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5 Processes for the production of synthetic hydrocarbon
fuels and lubricants from synthesis gas, a mixture of
hydrogen and carbon monoxide, have been known for some time
and, of them, the Fischer-Tropsch process is probably the
best known. An account of the development of the process

10 and its more notable characteristics are given in Kirk-
oOothmer, Encyclopedia of Chemical Technology, Third Edition,
John Wiley & Sons, New York 1680, Vol 11, pp. 473-478 in
the article on Synthetic Fuels.

In the Fischer~Tropsch process, synthesis gas is

15 passed over a catalyst at elevated temperature and pressure
to produce a number of carbon monoxide reduction products
including hydrocarbons, alcohols, fatty acids and other
oxygenated compounds. In favorable circumstances,
oxygenated materials can comprise less than 1 percent of a

20 total desired liquid product. The hydrocarbon product is
highly paraffinic in nature and typically includes
hydrocarbon gas, light olefins, gasoline, light and heavy
fuel oils and waxy gas oils. Because the higher boiling
fractions in the product are generally too waxy for general

25 use either as liquid fuels or lubricants, further
processing or upgrading is normally necessary before they
can be used, either as such or by being added to the
general pool of products.

Upgrading processes of various kinds are described,

30 for example, in U.S. Patent Nos. 4,125,566, 4,133,841 and
4,234,412 and in these processes a high boiling fraction is
subjected to cracking followed by other processes such as
hydrotreating in order to remove residual quantities of
oxygenated materials and to increase the yield of gasoline

35 boiling range products. U.S. Patent No. 4,071,574
describes a process for improving the quality of the high
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the article on Synthetic Fuels. In the Fischer-Tropsch
process, syntR%6&79as is 15 passed over a catalyst at el evated
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tenperature and pressure to produce a nunber of g¢arbon—npnoxid
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10 heavy oil fraction boiling above about 345°C (650°F) is

upgraded using a ZSM-5 type catalyst. In the upgrading
process described in U.S. Patent No. 4,080,397, a mixture
of light o0il and higher boiling decant oil is first
hydrogenated and then fractionated to form a light fraction

15 and a heavy fraction which is subjected to selective
cracking. A similar process is described in U.S. Patent
No. 4,044,063. U.S. Patent No. 4,046,829 describes a
process in which the fractionated synthesis product boiling
above about 200°C (400°F) is first hydrogenated and then

20 treated with a ZSM-5 type catalyst to obtain a product of
lower pour point. '

In U.S. Patent No. 4,943,672 issued to Hamner, et al.,
Fischer-Tropsch wax is converted to a lubricating oil
having a high viscosity index and a low pour point by first

25 hydrotreating the wax under relatively severe conditions
and thereafter hydroisomerizing the hydrotreated wax in the
presence of hydrogen on a particular fluorided Group VIII
metal-on-alumina catalyst. The hydroisomerate is then
dewaxed to produce a premium lubricating oil base stock.

30 Degnan, Jr. et al., in U.S. Patent No. 4,995,962
provided a process for hydroisomerizing petroleum or
synthetic paraffin wax with a particular catalyst. The
catalyst comprises a hydrogenating component and a layered
titanate containing an interspathic polymeric oxide such as

35 silica. The hydrogenating component may be a Group VIII
metal such as Pt. .
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- 2- | boiling fraction, the decant oil being subjected in this
case to an |nFT5§79hydrogenat|on to saturate olefinics and to renove
oxygenat es, especially organic acids, after which t he hi gher boiling

materials are treated with a catalyst 5 =8ach as ZSM5 t @ﬁ{g%ﬂms BEEN
material with an acceptabl e pour poi nt . A i ARERIAGESS S

described in U S. Patent No. 4,044,064 in which the hydretreated
Fi scher - Tropsch product is fractionated and the kerosone fraction

together with the According to the invention, there provided a process
for upgrading a waxy heavy oil fraction produced by a
Fischer-Tropsch type synthesis comprising:

contacting said fraction and hydrogen gas under
5 isomerization conversion conditions including a temperature
of 200 to 500°C (400 to 930°F), a pressure of 200 to 13900
kPa (25 to 2,000 psig), and a liquid hourly space velocity
(LHSV) of 0.1 to 20, with a catalyst comprising zeolite
beta modified with an element selected from boron, tin,

10 lead, and indium and combined with a hydrogenation
component for a time sufficient to convert the heavy oil
fraction to form a product that contains a hydrocarbon
distillate fraction and a heavy hydrocarbon fraction
suitable for conversion to a lubricating oil.

15 When operated under mild hydroisomerization
conditions, a hydrotreating step is not required. By
increasing the severity, a low pour point lube can be
produced directly without a dewaxing sfep.

Feedstock

20 The feed for the present conversion process is
obtained by means of the Fischer-Tropsch synthesis, in
which synthesis gas, comprising hydrogen and carbon
monoxide is passed over a suitable catalyst under
conditions of elevated temperature and pressure. The

25 catalyst used is typically a metal or a metal oxide, with
iron, cobalt, nickel, ruthenium, thorium, rhodium or osmium
being preferred. In most cases, cobalt will be used as the
metal. Temperatures are typically in the range of 150°C to
500°C (about 300°F to 930°F) and pressures of 100 to

30 100,000 KPa (1 to 1000 Atm). Further details of the
process and of suitable apparatus for carrying it out will
be found in Kirk-Othmer, Synthetic Fuels, op cit and U.S.
Patent Nos. 4,046,829, 4,044,063, 4;044,064, 4,059,648,
4,080,397 and 4,071,574.

s Sheet Has Been Replacec

A




10 'heévy oil fraction boiling above about 345[err]C (650[err]F) is

upgr aded usi ng-8828M 5 type catalyst. In the upgrading process
described in U S. Patent No. 4,080,397, a m xture of IighE oil and )
hi gher boiling decant oil is first hyd-ogenat ed and Hrep—+act+onated
togforn1a light fraction 15 and a heavy fraction which éngﬁﬁfg%EEGS@@EN
sel ective cracking. A simlar process is described i b 1lLS

No. 4,044,063. U. S. Patent No. 4,046,829 describes a process in which
the fractionated synthesis product boiling above ,about 200[err]C

(400[err]F) is firdP By&¥BdSRt é‘&smrrﬁ-‘é’ﬁ’pfsh opeEatd@n, theasyathesige

catal yst to obasi bbtaphedyciforf exampleQWEroROdbalObyt means of a suitHble

h h
conver ted 1 o' SAPABLPEA: LAy LOEodeeed 1pfh, el FipopercaErRroP, AERVARFSE | ow

- pour point bywheret the carbdnomoasiide teduntionncteactdbasi take paweecto

diti h d X in the
resence o higFaychley SYAEhba s KEbALER Bonpl 161" nPUHERa NS iR
net al - on- al unVAEiBUSaPY¥Ygenakes, puchi asnadgohols @nénaclds defRed to

produce a pregbHekBRbnCateRdthk! Fl.a.aéae%f-q%ps%a catalys@eﬁawtaié p&hcdl - -
in U S Patent rogess for  ,hyd r0|sqner|2|ng

petrol eumor © Qgegyﬁf’ﬁEtPc%ﬁ%fFQfPPﬁ ﬂ&xtﬁﬁtﬁg§a6¥FF|9€I&P gafapydizedne
cat al yst conpbedesfachydilygtnausndesecipbedntinatdsa PpayentdNo. 4,0ik382bg

containi{|g angLRLeLERG. NifieP QL RIREL sO5hEC radE w331 be introduced at a
temperature of at least 150°C (about 300°F) and at a
pressure of at least 800 kPa (about 100 psig); during the
conversion the temperature of the reactants will rise due
to the exothermic nature of the reaction. The products of

15 the reaction are then cooled and a preliminary separation
of the products made. A physical separation of the
products will normally lead to a decant oil stream
comprising oil free of catalyst and a slurry oil stream
comprising oil mixed with entrained particles of the

20 catalyst. After the oil has been separated from the
catalyst in the slurry oil stream, the oil can be combined
with the decant oil for fractionation. The separation made
at this stage will depend upon the nature of the synthesis
product and the subsequent processing steps but typically,

25 a light oil boiling below 250°C (about 480°F) and a higher
boiling heavy oil can be obtained. The fractionation cut
points may, of course, be adjusted as desired, as is
conventional. The light oil may be treated subsequently by
further cooling and washing and by other processing steps

30 such as clay treatment and washing, as described, for
example, in U.S. Patent No. 4,046,829, which may then be
followed by further separation of heavy ends by
fractionation. The heavy ends so obtained may be mixed
with the other heavy oil fractions which may be treated by

35 the present upgrading process.
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35 silica. The hydrogenating conponent may be a Goup VIII met al
such as pPt. F-6879 -3-

According to the invention, there provided a process 'nnssmmﬂrnpgﬁ@affg a
waxy heavy oil fraction produced by a =5=Fi scher - Tf opsCIREPLPEEB YNt helsi s
conpri si ng: contacting said fraction and hydrogen gas under 5

| soneri zation conversion conditions including a tenperature of 200 to
500 C (400 to 930[err]F), a pressure of 200 to 13900 kPa (25 to 2,000

psig), and al'(m“ﬁLJE5Ué¥'§ﬁé§f¥f§”é§ﬂéﬁ%sis steps may be used, the
present upgrading process employs a heavy oil fraction
obtained from Fischer-Tropsch synthesis. This fraction is

generally in the distillate boiling range or above and

5 therefore may be characterized as having an initial boiling
point of at least 150°C (about 300°F), although in some
cases, materials of low boiling point (about 125°C) may be
included in this fraction. Preferably, the Fischer-Tropsch
heavy o0il fraction will have an initial boiling point above

10 174°C and more preferably 343°C (about 650°F) since the use
of a gas oil offers the possibility of producing both a
distillate and a lubricating oil product. These heavy oil
fractions will contain a high proportion of paraffins which
give them their waxy character and in addition will contain

15 olefins together with oxygenated compounds such as
alcohols, carboxylic acids, esters and other compounds. If
desired, the heavy oil fraction may be washed prior to
upgrading in order to remove water soluble oxygenated
compounds but if this is done, the residual water content

20 should be reduced to an adequately low level if the
catalyst used in the upgrading step is sensitive to steam.
The fraction may also be passed through a guard chamber to
remove contaminants associated with the conversion of the
synthesis gas.

25 Feedstock properties of a heavy wax fraction used
herein are shown below in Table 1.
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(LHSV) of 0.1 to 20, with a catalyst conprising zeolite beta nodified
with an el ene®r€68@9%cted fromboron, tin, 10 |ead, and |nd|un1and

conbi ned with a hydrogenation conponent for a tinm 174

convert the heavy oil fraction to forté=a product 4h2$$5§_ el %FB“
hydr ocar-bon distillate fraction and a heavy hydro :
suitable for conversion to a lubricating oil. 15 When operat ed under
m | d hydroi sonmerization conditions, a hydrotreating step i s not

requi red. By i ncreasing the severl EE|OMIpOUF poi nt | ube can be
produced directly without a demax géuiir—- Feedst ock 20 The
feed for the present conversion proce § r°peSﬁE§Fned by nmeans of the

Fi scher-Tropsch synthesis, in whi ch synt hesi s gas, conpr|5|ng hydr ogen

and carbon  goueReXxi de i s passed over a suitabl I t
%E%c gi%% Q gsol&ggﬁ i s

conditions of elevated tenperature and pressure. 457%
typicallysa netal or a netal oxide, with | ' ORungaka F heﬂ Conn.
rut henium thorium rhodiumor osm um bei ng preferfed. in nﬁs casés,
cobalt will boeillsedngenthewts metal . Tenperatures are pypegally in the
range of 150[ éDBRE5)0 500[ err] C (about 300[err]F to 930[err]F) and
pressures of 100 to 30 100, 000 kPa (1 to 1000 Atm. Further details of
t he 650°F~, wt% <1
Melting Point, °C 102
10 Average Molecular Mass 814
Average Carbon Number 58
Carbon Content, wt % 85.4
H2 Content, wt% 14.6
Viscosity @ 120°C, cP (Brookfield) 10
15 Density: at 25°C, g/cm3 0.94
120°C 0.7662
IBP @ 760mm Hg, °F (°C) 734 (390)
n-Paraffins 90.%
i-Paraffins 10.%
20 Aromatics 0.%
Catalyst

The catalyst used in the present invention comprises
zeolite beta as the acidic component and a hydrogenation-
dehydrogenation component supported on the zeolite. Zeolite

25 beta is described in US Patent No. 3,308,069.

The zeolite beta is modified by the inclusion in the
framework of the zeolite at least one element selected from
boron, tin, lead and indium, with boron being particularly
preferred. A method for preparing zeolite beta containing

30 framework boron is disclosed in U.S. Patent No. 4,672,049.
As noted therein, the amount of boron contained in the
zeolite may be varied by incorporating different amounts of
borate ion in the zeolite forming solution e.g. by the use
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procéss and of suitable apparatus for carrying it out wll be found in
Kirk-OQ hmer, ¥#sgg#setic Fuels, op cit and U S Pat ent Nos. 4, 046, 829,

4,044, 063, 4 044, 064, 4,059, 648, 4,080, 397 and 4, 574
-4- In a typical Fischer-T¢ppsch operatli(a);l';m Sﬁ%ﬁ'gf %%Ele

gas obtained, for exanple, fromcoal by neans of a suit gas+H-er,
I's introduced into the Fischer-Tropsch converter where the carbon
nonoxi de reduction reactions take place to 5 formthe synthesis product

conpri sing hydrocarbons and
of varying amounts of boric acid relative to the forces of

silica and alumina.
Preferably, the zeolite beta contains at least 0.1
weight % framework boron, preferably at least 0.5 weight %
5 boron. Normally, the maximum amount of boron will be about
5 weight % of the zeolite and in most cases not more than 2
weight % of the zeolite. The framework will normally
include some alumina and the silica:alumina ratio will
usually be at least 30:1, preferably at least 300 to 1 in

10 the as-synthesized conditions of the zeolite.

The zeolite beta employed herein is combined with a
hydrogenation-dehydrogenation component which is typically
selected from Group VIIIA of the Periodic Table, including
the nocble metals platinum, palladium, iridium, osmimum,

15 rhodium and ruthenium. The preferred metal is platinum.
The hydrogenation-dehydrogenation component may be
incorporated with the zeolite by any suitable method such
as impregnation or ion exchange. The catalyst preferably
contains 0.5 to 2 wt%¥ of the hydrogenation-dehydrogenation

20 component.

The zeolite beta may be composited with a matrix
material to form the finished catalyst and for this purpose
conventional non-acidic matrix materials such as alumina,
silica~alumina and silica are suitable with preference

25 given to silica as a non-acidic binder, although non-acidic
aluminas such as alpha boehmite (alpha alumina monohydrate)
may also be used, provided that they do not confer any
substantial degree of acidic activity on the matrixed
catalyst. The use of silica as a binder is preferred since

30 alumina, even if non-acidic in character, may tend to react
with the zeolite under hydrothermal reaction conditions to
enhance its acidity. The zeolite is usually composited
with the matrix in amounts from 80:20 to 20:80 by weight,
typically from 80:20 to 50:50 zeolite:matrix. Compositing

35 may be done by conventional means including mulling the
materials together followed by extrusion of pelletizing
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vari ous oxygenates such as al cohols and acids. The conver si on over
the Fi scher-F~6p38h catal yst nay take place either over a fixed bed
of the catalyst or in a fluidized bed of catal yst, as_described—in
U. S. Patent No. 4,046,829. 10 Cenerall y8=the synthe5|snggsﬁaﬁbﬂMMEﬂﬂﬂy
I ntroduced at a tenperature of at |east 150[err] ¢ (aborEPL2®EPer ]
and at a pressure of at |east 800 kPa (about 100 ¥3TQFJ), during the
conversion the tenperature of the reactants mﬁll ri se due to the
exot herm c nat re the . .re ctlon The of .15 t he reaction are
then cool ed &R&° BPePPﬁFF §P33 ggta ys oPaFﬁécﬂﬁﬁducﬁspﬁﬁﬁgrqﬁ

physi cal sepmeahbdnfot b&trudxngpthéuzb&thblwﬂ&hnshﬂﬁchea& a0 bd ndiezarils oi

stream | g re y il .Stream

conpri sing ol gﬁ?o%gﬁ lghb %trgﬂﬁéa géstlék B%f%9§5355¥ qgaﬁé b Af ter
the oil has bteamedpinavzderr tm agbieve tbatdeysrednlpweagudaty,onm disr eam
the oil gan B@r%BEBbaeﬁfter ﬁﬁthaEQQ %Cﬁﬁh Bbbanbrhbﬂﬁkbﬂﬂﬁﬁkﬁﬂtﬁ €

separati on nade hi's S:g% depend upon the nature of
synt hesi s blnﬂPGduéF &ﬁchWE 3oBad4 ent processing steps but typically,

25 alight oil beeh:e&abllql,om%&heau&&( ahplbyédOhetelin) hasdan Alphar
boi l'i ng heav& g can_be % d.1§he aactlonatlg §h n ﬁ% nts may,
of course a HfugPegrgg &55 8, tHs POA MOXe PREAREASHE DOr Gﬁi oi
may be treat tHanubseddphil Valype is ahurpproximatiendndidatdion of &hé by
ggggﬁlE%gceséh%91§E§Bsc§Qck1§ﬁCQc%§v§E9yoEr%ﬁE”EQEaiQQtW%%Rb%Qed?%o a
standard catalyst and gives the relative rate constant
(rate of normal hexane conversion per volume of catalyst

per unit time). It is based on the activity of the highly

U

active silica-alumina cracking catalyst taken as an Alpha

15 of 1 (Rate Constant = 0.016 sec-1). The Alpha Test is
described in U.S. Patent No. 3,354,078; in the Journal of
Catalysis, vol. 4, p. 527 (1965); vol. 6, p. 278 (1966);
and vol. 61, p. 395 (1980) The experimental condition of
the Alpha test used herein include a constant temperature

20 of 538°C and a variable flow rate as described in detail in
the Journal of Catalysis, vol. 61, p. 395.

The desired low alpha value of the catalyst can be
achieved steaming. Steaming typically utilizes an
atmosphere of 100% steam, at a temperature of 430 to 590°C

25 (800° to 1100°F) and is normally carried out for 12 to 48
hours, typically about 24 hours, in order to obtain the
desired reduction in acidity. The use of steaming to
reduce the acid activity of the zeolite has been found to
be especially advantageous, giving results which are not

30 achieved by the use of a zeolite which has the same acidity
in its as-synthesized condition. It is believed that these
results may be attributable to the presence of trivalent
metals removed from the framework during the steaming
operation which enhance the functioning of the zeolite in a

35 manner which is not fully understood. Steaming can be done
before or after compositing. '
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exanplé, in U S. Patent No. 4,046,829, which may then be fol | oned by

further separBrp8R90f heavy ends by fractionation. The heavy ends so
obt ained nmay be mi xed with the other heavy oil fradqtimgSpeht ¢iAsnERENDE
treated by 35 t he present upgradi ng procéss. - 5- REPLACED )
VWhat ever specific synthesis steps may be used, the TESETt upgradr g
process enploys a heavy oil fraction obt ai ned from Fi scher-Tropsch
synthesis. This fraction is generally in the distillate boiling range

: haracterjzed as having an initial
ggi?Pg;e and 5 £Q§£§L€§gs o betgpgca iica-bound bgron-containing

Zeolite beta catalyst for use herein are given in Table 2:

TABLE 2
Properties of Beta/sio2
5 Zeolite Beta content, wt% 65
Alpha value(l) 5-7
Particle Density, g/cc 0.972
Real Density, g/cc 2.238
Pore Volume, cc/g 0.582
10 Surface Area, m2/g 357
Hexane Sorption, wt% 10.1
Cyclohexane Sorption, wt$% 11.7
Alumina, ppmw 2,900
Boron, ppmw 2,000

15 Sodium, ppmw 160
(1) Prior to the platinum exchange

Process Conditions
The feedstock is contacted with the catalyst in the
presence of hydrogen under conditions of elevated
20 temperature and pressure. The conditions used e.g.
temperature, pressure, space velocity and hydrogen ratio,
may be similar to those used in conventional hydro-
isomerization operations although the use of highly
siliceous zeolite catalysts may permit the total pressure
25 requirements to be reduced and the absence of polycyclic
aromatic materials in the feedstock will preclude the
normal hydrocracking reactions from taking place.
Process temperatures of 200°C to 500°C (400°F to
930°F) may conveniently be used although temperatures above
30 425°C (800°F) will normally not be employed. Generally,
temperatures of 300°C to 425°C (570°F to 800°F) will be
employed. As is preferred, the temperatures will be 260 to
370°C (500 to 700°F). Total pressure is usué;;y_inuphe
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point of at least 150[err]C (about 300[err]F), although in sone cases,
materials of Fo®8@8il|ing point (about 125[err]C) may be ~included in
this fraction. Preferably, the Fischer-Tropsch heavy oil fraction wulliJ

have an initial boiling point above 10 <4X@ferr]C and nore[ g suedi NAS BEE
343[err] C (about 650[err]F) since the use of a gas oilJoffergEpLACED
possibility of producing both a distillate and a | ubri éatTTg oI
product. These heavy oil fractions will contain a high proportion of
paraf fins whic m_t heir_waxy character and in addition-wl|

h i he .
contain 15 Sﬁﬁgﬁngfgaégtﬁgr1ﬁ#9H°o§?§eﬁ&?e8°caﬂﬂeuﬁﬁggich1§§ lower
al cohol s, carpuessurescwidthinsthis zafget ber 2a00pongdss50! kpa (308€&b’ §do

the h il LEEqcti.Q6 ed ior_to . _upgrading in der to
Femove vt or BSian bSInEErdEelReAC] Bhs brbfess, s PRPARLER, LR, RDE  he
resi dual wat ePresaneat ofohydragendand hyduvogent pamhiatlepnessuyesowillavel if
t he at a: dpkn radi eRphLS ngit i t am

The fract?on %g§?gfzg Bg fgggegeghﬁguggogbggg?d(zﬁaﬁge?gﬁg 85§&?fen898

cont ani nant s EQEBEiQFeBY pHeRnhEocbhech¥dsacarbencfeedstegkt fhydrogen. 25

Feedst ock propgrtutatpbnarfteyywidX hoffaldy B&CErom 10N€6€3N58HCnaPRYA
bel ow in Tablfi&ers per liter (56 to 19,660 SCF/bbl). The space
velocity of the feedstock will normally be from 0.1 to 20
10 LHSV, preferably 0.1 to 2 LHSV.
During the reaction, substantial conversion to lower

boiling products, especially those in the distillate range
(165°-343°C, 330°-650°F) takes place. Naphtha and dry gas
may also be produced in substantial amounts. At the same

15 time, however, the n-paraffins present in the feed and
those produced by cracking are subjected to isomerization
to less waxy iso-paraffins, resulting in a lower pour point
for the product. As a result, the process of the invention
produces a material which, by reason of its lower pour

20 point and good viscosity index (attributable to its
substantially paraffinic nature), is highly suitable as a
lubricating oil base stock.

The conversion may be conduced by contacting the

feedstock with a fixed stationary bed of catalyst, a fixed

25 fluidized bed or with a transport bed. A simple
configuration is a trickle-bed operation in which the feed
is allowed to trickle through a stationary fixed bed. With
such a configuration, it is desirable to initiate the
reaction with fresh catalyst at a moderate temperature

30 which is of course raised as the catalyst ages, in order to
maintain catalytic activity. The catalyst may be
regenerated by contact at elevated temperature with
hydrogen gas, for example, or by burning in air or other
oxygen-containing gas.
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TABLE 1

Feedst ock Properties Sour ce:

Paraflint Hl gsasgdgvaks Bat ch
#5753 (Moore & 5 Munger, Shel ton,

Conn.)
(D3235)

Gl Content, wt% =11~ 0. 75%

650[err] F-, wt % THISLSHEET HAS WREL !

Point, [err]C 102 . REPLACED

10

15

20

25

30

35

Products
The distillate boiling range products which may be

obtained by the present upgrading process are characterized
by a high content of isoparaffins and a very low content of
sulfur- and nitrogen-containing compounds. Because of the
high isoparaffin content, the pour point (ASTM D-97) of the
distillate products is generally at or below -18°C (about
0°F). In addition, these products are extremely low in
aromatics so that they are highly suitable as premium
quality jet fuels. Their high Cetane Index will also make
them good diesel fuels, a utility which is, of course,
enhanced by their low sulfur content.

The higher boiling fractions (343°C+, 650°F+) which
are obtained from the upgrading process are also highly
paraffinic materials which confer a high viscosity index
(ASTM D-2270) upon them, making them highly desirable
lubricant base stocks. However, because the paraffins are
present mainly as isoparaffins, the product will have a low
pour point in addition to the desired high viscosity index.
In general, the pour point (ASTM D-97) will be below 0°C
(32°F) and in some cases below -18°C (about 0°F).

Viscosity Indices will normally be above 150 and may even
be as high as 170 or even higher. A VI of 175 has been
obtained.

The present process is therefore notable for its
ability to upgrade Fischer-Tropsch heavy fractions to
produce both distillate and lubricant products which are
notable for their low pour point and their minimal content
of heterocyclic (nitrogen and sulfur) compounds. The
process may be operated under conditions of high severity
to increase the proportionate yield of distillate range
product, if this is desired or, alternatively, the
proportion of lube product may be maximized by operation
under low severity conditions. By suitable choice of
operating conditions, both distillate and lube products may

be obtained.
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10 Average Ml ecul ar Mass 814 Aver age Carbon

Nunmber F-6879 58 Carbon Content, wt %

85. 4 H2 Content, wt% 14. 6

Viscosity @120[err]C, cP (Brookfield) =12= 10 15 SHBET HAY BEEN
25[err]C, g/cnB 0. 94 20[ errEpPCACED

0. 7662 IBP @760mm Hg, [err]F ([err]Q 734 (390)
n- Par af fi ns 90. % i -Paraffins

10. % 20 Ar omat i

Cai al yot The, dnvention is i1lustzated by the follckifle Examples

zeol i te bet a ias whisha@ldi @Wmmﬁimﬁwﬂ%m&@&qes are by
dehydr ogenat i} HERANKYs SHRARUG &b Yhd emsdry.e HRefidlds 2 and 3

below illustrate the preparation of the highly siliceous
5 zeolite catalysts.

EXAMPLE 1

The Pt/[B]zeolite beta catalyst described in Table 2
was used to upgrade a Fischer-Tropsch wax by
hydroisomerization to form high-quality diesel fuel and

10 potentially premium lubes. The wax was isomerized and

cracked over the catalyst at moderate conditions, namely
2860 kPa (400 psig), 315-330°C (600-630°F), 0.5 LHSV, to
produce the following:

Cracking Severity Low High
15 650°F+ (343°C+)Conversion 24 62
Wax Conversion 83 100

Diesel Fuel
330-650°F (165=-343°C) Yld 20 46
Cetane Number* 74 72

20 650°F+ (343°C) Distilled Btms
MEK dewaxing yield 77 100 - no
dewaxing required

Lube Yld, wt% feed 59 38
Lube kV@100°C, cSt 5.5 4.4

25 Lube VI 170 151
Lube Pour Point,°F (°C) +10 (-12) 0 (-18)

*Estimated from 1H NMR.

At low severity, lube yield is optimized at 59 wt%
with a VI of 170. Increasing severity increases diesel
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25 beta is described in US Patent No. 3, 308, 069. The zeolite
beta is nodi fFe®81Y the inclusion in the framework of the zeolite at
| east one el enent sel ected from boron, tin, |ead apdedteitH—w-tH—
boron being particularly preferred. A3tet hod for pl Gi5ES SHEEL HAP BEEN
beta containing 30 framework boron is disclosed in U $. Pat AMBD |
4,672, 049. As noted therein, the anount of boron contained in the
zeolite may be varied by incorporating di fferent amounts of borate ion

Lgr;rﬁgzg?rlolit #n%)ori cg;écl%éigﬂg (?f Yépte‘hwfolfleldbf‘nscoatﬁ [ c%aand
al um na. VI. However, these deblts to the lube yield/quality may be
off~set by the higher dewaxing yield, especially at the
point (~60 wt% 650°F+ [343°C+] conversion) where no further
5 dewaxing of the distilled bottoms is required to produce a
lubes base stock. Cetane numbers of the distillate
fractions were estimated by a nuclear magnetic
resonance (NMR) technique.
This example illustrates that Fischer-Tropsch wax can
10 be processed over Pt/[Blzeolite beta at 24% 650°F+ (343°C+)
conversion to yield 60% lube (170 VI) and 20% diesel (70+
cetane number). Increasing conversion to increase diesel
yield results in decreased lube yield and VI. However, at
high conversion (~60%), high quality lube (VI>150) can be
15 produced directly upon distillation without the need of

additional dewaxing.
The following examples illustrate the preparation of
the Pt/[B]zeolite beta catalyst which is used above.

EXAMPLE 2
20 A representative boron-containing zeolite beta
catalyst can be prepared by crystallizing the following
mixture at 285°F (140°C) for 13 days, with stirring:

Boric acid, g. 57.6
NaOH, 50%, ml. 66.0
25 TEABr, ml. . 384
Seeds, dg. 37.0
Silica, g. 332
Water, g. 1020
Notes:
30 1. TEABR = Tetraethylammonium bromide, as 50 %

aqueous solution.
2. Silica = Ultrasii® silica.
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Preferably, the zeolite beta contains at least 0.1 wei ght % franmewor k
boron, preferBnf§7%t | east 0.5 weight % 5 boron. Normally, the maxi num
anount of boron will be about 5 weight % of the zpW I SHEROAS) pEDS
cases not nore than 2 vei ght % of thedzeolite. The Trappprkem ||
normal |y I ncl ude sone alum na and the silica: al um-Ra—+at+o—wit
usual ly be at least 30:1, preferably at least 300 to 1 in 10 t he
as-synt hesi zed conditions of the zeolite. The zeolite beta

enpl oyed herein is | Lt h . hydr ogepat i pn- dehydy ogenpat | on,
conponent whi ch isT§§g$%g§£9¥& prg@%f%cf%de¥?%ﬁ£?§ogﬁ Q@Y¥A£B$ ?ﬂti?EFPﬁdic
Tabl e, includdplysis and ¢confermetal thel structureadf azikohiterbetanby x-
osm mum 15 yiP04i PFraAREisns henium  The preferred netal is platinum

D

The hydr ogenation-dehydrogenati on conmponent may be i ncorporated with
the zeolite by any suitable nmethod such as i npregnation or ion
exchange. The catal yst gigferably contains O.pgl® 2 wt% of the
hydrogenq;ion-dehydroge tfon 20 conmponent . The zeolite beta
may be conposited with rix material to fofmthe finished cat al yst
and for this purpose B conventional non-acidic npjg8 X materials such as
al um na, silica-alym nd silica are suit ? with preference 25
given to silica as a non-%a I ¢ bi nder, although hoh-acidic al um nas
such as al pha boehnite Nal pha al um na nonohydrate) 1.65 npay al so be used,
provi ded that they do rgdp confer any 81.6

10 EXAMPLE 3

The as-synthesized boron-containing zeolite beta of

Example 2 is mulled and extruded with silica in a
zeolite:silica weight ratioc of 65:35, dried and calcined at
900°F (480°C) for 3 hours in nitrogen, followed by 1,000°F

15 (540°C) in air for three hours. The resulting extrudate is
exchanged with 1N ammonium nitrate solution at room
temperature for 1 hour after which the exchanged catalyst
was calcined in air at 1,000°F (540°C) for 3 hours,
followed by 24 hours in 100 percent steam at 1,025°F

20 (550°C). The steamed extrudate is found to contain 0.48
weight percent boron (as B203), 365 ppm sodium and 1920 ppm
Alzos' The steamed catalyst is then exchanged for 4 hours
at room temperature with 1N platinum tetraammine chloride
solution with a final calcination at 660°F (350°C) for

25 three hours. The finished catalyst is found to contain
0.87 weight % platinum and have an alpha value of 4. The
catalyst is sized to 20/40 mesh and 10 cc (5.46 g) is
loaded into a standard 1/2 inch inside diameter reactor.
If desired it can be sulfided at atmospheric pressure with

30 2% st/H2 programmed up to 400°C (750°F) and held
overnight.
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subst anti al degree of acidic activity on the matri xed catal yst. The
use of silic®~&878 binder is preferred since 30 al um na, even if
non-aci di ¢ i-n-character, _may tend to react Wi th the.zeolite-unde BE

n

hydr ot her mal reactlon condltlons to -&Bhance its a¢ rmm3§HEH%€A§@8 Mt
is usually c uuﬁnu""ul h the matrix in amounts from SREPACER 2
by wei ght, m 80: 20 to 50:50 zeolite:matri x. Conpositing
35 may be done by cohvéntlonal means including mulling the materi al s
t oget her follggigs.y extrusion of pelletizing
1. A process for upgrading a waxy heavy oil fraction
produced by a Fischer-Tropsch type synthesis
comprising:
5 contacting said fraction and hydrogen gas under

isomerization conversion conditions including a
temperature of 200 to 500°C (400 to 930°F),
pressure of 200 to 13900 kPa (25 to 2,000 psiqg),
and a liquid hourly space velocity (LHSV) of 0.1

10 to 20, with a catalyst comprising zeolite beta
modified with an element selected from boron,
tin, lead, and indium and combined with a
hydrogenation component for a time sufficient to
convert the heavy oil fraction to form a product

15 that contains a hydrocarbon distillate fraction
and a heavy hydrocarbon fraction suitable for
conversion to a lubricating oil.

2. A process as claimed in claim 1 wherein the zeolite
beta is modified with boron.

20 3. A process as claimed in claim 1 or claim 2 wherein the
hydrogenation metal is platinum.

4, A process as claimed in any preceding claim wherein
the catalyst has an alpha value less than 10.

5. A process as claimed in any preceding claim wherein
25 said zeolite beta catalyst has a silica to alumina
ratio of at least 300:1.

6. A process as claimed in any preceding claim wherein
the conversion conditions include a temperature of 260
to 370°C (500 to 700°F), a pressure of 1480 to 13900
30 kPa (200 to 2,000 psig), and a liquid hourly space
velocity (LHSV) of 0.1 to 2. '
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|nt0 the desired finished catalyst particles. A preferred met hod for

extruding th&F28¥%te with silica as a binder is di schosed—A—-S
4,582,815. If the catalyst is to be steamed in or {|HI§ éH%E:%Hé%éEF’he
desired low acidity, it is 5 performed¥ter the cathl yst BEREAGER

formulated with the bi nder, as is conventi onal . Prefer abI Y,
t he catal yst errplo : e no reater than 10,
and nore preferabl yRregreate Frer-vet ;
i ndi cation of the 10 cat aI yt| c cr ach%%%%/l ty of the cat al yst conpar ed
to a standard catal yst and gives t ive rate constant (rate
of normal hexane conversion per volune of catal yst per unit tinme). It

is based on the agiigh ty. t [ I acki ng
cat al yst taken alf angﬁ phg{%%h&gﬁfﬂin%nl% ratﬁ?lsét%ﬁ]fﬂéoﬁé?t%l M{%&ﬁ

Al pha Test i ¥ Py i By i Ieasd ©r ppdiim \gnd combingd with (e Jour naI
ofI o1 Gat almmg%ﬁt%ﬁ:/@hﬁﬂoéé:%@t on chj&x%pcﬁaeﬂt 24 &éﬁ@N c%nv?r@?d
Vo p. e_experimen itio e a tes
used herein i n%{}‘éeet 01\% t351?# cgt‘lﬁ%é] l%l?séf%Y r§e a variabl e
fl ow rate as praaffirs, iolefins Iandt oxygendtees) dntm| 1o ;ﬁsunlycsim; vol . 61,
p. 395,

achi eved st ean:%erlﬂéece%n ngagyp%at}%l ﬁ&zhgbsé%ngm é?{,?i %a‘gr bfukﬁO%

steam at at sauikedy Bt tl1BDofan ec dewaxed by a conventlonal
10 solvent process, by a catalytic process, or by increasing

the severity of the hydroisomerization step.
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. S G022 - §
25 (800 to 1100[err]F) and is normally carried oyt—tor—i2—t1m Ipo§
REBLACEMEN]: SHEET

hours, typically about 24 hours, in order to obtain
rgdgce theaci-d-agtivity

reduction in acidity. The use of steamng to

of the zeolite has been found to be especi al | y faqvapians®wss giving

results which are not 30 achieved by the use of ajzdqolite which hgsithe
It b-s—bettreved-that

sane acidity In its as-synthesized condition.
results may be attributable to tﬁé‘presedce of trivalent |
operati1 on which

t hese
metal s renoved fromthe framework during the steam ng
enhance the functioni nqEdpAdIReZEP AT 1 o 8.1 L R
understood. Steam ng can r —_— '
-0O-
This invention relates to the Upgrading of Fischer-
T?opsch heavy end products to produce low pour point
distillates and lubricants of high Viscosity index
S Processes for the production of SYnthetic hyd;oc g
fuels and lubricants from synthesis gas, , mixture ofar -
hydrogen and carbon monoxide, have beepn known far so tme
and, of them, the Fischer-Tropsch process is probablmet:lme
Dest known. An account of the development of the pr:;es:
10 and its more notable characteristics are given in Kirk-
Othmer, Encyclopedia of Chemicul Technology, Third Editio
John Wiley & Sons, New York 1980, Vol 1, PP. 473-478 in ”
the article on Synthetic Fuels.
In the Fischer-Tropsch process, SYnthesis gas is
15 pPassed over a catalyst at elevated temperature ang pressure
so Produce a number of carbon monoxide Teduction products
including hydrocarbens, alcohols, fatty acids and other
oXygenated compounds. In favorable Circumstances,
, OXyYgenated materials can comprise less than 1 percent of a
Y t?tal desired liquid preduct. The hydrocarbon product is
highly paraffinic in nature and t¥pically includes
hydrocarbon gas, light,glefinsf gasoline, iight and heavy
fuel oils and waxy gas oils. Because the higher beiling
fractions in the product are generally tog waxy for general
25 use either as liquid fuels or lubricants, further ’
Processing or upgrading is normally Recessary before they
can be used, either as such or by being added to the
general pool of preoducts.
X Upgrading processes of various kinds are described
) for example, in U.S. Patent Nos. 4,125,565, 4,133,841 a;d
4,234,412 and in these processes a high boiling :;action is
subjected to cracking followed by other Processes such as
hydrotreating in order to remave residual quantities of
oxygenated materials and to increase the Yield of gasoline
35  boiling range products. U.S. Patent No. 4,071,574
describes a process for improving the qality of the high




A

Properties of a typical silica-bound, boron-containing zeolite beta
catal yst for use herein are given in Table 2:

TABLE 2 Properties of Beta/S|o[&ﬁPLACENﬂﬂWTE&Eﬁﬂte

Beta content, w% 65 Al pha V4l yeTerT]

5-7 Particle Density, g/cc 0.8%2 Real

Density, g/cc 2.238 Fore I%H%19%%/;

0.582 10 Surface Area, nferr]/g -2 Hex-ade

Sorption, w% 10. 1 Cyclqhexane Sor pti on,

wt % 11.7 Al um na, ppmw

2, 900- Boron, ppnw 2,000 15 Sodi um
nmw 160 or, t.o e _platinum

ggchange boiling fraction, the decant oil being s&bjected in Eglsp

case to an initial hydrOgenatlon to saturate olefinics and
to remove oxygenates, especially organic acids, after which
the higher boiling materials are treated with a catalyst

5 such as ZSM-5 to produce a material with an acceptable pour
point.

A similar process is described in U.s. Patent No.
4,044,064 in which the hydrotreated Fischer-Tropsch product
is fractionated and the kerosone fraction together with the

10 heavy oil fraction boiling aboYe about 345°C (650°F) is
upgraded using a ZSM-5 type catalyst. In the upgrading
process described in U.S. Patent No. 4,080,397, a mixture
of light o0il and higher boiling decant oil is first
hydrogenated and then fractionated to form a light fraction

15 and a heavy fraction which is subjected to selective
cracking. A similar process is described in U.S. Patent
No. 4,044,063. U.S. Patent No. 4,046,829 describes a
process in which the fractionated synthesis product boiling
above about 200°C (400°F) is first hydrogenated and then

20 treated with a ZSM-5 type catalyst to obtain a product of
lower pour point.

In U.S. Patent No.’ 4,943,672 issued to Hamner, et al.,
Fischer-Tropsch wax is converted to a lubricating oil
having a high viscosity index and a low pour point by first

25 hydrotreating the wax under relatively severe conditions
and thereafter hydroisomerizing the hydrotreated wax in the
presence of hydrogen on 2 particular fluorided Group VIII
metal-on-alumina catalyst. The hydroisomerate is then
dewaxed to produce a premium lubricating oil base stock.

30 Degnan, Jr. et al., in U.S. Patent No. 4,995,962
provided a process for hydroisomerizing petroleum or
synthetic paraffin wax with a particular catalyst. The
catalyst comprises a hydrogenating component and a layered
titanate containing an interspathic polymeric oxide such as

35 silica. The hydrogenating component may be a Group VIII
metal such as Pt.



Process Conditions The feedstock is contact ed wi th the catal yst

in the presence of hydrogen under conditions of

tenperature and pressure. The conditions used e.qg. Yﬁéﬁ;@ﬂﬁfﬂﬁ@EET
pressure, space velocity and hydrogen rati o, may fbe simlar to tHoge
used in conventional hydro- i soneri zati on operatijons 27 Ad8J998s he yse
of highly siliceous zeolite catalysts_gay permt fhe total pressyrg 25
requirenents to be reduced and the absence 8f pol ycycljc ar ometl
materials in the feedstock will preclude the nor npl hydrocracki ng
reactions fromtaking place. Process tenperatures of 200[err]C to
500[err]C (400[err]F to 930[err]F) may conveniently be used al t hough

t enper at ures above 30Accor@Bhgrtd Gle8Gdventisd, iidrenprauided rotprioeess

enpl oyed.  Gener abkyui% admtgemﬁ weasy%lﬁoﬁhﬂitrﬂoﬁ bPoduSd Loyl &

570 F to 80 f th
'Eerrpga(ra;'ztresovml e %)rrt°5’s°h t@@@?ﬁ?ﬁ%m&r&s[f%ﬁ[;?r]elr:;e Totgl

pressure is usually i¢pntasting said fraction and hydrogen gas under
5 isomerization conversion conditions including a temperature
of 200 to 500°C (400 to 930°F), a pressure of 200 to 13900
kPa (25 to 2,000 psig), and a liquid hourly space velocity
(LHSV) of 0.1 to 20, with a catalyst comprising zeolite
beta modified with an element selected from boron, tin,

10 lead, and indium and combined with a hydrogenation
component for a time sufficient to convert the heavy oil
fraction to form a product that contains a hydrocarbon
distillate fraction and a heavy hydrocarbon fraction
suitable for conversion to a lubricating oil.

15 When operated under mild hydroisomerizatién
conditions, a hydrotreating step is not required. By
increasing the severity, a low pour point lube can be
produced directly without a dewaxing sfep.

Feedstock
20 The feed for the present conversion process is

obtained by means of the Fischer-Tropsch synthesis, in
which synthesis gas, comprising hydrogen and carbon
monoxide is passed over a suitable catalyst under
conditions of elevated temperature and pressure. The

25 catalyst used is typically a metal or a metal oxide, with
iron, cobalt, nickel, ruthenium, thorium, rhodium or osmium
being preferred. In most cases, cobalt will be used as the
metal. Temperatures are typically in the range of 150°C to
500°C (about 300°F to 930°F) and pressures of 100 to

30 100,000 kPa (1 to 1000 Atm). Further details of the
process and of suitable apparatus for carrying it out will
be found in Kirk-Othmer, Synthetic Fuels, op cit and U.S.
Patent Nos. 4,046,829, 4,044,063, 4,044,064, 4,059,648,
4,080,397 and 4,071,574.



range of 200 to 16,000 kPa (25 to 2000 psig), with lo I
within this range of 2170 to 3550 kPa (300 to 500 REM%EME%WFF
preferred. The process is operated in the presepcé of hydrogen gn
hydr ogen partia

to 2305 psigQ).
(hydr ogen

f eedstock will
LHSV.

S

0

pressures wl | 5 normal |y be frof 60Q 3AUG 9968 kPal (72

The rati o of hydrogen to the hy recarbon feedstEc<
circulation rate) will norpplly be frgm r e

liters per liter (56 to 19,660 SCF/ bbl). The space velociiy of th

normally be from0.1 to 20 10 LHSV, preferably-0.1 to

During the reaction, substantial conversion to | ower

boi ling products, especially those in the distillate range
(165[ err] - 343[ err] C, I838[ typicags@ischerTnonssh pparatiompiheasynkhelis gas

may al so be prodye@btaifedstAH exhmpl®) Niron Sbal By SidEhslor atsiBkable

however, the n-
cracking are su

ecte

resulting in a |Wi8&e §Barcaxhan monoxide reduction reactions take place to

5

10

15

20

25

30

35

form the synthesis product comprising hydrocarbons and
various oxygenates such as alcohols and acids. The
conversion over the Fischer-Tropsch catalyst may take place
either over a fixed bed of the catalyst or in a fluidized
bed of catalyst, as described in U.S. Patent No. 4,046,829.
Generally, the synthesis gas feed will be introduced at a
temperature of at least 150°C (about 300°F) and at a
pressure of at least 800 kPa (about 100 psiqg):; during the
conversion the temperature of the reactants will rise due
to the exothermic nature of the reaction. The 'products of
the reaction are then cooled and a preliminary separation
of the products made. A physical separation of the
products will normally lead to a decant oil stream
comprising oil free of catalyst and a slurry oil stream
comprising oil mixed with entrained particles of the
catalyst. After the oil has been separated from the
catalyst in the slurry oil stream, the oil can be combined
with the decant oil for fractionation. The separation made
at this stage will depend upon the nature of the synthesis
product and the subsequent processing steps but typically,
a light o0il boiling below 250°C (about 480°F) and a higher
boiling heavy oil can be obtained. The fractionation cut
points may, of course, be adjusted as desired, as is
conventional. The light oil may be treated subsequently by
further cooling and washing and by other processing steps
such as clay treatment and washing, as described, for
example, in U.S. Patent No. 4,046,829, which may then be
followed by further separation of heavy ends by
fractionation. The heavy ends so obtained may be mixed
with the other heavy oil fractions which may be treated by
the present upgrading process.

2
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for the product. As a result, the process of the invention produces a

mat eri al which, by reason of its | ower pour 20 pat ] sity

i ndex (attributable to its substantially parafR LKC SﬁEﬁi hi ghly
suitable as a | ubricating oil base stock. The convefsjon may
be conduced by contacting the feedstock with g fli xegd m@ng%na y{bed of
catalyst, a fixed 25 fluidized bed or witg.a trarsgort bed. sitnpl e
configuration is a trickle-bed operation in which tjhe—eed s~ all | owed
to trickle through a stationary fixed bed. Wth such a configurati on,
it is desirable to initiate the reaction with TTesh catalyst at a

noderate tenperature 30 whi ch is of course raised as the catalgst ages,
in order to mai BAYEVEE: SPSFiicasynthesis FREPEPAY \RG Used
regener at ed by cpnésert aipgerhéing akrdeespeemiloys W hbavy cilhymbaegéengas, for

exanpl e, or by bupph{ibd -8k FPicttd 1S opsch SPREAEEIEONIRIY F2a88F0n is
generally in the distillate boiling range or above and
5  therefore may be characterized as having an initial boiling
point of at least 150°C (about 300°F), although in some
cases, materials of low boiling point (about 125°C) may be
included in this fraction. Preferably, the Fischer~Tropsch
heavy oil fraction will have an initial boiling point above
10 174°C and more preferably 343°C {about 650°'F) since the use
of a gas oil offers the possibility of producing both a
distillate and a lubricating oil product. These heavy oil
fractions will contain a high proportion of paraffins which
give them their waxy character and in addition will contain
15 olefins together with oxygenated compounds sucﬁ as
alcohols, carboxylic acids, esters and other compounds. If
desired, the heavy oil fraction may be washed prior to
upgrading in order to remove water soluble oxygenated
compounds but if this is done, the residual water content
20 should be reduced to an adequately low level if the
catalyst used in the upgrading step is sensitive to steam.
The fraction may also be passed through a guard chamber to
remove contaminants associated with the conversion of the
synthesis gas.
25 Feedstock properties of a heavy wax fraction used
herein are shown below in Table 1.



-11- Product s The distillate boi l i ng range products

whi ch may be obt ai ned by the present upgradi ng pro
characteri zed by a high content of isoparaffins an MWEN{E SHEET
content of 5 sul fur- and nitrogen-containing conpound$.|{ Because of t
hi gh isoparaffin content, the pour point (ASTM D-97) of { he 23 AUt pos! | pt e
products is generally at or bel ow -18[ err~€=(about Jerr]F). In
addition, these products are extrenely low in aronaf i es—so—ttat—th
are highly suitable as prem um 10 quality jet fuels. Fhelr hi gh Cet ane
I ndex will al so nmake t hem good diesel fuels, a utility whrch 1s; of
cour se, enhanced by their |ow sul fug yent. The hi gher
boiling fractions (343[err] C+, 65(&4&{3],; pdrties are obtained fromthe
upgradi ng process are also highly 15 parafflnlc material s which confer a
hi gh vi scosity index (ASTM D-2270) upon them making them highly
desirabl e Spupeecant base stocks. However, E@Gﬁﬁéégtrﬁ# % aks are
oore &
pr esent nalgly as isoparaffins, the product will ﬂ%&ﬁer’ gh ton, conn.)
0il Content, wt% 0.75%
(D3235)
650°F~, wt% <1
Melting Point, °C 102
10 Average Molecular Mass 814
Average Carbon Number 58
Carbon Content, wt % 85.4
H2 Content, wtg 14.6
Viscosity @ 120°C, cP (Brookfield) 10
15 Density: at 25°C, g/cm3 0.94
120°C 0.7662
IBP @ 760mm Hg, °F (°C) 734 (390)
n-Paréffins 90.%
i-Paraffins 10.%
20 Aromatics 0.%
Catalvst

The catalyst used in the present invention comprises
zeolite beta as the acidic component and a hydrogenation-
dehydrogenation component supported on the zeolite. Zeolite

25 beta is described in US Patent No. 3,308,069,

The zeolite beta is modified by the inclusion in the
framework of the zeolite at least one element selected from
boron, tin, lead and indium, with boron being particularly
preferred. A method for preparing zeolite beta containing

30 framework boron is disclosed in U.S. Patent No. 4,672,049.
As noted therein, the amount of boron contained in the
zeolite may be varied by incorporating different amounts of
borate ion in the zeolite forming solution e.g. by the use



pour point in addition to the desired high viscosity index. 20 In.
general, the pour point (ASTM D-97) will be bel ow

- rr] F)
and in some cases below -18[err] C (about O[err]F). LACENHH%E' 2 deices
will normally be above 150 and may even be a gh as 170 or |eden
hi gher. A VI of 175 has been obt ai ned. 25 AQG a9t [priocess
Is therefore notable for its ability #®-upgrade Fi scher-Tropsdgh |heavy
fractions to produce both distillate and | ubriftaht—p+eerets—Hi gh are
notable for their |ow pour point and their mniml g¢ontent . of

het erocyclic (nitrogen and sul fur) conpounds. The 386——proC&Ss may be

oper at ed under C@f'diéz’ty@.§§ Qﬁ?@@ otC¥EELL Yacia re Qtiwr&??ﬁxfg?ﬁgce of

proportionate yield o Irstillate range product, if esited
or, alternativel$* %% and alupindy i on of |ube product may be maxinized by
operation under Hrefiesablky, tthecendlitorimtaBgoataiedlat dkasteoof 35

operating condi tyOfiht ROEDafilwdrii bREEn2Ntkd #38LRYOM I dtBY .5 weidlft 3

obt ai ned. 5 boron. Normally, the maximum amount of boron will be about
5 weight % of the zeolite and in most cases not more than 2
weight % of the zeolite. The framework will normally
include some alumina and the silica:alumina ratio will
usually be at least 30:1, preferably at least 300 to 1 in

10 the as-synthesized conditions of the zeolite.

The zeolite beta employed herein is combined with a
hydrogenation-dehydrogenation component which is typically
selected from Group VIIIA of the Periodic Table, including
the noble metals platinum, palladium, iridium, osmimum,

15 rhodium and ruthenium. The preferred metal is platinum.
The hydrogenation-dehydrogenation component may be
incorporated with the zeolite by any suitable method such
as impregnation or ion exchange. The catalyst preferably
contains 0.5 to 2 wt%¥ of the hydrogenation-dehydrogenation

20 component.

The zeolite beta may be composited with a matrix
material to form the finished catalyst and for this purpose
conventional non-acidic matrix materials such as alumina,
silica~alumina and silica are suitable with preference

25 given to silica as a non-acidic binder, although non-acidic
aluminas such as alpha boehmite (alpha alumina monohydrate)
may also be used, provided that they do not confer any
substantial degree of acidic activity on the matrixed
catalyst. The use of silica as a binder is preferred since

30 alumina, even if non-acidic in chéracter, may tend to react
with the zeolite under hydrothermal reaction conditions to
enhance its acidity. The zeolite is usually composited
with the matrix in amounts from 80:20 to 20:80 by weight,
typically from 80:20 to 50:50 zeolite:matrix. Compositing

35 may be done by conventional means including mulling the
materials together followed by extrusion of éelletizing
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in which all parts, proportions and percentages are by wei ght unl ess
stated to the contrary. Exanples 2 and 3 bel ow il

preparation of the highly siliceous 5 zeolite cataly PLKCENH%&?SHEET
EXAVPLE 1 The Pt/[B]zeolite beta catal yst degcrfibed in Table]2
was used to upgrade a Fischer-Tropsch wax by hydr di Jonp@ XlaG 1996 t ¢
form high-quality diesel fuel and 10 potentially prenium | ubes. The ME
was i sonerized and cracked over the clral yst at rat-e—comditT0
nanel y 2860 kPa (400 psig), 315-330[err]C (600-630ferr]F), 0.5 LHSV
to produce the foll ow ng:

10

15

20

25

30

35

into the desired finished catalyst particles. A preferred
method for extruding the zeolite with silica as a binder is
disclosed in U.S. 4,582,815. If the catalyst is to be
steamed in order to achieve the desired low acidity, it is
performed after the catalyst has been formulated with the
binder, as is conventional.

Preferably, the catalyst employed herein has an alpha
value no greater than 10, and more preferably no greater
than 5. Alpha Value is an approximate indication of the
catalytic cracking activity of the catalyst compared to a
standard catalyst and gives the relative rate constant
(rate of normal hexane conversion per volume of catalyst
per unit time). It is based on the activity of-the highly
active silica-alumina cracking catalyst taken as an Alpha
of 1 (Rate Constant = 0.016 sec-1l). The Alpha Test is
described in U.S. Patent No. 3,354,078; in the Journal of
Catalysis, vol. 4, p. 527 (1965); vol. 6, p. 278 (1966);
and vol. 61, p. 395 (1980) The experimental condition of
the Alpha test used herein include a constant temperature
of 538°C and a variable flow rate as described in detail in
the Journal of Catalysis, vol. 61, p. 395. ¢

The desired low alpha value of the catalyst can be
achieved steaming. Steaming typically utilizes an
atmosphere of 100% steam, at a temperature of 430 to 590°C
(800° to 1100°F) and is normally carried out for 12 to 48
hours, typically about 24 hours, in order to obtain the
desired reduction in acidity. The use of steanming to
reduce the acid activity of the zeolite has been found to
be especially advantageous, giving results which are not
achieved by the use of a zeolite which has the same acidity
in its as~-synthesized condition. It is believed that these
results may be attributable to the presence of trivalent
metals removed from the framework during the steaming
operation which enhance the functioning of the zeolite in a
manner which is not fully understood. Steaming can be done
before or after compositing. )
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83 100 Di esel Fuel 330- 650[ iREPEACBMENT 3E

Yl d 20 46 Cet ane Nunber*

72 20 650[err]F+ (343C) Distilled Btns MVEK jdg ! L4 ,d

77 100 - no -9- o2 SR Y6
dewaxi ng required Lube Yl d, w%feed 50 38
Lube kv@oO[err]C, cSt 5.5 4. 4125

170 151 Lube Pour Point,[err]F ([errT® # Q{1 2)

0 (-18) *ESt'BP&&ELJfQ%nEEeérJJBfggB'silica-bound, boron-containing

zeolite beta catalyst for use herein are given in Table 2:

TABLE 2
Properties of Beta/sio2
S Zeolite Beta content, wt% 65
Alpha Value(l) 5-7
Particle Density, g/cc 0.972
Real Density, g/cc _ 2.238
Pore Volume, cc/g 0.582
10 Surface Area, mz/g 357
Hexane Sorption, wts 10.1
Cyclohexane Sorption, wtt 11.7
Alumina, ppmw 2,900+
Boron, ppmw 2,000
15 Sodium, ppmw 160

(1) Prior to the platinum exchange

Process Conditions

The feedstock is contacted with the catalyst in the
Presence of hydrogen under conditions of elevated
20 temperature and pressufe. The conditions used e.g.
temperature, pressure, space velocity and hydrogen ratio,
may be similar to those used in conventional hydro-
isomerization operations although the use of highly
siliceous zeolite catalysts may permit the total pressure
25 requirements to be reduced and the absence of polycyclic
aromatic materials in the feedstock will preclude the
normal hydrocracking reactions from taking place.
Process temperatures of 200°C to 500°C (400°F to
930°'F) may conveniently be used although temperatures above
30 425°C (800°F) will normally not be employed. Generally,
temperatures of 300°C to 425°C (S70°F to 800°F) will be
employed. As is preferred, the temperatures will be 260 to
370°C (500 to 700°F). Total pressure is usuélly in the
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| ncreasi ng severity increases diesel LAEER&&H?SHE E
Ve ese—aebi t

expense of lower |ube yield, viscosity, and VI . HOV these

to the lube yield/quality my be of f-set by the righeé Sﬁmg 1.9 ¥i el
especially at the poi nt (-60 wt % 650F+ [343[err] ¢+]} c A ﬁ%ﬁ% ¢
no further 5 dewaxi ng of the distilled g%LtonB I's rfequired to prodice

range of 200 to 16,000 kPa (25 to 2000 psig), with lower
pressures within this range of 2170 to 3550 kPa (300 to 500
psig) being preferred. The process is operated in the
presence of hydrogen and hydrogen partial pressures will
5 normally be from €00 to 6,000 kPa (72 to 2305 psig). The
ratio of hydrogen to the hydrocarbon feedstock (hydrogen
circulation rate) will normally be from 10 to 3,500 normal
liters per liter (56 to 19,660 SCF/bbl). The space
velocity of the feedstock will normally be from 0.1 to 20
10 LHSV, preferably 0.1 to 2 LHSVu
During the reaction, substantial conversion to lower
boiling products, especially those in the distillate range
(165°-343°C, 330°-650°F) takes place. Naphtha and dry gas
may also be produced in substantial amounts. At the same
15 time, however, the n-paraffins present in the feed and
those produced by cracking are subjected to isomerization
to less waxy iso-paraffins, resulting in a lower pour point
for the product. As a result, the process of the invention
produces a material which, by reason of its lower pour
20 point and good viscosity index (attributable to its
substantially paraffinic nature), is highly suitable as a
lubricating oil base s{ock.
The conversion may be conduced by contacting the
feedstock with a fixed stationary bed of catalyst, a fixed
25 fluidized bed or with a transport bed. A simple
configuration is a trickle-bed operation in which the feed
is allowed to trickle through a stationary fixed bed. With
such a configuration, it is desirable to initiate the
reaction with fresh catalyst at a moderate temperature
30 which is of course raised as the catalyst ages, in order to
maintain catalytic activity. The catalyst may be
regenerated by contact at elevated temperature with
hydrogen gas, for example, or by burning in air or other
oxygen-containing gas.



| ubes base stock. Cetane nunbers of the distillate fractions were
estimated by a nucl ear nmagnetic resonance( NMR) techni que.
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over Pt/[B]zeolite beta at 24% 650[err] F+ (343[err] c+ REPLA L
yield 60% | ube (170 VI) and 20% di esel (70+ cetamelnunber). |ncrgaping
conversion to increase diesel yield results in décledd@d Gﬂ?@@i | o
and VI. However, at hi gh conversion T*¥0%, highlgdality |ube (VI>150)
can be 15 produced directly upon distillation wthoyt ttre~need of l
addi ti onal dewaxi ng. The follow ng exanples lillustrate the——
preparation of the Pt/[B]zeolite beta catalyst which is used above.
EXAMPLE 2 20 Produltgepresentati ve boron-containing zeolite beta

tal yst b d : A f ] : ' t
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acid, g. obtained by fthegpresent upgrading \prggessoege gharacterized
66.0 25 by a REfBrcontent of isoparaffins and a ¥84y low content of
Seeds, 9. s sulfur~ and nitrogég;ébntaining compounds. Because of the
high isoparaffin content, the pour point (ASTM D-97) of -the
distillate products is generally at or below -18°C (about
0°F). In addition, these products are extremely low in
aromatics so that they are highly suitable as premium
10 quality jet fuels. Their high.Cetane Index will also make
them good diesel fuels, a utility which is, of course,
enhanced by their low sulfur content.
The higher beoiling fractions (343°C+, €50°F+) which
are obtained from the upgrading process are als; highly
15 paraffinic materials which confer a high viscosity index
(ASTM D-2270) upon them, making them highly desirable
lubricant base stocks. However, because the paraffins are

[ O

D

1%

present mainly as isoparaffins, the product will have a low
pour point in addition to the desired high viscosity index.

20 In general, the pour point (ASTM D-97) will be below 0°C
(32°F) and in some cases below -18°C (about 0°'F).

Viscosity Indices will ;mormally be above 150 and may even
be as high as 170 or even higher. A VI of 175 has been
obtained.

25 The present process is therefore notable for its
ability to upgrade Fischer-Tropsch heavy fractions to
produce both distillate and lubricant products which are
notable for their low pour point and their minimal content
of heterocyclic (nitrogen and sulfur) compounds. The

30 process may be operated under conditions of high severity

' to increase the proportionate yield of distillate range
product, if this is desired ox, alternatively, the
proportion of lube product may be maximized by operation
under low severity conditions. By suitable choice of

35 operating conditions, both distillate and lube products may
be obtained. ‘

’
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The invention is illustrated by the following Examples
in which all parts, proportions and percentages are by
weight unless stated to the contrary. Examples 2 and 3
below illustrate the preparation of the highly siliceous

S Zeolite catalysts.

EXAMPLE 1

The Pt/(B]zeolite beta catalyst described in Table 2
was used to upgrade a Fischer-Tropsch wax by
hydroisomerization to form higq—quality diesel fuel and

10 potentially premium lubes. The wax was isomerized and

cracked over the catalyst at moderate conditions, namely
2860 kPa (400 psig), 115-330°C (600-630°F), 0.S5.1LHSV, to
produce the following:

Cracking Severity Low High
15 650°F+ (343°C+)Conversion 24 62
Wax Conversion 83 100

Diesel Fuel
330-650°F (165-343°C) .:{.l_‘d 20 46
Cetane Number* ' 74 72

20 650°F+ (343°C) Distilled Btms

MEK dewaxing yield 77 100 - no
dewaxing required

Lube Y1d, wti feed 59 38
Lube kV@100°C, cSt 5.5 4.4
25 Lube VI 170 151
Lube Pour Point,°*F (°C) +10 (-12) 0 (-18)

*Estimated from IH NMR.

At low severity, lube yield is optimized at 59 wt%
with a VI of 170. Increasing severity increases diesel

X e, as

[err]

and
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1.65 Ash 81.6 107

EXAMPLE 3 The as-synt hesi zed boron-cont ai nifng zngAm@1gy5ta of
Exanple 2 is mulled and extruded with silica in a zeolite:silic

wei ght ratio of 65:35, dried and cal ci ned-gj- 90([ € C
for 3 hours in nitrogen, followed by 1,00[err]F 15 (4540[err]C) in air{for
three hours. The resulting extrudate is exchang W anmoni um
nitrate solution at room tenperature for 1 hour after which the
exchanged cat al yst was calcined in air at 1,Q00[err]F (540 C) for 3
hour s, f olMiGhE B Ll expanse | of 20Vepet Y I8 ldanvaECas [ 8P| F 20

(550[err] Q). The. stﬂmwbxe,xlthudat@eb:&sf aunthe dubentydedddqédlity mapepght
percent boron ( B rr n
Allerr]Jerr]. f L rr"g(f% %&P?%{G%eg&?ﬁﬁﬁd%%mﬁ Qsé%% a(;:urtge

room t enper at ur é’%t‘-h(‘lw itk E8ANTT ek IA3a T nEPIRTF e “here 9 Furshen t h a
final cal ci mati dewakifdOjeruheFdisti]d bErtéms is required to produce a

lubes base stock. Cetane numbers of the distillate

fractions were estimated by a nuclear magnetic

resonance (NMR) technique.
This example illustrates that Fischer-Tropsch wax can

10 be processed over Pt/[B]zeoliEg beta at 24% 650°F+ (343°C+)
conversion to yield 60% lube (170 VI) and 20% diesel (70+
cetane number). Increasing conversion to increase diesel
yield results in decreased lube yield and VI. . However, at
high conversion (-60%), high quality lube (VI>150) can be

15 produced directly upon distillation without the need of
additional dewaxing.

The following examples illustrate the preparation of
the Pt/[B]zeolite beta catalyst which is used above.

EXAMPLE 2
20 A representative boron-contalnlng zeolite beta
catalyst can be prepared by crystallizing the following
mixture at 285°F (140°C) for 13 days, with stirring:

Boriec acid, g. 57.6
NaOH, 50%, ml. 66.0
25 TEABr, ml. 384
Seeds, g. . 37.0
Silica, g. 332
Water, g. 1020
Notes:
30 1. TEABR = Tetraethylammonium bromide, as 50 %

agqueous solution.
2. Silica = UltrasilR silica.
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The calcined product is expected to have the following
analysis and conform to the structure of zeolite beta by X-
ray diffraction:

Sio2 76.2

A1203 0.3

B l1.08
Na, ppm 1070

N 1.65
Ash * 81.6

EXAMPLE 3

The as-synthesized boron-containing zeolite beta of
Example 2 is mulled and extruded with silica in a
zeolite:silica weight ratio of 65:35, dried and calcined at
S00°F (480°C) for 3 hours in nitrogen, followed by 1,000°F
(540°C) in air for three hours. The resulting extrudate is
exchanged with 1N ammonium nitrate solution at room
temperature for 1 hour after which the exchanged catalyst
was calcined in air at 1,000°F (540°C) for 3 hours,
followed by 24 hours in 100 percent steam at 1,025°F
(550°C). The steamed 'extrudate is found to contain 0.48
weight percent boron (as B ), 365 ppm sodium and 1920 ppm
A1203. The steamed catalyst is then exchanged for 4 hours
at room temperature with 1N platinum tetraammine chloride
solution with a final calcination at 660°F (350°C) for
The finished catalyst is found to contain
The

three hours.
0.87 weight % platinum and have an alpha value of 4.
catalyst is sized to 20/40 mesh and 10 cc (5.46 g) is
loaded into a standard 1/2 inch inside diameter reactor.
If desired it can be sulfided at atmospheric pressure with
2% HZS/HZ programmed up to 400°C (750°F) and held
overnight.
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conpri si ngi—-86-—--——--—-~—-.—contacting said fraction and hydrogen gas under
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hourly space velocity (LHSV) of 0.1 10 tjo {20, mntn aTcaj af yst
conprising zeolite b ta mdigld ed with & &% Q?el,c ed
from boron, tin, lead, and indiumang ¢onbined Wwth h
hydrogenation conmponent for a tinme sufficient to conleft

t he heavy oil fraction to forma product 15 .that contains}a
hydr ocar bon distéé#ggéifraction and a heavy nydroctarbo
fraction suitabl : conversion to a lubricating oil.

2. A process ak. cl & prdcess cfat mpyrafingia walkg nes{d}t@u fraction betais

modi fied with boron. r%g 3 b a aLn11 or claim?2
wherein the PRy ar gé%é??gﬁegetﬁ?&%gﬁ% g?? S1S 4. A
process as cl ai med |ﬁ°§ﬁ¥1ﬁ+%%ed|ng cl ai m wherein the catal yst

has an al ph& val ue | ess t bamtakéking said fraction and hydrogen gas under

isomerization conversion conditions including a
temperature of 200 to 500°C (400 to 930°F), a
pressure of 200 to 13300 kPa (25 to 2,000 psig),
and a liquid hourly space velocity (LHSV) of 0.1

10 to 20, with a catalyst comprising zeolite beta
modified with an element selected from boron,
tin, lead, and indium and combined with a
hydrogenation component for a time sufficient to
convert the heavy oil fraction to foim a product

15 that contains a hydrocarbon distillate fraction
and a heavy hydrocarbon fraction suitable for
conversion to a lubricating oil.

2. A process as claimed in claim 1 wherein the zeolite
beta is modified with boron.

20 3. A process as claiped in claim 1 or claim 2 wherein the
hydrogenation metal is platinum.

4. A process as claimed in any preceding claim wherein
the catalyst has an alpha value less than 10.

5. A process as claimed in any preceding claim wherein
25 said zeolite beta catalyst has a silica to alumina
ratio of at least 300:1.

6. A process as claimed in any preceding claim wherein
the conversion conditions include a temperature of 260
to 370°C (S00 to 700°F), a pressure of 1480 to 13900
30 kPa (200 to 2,000 psig), and a liquid hourly space
velocity (LHSV) of 0.1 to 2,
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UPGRADING OF FISCHER-TROPSCH HEAVY END PRODUCTS

ABSTRACT

High silica to alumina ratio zeolite beta modified
with boron, tin, lead or indium and combined with a
hydrogenation/dehydrogenation component is used to convert
Fischer-Tropsch heavy end products which may contain
paraffins, olefins and oxygenates into low pour point
distillates with high cetane number and extra high VI lube
is described. The lube can be dewaxed by a conventional
solvent process, by a catalytic process, or by increasing
the severity of the hydroisomerization step.



