst C was derived from & semi-commercial scale (3000 1b.)

dates.

run, Catalyst G was a laboratory scale preparation. The base alumina L
of Catalyst G was made into 1/16" cylindrical extrudates prior to
loading Pt and ¥. The properties of the catalyst are showm in Table H

2. Inspections on catalysts A to F were performed at Akzo and on

catalyst G in the laboratory facilities of the investigators.

Catalysts E, F and G are the catalysts of the invention;
catalysts A and B are representative of the "low fluoride" catalysts

disclosed in USP 4,906,601.

-
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Shanoie ki

o 5o Ay

‘Co/Ko/'Alzojfca:r:alyst) in the first _reactor, stripping the Hy gas
t::ean free cf NH3 and st then introducing polar free Hy and 1liquid
feed to the isomerization reactor. (the second reactor). The hydro-
treating ‘catalyst was used at a feed rate of 0.7 v/v/hr, 340°C, 1000
) psi Hp and 2500 SCF/B, conditions which minimize wax conversion, but

sufficient to reduce feed nitrogen to less than 1 ppm.

The hydrotreating and isomerization catalyst were charged to
the reactors and activated according to the following procedures. Aall
catalysts were tested at low mass velocity (~160 1b/hr/£t2) .

Reactor 1 (R1l) contained 150 cc of catalyst and reactor 2
(R2) contained 60 cc of catalyst. Both reactors were tested at the
maximum operating pressure of 6.9 MPa, using nitrogen then hydrogen.
The catalyst was then heated in hydrogen at a gas rate of 2.3 cubic
ft/br at 2.1 MPa pressure, upflow through Rl and R2 in series in the
following way:

- Rl, increase temperature at 8°C/hr to 350°C, hold for 1 hour,
- R2, increase temperature at 8°C/hr to 200°C, hold at 200°C.

PR

—
__R\R—

This Sheet Ha,

Wi




A

92]20759 PCT/US92/03691 3
- 17 - oo '

¢ THIS SHEET HAS BEEN

REPLACED

v et pmers

i
H
H
i
i
i

e, st

.Ihb pressure vas then reduced to 0.69 MPa, while maintaining tempera-
S oure and gas rate. Both reactors were pressure tested under hot
écnditions using hydrogen at the maximum operating pressure of 6.9
" upa, after which a hydrogen flow at 2.3 cubic feet/hr. at 6.9 MPa wup
flow through R} and Ry in series was established. Rj was then cooled

+

to operating temperatures but Ry was maintained at 200°C

The isomerization catalyst was operated at 1.0 v/v/hr, 1000 :
psi Hy and 2500 SCF/B and at temperatures needed to convert about 20%

of the feed to 370°C- (fuels) produet. Actual temperatures used are

reported in Tables 3 A&B.

Base oil products were generated by topping the total liquid
roduct from isomerization, at 390°C and 410°C (atmospheric equivalent
temperatures) using a Model C Hivac distillation apparatus. These
.waxy tepped fractions were then devaxed at a filter temperature of

.'24°C using a 100% MIBK at a solvent to waxy oil ratio of 3:1.
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The properties of the base oil products from the two
wax feeds are shown in Tables 3A and 3B. In all cases, products from
catalysts A, B, C and D have lower quality (lower VI) and/or are made
in lower yield than products from catalysts E, F and G. For example,
in Table 3A, catalyst E having both 2 high pore volume (0.57 cc/gm)

and surface area (200 m2/gm) produces higher quality products than
Catalysts A and B both have

either A or B, at equal or higher yield.

lower pore volumes than E.

In Table 3B, catalysts E and F, with a combination of high
porosity (0.57, 0.60 cc/gm) and high surface area (200, 209 mz/gm),
and catalyst G having very high porosity (0.70 cc/gm) though not as
high surface area (180 m2/gm), are seen to be superior to catalysts C
and D that have only moderate pore volume (0.54, 0.55 ecc/gm) and

moderate surface areas (194, 173 m2/gm).

On feed B, catalysts E, F and G exhibit both higher yield

and quality versus catalysts C and D. For a fixed viscosity base oil

product of 5.80 cSt, catalysts G, E, F and G show a clear advantage
over the other three catalysts. The performance of catalyst G 1is
particularly impressive because it has been previously shown that
catalysts having low fluoride contents (0.1 to 2 wtX) have better
selectivity when particle size 1is reduced (see USP 4,906,601).
Because catalyst G has 1/16™ particle diameter, it is reasonable to
suppose that even better yields wight have been expected had it been
composited as 1/20" trilobes like each of the other catalysts in the

set.

Catalysts E, F and G are distinct from catalysts A, B and C
because they have higher pore volumes. Pore volumes greater than

about 0.55 cc/gm, preferably greater than about 0.55 cc/gm are
desirable.

Catalyst D illustrates that there is an additional require-—
ment for catalysts with pore volume in the range 0.50 to 0.60 cc/gm --
that surface area be at least 180 mZ/gm to 215 mZ/gm, so that pore
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vol. x surface area is at least 107.0. Even though it has acceptable
pore volume, the lower surface area is believed responsible for the

poorer selectivity of this catalyst,

In the isomerization process, it 1s believed that the
combination of high quality and good yield is achieved with low
fluoride content catalysts when pore volume is high and surface area
is high, such that the product obtained by multiplying pore volume
times surface area is at least 107, preferab.ly at least 110, more
preferably at least 115, most preferably at least 120. A related
compositional feature is the particle density. Superior catalysts

have particle densities below 1.20 gm/cc.

.
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petrol eum wax identified as slack wax, recovered by the sdly¥emtsuzs;
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In this light it is, therefore surprising that alum na porosity
PO VI, especially because the cross section FCIVHEIZ/0369i ng 3
waxy species is quite small relative o the dianeter of the vast mgjority
The wax_ which 1§ isonerized can be any natural

!

A

1. A high porosity, high surface area catalyst comprising a

CLAINMS:

catalytically active metal component on a fluorided refractory metal

oxide support wherein the catalyst in its finished form has a poro-

sity, expressed in terms of pore volume, of at least about 0.50

cc/gram and a surface area (in m2/gram) such that the product of the

porosity and the surface area is at least about 107.

2. The catalyst of claim 1 wherein the catalyst in finished
form has a porosity, expressed in terms of pore volume, of at least
about 0.50 cc/gm and a surface area in m2/gm such that the product of

porosity and the surface area is at least about 120.

3. The catalyst of claim 1 or 2 wherein the porosity,

expressed in terms of pore volume, is at least about 0.55 cc/gnm.

4. The catalyst of claim 1 or 2 wherein the porosity,

expressed in terms of pore volume, is at least about 0.65 cc/gm.

5. The catalyst of claim 1 or 2 wherein the catalytically
active metal component is selected from the group comsisting of Group

VIB metal, Group VIII metal and mixtures thereof.

6. The catalyst of claim 5 wherein the catalytically active

metal component is present in the range of about 0.01 to 5.0 wt%.

7. The catalyst of claim 1 or 2 wherein the fluorine

.t

content is in the range of about 0.0l to 10 wtX.

8. The catalyst of claim 1 or 2 wherein the fluorine

content is in the range of about 0.1 to 2 wtX.

9. The catalyst of claim 3 wherein the fluorine content is

in the range of about 0.1 to 2 wtX.

EET HAS BiEN |
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10. The catalyst of claim 1 or 2 wherein the refractory

metal oxide support is gamma or eta alumina.

11. The catalyst of claim 1 or 2 wherein the catalytically
active metal component is platinum present in the range of about 0.1
to 2 wt%, the fluorine content is in the range of about 0.1 to 2 wtX,

the refractory metal oxide is gamma or eta alumina.

12. The catalyst of claim 11 wherein the porosity,

expressed in terms of pore volume, is at least about 0.55 cc/gm.

13. The catalyst of claim 12 wherein the porosity,

expressed in terms of pore volume, is at least about 0.65 cc/gm.

14. A process. for the catalytic isomerization of wax into
liquid products of high viscosity %Pdex and low pour point in high
y@eld comprising passing wax over a high porosity, high surface area
catalyst comprising a catalytically active metal component on a
fluorided refractory metal oxide support wherein the catalyst in its
finished form has a porosity, expressed in terms of pore volume, of at
least about 0.50 cc/gram, and a surface area in m2/gm, such that the

5 product of the porosity and the surface area is at least about 107,
said contacting of the wax with the catalyst being conducted in the
presence of hydrogen and under isomerization conditions of elevated

temperature and pressure.

15. The process of claim 14 wherein the wax which is

isomerized Iis hydrotreated prior to the isomerization step,

.

16. The process of claim 14 wherein isomerization is
conducted at a temperature of 300 to 400°C, a pressure of 500 to 3000
psi, a hydrogen gas treat rate of 1000 to 10,000 SCF/bbl, Hy and a
1HSV of 0.1 to 10.0. '

17. The process of claim 14 wherein the catalyst, in

finished form, has a porosity, expressed in terms of pore volume, of
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dewaxi ng of petrol eum hydrocarbon feeds. or synthetic wax such as that 3 -

obt ai ned W 92/297%8 sche Tropscn process: Nat ur al waxes PETIUSRE0I6AE

af orenentioned sl ack wax can contain appreciabl e anount ofg'foi-_I—'tS:'j";;;‘,1_1}'3_"g TN
'S, Lack

desirable to de !ml \ml gx befor®e the isomerizatior procsy. S
waxes cont ai ni ngf u Elﬂ I mn 0 to 50% 0i | can be i SOMBLsw. hZ@li ]

4

waxes al so can contain 5'1?09{,0 t om dcgr‘g)ugggcdesaréyahimgéﬁrg&gﬂrgétc%ai ni ng -}
h S

al though the norée& désikabliesoir content is about 35%oil and | ess. Natural

ni trogen arftt SEATUPEOUELR eV oat om conmpoun are kn to deactivate
nobl e net alprodmitabfiipegosisynend the sunfaxt ateasis atBbéasteabaynd?q-zi ng such
het er oat om contai ning wax feeds it is neces- sary to reduce the sulfur and
nitrogen content of the feed, These heteroatom containi ng wax feeds shoul d

be hydrot- reated o rBguerccene dfeotdinglé ndb aitodf JheEdtpshadsatdtistvel s |
commonl'y a?b%%@éﬁ?, :a?{:gﬁehnml%ws ags ek & altlufe,f 96 fa@eTsustt bdie expgsed to
atal ysts

| sonerization c . Such levels will typically be a nitrogen content
of about 1°¢Ede® ppm and a sul fur content of about 1 to 20 ppm preferably
2 ppmor less nitrogen and 5 ppmor |ess sulfur. The hydrotreating step

19. The process of claim 14, 15 or 16 wherein the catalyst

porosity, expressed in terms of pore volume is at least about 0.65

cc/gnm.

[ A

1

20. The process of claim 14, 15 or 16 wherein the fluorine

content of the catalyst is in the range 0.1 to 2 wtX.

21. The process of claim 14, 15 oxr 16 wherein the refrac-~

tory metal oxide support of the catalyst is gamma or eta alumina.

22, The process of claim 14, 15 or 16 wherein the catalyst
comprises platinum on a gamma or eta alumina support fluorided to a

level of about 0.01 to 10 wtX.

This Sheet Has Been Replaced

AR

T




& W

/sts such as : Cor- D, NI/ND Rt

‘ merci al |y aeéept.éd cbndit fons,.€e. g.,
ature of aboutg 2%0[ rr?t—, space velocity of about 0.1t

| nderﬁ

. ‘."" e -"_tl*F'l'Ti""_‘" .~ .

_ § of fr 4.to 20.69 MPa (500 t{oTBISOSHEEDSHAS) BHaN |
drogen gas rates of fromw GT"BE' t0..890.nB/mB (500 |t o 50B8PLACED

). As previously stated, synt hetlc waxes such as those obtained
#i scher-Tropsch synthesis processes| gk ﬂﬂmmmg as the wax feed

i sonBLARMS:i on process. Because sutmsilMBIS lly free of sulfur
_: rogen conpounds, hydrotreating to ren%vé S"antl N is not needed.

Sy { ti c waxes, however, may contain other polar or oxygenated conponents
and-¥face netal s yhi ch SOV rove .
produtt dayl i ght and oxﬂgly‘tlorﬁsst’a eﬁlsxﬁ'?d.cgrareta%a{ es aﬁginl Sagcal’-c/ag}rrtl ?'ﬁﬁme
mel ting andmsiegpmpdnent on wcfiagiosd ﬁévﬂ%?n mstal xideisuppost wherdin thg q@talmt i Gts

i soneti zat Qﬁhsheﬁf}@ﬁﬁhs MPp&ealys eﬁﬁ&s&ﬁn&&%@ bbﬁh@ﬁnﬂyoﬁa& @kt fHut 6150 cnS/gm
synt hEtIC wax Wwth a hydrot eat i n%rtﬁ ‘g st, an en ta reduce t he

oxygehat e afRf & puréase gesadin ’Pe’%‘l) su uch t}tedmﬁoé%t’ Pﬁ‘ﬂ fip surface area is at
hydr ocr ack/ jeg@aiBitzi@7t he wax

; 2, The catalyst of claim 1 wherein the catalyst in finished form has a porosity,
f expressed in terms of pore volume, of at least about 0.50 cm3/gm and a surface area in m2/gm

such that the product of porosity and the surface area is at least about 120.

3. The catalyst of claim 1 or 2 wherein the porosity, expressed in terms of pore
volume, is at least about 0.55 cm3/gm (e.g., at least 0.65 cmS/gm).

4, The catalyst of any one of claims 1 to 3 wherein the catalytically active
metal component is selected from the group consisting of Group VIB metal, Group VIII metal

and mixtures thereof.

-

5. The catalyst of claim 4 wherein the catalytically active metal component is
present in the range of from about 0.01 to 5.0 wt% (e.g., from 0.1 to 2.0 wt.%).

8. The catalyst of any one of claims 1 to 5 wherein the catalytically-active

metal component is platinum.

1. The catalyst of any one of claims 1 to 6 wherein the fluorine content is in
the range of from about 0.01 to 10 wt.% (e.g., 0.1 to 2 wt.%).

8. The catalyst of any one of claims 1 to 7 wherein the refractory metal oxide

support is gamma-alumina or eta-alumina.
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etic Fischer-Tropsch waxes 1S one aspect of theﬂ‘nvem‘ioff‘lftamghtr I n

Pat ent 4, 94:“! ri zati o®3over the catal yst._is..conducted at
per at ure of mm ’MM r]C, 3.45 to 20.69 MPa (500i% eHBO0MAPSEIN |
]; 178 to 178 nfery (1000- 10, 000 SCF/ bbl) H[err] RERCACEM - 10. 0
preferably 320C-385C, 6.90 to 10.34 MPa (1000-1 500 pS|) HerrT,and”

I VI hr . An integrated process to produce |ube base stock oils or
i ng stocks lgy |son§3pnomsmg>rmbe<asalmc Hometiztion of wanimpt liqud produessoiSugh g

22,275, filed, VB . ity,

"ol on VR Ry e pa Ring AE gkt Bordiick esing 9%;(*?*30 Pt

he abihlight surfate i qzkmlﬁmcmgpmmz atcé U@BJSSCWH@Q&%W@F’P 1 etk °nde

m ng I ?fﬁgcleﬁ Ixéquieogcﬂe%u fnzgc & lof Elﬁ‘m&fl Q@“@éﬁ@@o&h&tmg of
in

range, . about 330[err]

rr] C+;the fwax rw@h ﬂh%\ﬂeﬂ Sbfbe%nmd!;‘?*@ﬁ %%ﬁrq‘sﬁﬂj’é %{)SY‘ﬁﬂ%fnr R gumder
gcts ang déPs?%ﬁJ réﬁ&ﬁons%@ﬁeﬁﬂ@mpﬁrat&Md@m@seuﬁustbe struck between
n av .

@nversi o oring lubes production

10. The process of claim 9 wherein the wax which is isomerized is hydrotreated

prior to the isomerization step.

- { 1L The process of claim § or claim 10 wherein isomerization is conducted at a
temperature of 300 to 400°C, a preqéure of 500 to 8000 psi (34.5 to 206.9 bar), a hydrogen gas
treat rate of 1000 to 10,000 SCF Hag/bbl (1,778.9 to 17,789.3 m3Hg/m3), and a LHSV of 0.1 to
10.0.

-_—
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but sending too nuch residual wax to the dewa.geﬁ faﬁdm gh cg
(sending law | evel s of wax to the dewaxer but” producing fueld PQEMENT SHEET

expense of | ubes). In US Patent 5,059,299 a process is difsgl osedof the
production of non-conventional |ube oi.l 1base stocks or bl endijng < ®ckin 4897
very | ow pour point, pour point of about -21 [err]C or lower, preferably

about -24[err]C or |ower, said pour points being achi eved by |cOonventional
dewaxi ng techni ques wi thout resort to deep deV\/aX| ng procedur s, and very

hi gh vi s- cogjrty FOROERCY( \HIGH SUR 3 1) ATIY ) pSf g8lbly 135
and hi gher by the |sorrer| zation of waxes over i SOmer - |zat|on catal ysts in
an isomneri zatirAEF DBSY i [IVEXTIONer si on such that about 40% and

| ess, preferably 15- 35% most preferabl y 20-30% unconverted wax remains in
the fraction of the i%&oneslat chiighi lvoRes ity t Mésh uberiet | RAtR r aAELYsENtist o t he

dewaxi ng uni tdiggig,téka;hedh as &Mgpmigr&&d;wyx(zuamnywche&yvaxgste@Qm&ed
oil) x 100. For the purposes of cal cul ation,the anou nt gf ynconverted

wax in the 3749FeFRq E‘F"%FF‘Q“r%t“FB‘h "|"§°°c’éR3er’r“ & ptP™ RE T B \FA% ¥enoved
or recovered dinovaseakithes |oxf ek My stgrike . dShedanglysc cont:azns a catalyti-

cally active metal compoment selacted from the group consisting of
Group VIB and Group VIII metals, and mixtures thereof, preferably

Group VIII metals, and mixtures thereof, more preferably noble Group

VIII metals and mixtures thersof, most preferably platinum, which
catalytically active metal component is present in the range of about
0.01 ro 5.0 wt%, preferably about .1 to 1 wtX z2nd a fluorine contenc
in the range of about 0.0l to about 10.0 wtX, preferably about .1 to
2.0 wtX. Tha catalyst empleys a vrefractory metal oxide support
material, one preferably predominantly (i.e., at least 50 wc¥)
alumina, most preferably completely alumina, e.g., gamma or eta
alumina. The finished catalyst has a poresity, expressed in terms of
pore valume, of at least about .50 cc/gram preferably at least about
0.55 ce/gm, more preferably at least about 0.65 cc/gm and a surface
area (in ml/g) such that the product of the porosity (in cc/gm) and
the surface arsa (in m2/g) is at least about 107, preferably at laast
abour 110, more preferably at lsast about 113, most preferably at
least about 120.

The catalyst {somerizes wax in high yield into 1liquid
products, preferably high viscosity index, low pour point lube ofl

base stocks and blending stocks,
BACKGROUND OF THE INVENTION

Isomerization of wax over catalyst comprising a Group VIII
metal, usually platinum support on a fluorided alumina base which has
long been practiced. See for instance US Patent 2,668,866, US Patent
3,308,052, and US Patent 3,365,390.
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Fol |l ow ng isonerization the isonmerate is fractionated into a Fubes—eut—and ...

fyel s cut,

330[err]C& range, preferably the 370[err] C+ range or even hlgheT Te~tubes

the | ubes cut being identified as that fraction boj *Mﬁddz@mﬁhegﬁﬂxj

fraction is then dewaxed to a pour point,of about -21 [err]C or; I@wen
ﬁ% {

Dewaxi ng is acconplished by techniques
unconverted wax, since in the process of the present |nvent|0nﬂbhps*Wmn
unconverted wax is recycled to the isonerization unit.

ich permt the recowerw of

JBH

A r5\¢\
ja

f
oy 'j f
5

L R —.

|stpreferred t hat

this recycl e wax aftgg %te.ﬁr en”wé"'sof)f ty%ssxpl Ve ta“@%dséancil‘c% gevExiTg—

operation be recycle

& 1'donmerT zaYT on teac

be used to remielentzeai rod cfémnngmsmmem“eb'ﬁt htnd E‘!ﬁntm pharsasd
Sol vent dewayjng h'% 4o&2€fﬁyt¥ g8 zaSENOYE mxsqk,v@%sa Soti@h vage GleBlyd - GLerr]

ket ones (e.g

t her eof),

éhqdiq teFknT OFRR FLSANYER GEBRTBENS f &

separate stripper can

| ketone, nethyt isobut ket one_and m xtures
of1e EBITITHE) awTRd uPee of

ket Fnes ?nddn&umaafl&l(&xg vhdYeld tehd FRG6)ide adthos®ef Lk gﬁaatmm 230£:/erahs such
as rquirti e nor ma aseous er I err r ar ]
pane, propyl Gi%, ’“BYR%B bdtgﬂ‘é% Jt g“ l% qgf %ﬁ n'gplr%af"ﬂﬁ 2 o‘fn Bgc to

-30[err] C

| %, 9235 50 auighit saovlyseed itheﬂestmeﬁ)l’bef mble Pore volumes and

surface areas are not recicsd.

GB 1,499,570 reachss a method for improved white mineral ofl
production. A catalyst is described for use in the second step
comprising a support, palladium and a halogen. The supporzt is a
refractory metal oxide such as alumina having a surface area of 25 to
600 mz/gram. The alumina support when formed into pellecs has an
apparent bulk density of from 0.60 gm/cc to .83 gm/cc, pore volumas of
from 0.45 ml,g to 0.70 nl/gm and surface areas of from 50 m2/g to 500
@l/gm. In the Example an alumina support extrudate having a surface
area of 194 m2/gm and a total pore volume of 0,60 cc/gram was used to
produce 2 palladium on chlorided alumina catalyst. This catalyst was
used to treat the 650 to 900°F cut of oil obtained from the first

stage hydrogenation zome of the process.

US Patent 2,838,444 teaches an improved reforming catalyst
comprising platinum or alumina. An acidic promoter such as fluorine

can be added to enhanca hydrocracking activity. The i{somerizacion of

normal paraffins to iscparaffins is defined in the patent as a raform—

ing operation. The alumina is described as having a pore volume
distribution as determined by nitrogen adsorption in che range of 0.1
to about 0.5, preferably 0.15 to 0.3 cc/gram of their pore volume in
pores greater than about 1004, and surface areas cf about 300 sq m/g
(when the monohydrate has a crystallite size of about 30 to 40A) or’ 60
to 250 sq w/gram (when the crystallice size of the uncalecined
trihydrate is {n che range of about 300 to 1000A). After caleinatiom
of the trihydrate the crystallite size i{s predominantly in the range
of about 35 to 6SA and the surface area is in the range of about 350

to 500 or more sq m/gram. Average crystallite si{ze of the trihydrace
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solvent to dewax the isonerate under m scible conditions and t &
prioduce the highest yield of dewaxed oil at a high filter rate ﬁéﬁmﬁﬁMEle ESHEFT
of MEK/H BK (20/80 VN) used at a tenperature in the range of -p5[err[CT0 !
-30[err]C. Pour points |lower than -21 [efr]C can be achi eved upi Qltp\éﬂrm 1697 i
filter tenperatures and other ratios of said solvent. Further, eh de- '
waxi ng i sonerate made froma mcrowax, e.g., Bright Stock sl ack —+4-t has
been found to be preferred that the
phase detsrmined dry bafore calcination and the pore size distribution

after calcination may be an indication of base structure accessibilicy

related to catalyst activicy and stabilicy.

US Patent 3,963,601 teaches hydrocracking using a cactalyst
comprising an alumina-silica supporc, & Group VIII and Group " vis
metallic component and fluorine. A catalyst useful in this process
would have a surfacs area of about S50 to about 700 sq w/gram, a pore
diameter of about 20 to 300A, a pore volume of about 0.10 to shout
0.80 nl/g, and an apparent bulk deasity in <the range 0.10 te 0.30
gm/cs.

US Patent 3,794,580 teaches a hydrocracking process using a
catalyst comprising a Group VI-B, VII-B and VIII metal depositad on a
refractory metal oxide support, praferably promoted with a halogen or
phosphorus. The process is then run in the presence of added ammonia
or other nitrogen containing compound which is converted inte ammonia
under operating conditions. The alumina has a compacted bulk density
of 0.75 to 1.6 g/ml and a pore volume of 0.15 te 0.5 ml/gm.

US Patent 3,709,817 dascribes a process for the selective
hydrocracking and isomsrizacion of paraffin hydrocarbons using added
water as & hydrocracking moderator, The catalyst comprises a Group
VII-B or VIII metal on fluorided alumina., The alumina has a surface
area of from 50 to 800 sq m/gram as determinsd by the BET method.
Preferably the alumina 1s eta or gamma alumina having a surface area
of 50 to 400 sq m/gram (sse alse US Patent 3,717,536),

US Patent 4,588,701 teaches a catalytic cracking cactalyst
comprising a mixture of zeolite and an inorganic refractory metal
oxide combined with a fluoro salt, ammonium exchanging che product cto
produce a catalyst having less than 0.3 wt? Naz0 and optionally adding
an effective amount of cation selected from the rare earchs. In
describing the inorganic refractory metal oxide component of this
mixture, the oxide is idantified as being preferably alumina and

having a surface area, as measursd by the BET method of greater -than
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traction of the isonmerale which is dewaxed is the 'broad heart s
identified as the fraction boiling between about 330C to 600C; "]
370[ err] C-600C. When processing wax fractions higher than 565% [%rr] C
(1050[ err] F+) the heavy bottons fraction contains appreciabl e ubc@r@&eﬁ@@e@g?
wax so they can be recycled to the hydrotreating unit. I't; has al so been
found that prior to fractionation of the isonerate into various ¢utsand
dewaxting said cuts. the total l|iquid prcduct (TLP) fromthe isonertzation
unit can bel@ddptmageopshferabbanboui A0 secWideLgage atd Maviing andpdreons '
using the i Q&L mt;g&ntgm[y§ c% a3, noble Goup VIII on refractory netal

and 0

oxi de catal yst to reduce er

US Pacent 3,830,723 teaches a2 process for preparing high VI
lubs 0il by Hydrocracking a wax. The process usas a fluorided alumina
catalyst containing mixed metal sulfides of nickel and/or cobalt and
{n addition molybdanum and/or tungsten. In Example 1 Catalyst A had a
pore volume of 0,446 ml/g and a specific surface area of 117.1 m2/g,
Catalyst B had a pore volume of 0.23 ml/g and a specific.surface area
of 63 mz/g. Catalyst E, F and C are reportedly made using an alumina
xerogel with & compacted bulk deusity between 0.75 and 1.6 g/ml and a

pors volume between 0.15 and 0.5 ml/g.

US Patent 1,486,993 teaches the catalyric production of low
pour point lubricating oils, The process is improved if the aromatics
content of the feed is reduced via hydrogenation prior o the isomeri-
zation step. The hydrogenation catalyst comprises Group VIII mecal
on alumina. The alumina {s described as loading high paorosity arnd

surface area to the composite.
CRI ()3 INV N

It has been discovered that wax can be isomerized in a high
yield into liquid produccts, preferably and espacially inte high
viscosity index. Low pour point lubricating oil base stocks and
blending stocks using a catalyst comprising a catalytic metal compo-

. nent salected from the group consisting of Group VIB metals, Group
VIII metals and mixtures thersof, preferably Group VIII metals and
mixtures thereof, more preferably noble Group VIII metals and mixtures
thereof, most preferably platinum deposited on a £fluorided, high
porosity high surface area refractory metal oxide support, preferably
predominantly alumina (i.e., at least about 50 wcXl alumina), most
preferably gamma or eta alumina. The catalytically active metal
component i{s present in the tange of about 0.01 to 5.0 wtX mstal,
preferably abouc 0.1 to 1.0 wtf metal. The fluorine contanct of che

support is about 10.0 wtX and less, preferably about 0.1l co 2.0 wel
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contami nants in the isonerate and thus yield an oil of inprove
stability. This aspect is covered in copending application. US
07/ 263,659, filed Decenber 13. 1988. which is a ccntinuation-i

Serial No. 135,149, filed Decenber 18, 1987, in the nanmes of 30 JAN 1997
MacDonal d, Eadi e and Hammer.' I'n that enmbodinent. the total kiqui d T
product is passed over a charge of the isonerization catalyst or "over toble--
Goup VIl on, e.g., gamma alum na catal yst under mld conditi ons ‘e.g.. a

t enperature ﬂmot:h&. r an@ge ifrdotale ek 2 60{dar r dubporpr & emﬂnycaﬂzﬂ(i thy 220 C
t f 300 f bI 3.45

To 6. 50 Npa F00TIBEbORE oS, ATROPBhAR (Ao af a5t W% S50

m err]/ ni errleass0dboud 0100 g SEH jdefdrabdy efrelabt y 200G 00589©/m.erm4der’r{ err]

(100050, SORaHY s a0fhd DR NELOTf ey 560 skl N BlEr 2015

1-4 VN hr pr oduct be treated under these m ld
condi tions i P/#5eFat a't“éf“ﬁeﬂ?'@a?%cfhanﬁf“ﬁ“tﬁé‘wp ‘T‘r‘BFn 458 ?@Grﬂ#ﬁ“zat i on

reactor can km pbfus@dy ivdldankagecsid 5¢IRGEAUENUl Yy patssedridzeongl tfiR

| SoTer 2t OB SR thdha o Safld R ity SR e § O

second 110, more preferably at least about 115, most preferably at least
about 120. In absoluta terms the minimum surface area of the support
is about 140 m2/g. By observing the aforssaid relationship between
porosity and surface area the finished catalyst never possessas Yoth
the wminimum porosity and minimum surfacs area  simultaneocusly.
Expressed diffsrently, in the finished catalyst, wvhen the porosity is
about .30 cc/g the surface arsa wmust be at least about 214 mZ/g
whereas when the porosity is about .70 cc/gm the surface area can .be
152.8 m2/g. Similarly, if a support with the minimum surface arsa of
about 140 m2/g is employed, the porosity of that support must be at
least .764 cc/gm.

That the laxrger pore, high poresity alumina base catalysts
of the present invention can produce high yields of high VI low pour
point product is surprising becauss previous results have shewn <that
wax isomerization catalysts with widely diffsring pore structures have
generated products of comparable VI. See Table B which compares the
performance of Pt-Zeolite Bata (see US Patent 3,308,069) having micro-
poras of about 7A diameter with a Pr-fluorided alumina catalyst (not
one within the scops of this invention) with a median pore radius of
354 on a synthetic Fischer-Tropsch wax. The synthetic Fischer-Tropsch
wvax is described in Table A,

Products wvere generated at two conversion levels (58 and 84
wtd convarsion of 370°C+ wax) over the Pt Zeolite Beta catalyst and at
an intermadiate level (69 wrX 370°C+ wax convexrsion) over the Pt
fluorided alumins catalyst. The total liquid products wers distilled
into narrow boiling range fractions chen dewaxed, resulting in cthe

devaxed oil products shown in Table A. It i{s seen that the products

B e et .
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stage treatnent. Subjecting the whole TLP to this nmild secon
treat ment produces an oil product which upon subsequent frac
dewaxi ng yields a base oil exhibiting-a high | evel of daylig
and oxidation stability. In pr epari_ng the catal ysts the c:aﬂ]aLyft_i cal lidh
active metal, preferably noble Group VIIT metal is deposited|ih thé High™

ReRaATEr AT

porosity, high surface area refractorynetal oxi de support by ény conveni.ent ...

met hodsuch as soaki ng, spraying, incipient wetness, solution exchange,

etc., foll owa@mbyadlr ¥adWlyst Y Rb Gdk! YhaGoN@ides €dnadtsakdOvasedsiet s $80[RGE] C,
and cal cinatign tyg;cal?y conducted at 350C.to 500&§{r]c, p efer%PLy 450C
to 500[ err] @PEhi cAPYS PBYE f PHRE1LsoBetRtRo LS BETRFAHYe NATAr L¥ET of INBbI e

G oqu I\/I | :j rmaki#d%alum CtHeOEaualal | B'EOch?Ci rhgiarmka&xhhrpr Panifdia Nisfedicisd.

Met al | oadi infrom0.0l.to 5 W% prefer 1 1. % S
preferably O. *T6 02 8% WP ‘nﬁweag‘? e\‘%? red °grrxé€'al ¥t|"3°pf;a?‘f’ nud?‘r’l“\g\é - aEBIFF‘%Wi ng
met al deposi Quadhty dfypraguart ioaiscenati Oh freth alerarakrgat 2palife (Feca disd 2s Tot al

fluoride levgled &f QrOhekRedbortin 2 Rawborase REOAweEdkIUS Y4 f YU iR
solution, e.g., HF or_NH.err] F solutions, preferably aqueous NH4F

g.
sol utions. FAMROETg FIUSFE diBRER t hE BAF amPstssasilyy i BRE PITROFi SRRRNSS.
conduct i Nng UsdwaGeNYeERiRée i flaldBtdTOUs dilde bicsn 15 Qi 1y, conparyd PPtk | PEi pi ent

fluorided alumina catalyst but it does show that even nmicroporous

catalysts can yield high VI product

Table A
KCS Wax as Receivad
Pour Poine, °C +99
Cloud Poinc, °C +116
Flash Point, *C +34
Fire Point, °C +120

Melting Point
(From Suppliex), °C

Hivac Distillation, VX, Grams
1-370°C 21.1%
370°c+ 78.92

f
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wet hess, etc. The catalyst is usually activated prior to use by heating

i'n a hydrogen atnosphere (e.g., pure or plant hydrogen (i. -60 to 70
vol% Herr])) to from350[err]Cto 500[err]C for from1l to ﬁpngﬁ&M SHEET
| onger . A typical hydrogen activatien.profile may be a Hod

hours to go fromroomtenperature to 100[err]C with the catal yst bei n% WI 3
at 100[err]C fromO to 2 hours, then the tenperature is raifsqgd 3 BodAN 19t
100[err] C to about 350C to 500[err]C, preferably 350[err] Q¢ tio 450[err]C |
over a period of 1 to 50 hours with a hold at the final tenperature of from
0O to 24 hours, (preferably 24 hours). Simlarly hydrogen activation can be
acconpl i shed by going fr@mrloomtgnperature to the final tenperature of
350[err]Cto 500 err] C pi'ql gr abl yR350[¥rr]C to 450[err] Cin 1 to 50 hours.
The present invention is* nstra,ted Pelow in the follow ng non-limting
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In the foll owi ng Exanples catalysts enployed in the process_.of the

I nvention are denonstrated and conpared agai nst ot her wax |é ! t
Two sl ack waxes derived from 600N distillate st reiansmméiié_w“

catal yst.

enpl oyed as feed and they are described gore fully in Tabl & l bel ow.

TABLE 1
(Feed A)
20

0. 06

9

vol %

6QON S HckiMegsy

e Y
g o

600N Sl ack Wax (Feed B) G| content, fwt*%
16 to 17 Sul phur, vvt%g
0. 07 Total Nitrogen, wppm

In tigs light it is,Dekesiefors] esurprisiper rh& @lewit@CO, 1

&3:5%%%? should influence VI, especié¥1§5%321use cthe cross section of
the reacting waxy species is quite small relative to ths diamecer of

the vast majority of pores in alumina.

The catalysts of tha present invention are wuseful for
isomerizing wax to liquid products. The wax which is isomerized can
be any natural petroleum wax identified as slack wax, recovered by the
solvent dewaxing of pstrolsum hydrocarbon feeds, or synthetic wax such

as that cbtained by the Fischer-Tropsch process.

Natural waxes such as the aforamentioned slack wax can
contain appreciable amount of oil. It is desirable &to deoil che slack
wax befors the {somerization process. Slack waxes containing anywheére
becween Q0 te 30% oil can be {somerized, although the more desirable
oil content is about 35% oil and less. Natural waxas also can contain
hatercatom compounds, that is compounds containing nitrogen and
sulfur. Such heterocatom compounds are known to desctivate noble metal
containing isomerization catalysts. Before iscmerizing such hetero-
atom containing wax feeds it is necessary to reduce the sulfur and
nitrogen content of the feed. These heteroatom containing wax feeds
should be hydrotreated to reduce the lsvel of heteroatom compounds ro
lavels commonly accepted in the industry as tolerable for feeds to be
exposed to isomerization catalysts. Such levels will typically be &
nicrogen content of about 1 to 5 ppm and a sulfur content of abouc 1
to 20 ppm, preferaﬁly 2 ppm or less nitrogén and 5 ppm or less sulfur,
The hydrotreating step will employ typical hydrotreating catalysts
such as Co/Mo, Ni/Mo, or Ni/Coe/Mo on alumina undar standard, commer-
cially accepted conditions, e.g., temperaturs of about 280°C to 400°C,
space velocity of abour 0.1 to 2,0 V/V/hr, pressure of from about 300
te 3,000 psig H and hydrogen gas rates of from about 500 to 5000
SCF/bbl.

As previously staced, synchetic waxes such as those obCained

from Fischer-Tropsch synthesis processes can alsoc be used as the wax
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fsed to the isomerization process, Becauss such waxes are  usually

frae of sulfur snd nicrogen compounds, hydrotreating to remove § and N
is not needed. Synthetic waxes, howvever, may contain other polar or
oxygenated componencs and trace metals which may be removed prioxr «to
isomerization to improve product daylight and oxidation stabilicy.
The waxes are also very high melting and should be softened somewhat
to facilitats handling prior to {somerization. These two goals can be
accomplished by treating the syathetic wax with a hydrotreating
catalyst and hydrogen to reduce the oxygenats and trace metal levals
of the wax and to partially hydroerack/isomerize the wax to lighter
and lower umelting point materials. This pretreatment of synthetic
Fischer-Tropsch waxes is one aspect of ths invention taught in U.S.
Patsnt 4,943,672.

Isomerization ovar the catalyst 1s conducted at a teapera-
ture of 300°C-400°C, 500 vo 3000 psi Hz; 1000-10,000 SCF/Bbl, Hz, and
0.1-10.0 LHSV, preferably 320°C-385°C, 1000-1500 psi Hz, and 1-2
V/V/hr.

An integrated process to produce lube base stock cils or
blending stocks by isomesrizing waxes is disclosed in copending appli-
cation US Serial No. 522,275, £iled May 11, 1990, which is a continua-
tion under 37 CFR 1.60 of US Serial No. 07/283,664 filed Decesmber 13,
1988, which is a continuation-in-part of US Serial No. 135,150 <£filed
Decenbay 18, 1987, in the names of Cody, Achia, Bell, Vesc, and
Wachtar.

The desired conversion of wax to a finished grade lube oil
is dictated by two factors: (1) the ability of the dewaxing unit <to
process the unconverted wax remaining {n the isomerate and (2) maximum
production of dewaxed cil boiling in the lube oil rangs, e.g., about
330°C+, praeferably 370°C+; thus high levels of conversion to non lubs
boiling range products are undesirable. Consequently, a balance wmust
be struck between low conversions (favering lubes production buc

sending too much residual wax to the dawaxer) and high conversion

e S =




In characterizing the catal ysts, surface area was neasured by: -
nmet hod using N err] as the adsorbate. Pore vol une and partch*e eﬁﬁnﬁi@“ﬂe&&“?
nmeasured by Hg porosinmetry. The medi an pore dianmeter is taken as the™

cal cul ated dianmeter at which half of thggpores are filled on a ivol g %Qa@;ﬁ
in the Hg porosinetry experinment, using a Hg contact angle of* ]§40[erf‘] antd

a Hg surface tension of 474 ergs/cn[ errj. Each catal yst was - pr-epar-eeh—.. -/
according to the general procedure of |oading platinum in the form of

TSP,

chl Orcﬂ3|at"¥sgnding law levels of wax tor he dewaxsr but producing fusls at the

e BEF sy

. rur——

sxpansa of lubes).

In US Patent 5,059,299 a process is disclosed of the produc-
tion of non-convencional lube oil base stocks or blending scocks of
very low pour point, pour point of about -21°C or lower, preferably
about -24°C or lower, said pour peints being achieved by conventional
dewaxing techniques without resort to deep dewaxing procedures, and
vary high viscosity index (V1), VI's of about 130, and higher, prefer-
ably 135 and higher by the isomsrization of waxes over isomerization
catalysts in an isomerization unit to 2 level of conversion such that
about 40% and less, preferably 15-35X, most preferadly 20-30Z uncon-
vertad wax remains {n che fraction of the isomerate beiling in the
lube boiling range sent to the dewaxing unit caleulated as (uncon-
vertsd wax)/(unconverted wvax + dewaxed oil) x 100. For the purposes
of that calculation the amount of unconverted wax in the 370°C+ oil
fraction is taken to be the amount of wax removed or recoverad from

said oi{l fraction upon dewvaxing.

Following {somerization the isomerate is fractionated into &
lubes cut and fuels cur, the lubes cut being identified as cthat
fraction boiling in the 330°C+ range, preferably the 370°C+ range or
even higher. Tha lubes fraction {s then dewaxed to s pour point of
about -21°C or lower. Dewaxing is accomplished by teachniques which
permit the recovary of unconverted wax, since in the process of the
present invention this unconverted wax is recycled to the isomeriza-
tion unit. It iz preferred that this recycle wax after the removal of
the solvent used in the devaxing operation be recycled to the isome-
rizacion reactor. A separate stripper can be usad to remove entrainad

dewaxing solvent or other contaminancs.

Solvent dewaxing utilizes typical dewaxing solvents such as
C3aC¢ ketones (e.g., methyl ethyl ketone, methyl {sobutyl ketone and
mixtures thereof), Cg-C1gp aromatic Hydrocarbuns (e.g., toluemne)
mixtures of ketones and aromatics (e.g.. MEK/toluene), auctorefrigera-

tive solvents such as liquified, normally gaseous C3-Cy; hydrocarbons
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acid, onto the alum na supports. calcining the netal | oaded

ar.t
LB S

[«

foll owed by fluoridation using an aqueous sol ution of ammoni g LA@EMEHT SHFET
(NH4AF) after which the catal yst was cal cined at 400[err]C. Thetigh——
purity (reformer grade) alum na bases_.ifp,catalysts Ato F (b¢l )w)‘..(gzm;1 n
prepared by Akzo and are all 0.127 cm (1/120") tril obe extrudates¥ W
C was derived froma sem -comercial scale 1361 kg (3000 I b.}] k4n-—Catalyst ;
G was a | aboratory scale preparation. The base alum na of Cajalyst G was
made into 0. 13¢h G drbpdke’) pLogyl DA, | Gdane X bltiIhES eBE 1 Oke 121t FREIERL—aNd

F. The properties_of_ the catalyst are shown jn Table 2 _lnspections on

catal ysts A 8% %her® PerPoited: atttAKES 3618 ‘Hﬁc%vaff&?y&“%tﬁ PREAZRDr at ory
facilities oOfsolveati to/devixgahorisomerate Cahdelrysissiibe ForaildidSsasrel t Hereby al ysSt s

I d di ' | 0n; I A < i
o "t he "1 ow FFOSAAES hipas RAMRR. LB SO0 Sl et LRSI ATV

aixture of MEK/MIBK (20/80 V/V) used at a tamperature in the zrange of

-25°C to -30°C. Pour points lower than -21°C can be achisved using
lover filter temperatures and other ratios of said solvent. Further,
vhen dewaxing isomerate made from a microwax, e.g., Bright Steek slack
wex, it has been found to be preferred that the fraction of the
isomerate which is dswaxed is the "broad heart cut" identified as the
fraction boiling between sbour 330°C to 600°C, praferably 370°C-600°C.
When processing wax fractions higher than 1050°F+ the heavy bottoms
fraction contains sppreciable unconverted wax so they can be recycled

to the hydrotreating unit,

It has also been found that prior to fractionatiocn of the
isomerate into various cuts and dewaxing said cuts, the total liquid
product (TLP) £rom the isomerizatfon unit can be advantageously
treatad in a second stage at mild conditions using the isomerization
catalyst or a2 noble Group VIII on refractory metal oxide catalyst <to
raduce PNA and other contaminants in the isomerate and thus yield an
oil of <improved daylight scabilicy, This aspect is covered in
copending application. US Sertal No. 07/283,659, £ilad December 13,
1988, which is a cantinuation-in-part of US Serial No. 135,149, £iled
December 18, 1987, in tha names of Cody, MacDonald, Eadie and Hamnar.

In chat embodiment, the total liquid product is passed over
a chargs of the isomerization catalyst or over mnoble Group VIII on,
e.g.. gamma alumina catalyst under mild conditions, e.g., a cempera-
ture in the range of about 170°C-270°C, preferably about 180°C to
220°C at a pressure of about 300-1500 psi Hj, preferably aboutc 500 <o
1000 pst Hz, a hydrogen gas rate of abour 500 t©o 10,000 SCF/bbl,
preferably 1000 to 5000 SCF/bbl and a flow velocity of about 0.25 to
10 V/V/hr, preferably about 1-4 V/V/hr,
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The total liquid product can be treacted under thes wild

conditions in a separate, dedicaced unit or ths TLP from the isomeri-
zation reactor can be sctored in tankage and subsequently passed
threugh the isomerization reactor under said mild conditioms. It has
baen found to be unnecassary cto fractionate the total liquid product
prior to this mild second stage trsatment. Subjscting the whole TL?
to this mild second stage treatment produces an oil product which upon
subsequent fractionation and dewaxing yields a base of{l exhibiting a
high level of daylight stability and oxidation stability.

In prepazing the catalysts of ths present {nvention the
catalytically active metal, preferably noble Group VIII metal is
depositad in the high porosity, high surface area refractory mstal
oxide support by any convenient method such as soaking, spraying,
incipient wetness, solution exchange, etc., followed by drying,
typically conducted at 120°C to 130°C, and calicination, typically
conducced at 350°C to 500°C, preferably 450°C to 500°C, typically for
from 1 to 5 hours. Suitable sources of noble Group VIII metal include
chlc:opla:ihic aci{d and fluoro platinic acid. Netal loading in £fron
0.0L to 5 wtX, preferably 0.1 to 1.0 wtX, most preferably 0.2 te 0.6
wtl. The preferred metal is platinum,

Following metal deposition, drying and calcinaction, che
catalyst is fluorided. Total fluoride lsvels of 0.0l to abour 2.0 wti
are produced using fluoride solution, ¢.g., HF or NH4F solutions,
praferably aqueous NH4F solutions. Following fluoriding the catalyst
is dried. fluoriding is conducting using any convenient methed such

as soaking, spraying, ineipilent wetness, etc.

The catalyst is usually activatsd prior to use by heating in
a hydrogen atmosphere {(e.g., pure or plant hydrogen (i.e., “60 to 70
voll H2)) to from 350°C to 500°C for from 1 to 48 hours or longer.

A typical hydrogen activation proflle may be a period of 2
hours to go from room temperature to 100°C with the catalyst being
hald at 100°C from 0 to 2 Thours, then the cemperature is raised from
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100°C to about 350°C to 500°C, preferably 350°C to 450°C over 3 perfod”

of 1 to S0 hours with a hold at the final tempuratura of from 0 to 24
hours, (preferably 24 hours). Similarly, hydrogen sctivation can be
accomplished by going from room temperature to the final temperaturs
of 350°C to 500°C prefarably 350°C wo 450°C in 1 to 50 hours.

The present invention is demonstrated below in the following

non-limiting examples.

Examples

In the following Examples catalysts within the scope of the
invention are damonstrated and compared against other wax isomeriza-
tion catalyst. Two slack waxes dexrived from 600N distillaze sctreams

ware employed as feed and they are described more fully {n Table 1

below,
TABLE 1
600N 600N
Slack Wax Slack Wax
eed (Fead B)
0il centent, wtX 20 16 to 17
Sulphur, wei 0.06 0.07
Total Nitroegen, wppm g 25
Density @ 15°C, g/ec 0.8342 0.8367
GCD, 1 volx
1%, °C 389 397
5x, °¢C 423 437
10z, “C 439 454
50z, °C 438 501
95%, °C 549 563
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In characterizing the catalysts, surface ares was - measured
by the BET method using N7 as the adsorbate. Pore volume and particle
density were measured by Hg porosimetrry. The median pore diameter is
taken as the calculaced diameter at which half of the pores are filled
on a velume basis in the Hg porosimetry experiment, using a Hg contact

angle of 140° and a Hg surfacs tension of 474 exgs/cm?,

Eacﬁ catalyst was preparad according to the genaral proce-
dure of loading platinum, in the form of chloroplatinic acid, onto the
alumina supperts, caleining the metal loaded support followed by
fluorided using an aqusous solution of ammonium fluorids (NH;F) after
which the catalyst was calcined at 400°C.

The high purity (reformer grade) alumina bases in catalyscs
A to F (below) were prepared by Akzo and are all 1/20" trilobs extru-
dates. Catalyst C was derived from a semi.commercial scale (3000 1b.)
run. Catalyst G was a laboratory scale prsgaratxon. The base alumina
of Catalyst G was made into 1/16" cylindrical extrudates grier tTo
loading Pt and F. The propertiss of the catalyst are shown in Table
2. Inspections on catalysts A to F were performed at Akzo and on

catalyst G in the laboratery facilitiss .of the investigators.

Catalysts E, F and G are the catalysts of the invention;
catalysts A and B are representative of the "low fluoride" catalysts
digclosed {n USP 4,506,601.
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The twe slack wax feeds previously identifisd wers usad. For each of
the above catalysts, the lsomerization expariment was performed in a
two-reactor syscem using a commercial hydrotrsating catalyse (KF-840 a
Co/Mo/Al903 catalyst) in che first rveactor, stripping the H2 gas
strean free of NH3 and H3S, then introducing polar free Hz and liquid
feed to the isomerization reacter (the second rsactor). The hydro-
treating catalyst was used at a feed rate of 0:7 v/v/hr, 340°C, 1000
psi Hy and 2500 SCF/3, conditions which minimize wax conversion, but

sufficient to reduce feed nitrogen to less than 1 ppm.

The hydrotreating and isomerizacion catalyst wers charged to
the reactors and activatad according to the following procedures. All

catalysts were tastad at low mass velocity (160 1b/hr/fcl).

Reactsr 1 (R1) contained 150 cc of cacalyst and rsactor 2
(R2) contained 60 ce of catalyst. Both reactors were tested at the
paxizum operating prassure of 6.9 MPa, using nitrogen then hydrogen.
The catalyst was thsn heated in hydrogen at a gas rate of 2.3 cubic
fz/hr at 2.1 MPa pressure, upflow through Rl and R2 in series in the
following way:

- Rl, increase tempsrature at 8°C/hr to 3530°C, hold for 1 hour.
- R2, increase temperaturs at 8°C/hr to 200°C, held ac 200°C.
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The prassura was then reduced to 0.69 MPa, while maintainimg “Eemperi-
ture and gas race. Both reactors were pressure tested under hot
conditions using hydrogen at the maximum opsrating pressure of 6.9
MPa, after which & hydrogen flow at 2.] cubic feet/hr, at 6.9 MPz wup
flow through Ry and R) in series was astablished. R] was then cocoled

to operating temperatures but Ry was maintained at 200°C,

The isomerization catalyst was oparated at 1.0 v/v/hr, 1000
psi Ho and 2500 SCF/B and at temperatures naeded te convert about 20X
of the feed to 370°C- (fuels) product. Actual temperatures used are
reported in Tables 3 A&B:

Base oil products wers generated by topping the total liquid
product from isomerizatiom, at 390°C and 410°C (stmospharic equivalent
temperatures) using a Model € Hivae distillation apparacus. Thase
waxy topped fractions were then dewaxed at a f£iltexr temperature of

-24°C using a 1002 MIBK at a solvent to waxy oil ratio of 3:1,
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[err] The two stack wax feeds previously identified were used. For each

of the above catal ysts, the isonerization experinent was perf

t wo-reactor systemusing a commercial hydrotreating catalysti
Co/ Mo/ Al [err]O[err] catalyst) in
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the first reactor, stripping the Herr] gas streamfree of NH and Herr]S.

then introducing polar free Herr] liquid feed to the isone A
(the second reactor), The hydrotreating catal yst was used a ﬁgﬁﬁm&ﬁ Q%ETI
0.7 v/hr,

340[err]C, 6.9 MPa (1000 psi),dierr] and 455 nferf]fn{err] (ZbO‘U"‘] !
SCF/ bbl ) condi tions which mnimze wax conversion, but suffifiemp ﬁﬂl 1597 ! !
reduce feed nitrogen to |l ess than 1 ppm M A
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The hydrotreating and isomerization catalyst were charged to +-he.reactoLs.
and activated according to the follow ng procedures. Al cat dl}$t & k-8

tested at |ow mass velocity 781.2 kg/hr/nferr] (-160 1b/hr/ftferri)-

Reactor 1 (Rl) contained 150 cc of catabyst and reactor 2 (R2) e_rco,.nfgai?p?e,qm@
cc of catalyst. Both reactors were tested at the nmaxi num oper§at§i ng“ pfesstre !
of 6.9 MPa, using nitrogen then hydrogen. The catal yst was tneré..,_beat.ed. L.
hydrogen at a gas rate of 0.065 nferr]/hr (2.3 cubic ft/hr) at 2.1 MPa
pressure, upflow t hTieughogatthnd oRxhenbaser i d podudrs frid Ghe ntrewaskack R1,

i ncrease tepper tJLJfr 9*¢Z§sh€%giﬁ]ﬂb§5§88[§éoffrri’p‘lw‘g"ffo :gd%gr.frlgg

I ncr ease teﬁp’%réf re err C hol d at 200C. pressure
was then redswdsstsoAD 369C MPg, D \kiave dower guatity ndovenpd) aAndver A¥¢8 (reder at e.

Bot h react o3 1WGEL yRERS SHIHE products from catalysts E, F and G. For example,
in Table 3A, catalyst E having both a high pore velume (0.57 cc/gm)
and surface area (200 m2/gm) producss higher quality products than
eithar A or B, at equal or higher yield. Catalyats A and B both have
lover pore volumes than E.

In Table 3B, catalysts E and F, with a combination of high
parosity (0.57, 0.60 cc/gn) and high surface area (200, 209 al/gm),
and catalyst G having very high porosity (0.70 cc¢/gm) though not -as
high surface area (180 mZ/gm), are seen to be superior to catalysrs C
and D chat have only moderate pore volume (0,54, 0.55 ec/gm) and
moderate surface areas (194, 173 n?/gm).

On feed B, catalysts E, F and ¢ exhibit beth higher yield
and quality versus catalysts C and D. For a fixed viscosity base oil
product of 3,80 ¢St, catalysts C, E, F and G show a clear advantage
over the othar three catalysts. The performance of caralyst G s
particularly impressive because it has been previously shown thac
catalysts having low fluoride contants (0.1 to 2 wti) have better
salectivity when particle size {s reduced (see USP 4, 6908,601),
Becausa catalyst C has 1/16" particle diametsr, it is reasonable to
suppese that even bettsr yislds might have been expacted had it been
composited as 1/20" trilobes like each of the other catalysts in the

s8t.

Catalysts E, F and G are distinct from catalysts A, B and C
because they have higher pore volumes. Pore volumes greatsr than
about 0.55 cc/gm, preferably grearer cthan about 0.55 cc/gn  ara
desirable,

Catalyst D {llustrates that there is an additional require-
ment for catalyscs with pors volume in the range 0.50 to 0.60 cc/gm --
that surfzce area be at least 180 nl/gm te 215 al/gm, so that porae
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tested under hot conditions using hydrogen at the maxi num opiRERLAGEMENT SHEET
pressure of 6.9 MPa, after which a hydrogen flow at 0.065 nfgerpri7thr—(2Z3 '
cubic feet/hr) at 6.9 MPa up flow through R err] and R err] n[s.er;ﬁi q@a _ ]
established. Rlerr] was then cool ed to,qperating tenperaturegs § ut “RF l’ri"”gi 3
was mai ntai ned at 200[err] C The i sonerization catal yst Was..operat-ed-at-
1.0 v/v/hr, 6.9 MPa (1000 psi) Herr] and 455 nferr]/nferr] {2500 SCF/ B)

and at tenperatures needed to convert about 20% of the feed to 370[err]C

(fuel s) progiicty sickidl at@mperat WRt LFed. akesd epaghetl has TalzkepradblagB.
Base oil products were_ geperated t oppi ofal_li g d from
i someri zat | BAF® ‘é?l‘?QO[cggr?°<'5‘5nGuﬁg%fe?{)efcp%a%’%@s’%ﬁ%?ﬁ:&"ggg’g‘a?égt e

t enper at ur epgordsi sadsexiMbdelofCliisvearallyst.i | | ati on apparatus. These waxy

topped fractions were then dewaxed at a filter tenperature of -24[err]C

using a 100% M BK at a solvent to waxy oil ratio of 3:1.
In the isomerization “process, it is believed cthat che

combination of high quality and good yield is achieved with low
fluoride content catalysts when pore volume is high and surface area
is high, such that the product obtained by iul:iplying pore volume
times suxrfacs area is at least 107, preferably at lsast 110, more
praferably at least 115, wmost preferably at least 120. A related
compositional feature {s. the particle density. Superior catalysts
have particle densities below 1.20 gm/cc.
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CLAIMS:

1. A high porosity, high surface aTea catalyst comprising a
catalytically active mezal componant on a fluorided refractory mectal
oxide support whersin the catalyst in ics finished form has 2 poro~
sity, expresgsed in terms of pore volume, of at least about 0.50
ce/gram and a surface area (in m2/gram) such that the product of the

poresity and the surface arsa is at least about 107,

2. The catalyst of claim 1 vherein the catalyst in finished
form has a porosity, expressed in terms of pore velume, of at least
abour 0.50 cc/gm and 3 surface area in md/gm such that the product of

porosity and the surface area is ac least about 120,

3. The catalyst of claim 1 or 2 vherein cthe porosity,

expressed in terms of pore volume, is at least about C.35 cc/gm.

4, The catalyst of claim 1 or 2 vherein the porosity,

sxpressed in terms of pore volume, {s at lsast sbout 0.63 cc/gm.

5. The catalyst of claim 1 or 2 wherein the catalytically
active metal component is selected from the group consisting of Group

V1B metal, Group VIII metal and mixturss thereof,

€. The catalyst of claim 5 vherein the catalytically active

metal compoment iz prssent in the range of about 0.0l to 5.0 weX.

7. The catalyst of claim 1 or 2 vherein cthe £luorine

content is in the range of about 0.01 to 10 wel.

8. The catalyst of c¢laim 1 or 2 wherain the fluorine

content is in the range of about 0.1 to 2 wtl.

9. The catalyst of claim 3 wherein the fluorine content is

in cthe range of abour 0.1 to 2 wtX.
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10. The catalyst of claim 1 or 2 vherein the refractory

mecal oxida support {s gamma or eta alumina.

11. The catalyst of claim 1 or 2 vwherein the cactalytically
active metal component is platinum present in the range of about 0.1
to 2 wt%, the fluorine content is in che range of about 0.1 to 2 weX,

the refractory metal oxide is gamma or eta alumina.

12. The catalyst of claim 11 wherein ¢the ©porosicy,

expressed in terms of pors volume, is at least about 0.55 cc/gm.

13. The catalyst of claim 12 wherein the porosity,

axpressed in terms of pore volume, is at least about 0.65 cc/gm.

14, A process for the catalytic isomerization of wax inte
liquid products of high viscosity index and low pour point in high
yield comprising passing wax over a high porosity, high surface area
catalyst comprising a cactalytically active metal compoment on a
fluorided refractory mstal oxide support wherein the catalyst in {ts
finished form has a porosity, expressed in terms of pore volume, of at
least aboug 0.50 cc/gram, and a surface srea in ml/gm, such that ths
product of the porosity and the surface area s at least about 107,
said contacting of the wax with the catalyst bdeing conducted in the
prasence of hydrogen and under isomerization conditions of elevaced

temperature and pressure.

15. The process of claim 14 wherein the wax which {s

{somerized is hydrotreated prior to the isocmerizacion step.

16. The process of claim 14 wherein Iscmerization s
conductsd at a temperature of 300 to 400°C, a pressure of 500 to 3000
psi, a hydrogen gas ctreat rate of 1000 to 10,000 SCF/bbl, Hy and a
LHSV of 0.1 to 10.0.

17. The process of claim 14 whersin the catalyst, in

finished form, has 3 porosity, expressed in terms of pore volume, of
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at lsast about 0.50 cc/gm and a surface area in nl/gm such that the

product of porosity and the surface area is at least about 120.

18, The process of claim 1&, 15 or 16 wheraein the catalysc
porosity, expressed in terms of pore volume, i{s at least about 0.55

cc/gn.

19. The process of claim 14, 15 ox 16 wherein cthe catalyst
porosity, sxpressed in terms of pore voluma is at least abour 0,65

co/gm.

20. The process of claim 14, 15 or 16 wherein the fluorine
content of the catalyst {s in the range 0.1 to 2 wti,

21. The process of claim 14, 15 or 16 wherein tha refrac-

tory metal oxide support of the caralyst is gamma or eta alumina.

22. The process of claim 14, 15 or 16 wherein che catalyst
comprises platinum on a gamma or eta alumina support fluorided to a
level of about 0.0l to 10 wtX.
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HIGH POROSITY, HIGH SURFACE AREA ISOMERIZATION CATALYST
AND ITS USE BRIEF DESCRIPTION OF THE INVENTION

ABSTRACT OF THE DISCLOSURE

A novel, high oporosity, high surface area catalyst is
disclosed which is useful in wax isomerization processes, espeacially
for the production of high viscosity index, low pour point lubricating
oil base stocks or blending stocks. The catalyst contains a catalyti-
cally active mstal component selacted <£from the group consisting of
Group VIB and Croup VIII metals, and mixtures thereof, prefaerably
Group VIII metals, and mixtures cthereof, mora praferably noble Group
VIII metals and mixtures nhereof most preferably platinum which
catalytically accive metal componenc is present in the range of about
0.01 to 5.0 wtX, and a fluorine content in the range of about 0.01 co
about 10.0. The catalysz employs a refractory metal oxide support
material, one preferably prsdominantly (i.e., at Jleast 50 wtX)
alumina, most preferably completely alumina, e.g., gsmma or eta
alunina. The finished catalyst has a porosity, expressed in terms of
pors voluma, of at least about .50 cc/gram and a surface area such
that when the porosity is multiplied by the surface arsa the product
obtained is at least about 107, preferably atr least about 110, more

praferably at least about 115, most preferably at least about 120,

The catalyst iscmerizes wax in high yield into 1liquid
preducts, preferadbly high wviscesity index, low pour point lubs oil

base stocks and blending stocks.
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CATALYTIC ISOMERISATION OF WAX WITH A HIGH POROSITA,HIGH

SURFACE AREA ISOMERIZATION CATALYST

Description

The present invention relates to a process for the catalytic isomerization of wax.

Isomerization of wax over a catalyst comprising a Group VIIi metal. usually platinum support on a fluorided alumina
base, has long been practised. See for instance US Patant 2,668.866, US Patent 3,308,052, and US Patent 3,365.390.

US Patent 4,906.601 and US Patent 4,923,588 teach a small particle size low fluorine content catalyst and the
use of said catalyst for the iscmerization of wax into lube oil Sase stacks or biending stecks. The catalyst comprises
a noble Group VIl metal on fluorided alumina wherein the fluoride content is less than 2 wt% and the support has a
particle diameter of less than 1/16 inch. In US 4,323,588 eight catalysts are described by example. Pore volumes and
surface areas are not recited.

GB 1,499,570 teaches a method for improved white mineral oil production. A catalyst is described for use in the
second step comprising a supoort, pallacdium and a haiogen. The support is a refractory metal oxide such as alumina
having a surface area of 25 o 60C mé/gram. The alumina support when formed into pellets has an apparent buik
density of from 0.80 grm/ce to .85 gmice, pore volumes of from 0.45 mi.g to .70 mi/gm and surface areas of from 50
m?/g to 500 m2/gm. In the Example an alumina suppor extrudate having a surface area of 194 m?/gm and a total pore
volume of 0.60 ce/gram was used to produce a palladium on chlorided alumina catalyst. This catalyst was usedto treat
the 650 to S00°F cut of oil obtained from the first stage hydrogenation zone of the process.

US Patent 2,838,444 teaches an improved reforming catalyst comprising platinum or alumina. An acidic promoter
such as fluorine can be added to enhance hydrocracking activity. The isomerization of normal paraffins to isoparaffing
Is defined in the patent as a reforming operation. The alumina is described as having a pore volume distribution as
determined by nitrogen adscrption in the range of 0.1 to about 0.5, preferably Q.15 to 0.3 cc/gram of their pore volume
in pores greater than about 100A, and surface areas of about 300 sq mvg (when the monohydrate has a crystallite size
of about 30 to 40A) or 60 to 250 sq m/gram {when the crystailite size of the uncalcined trihydrate is in the range of
about 300 to 1000A). After calcination of the trihydrate the crystallite size is predominantly in the range of about 35 to
85A andthe surface area is in the range of about 350 to 500 or more sq m/gram. Average crystallite size of the trihydrate
phase determined dry befora calcination and the pore size distribution after calcination may be an indication of base
structure accessibility related to catalyst activity and stability.

US Patent 3,963,601 teaches hydrocracking using a catalyst comprising an alumina-silica support, a Group Vil
and Group VIB metallic component and fluorine. A catalyst useful in this process would have a surface area of about
50 to about 700 sq m/gram, a pore diameter of about 20 to 300A, a pore volume of about 0.10 to about 0.80 m¥g, and
an apparent bulk density in the range 0.10 to 0.30 gmyce.

US Patent 3,794,580 leaches a hydrocracking procsss using & catalyst comprising a Group VI-B, VII-B and VIl
metal deposited on a refractory metal oxide suppont, preferably promoted with a halogen or phasphorus. The process
is then run in the presence of added ammonia or other nitrogen containing compound which is converted into ammonia
under operating conditions. The atumina has a compacted bulk density of 0.75 to 1.6 g/ml and a pore volume of 0.15
to 0.5 mi/gm.

US Patent 3,709,817 describes a procass for the selective hydrocracking and isomerization of paraffin hydrocar-
bons using added water as a hydrocracking moderator, The catalyst comprises a Group VIi-B or VIl metal on fluorided
alumina. The alumina has a surface area of from 50 to 800 sq m/gram as determined by the BET method. Preferably
the alumina is eta or gamma alumina having a surface area of 50 to 400 sq m/gram (see also US Patent 3,717,588).

US Patent 4,588,701 teaches a catalytic cracking catalyst comprising a mixture of zeolite and an inorganic refrac-
tory maetal oxide combined with a flucro salt, ammonium exchanging the product to produce a catalyst having less than
0.3 wt% Na,O and optionally adding an effective amount of cation selected from the rare earths. In describing the
inorganic refractory metal oxide component of this mixture, the oxide is identified as being preferably alumina and
having a surface area, as measured by the BET method of greater than 20 m?/g more preferably about 100 to 300 m%
gram and having a pore volume greater than 0.35 co/gram.

U.S. Patent 3,830,723 teaches a procsss for preparing high VI lube oil by hydrocracking a wax. The process uses
a fluorided ajumina catalyst containing mixed metal sulfides of nickel and/or cobalt and in addition molybdenum and/
or tungsten. In Example 1 Catalyst A had a pore volume of 0.44 mi/g and a specific surface area of 117.1 m2/g. Catalyst
B had a pore volume of 0.23 mi/g and a specific surface area of 63 m2/g. Catalyst E, F and G are reportedly made
using an alumina xeroge) with a compacted bulk density between 0.75 and 1.6 g/ml and a pore volume between 0.15
and 0.5 ml/g.

U.S. Patent 3,486,993 teaches the catalytic production of low pour point lubricating oils. The process is improved
if the aromatics content of the feed is reduced via hydrogenation prior to the isomaerization stap. The hydrogenation
catalyst comprises Group Vi metal on alumina. The alumina is described as loading high porosity and surface area
fo the composite.

US-A-4,493,761 relates to catalytic hydroliquefaction of a solid carbonaceous material, for example coal or coka,
employing a hydrocarbon conversion catalyst consisting essentially of Cr and Mo on a support or Cr, Mo and either
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Co or Ni on a supgport. The support is a porous refractory oxide and the catalyst has a surtace area from 150 to 300
m?/g and a porasity of from 0.4 t¢ 0.8 cmd/g.

US-A-4,758,544 discleses a hydroprocessing and/or hydredenitrification catalyst, consisting essentially of a co-
precipitated alumina-ajuminum phosphate-silica support bearing a halegen. a Group VI metal and a Group VIIl metal,
The support can have a surface area from 50 to 400 m%/g and a pore volume of 0.1 to 1.5 cmY/g.

US-A-2,838,444 relates to a reforming catalyst and its use in reforming light hycrocarbon liquid feedstocks to
preduce gasoline of enhanced octane value. The reforming catalyst essentially consists of platinum on a calcined base
of a mixture of gamma alumina modifications. A promoter, for example a fluoride, may be present when enhanced
hydrocarbons cracking is desired, io further enhance octane number. The support has a surface area of 350 to 550
m2/g and a porosity of 0.1 to 0.5 cmd/g.

Finally, WO-A-9117825, published 28 November 1991, discloses a catalytic hydrocarben referming catalyst and
a hydrocarbon reforming precess empioying the catalyst. The catalyst essentially comptises a platinum component, a
halogen compcnent and a perous carrier of gamma alumina having a defined pore diameter range and BET surface
area.

According to the present invention there is provided a process for the catalytic isomerization of wax into liquid
products of high viscosity index and low pour point, which pracess comprises contacting the wax, in the presence of
hydrogen and under wax iscmerization conditions of elevated temperature and pressure, with a wax isomerization
catalyst comprising a catalytically active Group VIl metal component on a fluorided refractory metal oxide support, in
which catalyst in its finished form (i) the porosity, as measured by Hg porosimetry, is at least 0.50 emd/g, (ii) the surface
area, as measured by the BET method, is at least 140 m?/g and (fil) the value of the porosity and of the surface area
are each separately selected from said ranges such that the dimensioniess product of those values is at least 107.

DESCRIPTION OF THE INVENTION

It has been discovered that wax can be isomerized in a high yield into liquid products, preferably and especially
into high viscosity index, low pour point lubricating cil base stocks and blending stocks. using a catalyst comprising a
catalytic matal ccmponent sslected from the group consisting of Group VIB metals, Group Vil metals and mixtures
thereof, preferably Group VIIl metals and mixtures thereot, more preferably noble Group VIl metals and rhixtures
therect, mest preterably platinum deposited on a fluorided, high porosity high surface area refractory metal oxide sup-
pont, preferably predominantly alumina (i.e., at least 50 wt% alumina), most preferably gamma or eta alumina, The
catalytically active matai component is present in the range of 0.01 to 5.0 wt% metal, preferably 0.1 to 1.0 wt% metal.
The fluorine content of the support is 10.0 wi% and less, preferably 0.11 to 2.0 wt% fluorine. The refractory metal oxide
support is characterized by possessing a high porosity, sxpressed in terms of pore volume, of at least 0.50 ce/gram
preferably at least 0.55 cc/gm, more preferably at least 0.65 cc/gm and a high surface area (in m2/gm), the surface
area of the finished catalyst being such that when tha porosity value (in cc/gm) is multiplied by the surface area the
product obtained is at least 107, preferably at jeast 110, more preferably at least 115, most preferably at least 120. In
absolute terms the minimum surface area of the support is 140 m?/g. By observing the aforesaid relationship between
porosity and surface area the finished catalyst never possasses both the minimum porosity and minimum surface area
simuitanecusly. Expressed differently, int the finished catalyst, when the porosity is .50 ce/g the surface area must be
at least 214 m2/g whereas whaen the porosity is .70 ce/gm the surface area can be 152.8 mé2/g. Similarly, if a support
with the minimum surface area of 140 m2/g is employed, the porosity of that support must be at lsast .764 cc/gm.

That the larger pore, high porosity alumina base catalysts used in the present invention can produce high yields
of high VI low pour point product is surprising because previous resuits have shown that wax isomerization catalysts
with widely differing pore structures have generated products of comparable VI. See Table 8 which compares the
performance of Pt-Zeolite Beta (see US Patent 3,308,069) having micropores of about 7A diameter with a Pt-flucrided
alumina catalyst (not one within the scope of this invention) with a median pore radius of 35A on a synthetic Fischer-
Tropsch wax. The synthetic Fischer-Tropsch wax is described in Table A.

Products were generated at two conversion levels (58 and 84 wt% conversion of 370°C+ wax) over the Pt Zeolite
Beta catalyst and at an intermediate level (89 wi% 370°C+ wax conversion) over the Pt fluorided alumina catalyst. The
total liquid products were distilled into narrow boiling range fractions then dewaxad, resulting in the dewaxed oil products
shown in Table A. itis seen that the products from each catalyst do not have quite the same viscosities or pour paints,
Lower pour point isomerate oils genarally have lower VI's associated with the removal of the less branchy paraffin
species. However, aven taking this into account, there is no doubt that the quality of products in terms of VI from
microporous zeolite Beta is as goad as or better than product from the Pt fluorided v alumina catalyst, Zeolite Beta is
not necessarily the better catalyst, howavar, becauss the yields of isomerate oil are iow comparad with Pt flucrided
alumina catalyst but it does show that even microporous catalysts can yieid high VI product

LY
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HCS Wax as Received
Pour Paoint, *C
Cloud Point, °C
Flash Point, *C
Fire Point, °C
Melling Paint
(From Supplier), °C

Hivac Distillation. W%, Grams
1-370°C
370°C+

+99
+116
+94
+120

21.1%
78.9%
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ty should influenca VI, especially because the cross section

of the reacting waxy speciss is quite small relative to the diameter of the vast majority of poras in alumina,

ina porosi

In this light it is, tharetars surprising that alum

The wax which is isomerized can be any natural petroleum wax identified as stack wax, recovared by the salvant
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dewaxing of petroleum hydrocarbon faeds. or synthetic wax such as that obtained by the Fischer-Trcpsc

Natural waxes such as the aforementioned slack wax can contain appreciable amount of oil. It is desirable to deonl
the slack wax before the isomerization process. Slack waxes containing anywhere between O to 50% oil can be iscmer-
ized, although the more desirable cil content is about 35% oil and less. Natural waxes aiso can contain hetercatom
compounds, that is compounds containing ritrogen and sulfur. Such heteroatem compounds are known to deactivate
noble metal containing isomerizaticn catalysts. Bafore isomerizing such heteroatom containing wax feeds it is neces-
sary to reduce the suifur and nitrogen content of the feed. These hetercatom containing wax feeds should be hydrot-
reated to reduce the level of hetercatom compounds to levels commenly accepted in the industry as tolerable for feeds
to be exposed to iscmerization catalysts. Such levels will typically be a nitrogen content of about 110 5 ppmand a
suifur centent of abeut 1 to 20 ppm, preferably 2 ppm or less nitrogen and 5 pom or less sulfur. The hydrotreating step
will employ typical hydrotreating catalysts such as Co/Mo, Ni/Me, or Ni/Co/Mo on alumina under standard, commercially
accepted conditions, e.g., temperature of about 280°C to 400°C, space velccity of about 0.1 t0 2.0 V/V/hr, pressure
of from about 3.45 to 20.69 MPa (500 to 3, 000 psig) H, and hydrogen gas rates of from about 89 to 890 m3/m?3 (500
to 5000 SCF/tbl).

As previously stated, synthetic waxes such as those obtained from Fischer-Tropsch synthesis processes can also
be used as the wax feed to the isomerization prccess. Because such waxes are usually free of suifur and nitrogen
compounds, hydrotreating to remove S and N is not needed. Synthetic waxes, however, may contain other polar or
oxygenated components and trace metals which may be removed prior to isomerization to improve product daylight
and oxidation stability. The waxes are also very high meiting and should be softened somewhat to tacilitate handling
prior to isomerization. These two gcals can ba accomplished by treating the synthetic wax with a hydrotreating catalyst
and hydrogen to reducs the oxygenate and trace metal levels of the wax and to partially hydrocrackisomerize the wax
to lighter and lower melting point materials. This pratreatment of synthetic Fischer-Tropsch waxes is one aspect of the
invention taught in U.S, Patent 4,943,672.

Isormerizaticn over the catalyst is conducted at a temperature of 300°C-400°C, 3.45 to 20.69 MPa (500 to 3000
psi) Hy; 178 to 178 m¥m?3 (1000-10,000 SCF/bb1) Hy, and 0.1-10.0 LHSV, preferably 320°C-385°C, 6.90 to 10.34
MPa (1000-1500 psi) Hp, and 1-2 ViV/hr.

An integrated process to produce lube base stock cils or blending stocks by isomerizing waxes is disclosed in
application US Serial No. 522,275, filed May 11, 1990; now US-A-5 069 299, :

The desired conversion of wax to a finished grade lube cil is dictated by two factors: (1) the ability of the dewaxing
unit to process the unconverted wax remaining in the isomerate and (2) maximum production of dewaxed oil boiling
in the lube oil range, e.g., about 330°C-+, praferably 370°C+; thus high leveis of conversion to non lube bolling range
products are undesirable. Consaquently, a balance must be struck betwaen low conversions (favoring lubes production
but sending too much residual wax to the dewaxer) and high conversion (sending law levels of wax to the dewaxer but
producing fuels at the expense of lubes).

InUS Patent 5,059,299 a process is disclosed of the production of non-conventionai Jube oil base stocks or blending
stocks of very low pour point, pour point of about -21°C or lower, preferably about -24°C or lower, said pour points
being achieved by conventional dewaxing techniques without resort to deep dewaxing procedures, and very high vis-
cosity index (VI), VI's of about 130, and higher, preferably 135 and higher by the isomerization of waxes over isomer-
ization catalysts in an isomarization unit to a level of conversion such that about 40% and less, preferably 15-35%,
most preferably 20-30% unconverted wax remains in the fraction of the isomerate boiling in the lube boiling range sent
1o the dewaxing unit calculated as (unconverted wax)/{unconverted wax + dewaxed oif) x 100. For the purposes of that
calculation the amount of unconvertied wax in the 370°C+ oil fraction is taken to be the amount of wax removed or
recovered from said oil fraction upon dewaxing.

Following isomerization the isomerate is fractionaied into a lubes cut and fuels cut, the jubes cut being identified
as that fraction boiling in the 330°C+ range, prefarably the 370°C+ range or even higher. The lubes fraction is then
dewaxed to a pour point of about -21°C or lower, Dewaxing is accomplished by techniques which permit the recovery
of unconverted wax, since in the process of the prasent invention this unconverted wax is recycled to the isomerization
unit. It is preferred that this recycle wax after the removal of the solvent used in the dewaxing operation be recycled
to the isomerization reactor. A separate stripper can be used to remove entrained dewaxing solvent or other contam-
inants.

Solvent dewaxing utilizes typical dewaxing solvents such as C3-Cg ketones {e.g., methy! athyl ketons, methyt
isobutyl ketone and mixturas theraof), Cg-Cyq aromatic hydrocarbons {8.9., toluene) mixtures of ketones and aromatics
(e.g., MEK/toluene), autorefrigerative solvents such as liquified, normally gaseous C,-C, hydrocarbons such as pro-
pane, propylene, butane, butylens, etc., at fitter temperaturs of -25°C to -30°C. It has been discovered that the preferred
soivent to dewax the isomerate under miscible conditions and thereby produce the highest yield of dewaxad oil at a
high filter rate is a mixture ot MEK/HIBK (20/80 V/V) used at a temperature in the range of -25°C to -30°C. Pour points
lowar than -21°C can be achieved using lower filter temperatures and other ratios of said solvent. Further, when de-
waxing isomerate made from a microwax, a.g., Bright Stock slack wax, it has been tound to be prefarred that the

u
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feeds are,shown in Tables 3A and 3B. In all cases, products fr
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ing unit.

It has also been lound that prior to Iracticnaticn of the iscmerate into various cuts and dewaxing said cuts. the
total liquid preduct (TLP) from the isomertzation unit can be advantagecusly treated in a second stage at mild conditions

using tha isomerizaticn catalyst or a nobie Groug VIl on refractory metal oxide catalyst to red

uce PNA and other

contaminants in the iscmerate and thus yield an il of improved dayiight stability. This aspect is covered in copending
applicaticn. US Serial No, 07/283,658, filed Decamber 13. 1988, which is a ccntinuation-in-part of US Serial No,

135,148, filed December 18, 1987, in the names of Ccdy, MacOonald, Eadie and Hamner.”

In that embodiment. the tetal liquid sreduct is passed over a charge of the iscmerization catalyst or over ncbie
Group VIii ¢n, e.g., gamma alumina catalyst under mild conditicns, e.g.. a temperature in the range cf 170°C-270°C,
preferably 180°C to 220°C at a pressura of 2.07 to 10.34 MPa (300-1500 psi) H, greferably 3.45 to 8.90 MPa (SC0 to
1000 psi) H,, a hycrogen gas rate of 88 to 1780 m¥m3 (5G0 to 10,00C SCF/bb1). preferably 178 to €80 m%m3 (1000

to 50C0 SCFibb1) and a flow velecity of 0.25 to 10 V/AV/hr, preferably 1-4 VAV,

The total liquid product can be treated under these mild conditions in a separate. dedicated unit or the TLP from
the iscmerization reactor can be stored in tankage and subseqguently passed through the isomerization reactor under
said mild conditions. It has been found to be unnecessary to fractionate the total liquid product prior to this mild second
stage treatment. Subjecting the whole TLP to this mild second stage treatment preduces an il preduct which ugon
subsequent fracticnaticn and dewaxing yields a base cil exhibiting a high level of daylight stability and oxidation stability.

In preparing the catalysts the catalytically active metal, preferably ncble Group VIl metal is deposited in the high
poresity, high surface area refractory maetal oxide support by any convenient method such as soaking, spraying, incipient
wetness, solution exchange, atc., followed by drying, typically conducted at 120°C to 150°C, and calcination, typically
conducted at 350°C to 500°C, preferably 450°C to 500°C, typicaily for from 1 to 5 hours. Suitable sources of ncble

Group VIl metal include chloropiatinic acid and fluore platinic acid. Metal loading in from 0.01t0 5
to 1.0 wi%, most preferably 0.2 to 0.6 wt%. The preferred metal is platinum.

wt%, preferably C.1

Following metal deposition, drying and calcinaticn, the catalyst is fluorided. Total fluoride levels of 0.01 to about

2.0 wi% are produced using fluoride solution, e.g., HF or NH4F scluticns, preferably aqueous NH,F

salutions. Following

fluoriding the catalyst is dried. fluoriding is conducting using any convenient method such as soaking, spraying,.incipient

wetness, etc.

The catalyst is usually activated prior to use by heating in a hydrogen atmosphere (e.g., pure or plant hydrogen

(i.e., ~B0 to 70 vol% H,)) to from 350°C to 500°C for from 1 to 48 hours or longer.

A typical hydrogen activation profile may be a period of 2 hours to go from room temperature to 100°C with the
catalyst being held at 100°C {rom 0 to 2 hours, then the temperature is raised from 100°C to about 350°C to 500°C,

preferably 350°C to 450°C over a period of 1 to 50 hours with a hold at the final temperature of

from 0 to 24 hours,

{preferably 24 hours). Similarly, hydrogen activation can be accomplished by going frem room temperaturs to the final

temperature of 350°C to 500°C preferably 350°C to 450°C in 1 1o 50 hours.
The present invention is demonstrated below in the following non-iimiting examples.

Examples

In the following Examples catalysts employed in the process of the invention are demonstrated and compared
against other wax isomerization catalyst. Two slack waxes derived from 600N distillate streams were emnployed as

feed and they are described more fully in Table 1 below.

TABLE 1
600N Slack Wax (Feed A) | 600N Slack Wax (Feed B)

Qil content, wt% 20 16t0 17
Sulphur, wt% 0.06 0.07
Total Nitrogen, wppm 9 25
Density @ 15°C, g/cc GCD, 1 vol% 0.8342 0.8367
1%, °C 389 397

5%, °C 423 437
10%, °C 439 454
50%, °C 488 501

95%, °C 549 §63

* Corresponding with EP-A-0 323 724.
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20g nmerr]/gm, and catalyst G having very high porcsity (O. ﬂfwm SHEET

t hough not as high surface area (190 nferr]/gn), are seen to supenor to
catalysts C and D that have only noderate pore volunme (O 54. 0 52 0cgANSI8
and nocerate surface areas (1 94, 1 73 nferr]/gm. On fepd B. catal ysts

E, F and G axhibit both higher yield and quality versus catal ysts—Camd D
For a fixed viscosity base oil product of 5.80 cSt. catalystg C, E. F and G

show a cl ear, &Q,X&E&.ﬁﬁfe Qi MBS P Y e TR QLIRRE ol
cat al yst %uj ? fod B qu:o ShélySthe k‘l;dl&h%&’e mr By 48 uhaledculatz@wn
that cat alysdis alh@ﬂéh Rt o %ofeg L Filledl 6h £RNNEBdsS in(thh Hy pb@siret Wbt rintdaty Rinh & HE htact
sel ecti Vi higlewnene nadh Hy SUigeeSdndiéh dt s74lergitieed (see USP 4, 906. 601). Because
catal yst G leas Bualyst o8 pedparéddcddaging tp@s danerhi@rodedametiawing plidtingns inntederorbdhlosplatpic
suppose t hed oratbanldgiaseponsi calkicleg te rptel lodviad aipdse dafiowest prfiueridelionysilg P agkrerypolution
conposi t ed aggogum RFriceiNH,A)/aR yhichyhd aalals whg dalsinesgt WOF  t he ot her cat al yst s in

the set. Thegigh grs tetermier grade LalyingbaeeLn ‘iﬂ%/f‘ﬁ M?t" @Pma&eﬁea? a"" gre

because t FB{/A é*f‘@bﬁ?"&‘ﬁ’éﬁ“ ﬁé‘?‘ﬁ‘ 9 (fYF‘lﬁ?ﬁ‘éed " als 55
/ GeWap e m cm cy m nca

ccrgm  pr extruda%es prior g}' loading andﬁﬁhe prope |es Q the cata ys n in a§l§b cﬁohs on catalysts Ato

- F were performed at Akzo and on catalyst G in the laboratory facxlmes of the investigators.
Catalysts E, F and G are the catalysts employed according to the invention; catalysts A and B are representative
of the "low fluoride® catalysts disclosed in USP 4,906,601,



Catalyst O illustrates that there is an additional requiremenf f@f,aciar v o ¢
catal ysts, with pore volune in the range 0.50 to 0.60 cc/gm - ﬁ 'éo#?a Ee i i
area be at least 180 merr]/gmto 215 nferr]/gm so that pore; voI X
surface area is at |least 107.0. Even though it has acceptable;porg‘wa nencs
the | ower surface area is believed resgansible for the poorer selectivity
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of this catalyst. In the isomerization process, it is belle ed-ttrat—the*
conbi nati on of high quality and good yield is achieved with Ipm1f|uor|de
content catal ysts when pore vol une |s ﬁl and<§uréace area is hi gh, such

that the product obtained by mul wtiy |ng porenvoluna-tlne5asurface area
is at least 107, preferably at IeastVf%O nor e pre ?erably at "l east 115,
nost preferably at least 1 20. A related conpositional |eature is the
particle density. Superior catalystsahavg particl ejdensities<bel ow 1.20
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The two slack wax feeds previously identified were used. For each of the above catalysts, the isomarization experiment
was performed in a two-reactor system using a commercial hydrotreating catalyst (KF-840 a Co/Mo/AiO, catalyst) in
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the first reactor, stripping the H, gas stream fraee of NH, and H,S. then introducing polar free Hy and liquid feed to the
isomerizalion reactor (the second reactor). The hydrolreating catalyst was used at a fead rate of 0.7 vi/hr, 340°C, 6.9
MPa (1000 ps1) Hy and 455 m3/m? (2500 SCF/Mhb1) conditions which minimize wax convarsion, but sutficient 1o reduce
teed nitrogen 1o less than 1 ppm.

The hydrotreating and isomerization catalyst were charged to tha reactors and activated according to the following
praocedures. All catalysts were tested at low mass velocity 781.2 kghe/m2 (~160 lo/h/fi2),

Reactor 1 (R1) contained 150 cc of catalyst and reactor 2 (R2) contained 60 cc ot catailyst. Both reactors wera
tested at the maximum operating pressure of 6.9 MPa, using nitrogen then hydragen. The catalyst was then heated
in hydrogen at a gas rate of 0.065 mhr (2.3 cubic fthr) at 2.1 MPa pressure, upflow through R1 and R2 in series in
the foilowing way:

- A1, increase temperature at 8°C/hr to 350°C, hold for 1 hour.
-~ R2, increase temperature at 8°C/hr to 200°C, hold at 200°C.

The pressure was then reduced to 0.69 MPa, while maintaining temperature and gas rate. Beth reactors wers pressure
tested under hot conditions using hydrogen at the maximum operating pressure of 6.9 MPa, after which a hydrogen
flow at 0.065 m3hr (2.3 cubic feethr) at 6.9 MPa up flow through R, and R, in series was established. R, was then
cooled to cperating temperatures but R, was maimtained at 2C0°C.

The iscmerizaticn catalyst was operated at 1.0 viv/hr, 5.9 MPa (1000 psi) H, and 455 m%m3 (2500 SCF/B) and
at temperatures needed to ccnvart about 20% of the feed te 370°C (fuels) product. Actual tamperatures used are
reported in Tables 3 A&B.

Base oil products were gensrated by topping the total liquid product from isomerization, at 390°C and 410°C
(atmespheric equivalent temperatures) using a Model C Hivac distillation apparatus. These waxy topped fractions were
then cewaxed at a filter temperature of -24°C using a 100% MIBK at a solvent to waxy ail ratio of 3:1,



Cl ai s 1. A process for the catalytic isomerization o;tmmax.n,.Lnto [iquid
products of high viscosity index and | ow pour point, 1 REMh {pitcess .
conpri se ‘contacting the wax,in the presence of hydrogen an w‘?derwwax 3
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3. The process of claim11 or claim2, wherein isonerizati onp-+s—conducted-.al.-,
a tenperature of 300 to 400[err]C, a pressure of 500 [REPBACBAMERIT SHEET
(34.5 t0o 2C6.9 bar), a hydrogen gas treat rate of 1000 to 10,[000—SCE——
Herr]/bbl (178 to 1780 nferr]Herr]/ mMerr]), and a L} é l&ﬂé%éﬁ
10. O 4. The prceess of any preceding claimin which the]jcat @s-l
porosity and surface area such that the iilnd pr oduct | $.at.least

5. The process of any preceding claimin*which the porosity of the cat aI yst
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from G’OUp VIl noble netals. Z— The process of claim 6,
catal ytically-active netal conponent is platinum 8. The
preceding claim wherein the catalytically active nmetal con
catal yst is present fromO0.01 to 5.0 wt% 9. The pro
preceding claim wherein the fluorine content of the cataly
to 10 wt. % 10. The process of any pr-ededtng claim wherei
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The properties of the base oil products from the two slack wax feeds are shown in Tables 3A and 38. In all cases,
products from catalysts A, B, C and D have lower quality (lower V1) and/or are made in lower yield than products from
catalysts E, F and G. For example, in Table 3A, catalyst E having both a high gore volume (0.57 cc/gm) and surface
area (200 m2/gm) preduces higher quality products than either A or B, at equal or higher yield. Catalysts A and B both
have lower pore volumss than E,

In Table 3B, catalysts E and F, with a combination of high porosity (0.57, 0.60 cc/gm) and high surface area (200,
209 m?/gm), and catalyst G having very high porosity (0.70 cc/gm) though nct as high surtace area (180 m%gm), are
saen ta be supetiorto catalysts C and D that have only moderate pore volume (0.54, .55 ce/gm) and moderate surface
areas (194, 173 m2gm).

On leed B, catalysts E, F and G sxhibit both higher yield and quality versus catalysts C and D. For a fixad viscosity
base oil product of 5.80 cSt, catalysts C, E, F and G show a clear advantage over the other three catalysts. The
performance of catalyst G is particularly impressive because it has been previcusly shown that catalysts having low
fluoride centents (0.1 to 2 wt%) have better selectivity when particle size is reduced (see USP 4,906.601). Because
catalyst G has 0.159 ¢cm (1/16") particle diameter, it is reasonable to suppose that even better ylelds might have been
expected had it been compasited as 0.127 e¢m (1/20") trilobes like each of the other catalysts in the set.

Catalysts &, F and G ara distinct from catalysts A, B and C tecause they have higher pore volumes. Pore volumes
greater than about 0.55 cc/gm, preferably greater than about 0.55 cc/gm are cesirable.

Catalyst D illustrates that there is an additional requirement for catalysts with pore volume in the range 0.50 to
0.60 c¢/gm -- that surface area be at least 180 mgmto 215 m?2/gm, so that pore vol. x surface area is at least 107.0.
Even though it has acceptable pore volume, the lower surface area is believed responsible for the pcorer selectivity
of this catalyst.

In the isomerizaticn process, it is believed that the combination of high quality and good yield Is achieved with low
fluoride content catalysts when pore volume is high and surface area is high, such that the product cbtained by mul-
tiplying pore volume times surface area is at least 107, preferably at least 110, more preferably at least 115, most
preferably at least 120, A related compositional feature is the particle density. Superior catalysts have particle densities
below 1.20 gm/cc.

Claims

1. A process for the catalytic isomerization of wax into liquid products of high viscasity index and low pour paint,
which process comprises contacting the wax, in the prasence of hydrogen and under wax iscmerization conditions
of elevated temperature and pressure, with a wax isomerization catalyst comprising 2 catalytically active Group
VIl metal component on & fluorided refractory metal oxide suppont, in which catalyst in its finished form (i) the
porosity, as measured by Hg porosimetry, is at least 0.50 cmd/g, (ii) the surface area, as measured by the BET
method, is at least 140 m2/g and (iii} the value of the porosity and of the surface area are each separately selectad
from said ranges such that the dimensionlass product of those vaiues is at least 107.

'2. The process of claim 1, wherein the wax is hydrotreated prior to the isomerization step.

3. Theprocess of claim 1 or claim 2, wherein isomerization is conducted at a temperature of 300 to 400°C, a pressure
of 500 to 3000 psi (34.5 to 206.9 bar), a hydrogen gas treat rate of 1000 to 10,000 SCF Hy/bbi (1 7810 17680 m3H,/
m3), and a LHSV of 0.1 t0 10.0. - o : I

4, Theprocess of any preceding claim in which the catalysthas a ;iéfosity and surface area such that the said product
is at least 120.

S. The process of any precading claim in which the porosity of the catalyst is at least 0.55 em3/gm.

6. The process of any preceding claim, wherein the catalytically active metal component of the catalyst is selected
from Group Vil noble metals.

7. The process of claim 8, wherein the catalytically-active metaf component is platinum.

8. The process of any preceding claim, wherein the catalytically active metal component of the catalyst is present
from 0.01 to 5.0 W%, '

9. The process of any preceding claim, whersin the fluorine content of the catalyst is from 0.01 to 10 Wt.%.
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The properties of the base Gil greducts from the two slack wax feeds ara shown in Tables' 3A and-3B. in all casss, .
products from catalysts A, 8, C and D have lower quality {fower VI} and/or are made in lower yisld than products from
catalysts E, F and G. For example, in Table 3A, catalyst E having both a high pore volume {0.57 cc/gm) and surface
area (200 m2/gm) preduces higher quality products than either A or B, at equal or higher yieid. Catalysts A and B both
have lower pore volumes than E,

in Table 3B, catalysts E and F, with a combination of high porosity (0.57, 0.80 cc/gm) and high surface area (200,
209 m?/gm), and catalyst G having very high porosity (0.70 ¢c/gm) though not as high surface area (180 m2/gm), are
sean 1o be supericrto catalysts C and D that have onfy moderate pore volume (0.54, 0.55 cc/gm) and moderate surface
areas (194, 173 m2/gm).

On feed B, catalysts E, F and G exhibit both higher yield and quality versus catalysts C and D. For a fixed viscosity
base oil product cf 5.80 ¢St, catalysts C, E, F and G show a clear advantage over the other three catalysts. The
performance of catalyst G is particularly impressive because it has been previously shown that catalysts having low
fluoride ccntents (0.1 to 2 wt%) have betier seiectivity when particle size is reduced (see USP 4,906.601). Because
catalyst G has 0.153 c¢m (1/16") particte diameter, it is reasonable to suppose that even better yields might have been
expected had it been composited as 0,127 em (1/20") trilcbes like each of the other catalysts in the set,

Catalysts E, F and G are distinct from catalysts A, B and C because they have higher pore volumes. Pore volumes
greater than about 0.55 ce/gm, preferably greater than about 0.55 cc/gm are desirable.

Catalyst D illustrates that there is an additionai requirement for catalysts with pore volume in the range 0.50 to
0.60 cc/gm -- that surface area be at least 180 m2/gm to 215 m2/gm, so that pore vol, x surface area is at least 107.0.
Even though it has acceptable pore volume, the lower surface area is believed responsible for the poorsr selectivity
of this catalyst.

In the isomerizaticn process, it is believed that tha combination of high quality and good yield is achieved with low
flucride content catalysts when pore volume is high and surface area is high, such that the product obtained by mul-
tiplying pore volume limes surface area is at least 107, preferably at least 110, more preferably at least 115, most
preferably at least 120, A related compositional teature is the particle density. Superior catalysts have particle densities
below 1.20 gm/ce.

Claims

1. A process for the catalytic isomerization of wax into liquid products of high viscosity index and low pour point,
which process comprises contacting the wax, in the presence of hydrogen and under wax isomerization conditions
of elevated temperature and pressura, with a wax isomerization catalyst comprising a catalytically active Group
Vil metal compeonent on a fluorided rafractory metal oxide support, in which catalyst in its finished form (i) the
porosity, as measured by Hg porosimetry, is at least 0.50 cm3g, (i) the surface area, as measured by the BET
method, is at least 140 m2/g and (jii) the valua of the porosity and of the surface area ars each separately selected
from said ranges such that the dimensioniess product of those values is at least 107.

2. The process of claim 1, wherein the wax is hydrotreated prior to the isomerization step.

3. Theprocess of claim 1 or claim 2, wherein isomarization is conducted at a temperature of 300 to 400°C, a pressure
of 500 to 3000 psi (34.5 to 206.9 bar), a hydrogen gas treat rate of 1000 to 10,000 SCF Hy/bbl (178 to 1780 m3Hy/
m3), and a LHSV of 0.1 t0 10.0.

4. The process of any preceding claim in which the catalyst has a porosity and surface area such that the said product
is at least 120,

5. The process of any preceding claim in which the porosity of the catalyst is at least 0.55 cm®/gm.

6. The process of any praceding claim, wherein the catalytically active metal component of the catalyst is selected
from Group Vil noble metals.

7. The procass of claim 6, wherein the catalytically-active metal component is platinum,

8. The procaess of any precading claim, wherein the catalytically active metal component of the catalyst is prasent
from 0.01 to 5.0 wt%.

9. The process of any preceding claim, wherein the fluorine content of the catalyst is from 0,01 to 10 wt.%.

Thls Sheet Ha Has Been Reolased Been R,

Wi

. A N —m-«wu...j

1:‘5 & ..
E ‘wt“’é ﬁ,ﬁ‘[ x\}rgh-‘.'

st < F

e T AV S A . B



—_—

—_—

Iy g

- 13 -

P A s ¢ B ARV

REPLACEMENT ’ﬂz;;{

20 JAN 1998

10. The procass of any pracading claim, wherain the refractory matal oxide support of the catalyst is gamma-alumina

or ata-alumina.
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Thae grepartias cf ina hase cil precucts frem the two slack 'wax teeds ara shown in Tables 3A and 38. Inall cases,
arcguets frem catalysts A, B, € and O have lower quality (cwar VI} ang/er are made 1n iower yiald than preducts frem
cataiysts E, F and G. For example, in Table JA, catalydt £ havmg both a high pera veiume (0,57 ce/gm) and surface
araa (2C0 mzlgrqlgrcaucss tigher GUETY prrccuc°s than ater A or 3, at aqual or hughar yald. Catalysis A and 8 both
have lowar gora vciumes than £,

In Tatie 38, catalysts £ and F, with a ccmoinaticn cf Migh peresity (0.57, 0.50 cc/gm) and high surtacs area (26q,
209 mé/igm), and catalyst G having very fugn pcrosity (0.70 ce/gm) though not as fugh surfaca area (180 m%/gm), are
$éen ta be supericr 1 catalysts C and D that have ¢niy mcdarata pore veluma (0,34, 0.55 ee'gm) and moderate surtace
areas (194, 173 migm), '

Cn faed B, cataiysts &, F and G sxhibit Soth higher yield and quality versus cataiysts C and D. Fer 3 fixed viscesity
hase cil preduct of 5.80 cSt, catalysis C, E. F and G show a clear advantage over the cther thrae catalysts. The
pertcrmarics of catalyst G is particutarly impressive because it has been pravicusly shewn that caralysts having low
flucride contents (0.1 to 2 wi%) have better selectivity wien particle size is reduced (see USP 4,5C6.801), Because
catalyst G has 0.155 cm (1/16% particle diamater, it is raascnable to suppcse that aven batter yields might have teen
axpected had it been compesited as 0,127 em (1/20) trilcbes like gach of the sther catalysts in the set,

Catalysts £, F and G are distinet from catalysts A, B and C bacause they have higher pora volumes. Pera velumes
greater than atcut 0.55 cc/gm, preferably greatar than about 0.55 cc/gm arg desirable.

Catalyst O illustrates that thers is an acditional requiremant for catalysts with pore volume in the range 0.50 to
0.60 cc/gm -- that surlace area be at least 180 m2/gm to 215 m2/gm, so that gore vol. x surface area is at least 107.0.
Even theugh it has accaplable gere volume, the lowar surface area is beliaved respensible for the poorar selectivity
of this catalyst.

in tha iscmeriZaticn procaess, it is believed that tha combination of high quality and geed yield is achisved with low
- flucride contant catalysts whan pore voiume is high and surface area is high, such that the product cttained by mui-
tiplying pere velume limes surfacs area is at teast 107, preferably at least 110, more preferably at least 115, mest
pretarably at least 120. A related compcsitional teature is the particla density. Supericr catalysts have particla densities
below 1.20 gm/ce.
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Claims
1. A process tor the catalytic isomerization of waX inio Wiquid products of high viscasity index and low pour goint,
- which precess comarisas: cofidcting Ha v wax, in tha prasence of hydrogen and under wax iscmerization cenditions
of elavared temperature and prassure, with a wax isomerizatign catalyst ccmprising a catalytically active Group
Vi metal ccmpenent on a flucrided re(ractcry metal oxide support, in which catalyst in its finished form (j) the
porasity, as measured by Hg porosimatry, is at feast 0.50 cmi¥g, (ii) the surface area, as maasured by the BET
methca, is at least 140 m2/g and (iif) the vaiue of the porasity and of the surface area are sach separately seiacted
from said ranges such that the dimensicnless product of these values is at least 107,
2. The process af claim 1, wherein the wax is hydrotreated prier to the iscmerizaticn step.
3. The process of claim 1 or claim 2, wharein iscmarization is conducted at a temperature of 300 to 40C°C, a prassure
of 500 tc 3000 psi (34.5 1o 206.9 bar), a hydrogen gas treat rate of 1000 to 10,000 SGF Hy/bbl (178 to 1780 m3Hy/
m3), and a LHSV of 0.1 10 10.0.
4. The process of any precading claim in which the catalyst has a porosity and surfacs area such that the said product
is at least 120,
5. The process of any praceding claim in which the porosity of the catalyst is at [sast 0,55 cm¥/gm.
(6, The precess of any preceding ctaim, wherain the catalytically active metai componaent of the catalyst is selected
from Group VI ncble metals.
7. The procass of claim 6, wherein the catalytically-active metal component is platinum.
} 8. The process of any preceding claim, wharain the catalytically active metal compenent of the catalyst is present
' trom 0.01 to 5.0 wi%.
9. The process of any preceding claim, wherain the fluorine content of the catalyst is from 0.01 to 10 wt.%.

10. The process of any praceding claim, wharain the refractory matal oxide suppart of the catalyst is gamma;'-.qlumina

or ata-alumina.
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HIGH POROSITY, HIGH SURFACE AREA ISOMERIZATION CATALYST
AND ITS USE BRIEF DESCRIPTION OF THE INVENTION

A novel, high porosity, high surface area cacalyst is
disclosed which is useful in wax isomerization processes, especially
for the production of high viscesity index, lov pour point lubricating
oll bass stocks or blending stocks. The catalyst contains a catalyti-
cally active metal component selected from the group consisting of
Cxoup VIB and Croup VIII metals, and mixtures cthereof, preferably
Group VIII metals, and mixtures thereof, mors preferably noble Group
VIIl metals and. mix:u:e§ therecf, most preferably platinum which
catalytically sctive metal coipoﬁ;nc is present in the rangs of about
0.01 to 5.0 wtX, and a fluerine conitent in the range of about 0,01 ce
about 10.0. The catalyst eémploys a refractory metal oxida support
material, one preferably predominantly (i.e., at least 50 wgX)
alumina, most preferably completdély alumina, e.g., gamma or eta
alunina. The finished catalyst has & p&rasity, expressed in terms of
poze volume, of g% least about .50 cc/gram and a surfacs arsa such

that when the porosity is multiplied by the surface area the product

" obtained is a2t least about 107, preferably at least about 110, more

p:afer&bly at least about 115, most prefesrably at laast sboutr 120.

Ths cauélﬁs: isomerizes wax 3Iin bhigh yield 1into 1liquid
products, preferably high wviscosity index, low pour point lube ‘oil
base stocks and blending scocks. ‘




