0 1 OCT 2004 PROCESS FOR ADJUSTI NG THE HARDNESS OF Fl SCHER- TROPSCH WAX BY
BLENDI NG FI ELD OF THE I NVENTION This invention relates to thelfroduction of
waxes useful in a number of applications requiring waxes thatl h@ek 2004
exacting standards such as coating materials, adhesives, candles,
cosnetics, food and drug applications. Mdre particularly, this invention
relates to the production of waxes produced by the reaction of carbon
nonoxi de and hydrogen, the Fi scher-Tropsch hydrocarbon synthesis process.
Still nmore particularly, this invention relates to a process whereby at

| east a portion of raw Fischer-Tropsch wax |s sub ected to a n1|d
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desirabl e properties. BACKGROUND (F TH é?V'The catalytlc productlon
of hi gher hydrocarbon naterials_ﬁ£§d§X5§LﬁgEﬁ£L- i . e. carbon nonoxide
and hydrogen, commonly known as the Fischer- Tropsch process, has been
known for -many years. Such processes rely on specialized catalysts. The
ori gi nal L ropsch synthesis were typically Goup WVIII
net al s, pgﬁFﬁt¥§§f1¥&%%ggﬁiE§%Jilron whi ch have been adapted for the
process throughout the years to produce hi gher hydrocarbons. As the
technol ogy devel oped, these catal ysts becane nore refined and were
augnent ed by otTis inveitingelded tof thegirodoctian of wasesusdfol in aoumber pf as

catal ysts. Such promoter netals include the Goup VIII netals, such as

pl ati num apphtmbnsrmeqnmr@maum that anet exacting S@ﬂﬂ@ﬂ%ﬂﬁh% £PaWNgret al s such

as rhenium and hafniumas well as al kali O(él
matenals, adhesives, can les cosmelics, foojd and drug app%cahons. More

particularly, this invention relates to the production of waxes produced by the
reaction of carbon monoxide and hydrogen, the Fischer-Tropsch hydrocarbon
synthesis process. Still more particularly, this invention relates to a process
whereby at least a portion of raw Fischer-Tropsch wax is subjected to a mild

isomerization and blended into untreated Fischer-Tropsch wax to achieve

desirable properties.

BACKGROUND OF THE INVENTION

The catalytic production of higher hydrocarbon materials from synthesis
gas, i.e. carbon monoxide and hydrogen, commonly known as the Fischer-
Tropsch process, has been known for many years. Such processes rely on

specialized catalysts.

The original catalysts for Fischer-Tropsch synthesis were typically Group
VIII metals, particularly cobalt and iron, which have been adapted for the
process throughout the years to produce higher hydrocarbons. As the technology
developed, these catalysts became more refined and were augmented by other
metals that function to promote their activity as catalysts. Such promoter metals
include the Group VIII metals, such as platinum, palladium, ruthenium, and

iridium, other transition metals such as rhenium and hafnium as well as alkali



metal s. The choice of a particular netal or alloy for fabricating a
catalyst to be wutilized in Fischer-Tropsch synthesis wll diﬁfﬁ%j{ﬂﬁ | ar ge
nmeasure on the desired product or products. The products fr y (bar bon
synthesis are useful in a variety of applications. The waxy product of
hydr ocar bon synthesis, particularly the product froma cobalt based

catal yst process contains a high proporgion of normal paraffins. It is
generally known to catalytically convert the paraffin wax obtained fromthe
Fi scher-Tropsch process to |lower boiling paraffinic hydrocarbons falling
within the gasoline and mddle distillate boiling ranges, primrily by
hydr ogen tmetatsverthe ckoige ofpgastiewar megal anadioyifos falmcatimgshcaialyst to be

hydr ocracki ng. However, new narkets.continue to expand in demand,for

pet rol euml’éﬂtﬁegyﬂ\tﬁ%‘{h%‘ﬁﬁﬁﬁsyﬁ%ﬁ}%wgcflréBFn‘E:é Yt E}RE%B]%EEB ?’g‘ﬂ“et fesiRlxes,
e.g. food _contai nersy waxed paper, coating materials, electrical

i nsul at or $1° 'éﬂd?régp f‘:tF'ayons, mar kers, cosnetics, etc. have lifted this

material fromthe by-product class to the product class in many
applications. Stringent requirenments are set by regulatory authorities such

as the FDA in ThReptucadréindigiroattohenfiekisi ate befulin apasietyof on, which a
wax should neet, particularly if the wax is to be used in food and drug

appl i cat i applicBiond)eThe wiakyiproductefdndiracarbas kyfhibesishparticutslvttie refiner to
neet those requirenents. Petrol eum waxes derived fromcrude oil. often have
dark col orprogedriremor cehalt basedwatalystinracesstGoatapea dieh REPRATHAN A cant

further refining, rticul arl n_wa IS.tQ used jnp.f rug
appl i cat | ST BER Bt Loy Knerred S irally 5 the RREHDY ias
regul atory lel 4.1 "N ) @[ﬁ% f ' %g% aromatic
speci es, ﬁ?@hgﬁéﬁ%gﬁ%%%ﬁﬁﬁ _ glﬁjfﬁ%%ﬁ*%’gﬁ?gfc,?gﬁlfn reéﬁ‘r}ggsi rable and
may presetydrosbeRs flllifg REalih fihé baddine diidmsddie diailate boilimgrangehini ques
are required to inprove thermal and light properties, ultra-violet
st abi | i ty,privnhnily, by hydrozge tstasiiehtst ¢.gahgdmtreatingohydressarnemzatiasf anche end
products. Typically, such ) .
hydrocracking. However, new markets continue to expand in demand for
petroleum and synthetic waxes. The varied and growing uses for the waxes, e.g.
food containers, waxed paper, coating materials, electrical insulators, candles,
crayons, markers, cosmetics, etc. have lifted this material from the by-product

class to the product class in many applications.

Stringent requirements are set by regulatory authorities such as the FDA
in the United States and the SCF in the European Union, which a wax should
meet, particularly if the wax is to be used in food and drug applications. Further,
it is 2 demanding task for the crude oil refiner to meet those requirements.
Petroleum waxes derived from crude oil often have dark color, poor odor and
numerous impurities requiring significant further refining, particularly when wax
is 1o be used in food and drug applications which require highly refined wax in
order to satisfy regulatory authorities. The presence of sulfur, nitrogen and
aromatic species, which induce a yellowish or brownish color, are undesirable
and may present considerable health risks. Intensive wax refining techniques are
required to improve thermal and light properties, ultra-violet stability, color,

storage stability and oxidation resistance of the end products. Typically, such



Q0 C 12004 -3 waxes are subjected to wax decol ori zati on processes conmonly
denoted as wax finishing. Such nethods are part of a tine fa 1.-Ng and
costly process and have a detrinental effect on opacity mhldﬂﬁﬁgm@esirable
in a nunber of applications where superior thermal and |ight properties,
ultra-violet stability, color and storage stability are desired. These
applications include, but are not |inmted to coating materials, crayons,
mar kers, cosnetics, candles, electrical insulators and the like as well as
food and drug applications. Waxes prepared by the hydrogenati on of carbon

nonoxi de via the Fischer-Tropsch process have many deslrgbl e ‘gro erties.
They have WAXgh arpaubieeied leoKa%e AeCOlOH A HBIRCEHMESIOTRIBOBHY ed ag wax

et ol eumfiistige. RusBatetogh ental LS AR BT RS uh Al v o
smal | quaﬂabéga%hﬂgieﬁ{ap%%fe)m YpheRYeeh i{ GeGrat1ONPa SRR R Mary
al COhOlS, aCl ds an esters WHI can cause corrosion i1 n certaln

envir Onmagﬁlicdﬁbrﬁwhéﬂe%p%h%e ermb] QRE Hghepr@seraes, tiatddolet Bability,
convention petrol eum waxes. The hardness of waxes and wax bl ends as

measur ed bkygloread storageatabilityarecdesiredr \Thesa applcatinng. invindehbuidireswti s
general ly neasured by the needl e penetration test ASTM D 1321. In general,
t he har dnéissitest to¢eating natespals erepcnss markers, eermeticsgsandlsscledtaical exists a

shortage of high-grade hard paraffin waxes. However, such hardness coul d
limit theYEHOH ﬁ%‘ggleolf‘ %A Q@oéoﬁfi@@ﬁéfmﬁfra@ﬁ%u%es in certain

. applications. Fischer-Tropsch waxes typically undergo severe

hydr oprocessing to obtain high purity. Virgin Fischer-Tropsch waxes

subj ected to t *Wﬁgee:g%}r@ﬁrai by H‘i@ﬁf‘(ﬁ%ﬁﬁnétﬁﬂﬁof EarboASRohGEUE vepaIe white

property and may so soft 1 the process as to render them

comrer ci alFischepdaepsabpocesabiave nangastirgblagaopenties. Theyhfechighopacity and

adj ust hardness. It is therefore desirable to provide a
paraffin contents, an opaque white color, and are essentially free of any sulfur,
nitrogen and aromatic impurities found in petroleum waxes. However, untreated
Fischer -Tropsch waxes may contain a small quantity of olefins and oxygenates
(e.g. long chain primary alcohols, acids and esters) which can cause corrosion in
certain environments. In addition Fischer-Tropsch waxes are harder than
conventional petroleum waxes. The hardness of waxes and wax blends as
measured by needle penetration can vary considerably. Wax hardness is
generally measured by the needle penetration test ASTM D 1321. In general,
the hardness of Fischer Tropsch waxes is an advantage since there exists a
shortage of high-grade hard paraffin waxes. However, such hardness could limit
the usefulness of untreated Fischer-Tropsch waxes in certain applications.
Fischer-Tropsch waxes typically undergo severe hydroprocessing to obtain high
purity. Virgin Fischer-Tropsch waxes subjected to these prior art processes tend
to lose their opaque white property and may become so soft in the process as to
render them commercially undesirable requiring costly additives to effect
opacity and adjust hardness. It is therefore desirable to provide a

hydroprocessing method by which the hardness of these waxes could be adjusted

to within selected ranges while maintaining the desirable opaque white property



hydroprocessing nmethod by which the hardness of these waxes could be
adjusted to within selected ranges while maintaining the s'F opaque
white property U- OC T 2004 4 of the untreated raw Fische 1#r§§@§h wax,
thus reducing or elimnating the need for costly additives and further
treatment. SUMVARY OF THE I NVENTION In one embodinent, the invention is
directed toward a bl ending process, whjch retains the desirable properties
of a Fischer-Tropsch wax, e.g. the opacity, while adjusting the hardness
of the wax tplmdthin to a desired range. In another enbodi nment the
I nvention utilizes a synergistic effect between hard virgin.
E: sC ggr - Trod she bintgategdrawsbiscber- hapsrly wae fits rEQHClﬂigéHrFélr‘glﬂf‘Hﬁgéhe pesdin a
endi ng process which all he artisan to adjust the hardness of a wax
pr oduct tg‘:’hc%i}f ?‘é‘i‘ul”ﬁﬁégg\%s EIFFAEERL hvol ves passing a Fi scher - Tropsch
wax over a hydroisonerization catalyst under predetermnned conditions
including relatively mld tenperatures such that chem cal conversions
(e.g., hydoemialR $OF TNVIENTPO®Y | zation) take place while |ess than
10% boi | i _ on ydrocracki ng) occurs, thus preserving
overal | isomerized wax yield. At least a portion of the resulting
I sonerized wax i s then blended with untreated hard virgin Fischer-Tropsch
wax to adjust tlneoreaembediménty thefinventiemistdirectetimovargenblesdingogess ent
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reactor, and.contacted, t [ 1 h . ' Fi -

catal yst . WOIG ARG e PRt Shing 28 RERIORS EhBe O PR TLARORE: e
reactor. Al &3 ent%ﬂ?é){r{})egﬂoﬂfuﬁtlﬂb? a@?ﬁ@r Vdi{ G fedtibeeRBEn hdrdoAsgn Wax i s
then introduced into a hydrolsonmeriza |or$ process unit along W th hydrogen
and cont agtjgsheriBropisth Waxharl $uftbrahidaivEsbmetized Fisthat-Tsbpschdeax in a

blending process which allows the artisan to adjust the hardness of a wax

-

product to a desired range. The process involves passing a Fischer-Tropsch wax
over a hydroisomerization catalyst under predetermined conditions including
relatively mild temperatures such that chemical conversions (e.g., hydrogenation
and mild isomerization) take place while less than 10% boiling point conversion
(hydrocracking) occurs, thus preserving overall isomerized wax yield. At least a
portion of the resulting isomerized wax is then blended with untreated hard

virgin Fischer-Tropsch wax to adjust the hamess thereof.

In another embodiment of the present invention, synthesis gas (hydrogen
and carbon monoxide in an appropriate ratio) is fed into a Fischer -Tropsch
reactor, preferably a slurry reactor, and contacted therein with an appropnate
Fischer-Tropsch catalyst. A hard virgin Fischer-Tropsch wax product is
recovered from the reactor. At least a portion of this hard virgin Fischer-
Tropsch wax is then introduced into a hydroisomerization process unit along
with hydrogen and contacted therein with a hydroisomerization catalyst under
mild hydroisomerization conditions. The resulting softer isomerized wax is then
blended with untreated hard, virgin Fischer-Tropsch wax in such an amount that

a desired hardness of the blended wax is achieved. In a more preferred



m | d hydroi sonerization conditions. The resulting softer isonerized wax is
then blended with untreated hard, virgin Fischer-Tropsch VX ir‘r? Zﬁ]lzlch an
amount that a desired hardness of the bl ended wax is achi evé(g“.“ I'™a nore
preferred 0 '1 0 CT 2004 -5 enbodi nent, the softer isonerized wax is

bl ended with untreated hard virgin Fischer-Tropsch wax in such an anount
that a desired hardness of the bl ended_swax is achieved while maintaining
an opaque white col or conparable to that of the untreated hard virgin

Fi scher-Tropsch wax. BRI EF DESCRI PTION OF THE DRAW NG Fi gure 1 shows a
graph depicting exenplary data fromthe present .inventio ..

hydr oi sommb@cﬂnmmpﬂv@csﬁ@.r lmw{@W%Sg&lep%@l@:“W‘?%H@ﬁm“The

Fi scher-Tropsch .process can produce a wi.de varj.et f t erhal pendi ng
on cat al yﬁsm-ﬁ%gﬁgwﬁ&%ﬁm&m%ﬂ t&é&@@ﬁ%}%ﬁ%@dgg&a@fﬁgﬁ %I(]:dajler on
synt hesi s process.: heul arly.: al yst
o ocess, - CORt i rarigPRl TISBEntahilE 8 Gpile {HACLAIF ORI IRED (AR
preferred ﬁ%%—&%ﬁteﬁp‘ﬁﬁmr@ﬁmdﬁe}qrapgﬁi whR, that it is desirable for the
purposes of the present Inhvention to start with a Fischer -Tropsch wax
product with a high proportion of linear C20+ paraffins. A preferred

Fi scher-Tropsch reactor to produce the raw wax of the present invention is
t he sl urryBRIBBRRESGRIFA] or is ideally suited for
carrying out highly exotherm c, three phase catalytic reactions. In such
reactors (which may al so include catal yst rejuvenation/recycling nmeans as

o hald in susRSReF dnnows B il Splaff 888 by preset I DR 2eC

whi ch Contihwﬂffﬁﬁ%gdﬁii?&h@ﬁzétﬂgrpﬂ%ewe | i qui d phase. The catal ysts
r e

utilized in suc actors can

DETAILED DESCRIPTION OF THE INVENTION

The Fischer-Tropsch process can produce a wide variety of materials
depending on catalyst and process conditions. The waxy product of 2
hydrocarbon synthesis process, particularly the product from a cobalt based
catalyst process, contains a high proportion of normal paraffins. Cobaltis a
preferred Fischer-Tropsch catalytic metal in that it is desirable for the purposes

of the present invention to start with a Fischer -Tropsch wax product with a high

proportion of linear C20+ paraffins.

A preferred Fischer-Tropsch reactor to produce the raw wax of the
present invention is the slurry bubble column reactor. This reactor is ideally
suited for carrying out highly exothermic, three phase catalytic reactions. In
such reactors (which may also include catalyst rejuvenation/recycling means as
shown in U.S. Patent No. 5,260,239) the solid phase catalyst is dispersed or held
in suspension in a liquid phase at least partly by a gas phase which continuously

bubbles through the liquid phase. The catalysts utilized in such reactors can be

either bulk catalysts or supported catalysts.



ei ther bulk catalysts or supported catalysts. O C Cl 2006 6 The catal yst in
a slurry phase Fischer-Tropsch reaction useful in the present inventions
is preferably a cobalt, nore preferably a cobalt -rhenium gq'lt__@ﬁ fi- The
reaction is run at pressures and tenperatures typical in the Fischer
Tropsch process, i.e., tenperatures ranging fromabout 190C to about 235C,
preferably from about 195C to about 225¢. The feed may be introduced at a

| i near velocity of at |east about 12 cm'sec, preferably from about 12
cnmsec to about 23 cnmisec. A preferred process for operating a slurry
phase Fi scher- Tropsch reactor is described in U S. Patent No. 5,348,982. A
preferred Fi schEhe catabyss iihaphurepbasesFisaber heapsgh reaciion yehyindhefting,

(that is, no water gas shift_cagpabilit cat al yst .. .Non-shjfting Fischer
“Tropsch TESRALIBHETGONS HAFereRHbRA qabalth g Beferany Arpobls e ufy may be
characteriz y ondi t.ion 1. 0 ' f: :

pr oducts. (}Qg%ygthl T@? ﬁegaCElgﬁng%?ép%%qu%éﬁd téé}gp&%glgg% 'ttﬁ%lgarllr}t erllzti)éué r]%e{)r

m xtures t r flepapl GURBSAC, ed,

pr onot ed c'lglg{g? telfl Pt ﬁgéee%%’ﬁb%eélrﬁgse{?#éj& &1 ingg%n{fg%?a%&rlheni t}?naﬁgr eferably

rheni um  SpeferaBhyefrifit sbout d 98T o ubown2257C. aThe édezt mey bedatretystd atsa
described in U S’ patent No. 4,568,663 as well as Eurogean Patent 0 266
898. By vilinaze velodityeoffatdedns abTuop2 cm/prco peeferatly dram ebowt B cupsee iQaxy

hydrocarbons in_the 371C+ bojling range have nil syl fur and nitrogen. These
het er o- at AROYE ABIREEC-ar’d PRICHEAPIPEFSSHRE OPFLating 2 éi‘?%ﬁg’@ﬁe E‘n é?cbﬂfst s and

are renoved fromthe nethange-co L N uk al that is conveniently
used for ug‘i"é’ﬁﬁbﬁ&f‘?‘h’é @Fﬁnﬁf‘é@fgﬁg%?%qg’%@%oﬁ’%ﬁﬁﬁrscher - Tropsch
process. Small anobunts of olefins are produced in the Fischer-Tropsch

Process, as well as sone oxygenated conpounds including al cohols and
aci ds. A preferred Fischer -Tropsch Process is one that utilizes a non-shifting,

(that is, no water gas shift capability) catalyst. Non-shifting Fischer -Tropsch
reactions are well known to those skilled in the art and may be characterized by
conditions that minimize the formation of CO, by products. Non shifting
catalysts include. e.g. cobalt or ruthenium or mixtures thereof, preferably cobalt,
and more preferably a supported, promoted cobalt, the promoter being zirconium
or rhenium, preferably rhenium. Such catalysts are well known and a preferred
catalyst is described in U.S. patent No. 4,568,663 as well as European Patent 0
266 898.

By virtue of the Fischer-Tropsch process, the recovered Cyo+ wWaxy
hydrocarbons in the 371°C+ boiling range have nil sulfur and nitrogen. These
hetero-atom compounds are poisons for the Fischer -Tropsch catalysts and are
removed from the methane-containing natural gas that is conveniently used for
preparing the synthesis gas feed for the Fischer -Tropsch process. Small amounts
of olefins are produced in the Fischer-Tropsch Process, as well as some

oxygenated compounds including alcohols and acids.

The raw wax product of a Fischer-Tropsch synthesis is subjected to a

hydroisomerization process. The entire liquid effluent of the synthesis process



The raw wax product of a Fischer-Tropsch synthesis is subjected to a

hydr oi soneri zati on process. The entire liquid effluent of t Q‘finthesis
process O L C1 2094 -7 may be withdrawn fromthe reactor a d Ll émﬁirectly
to the hydroisonerization stage. In another enbodi nent, the unconverted
hydr ogen, carbon nonoxi de and water fornmed during the synthesis may be
renmoved prior to the hydroisonerization.step. |If desired, the | ow

nol ecul ar wei ght products of the synthesis stage, in particular, the C4-
fraction, for exanple, nethane, ethane and propane nmay al so be renoved

prior to the hydroi sonerjzatjon treat t,.,.Th separation is.coaveniently
ef fect ed @B Witdravadrem ti‘%é‘?ﬂﬁ[%@g(;&glqlr ﬁé’vsﬂ%ﬁﬁilyﬂﬁ%s%l?ﬂ% OIgnot her
enbodi ment;, a wax fr.actian {ypi |1 7 ric
pressure P@85e aARP rﬁpﬂ?ﬂ%‘ﬁ@“ﬁ%%%@g@%‘éég%r%ége@f#ﬁgﬁﬁ%@‘g& ?mla'r opsch
process a | | i | q838e | n yet anot her

and pref e?&é%ﬁ@%ﬁﬁﬂgk& &%%\@%Sgag??gfe rEflaven panthe

nt n boiling above 413C at at nospheric
pressure hgdfsipanatiesion @@Et Ifeddirédpdreribonmplentilart weight beodticschbthe- Tr opsch
process and subjected to the hydroisomerization process. Hydraogi sonerization
is a wel | skmhesisstages &is panitulars theoGsh fracsran, fanexample., medeang, ethaneradd or to
be kept in mnd in hydroisonerization prqcesses is.that increasi,n
conver si opreparfedagy s breameved PReT bedyereisepep@atgn Wﬁpslétarst%%s

boi ling bel ow 371C tends .to,ingrease cracki.-ng.: t | r yields
of gasos sheRaia s opdtempis EEARANSTE Ol Dfudh b PN nQuaher 1=
present | I qn. '&ﬁ{gq jihedBI I vak TR aRh tFpidally Beiling'absdd 3714t than
10% pref gﬁggﬂ&yqﬁgggﬁi&n %lﬁlﬁoggedq%rﬁié?géa]bij??lessyt han %}% t hus maxi m zi ng
wax yield -au?ihﬁgﬁaﬁtr PieSQirens s@pdrerdsrem the hydradagsbmptodueenf the Fischer —
hydroi soneri zation ~ catal yst in the presence of hydrogen under conditions
such t hat Trops@vpmCess and subjected to the hydroisomerization process. In yet another

and preferred embodiment, a wax fraction boiling above 413°C at atmospheric

pressure is separated from the hydrocarbon product of the Fischer —Tropsch

process and subjected to the hydroisomerization process.

Hydroisomerization is 2 well-known process and its conditions can vary
widely. One factor to be kept in mind in hydroisomerization processes is that
increasing conversion of feed hydrocarbons boiling above 3710C to
hydrocarbons boiling below 371°C tends to increase cracking with resultant
higher vields of gases and other distillates and lower yields of isomerized wax.
In the present invention, cracking is maintained at a minimurn, usually less than

10%, preferably less than 5%, more preferably less than 1% thus maximizing

wax yield.

The hydroisomerization step is carried out over a hydroisomerization
catalyst in the presence of hydrogen under conditions such that the 3710C+
boiling point conversion to 3710C- is less than about 10%, more preferably less
than about 5%, most preferably less than about 1%. These conditions comprise
relatively mild conditions including a temperature from about 204°C to about

343°C, preferably from about 286°C 1o about 321°C and a hydrogen pressure of



boi ling point conversion to 371 oC is |ess than about 10% nore preferably
| ess than about 5% nost preferably |ess than about 1% Thp§nggmgitions
conprise relatively mld conditions including a tenperature from about
204C to about 343C, preferably from about 286C to about 321 C and a

hydr ogen pressure of 0 OCT 2004 8 about 300 to about 1500 psig, preferably
about 500 to about 1000 psig, nore pregerably about 700 to about 900 psig
to reduce oxygenate and trace olefin levels in the Fischer-Tropsch wax and
to partially isomerize the wax. Typical broad and preferred conditions for

t he hydr oi | zat i t f th t i ti i zed in th
tabl e bel 8bPUICHNAIR Aopier LT meieRrRiTHBly 32 SHEip eba T 00 PEATIS 86 301
Total P 1 9300~ 1500500- 0.Hyd Ireat te, 0- 02000- 4000
sr/ B v PErtsratd 2hBye 200 AR st R GRERER B hals iR u A RRAHG, oe

F/ B vhi _ _ RdFSE6rieh |
cat alyat sk R e T B A e im0,

catal ysts containing a supported Goup VIII noble netal, e.g., platinumor
pal | adium are useful as are catalysts containing one or nore Goup VIII
base metal s, e TRypicalibrbad and peefieadet, conditicarsdontie bydairsumernizioptstep 06 whi ch
may or may not also include a Goup VI netal, e.g. nolybdenumin anounts
of about theprasens invrstien gppsumsiizedsn thetablebelow:be any refractory oxi de
or zeolite or mxtures thereof. Preferred supports include silica,

alum na, silica-alumna, silica-alumna phosphates, titania, zirconia,

vanadi a, and ot @Bncﬁi%ﬂp L1, 1V, V’%r%rad\ﬂan%i des, asN¥gblw Ringe

Temperature, °C 204-343 286-321
Total Pressure, psig 300-1500 500-1000
Hydrogen Treat Rate, 500-5000 2000-4000
SCF/B

While virtually any catalyst useful in hydroisomerization may be
satisfactory for the mild hydrotreating/hydroisomerization step, some catalysts
perform better than others and are preferred. For example, catalysts containing a
supported Group VIII noble metal, e.g., platinum or palladium, are useful as are
catalysts containing one or more Group VIII base metals, e.g., nickel or cobalt,
in amounts of about 0.5-20 wt% which may or may not also include a Group VI
metal, e.g. molybdenum in amounts of about 1-20 wt%. The support for the
metals can be any refractory oxide or zeolite or mixtures thereof. Preferred
supports include silica, alumina, silica-alumina, silica-alumina phosphates,
titania, zirconia, vanadia, and other Group III, IV, VA or VI oxides, as well as Y
sieves, such as ultrastable Y sieves. Preferred supports include alumina and
silica-alumina where silica concentration of the bulk support is less than about
50 wt %, preferably less than about 35 wt%. More preferred supports include
amorphous silica-alumina co-gel where the silica is present in amounts of less
than about 20 wt%, preferably 10-20 wt%. Also the support may contain small
amounts, e.g., 20-30 wt%, of a binder, e.g., alumina, silica, Group IV A metal

oxides, and various types of clays, magnesia, etc., preferably alumina.



sieves, such as ultrastable Y sieves. Preferred supports include alum na
and silica-alumna where silica concentration of the bulk support is |ess
than about 50 wt % preferably less than about 35 wt % Mor g 1qrrefeg ed
supports include anorphous silica-alumna co-gel where the silicais
present in amounts of | ess than about 20 w% preferably 10-20 wt% Al so
the support may contain small anounts,ge.g., 20-30 wt% of a binder, e.g.,
alumna, silica, Goup IV A netal oxides, and various types of clays,
magnesia, etc., preferably alumna. 0 OCT 2001 9 Preferred catal ysts of the
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and a porW%ﬂgkmg{)&fexg@%{:,ifpél)g@/(fé}'l{lﬂ%gﬁﬁ@rf[&f éRlak acfliidBuppoR. A n/gm a

bul k dens out a side crushing 'strength of about
0.8 to 3. Prkfried caulPschArd eetfac aey i thesrapge pdnbduby8@G400nif@mnat i ng t he
nmetals from solutions onto the supports, drying at 100-150C, and cal ci ning
in air at peferably®30-T5@mpigepandta mreofolammrqfrﬂygéoéiq mdigma preferably

m crospheres for supports is describhed in Ryland, Lloyd B, Tanele, MW,
and W sorf-33 to0.7 Gm,r?gbmbaif‘/&ﬁlﬂtog?b@!a‘t(élsy}sﬁé?”@!oar"l%%sﬁel‘{m NEpaul H.
Emmett, Reinhol.d EUIQ' i ?ﬂ%}l&g rporation, New York, 1960, pp. 5-9. In a
pref er r ed SUEOSH, ot abay -1 4 metal is present in ampunts of about 5
wt% or less, preferably 2-3 wt% while the Goup VI netal is usually
present in greater anounts, e.g., 10-20 wt% A typical catalyst is shown

bel ow: Co wt % Afyrifelfed catalyst is prepared by co-impregnating the metals from

solutions onto the supports, drying at 100-150°C, and calcining in air at 200-
550°C. The preparation of amorphous silica-alumina microspheres for supports
is described in Ryland, Lloyd B., Tamele, M.W., and Wilson, J.N.. Cracking
Catalysts, Catalysis: volume VII, Ed. Paul H. Emmett, Reinhold Publishing
Corporation, New York, 1960, pp. 5-9.

In a preferred catalyst, the Group VIII metal is present in amounts of
about 5 wt% or less, preferably 2-3 wt%, while the Group VI metal is usually

present in greater amounts, €.g., 10-20 wt%. A typical catalyst is shown below:

Co wt% 2.5-35

Mo wt% 15-20
Al,03-510; 60-70
A1203—binder 20-25

Surface Area 290-355m*/gm
Pore Volume (Hg) 0.35-0.45 ml/gm
Bulk Density 0.58-0.68 g/ml

The present invention utilizes a synergistic effect between hard, virgin
Fischer-Tropsch wax ang softer mildly isomerized Fischer-Tropsch wax ina
blending process. The concept of blending untreated virgin Fischer-Tropsch wax

(i.e., harder wax) with isomerized Fischer-Tropsch wax (i.e., soft wax) n order



Al 2C8-Si 2 Al 233-bi nder Surface Area Pore Volune (Hg) . Bulk Density
2.5-3.5 15-20 60-70 20-25 290-355n2/gm 0.35-0.45 m/gm(eppg4668 g/
The present invention utilizes a synergistic effect between hard, virgin
Fi scher-Tropsch wax and softer mldly isomerized Fischer-Tropsch wax in a
bl endi ng process. The concept of blendiqg_untreated virgin Fischer-Tropsch
wax (i.e., harder wax) with isonmerized Fischer-Tropsch wax (i.e., soft
wax) in order 0 OCT 11 2004 -10 to neet desired specifications is quite
novel . Consequently, small anobunts of the softer, treat%ﬁ%isongébfed wax
have a gregj er.k hai e RELifdawbiscistquite rdvel. hansRgsatlhSTAABIENY.

Si gni ficant savings can be realized by treating, only a ' { wax
produced vigge Ebgeharealédonterizpdtmashave dEaHT ggaq ﬁ’gpeﬁ%ﬁdoﬂg gééé Bﬂ(ﬂlq ncrease

t he needl e penetration val ue). and then .bl endi ' telakigb omly B
untreat ed, thadkess dfi the ibendyr F\C%Qa\nagﬁﬁf‘%ﬁ% I%Jrilizgﬁg?}:}féggugt V\%’t h a

desirable needle penetration vaku hesie 36 Fethcd elge hardnessopaci ty.
Exanple 1 -pCFi’tlepa?faW%ﬁr?f#‘lcﬁas"é?'lbs-%?glg%g%?kb\ginAem' xture of hydrogen and

carbon nDnO()i(rilgr%agg ﬂ;[ehﬁeseidfe gﬁeﬁéﬂ%{n%ae)oand then blending this matena)j with
untreated, harder Fischer-Tropsch wax to obtain an end product with a desirable

needle penetration value as well as a desired degree of opacity.

Example 1 - Preparation of Fischer-Tropsch Wax

A mixture of hydrogen and carbon monoxide synthesis gas (HyCO=2.0-

2.2) was converted to heavy paraffins in a sharry bubble column Fischer-Tropsch

o . .
reactor. The catalyst utilized was a titama supported cobalt rhenium catalys

previously described in US Patent 4,568 ,663. The reaction was conducted at

' i i Jocity of 12
about 204-232°C, 280 psig, and the feed was introduced at a linear velocity

to 17.5 cm/sec. The Fischer-Tropsch wax product was withdrawn directly from

the slurry reactor.

The boiling point distribution of this wax is shown in Table 1.

Table 1

Boiling Point Distribution of Virgin Fischer-Tropsch Wax

Fraction Reactor Wax
IBP-177 °C 0.00
177-260 °C 0.70
260-371 °C 20.48
371°F+ 78.82




2.2) was converted to heavy paraffins in a slurry bubble colum
Fi scher-Tropsch reactor. The catalyst utilized was a ti ta %[ghf)ﬁ)orted

cobalt rhenium catal yst previously described in US Patent Wl663. The
reacti on was conducted at about 204-232C, 280 psig, and the feed was
introduced at a linear velocity of 12 to 17.5 cm sec. The Fi scher-Tropsch
wax product was withdrawn directly fronil-the slurry reactor. The boiling
point distribution of this wax is shown in Table 1. Table 1 Boiling Point
Distribution of Virgin Fischer- Tropsch Wax Fraction Reactor Wax 1BP-177 C
0.00 177 ) -7@12&2 010CT 2004 -11- Exam
le 2 - Frd24aldias ¥19RaLER g RIS ' A portion of the

Fi scher - Tropsch wax prepared in Exanpl e 1 was fractionated under vacuumto
produce a fraction boiling greater than about 441 C. Exanple 3 -

Hydr oprocessi ngy V%&ﬁeﬁrofﬁemex\m@pmm prepateet indirample lowashe

Fi scher-Tropsch X prepared in Exanple | was treated ovg Q 1.°

cobal t/ ol fehdpiisedtndér vamua tnproducandrastiondwiing FeEdtad oyt 441 &

foll owi ng conditions: LHSV=1.41, tenperature=34%$C, reactor pressure
(outlet)=725 psig and a hydrogen treat gas rate of 1955 SCF/Bbl. The total

| i qui d product fromthl S run was .t.he i wider vacuumto produce
a fracti ont®s G HHORFOGERSIRE 2] 0 and yields are 0 1 O
C T 2004

Another portion of The Fischer-Tropsch wax prepared in Example 1 was
treated over the cobalt/molybdenum on silica-alumina catalyst described herein
at the following conditions: LHSV=141, temperature=348°C, reactor pressure
(outlet)=725 psig and a hydrogen treat gas rate of 1955 SCF/Bbl.

The total liquid product from this run was then fractionated under vacuum t0o

produce a fraction boiling greater than about 413°C. Conditions and yields are



- 12 summarized as follows in Table 2. Table 2 Raw (Untreated WAX

| somerized wax (treated) Wax LHSV 1.397 Tenperature, 348. 1dET 2604
gogagetg 0P8|7% H2 '&eat, SCF/ B 725.0 2140 Yield, wt. % C 1| 0.004 (2

: : i - 0.135 n-C4 0.099 (C5-413 C------- -
56.69 --------- 413C+ 44. 368 oo 310 GradL ©

_12-

summarized as follows in Table 2.

Table 2
Raw Isomerized wax
(Untreated ) (treated)

Wax Wax
LHSV 1.397
Temperature, 348.2
°C
P (outlet), 725.0
Psig
H; Treat, 2140
SCF/B
Yield, wt. %
C, 0.004
C, 0.012
Ci 0.072
l'-C4 0.135
I]-C4 0.099
Cs-413°C - 55.310
Cs-441°C 5669 0 mmmm—ee-
413°C+ 44.368
441°C+ 4331 -

100.00 100.000

Thus two samples were prepared: a 441°C+ fraction of raw Fischer
Tropsch wax and 413°C+ fraction of hydroisomerized wax obtained by
fractionating the total liquid product from the hydroisomerization run and

recovering a 413°C+ heavy bottom product.

Whereas the untreated virgin wax produced in Example 2 was opagque
(bright white) and very hard (needle penetration of 5 dmm at 37.8 °C), the
isomerized wax produced in Example 3 was translucent and very soft (needle

penetration of 108 dmm at 37.8 °C.)




441 C+ 43.31 ------ 100. 00 100. 000 Thus two sanples were prieparpdy a 441 C+
fraction of raw Fischer Tropsch wax and 413C+ fraction of hydroisonerized
wax obtained by fractionating the tota liquid product fromthe

hydr oi someri zation run and recovering a 413C+ heavy bottom product.
Whereas the untreated virgin wax produced in Exanple 2 was opaque (bright
white) and very hard (needle penetratiqg.of 5 dmmat 37.8 C), the

i sonerized wax produced in Exanple 3 was translucent and very soft (needle
penetration of 108 dnmat 37.8 C) D11 0 CT 224 - 13 Exame 4 - Blending
Since the virgin Fischer-Tropsch wax produced in exanple 2 was harder than
many of t lExampledal Blenditdket ed waxes whi ch have a needl e penetration val ue
of, e.g., 7-15 and the isonerized wax of Exanple 3 was softer than these
typically marketed waxes, a series of blends were fornulated to prepare

waxes W th neeogége H]%%%éi@f%ngf;er-nﬂfoﬁséﬁ’Waﬁ?éogﬁcé@i’ﬁ?&amr\jS@hhﬂdef

mar ket ed. The ries o n was " prepar y m Xxing the 441C+ raw wax

with the 494 fihnyldfaad @%ﬁi&@%y mAMKe1B8 Wedxea tviisioh thave a(bSdMd prrkdatio@ 37. 8C)
were obtained on” each material and bl ends thereof. The particul ar wax

fracti ons vahesef) efgy 7415eandothe isbmeris¢didwx ad Fvample Jneassofterothantthese
necessarily correspond to a particul ar 8rade of wax marketed comrercially,
and boi | i ngpicalipesarkeied watesca serieorEblends wege fepmawlateddoprgparecyaxes

principle as defined bel ow. Table 3 hel.ow shows the. | etrhat i on
(ASTM D 1388 nesdlggenchrantsmare paet ot e roveng SARCe GBglr 18’ ¢
Exanpl es 2 and Penet rat i i ’ i 14,1 3vgi4ch
apol | o a SSHENGG PIPRRSHrp e CHRARE O 4l Rand SRS SAFRhETS1
treated wax. Wax penetration data (ASTM D-1321 @ 37.8°C) were obtained on
each material and blends thereof. The particular wax fractions chosen for the
blending study described herein do not necessarily correspond to a particular
grade of wax marketed commercially, and boiling ranges were selected solely to

demonstrate proof of a principle as defined below.

Table 3 below shows the needle penetration (ASTM D 1321) of wax
blends prepared with the two waxes described in Examples 2 and 3. Penetration
is measured with a penetrometer, which applies a standard needle to the sample

for 5 seconds under a load of 100 grams.



for 5 seconds under a |load of 100 grans. 0! car 2004 -14 Table 3 Sanple W
%Virgin W % | sonerized Needl e #Fi scher Tropsch Fi scber-Tropsch Wax
Penetration, ddm Wax (B.P. 441C+)(B.P. 413 C+)at 37.8 C(}}?G.Q@ 05
295. 05. 09 390. 010. 015 480. 020. 020 570. 030. 025 650. 050. 035 2£f %6.764
815.584.578.5 910. 090. 083.8 100. 0100. 0108 The data denobnstrate that the
needl e penetration value can be tailoreg by adjusting the relative
proportions of each conponent. More inportantly, however, the data
indicate that the blending effect is not linear. The surprising results
shown in this table are depicted in Figure 1 where the data is plotted as
wax penetration versus the content oﬂﬂﬁﬂﬂﬁbrized wax.

Properties of Blended Fischer-Tropsch Waxes

Wt % Virgin Wt % Isomerized Needle

Sample Fischer Tropsch Fischer-Tropsch Wax | Penetration, ddm

# Wax (B.P. 441°C+) (B.P. 413 °C+) at 37.8 °C

1 100.0 0.0 5

2 95.0 5.0 9

3 90.0 10.0 15

4 80.0 20.0 20

5 70.0 300 - 25

6 50.0 50.0 35

7 23.3 76.7 64

8 15.5 84.5 78.5

9 10.0 90.0 83.8

10 0.0 100.0 108

The data demonstrate that the needle penetration value can be tailored by
adjusting the relative proportions of each component. More importantly,
however, the data indicate that the blending effect is not linear. The surprising
results shown in this table are depicted in Figure 1 where the data is plotted as

wax penetration versus the content of isomerized wax.



Properties of Blended Fischer-Tropsch Waxes 0 1 O C T 2004 -15 CLAI Ms: |

A process for produci ng a hydrocarbon synthesis wax conposi tﬁog T 7004
conprising: (a) formng raw wax in a Fischer-Tropsch hydrocarf)oR synt hesi s
process said raw wax having a first needeSpenetrati on value as neasured
by the nmethod ASTM D1321; (b) form ng an isonerized Fi scher-Tropsch wax by
hydr oi soneri zing a raw wax forned according to step (a) at

hydr oi somariéﬁti conditions, said isomerized wax having a second needl e
penetration i »='sai d second needl e penetration value being greats r 4
hail said first needl e penetration value; and (c) blending at |east a
portion of said raw wax fromstep (a) with at |least a portion of said

i somerized wax froms h) An such.a blending ratio so as to result in a
bl ended wax havi ;ng aAg’?%éﬁe‘%gf’wwgﬁcﬂ%?gyﬁ@éa{%@nﬁé’ﬁé}iqﬁa&%h comipgsltic2. The
process of climmt wherein said third needle penetration value is greater
than said first® neefl e penetration value and | ess than said second needl e

Phan 10% hydr ooar bord b1 ke anoue T FC el CaRTech e BRpRrsSiubsbn.
(2) botl s above 441G ank Sare s camery et uie i reete ok flh Yie 8 a1aC

(a) boils above 441C and said isonerize
0 OCT 1004 measured by the method ASTM D1321;

(b) forming an isomerized Fischer-Tropsch wax by
hydroisomerizing a raw wax formed according to step (2) at
hydroisomer‘ization conditions, said isomerized wax having a
'second needle penetration value, said second needle penetration
value being greater than said first needie penerration value; and

(c) blending at least a portion of said raw wax from step (a) with at
least a portion of said isomerized wax from step (b) in such a
blending ratio so as to result in a blended wax having a

predetermined third needle penetration value.

2. The process of claim 1 wherein said third needle penetration value is
grezter than said first needle penetration value and less than said second needle

penetration value,

3. The process of claim 1 wherein, during step (b), less than 10%
hydrocarbons boiling above 371°C are converted 10 hydrocarbons boiling below
371°C.

4. The process of claim 1 wherein said raw wax of step (a) boils above

441°C and said isomerized wax of s1ep (b) boils above 413°C.



-16 5. The process of claim1, wherein: in step (a), the raw wax fornmed in
the Fi scher-Tropsch hydrocarbon synthesis process is separated Lgﬁﬁ & raw
wax fraction boiling above 441 C said raw wax fraction having g' il J04
needl e penetration value; in step (b), tzg i sonerized wax is separated into
an isonerized wax fraction boiling above”413 C said isonerized wax
fraction having a second needl e penetration value said second needl e
penetration val ue being greater than said first needl e penetration val ue;
and, in step (c), at least a portion of said raw wax fraction boiling above
441 C from Step (a) is wended with at | east a portion of said isonerized
wax fraction boifing Thlegprecest3iCldinoi wherif:b) in such a blending ratio so
as to result in a blended wax having a predeterm ned third needle

penet r at i o ™MAAFRIER), WreFady iwasafiodmediin dhe Rseler Tpegseh hatianrb@l sienthasigr eat er
than said first needleﬁﬁe etration value_ang@ﬂtess t han sai d second needl e

penet r at i o V&F e SEPAF U@ 2gAWa™px &i’@@?n ek peidoewswet any
one of cl ai - nﬁ&iﬁglﬁnﬂégﬁé%@ é:%%%&:ri%\s@é]crayons’ mar kers, cosnetics,

candl es or ‘efectrica & of a product obtained by the
process of any one of clainms | to 5 in food and drug applications.

in step (b), the isomerized wax is separated into an isomerized wax fraction
boiling above 413° C said isomerized wax fraction having a second needle
penetration value said second needle penetration value being greater than said

first needle penetration value; and,

a} is blended with at least a portion of said isomerized wax fraction boiling
above 413° C from step (b) in such a blending ratio so as to result in a blended
wax having a predetermined third needle penetration value, wherein said third
needle penetration value is greater than said first needle penetration value angd

less than said second needle penetration value.

6. The use of a product obtained by the process of any one of claims

1 to 5 in coating materials, crayons, markers, cosmetics, candles or electrical

insulators.

7. The use of a product obtained by the process of any one of claims

1 10 5 in food and drug applications.



