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. HYDRO SOVERI ZATI ON OF WAXY HYDROCARBON FEEDS OVER SLURR?@E?%A?YST 1.
‘Field of the Invention This invention relates to a pr oceZ#Fpor wfg&
"Broduction of niddle distillate fuels fromwaxy h drocarbor |

N
particular, it relates to a process for the produfT [SE] %ﬁg fuel s,
not ably kerosene, diesel fuels, jet fuel-d- |ube ? -g 'gﬂ
qual ity bl endi ng conponents useful for the product : L via
t he hydroi sonerization of waxy hydrocarbon feeds. 2. Background It is known
to produce distillate fuels fromwaxy hydrocarbon feeds via catal ytic
hydr ocr acki ng or hydroi soneri zation, or by both catal ytic hydrocracking and
hydr oi soneri zati on reactions. Conventionally, e.g., a waxy product made by
the reaction i%!a %yEthsis,gas over a Goup VI or VIIlI netal catalyst, is
m | dly hydrot nildly hydr ocracked over a suitable catalyst
to produce sone distillate fuel or refinery feedstock useful for
conversion to a distillbate fue al | ver erat of t hese
reactors, and catal yst'sis H‘c""r %%@639&%9??5 obthel’ﬁ _
conver si on dtsullateaﬁmlyﬁbnnwaxysn diocarbonSV, Inlpasticidar) lit ﬁlatesltolﬁtiﬁéctersﬁlﬁble

shlftsmp I stillate [ to gas
and napht ha ?gégétl?@ ? §I Hbr“gkg{qs@% ‘ﬁﬁ%‘ﬁrﬁﬁ‘gﬂeﬁﬁ‘“‘r&lﬁh
vapor phasebasgstac ?ﬁd{ua]mblﬂldmg mptbn&mspseful&ufthaqxrodudtmmﬁfat i ons,
limts the wgéh @‘g?%,t ments for
staged, fixed bgfdd% ﬁ&f@&g@m@gg&& l%dr%ﬁllﬁow%%gs}:e vel ociti es.
Moreover, mddle distillate fuels made from waxy products generally possess
not or i ousl| y poor cold flow properties. This nakes it difficult or even

| npossi bl e b0 chy products in many environnents since |ow freeze
points are rém maintain fluidity, or flowability of the fuel at low
t enper at ur es. - 2- ' : : :

It is known to produce distillate fuels from waxy hydrocarbon
feeds via catalytic hygirocrackiilg or hydroisomerization, or by both catalytic
hydrocracking and hydroisomerization reactions. Conventionally, e.g., a waxy
product made by the reaction of a synthesis gas over a Group VI or VIII metal
catalyst, is mildly hydroisomerized and/or mildly hydrocracked over a suitable
catalyst to produce some distillate fuel, or refinery feedstock useful for
conversion to a distillate fuel. Typically however, the operation of these
reactors, and catalysts, at high productivity e.g., 'high 700°F+ conversion and
space velocities >1.5 LHSV, has resulted in undesirable shifts in product -
selectivity wherein the distillates are recracked to gas and naphtha before exiting

. the catalyst particle and flashing into the vapor phase. This phenomenon, which

 arises from pore diffusion limitations, limits the use of these catalysts, and leads

 to large investments for staged, ﬁxed bed reactors, operating at relatively low
space velocities. ' :

_ Moreover, mlddle distillate fuels made from waxy products
generally possess notoriously poor cold flow properties. This makes it difficult
or even impossible to use such products in many environments since low freeze

points are requlred to maintain ﬂuxdxty, or flowability of the fuel at low
- temperatures. '
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In recently issued U S. Patent 5,378,348, good yields of distillate fuels
‘Wi th excellent cold flow properties are produced from waxy Fischer- Tropsch
products via an inproved fixed bed process wherein the waxy Fi scher-
Tropsch product is separated into 500[err]- and 500[err]+ feed fractions
and separately hydroi sonerized to nake nddl e distillates. The 500[err]-
fraction, e.g., a 320-500[err] fraction, is hydrotreated-in a first step at

.mld conditions over a Goup VI or non- nobl e Goup VIII netal catalyst to
remove hetero- at orts, hﬁfséehﬂ rissuews' psténtssqs o&%ﬂd@\&?ﬂxs’l‘l gexed bed
of a Group glﬁ‘é bleﬁe lé?t? swtab1 tlnumo I'Tadi um
catal yst, t ?841 Rt o rqnﬁwe%rsmr BH'UWPXY avi er

500[ err] + f'rl‘mpschtprodnmts ria at improved dixed<bedi procéssywherdimthieawiey Five¢hér-a

L asor oy TR ptSduds s SEPRHER ifha’ s F%{s@é@hﬂi&g fcidh Cmd il
Wer eas t hi senaraicb'sby oisomesrizeddo make middle distillatesoThe SEOAE- frpction; elglat es
Wi th inmpr °V6@290306°F'ﬁﬁa%ﬁ%9§%$ gﬁafea%mxt g aeﬁﬁté)g&gmhaﬁés &EfRi ns a

r ovi I'saneri zat i on
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preglc:agselsn &P\’P ;’J qfél%t@!b F@fﬁﬂﬂc\ém%meﬁﬁélc@mm
et es fomydsoischnertled iha Rond e}/ v R bed WER Urdllp VHIEAGHle ikl

hydr oi soner Eﬁtﬂ'ﬁ' S{J Oﬁ@&gﬁw&'ﬁé&f\’@ catalyst, ?%Y’@%thw light] 1 ow
pr ot)ert i Ss naphtha byprodudt.f Theheaviel S009FR# fmm@n, on theﬁjthl eﬁhﬁ’fd;"i@dl tregtly eeds,
contacted ag

hydr oi somer | gd{ g%kgg"{o N yélhx% %%gr@%%ﬁgﬁqglpﬁ? &R §?§ ‘igogg,éqafcﬁonl\%ﬁlsﬁ waxy
| i quid hydr !ﬁcléﬁeﬁdrasrﬂedlﬁsﬁhornnbﬂle}mmsm)hbndn@toompmﬁ ardlesel ooyctlfuebd at
gioggla-lt l'? EZI Wlilé&'E%sPﬂﬁéj éﬁoﬁ@éiﬁtfg?ﬁgﬂ%‘&??ﬁ&?ﬂ? ;591[1 e pro uct I on
of these na!’BPWXFa cor mp s hygroearbens there semainsma desire,
conduct ed aintepslia, eb b@@l\nﬂéﬁiﬂhéﬁlm véﬂlEﬁUsriﬂ Hﬂﬁ%&h@l‘ﬁatf&p pfcessesObaout
850[ err] gq Qk from about Eﬁirr t 0 about 700 err at ressures
rangi ng genég 7%@ 48?9"55% mroyggle& %‘F‘P&‘w&l@@# Hig) to

about 1500 psig, preferably from about 300 psig to about 1000 psig. The

reaction is generally conducted -at hydrogen treat gas rates ranging from
about 1000 SCEB to about 10,000 SCFB, preferably from about 2000 SCFB to
about 5000 &cdhel elocities range - '

The present invention, accordingly, relates to a hydroisomerization
process, or further improved hydroisomerization process, for producing |
distillates with good cold flow properties in good yield from Cs+ paraffinic, or
waxy hydrocarbon feeds, contacted and reacted, with added hydrogen, over a

- small particle size hydroisomerization catalyst dispersed, or slurried, in a
paraffinic or waxy liquid hydrocarbon medium. The hydroisomerization
reaction is conducted at conditions which produce Cs- 700°F distillate products
including jet fuel, diesel fuel, lubes and high quahty blending components for the
production of these materials. In general, the hydroisomerization reaction is
‘conducted at controlled temperatures ranging from about 400°F to about 850°F,
preferably from about 500°F to about 700°F, at pressures ranging generally from
about 100 pounds per square inch gauge (psig) to about 1500 psig, preferably
from about 300 psig to about 1000 psig. The reaction is generally conducted at
hydrogen treat gas rates ranging from about 1000 SCFB to about 10,000 SCFB,
preferably from about 2000 SCFB to about 5000 SCFB. Space velocities range
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generally fromabout 0.5 LHSV to about .20 LHSV, preferably from about 2
LHSV to about 10 LHSV. The hydroi sonerization catalyst is contained in the
slurry in concentration greater than about 10 percent, preferably greater

t han about 25 percent, based on-the total weight of the slurry, and the
particles are of small average particle -di-aneter, ranging generally from
about 30 microns to about 150 mi crons, preferably from about 40 mcrons to
about 60 m crons average dianeter. The catalyst is bifunctional, containing

an active ’Tﬁgr easbolt 013 EHSWWOWQO@QWPH&MW&@I SbowCZ t

conponent . | onent is prefera[’o y a Goup IB;, Goup VIB,
and/ or G ou to,qlxpgﬁéﬂﬂ% als, of the Periodic Table O The El enent s

(Sargent-Wel ch Scientific Conmpany Copyright 1968) in amount sufficient to .
be catalytically acti n whi ch
the catal yst is di spe?@%eﬁdégﬁg@w%{‘rgéﬁyﬁ é@\%ﬁgflﬁ%!@é ¥lgWa;ﬁ* rom about
0. 05 per centconeentrasion greatee thanab Ollbdgepﬂ@ﬁntlm @ra by greates thambabaut@X at al yst
Bieml ary of ooty basel e Wial whigth of ¢ B botiesitee ST
and cobal t, ayerage;pagtiels diametepJanginggenery ewﬁms&t R0.microns toraba elg(()
netal s, SUC*im%ﬁon‘s) Péferab@y Qfoﬁvﬂbdlﬂ 40Pini¢ron®to H%M%ﬂi’di‘bnﬁa&ﬁ @ VIB netal.

Pa.lladlumls exe] a su bIe G,oup VI LI noble met e netal, or
metals, is WY % 3{1%(?5&&1 Ay © ‘E‘Hﬂ"ﬂb‘% %’éehélf a&‘? Dnown

rrelt hods, e. g:omlmnentrpreqnpbnmts mmmmmqrpwmpmé&ﬂt él‘lmcdoﬂveunetal a sui Itabl e
t t
support 1< Csnduls EprdferaBly 4 BIARIB, GHOIEVIB A PECRGY VT bR G *| 20
one conponermetals, afithePeriodia TableiOf Thei Elements (SargentﬁNoMmgnhﬁefu n |

i i oa g 321?%55\?%@59*‘@“‘9@‘1“%eA"‘Z@ﬁff‘m’W%‘ﬂWﬂ PO oni &,

hal i des, e.dW SPBierizatomn i therslurry Nathllngzmichgha ?@%&!ﬂ@ﬂgfsﬁrpgu ¢ O.n[s "
pr ef er abl y aGexérally,! metad cofddninations darfeffbmaabont DS peréiit' toYaboue20r r ed
support percent, based on the total weight of the catalyst (wt.%), preferably from about
) 0.1 wt. percent to about 10 wt. percent. Exemplary of such metals are such non-
‘noble Group VIII metals as nickel and cobalt, or mixtures of these metals with
each other or with other metals, such as copper, a Group IB metal, or |
molybdenum, a Group VIB metal. Palladium is exemplary of a suitable Group
" VIII noble metal. The metal, or metals, is incorporated with the support
component of the catalyst by known methods, e.g., by impregnation of the
. support with a solution of a suitable salt or acid of the metal or metals, dxymg
and calcination.

The catalyst support is constituted of metal oxide, or metal oxides,
components at least one component of which is an acidic oxide active in
producing olefin cracking and hydroisomerization reactions. Exemplary oxides

include silica, silica-alumina, clays, e.g.? pillared clays, magnesia, titania,

- zirconia, halides, e.g., chlorided alumina, and the like. The catalyst support is
preferably cOnstitnted_ of silica and alumina, a particularly preferred support
being constituted of up to about 35 wt.% silica, preferably from about 2 wt.% to
about 35 wt.% silica, and having the following pore-structural characteristics:



bei ng constituted of up to about 35 Wt.%silica, preferably from about 2
wt.%to about 35 wt.%silica, and having the foll ow ng pore-structural

characteristics: -4- Pore Radius A Pore Vol ume 0-300
>0.03 nml /g 100- 75, 000 <0.35 ni/g 0-30 <25%
of the volune of the pores with 0-300 A +4adi us 100- 300 <40% of the

~volume of the pores with 0-300A radius The basé silica and al uni na
materials can be, e.g., soluble silica containing conpounds such as al kali

metal silicates (EoﬁéRadhisx where [err] = 1:2 tPpréVolumieet r aal koxy sil ane,

orthosilic acid esterq 6 sul fates, nitrates o(ia CE[ ori des of al um num
al kali netal al um nat eg or i norgani c or organi (? &f al koxi des or the
| i ke. When precipi tl&l(l-'f@OOﬂe hydrates of silica<3%mlg na froma sol ution

Set Wi a range of "dbout 5.0 10" 111 WP HARCIAe i

carried out, with heating, by adding an acid or tadiusmder reflux to .
pr event evaporat i on jo-80@ treati NG&4004 OF the ol egforﬁ"w t]ir‘(g:;o?xal nder’
of the support producing process is the sane as t ommn y enployed, o

including filtering, drying and calcination of th l!%)port material. The
support may al so contain small anpbunts, e.g., 1-30 wt.% of materials such

Chei r pr oparaie bE sRicbid e e SN e AR
i ncor por at e@onmoemds isuch a$ atkalianetalrsiticatep QmafenablyewhatesNggﬁeS@ 15 e a
surface, a ea AR BRIE AT G i, o SRR ool A s °
"0.95 m /g, |8Em&mn@£k al mgtah ghumingt eabomnomgaug op ogganic saltsiofalkoxides
crushing st ropni likef Whew prédipitdting3he h§ardta of silica or alumina from a solution
of such starting materials, a suitable acid or base is added and the pH is set
within a range of about 6.0 to 11.0. Precipitation and aging are carried out, with
heating, by adding an acid or base under reflux to prevent evaporation of the
‘treating liquid and change of pH. The remainder of the support producing
process is the same as those commonly employed, including filtering, drying and
calcination of the support material. The support may also contain small

amounts, e.g., 1-30 wt.%, of materials such as magnesm, titania, zirconia, hafnia, |
or the like. .

* Support materials and their preparation are described more fully in
U.S. Patent No. 3,843,509 incorporated herein by reference. The support
materials generally have a surface area ranging from about 180-400 m2/g,
preferably 230-375 m2/g, a pore volume generally of about 0.3 to 1.0 ml/g,
preferably about 0.5 to 0.95 ml/g, bulk density of generally about 0.5-1.0 g/ml,
and a side crushing strength of about 0.8 to 3.5 kg/mm.

~ The feed materials that are isomerized with the catalyst of this
invention are waxy feeds, i.e., C5+, preferably boiling above about 350°F _
- (117°C) preferably above about 550°F (288°C) and may be obtained either from
a Fischer-Tropsch process which produces. substantially normal paraffins, or it
~ may be obtained from slack waxes. Slack waxes are the byproducts of dewaxing
operations where a diluent such as, propane or a ketone (e.g., methylethyl ketone,
methyl isobutyl ketone) or other diluent is employed to promote wax crystal |



The feed materials that are isonerized with the catalyst of this invention
are waxy feeds, i.e., [err], preferably boiling above about 350[err] (1
17[err]) preferably above about 550[err] (288[err]) and nay be obtai ned
either froma Fischer-Tropsch process which produces substantially norma
paraffins, or it nay be obtained from sl-ack waxes. Sl ack waxes are the
byproducts of -dewaxi ng operations where a diluent such as propane or a
ketone (e.g., nethylethyl ketone, nethyl isobutyl - ketone) or other dil uent

i s enpl oyed gi'@wﬂi; ﬂﬁ@ﬁﬂangtfetﬁéﬁd from-the labricuting sihbasestotle by diltration ed

The sl ack vk ot suitgBle medny TACSaek iranes heTkpnirl piteffibioS s pot "

680[ err ]0 g 3abpee abouyt GNOSFABA6YQ), |pne£elublymgre nhgé@d)' [600PF (3 B&‘K}r‘o)mrqbput 0
105 5 % .
o1 Viawos. \OSRE EE88-TY, beld plfcdtblin RSl Abgyd ”WQ‘?‘?%?’&‘(Z?‘?J" Srever

waxy distil |vmlehwbmlrm¢nts,teag (5029% are prefiavedichowexerawayy distillates ofs
feeds. Sl ack, g %uﬁiga m% B'Wh%rfeéd@”ﬂabkswﬁ&@ are

het er o- atom CO ues knovvn the art %\"m nh

hydr ot.reat i i§ sromatl 4\8"“@‘9@@1?9‘7‘9 fA$BYal $o reduces
sul fur and nedliriqees lhmwﬁhmﬂfeeéreragl I@hy&e&eadimg]aﬁdewnmddnlw&mm 2

Pav! ng' negl 15 34 800,707 PBicky 135 i el itat ok Rieioeth IS BREECIIT IO RS- |
ope(r]hajtf:lt on, ttbamlS pp:mandiessrthm 2tppm,16§ﬁaetw]:1yf d‘adcherl-fmpddmww:esatﬁ[ e;;]n .
P;Sm about %aeg&gefé?dmtgﬁ%l&?ﬁﬁwg ;iple' pré&gga |a?&§ra§%§s g@?%‘é pe?ceg_t
to about 80 rp@ﬂg@hcompoundmce t hr ough or fresh feed basis. The slurry

hydr0|soner|zat|on reaction is conducted i'n one or a plurality of reactors

connected in series, neral Ly from about, 1 tQ, a ctor but
preferably the reacti off QRETREOMY IO 8°\‘YF@°§|Q£§"%%Q%\ET5

hydr ocar bon 700°®. ﬁ)dllct, basbdron]themglarofﬂlemeed: lsr\mamtmmﬂea‘taﬂleyelaangingl ling
el Pt q?gmfag, ik 36 el 13 hbolPSG il pRltEably) 6% 2BON sPBEkER! fo

about 80 percent ona once-through or fresh feed basis.

The slurry hydroisomerization reaction is conducted in one or a
plurahty of reactors connected in series, generally from about 1 to about 5
_reactors; but preferably the reaction is conducted in a single reactor. The waxy -
hydrocarbon feed; e.g., a Cs+ Fischer-Tropsch wax, preferably one boiling
above about 350°F (177°C), more preferably above about 550°F (288°C) is fed,
with hydrogen into the reactor, a first reactor of the series, into a slurry of the
catalyst at hydroisomerization reaction conditions to hydroisomerize and convert
a portion of the waxy feed to 700°F- products which include jet fuel, diesel fuel,
lubes and high quality blending components. Use of the small diameter catalyst
particles at high 'productivity levels eliminates pore diffusion limitations, and the
'degradation of distillate product selectivities and product quality as occurs in
- packed bed hydroisomerization processes; e.g., as occurs in packed bed reactors
at space velocities >2 LHSV and 700°F+ conversion levels above 40%. In fact,
a single shurry reactor can be used to obtain approximately as much conversion
. as three packed bed reactors in series in hydroisomerizing a similar wax at
similar reaction.'conditions. Moreover, a simple water-steam cooling coil can be
used in the slurry reactor to more efficiently remove and control the exothermic
heats of reaction as contrasted with the requirements of a packed bed reactor



wi th hydrogen, into the reactor, a first reactor of the series, into a
slurry of the catalyst at hydroisonerization reaction conditions to

Rydr oi sonmeri ze and ‘convert a portion of the waxy feed to 700[err]- products
whi ch include jet fuel, diesel fuel, |lubes and high quality bl ending
conponents. Use of the small di amet er cabal yst particles at high
productivity levels elimnates pore diffusion |[imtations, and the
_degradatlon of dlstlllate product selectivities and: product quality as
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staged w t h i:?ed:er S|&r€l%llgé?gl rry ﬁ&?f{o@imz%ﬁo@g%&érsaggggﬁi% threeact or
of a series 64"! quids te fi tgeyhe;lmg)p eslusts. ZEhe shnrryawpgrader reactocimvert t he
heavy |1 qui geeferably 6pératedost teinperatind tahging Fiin aboht 450 E%otRut F3asEor 1S
preferably at pressures ranging from about 250 psig to about 1200 psig, and
preferably at resxder_lce times ranging from about 0.05 hour to about 2 hours.
Preferred catalysts contain cobalt-molybdenum, palladium, or nickel-copper
dispersed on acidic supports. Suitable supports include both amorphous and
crystalline inorganic oxides. Examples of supports comprise silica, alumina,

clays, e.g., pillared clays, magnesia, tltama, zucoma, halides, e.g., chlorided
alumina, and mixtures thereof.

The following examples are-illustrative of the more salient features

of the invention. All parts, and percentages are given in terms of weight unless
otherw15e specified.

- The example immediately following demonstrates the greater
effectiveness of a slurry of small particle diameter catalyst at high conversion
levels, an effect which is quite the opposite to the results obtained in fixed bed
hydroisomerization_ reactions which produces undesirable cracking.



preferably operated at tenperatures ranging from about 450[err] to about
750[err], preferably at pressures ranging from about 250 psig to about 1200
psig, and preferably at residence tinmes ranging fromabout 0.05 hour to
~about 2 hours. Preferred catal ysts contain cobalt-nol ybdenum palladium or
ni ckel - copper dispersed on acidi c suppors. Suitable supports include both
anor.phous and crystalline inorgani c oxides. Exanples of 'supports conprise
silica, alun1na clays, e.g., pillared clays, magnesia, titaria, zirconia,

hal i des, EQWLCE pded al unmina, and nixtures thereof The follow ng

exanpl es ar ative of the nore salient features of the invention.
Al parts, and percentages, are given in ternms of weight unless otherw se

spec 1 ed. The exanpl & bifumgonlabhydfopdmaerizatioesailysy anmprisoleoR0. 0wt %

conver si on Pavatiu & shiatidic siFR aRiia pibpor satBhierf ok Aials vadl o
obéI ai nedb: gtdstecbfbrlaeﬂvhyﬂs aihydrasconversiom catalyst i usmg,t ahaceprpsmuam;s;tesgt o
catalyst comrﬁ%ééﬁ%n@fgﬁiﬁl%lﬁ‘%%’@n&ﬁrfﬁﬁ D adeyie], THERELE ™
support conpmqedng:wasas Q\Wr] was-tested for activity as a

hydr oconver si on cat al yst using, as a represent at ive test, the preparation

of [err] from/[err] ( hexadecane The,t procedure was as .fol |l.ows:
Experiments were carr| efmen, %Wﬁﬁ%%‘ﬁd&"ém fehanicro-reastors;cogsisting of -

st ai nl ess shddlstinkeys stoel Saagebok a&pl and eAllesxpetinientswrere comjuictddbat at
6201 o111 ot eeE B RR b e g;%z%@mﬁz#@s%@éogbgﬁé@? Lighhs
-~ a catal yst baw oﬁZémuwelmngmhexpénnﬁnhhﬂOegmm‘ ofhexadecamepa catalystns, and
et on AR R SN OO0 Bl BB T
wer e agi t at éeaded into the mlcro-reactor The mlm-bomb was sealed and loaded onto a

stainless steel rack and placed in the sandbath. The reactors were agitated at a

-~ rate of 250 rpm for two hours and then removed from the sandbath and allowed

to cool to room temperature. The bombs were then opened in an evacuated

pressure cell attached to a gas collection bomb. The gas was collected and

analyzed by mass spectroscopy. The resulting liquid was extracted with 10.0 mL

of carbon disulfide and analyzed by gas chromatography. '

('D

Table 1A shows the conversion at three different pressures.

LY

Table 1A. Product Distributions for Hexadecane Hydroisomerization

Pressure, psia  Cjg/Catalyst Cjg Conversion,
(cold) wiw - wt%
250 101 30.5
500 10:1 193

750 - 10:1 127
n¥C16 conversion = [:1 - (unreacted n-Cjg/total hydrocarbon)] *100

It is significant that the hexadecane:catalyst ratio of 10:1 5.0
WHSV) produces moderate conversion levels. This illustrates the effectiveness



rate of 250 rpmfor two hours and then.renoved fromthe sandbath and
allowed to cool to roomtenperature. The bonbs were then opened in an
evacuated pressure cell attached to a gas collection bonb. The gas was

col l ected and anal yzed by mass spectroscopy. The resulting liquid was
extracted with 10.0 nL of carbon disul fide and anal yzed by gas

chromat ography. Table 1A shows the conversion at three different pressures.
Tabl e 1A. Product Distributions for Hexadecane Hydroi sonmeri zati on Pressure,
2§Ba [ er r] /ofzthelshaty reaClar whichanay @lllow(e@ehflﬁgher LHSV. OAé/\éxpected, there i i 9\’\% %
750 an mv%%a%orrelauon betwe%% cgn}qergfg Wﬁ%"}rﬁn =[1 - (unreacted

n-[err]/total hydrocarbon)] *100 It is significant that the )
hexadecane: catal yst ra onver si on
| evels. This illuy iyrat‘égﬂl %‘?F%g?é’\s/{e&nessé& the ?&Pﬁﬁﬁg" §06¢§@E§ or which
may al | ow e\Féﬁelmaz the isomers being smglermethybbmlches on

bet ween convidoweoér, a@dhmsﬁtmle fB iﬂﬁgﬁ%ﬂo&ﬁh&i?ﬂsﬁ ?]éde’?i‘ llgﬁ?ﬁc‘a:{r rAf‘:hount

Poomer s b i bl o 1e fs i goghamnta typioad fixedibedar

hi gher conve'eactors which produee Dﬂdésmtbl& cral Ftreﬂétldﬂs' dtihighereonversiie hes
begin to apng This is contrary to typical fixed bed Feactors. which

pr oduce undeS|rabIe cracking reactions at higher conversion |levels. Table
1B. Selectivity to Mono-Methyl [err] Isoners Selectivity to Mono- thhyl

gzngadecane ‘Ta¥le 1B. Selectlvnt}cgf‘]gfd’é@' I?IEth)yl'th/@ Rombrs 13.0 110
'Selectivity to Mono-Methyl
Pentadecane, wt.% Conversxon, wt %

84.9 | 11.0

i 84.8 12.0
: 85.1 13.0
840 - 13.7

825 - 17.0

83.5 18.5

79.9 : 19.0

79.5 . 19.5

74.5 26.5

74.0 | | 28.5

: 72.0. ot 30.0

68.0 34.0
iso-C1 6 selectivity = [iso-Cy6/(total hydfocarbon - unreacted n-Cy )] *100
EXAMPLE 2

The catalyst described in Example 1 was further evaluated, this

 time at various temperatures and residence times using the same procedure as
described in Example 1.



84.0 ' 13.7 82.5 17.0 83.5

18.5 79.9 ' : 19.0 79.5 : 19.5 74.5
26.5 74.0 : 28.5 72.0 30.0 68.0
34.0 iso-[err] selectivity = [iso- [err]/(total hydrocarbon - unreacted
n-[err])] *100 EXAMPLE 2 The catal yst des€ribed in Exanple 1 was further _
evaluated, this tine at various tenperatures and residence tinmes using the -
same procedure as described in Exanple 1. .-9- -Tabl e 2A shows t he _
conversi on and sel ect i Tablg %shd»WEﬂtaatmivgmomhndsél@eﬂm fof theCcatdly§pdrased

g o arRalBRhito Aot 3?‘5%‘1 TR s @ﬁ&?@rﬂgﬁ’eﬁ}' oFfn
condi ti ons vi® megm gdrom50-2095F. aTable 2B shawis simibar. data unders
case, the ! cidetiédlboRditisns\ithl tiOERichiion 07 the iemhodtathrt Qﬁg&h{gﬁffmﬂ,sovef a

range from 5-120,m nutes t "perc ersi.on
be obser ved, C4Sficthe empergtyne W?&V\ﬁ%@sqqngtanbﬁgé the mlwd@%agnnge
percent sel eﬁbmls-tlzottmuiii& The veeight péi@eﬂ%h@éﬁﬁﬁltMC | ST Gﬂserved,

'Eﬁﬁﬁ??fﬁ%?ﬁﬁ%&&@ SRSl tpetatye, SRR RS MelSh RATESRt SPlocviY to
decreased. TGggisoparaffine desmases wuhtmcneahng ltempémmres Ak)thecl’eﬁﬂﬁﬁéb titrle i S

| t : 80
the 1 Qﬁgi“‘érm’é‘*ﬁ%ﬁ‘?&‘}%ﬂﬁ?é@e‘?féL%a"évéf?%?w%#& ?ﬁ@f*ﬁ%&mﬁm 8, he
conver si on é?iﬂ’é’éﬂ% decreased, The conversiosy/selectivity Selationshipt i nos charigedct i on
of Tenper at Ultds also noteworthy that the selectivity remains very high (i.e., >80%) over the

range of conversion levels and does not drop significantly until the conversion
exceeds 80%.

Table 2A. Conversion and Selectmty as a Function of Temperature
Temperature, °F C16 Conversion wt.% o 16 Selectivity wt. %

650 272 . 97.5
660 . 363 97.3
- 670 . 486 95.5
680 71.6 ' 90.7
690 824 84.6
700 - 95.2 - 62.2
0.50 wt.% Pd/Si05-Al,03
10:1 Cq¢/Cat
: 250 psig Hydrogen Pressure
2 hours

Table 2B. Conversion and Selectivity as a Function of Time

Time,min. = Cjg Conversion wt.% C16 Selectivity wt.%
5 . 7.8 98.3
15 ' - 22.6 o ' 96.7
30 484, 942
60 | 76.7. - 862
%0 88.9 753

120 S 952 622



'I:errperature, [err] [err] Conversion wt.% Cl6 Selectivity wt.% 650

27. 2 97.5 660 36.3 , 97.3
670 ~ 48.6 ' 95.5 680 71.6
90.7 690 82.4 84.6 700

95. 2 62.2 0.50 wt.% [ertP-10:1 [err]/Cat 250 psig Hydrogen
- Pressure 2 hours Table 2B. Conversion and Selectivity as a Function of Tine
Time, mn. [err] Conversion wt.% J[err] Selectivity wt.%5

7.8 , 98.3 15 . _ 22. 6

96.7 30 ' : 94.2 60 :
76. 7 0,80 Y% Pd/SiO2-Al203 88.9 . 75. 3
120 H51L6/Cat | 62. 2 -10- 0.50 Wt . % [err]

10: 1 [err]/Cat 250 psizsgésMdio éﬁﬁégrsﬁrJOO[err] EXAMPLE 3 A bi functi onal
catal yst was prepared d;%.géa ptlTared interlayer clay (PILC) as the acidic
support with pall adi um. 50 wt. % as the dehydrogenation source. Pillared

clays are mcroporous materials formed by intercal ating inorganic

pol yoxocatioEXAtmi,ﬂ%eé'n clay layers. In this case, a

A bifunctional catalyst was prepared using a pillared interlayer
clay (PILC) as the acidic support with palladium (0.50 wt.%) as the
dehydrogenation source. Pillared clays are microporous materials formed by

intercalating inorganic polyoxocations between clay layers. In this case, a
zirconium pillared bentonite clay (Zr-PILC) was prepared from Na bentonite
(Volclay HPM-20, American Colloid Co.) and zirconium acetate solution (ZAA
Solution, Magnesium Elektron). The zirconium acetate and Na bentonite were
added to an aqueous solution and stirred for three hours at room temperature,
centrifuged, and washed with excess water. The catalyst was then dried at 120°C
for two days and calcined at 400°C for two hours. The resulting Zr-PILC had a
layer repeat distance 21A and a BET surface area of 350 m2/g1-a;n. Palladium
(0.50 wt.%) was added by incipient wetness using an aqueous solution of

 palladium amine nitrate (Aldrich). |

As in Example 1, the catalyst was tested for activity as a
hydroconversion catalyst using, as a representative test, the preparation of iso-

C16 from n-Cjg (i.c., hexadecane). The test procedure was identical to
Example 1. |

Table 3 shows the conversions and selectivity for the Pd/Zr-PILC
catalyst at a loading of 10 wt.% based on hexadecane feed at a pressure of 250
psig hydrogen and temperatures ranging from 500-575°F. In making activity
comparisons between the Pd/Si02-AlpO3 and Pd/Zr-PILC it will be observed
that, though the Pd/Zr-PILC catalyst is more active, the selectivities of the two
- catalysts is essentially the same. - This illustrates the effectiveness of the slury
hydroisomerization operation over significantly different catalyst.



zirconiumpillared bentonite clay (ZT-PILC) was prepared from Na bentonite
(Vol cl ay HPM 20, Anerican Colloid Co.) and zirconium acetate solution (ZAA
Sol ution, Magnesi um El ektron). The zirconium acetate and Na bentonite were
added to an aqueous solution and stirred for three hours at room
temperature, centrifuged, and washed wi th -excess water. The catal yst was
then dried at 1200C for two days and calcined at 400[err] for two hours.
The resulting Zr-PILC had a | ayer repeat distance 21A and a BET surface :
area of 350Tablerd./ Goawversitl amdiSelectivitybforn®d/Zy-RIBE added by i nci pi ent -

wet ness using : lutio ' m neaNi . G och). As
I n Exanple 1, ?ﬁms?ms tglgfgﬁgﬁi&w&\%’ty agqﬁts;?%ﬁlg&t?n‘gé(‘gl on
catal yst using, as 3Qepresentative tes?.3 the preparation 98.4i so- C16 from
n-Cl6 (i.e., hexadeggge). The test pr oggdgre was identical 953 Exanpl e 1.
Tabl e 3 shows the cggdlersi ons and selectivity for the Pd/Zr-PlLC catal yst
at a | oading of 10 Y% based on hexadééefhe feed at a pres?gﬂe of 250 psig
hydrogen and tenper$§g@res rangi ng fromgd®-575[err]. In nmaggmg activity
conpari sons between zge_ [err] and Pd/ Zr9-54LC it will be obsgr ved t hat,

t hough t he Pd/Zr-PI15_ catal yst i's nore 1 i ve, the selecti _tq_es of the two. -

catalysts is essentially the same. This illustrates the effectiveness of

the slurry hydroi sonery I Q PAPAL j.on..over significantly different

catal yst. . Tabl e 3. 9 nve‘rjg]l on aﬁéc}h etée)ct ivity for Pd/ Zr-PILC

Tenperature, [err] 10 bCyp/Cnversion w. % [err] Selectivity wt.% 500
9.3 230 pigHYdrogen Pressure 06. 4 - 982

550 : _ 6&@ gBH? g ' 90. 4 560 82.6

84.9 575 2hoursg7. 3 38.0 0.50 wt.%

Pd/ Zr-bentonite 10:1 [err]/Cat

EXAMPLE 4

For demonstrative purposes, and for purposes of comparison, a
catalyst prepared in accordance U.S. Patent No. 5,187,138 containing 4% SiO2,
3% Co, 0.5% Ni, and 12% Mo supported on a silica alumina support initially
containing 10% bulk silica was tested for activity and selectivity in conversion of
a 500°F+ Fischer Tropsch wax at several processing conditions. In these tests,
the catalyst was evaluated in a fixed bed reactor as 1/20" quadrilobe extrudates
using a 200 cc catalyst charge. Table 4A summarizes results of these studies.

- As in Example 1, conversion activity was improved with
equivalent selectivity and product quality when the pressure was reduced from
- 1000 psig to 500 psig and the space velocity was increased from 0.5 to 1.0
LHSV. However, when the wax feed rate-was increased to 3.0 LHSV and the
temperature was increased to maintain conversion, the selectivity changed
‘dramatically reflecting pore diffusion limitations, e.g., yields of jet fuel and
diesel were lowered in favor of gas and naphtha production, and the quality of
the jet fuel was also impaired as reflected by an increased freeze point. The
critical space velocity where pore diffusion limitations begin to detrimentally
affect the fixed bed catalytic behavior are not ﬁilly understood, but become
apparent at reaction severities that. provide 40-50% conversion of non-

hydrotr_eated Fischer Tropsch-waxes in reaction times of less than about 30
minutes; e.g., LHSV >2. '



250 psig Hydrogen Pressure 2 hours EXAMPLE 4 For denpbnstrative purposes,
and for purposes of conparison, a catalyst prepared in accordance U S
Patent No. 5,187,138 containing 4% Si @2, 3% Co, 0.5% N, and 12% M
supported on a S|I|ca al um na support |n|t|aIIy contalnlng 10% bul k silica
was tested for activity and selectivity-12R conversion of a 500[err] Fischer
Tropsch wax at several processing conditions. In these tests, the catal yst
~was evaluated in a fixed bed reactor as 1/20" quadrilobe extrudates using a
200 cc cat afyk q@harge. Table 4A summarizes results of these studies. ‘As in

Exampl e 1, conver5| n activity was i ved w t ui vgl ent lectjvity and
product quality wh&ondiBoRs essure mgﬁpﬁvmy kﬂﬂ% ?bsi gg‘ﬁ?)"tgﬂb' psi g
and the space velocity was increased f700?F@Wa§(CCdn\Q:r§1bﬁV However when
the wax fee S .i to 3.0 LHSV t he tenperatur '

i ncreased tgoﬁit/ﬁ‘?@?nﬂs&iém the sel ectﬁ@chigﬁ ®changed dra ?‘Sf aI ly
reflecting POOSE/S00 psig/ DO LHSV atlons e. g. yzm ds of jet fueBasend diesel
wer e Iovvere d napht ha and the quality of the
j et fuel %@W%%%g gt}gs‘)?eflect ed cériileéaséd freeze point. The. .
critical space vel.ocity where pore dlffus'rmgab‘:fnap ns begin to

det ri mental Iy affect the: fixed bed catal yti c behavi or are not fully

under st ood, but becong apparent at reacti everitj i de 40- 50%.
conversion of non- hy&ebprepaseef ppgmaesomrtgsiw ?'.Fq? EEQD ﬁ%s of

| ess than agemersionBver ikePdRiliba albiing catal st of Examplestd and'2.wdsondi ti ons
700{ er 1]/ T0BYSSEAIG 18 aisal upliow pilot plang uen%icia[sllyg*gxarﬁ"ﬁs?érs%w?e
700[ err ] / 508xtradagés) that Weké sized to 14/35 mesh. ZBY varying the reaction tGaperature
at constant pressure and space velocity (750 psig, 0.5 LHSV, 2500 SCF/B Hp
treat rate), it was established that the conversion of 700°F+ waxy hydrocarbons
followed zero order kinetics with an apparent activation energy of 30-35
kcal/mole for the range of conversion near 30-70%.

These kinetics were used to estimate the major design parameters
- for a slurry hydroisomerization process operating at 750 psig, 20 minutes

nominal liquids residence time, 40-70% 700°F+ conversion, and 20-35 vol%
- catalyst solids on slurry operated at 650-700°F. Two different processing
options were considered based on a fresh feed rate of 60,000 barrels per day of
wax, a once through process providing about 50% 700°F+ conversion, and a
bottoms recycle configuration operating at 100% 700°F+ conversion and 50%
conversion of fresh feed per pass. Table 4B summarizes selected results from
the design calculations where it was found that slurry hydroconversion can be
accomplished in a large single train reactor.

Table 4B.

Slurry Process Bases:

- 60 kB/D fresh feed _

- 50% (once through) or 100% (recycle, 50% C/P) 700°F+ conVersmn
- 10% gas hold-up

- 25 vol% catalyst solids on slurry

- 15 vol% reactor internals (filtration, heat removal)

- 10’ reactor freeboard zone



725[ err]/ 1000 psig/ 3.0 LHSV : 4-5 -8% j et/ di esel; +7% gas/ napht ha For
pur pose of conparison, the kinetics for Fischer Tropsch wax conversion over
the Pd/silica alum na catal yst of Exanples 1 and 2 was investigated in a
smal | upflow pilot plant using catalyst particles (ground extrudates) that
were sized to 14/ 35 nesh. By varying thel¥eaction tenperature at constant
pressure and space velocity (750 psig, 0.5 LHSV, 2500 SCF/B [err] treat
rate), it was established that the conversion of 700[err]+ waxy

hydr ocarbons foll owed zero order kinetics with an apparent activation

energy of 30-35 kcal{mole for the range, of conyersi near .30-70%. These
ki netics were used &3@8 stimteﬁ@&ﬁ%%&%ﬁspt 2 arﬁ%@lﬂ;—m €
hydr oi someri zati on process operating at 750 psig, 20 réactorelimensions(ft)

| i qui ds resi denc i 40- 70% 700[ err nver sion, and 204356, ¥al % cat al ys.t
solids on slur ryégé)%ﬁt at 650- 700[ e-h Two different. p;lgc’éégi ng options

wer e consi dered baBedyela a fresh feed1680@ of 60, 000 barreR8 %60 day of

wax, a once through process providi ng about 50% 700[ err] conversion, and a
bottons recycle configuration_-operating at 100%_.700[ err] conversion apd-50%
conversion of fresh fgau:lp&rommnnagn@rmssgfrﬂasmwtm%wﬁasm s

can be acconp ins A i PAtGa G EmeY, pricutirly thise chitittoriaa o1 <! o
Process Bas&:buigﬁ-ﬂg M5 tHE ?F‘tfti%‘g 1 d%‘%"} %E@lcef‘ﬁhéﬂ’gﬁ +OPEERANS: BT | e,
50% C/ P) 70Girecesk is paticalalyoadaptddié geltieveotfledtive-usédof\readtor abhinysdverd i ds

(r).ga(s:![ g;r%/ree‘éggﬁgbé/%{?gggstﬂé cé@&ﬁ%ﬂgl s (filt réti on, heat renoval) - 10

Cltis apparent that various modifications and chaxiges can be made
without departing the spirit and scope of the invention. '



Case React or Vol unme (cu. ft.) Nom nal inside cylindrical reactor
di mensi ons . (ft) Once Through— 7840

E}e{g?/g! gorrer i Hmm)m'!m#@@ﬁmt his invention ng' «

vari ety of hytrodynamsc S, particuli&akly thosie
bubbling flow, turbulent flow and churn turbul ent } ;
The process is particularly adapted to achi eve eff L""_ or

vol unme over @ APty of processing conditions. It is apparent that various
nodi fications and changes can be nade w t hout departing the spirit and
scope of the invention. 14 CLAIMS: 1. A hydroisonerization process for

hydr ooar bons..- ke e e e LAt o PR e et B Panar bon
rocar bons . i;sti. «19CONPISI. of . err],. r GC S
V\A)‘/li ch conpr i%@ﬁﬁﬁﬁﬁﬁfq‘fgp Mdfee&jgpuﬁtﬁg&hﬁ@ﬁ?ﬁp%ﬂ% ‘?‘}tﬁ% ction
andi ti ons, reactingaty hydfoisqmerizationareattiors comditions said \@Gpinpataffinic2 LHSV agd
about 10 LH [ ' ' ' r n
about 90 pe%ﬁﬁﬁ?@%%ﬁég@%@@%ﬁ@ %B%?Pﬁﬁ%ﬁﬁe%ﬁ?é%@k,
and hydr ogen) aGroup metad; bsmaxture or marewfisaidametals,p ViB
metal , a G Quppyited cidie'pafticillifeSsolid, bfRvitagPartick ditiéler Firing
R o e A A B
paraffinic |hydtoGarbpir ocarbon. 2. The process of Caiml wher ei n the

catal yst contains at |least one Goup VIII netal. 3. The process of Claiml

wherein the catal yst contains at |east one Goup VIII netal, and at |east
‘one Group IB or G oup 2 Bhepradess 6f Claim irwherem the catalystfcofitainsat leas and 3

wherein the .ation.contained in the catal yst ranges from about
0. 05 percentsﬁ@g%%wggﬁéptgfr'cent, based on the total weight of the

catalyst. 5. The process of any of .Claims 1, 2, 3 or 4 wherein the acidic
' 3. The process of Claim 1 wherein the catalyst contains at least
one Group VIII metal, and at least one Group IB or Group VIB metal.

4. The process of any of Claims 1, 2 and 3 wherein the metal
concentration contained in the catalyst ranges from about 0.05 percent to about
20 percent, based on the total weight of the cat_alyét.

5. The process of any of Claims 1, 2, 3 or 4 wherein thé acidic
support component of the catalyst is silica-alumina. '

6. The process of Claim 1 wherein the hydroisomerization
reaction conditions are characterized as having temperatures ranging from about
400°F to about 850°F, pressures ranging from about 100 psig to about 1500 psig,
hydrogen treat gas rates ranging from about 1000 SCFB to about 10,000 SCFB,
and space velocities ranging from about 0.5 LHSV to about 20 LHSV.

7. The process of any of Claims 1 thmugh' 6 wherein the average
particle diameter of the catalyst ranges from about 40 microns to about 60
microns. '

8. The process of Claim 1 wherein the C5+ paraffinic feedstock is
a Fischer-Tropsch reaction product.
-

een Replaced

i,



éupport conmponent of the yst is silica-alunmna. 6. The process of
Claiml wh e hydroi soneri zation reacti on-cone

characteri ze “mw atures ranging frt nnm@gwEEﬂ@(A[SeBErE]N jlo about
850[err], tmm m““ﬂ rom about 100 psid d,
hydr ogen tre gas rat'es srangl ng from abdut 1008—SEFE 5 5;-000 SCFB,

and space velocities ranging fromabout 0.5 LHS to about 20 LHSV 7. The
process of any of Clainms 1 through 6 wherein the average particle dianeter
of the catal yst ranges from about 40 microns to about 60 mcrons. 8. The .

process of laim1l wh§ ntheC5 araffl |cf is a

Fi scher - Tropsch react oﬁlhﬁrgﬁﬁ?ﬁs ﬁ}%ﬁg@@ls&nc&z&pﬂpl wher ei n

t he hydr oi sreastion és comductextin ame orsa phnaﬁlytaﬁtmallgrmmectadpeangedstty of
serially connected reactors. 10. The process of Caim9 wherei n the feed to

the single hydroisonerization reactor, or feed to the |ead
hydr oi sonmeri zati on red8t dheqiroeess oj&lm9whewqﬂlerﬂeedmﬂmsqlgkeedst ock and

the product h%&‘ﬁ’é(ﬁﬁeﬁia@i&tr@ tot, ’Eﬂ't@e ﬂﬂeCI%%Pg ”i'e

reactor of the seri ip i nt.o 3 r er !err

fractions, ¥HES N3 ?2716@7[ ﬁeeﬂi taek and the 'Fiéi‘ 700[err] -

fraction i sreactorsbepraduct fronsthedast reactof @f thepserie%fiﬂ sphitiat®C50700°Fs andr i es.
C5-700°F+ fractions, the C5-700°F- product is recovered and the C5-700°F+

fraction is recycled to the single reactor, or lead reactor of the series.
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