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OF ' PREPARATI ON THEREOF FI ELD OF THE

| NVENTI ON This invention relates to a non-nobl e netal

catal yst for the hydr oconver si on of par aff| n cont ai n| ng feedstocks. Mre
particularly, t hiSYUBRORTED g YDRQGONMVERSIO [ST_AND BRY Al t or

nickel, a Goup VI netal and a @RﬁgAﬂB\TIOMﬁE-mRE, @hd t he use of that

cat al yst for hydroisonerizing waxy feedstocks, particularly waxy

f eedst ocks produced by a hydrocarbon synthesis reaction, e.g., the Fischer-
Tropsch process. BACKGROUND OF THE | NVENTI ON The use
of support ed FEELDONTHE INVENTION hydr oconversi on processes is wel |

known. Often, these netals are conbined with Goup VIA netals, e.g., cobalt

d | ybd .t ab ts '
rocesses. Group wi 11 Thb ingififn FUREPLS S gofmobRlintt HANRIOENR 20 im are
ef ficient hygyarRBNRrsibP6f ﬁai‘iiﬁh)ééﬁt%rmﬂgbfeedstodldgeMoﬂgia&ic%lé‘fyetlﬁi m9ention

rel atively expensive. Consequently, there exists a desire to find
non- nobl e netreletes ¢o a catalysteontainisg cobaitawmickichia GaeumVbuietd and aiGrotp 1B

sel ectivity, ctivi equi valent to_.that .of nable

rotal st hor SRR RS e &?’o@??%}ygfm%mﬂw wepklegdstocks, particularly

Unf or { unat e! yya quenteicks ROADORYY LR SChrth ShiRLS rERABA! SkNthcRigtter- V11|
non-nobl e metal 3 are prone to undergo undesirabl e hydrogendlysis.
Consequent | y,Tropschipeodegsir ogenol ysis, e.g., hydrocracking, produces
significant anmounts of gaseous products e.g., methane. A catalyst,
therefore, that can elimnate or substantially reduce t he hydrogenol ysi s
aspect of theyARERSURDOPSHEREVENTIGNENt and nore econom ¢ because of
I ncreased yi elrds o esired products and decreased yields of undesirable
gaseous products.

The use of supported Group VIII metals in hydroconversion processes is
well known. Often, these metals are combined with Group VIA metals, e.g., cobalt and
molybdenum, on suitable supports for use in hydroconversion processes. Group VIII
noble metals, e.g., platinum and palladium, are efficient hydroconversion catalysts, but
these metals are also relatively expensive. Consequently, there exists a desire to find
non-noble metals or combinations thereof that can provide activity, selectivity, and
activity maintenance equivalent to that of noble metals, thereby significantly lowering

catalyst costs.

Unfortunately, however, hydroconversion catalysts comprising Group
VIII non-noble metals are prone to undergo undesirable hydrogenolysis. Consequently,
the hydrogenolysis, e.g., hydrocracking, produces significant amounts of gaseous
products e.g., methane. A catalyst, therefore, that can eliminate or substantially reduce
the hydrogenolysis aspect of the process can be more efficient and more economic
because of increased yields of desired products and decreased yields of undesirable

gaseous products.
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preferably cop ng suppressi on can be
effectlvelyommammted by suppressing met hane, since hydrocracki ng nost
easily occurs through term nal cracking. The process is conducted with
hydr ocar bon containing feeds at usual hydroi sonerization conditions

General |y, the proc rf)c@'o?(}ierwpdﬁ lr}né‘i%ll %bél?e%gd{&nﬂ?am&ié o3t

| ess t han about 1 ased on t err] F+ conversion pre erably

| ess t han a;;dmgexﬁalyﬁ%nd craakmgeacpfnej efﬁtdup Vﬁhmetahaa“g atabalt vihivh prodacel still
nore preferably |ess than about Typi cal
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are shown 1n
and cracking activity is minimized. The preferred metals are Group VIII non-noble

metals, preferably cobalt, in conjunction with a Group VI metal, preferably
molybdenum, and a Group IB metal, preferably copper.

Hydrocracking suppression can be effectively measured by suppressing
methane, since hydrocracking most easily occurs through terminal cracking. The
process is conducted with hydrocarbon containing feeds at usual hydroisomerization
conditions. Generally, the process of this invention will lead to methane yields of less
than about 10 wt% based on total 700°F+ conversion, preferably less than about 6 wt%,

more preferably less than about 1 wt%, and still more preferably less than about 0.1
wt%.

Typical hydroisomerization conditions are well known in the literature
and can vary widely. For example, broad and preferred ranges for these conditions are

shown in the following table:

CONDITION BROAD PREFERRED
Temperature, °F (°C) 300-900(149-482°C)  550-750(288-399°C)
Total pressure, psig 0-2500 300-1200
Hydrogen Treat Rate, SCF/B _ 500-5000 2000-4000

Hydrogen Consumption Rate, SCF/B 50-500 100-300
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hydr ogenol ysis, e.g., at | east atgout 0.1 wt% preferably about 0.1-10
wt % rmore pr Shlkmone prefasably about O51-gtwiYe basedsen eatalypre preferably about O.

1-2 W % based on catal yst.. The Goup VIII non-noble
netal s may include cobalt, nickel, or iron, preferably iron, cobalt or
ni ckel, nmore preferabl yTigeohup. VIIhsorshstle métdld map intlude $obalt, nikked | driron] esent

in catalytically effective anobunts, that is, r fromO0.,5 to 5 m%

. ) angi n \
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met hods. The support can be any refractory oxide or m xture of

refract ory oxffdetivenatalyis smauntoef about hi2@twiP?es t hereof . Preferred supports
include silica, alumna, silica-alumna, silica- al um na- phosphat es,
titania, zirconia, vanadia and other Goup Ill, IV, V or VI oxides, as

wel | "as Y sieves, such g adid ﬁﬁ\cﬁ&ﬁa‘lﬁ)@ca\ﬂb%ifﬁﬁﬂﬁxedB?%fsﬁ%?&@'wﬁmmbﬁﬂxd ncl ude
al um na and anor phous silica-alumna, nore prefera }/ anor phous

si | i ca- al uni reatalyttisrmetaber metalssan be incorperased pndepnsited by well knpwngngtbods. The
| ess than about 50 wt% preferably.lLess than about 35 w % re
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provi de the aci unctionality.
alumina-phosphates, titania, zirconia, vanadia and other Group III, IV, V or VI oxides,

as well as Y sieves, such as ultra stable Y sieves. Preferred supports include alumina
and amorphous silica-alumina, more preferably amorphous silica-alumina where the
silica concentration of the bulk support is less than about 50 wt%, preferably less than
about 35 wt%, more preferably 15-30 wt%. When alumina is used as the support, small
amounts of chlorine or fluorine may be incorporated into the support to provide the acid
functionality.

A preferred supported catalyst has surface areas in the range of about
180-400 m2/gm, preferably 230-350 m2/gm, and a pore volume of less than 1.0 mi/gm,
preferably 0.3 to less than 1.0 ml/gm, a bulk density of about 0.5-1.0 g/ml, and a side
crushing strength of about 0.8 to 3.5 kg/mm.

The preparation of preferred amorphous silica-alumina microspheres for

use as supports is described in Ryland, Lloyd B., Tamele, M.W., and Wilson, J.N.,
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hydr oi soneri zation, the 700[err]F+ conversion to 700[err]F- on a once
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cont ai ni Ng60%t ehd edsedtally AN oRfihd &t oxyFenatélﬁbt’oﬂﬁlﬂs R Hydragenatedt 0 about
1050[ err]F (566[err]C). A particularly preferred feed is a Jerr]+

material derived froma hydrocarbon synthesis, e.g., Fischer-Tropsch

or 0cess, Pref er a0k e 4R b8 Bhy hdiSeaboh cotaidtie FSETRY hivifi's ™S

4,568, 663 and EP 450 for

hydr oi sonmepp b@iﬁt ef & idﬁoﬁﬁié%ﬂ’?ﬁﬁ"b@eg ﬁ%ﬁ-ticularly"tﬁréﬁérrfe&?&%is &%+
Cerr]+, a portion of which and preferably at |east about 50 w % of
whi ch boi | sratdsial deristed dronB s dydrocdrbor( syntesiss§.£) Fisches-Erapistlypmisesse about

paraf i ne BEUSRRES PPaaprocess vrapaicRs i US4 BEE wR L SHer vl from
sl ack waxes. Sl ack waxes are the by-products of |ube dewaxi ng
operations where a diluent such as propane or a ketone (e.g., nethylethyl
ket one, met hyl i sobut ylhelfesdonatprials fopthipdnoisdirietieationi ase typpdatly edmpdsegrafirot e wax
crystal waxy feeds, e.g., Cs+, a portion of which and preferably at least about 50 wt% of
which boils above about 350°F (177°C), preferably above about 550°F (288°C), and
most preferably contain substantially normal paraffins obtained from a Fischer-Tropsch
process or as obtained from slack waxes. Slack waxes are the by-products of lube
dewaxi.ng operations where a diluent such as propane or a ketone (e.g., methylethyl
ketone, methylisobutyl ketone) or other diluent is employed to promote wax crystal
growth, the wax being removed from the lube base oil by filtration or other suitable
means. The slack waxes are generally paraffinic in nature, boil above about 600°F (315°
C), preferably in the range of 600°F to 1050°F (315-566°C) and may contain from about
1 to about 35 wt% oil. Waxes with lower oil contents, e.g., 5-20 wit% are preferred,
however, waxy distillates or raffinates containing 5-45% wax may also be used as feeds.
Slack waxes are usually freed of polynuclear aromatics and heteroatom compounds by
techniques known in the art; e.g., mild hydrotreating as described in U.S. Patent
4,900,707, which also reduces sulfur and nitrogen levels. Feeds which contain high
levels of sulfur, e.g., >30 ppm sulfur, may also be used as the catalyst described here is
sulfur tolerant. In addition, feeds such as gas field condensates may be used as feeds or
other petroleum derived feeds with high sulfur levels that require hydroisomerization to

improve its properties.
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Tot al 100 eds d ved rom Fi scher - Tropsch
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the feed is trthcq% P@é q? équOf t he sul fur and oxygen shoul d be

reduced to sul’fHnceddos fdessthan abeut,10 wopmy praferpblyiess than2 pprsulfiran 2

ppm sul fur, more preferably less than 1 wppm sulfur, and oxygen levels of less than about 10 wppm.
Such feeds are most preferably characterized by the substantial absence of sulfur and
oxygen. Hydrotreating is effected by any of the well known hydrotreating (e.g.,

hydrodesulfurization) processes known in the literature.

The catalyst can be prepared by any well known method, e.g.,
impregnation with an aqueous salt, incipient wetness technique, followed by drying at
about 125-150°C for 1-24 hours, calcination at about 300-500°C for about 1-6 hours,

followed by reduction with a hydrogen or a hydrogen containing gas.

In the preparation of bi-metallic catalysts, such as catalysts containing
cobalt and molybdenum, the order in which the metals are deposited upon, or
composited with, or incorporated into, the support does not generally affect the
performance of the catalyst. Thus, whether cobalt is added to the support before the
molybdenum is added to the support, or if the cobalt and molybdenum are added to the
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I mproved catal yiti c.perfqrnance occur en e ou B al.. .e.q.,
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t he met al ,ain farartpoe sufidentdo goniertoswbstaatidlly allang poeferablyrall of thel metal
deconposabl e mat(iléﬂ alt,, has been converted to the netal oxide, usually and
typi cal | y “Bippount @Fﬁéidleon at el evated tenperatures in the presence of an
oxygen contai ning gas, e.g., air, for atinme sufficient to convert
substantially all and preferably all, of the netal

The cobalt may be incorporated or fixed onto the support either before,

after, and preferably simultaneously, e.g., co-impregnation, with the copper, so long as
the moiybdenum is incorporated and fixed onto the support after fixing of the copper on
to the support.

The reason for the difference in catalyst performance is not well

understood at this time; suffice to say that the performance difference does exist.

Upon fixing of the molybdenum onto the support, i.e., after the last
calcination, the metal oxides are activated by treating the composited support with
hydrogen or a hydrogen containing gas, which effectively reduces the metal to its
elemental form. Reduction need only be for that period of time sufficient to produce an
effective hydroisomerization catalyst with hydrogenolysis suppression activity.
Generally, at least about 50% of the metal oxides are reduced, preferably at least about

80%, more preferably at least about 90% reduction is effected.
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The follow n | es ok k1~ SEr Q.,idl rat e, Jbut limt.thj .
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a Si O2- Al [ er sh@ iriptitities.t SGFierél 8 268 th2/g, posdvithuiieiieksused bﬁﬂg\%?oﬁﬂgwd
at 370[err]C for 3 hours in hydrogen. The catal yst was used to
hydr oi somer i #0.63 mbigt anidethe sompansetbbulk depsityisi0.6@ @'k chhe regultsef ther e

f t ff.i t in Fi -T h liquids. Th tal yst
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contains 3. 2 RMengaton gy are Rrgsen and 15.5 wt. % Siqerr]. The
bal ance of the material is A1203 with sonme inpurities. Surface area is
266 n2/g, pore volune (nmeasured by Hg porosinetry) is 0.63 m/g, and the
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test are presented in ]i%gl(%—le?lo catalyst of Example 1 was impregnated with an aqueous

solution of copper nitrate to introduce 0.5 wt% Cu. A description of the preparation
follows. 11.582 g of Cupric Nitrate (Fisher Lot # 951352) was dissolved in deionized
water to make up a total volume of 480 mL. A rotary impregnation vessel was then
used to impregnate the Copper Nitrate solution onto 615.0 g of the commercial Co-Mo
catalyst described in Example 1. Since this catalyst had a non-volatile content of 98.6
wt. %, this amount of catalyst represented 606.4 g dry solids. The wet impregnated
material was air dried overnight and then dried in a forced air oven for 4 hours at 120°C.
The dried catalyst was then calcined in a muffle furnace with flowing air for 2 hours at
427°C.

The catalyst was calcined in air at 370°C and reduced in hydrogen at
370°C for 3 hours. The Co-Mo—Cu catalyst was used to hydroisomerize n-heptane.

The results are presented in Table 1.

The catalyst of Example 1, while active for hydroisomerization, has
extremely high hydrocracking activity as evidenced by very high methane and n-butane
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hydr oi soneri zati on, has ext reneID% g hydr, ocr acki n% activity
evi denced Wﬁ?@?? Hﬁ"{fh angbthe Aprenation emnes is roughly3 5§ gregten th a“ that of

PCTI US97/ 2 - 8- yi el ds
and the des rugltl on of normal and iso-heptanes. Liquid yield is decreased
to a value < 70 vt % TABLE 1The catal yst of this invention,

Co- Mo- Cu, the catal yst of [SOMEBEREZATION OF HERPTANEWTHED hydroi soneri zati on
catal yst on the basis of hl(g{lgfoﬁﬁbaegmﬁmegrmqfﬁg zed product and
ckin

substantially decreased hydrocra activit The yield of liquid product
exceeds 92 wt % and t he ntldeptand, d2SE, IDepsxgeﬁ)Wﬁl Hp/Ote@hl y 35% gr eat er
t han that of Exampl e 1.

EXAMPLE 1 2
Catalyst Co-Mo Co-Mo/Cu
Ci 17.7 7.7
i-C4 0.9 0.9
n-Cy4 8.8 5.1
n-C7 27.5 437
2-Me-Hex 36 7.4
3-Me-Hex 4.6 9.1
i-C7's 8.2 16.5

To determine the effect of order of metal addition or the performance of

Co-Cu-Mo catalysts, several catalysts were prepared.



TABLE 1 | SOVERI ZATI ON OF HEPTANE W-EHZIUS 7/20854

Co- Mo AND W8R8t cATALYSTS n- Hept ane, 425[err]C, 100
psig, 5 WHW H2/ O | =6 | _g.  EXAWPLE 1

2 Cat al yst Co- Mo Co- Mo/ Cu

Cl Example 3 17.7 7.7 i - C4

g 519 0. g'r%‘pié.fxample describes a catgfyg%4 whfrf gne Cu and Co were ad%g:tg

i' g/b' Hex the carrier before Modaddition: 1.910 g of Cuprid’ Ndtrate (Fisher Lot # 951352) %rdgb- Hex

9.1 -Clerr]'s .
16.5 12.840 g of Cobalt wrﬁemauiinnlemﬂhbloxe#cgm }@MB) were addedde an addi ti on
or the perf Oﬁ”@q%?ygg}liwq?és%éﬁn SR L T Rter 2Y BB voihEbY 98 3 M the

pr epar ed.

PCT/ US97/ 208gfienmeyer flask was added 85.474 g of Si02-AL0; squort (witha dr¥ s&tids confesnp! e
3 This exanpl e descri bes a catal yst where the Cu and Co

wer e added t of 95.0 wth¥%)c dheiflask was shakenventd allithe particles o9&t wetof Ti@ugariier Nitr at e
Fi sh Lot # 9513 dy, o:L2. 840 f |t Ni trat Mal | i Krsdt t #

5420 KEND) | wEPBRBEE CHOPE 5105 el e ShARep AHiCke TR AP s 328 8 B8 5 e

water to at ore QbIUAR (ﬁ;easzﬁe@b){/&{g ﬁ-SFbshﬁ@cry) wds'd ¢ ?rﬁér%ﬁ&uﬂgga%ﬂdéfd

85.474 g of S O2-A1203 support ( a dry solids content of
% . The fl asko make sivelal theparii¢lesaveretvas, the et ciateriahevae dvied in aihoveraight.eThe

contained 19.0 wt, % Si and the balance A1203. Th fa area, was 326
nLer 1]/ g andmaterishwas tHes peh ibioreRa i e 10y 4 PgurscH 2D i B heRssI R Tn A1 / g
After shakin e r I e particles were wet, the wet
mat eri al masg‘é‘ﬁbe%‘t—‘lk%gléﬂ??O%@grmﬁﬁéﬁgﬁgﬁé?&ﬁcfgt erial was then dried in a

forced air oven for 4 hours at 120[err]C and then calcined in a nmuffl e

furnace in flowng air for 2 hours at 427[err]C. i
17.803 g of Ammonium Heptamolybdate (Mallinckrodt Lot # 3420

KPAM) was added to 13.47 g of Ammonium Hydroxide (Mallinckrodt 30 wt. % NH;3
Lot # 1177 KPLA) in an Erlenmeyer flask. To this mixture was added deionized water
to a total volume of 74.4 ml. The Cu-Co containing carrier was then added to this
solutiori and the flask shaken until all the particles were wet. This material was then
dried in air overnight and then dried in a forced air oven for 4 hours at 120°C. The Cu-
Co-Mo catalyst was then calcined in a muffle furnace with flowing air for 2 hours at
427°C.

Example 4
This example describes a catalyst with only Cu and Co. 1.910 g of

Cupric Nitrate (Fisher Lot # 951352) and 12.840 g of Cobalt Nitrate (Mallinckrodt Lot
# 4544 KEMD) were added to an Erlenmeyer flask and dissolved in deionized water to
a total volume of 78.6 ml. To the Erlenmeyer ﬂask was added 85.474 g of Si0»-Al,0;
support (with a dry solids content of 95.0 wt. %). The flask was shaken until all the
particles were wet. The carrier contained 19.0 wt. % SiO; and the balance Al,O;. The
surface area was 326 m?/g and the pore volume (measured by Hg porosimetry) was 0.77

ml/g. After shaking the flask to make sure all the particles were wet, the wet material



17.803 g of Ammoni um Hept anol ybdate (Mallinckrodt Lot # 3420 KPAM was
added to 13.47 g of Ammoni um Hydroxide (Mallinckrodt 30 wt. % NH3 Lot #:
1177 KPLA) in_an Erlenneyer flask. To this m xture was aq, %&gj‘zed
water YEBHotal volume of 74.4 m. The Cu-Co containing carrier was
then added to this sol ution and the f)ask shaken until all the particles
were wet. This material was then dried in air overnight and then dried
in a for cewasxiriedon ein ofvermight. "The materiall @4y then fiied ifitacfotted air oveo-fob4 bewml yst

was t hen calciped in a ffle furpace with flowing _air, for 2 hg rs at
427 err] C.at120°C Wﬁp@aameémamuﬂﬁﬂlmacem OMPE 2 PR NHAE P hes o

catalyst with only Cu and Co. 1.910 g of Cupric Nitrate (Fisher Lot #
951352) and 12.840 g of Cobalt Nitrate (Mallinckrodt Lot # 4544 KEMD)
wer e addedExamplSEr | enneyer flask and di ssolved in deionized water to a

total volunme of 78.6_n. To the Erlenneyer flask was added 85, 474 of
Si g err]-A1203 sThp eramplgdessribesya gatalysy wheedhe Mo was addeddirgto by The

fl ask was %SH% ' e rial ik ﬁf%ﬁ oL

cont ai ned . %\%{&QE}})JS? %Eﬁdaér‘ig' tlﬁ'g O%gla(gnce ﬁ'ﬂ'ggﬁ e&yb&mgur elalr&%l&é?tea was
326 R/ g abet # 34200KPAM)GVasplacedirpa Efchnidyet-flask and dissaived/ withaleionizéd

m/g. After shaki n(% the flask to nmake sure all the particles were wet, the
wet mat er i Water to a total\yojumg of $pghbml. To the Erlenmeyer flask was added 84.06 g of SiO-

PCT/ US97/ 2Q8a4 . . ° - was
dried in a&gé RS rtg(t‘ﬁ'th aﬂ]rg s?rl:la secrolmé{“lnt %%6'? hWte'nA%l r Fg?jﬂlasrllc ki scl)‘ralé%nd&g?rau oven
for 4 hourthe partizles Wkp¢ aet. | Theadugiriérvontaired diortewit. %6 SiOnatidithe bilafideaAleO4.n
flowng air, for_2 hours at 437[err

37[ C. Exanpl e 5 .
Thi s exanplee gitace prea wag 326 myfgand the pere volhune\ineasured by &g porpsimetry) was

carrier be f g . of ' .

(Mal | i nckr%g?we{hgfm%?f%“ké%‘%ﬁég a%l °§§1gﬁd§‘? hwa;}rmﬂgg%gg?n@g‘g%‘f%‘ék and
di ssol ved gédniTofl# hewrsae §20°C. Wﬁb-&ﬁtaﬁﬁ%éﬁﬁeﬁ%s%ﬂ&x &diciféd ih Anuffito t he
Erl enmeyer flask was added 84.06 g of Si O2- A1203 support (with a dry

sol i ds confusnrce withdfvangair for)2 hotlreatf 4278€. was shaken until all t he
particles were wet. The carrier contained 19.0 wt. % Si Q2 and the bal ance
A1203.

1.812 g of Cupric Nitrate (Fisher Lot # 951352) and 12.172 g of Cobalt
Nitrate (Mallinckrodt Lot # 4544 KEMD) were placed in an Erlenmeyer flask and
dissolved into deionized water to a total volume of 69.3 ml. To the Erlenmeyer'ﬂask
was added 91.12 g of the Mo-containing carrier. The flask was shaken until all the
particles were wet. After shaking the flask to make sure all the particles were wet, the
wet material was dried in air overnight. The material was then dried in a forced air oven
for 4 hours at 120°C and then calcined in a muffle furnace in flowing air for 2 hours at

427°C.

Example 6

This example describes a catalyst where the Cu was added in a post-treat
after the Mo and Co had each been added to the carrier. 18.902 g of Ammonium
Heptamolybdate (Mallinckrodt Lot # 3420 KPAM) was placed in an Erlenmeyer flask
and dissolved with deionized water to a total volume of 80.7 ml. The 19.0 wt. %
Si0y/ALLO; carrier (with a dry solids content of 96.6 wt%) described in Example 3 was
then added to this solution and the flask shaken until all the particles were wet. This



The surface area was 326 nR/g and the pore volunme (neasured
por osi et WQ 9§92 0.77 m/g. This materi ?!' was then dri e’c’lB%(/Fi}g‘g-lmro854 _
overnight and then dried in a forced air ~‘''oven for 4 hours at 120[err]C.
The Mb-containing carrier was then calcined in a muffle furnace with
flowi ng air tmnteral hastienalried 27ieovdraight and then dried in a forced air dveifar ¢ hofirs at
Cupric Nitrate (Fisher Lot # 951352) and 12.172 g of Cobalt . N trate
(Mal | i nckr odd20%:- FheNicoataiping warmier pag thes caleingd inea mudtle fuspace; with flaywing
di ssol ved intp (dej gni zegl‘%%g:er to a total volune of 69.3 m. To the

e

Er | ennmeyer fﬁg&fi ou d 91.12 g of the Mb-containing carrier. The
flask was shaken until all the particles were wet. After shaking the
flask to make sure all the particles were wet, the wet nmaterial was

dried in air overni ght.12THE gwoft Gotialt| Nitrate (Miadlinakradsd.ait # 4547 KIEMID)avas paced
for & hours ol sl EakSmt eggg‘g(gqnb{‘ Sofved in é‘ee@‘fxg#a BatgH 1o a fordl Volase of 805 nd M '

exanpl e descr _ Sentaihi - U
e v AP AL Rl YOELRI R 4 M MESich e 1k o

Anmmoni um shikenamti]l sibthetperticlds werewiet. oAftert shiakitig 3H flaskPAakesargalbthed i n an

Erl ennmeyer fl ask and dj ssol ved wth deiqni zed water to a total vol unme
of 80.7 m . PREIClE WergMethe wet gp@p\éfrﬁs/ gddp Hf(ﬂ"é?‘\‘ﬁhtc'a"&‘PMﬂQ ivag theng y

solids conteng. :0 [ i S 1o
this soluti oﬁ%gggfl ?E‘gg%ﬁvgﬁgﬁgr@ﬁﬁt# ﬁzﬁtﬁgﬂ@egg}?@%ﬁi est h\/\lgﬁia]e @’/eg%%gﬁrhl S
WD 98/ 19792 flowing air for 2 hours at 427°C.

PCT/ US97/ 20854 -11-

material was then dried in air overnight and then dried in a forced air

oven for 4 hours at e C. JIhe s contaj pi rrier s_then

calcined in a nuffle fulr'ﬁéogxﬂ‘ﬂnﬁwgw%‘&ﬂ OSFPg%ﬁfﬁmc\éﬁé?m

427[err] C. Erlenmeyer flask and dissolvetidn Héidnite®ivate? 28 aitofil volame of BR!d mlCRé et

Lot # 4544 KEMD) was é)l aced in an Erlenneyer flask and dissolved in
as

dei oni zed watErlenmeyer Hask avas addedn?y. @ g of theMatCo-contamingrdaeriarr [Therflagke was| ask
was added 91. of., t Mb-.cont ai ni n rri,er. e.fl ask S haken
o PO ¢ atahtin e Vi iec et AREL ke e AasR ol Sppn at 88750,
the particles were wet, the wet material was dried in air overnight. The material was then
dried in a forced air oven for 4 hours at 120°C and then calcined in a muffle furnace in

flowing air for 2 hours at 427°C,

The catalysts from Examples 3-6 representing different methods of
synthesis of the catalyst of this invention were tested in heptane isomerization, and the

results are presented in Table 2.



particles were wet, the wet material was dried in air overnight. The

mat eri al was then dried in a forced air oven for 4 hours at 120[err]C -
and then calcined in a nuffle furnace in flow ng airp Sﬁﬂﬂﬁf‘{s at
427[ er r | O 98119792 1.472 g of Cupric Nitrate (Fisher Lot #
951352) was placed in an Erlenneyer_qblLask and dissol ved in deionized
water to a total volune of 61.6 m. To the Erl enneyer flask was added
77.0 g of the M- Co-containing carri fABER f| ask was shaken until all

par 1l s ver e wisOVRRZAA TN PEREPPANEPWITER o MR SOTATYRYS Tiic

mat eri al was then dried in a forced air_gye or ,4.hours at 120[err]C
and then calcined in a WPP&C’anQeéOQHS'g’S“Y/FM'%/%‘?F‘éfor 2 hours at

427 err] C ~ The catalysts from Exanpl es 3-6
repr esent i nENAMRBLENt net hdds of syht hesi s of the catalyst 6f this
i nvention wer€atalyst ed i nCodfd/Mee i somsCa-Lat i on, avid/Gdi€u r ModCoCwar e
presented in Tag|le 2. 6.3WO 98/ 197929 10.1 12.1

PCT/ US97/ 20854 i_c, 0.8 03 0.7 -12- o8
TABLE 2 | SOVERIZATI ON OF H ANE W TH -M- Cu CATALYSTS

n- Hept ane, 425£:_C‘r] C, 100 ng_%g 5 WH '§i—|2/ al = 60:34'};/b EXAI\/PII;*SEE

3 ! ' 5 o 6, . Cat al ¥4t

Cu- Co/ Mo 2'Me';i&i‘- Co 80 \b/co-au* Mo/ CoP& %fer r
6.3 3-Me-Hexg 9.8 10.1 42 134 T3¢
0.8 i-C7’9). 3 178 0.7 172 0147 A3

5.2 0.8 4.7 5.1 n- C/7
43.7 82.2 Example 3 répresenting the preferred 4¢ntBesis method-piievithesx
8.0 . 3.0 . 6.6 . . . .0 . . 3-Me- Hex

9. 8 an isomerizagon catalyst with lowgracking activity coupled?wgh high isomerizatipBy ] s
17.8 activity ds ifidicated by the methant4md iso-heptane yieldé 3E:‘clample 4 illustrates that

Mo is an essential catalyst ingredient. In the absence of Mo the catalyst has poor
activity of any type. Examples 5 and 6 demonstrate that catalyst synthesis based on the
initial deposition of Mo followed by the addition of Cu and Co produces inferior
catalysts characterized by high methane yields indicative of high cracking activity and

decreased yields of the desired iso-heptanes.



Exanpl € 3 representing the preferred synthesis method prow-desnﬁﬁga%{)‘lgs4

i soner i zat MEh9sIATR ys'\t“ ' |.ng activity coupl ed wir &t
i someri zation act i |"1"QM”?'W@EH\I@'!\£y t he —and-ispy
yields. Exanple 4 illustrdtes thats ' B -antielgsstiitlatse aar
i ngredi ent. |gLAmeSabsence of Mo the catal yst} has mEprAGED acti\
type. Exanples 5 and 6 denonstrate that catal ased on the

initial deposition of M followed by the addition of Cu and Co produces
i nferior catal ysts char acA abhaffbl®mepal dﬁé&%sibh%hﬂﬁyét%n@ﬁﬂiﬁg of

ept ane

hi gh cracking activity and decreased yi €l ds of the desiTed iso-heptanes.
1. A non-nobl eatabititallieffective uaountoftaGeoyp Viflomptal ahda Gedug Vi insetkl, and
effective amounts of a Goup VIII netal and a Goup VI netal, and a G oup

| B metal, supp&inosp IBrmetal suppartesd en anfinerganicyrefiactosy exidercharactesiged an t hat
the Go VI, netal, and_ { he 0 I netal are fixed onto the s t
et e ous! $halthe Geous TV el e o it SAPRATt PRGY & TEOTRRTAGORAL B 1 o

t he support. 3. Ad claim4 (dependent now on
1-2) Grgx_lp'}\/lprpg%égé%?g@ ?ol%pé’é’gtr’i ng the catalysts of clains 1-3

wherein the Goup VIIlI netal and the G oup IB netal are sinultaneously
conposited with the support in the form of deconposabl e conpounds, the
conposi ted support is ca cinEe catalyst bfclaimupwikreintid Growp MIH metahiof a
deconposabl e conpound is thereafter conposited with the support, followed
by cal ci ni ng. cobalt, the Grosp \d metal is mobylideapam @adithe §wouvp IB)metal is copper.

3.  The catalyst of claim 2 wherein the cobalt and copper are
fixed on to the support simultaneously.

4.  The catalysts of claims 1-3 wherein the support is silica-

alumina with a silica content of less than 50 wt%.

5. A process for preparing the catalysts of claims 1-4 wherein
the Group VIII metal and the Group IB metal are composited with the support in
the form of decomposable compounds, the composited salt is calcined and the
Group VI metal in the form of a decomposable compound is composited with the

support, followed by calcining.

6.  The process of claim 5 wherein the composited support, after
the last calcination is treated with a hydrogen containing gas to activate the
catalyst.
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6. An isonerization wherein a CJerr]+ feed containing paraffins is

i sonerized in the presence of a non-noble netal catal yst conprising - :
cat al yt. feciive amunts of —a oup Vi1l metal an | metal, -
and a leg%%g/ﬁgg{rreta THISUPBERT EASOBEEMU i norganic refract %@r@@é@ssy .
characterized in that thergpraoeD! B nejal is fixed onto the support prior to
i ncorporation of th t| ¥s5 the support. 7. The
process of claimé6 charadueisometization procashaviGreing Cp- fiendhcontahingie G oup

orocens. ookl onetsnd B e e ARB 16wt s

: j ¢ . | B [ :
o The' pr dneserothvdiEh et S R SR B HEC" e s der i ved Trom
a Fischer-Tropsch process. 10. The process of clainms 6-9 wherein

i somerization conditions include tenperatures of 149-482[err]C, and

pressures of 0-2500 Bsi g.The process of cldim Btwhereincthefeed iscderived fof thBer ei n
the feed contains predom nantly paraffins boiling above about 177[err]C
(350] er r | Afischer-Tropsch process.

9.  The process of claims 8 or 9 wherein isomerization

conditions include temperatures of 149-482°C and pressures of 0-2500 psig.

10. The process of claims 8 or 9 wherein the feed contains
predominantly paraffins boiling above about 177° C (350°C).
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