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FI ELD OF THE | NVENTI ON This invention relates to nickel

cont ai ni ng hydroconversi on cat al ysts. More particularly, this invention
relates to a binmetallic catalyst wherein the hydrogenol ysis activity of

a nickel conW@%¥§%cat al yst is reduced. Still nore partic Cérfq%m 3U s
invention relates to a binmetallic, supported nickel containing catalyst
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synt hesi s proc@b@@s Dmm1mchh¥ﬂmmmmmmbl e Group VI

metal in conjunction with a Goup IB nmetal supported on a particular acidic

conponent . he of the Goup IB netal is believed
to mtigate t hBACKGRQUND OF I's and cracking activity of G oup
VIIl metals, e.g., nickel, which produce excessi ve anmounts of

undesi r abl e napht ha a”drh%se&fbﬁ rte-'d_rmﬁ aflﬁﬂﬁ er&ﬁajv ocesses i

hydr ogenati on aneﬂ |sorre6 atlon | S ITB.XI ﬁflro R
cracki ng acty 1, Higie pgtals ‘FFFe”Hfb e H’é& A B8 ieebalt-and
copper. 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 combination thereof that can provide activity, selectivity, and
activity maintenance equivalent to that of noble metals, thereby reducing significantly
catalyst costs.

SUMMARY QOF THE INVENTION

In accordance with this invention, a new bi-functional catalyst for the
hydroconversion of hydrocarbons, particularly waxy hydrocarbons from Fischer-
Tropsch hydrocarbon synthesis processes, is provided and comprises a non-noble Group
VIII metal in conjunction with a Group 1B metal supported on a particular acidic
component.

The presence of the Group IB metal is believed to mitigate the excessive
hydrogenolysis and cracking activity of Group VIII metals, e.g., nickel, which produce
excessive amounts of undesirable naphtha and C4~ gases. Thus, the bifunctionality of
hydrogenation and isomerization is maximized while hydrogenolysis and cracking
activity is minimized. The preferred metals are nickel and copper.



1 2- The acidic support is preferably an grerphous
silica-alumna where the alumna is present in anounts chHfésSéfEEIﬁ&lﬂSaBEﬁu
30 wt % preferably 5-30 wt% nore preferably 10-20 wt % jAddi tRERI#HOED, the
silica-alum na support nay contain anounts of a binder for marmtarm Yy
catalyst integrity during high tenperature high pressure processes Typi cal
bi nders incl usoswiBsea, al umina, Group | VA metal oxides, e.FCT/U¥6R i/
titani-a, various types of clays, magnesia, eztc and m xtures of the
foregoing, preferably alumna, silica, or zi rcom a, nost preferably
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0.8 mMmgm e.g., 0.57 m/gm The preparation of conventi onal
synt hetic anorp bt " pheres has been descrlbed i n:
Ryl and, LI oyd B= dﬂgtxr‘ﬁﬁi&%C ostav. W, @%nd J. Norton WIlson. "Cracking

Catal ysts." Catalysis: Volune VII. Ed. Paul H Emmett. New York: Reinhold
Publ i shing Corporation, F£igtf 1iPRschembtic for the processing ofFisah@rldepschmmstnhi s

material in a fi WHH
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Figure 2 is a schematic for the simplified processing of Fischer-Tropsch
waxes using the catalyst of this invention.

DESCRIPTION OF PREFERRED EMBODIMENTS

Characteristics of the support preferably include surface areas of 200-
500 m2/gm (BET method), preferably about 250-400 m2/gm; and pore volume of less
than 1 ml/gm as determined by water adsorption, preferably in the range of about 0.35
to 0.8 m/gm, e.g., 0.57 ml/gm.

The preparation of conventional synthetic amorphous sifica-alumina
microspheres has been described in: Ryland, Lloyd B., Tamele, Microslav W., and
J. Norton Wilson. "Cracking Catalysts.” Catalysis: Volume VII. Ed. Paul H. Emmett.
New York: Reinhold Publishing Corporation, 1960, pp. 5-9.

In order to use this material in a fixed bed reactor, it is mixed with a binder
such as alumina or silica to form a wet paste and fed to a screw transport system and
eventually emerges through dies constituting an end plate in an extruder. This end plate
can have holes in the shape of circles, ovals, three-lobed joined rings, and four-lobed
joined rings. A typical barrel auger type extmder is one manufactured by Welding
Engineers.
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The netal s nayokwedmscor porated onto the support by any suit BEFESIINAJ,

and the incipient wetness technique is prejffred. Sui tabl e netal solutions
may be used; such as nickel nitrate, copper nitrate or other aqueous
soluble salts. Preferably, the nmetals are co-inpregnated onto the support

allowing for intimte cantact o | | . t oup
IB nmetal, for exanple, m?tglr @%ﬁ%’%’%ﬂtﬂd #B(?LY‘LPOH @Eﬁ&&%wde

i npr egnat ed sumsémemqspwmmmtsdxm@egs preferred. Sﬂlfgbl@ metal splutions by bevgdder r | C,
f ol 'oned by calgimatrickel thﬂat@' ﬁm&r&wraq&o{@wmasﬂéomm

200-550[ err] C, etEaelferabl ?}ﬁghe”ll a?l zi.t there is n exce si ve

| oss of surfacd™@PdaesPr Bx;egn:%ﬂ e suppoft dllowing for intimate sontacy

concentrations (ﬁcbup&’iﬁmﬁnimdaihg@roﬂpﬁlﬂlm%ﬁxemie tthﬂﬁ:hnatxonwé'bgtdmlkn‘

catal yst, pref glgafihy/ ‘HQQMPre%ﬂéé’d rtf§%§xd?i’e€f a&}ey h@&etabauﬂ@o-%wan be

Fange from - cbiRNedpy psgon sttt Gemploghi IEis e S5 200 RO P |

met al . 350-550°C, shvthat theredis ao mSmledsysﬁmr&hambemmvohmear e shovvn
bel ow N, W%
2.5-- 3.5 Cu, W%
0 25 - 035 Group VIII metal congestrations af legs than about 15 wi% based on total
25 - :7%5 weight of catalyst, preferabl&JaB&? 1618 widémore preferably about 1-10 wt% can be 0
5 - 35 I -
395 employed. The Grongg rﬁ\é% 55 %ﬁ@lﬁr%gm(ﬁx_"gf&r ﬁqx?xénts and may raBg%%oxg
0. 45 about a 1:2 to about a §3fsetin respeptingkhecrmuipt YAl metal 0.58 -
0. 68 Avg. Crush Strength 3.0 mn.

Loss on Ignition

0 . (1
hour @550[err]C), % wt More preferred catagst ¢hard&Eristics are s%wn below:

rasion loss @0.5 hr.

wt % 2.0 max.
Ni, w1% 25-35
Cu, wt% 025-035
AlO3 - SiOy _ 65-75
Al>O3 (binder) 25-35
Surface Area, m2/g 290 - 325
Total Pore Volume (Hg), ml/g . 035-045
Compacted Bulk Density, g/ml 0.58-0.68
Avg. Crush Strength 3.0 min.
Loss on Ignition 3.0. max.
{1 hour @ 550°C), % wt
Abrasion loss @ 0.5 hr, wt% 2.0 max.
Fines, wt% thru 20 mesh 1.0 max.

In a specific embodiment of this invention the use of the aforementioned
’ hydroconversion catalyst allows for an improvement in the processing of Fischer-
Tropsch waxy products. Thus, in United States Patent No. 5,378,348, there is disclosed
a process whereby the product of a hydrocarbon synthesis process is separated into
lighter, S00°F- and heavier, 500°F+ streams for treatment, the heavier stream being
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subj ected to hy hﬁﬂi{"

cobal t - nol ybdengfr!?%ctceg @ﬁ#&&%&ﬁ%&@@gﬂx&gﬁg@gmﬁ |s necessi agnuén by the
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ecause O e

Fi scher-Tropsch hydro ver
activity of the Ri’ﬁ %M%scpﬁ T’H’P§°“ hydmﬁ%?g?ﬂﬁ on, 350[err] F+

materi al can be hydr oi sonerized with these new catal ysts. Consequent |y,
the need to separate outnmeﬁﬁ&kegerdfﬁwamwm@éa s’fsﬁﬁﬁéﬂb@&‘ﬁztimfsomthe
S00[-err] F- factlon JS 45‘12“ h ur ni ng_ for nonment to
the drawi ngs, Ff 0 "'“‘%ﬁeﬂglcﬁ'? pe hydecispmpgized with thesenew tsS

5,378,348. In tEionseqméndygﬂheandeqsqpamthmn thef350°Fendedpitreated fridctiomk om the
Tropsch product shgepl FQ&iﬁgisieﬁnﬁﬁ to fractionator 10 wherein the product is

separated into I ghter, 500[err]F- fraction in line 13 and a heavi er
500[ err] F+ fraction in line 15. The lighter fraction is subjected to
hydrotreating i n hydr ot mm;mfotdmoﬂmprtbddmmm Hignee 1 is dsimplifiedesahematic n

1 ne 17, afCE er Bh 3@!'8@]48 ﬂf@n%%ﬁe?nf &E@%OM&LF@@C&?%@W 16
into a err err i n an cut in ne
which i's then sh'B?Pé éradlt i el ot s Frstonsy i&m‘w@a&% separated in

The heavi er 500pdightef; 500°Fafradtion in linel i3rand 2 heavier SO@fJFe diaetibrtia line 15. The lighter

hydr oi soneri zat iggny 4o RydiYotRLati be 1F { eat rrent in

reactor 24, the ggl}f:%% lg@ng Ot g%gq%@%’]:;?l l-ne g@%ﬁ%ﬁ& :

lines 19, 23, af omr 8- SRy {5 is separgted in; “?‘8’5 H‘é‘f% or

other distill at €- 351)°E‘xzyt ib &ne Earidras350°F+ cut in line 21 which is then subjected to
hydroisomerization in reactor 22.

The heavier 500°F+ fraction in line 15 is subjected to hydroisomerization
without any prior chemical or catalytic treatment, in reactor 24, the product being
recovered in line 25. The products of lines 19, 23, and 25 may be combined in any way
to produce jet fuels or other distillates as may be required.

The hydrotreating and hydroisomerization catalysts and conditions are fully
described in U.S. Patent No. 5,378,348 the disclosure of which is incorporated herein by
reference.

Figure 2 is a simplified schematic of the upgrading of a Fischer-Tropsch
wax in accordance with this invention and using the catalysts of this invention. The
waxy feed in line 39 is sent to fractionator 40 where the feed is separated into a lighter
product, preferably the entire liquid product, Cs- 350°F, or a Cs- 320°F+ product, and 2
heavier product, 320°F+, preferably 350°F+, in lines 43 and 45, respectively. The
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consunption rat prefeeably abimisgn (Flvdegtreating conditions include tempewms(q 808P Fat i on i s
carried out at gresusbf 1003000 sig dnd dpdrogemicbniirption esles of 200-8001SCF/BI t ed t o
Fi scher-Tropsch products. Thus, the feed can conprise any 320[err] F+ or
350[err] F+ fraction that can be upgr aded_i.n product ,val ue by
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Hydroisomerization is a well known process and the conditions for carry-
ing out the process may vary widely. Generally, however, some broad and preferred
conditions are shown in the table below:

Broad Range Preferred Range

Temperature, °F 300-800 650-750
Pressure, psig 0-2500 500-1200
Hydrogen Treat Rate, SCF/B 500-5000 2000-4000 -
Hydrogen Consumption Rate, SCF/B 50-500 100-300

n Preferred feeds to the hydroisomerization are those containing significant
amounts of normal paraffins, e.g., greater than about 40% normal paraffins, and

P particularly normal paraffins obtained from Fischer-Tropsch processes, a typical product

slate which may vary by +10% for each fraction, from Fischer-Tropsch process liquids
being
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| BP-320[err] F 13 wt % 320-500°F 23 wt% 320-500[ err]F
23 W % 500-7064- 700[ er r ] Ro wi% 19 wt %
700-1050[ err] F 34 W% 1050[ err] F+
11 wt % The Fi scflqg'rlpwogpsch procé’é4s“ng%1n produce a wi de
variety of materials dependi ng 19804t al yst andlprteess conditions.
Currently, preferred catal ysts include cobalt, ruthenium and iron, nost

preferably cobalt. Cobal d, ryt henj um nake rimarily.paraffinic

products, cobalt tendi ngﬁt"ﬁﬁ?‘?f?@%ﬁwwa‘&d e aVide ¥  materials

cont ai ni ng ([ er dépending oh eatalystlaed process eordiitidns\wGunientlypprefediied tathlysts inchii e

paraffins, e.g. e ot alt. : ' exanpl es
cotbalt Hﬂﬁ%:, afid 76, l'rﬁst preferably cobalt Cobdtmﬁféﬁnléxﬂir’]\lg?&b
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t .
consi dered as | PAMEANE S Broduets, eobalt tendmg towerds a heavies prpopet slate, e.8.,Ca¢ g yst
supports naki ng comtaiaing Cog+ywhile rgtherdumn eénidy totwardsandre distilate-jike panaffisg, &g @ish
have been pr @r ed using the foll ow ng procedure: 1) Add 210 g of
as-received C25- (97.4 % NVM to a Kitchen Aid Bl ender and

The following examples will further serve to illustrate this invention are
should not be considered as limiting the invention in any way.

EXAMPLE 1

Catalyst supports making catalysts with good activity, selectivity, and strength have
been prepared using the following procedure:

1) Add210 g of as-received C25-DS (97.4 wt% NVM) to a Kitchen Aid Blender and
blend with 500 g of deionized water.

2) Add 2000 g of a 4.5 wt% Al,O3 db reforming grade alumina sol to the blender
and blend for 10 minutes.

3) Make up a solution consisting of 133 g of concentrated ammonium hydroxide in
133 g of deionized water.

4) Add the ammonium hydroxide solution to the contents in the blender. Note thata
gel-like material is formed. Stir for 10 minutes.

5) Pour the gel-like material into two large evaporation dishes and put into a forced
air oven to dry over the weekend at 110°C.



blend with 500 g of deionized water. 2) Add 2000 g of a 4.5 wt % A1203
db reform ng grade alum na sol to the bl ender and blend for 10

m nut es. 3) Make up a solution consisting of 133 g of concentrated
ammoni um hydroxi de in 133 g of deionized water. 4) Add the
ammoni um hydr oxi de solution to the contents in the blender. Note that a
gel -1i ke rmat ovooi037%8 forned. Stir for 10 ni nutes. 5) PolPssiLsu

gel -like material into two |arge evaporati di shes and put into a forced
air oven to-dry over the weekend at 110[err]|C. WO 97/ 03750

PCT/ US96/ 11311 6) Ball mll the dried material for 18 hours. 7)

Add 407gofthe a I I mpson M x-Muller and mull into
t he hz‘é%%ﬂ“%‘%ﬁ'}“’?é’ }{%gé 8) Extrude the mulled

paste to 13 m*ntrrlobes Air dry the green extrudates overnight

i n e hood with f) OWdAG0RE of the ball nﬁmnﬁtsnatmm o Ok Nulle? aid Rll GR6ldRI 1
oven and dry at 11 err ford %: " 11) Calcine in a Muffle
furnace for 2 hour é\f gﬁ%f ‘V‘Ig | nspections on
the carrier are: Surface Area= 313.0
e/ g 8) Extrude the mulled paste to 1.3 mm trilobes.

9) Air dry the green extrudates overnight in a hood with flowing air.
10) Put the extrudates in a forced air oven and dry at 110°C for 3 hours.
11) Calcine in a Muffle furnace for 2 hours in air at 548°C.

Inspections on the carrier are:

Surface Area = 313.0 m2/g
Pore Volume = 037 ml/g
Compacted Bulk Deasity = 0.62 g/mi

EXAMPLE 2

A catalyst comprising 3 wt% Ni and 0.6 wt% Cu on a silica-alumina
support having 12.5% by weight alumina and 30 wt% alumina binder was prepared in
accordance with the procedure of Example 1. The surface area was 394 m2/gm and the
pore volume was 0.57 ml/fgm. The catalyst was crushed and sized to 14/35 mesh
(Tyler). Hydroconversion experiments were carried out in a2 small upflow pilot plant.

1) A catalyst of this invention was made using a catalyst support prepared according
to Exampie 1. 50 g of the extruded carrier was impregnated with a solution made
by dissolving 7.659 g of Baker Nickel Nitrate (Lot # 002186) and 0.572 g of Alfa

- Products Copper Nitrate (Lot # 112184) into deionized water to a volume of
35.6 ml and impregnate the 50.0 g db of extruded carrier.

2) Impregnate the solution onto the extruded carrier.

3) Air dry overnight.
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S oven dry for Phisiailyst had asurfécslafdald® 3241h2/g ahi®al pére Fbluheé 6F 0141 Inflrg. N 1 owi ng
air. This catalyst had a surface area of 324n2/g and a pore vol une of
0.41 nm/g. The feed for each eX£eri nent was a 350[err] F+

Fi scher- Tropsch wax havThefeed foneach expruimentawas a 390 BischenBropsechwachaving|

bel ow. The feegh\asdPHRirBaSbnkows AETIVII1 beldw dTROREG WaSoHtA&YSY reacting
o~ T OPSC G ok OV s R bt Lo g b acd el 30’
titania support.

Hydroisomerization reaction conditions were 750 psig, 2500 SCF/B
hydrogen treat rate at 0.5-1.0 LHSV. The degree of 700°F+ conversion was varied by
adjusting reactor temperature. Product distribution for various catalysts (all using the
same support) are shown in Table 1 and jet freeze for each catalyst is shown in Table 2.

The resuits in Table 1 clearly show that the catalyst of this invention
(exp. 4) gave a reaction product very similar to the reaction product achieved with a
noble metal catalyst (exp. 1). Also, the jet freeze quality, shown in Table 2 for the
catalyst of this invention was virtually identical to that achieved with a noble metal
catalyst and significantly better than that achieved with either a cobalt-molybdenum
catalyst or a nickel catalyst.
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PCT/1US96/ 11311 iment #  Feed 1 2 3 -9- 4

TABLE 1 E@mﬁ-mmr el T —— — 3
4 i Cat al yst yst _ Pd/ SuB@§errort co Cofyiaiiuppert t  NKPyprerb p oh¥Cu/Support
Ni 7 Cu/ - 0.5 Co

Support  Desqgdety i pti on Met al .
1.26, Mo 10.1 Mdal N. 3, Cp$.6 CoifOMEM, W% LhigY, cyby hr
- 1.0  Content, wt% 0.5 1.0 1.0 React or
- 640 20 640 630 Temp., [err]F
700F+ LHSV, vivh: 32.6 L0 4o g 03 dd 3 1.0 323
Conver si on @eatrdr] - C4 - 0 640 0. 87620 640 65 630 15. 56
1.13 Clerr] -RagleFr]F 0 5.78 16. 46 38. 44
5.75 320- 500F 31.33 33. 30. 50 33.13
32. 84 500- 708P&H ] F  20.93 %Z-és. 10 48 g 1893 323 55
27.97 700[ er¢qmuession 47 44 32.20 27.26 0. 32
32.31 Ci-C4 0 0.87 765TABLE 2 1556 1.13
C5-320°F 0 5.78 16.46 38.44 5.75
320-500°F 3133 33.07 30.50 33.13 32.84
500-700°F 2093  28.10 13.14 12.55 27.97
700°F+ 4744 3220 27.26 0.32 3231
TABLE 2
Catalyst 1 2 3 4
320-500°F (i/n, wiw) 1.34 0.24 0.52 1.31
Jet Freeze, °F -35.0 22.0 2738 -35.9

The catalyst of this invention, exp. 4, produced an isoparaffin/normal
paraffin ratio virtually equivalent to that of a noble metal catalyst and much greater than
that for the Co/Mo or Ni only catalysts (which had greater 700°F+ conversion), thereby
showing the excellent hydroisomerization activity and selectivity of the catalyst of this
invention, along with very little hydrogenolysis activity, i.e., very low C 1-C4 product.
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-10- dains: ) 9. A hydroconversion process conpri sing

hydr oi someri zi ng at hydroi soneri zation conditions a 350[err]F +

hydrocar bon contai ni ng f eadhyarithvetsich ditalysEmpriding AckelGh ah Kbt of R&Ythad | NS
I n the presence of hydrpgen and,a catal yst conpr,isSitn ni.ckel in an anount
of less than MH&&@%)&B&%@WW@W%@%i%%&t‘&@%’ﬁ‘ftgl':gst and
copper in a copsppertedcnain amosgthions silicataheming ¢asmier having tespthas elbub 80 stbeanor phous
silica-ahm na cmm’nsr " ; sﬁlﬁﬁg % (ﬁ 'tga‘ﬁg,t Fier
havi ng a surface ar éh%@hélg:gtlggﬁtwﬁn grgggf’é%%tgpt#%‘%” génq a %86 re

vol une of | ess efjesithan ‘I‘Fllf% gm. 10. A process for producing
mddle distillate transportation fael conponents froma waxy product of a

hydr ocar bon synt hesi s pap%ﬁéuﬁﬁamgbgégg&”mimhe?ickel oSHRGRA Btk 1285 VaXy

product and separately, recoveri . err]E - lighter fraction and a
350[ err] F+ heav?’é#‘YSFF%‘E'FS?l,’P“'“_'cgelmms t L@ﬁ%llépel y catalytically
hydrotreating the lighter fraction and catal ytically hydroi sonerizing the

heavi er fraction, whereiyn VieSf. . Qe ] i | utilizing a
catal yst conprising ni cl%élﬁllgf?atg ﬁgi&‘rﬂﬁg}f’ gg@e%%%ﬂgﬁ%%igﬁgﬁ% based on
the total weight of the catal yst and copper in a copper:nickel ratio of

| ess than about 1:2 supporThedatmalystoof caimws pherein the bindar-iselatied dromnthe grouphavi ng
| ess than about Y ) Qe i er having a surface area of
cdﬁ} 13%8 W?‘dm&, i Sfvohih,

greater than abo gm'and a pore volune of |ess

5. The catalyst of claim 4 wherein the binder is alumina.

6. The catalyst of claim 3 wherein the binder is present in amounts of
5-35% by weight of support.

7. The catalyst of claim 2 wherein the surface area is about 200-
500 m2/gm,

8. The catalyst of claim 7 wherein the nickel and copper are present in
bimetallic clusters.

9. A hydroconversion process comprising hydroisomerizing, at hydro-
isomerization conditions including elevated temperatures and pressures, a 350°F+
hydrocarbon containing feed comprised at least in part of normal paraffins in the
presence of hydrogen and the catalyst of claim 1.

10. A process for producing middle distillate transportation fuels com-
ponents from the waxy product of a hydrocarbon synthesis process comptising:
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t han ammmw thereby i mproving cold flow properties of the
hydr oi and (c) conbining at |l t
t he hy m t "of the lighter fraction with at egssféwgé ?g %

t he hydroi sonmeri zed product of the heavier fraction.

PCT/ U896/ 11311 WD 97/ 03750 (a) separati n t he waxy
product and swpavesrsiy recovering a 350[err]F- lighter F?‘@H”&nd a
350[ err] F+ heavier fraction; (b) separat eI y catalytically

hydrotreating the lighter fraction and "t al ytically isonerizing the
heavi er fraction and inproving cold flow properties of the

hydroi someri zed product and

portion of the hydrot rezf)effpﬁ?g%gf e Wguﬁtlaﬁ%fe&#me?y %&?@Fgggge#eﬁag?
| east a porti onfreétioniand A350°Ft heavisrifractionpr oduct of t he heavier fraction.
11. TThe process of claim10 wherein the catalyst utilized in

hydr oi soneri zing the hegyier fractiqn.c | ses.nick n a | ess
t han 15 w % and copgé)r epf’ﬁ‘ég M@ﬁ@@%ﬁt&ﬁ@tﬁ% *“ldﬁan about
1:2, supported ostalgtically 1somamqg1he|hemek fraation landimprovieg cald:flova propedies efthet han

about 30 wt % al y 9& gﬁg? qﬁ area of greater than about 200
n2) gm and a pore” vol ume l'ess than about 1.0 m/gm

12. The conposition of claim3 wherein the nickel content ranges from
about 2.5-3.5 wt % cat al {(s} combining at least a portion of the hydrotreated product of the lighter

fraction with at least a portion of the hydroisomerized product of the heavier fraction.

11. The process of claim 10 wherein the catalyst utilized in
hydroisomerizing the heavier fraction comprises nickel in an amount less than 15 wt%
and copper, the copper:nickel ratio being less than about 1:2, supported on an
amorphous silica-alumina carrier having less than about 30 wt% alumina, and a surface
area of greater than about 200 m2/gm and a pore volume of less than about 1.0 ml/gm.

12. The composition of claim 3 wherein the nickel content ranges from
about 2.5-3.5 wt% catalyst.
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