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PREPARATION OF BRANCHED ALIPHATIC ALCOHOLS USING A PROCESS
STREAM FROM A DEHYDROGENATION-ISOMERL=ZATION UNIT

Background of the Invention

Cross Reference to Related Application

This application claims the benefit of U.S. Provisional Appmlication Serial No.
60/511,524 filed Octaber 1 5, 2003.
Field of Invention

The present invenﬁ on generally relates to systems and metlhods for preparing
aliphatic alcohols. More p articularly, embodiments described heresin relate to systems and
methods for preparing brariched aliphatic alcohols using a dehydroOgenation-isomerization
unit. '

Description of Related Art

Aliphatic alcohols are important compounds that may be wmsed i ina variety of
applications or converted €o other chemical compounds (e.g., surf-actants, s sulfates).

Surfactants may be used ixa a variety of applications (e.g., detergemts, soaps, oil recavery).

The structural comaposition of the aliphatic alcohol may ime fluence the properties of
the surfactant and/or detergent (e.g., water solubility, biodegradability and cold water
detergency) produced frorm the aliphatic alcohol. For example, w=ater solubility may be
affected by the linearity o f the aliphatic portion of the aliphatic al cohol. Asthe linearity of
the aliphatic portion increases, the hydrophilicity (i.e., affinity fomr water) of the aliphatic
alcohol surfactant may descrease. Thus, the water solubility and/Or detergency performance
of the aliphatic alcohol suarfactant may decrease. Incorporating b ranches into the aliphatic
portion of the aliphatic al cohol surfactant may increase the cold-—water solubility and/or
detergency of the aliphatiic alcohol surfactant. Biodegradability, however, of the aliphatic
alcohol surfactants may be reduced if the branches in the aliphat=ic portion of the alcohol
surfactant include a high number of quaternary carbons. IncorpOration of branches with a
minimum number of quaternary carbon atoms into the aliphatic —portion of the aliphatic
alcohol surfactant may iricrease cold-water solubility and/or detesrgency of the alcohol
surfactants while maintaining the biodegradability properties of the detergents.

The aliphatic portion of an aliphatic alcohol used to marmufacture a surfactant may
include one or more aliphatic alkyl groups as branches. Aliphatzic alkyl groups that may
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form branches in the a liphatic portion may include methy1, ethyl, propyl or higher alkyl
groups. Quaternary ard tertiary carbons may be present vvhen the aliphatic portiorn is
branched. The numbe=r of quaternary and tertiary carbonss may result from the bramnching
pattern in the aliphatic portion. As used herein, the phrasse “aliphatic quaternary c-arbon
atom” refers to a carbeon atom that is not bound to any hy-drogen atoms.

Processes to manufacture branched primary alcolmol compositions are described by
U.S. Patent No. 5,849,960 to Singleton et al. entitled “Hf ghly Branched Primary \]coho)
Compositions, and Bilodegradable Detergents Made Themrefrom” and U.S\ . Patent MNo.
6,150,322 to Singletosn et al., entitled “Highly Branched ~Primary Alcohol Compo sitions,
and Biodegradable D etergents Made Therefrom.”

Summary of the Invention

Tn an embodimment, aliphatic alcohols may be promduced by a method that i_ncludes
dehydrogenation of paraffins to-olefins and isomerizatiosn of the olefins in a
dehydrogenation-isommerization unit. A process feed strasam entering a dehydrogeenation-
isomerization unit m_ay include linear olefins and paraffSins having an average cambon
number from 7 to 18 . In an embodiment, a process feecd stream entering a
dehydrogenation-iso merization unit includes linear olefTins and paraffins having an average
carbon number fromw 10 to 17. As used herein, the phra_se “‘carbon number”’ refe-rs to the
total number of carb-on atoms in a molecule. The proce=ss feed stream entering am.
dehydrogenation-iscemerization unit, in some embodimesnts, is derived from a Fi_scher-
Tropsch process.

At least a posrtion of the paraffins in the feed str eam may be dehydrogenaated to form
olefins in the dehyd-rogenation-isomerization unit. At L east a portion of the resulting olefins
and at least a portiom of the olefins that were already pr-esent in the feed stream —may also be
isomerized in the dehydrogenation-isomerization unit. An {somerization processs converts
linear olefins (e.g., “unbranched olefins) into branched olefins, The isomerized wolefins may
be hydroformylatedl to produce aliphatic alcohols. Afteer hydroformylation of tine olefins,
unreacted compone=nts from the hydroformylation proc=ess may be separated fromm the
aliphatic alcohol pr-oducts. Paraffins and unreacted olefins in the separated stre=am may be

recycled back into ¥he dehydrogenation-isomerization unit.
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Process conditions in the dehydrogenation-isomerization unit nmay be such that the
resulting branched olefins have an average number of branches per olefin molecule from
about 0.7 to about 2.5. The branched olefins may include, but are not 1 imited to, methyl
and/or ethyl branched olefins. The jsomerization process may produce= branched olefins
that include less than about O.5 percent of quaternary aliphatic carbon zatoms. The
dehydrogenatiomisémerizatiOn unit may include a catalyst that has two functions, to
dehydrogenate the paraffins to olefins and to isomerize the olefins intos branched olefins.

In an embodiment, a dehydrogenation-isomerization unit may mnclude a plurality of
zones. The plurality of zones may include a first reaction zone and a ssecond reaction zone-
The first reaction zone may be a dehydrogenation zone. The second resaction zone may be
an isomerization zone. A hydrocarbon stream, containing olefins and paraffins, may enter
the dehydrogenation zone. At leasta portion of the paraffins in the hy~drocarbon stream
may be dehydrogenated to olefins to produce a stream enriched in ole—fins. The enriched
olefin stream may be passed into the isomerization zone. In the isomesrization zone, at least
a portion of the olefins in the enriched olefin stream may be isomerizesd to branched
olefins. The branched olefins may be converted to aliphatic alcohols by hydroformylation.
After hydroformylation of the olefins, a paraffins and unreacted olefimns stream may be
separated from the produced aliphatic alcohol products. The paraffimm s and unreacted
olefins stream may be recycled by directing at least a portion of the p araffins and unreacted
olefins stream back into the dehydrogenation-isomerization unit and/"or into a stream
entering the dehydrogenation-isomerization unit.

In an embodiment, a dehydrogenation-isomerization unit mayy include a stacked bed
configuration. The stacked bed may include a catalyst for dehydrogesnation and a catalyst
for isomerization of a hydrocarbon stream. At leasta portion of the —paraffins in the
hydrocarbon stream may be dehydrogenated to olefins to produce a sstream enriched in
olefins. The enriched olefin stream may be passed into an isomerizaation zone. In the
isomerization zone, at least a portion of the olefins in the enriched o lefin stream may be
isomerized to branched olefins. The branched olefins may be conve=rted to aliphatic
alcohols by hydroformylation. After hydroformylation of the olefinss, a paraffins and
unreacted olefins stream may be separated from the produced aliphamtic alcohol products.
The paraffins and unreacted olefins stream may be recycled by directing at least a portion
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of the paraffins and unr-eacted olefins stream back into the dehydrogenation-isomerization
unit and/or into a strearm entering the dehydrogenation-isormerization unit.

In certain embo «diments, at least é,portion of the ali—phatic alcohols may be sulfated
to form aliphatic sulfatess. In some embodiments, aliphatic sulfates may include branched
alkyl groups.

In certain embordiments, at least a portion of the preoduced aliphatic alcohols may b&
oxyalkylated to form o=xyalkyl alcohols. In some embodimments, oxyalkyl alcohols may
include branched alkyl groups. In some embodiments, at Meast a portion of the produced
branched aliphatic alcohols may be ethoxylated to form broanched ethoxyalkyl alcohols. A
least a portion of the oxyalkyl alcohols may be sulfated to from oxyalkyl sulfates. In some=
embodiments, oxyalkjrl sulfates may include branched alk—yl groups.

Brief Description of time Drawings

Advantages of the present invention will become sapparent to those skilled in the art
with the benefit of the following detailed description of emmbodiments and upon reference
to the accompanying Arawings, in which:

FIG. 1 depicts aschematic diagram of an embodirment of a system for producing
branched aliphatic alc chols using a dehydrogenation-isormaerization unit.

FIG. 2 depicts aschematic diagram of an embodimment of a system for producing
branched aliphatic alc=ohols using a dehydrogenation-isormerization unit and a separation
unit to separate branched olefins from linear olefins and gparaffins.

FIG. 3 depiéts a schematic diagram of an embodixment of a system for producing
branched aliphatic alcohols using a dehydrogenation-isormerization unit with addition of &an
additional hydrocarbon stream.

FIGS. 4 A-B clepict schematic diagrams of emboadiments of a system for producin_g
branched aliphatic aleohols using a two-zone dehydrogemation-isomerization unit.

FIG. 5 depicts a schematic diagram of an embodament of a system for producing
branched aliphatic alecohols using a dehydro genation-iso-merization unit with a stacked be=d
catalyst configuratior.

While the invention is susceptible to various moadifications and alternative forms,.
specific embodiment=s thereof are shown by way of exanmple in the drawing and will here iu
be described in detai 1. It should be understood that the clrawings and detailed descriptiora
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thereto are not in-tended to limit the invention to the particular form disclosed, bwut on the
contrary, the inte=ntion is to cover all modifications, equ ivalents, and alternativess falling
within the spirit =and scope of the present invention as defined by the appended c=laims.
Detailed Descripation of Embodiments

Hydrocaarbon products may be synthesized fromm synthesis gas (i.e., a mi=xture of
hydrogen and ca rbon monoxide) using a Fischer-Trops«ch process. Synthesis gams may be
derived by partizal combustion of petroleum (e.g., coal, hydrocarbons), by reforrming of
natural gas or by partial oxidaﬁon of natural gas. The Kischer-Tropsch process catalytically
converts synthessis gas into a mixture of products that imcludes saturated hydroc=arbous,
unsaturated hyd rocarbons and a minor amount of oxygen-containing products. The
products from a= Fischer-Tropsch process may beused for the production of fuesls (e.g.,
gasoline, diesel oil), lubricating oils and waxes.

Fischerf-Tropsch process streams may also be vused to prepare commodi_ty products,
which have ecosnomic value. For example, linear olefsins are commodity produmcts that are
useful for the p-roduction of surfactants. Using a porti on of the process stream  to produce
linear olefins may increase the economic value of a Fi_scher-Tropsch process s®ream.

Surfact=ants derived from branched olefins mayy have different propertie=s than
surfactants deraved from linear olefins. For example, surfactants derived frorm branched
olefins may ha-ve increased water solubility and/or im-proved detergency prope=rties
compared to scarfactants derived from linear olefins. MBiodegradable propertiess of the
surfactant, howevever, may be affected by the presence of quaternary carbon atowms in the
branched porti on of the surfactant. Surfactants made from branched olefins with a
minimum number of quaternary carbon atoms may have similar biodegradablee properties to
surfactants der—ived from linear olefins. Production o= branched olefins from = Fischer-
Tropsch processs stream may increase the economic v-alue of the stream. In scome
embodiments, linear olefins may be converted into bxranched olefins with 2 m_inimum
number of quaaternary carbon atoms using a dehydrogzenation-isomerization oxr an
isomerization catalyst. Increasing the amount of bramched olefins derived fromm a Fischer-
Tropsch processs stream may increase the economic walue of the process strea_ms.

Methowds are described for increasing the amount of branched olefins derived from a

process strearm that includes certain amount of olefirs, thus increasing the eceonomic value
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of the process stream. Such methods are useful for both Fischer-Tropsch preocess streams
amd product streams from other sources that include hydrocarbons.

A hydrocarbon feed stream cormposition may include paraffins and o»lefins. At Jeast
a portion of the hydrocarbon stream ma.ay be made up of linear paraffins and olefins having
a-t least 4 carbon atoms and up to 18 carbon atoms. A hydrocarbon feed str&sam may be
o btained from a Fischer-Tropsch proceess or from an ethylene oligomerizaticon process.
Fischer-Tropsch catalysts and reactiora conditions may be selected to providle a particular
mmix of products in the reaction product stream. For example, a Fischer-Trospsch catalyst
and reaction conditions may be selected to increase the amount of olefins amd decrease the
aamount of paraffins and oxygenates ira the stream. Alternatively, the cataly st and reaction
—onditions may be selected to increases the amount of paraffins and decreases the amount of
Olefins and oxygenates in the stream.

The catalyst used in a Fischer—Tropsch process may be Mo, W, Group VIII
—ompounds or combinations thereof. Group VIII compounds include, but zare not limited
tco, iron, cobalt, ruthenium, rhodium, golatinum, paﬂadium, iridium and osma ium. Catalysts
and combinations for manufacture of hydrocarbon species by a Fischer-Tropsch process are
generally known.

While reference is made to a Fischer-Tropsch stream, any stream o olefins and
ssaturated hydrocarbons may be suitatele. Many Fischer-Tropsch streams nmay contain from
= percent to 80 percent olefins, the reamainder being saturated hydrocarbonss comprising
poaraffins and other compounds.

In some embodiments, feed s€reams containing olefins and paraffim s are obtained
~through cracking of paraffin wax or thhe oligomerization of olefins. Commmercial olefin
-products manufactured by ethylene o ligomerization are marketed in the Uraited States by

Chevron Phillips Chemical Companyy, Shell Chemical Company (as NEOIDENE®) and
PBritish Petroleum. Cracking of paraffin wax to produce alpha-olefin and paraffin feed
streams is described in U.S. Patent NJo. 4,579,986 to Sie, entitled “Process For The
Preparation Of Hydrocarbons” and UJ.S. Patent Application Serial No. 10/153,955 of
Ansorge et al., entitled “Process For The Preparation of linear Olefins and Use Thereof To
Prepare Linear Alcohols.” Specific orocedures for preparing linear olefinss from ethylene
are described in U.S. Patent No. 3,676,523 to Mason, entitled “Alpha-Ole=fin Production;”
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U.S. Paterat No. 3,686,351 to Mason, entitled “ Alpha-Olefin Production;” U .S. Patent No.
3,737,475 to Mason, entitled “Alpha-Olefin Production” and U.S. Patent No. 4,020,121 to
Kister et al, entitled “Oligomerization Reactioma System.” Most of the abov-e-mentioned
processes produce alpha-olefins. Higher linear internal olefins may be commmercially
produced (e.g, chlorination-dehydrochlorination of paraffins, paraffin dehy«drogenation,
isomeriza_ tion of alpha-olefins).

In an embodiment, a feed stream is processed to prdduce a hydrocar bon stream that
includes oranched olefins. These branched olefins may be converted to bramched aliphatic
alcohols wising various techniques. The feed stxeam may have a paraffin comtent range
between sabout 50 percent by weight to about 9 0 percent by weight of the fe=ed stream. In
certain ernbodiments, a feed stream may have = paraffin content greater tha-n about 90
percent b~y weight paraffins. The feed stream rmay also include olefins. Thee olefin content
of the fee=d stream may be between about 10 percent by weight to about 50 percent by

" weight.

T he composition of the feed stream maxy include hydrocarbons havi ng an average
carbon nwumber ranging from 4 to 30. In an encibodiment, an average carbom number of the
hydrocar~bons in a feed stream may range from 4 to 24. In other embodime=nts, an average
carbon n—umber of the feed stream may range £rom 4 to 18. An average car-bon number of
the hydrocarbons in a feed stream may range £rom 7 to 18. In certain embodiments, an
average ecarbon number of the hydrocarbons ir a feed stream may range from 10to 17. In
some emrbodiments, an average carbon numbesr of hydrocarbons in a feed sstream may range
from 10 to 13. In other embodiments, an aver-age carbon number of hydro<arbons in a feed
stream nay range from 14 to 17. A feed stream may include minor amourats of
hydrocamrbons having a carbon number that is “higher or lower than the desiyed carbon
number range. In some embodiments, a feed stream may be derived from distillation of a
process -stream that includes a broader range oOf carbon numbers.

In an embodiment, a feed stream for a. dehydrogenation-isomerizat-ion unit includes
mono-olefins and/or paraffins. The mono-olefins may be of a linear or branched structure.
The momno-olefins may have an alpha or intermal double bond position. Tiae feed stream
may inc lude olefins in which 50 percent or mv.ore of the olefin molecules prresent may be

alpha-oMefins of a linear (straight chain) carbon skeletal structure. In certanin embodiments,
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at least= about 70 percent of the olefins are alpha-olefins of a linear carbon skeletal
structuwxe. A hydrocarbon stream in whickn greater than about 70 percent of all Of the olefin
moleciales are alpha-olefins of a linear caxrbon skeletal structure may be used in. certain
embodijments to convert olefins to aliphatic alcohols. Such a stream may be derived from 2
Fische x-Tropsch process. In some embocliments, a feed stream includes olefinss in which at
least a"bout SO percent of the olefin molecules present are internal olefins.

Branched chain olefins may be converted to branched aliphatic alcohols (e.g.,
brancied primary alcohols) by a hydrofoxmylation process. “Hydroformylatiom,” as used
herein_, refers to the production of alcoho 1s from olefins via a carbonylation ancd a
hydroggenation process. Other processes Tay be used to produce aliphatic alcohols from
olefinss. Examples of other processes to produce aliphatic alcohols from olefirns include,
but aree not limited to, hydradration, oxid ation and hydrolysis, sulfation and hydration, and
epoxiciation and hydration. The éomposition of an alcohol product stream mayy include
aliphamtic alcohols having an average carbbon number ranging from 5 to 31. In an
emboediiment, an average carbon number of the aliphatic alcohols in an alcohol product
strearwn may range from 7 to 19. In certain embodiments, an averaéé carbon mamber of the
aliphaatic alcohols in an alcohol product stream may range from 11 to 18. In some
embo=diments, an average carbon numbex of aliphatic alcohols in an alcohol product stream
may r-ange from 11 to 14. In other embordiments, an average carbon number o f aliphatic
alcoheols in an alcohol product stream may range from 15 to 18.

In certain embodiments, a first hydrocarbon stream that includes paraffins and
olefirms may be introduced into a dehydrogenation-isomerization unit. The
dehycIrogenation-isomerization unit may/ replace two independent units (e.g., &n
isome=rization unit and a dehydrogenation unit). The dehydrogenation-isomerization unit
may clehydrogenate paraffins to olefins zand isomerize the resulting olefins ancl/or initial
olefirs present in the hydrocarbon strearm to branched olefins. In an embodiment, a catalyst
may gperform the dehydrogenation-isomerization of the hydrocarbons in the fimrst
hydrccarbon stream. In certain embodirments, a catalyst may be a single catalyst. The
catal=yst, in some embodiments, may be amixture of two catalysts (e.g., a deh:ydrogenation
catal=yst and an isomerization catalyst). In other embodiments, two separate c atalysts

locateed in different zones or in a stacked bed configuration in one dehydrogeration-
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isomerization unit paay perform the dehydrogenation-isomerization process. As used
herein, “a dehydrogeenation-isomerization catalyst” maxy be one or more catalystss.

In certain emabodiments, a dehydrogenation-isomerization unit may have several
points of entry to accommodate different process strezams. The process streams mmay be
from other processimng units and/or storage units. Exa-mples of process streams imclude, but
are not limited to, a diluent hydrocarbon stream, and/cor other hydrocarbon strearms that
include olefins and paraffins derived from other processes. As used herein, “entory into the
dehydrogenation-ise©merization unit” refers to entry o—f process streams into the
dehydrogenation-iseomerization unit through one or m_ore entry points.

A first hydreocarbon stream, including a mixtu—re of olefins and paraffins, maybe
introduced into deh_ydrogenation-isomerization unit 1 10 via first conduit 112 as  depicted
for System 100 in ¥<1G. 1. Hydrocarbons in the first mydrocarbon stxeani may hamve an
average carbon nurmber from 7 to 18. In certain emboOdiments, hydrocarbons in  the first
hydrocarbon strean may have an average carbon nuncber from 10 to 17. In sonrme
embodiments, hydrocarbons in the first hydrocarbon astream may have an averagze carbon
number from 10 to 13. In other embodiments, hydroearbons in the first hydrocaarbon
stream may have ax1 average carbon number from 14 to 17. In some embodimemnts, a first
hydrocarbon streamn includes alpha-olefins. The alphwa-olefin content of the firsat
hydrocarbon strearwn may be greater than about 70 per—cent of the total amount of olefins in
the first hydrocarbon stream. In certain embodimentss, a first hydrocarbon streamm may be
produced from a Faischer-Tropsch process.

In dehydrogzenation-isomerization unit 110, a=t least a portion of the para_ffins in the
first hydrocarbon sstream may be dehydrogenated to Olefins. At least a portion Ofthe
resulting olefins ard at least a portion of the olefins that were already present irx the feed
streamn may be isormerized to produce a second hydrocarbon stream. The isome=rization
process converts 1i near olefins (i.e., unbranched olefmins) into branched olefins.

The catalyst used for the dehydrogenation-isOmerization of the first hyd rocarbon
stream may be based on a zeolite catalyst modified vvith one or more metals or metal
compounds. The catalyst used in dehydrogenation-issomerization unit 110 to treeat the
olefins in the first hydrocarbon stream may be effect ive for skeletally isomerizi ng linear

olefins in the proc ess stream into olefins having an average number of branchess per olefin
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mo-lecule chain greater than about 0.7. In certain embodiments, an average numiber of
bra_nches per olefin molecule chain may range from about 0.7 to about 2.5. In some
em_bodiments, an average number of branches per olefin molecule chain may rarage from

about 0.7 to about 2.2. In other embodiments, an average number of branches peer olefin
mo>lecule chain may range from about 1.0 Lo about 2.2

The dehydrogenation-isomerizatiory catalyst may contain a zeolite havingg at least
onse channel with a crystallographic free chuannel diameter greater than about 4. 22 A and less
thzan about 7 A, measured at room temperature. As used herein, “channel diamester or size"
refers to an effective channel diameter or size for diffusion. The zeolite may ha-ve no
ch-annels present that have a free channel diameter greater than about 7 A. The catalyst
maay contain at least one channel having a crystAHographjc free diameter at the entrance of
the= channel greater than about 4.2 A and less than about 7 A. The catalyst may nothavea
ch_annel with a diameter at the entrance, which exceeds the 7 A upper limit of tiae range.
Zeolites possessing channel diameters greater than about 7 A may be susceptibl_e to
umdesirable olefin by-products (e.g., aromatization, oligomerization, alkylation,. coking). In
so-me embodiments, a zeolite may not contain a channel having a free diameter along either
of the x or y planes of greater than about 4.2 A. A small channel size may prev—ent
di—ffusion of the olefin into and/or out of the channel pore once the olefin becomes
br-anched. A zeolite may have at least one channel with a free diameter of the c=hannel
w=ithin a range of greater than about 4.2 A. and less than about 7 A.

Tn an embodiment, an olefin molecule, due to its high carbon chain lengs=th, may not
hzave to enter into the zeolite channel, diffuse through, and exit the other end of " the channel.
Thhe rate of branching seen When passing the olefin acroés the zeolite may not c-orrespond to
tha e theoretical rate of branching if each olefin molecule were to pass through tl=e channels.
Miost of the olefins may partially penetrate the channel for a distance effective o branch the
poortion of the chain within the channel and subsequently withdraw from the ch. annel once
is.omerized. In an embodiment of a method to produce aliphatic alcohols, olefi nmolecules
irm a hydrocarbon stream may predominately have a structure which is branche at the ends
o=f the olefin carbon backbone, and substantially linear towards the center of thes molecule,

(e.g., at least 25 percent of the carbons at the center are unbranched).
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Tn certain embodiments, a zeolite catalyst structumre ay contain channels havings
free diameters greatex than about 4.2 A and less than aboout 7 A along both the x and y
planes in the [001] vRew. Zeolites with the specified chaannel size may be referred to as
medium or intermedi ate channe] zeolites and typically lmave a 10-T member (or puckerezd
12-T member) ring c-hannel structure in one view and a 9-T member or less (small pore=) in
another view, if any. There isno limit to channel numbmers ot orientation (e.g., parallel.,
pon-interconnecting intersections, or interconnecting at any angle) in the zeolite.

Examples of zeolites with a channel size from a“bout 4.2 A to 7.0 A include
molecular sieves, ferierite, A1IPO-31, SAPO-11, SAP(-31, SAPO-41, FU-9, NU-10, NU-
23, ZSM-12, ZSM-22, ZSM-23, ZSM-35, ZSM-48, ZS-M-50, ZSM-57, SUZ-4A, MeA_PO-
11, MeAPO-31, Me_APO-41, MeAPSO-11, MeAPSO-331, and MeAPSO-41, MeAPSO--46,
ELAPO-11, ELAPO-31, ELAPO-41, ELAPSO-11, EL_APSO-31, and ELAPSO-41,
laumontite, cancrini te, offretite, hydrogen form of stilb-ite, the magnesium or calcium Fom
of mordenite and partheite. The isotypic structures of &he zeolite frameworks, known wmmder
other names, may be= considered equivalent. Zeolite frmamework is described by Flanig en et
al.; in "Aluminophowsphate Molecular Sieves and the Peeriodic Table," New Developmesnts
in Zeolite Science T echnology, 1986, Kodansha Ltd., Wokyo, Japan.

Many naturzal zeolites such as ferrierite, heulanedite and stilbite may feature a omne-
dimensional pore structure with a pore size at or slight 1y smaller than about 4.2 Ain |
diameter. U.S. Patent No. 4,795,623 to Evans, entitle “Time Effective Method For
Preparing Ferrierite=" and U.S. Patent No. 4,942,027 to- Evans, entitled “Method for
Preparing Ferrierites,” describe converting channels in —mnatural zeolites to larger channe=ls.
Channels in natural_ zeolites may be converted to zeoli—tes with desired larger channel sizes
by removing an ass ociated atkali metal or alkaline earth metal by generally known me=thods
(e.g., ammonium ion exchange, optionally followed b=y calcination, to yield a zeolite i n
substantially a hydi—~ogen form). Replacing the associa ted alkali or alkaline earth metaml with
the hydrogen form may enlarge the channel diameter. In some embodiments, natural
zeolites (e.g., some= forms of mordenite) may have a clhannel size greater than 7 A. Thbe
channel size may b e reduced by substituting an alkali metal for larger ions (e.g., a larger
alkaline earth meta. 1).
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In certain embodiments, zeolites may have a ferrierite isotypoic (or homeotypic)
framework structure. The promiraent structural features of ferrierite= found by x-ray
crystallography may be parallel chhannels in the alumino-silicate frammework. The parallel
channels may have an elliptical ox-oss section. Zeolites having a ferrxierite isotypic
framework structure are describecd in Buropean Patent No. 55 529 tc Seddon et al., entitled,
“Zeolites;” and European Patent TNo. 103 981 to Whittam, entitled ‘~Zeolites.” Zeolites
having a ferrierite isotypic framewvork are also described in U.S. Partent No. 4,016,245 to
Plank et al., U.S. Patent No. 4,578,259 to Morimoto et al., entitled < “Process For Preparing
A Crystalline Aluminosilicate;” entitled “Crystalline Zeolite And Mdethod Of Preparing
Same” and U.S. Patent No. 4,375 ,573 to Young et al., entitled “Sele=ctive Production And
Reaction of P-Disubstituted Aronmatics Over Zeolite ZSM-48.”

In an embodiment, a hydrogen form of ferrierite (H-ferrieritee) may be considered to
be substantially one-dimensional. H-ferrierite may have parallel rurening channels. H-
ferrierite may have elliptical chamanels that have free diameters of 4-.2 A by 5.4 A along the
x and y planes in the [001] view. The channels may be large enoughh to permit entry of a
linear olefin and diffusion out of or through the channel of the meth_y! branched isoolefin.
The channels may be small enougch to retard coke formation. Methcds for preparing
various H-ferrierite are described in U.S. Patent No. 5,985,238 to P=asquale et al., entitled
“Process For Preparing Ferrierite; >* U.S. Patent No. 4,251,499 to Na_mne et al., entitled
“Process For The Preparation Of Ferrierite;” U.S. Patent No. 4,795,623 to Evané, entitled
“Time Effective Method For Prep aring Ferrierite” and U.S. Patent NJo. 4,942,027 to Evans,
entitled “Method for Preparing Fearierite.”

In certain embodiments, a dehydrogenation-isomerization ca_talyst may be combined
with a refractory oxide that serves as a binder material. Suitable refmractory oxides include,
but are not limited to, natural clayss (e.g., bentonite, montmorillonite , attapulgite, and
kaolin), alumina, silica, silica-alurmina, hydrated alumina, titania, zir-conia or mixtures
thereof.

Examples of alumina binders may include, but are not limiteed to, pseudoboehmite,
gamma and bayerite aluminas. Alumina binders may be commerciallly available (e.g.,
LaRoche Chemicals manufactures VERSAL® aluminas and Sasol nanufactures
CATAPAL® aluminas). In an em bodiment, high-dispersity aluminza powders may be used
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as alumina binclers when extrusion is utilized for catalyst preparation. High-dispersitsy
alumina powdesrs may have a dispersity of greater than 540 percent in an aqueous acid
dispersion having an acid content of 0.4-milligram equiv-alents of acid (acetic) per gramm of
powder. Such high-dispersity aluminas may be exemplified by CATAPAL® aluminaa
manufactured Ty Sasol.

A weigzht ratio of zeolite to binder material may x-ange from about 10:90 to abeout
99.5:0.5. In scme embodiments, a weight ratio may rangge from about 75:25 to about  99:1.
In other embocliments, a weight ratio of zeolite to bindex material may range from abeout
80:20 to about: 98:2. In certain embodiments, a weight ratio of zeolite to binder mate=xial
may range froxm about 85:15 to about 95:5 on an anhydr«ous basis.

In certzain embodiments, a dehydrogenation-isomaerization catalyst may be pre=pared
with one or meore monocarboxylic acids and/or inorganic acids. In addition to the
monocarboxyhic and/or inorganic acids, at least one organic acid with at least two
carboxylic aci-d groups ("polycarboxylic acid") may be 1ased. Monocarboxylic acids mmay
have a substit_ated or unsubstituted hydrocarbyl group hzaving 1 to 20 carbon atoms. ~The
hydrocarbyl garoup may be aliphatic, cyclic or aromatic. Examples of monocarboxyli_c acids
having 1 to 20 carbon atoms include, but are not limited to, acetic ;wid, formic acid,
propionic acidll, butyric acid, caproic acid, glycolic acid, lactic acid, hydroxylbutyric écid,
hydroxycyclopoentanoic acid, salicylic acid, mandelic acid, benzoic acid and fatty acics.
Examples of imorganic acids include, but are not limited to, nitric acid, phosphoric acid,
sulfuric acid aand hydrochloric acid.

The poOlycarboxylic acid may, in certain embodixments, be an organic acid wit=h two
or more carbosxylic acid groups attached through a carbon-carbon bond linkage to a
hydrocarbon segment. The linkage may be at any portion of the hydrocarbon segmemnt. The
polycarboxyli_c acid may have a hydrocarbon segment with less than 10 carbon atoma=s. The
hydrocarbon ssegment may be aliphatic, cyclic or aroma-tic. The hydrocarbon segmert may
have zero carlbon atoms for oxalic acid with two carboxcylic acid groups attached threough
the carbon-ca—rhon bond. Examples of the polycarboxyRic acids include, but are not L_imited
to, tartaric aciid, citric acid, malic acid, oxalic acid, adipeic acid, malonic acid, galactamric
acid, 1,2-cycl-opentane dicarboxylic acid, maleic acid, fumaric acid, itacontc acid, plmthalic
acid, terephth_alic acid, phenylmalonic acid, hydroxyphthalic acid, dihydroxyfumaric= acid,
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tricarbal Qylic acid, benzene-1,3,5-tricarboxylic aacid, isocitric acid, muecic acid arad glucaric
acid. The polycarboxylic acids may be any isormers of the above acids. In some
embodiruents, the polycarboxylic acids may be any stereoisomers of the above &acids. In'an
embodirment, polycarboxylic acids with at least two carboxylic acid groups and at least one
hydroxy-1 group are used. Inan embodiment, ci_tric acid, tartaric acid and malic acid may be
used as -polycarboxylic acids.

TMetals incorporated into a dehydrogenamtion-isomerization catalyst may be metals
that pro-mote the oxidation of coke in the presemce of oxygen at a temperature gereater than
about 250 °C and the dehydrogenation of paraf~fins. "Metal(s)," as used herein,. refers to
metals Of a zero oxidation state and/or higher cxidation states (¢.2., metal oxidess). As used
herein, <‘coke” refers to a product from thermall degradation of larger moleculess into smaller
molecuTles. ‘

Metals used in the dehydrogenation-isosmerization catalyst may be transsition and
rare ear~th metals. Coke oxidation-promoting rmetals include, but are not limite=d to, Groups
B, VB_, VIB, VIIB, VIII of the transition metal series of the Periodic Table ancl/or
combimations thereof. In certain embodimentss, Pd, Pt, Ni, Co, Mn, Ag, Cr and/or
combimations thereof may be used in the dehycirogenation-isomerization catalywst. In other
embodiiments, metal oxides such as, but not lirmited to, chrome oxide, iron oxile, noble
metals, or mixtures thereof may be used as coke-oxidizing compounds in the c=atalyst.

An amount of the metal introduced ma-y range from about 5 parts per million
("ppm'™) up to about 15 percent by weight. In «ertain embodiments, an amountt of metal
may ramnge from about 5 ppm to about 10 perce=nt by weight. In some embodirments, an
amoun of metal may range from about 5 ppm to about 5 percent by weight.

Noble metals (e.g., platinum and/or pa lladium) may be used in smaller amounts of
metals than other metals incorporated into a ze=olite and/or binder. “Noble metals,” as used
herein, refers to metals of the group that incluedes platinum, palladium, iridiunc, ruthenium,
osmiurn and rhodium. In certain embodiment s, an amount of noble metals mamy range from
about S5 ppm to about 2 percent by weight, bassis metal, of the final catalyst. Iix some
embod_iments, an amount of noble metals may~ range from about 5 ppm to abo—ut 1000 ppm,
basis mnetal, of the final catalyst. In other emt>odiments, an amount of noble nmetal(s) may
range #rom about 5 ppm to about 3000 ppm, tasis metal, of the final catalyst. An amount
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of noble= metal(s) used in a dehydrogemation—isomerization catalyst nay, in certain
embodirments, range from about 5 pprmto about 2000 ppm by weight, basis metal, of the
final catzalyst. An amount of noble meetal(s) sufficient to promote re=generation without
deterior-ating the performance of the c=atalyst may be in the range from about 30 ppm to
about 1800 ppm. Higher amounts of pelatinum and/or palladium (e.g-., greater than about 2%
by weigmht) may have an adverse effecton the catalyst (e.g., run life_, olefin isomerization
activity—, selectivity).

n an embodiment, zeolite po=wder and alumina powder masy be mixed (e.g., mulled)
with waater and one or more metal comnpounds of the catalyst. The resulting mixture may
be fornmed into a pellet. Catalysts prepared by mulling may have siaperior olefin
isomerTization performance over cata_lysts prepared by impregnatior. The term "mulling,”
as usedl herein, refers to mixing of powders to which sufficient wat=er has been added to
form a thick paste and wherein the mixing is accompanied by conc=omitant shearing of the
paste. Commercially available mullesrs such as the Lancaster Mix “Muller and the Simpson
Mix MIuller may be used.

The pellet may be formed, in_ some embodiments, by extrussion. One or more
peptizi_ng acid (e.g., nitric acid, aceti ¢ acid, citric acid or mixtures thereof) may be added to
the mi=xture and optional extrusion aids such as ceilulose derivativ es (e.g.,
METEIOCEL®F4M, hydroxypropyl —methylcellulose, manufactureecd by The Dow Chemical
Comp=any) may be utilized. The ameounts of peptizing acid used nmay be determined by
routine= experimentation to provide & plastic, extrudable material.  The term "pellets,” as
used huerein, refers to any shape or fom of consolidated materials.

In certain embodiments, a noble metal such as platinum arad/or palladium may be
added to the zeolitic catalyst after pelletization. Common metal imcorporation methods
knowr= to those skilled in the art (e.=., impregnation, noble metal Mon exchange and co-
mullirag) may be used to produce a wworking catalyst useful in deh—ydirogenation-
isomesrization of paraffins. The add_ition of noble metals to the ca_talyst may aid in the
dehyddrogenation reaction of paraffimns. Pellets containing noble nretals may be calcined at a
tempesrature range from about 250 *=C to about 700 °C. In certain 'embodiments, a
calcinmation temperature may range #rom about 300°C to about 60«0 °C. In some

embo-diments, a calcination temperaature may range from about 450 °C to about 525 °C.
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The dehydrogenation~isomerization catalyst may be contacted with the first
hydrocarbon stream in dehydirogenation-isomerization unit 110 uncler a variety of
condltlons to dehydrogenate at least a portion of the paraffins to oleefins and isomerize at
leasta pomon of the resultin_g olefins. In dehydro genation-isomeri zation unit 110, reaction
temperatures may range froox about 300 °C to about 700 °C. A rea_ction temperature, in
some embodiments, may rarmge from about 350 °C to about 550 °C . A total pressure of
dehydrogenation-isomerizatfion unit 110 during the reaction may ramge from about 0.010
atmosphere (1 kPa) to about 25.0 atmospheres (2534 kPa). In an embodiment, a total
pressure of dehydro genatiom-isomerization unit 110 during the rea_ction may range from
about 0.010 atmosphere (1 k=Pa) to about 15.0 atmospheres (1520 XkPa). In other
embodiments, a total pressu-re of dehydro genation-isomerization tnit 110 during the
reaction may range from about 1 atmosphere (101 kPa) to about 5 _0 atmospheres (507
kPa). In order to prevent corking, hydrogen may be fed together writh the first hydrocarbon
stream. Hydrogen gas and paraffins present in the first hydrocarbeon stream may be fed at a—
hydrogen gas to paraffin molar ratio in the range from about 0.1 to about 20. In certain
embodiments, a hydrogen g as to paraffin molar ratio may be in the range from about 1 to
about 10. '

Residence time in deehydrogenation-isomerization unit 110 may be selected such
that conversion level of the paraffins to olefins may be kept belove 40 mole percent. Inan
embodiment, a conversion Mevel ranges from 5 mole percent to 30 mole percent. By
keeping the conversion leves] low, side reactions (e.g., diene formaation and cyclization
reactions) may be minimized. Olefin conversion may be increase=d by varying the reaction
conditions (e.g., temperatur—e, residence time) as long as side reactions remain below
acceptable limits. Olefins poroduced in dehydrogenation-isomerizzation unit 110 may have &=
higher degree of branching than a paraffin feed to the dehydrogermation-isomerization unit.
It should be understood tha_t the concentration of olefins producec via dehydrogenation-
isomerization unit 110 may~ be limited by the thermodynamic equeilibrium of olefins and
paraffins at the reaction termperature. The conditions for olefin issomerization
dehydrogenation-isomerizaation 110 may be controlled such that tthe number of carbon
atoms in the olefins prior to and subsequent to the isomerization conditions is substantiallsy

the same.
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Branched olefins producted in dehydrogenation-isomerizaation unit 110 may include
methyl, ethyl and/or longer carton chain branches. Hydrogen Nwclear Magnetic Resonance
(‘H NMR) analysis of the isomeerized olefin composition may be= performed. Branched
olefins may include quaternary and/or tertiary aliphatic carbons. In certain embodiments,
an amount of quaternary alipha-tic carbons produced in a unit in “which olefin isomerization
occurs may be minimized. ' NMR analysis of the olefins may indicate the extent of
isomerization of the olefins in &he hydrocarbon stream. '"H NMIR analysis may be capable
of differentiating a wide range of olefin structures. The presence= of quaternary carbon
atoms may be determined usingg carbon 13 (**C) NMR techniquess. The type of branching
(e.g., methyl, ethyl, propyl or l=arger groups) may be determined by hydrogenation of the
olefin mixture and then *C NMR analysis of the hydrogenated ©lefin solution.

Aliphatic branches, as wased herein, refer to branches on mnon-olefinic carbons.
Olefinic branches, as used heresin, refer to branches on olefinic carbons. The totél number
of branches orn a double bond rmay be determined by summatiorm of the individual
contributions of the various asssayed olefin units. Olefin units iraclude vinyl, di-substituted,
tri-substituted, vinylidene and/~ or tetra-substituted olefins. The amount and type of olefin
may vary with process stream ecomposition and isomerization rezaction conditions. In an
embodiment, an amount of tetmra-substituted olefin produced mamy be low.

In an embodiment, an eaverage number of branches per oslefin molecule present in
the produced branched olefin ccomposition may be greater than ©.7. In certain
embodiments, an average nummber of branches per olefin molectale present in the branched
olefin composition is from about 0.7 to about 2.5. In some emb>odiments, an average
number of branches per olefin molecule present in the branchedl olefin composition is fronm
about 0.7 to about 2.2. In cert-ain embodiments, an average number of branches per olefin
molecule present in the branciaed olefin composition is from ab -out 1.0 to about 2.2. The
degree of branching in the pro duct may be controlled by controlling process conditions
used in a unit in which olefin Fsomerization occurs. For examp le, high reaction
temperatures and lower feed raates may result in a higher degree= of branching. Methyl
branches may represent betwe=en about 20 percent to about 99 pmercent of the total number
of branches present in the olef5in molecules. In some embodimeents, methyl branches may

represent greater than about 540 percent of the total number of b-ranches in the olefin
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molecules. The number «of ethyl branches in the olefin moMecules may represent, in certain
embodiments, less than aabout 30 percent of the total numbeer of branches. In other
embodiments, a number of ethyl branches, if present, may “be between about 0.1 per—cent
and about 2 percent of thme total number of branches. Braneches other than methyl or— ethyl,
if present, may be less thaan about 5 percent of the total nurmber of branches.

Aliphatic quaterrary carbon atoms present in the bmranched olefin compositieon may
be less than about 2 perczent of the carbon atoms present. Mn an embodiment, a nurrmber of
aliphatic quaternary cart>on atoms present is less than abovat 1 percent of the carborm atoms
present. For application s in which biodegradability is impmwortant, the number of aligphatic
quatemary carbon atomss may be less than about 0.5 percemnt of the carbon atoms pr-esent.
In an embodiment, a nummber of aliphatic quaternary carbosn atoms is less than abowmt 0.3
percent of the carbon atcms present. In other embodimen-ts, a number of aliphatic
quaternary carbon atomss present in the branched olefin commposition is between abeout 0.01
percent and about 0.3 percent of the aliphatic carbon atorrs present.

A second hydrocarbon stream may exit dehydroge=nation-isomerization uni—t 110 and
be transferred to other porocessing units (e.g., a hydroform_ylation unit, separation w mits, an
alkylation units) via sec=ond conduit 114. At lcasta portion of the second hydrocar=bon
stream may exit dehydr-ogenation-isomerization unit 110 and be introduced into
hydroformylation unit 116 via second conduit 114. In hy=droformylation unit 116, at leasta
portion of the olefins imm the second hydrocarbon stream n—ay be converted to alcohmols. At
least a portion of the pr oduced alcohols and at least a por—tion of the unreacted conraponents
of the second hydrocartoon stream may form a hydroform=ylation reaction stream.

Tn an embodime=nt, olefins may be separated, if de=sired, from the second
hydrocarbon stream thr-ough techniques generally known in the art (e.g., distillaticsn,
molecular sieves, extra-ction, adsorption, adsorption/deso rption, and/or membrane s).
Separation of at least a portion of the branched olefins freom the linear olefins and paraffins
may increase the conce=ntration of branched olefins enterang the hydroformylation unit. In
addition, separation of at least a portion of the branched «olefins from the linear oleefins and
paraffins may influencee the ratio of linear to branched ol=efins produced in the
hydroformylation unit.
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A ssecond hydrocarbon stream may exit: dehydrogenation-isomerizaticon unit 110 and
enter sepa-ration unit 118 via separation conduit 120 as depicted in FIG. 2. S-eparation unit
118 may poroduce at least two streams, a brancihed olefins stream and a linear olefins and
paraffins sstream. In separation unit 118, the sescond hydrocarbon stream ma=y be contacted
with orgamic and/or inorganic molecular sieve s (e.g., zeolite or urea) with thee correct pore
size for bucanched olefins and/or linear olefins and paraffins. Subsequent dessarption (€.8.
solvent dezsorption) of at least a portion of the branched olefins and/or at lea=st a portion of
the linear olefins and paraffins from the molecular sieves ‘may produce at lesast two streams
(e.g., a branched olefins stream and a linear oRefins and paraffins stream).

Sesparation unit 118 may include a fixesd bed containing adsorbent fo=r separation of
the secon_d hydrocarbon stream to produce a teranched olefin and paraffins s—tream and a
linear ole=fins and paraffins stream. Separatio temperatures in separation unit 118 may
range fromm about 100 °C to about 400 °C. In some embodiments, separatior temperatures
may rangze from 180 °C to about 380 °C. Sep aration in separation unit 118 zmay be
conducte-d at a pressure ranging from about 2 atmospheres (202 kPa) to about 7
atmosphe=res (710 kPa). In some embodiments, a pretreatment of a second Thydrocarbon
stream mw.ay be performed to prevent adsorberat poisoning. An example of an
adsorpticon/desorption process is a Molex pro«cess using Sorbex® separatioras technology
(UOP prcacess, UOP, Des Plaines, IL). Adsor-ption/desorption processes are described in
U.S. Pateent No. 6,225,518 to Sohn et al., enti tled “Olefinic Hydrocarbon Separation
Process;” * U.S. Patent No. 5,292,990 to Kantrer et al,, entitled, “Zeolite Compositions For
Use in Oelefinic Separations” and U.S. Patent No. 5,276,246 to McCulloch eet al., entitled
“Process For Separating Normal Olefins Frorn Non-Normal Olefins.”

Antleast a portion of the linear olefins and parafﬁns stream may be transported to
other pro>cessing units and/or stored on site. _In an embodiment, at least a peortion of the
linear ole=fins and paraffins stream may be co-mbined with first hydrocarbora stream in first
conduit ~112 via linear olefin and paraffin rec-ycle conduit 122. The combirmed stream may
enter delydrogenation-isomerization unit 11€ via first conduit 112 to conti—nue the process
to produ._ce aliphatic alcohols. In some embo diments, a linear olefins and p-araffins stream

may be i_ntroduced directly into dehydrogena-tion-isomerization unit 110.
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At least aportion of the branched olefins stream may be transported zand utilized in
other processin_g streams and/or stored on site via branched olefins conduit 1:24. In some
embodiments, zat least a portion of a branched olefimis stream may exit separa—tion unit 118
and be introducsed into second conduit 114 via brammched olefins conduit 124. In other
embodiments, =at least a portion of a branched olefimns stream may exit separaation unit 118
and be introducsed directly into a hydroformylation unit.

A secornd hy&oc&bon stream may exit deh ydrogenation-isomerizatieon unit and
enter hydroforrnylation unit 116 via second condui-t 114 as depicted in FIGS .1 and 2.
Hydroformylat-ion unit 116 may have several point s of entry to accommodat e entry of
additional process streams. As used herein, “streamm entering into the hydrofformylation
unit” is defineed as the entry of process streams intO the hydroformylation urmit through one
or more entry gooints. Examples of such process storeams include, but are no=t limited to,
additional stre=ams from dehydrogenation-isomeriz=ation unit 110, a diluent hydrocarbon
stream, gases zand/or other hydrocarbon streams thaat include olefins and paraaffins derived
from other proscesses.

In a hy-droformylation process, olefins are converted to aldehydes, allcoholsora
combination tHhereof by reaction of at least a portion of the olefins with carbeon monoxide
and hydrogen according to an Oxo process. As us ed herein, an “Oxo processs” refers to the
reaction of an olefin with carbon monoxide and hywdrogen in the presence off a metal
catalyst (e.g., = cobalt catalyst) to produce an alcolhol containing one more carbon atom
than the startimng olefin. In other hydroformylatiorm processes, a “modified COxo process” is
used. As usecd herein, a “modified Oxo process” r-efers to an Oxo process tinat uses a
phosphine, phaosphite, arsine or pyridine ligand meodified cobalt or rhodium catalyst.
Preparation arad use of modified Oxo catalysts are described in U.S. Patent "No. 3,231, 621,
to Slaugh, ent-itled “Reaction Rates In Catalytic H ydroformylation; U.S. P=atent No.
3,239,566 to Slaugh et al,, entitled “Hydroformylaation Of Olefins;” U.S. Pamtent No.
3,239,569 to Slaugh et al., entitled “Hydroformylation Of Olefins;” U.S. Paatent No.
3,239,570 to SSlaugh et al,, entitled “Hydroformylaation Of Oléﬁns;” U.S. P=atent No.
3,239,571 to Slaugh et al,, entitled “Hydroformylaation Of Olefins;” U.S. Paatent No.
3,400,163 to MMason et al., entitled “Bicyclic Hete-Tocyclic Sec- And Tert-Plhosphines;” U.S.
Patent No. 3,420,898 to Van Winkle et al., entitle-d “Single Stage Hydrofor-mylation Of
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Olefins To Alcohols Single S-tage Hydroformylation Of Olefins To Alcohols;” U.S. Patent
No. 3,440,291 to Van Winkles ¢t al, entitled “Single Stage Hydroforsmylation Of Olefins To
Alcobols;” U.S. Patent No. 3,448,157 to Slaugh et al., entitled “Hydxoformylation Of
Olefins;” U.S. Patent No. 3,4 88,158 to Slaugh et al., entitled “Hydroformylation Of
Olefins;” U.S. Patent No. 3,4-96,203 to Morris et al., entitled “Tertiary Organophosphine-
Cobalt-Carbonyl Complexess” U.S. Patent No. 3,496,204 to Morris et al,, entitled “Tertiary
Organophosphine-Cobalt-Cabonyl Complexes;” U.S. Patent No. 3, 501,515 to Van Winkle
et al., entitled “Bicyclic Hetesrocyclic Terteriary Phosphine-Cobalt-Carbonyl Complexes”;
U.S. Patent No. 3,527,818 to Mason et al., entitled “Oxo Alcohols Ulsing Catalysts
Comprising Ditertiary Phosprhines;” U.S. Patent Application Serial No. 10/075682, entitled
“A Process For Preparing A Branched Olefin, A Method Of Using "The Branched Olefin
For Making A Surfactant, amd a Surfactant ” and in U. S. Patent Ap-plication Serial No.
10/167209 entitled “Process for the Preparation Of A Highly Lineas Alcohol
Composition.” Methods of alcohol production are also described b~y Othmer, in
“Bncyclopedia of Chemical “Technology” 2000, Fourth Edition; andl by Wickson, in
“Monohydric Alcohols; Marufacture, Applications and Chemistry’~ Ed. Am. Chem. Soc.
1981.

A hydroformylation «atalyst used in hydroformylation unit 116 may include a metal
from Group VI of the Periodic Table. Examples of Groups VIII mnetals include cobalt,
rhodium, nickel, palladium or platinum. The Group VII metal ma~y be used as a complex
compound. A complex comrapound may be a Group VIO metal commbined with a ligand.
Examples of ligands include, but are not limited to, a phosphine, plosphite, arsine, stibine
or pyridine ligand. Bxampless of hydroformylation catalysts include, but are not limited to,
cobalt hydrocarbonyl catalyst, cobalt-phosphine ligand catalyst, rhodium-phosphine ligand
catalyst or combinations thesreof.

A source of carbon znd hydrogen for a hydroformylation pr-ocess in
hydroformylation unit 116 rnay be a gas. Examples of gases inclucde, but are not limited to,
carbon monoxide, hydrogera or synthesis gas. A ratio of carbon monoxide to hydrogen
applied in hydroformylatiora unit 116 may be in a range from about 1.0 to about 5.0. In
certain embodiments, a hyd rogen to carbon monoxide molar ratio -may be in 2 range from
about 1.5 to about 2.5.
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Synthesis gas that contains hydrogen and carbon monoxi-de in a molar ratio from
abeout 1 to about 2.5 may be used in Thydroformylation unit 116. In other embodiments,
symithesis gas that contains hydrogen. and carbon monoxide in a rmolar ratio from 1.0t0 10.0
maay be used. In other embodiments , synthesis gas that contains ahydrogen and carbon
meonoxide molar ratio from 1.5 to 2.5 may be used as a source o—f carbon and hydrogen. It
shaould be understood that the gas fesed may be a mixture of carbeon monoxide and hydrogen
gaases only, synthesis gas only or cormbinations thereof.

In hydroformylation unit 1165, olefins in the second hydr—ocarbon stream may be
hwydroformylated using a continuouss, semi-continuous or batch gprocess. In case of a
cOntinuous mode of operation, the 1Hquid hourly space velocitiess may be in the range of
aboout 0.1 h™! to about 10 h™'. When_ operating hydroformylatior unit 116 as a batch
pmrocess, reaction times may vary from about 0.1 hours to about 10 hours or even longer.

Reaction temperatures in hy-droformylation unit 116 ma_y range from about 100 °C
o about 300 °C. In certain embodiTments, reaction temperature- s in the hydroformylation
u-nit ranging from about 125 °C to &about 250 °C may be used. _Pressure in
h_ydroformylation unit 116 may range from about 1 atmosphere= (101 kPa) to about 300
a—tmospheres (30398 kPa). In an ennbodiment, a pressure from about 20 (2027 kPa) to
a~bout 150 atmospheres (15199 kPa) may be used. An amount =of catalyst relative to the
a_mount of olefin to be hydroformyMlated may vary. Typical mo_lar ratios of catalyst to olefin
jmn the second hydrocarbon stream rmay range from about 1:100 Qto about 10:1. A ratio of
E>etween about 1:10 and about 5:1 rmay be used in certain embc:d%ments. In an embodiment,
aa second stream may be added to h-ydroformylation unit 116 to control reaction conditions.
Whe second stream may include soXvents that do not interfere s—ubstantially with the désired
r~eaction. Examples of such solven ts include, but are not limite=d to, alcohols, ethers,
=acetonitrile, sulfolane and paraffinss.

Mono-alcohol selectivities of at least 90 percent and ev=en of at least 92 percent may
e achieved in hydroformylation umit 116. In addition, olefin conversions to aliphatic
=alcohols may range from about 50 percent by weight to greatemr than about 95 percent by
wveight. In certain embodiments, celefin conversion to aliphatic alcohols may be greater
han 75 percent by weight. In some= embodiments, olefin conve=rsion to .aliphatic alcohols
wmnay be greater than about 99 percent by weight.
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Isolation of aliphatic alcohols produced from the hydroformylation resaction product
stream may be achieved by generally known methods. In an embodiment, isolation of the
aliphatic alcohols includes subj ecting the produced aliphatic alcohols to a first distillation,
a saponification, a water washing treatment and a second distillation.

The hydroformylation reaction mixture stream may enter separator 126 via third
conduit 128. In separator 126, the hydroformylation reaction product strean may be
subjected to a first distillation step (e.g., flash distillation or short path distillation). Inan
embodiment, a short path distillation may be used to produce at least two strreams, 2 bottom
stream and a top stream. At least a portion of the bottom stream may be recycled to
hydroformylation unit 116 via bottom stream recycle conduit 130, in certain embodiments.
The top stream may include, but is not limited to, paraffins, unreacted olefins and a crude
aliphatic alcohol product.

In an embodiment, a top stream may be subjected to a saponification treatment to
remove any acids and esters present in the stream. Saponification may be p erformed by
contacting the top stream with an aqueous solution of a hydroxide base (e.g -, sodium
hydroxide or potassium hydroxide) at elevated temperatures with agitation. The
saponification may be carried out by contacting the top stream with an aquesous 0.5 percent
to 10 percent hydroxide base solution at a crude alcohol/water ratio of 10:1 to 1:1. The
amount of hydroxide base used may depend on an estimated amount of esters and acids
present.

Saponification of the top stream may be carried out batch-wise or continuously.
The top stream may be subjected to one or more saponification processes. Saponification

_ reaction temperatures may be from about 40 °C to about 99 °C. In an embodiment,
saponification temperatures may range from about 60 °C to about 95 °C. Mixing of the top
stream with the basic water layer may be performed during the saponification reaction.
Separation of the top stream from the basic water layer may be performed wsing known
methods. The top stream may be subjected to a water wash after separation to remove any
sodium saits present. The top stream may be separated using generally known techniques
(e.g., fractional distillation) to produce at least two streams, a crude alcoho 1 product stream
and a paraffins and unreacted olefins stream. As used herein, “fractional distillation” refers

to the distillation of liquids and subsequent collection of fractions of liquid s determined by
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boiling point. T he paraffins and unreacted olefirs stream may be recycled_, transported to
other units for perocessing, stored on site, transported offsite and/or sold.

In certai-n embodiments, a crude aliphatic alcohol product stream nay contain
unwanted by-pr-oducts (e.g., aldehydes, hemi-aceetals). The by-products m-ay be removed by
subjecting the crude alcohol product stream to a_ hydrofinishing treatment step to produce
an aliphatic alcechol product stream. “Hydrofini_shing,” as used herein, reEers to a
hydrogenation ®reaction carried out under relativ-ely mild conditions. Hydr—ofinishing may
be carried out 1asing conventional hydrogenatiom processes. Conventiona¥ hydrogenation
processes may include passing the crude alcohoml feed together with a flovey of hydrogen over
a bed of a suitamble hydrogenation catalyst. The aliphatic alcohol product stream may
include greater— than about 50 percent by weight of the produced aliphatic alcohols. In
some embodinments, the aliphatic alcohol prodimct stream may include gre=ater than 80
percent by wei_ght of the produced aliphatic alc ohols. In other embodime=nts, the aliphatic
alcohol producst stream may include greater tha_n 95 percent by weight of the produced
aliphatic alcotmols. The aliphatic alcohol produmct stream may include bra_nched aliphatic
primary alcohels. The resulting aliphatic alcoh ols in the aliphatic alcohoM product stream
may be sold commercially, transported off-site=, stored on site and/or use< in other
processing units via product conduit 132.

The co>mposition of an aliphatic alcohos] product stream may inclwde hydrocarbons
with an average carbon number ranging from Sto 19. In an embodimen®, an average
carbon numbe=r of the hydrocarbons in aliphati. ¢ alcohol product stream rmay range from 10
to 17. The aliphatic alcohol product stream m_ay include branched primaary alcohols. The
branched prinmnary alcohol product may be suit=able for the manufacture omf anjonic, nonionic
and cationic ssurfactants. In some embodimen-ts, branched primary alcol=ol products may be
used as the pr-ecursor for the manufacture of axiionic sulfates, including aaliphatic sulfates
and oxyalkyl sulfates and oxyalkyl alcohols.

Aliph atic alcohols may have slightly hwigher aliphatic branching =and slightly higher
number of quuaternary carbons as the olefin pr=ecursor. In some embodirmaents, aliphatic
branching maay include methyl and/or ethyl br-anches. In other embodin—ents, aliphatic
branching maay include methyl, ethyl and highmer aliphatic branching. In_ certain

embodimentss, a number of quaternary carbon_ atoms in the aliphatic alceohol product may be
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less than 0.5. In o—ther embodiments, a number of qu-aternary carbon atoms in the aliphatic
alcobol product m_ay be less than 0.3. Branching of t-he alcohol product may be deterrmined
by 'H NMR analy sis. The number of quaternary carbon atoms may be determined by~ *C
NMR. A '>C NMCR method for determining quaternaary carbon atoms for branched

aliphatic alcohols is described in U.S. Patent No. 6,1 50,322 to Singleton et al., entitle=d,
“Highly Branched Primary Alcohol Compositions arad Biodegradable Detergents Macle
Therefrom.”

In certain embodiments, at least a portion of the paraffins and unreacted olefixs
stream may be co-mbined with the first hydrocarbon stream in first conduit 112 to prosduce a
combined stream via fourth conduit 134. The comb-ined stream may be introduced irato
dehydrogenation—isomerization unit 110 via first cornduit 112. At least a portion of the
olefins in the conmbined stream may be isomerized teo branched olefins. In some
embodiments, at least a portion of the paraffins and unreacted olefins stream is introcduced
directly into dehy~drogenation-isomerization unit 110 via one or more entry points. Because
the paraffins and unreacted olefins stream containin_g paraffins and unreacted olefins may
be recycled to deThydrogenation-isomerization unit K 10 as one stream, the process may be
more efficient, re=sulting in an overall higher throughhput. The higher throughput willl
increase the over all yield of the aliphatic alcohols.

In some e=mbodiments, an olefins and paraffins concentration in hydroformyl ation
unit 116 may be -adjusted depending on the source Of the olefin stream entering the
hydroformylatior unit. A third hydrocarbon stream. may be added upstream of
hydroformylatior unit 116 to produce a combined sstream. In other embodiments, a #hird
hydrocarbon stre=am may be introduced directly into hydroformylation unit 116 throragh one
or more points. _A third hydrocarbon stream may be= introduced into second conduit 114 via
fifth conduit 136 to produce a combined stream as edepicted in FIG. 3. The combinesd
stream may entem hydroformylation unit 116 via second conduit 114 to continue the process
to produce aliphsatic alcohols.

The thirdl hydrocarbon stream may be from the same source as the first hydrocarbon
stream. In some= embodiments, a third hydrocarbor stream may be a hydrocarbon stream
that includes olesfins, paraffins, and/or hydrocarborm solvents derived from another scoource,
The third hydrocarbon stream may include olefins =and paraffins. In certain embodixments,
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an average carbon number of the hycirocarbons in the third hydrocartoon stream ranges from
7 to 18. In some embodiments, a pa-raffin content of the third hydroc=arbon stream may be
between about 60 percent and about 90 percent by weight. In other embodiments, a
paraffin content of the third hydrocarbon stream may be greater than_ about 90 percent by
weight.

In an embodiment, an olefin_ content of a third hydrocarbon sstream ranges between
about 1 percent and about 99 percert relative to the total hydrocarbomn content. In certain
embodiments, an olefin content of tthe third hydrocarbon stream ma®y be between about 45
percent and about 99 percent by weight. In other embodiments, an olefin concentration of
the third hydrocarbon stream may t>e greater than about 80 percent oy weight.

In certain embodiments, dehydrogenation-isomerization uni—t 110 may be separated
into a plurality of zones to control xeaction temperatures and/or pre=vent unwanted side
reactions (e.g., diene formation ancl/or cyclization reactions). A firsst hydrocarbon stream
containing paraffins and unreacted olefins may be introduced into Aehydrogenation-
isomerization unit 110 via first cornduit 112 as depicted for System 200 in FIG. 4A. In
some embodiments, a first hydrocaxbén stream includes alpha-olefins. Hydrocarbons in the
first hydrocarbon stream may haves an average carbon number fromm 7 to 18. In other
embodiments, hydrocarbons in the first hydrocarbon stream may haave an average carbon
number from 10 fo 17. In some ermbodiments, hydrocarbons in the= first hydrocarbon
stream may have an average carbom number from 14 to 17. In cert=ain embodiments,
hydrocarbons in the first hydrocarbon stream may have an average carbon number from 10
to 13. An alpha-olefin content of the first hydrocarbon stream maywy be greater than about 70
percent of the total amount of olef5ins in the first hydrocarbon strea_m. In certain
embodiments, a first hydrocarbon stream is produced from a Fischmer-Tropsch process.
Dehydrogenation-isomerization uanit 110 may be divided into a plvarality of zones. The
plurality of zones may include, bust is not limited to, a first reactior zone, a transition zone
and a second reaction zone. In fir-st reaction zone 210, at least 2 pwortion of the paraffins in
the first hydrocarbon stream may be dehydrogenated to olefins to mproduce an olefinic
stream. The process stream may —then pass into second reaction zcone 212. In second
reaction zone 212, at least a portion of the olefins in the process s®ream raay be isomerized

to branched olefins to produce a second hydrocarbon stream.
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In first reaction zone 210, the deh ydrogenation catalyst may be selected from a wide
ran_ge of catalyst types. For example, the catalyst may be based on a metal eor metal
corupound deposited on a porous support. The metal or metal compound nay be selected
from, but is not limited to, chrome oxide , iron oxide and noble metals.

Techniques of preparing catalystss, for performing the dehydrogenat=ion step and for
pex-forming associated separation steps axe known in the art. For example, suitable
procedures for preparing catalysts and performing the dehydrogenation stepo are described
in "U.S. Patent No. 5,012,021 to Vora et al, entitled “Process For the Produmction of Alkyl
Ar-omatic Hydrocarbons Using Solid Catalysts;” U.S. Patent No. 3,274,287 to Moore et al.,
en-titled “Hydrocarbon Conversion Process and Catalyst;” U.S. Patent No. 3,315,007 to
Alb-ell et al,, entitled “Debydrogenation of Saturated Hydrocarbons Over N=oble-Metal
Catalyst;” U.S. Patent No. 3,315,008 to _Abell et al., entitled “Dehydrogenz=ation of Saturated
Hsydrocarbons Over Noble-Metal Cataly~st;” U.S. Patent No. 3,745,112 to Rausch, entitled
«pe{atinum-Tin Uniformly Dispersed Hy«drocarbon Conversion Catalyst ancd Process;” U.S.
Paatent No. 4,506,032 to Imai et al., entitled “Dehydrogenation Catalyst Caommposition” and
U_S. Patent No. 4,430,517 to Imai et al.., entitled “Dehydrogenation Processs Using a
Catalytic Composition.”

Reaction temperatures in first re action zone 210 may range from albout 300 °C to
aboout 600 °C. In some embodiments, a reaction temperature in first reacti-on zone 210 may
ramge from about 450 °C to about 550 °CC. A total pressure in first reactior zone 210 may
ra_nge from about 0.010 atmosphere (1 kxPa) to about 25.0 atmospheres (2534 kPa). In
ceartain embodiments, total pressure in first reaction zone 210 may range farom about 0.010
at=mospheres (1 kPa) to about 15.0 atmcespheres (1520 kPa). In some emb-odiments,
heydrogen may be fed together with the wnreacted first hydrocarbon streanmm in order to
pxrevent coking. Hydrogen and paraffin s present in the unreacted first hyd rocarbon stream
nmay be fed at a hydrogen to paraffin molar ratio in a range from about 0.1 to about 20. In
ax embodiment, a hydrogen to paraffin molar ratio may be in a range of albout 1 to about
140.

Residence time in first reaction Zzone 210 may be selected such thaat a conversion
le=vel of the paraffins to olefins is below about 50 mole percent. In certaira embodiments, a
ceonversion level of the paraffins to oleffins may be kept in a range from at>out 10 mole
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percemt to about 20 mole percent. By keeping the conversion level low, =side reactions (e.g.,
diene formation and cyclization reactioras) may be prevented. In some ermbodiments, an
olefiric hydrocarbon stream may exit fixst reaction zone 210, pass througzh transition zone
214 mand enter second reaction zone 212 . Transition Zone 214 may incluede heat exchanger
216. Heat exchanger 216 may reduce the temperature of the olefinic hycirocarbon stream.
In an_ embodiment, first reaction zone 2 10 and second reaction zone 212 in
dehyedrogenation-isomerization unit 11 O may be separate units, as depictied in FIG. 4B, with
heat -exchanger 216 positioned between. the two units.

Afier the olefinic hydrocarbon stream enters second reaction zorme 212, atleasta
porti_on of the olefins are isomerized to branched olefins to produce a se-cond hydrocarbon
strea_m. The composition and level of branching of the second hydrocar—bon stream may be
performed by "H NMR analysis. In an embodiment, an olefinic stream —may exit first
reaciion zone 210 and directly enter second reaction zone 212 where at leasta portion of
the olefins in the olefinic stream are isomerized to branched olefins.

The catalyst used for isomerization of the olefins to branched ol-efins may be the
samé as described in U. S. Patent No. 5,648,584 to Murray, entitled “Pr—ocess for
Isomerizing Linear Olefins to Isoolefins” and U.S. Patent No. 5,648,58=5 to Murray et al.,
entit-led “Process for Isomerizing Linear Olefins to Isoolefins.”

In an embodiment, linear olefines in a first hydrocarbon stream a—xe isomerized in
secoond reaction zone 212 by contacting at least a portion of the olefinic= stream with a
zeoLite catalyst. The zeolite catalyst may have at least one channel witl a crystallographic
free channel diameter ranging from greater than 4.2 A to less than aboumt 7 A. The zeolite
cata_lyst may have an elliptical pore size large enough to permit entry off a linear olefin and
at lesast partial diffusion of a branched olefin. The pore size of the zeol=ite catalyst may also
be ssmall enough to retard coke formation.

Temperatures in second reaction zone 212 may be from about 2200 °C to about 500
°C t-o isomerize Hnéar olefins to branched olefins. In some embodimemats, reaction
tem_peratures in the first reaction zone and the second reaction zone are= substantially the
sare. In such embodiments, use of a Teat exchanger is not required. W ypically, however,
the reaction temperature of second reaction zone 212 is less than the re=action temperature

of tThe first reaction zone. The use of a heat exchanger lowers the tempwerature of the stream
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leaving the first rezaction zone to the appropriate temperatuxe for reaction in the second
reaction zone. Hxydrocarbon partial pressure in the second Teaction zone may range from
about 0.1 atmosp_here (10 kPa) to about 10 atmospheres (1013 kPa).

In some e-mbodiments, the second hydrocarbon streeam may exit a second reaction
zone and enter a separation unit. In the separation unit, branched olefins may be separated
from linear olefiras and paraffins as previously described writh regard to FIG. 2. The second-
hydrocarbon stre am may exit second reaction zone 212 via second conduit 114 and enter
hydroformylatioxa unit 116 as depicted in FIG. 4A. At leasta portion of the olefins in the
second hydrocar®bon stream may be hydroformylated to produce a hydroformylation
reaction stream zas described for System 100. Atleast a portion of the hydroformylation
reaction stream xmay be separated into a bottom stream and a top stream using generally
known methods_ The crude aliphatic alcohol product stream may be further purified as
described for Sy-stem 100 to produce a paraffins and unreacted olefins stream and an
aliphatic alcoho product stream. The aliphatic alcohol product stream may include
branched aliphattic alcobols (e.g., branched primary aliphatic alcohols). The aliphatic
alcohol product stream may be recycled, transported to other processing units, sold, and/or-
transported to st-orage vessels.

The hyd-roformylation reaction mixture stream may enter separator 126 via third
conduit 128. In_ separator 126, at least three streams, a bottom stream, a parafﬁns and
unreacted olefims stream and an aliphatic alcohol product stream, may be produced using
techniques prev-iously described for System 100. At least a portion of the bottom stream
may be recyclec to the hydrloformylaﬁon unit via bottom stream recycle conduit 130. At
least a portion Of the paraffins and unreacted olefins streaam may be recycled combined wi~th
other process streams, transported to and/or stored on site. The aliphatic alcohol product
stream may be “transported via product conduit 132 to be stored on site, sold commercially=,
transported off—site and/or utilized in other processing uruits.

In an ermbodiment, at least a portion of the paraffins and unreacted olefins stream
may be combimmed with the first hydrocarbon stream to produce a combined hydrocarbon
stream via four-th conduit 134. The combined hydrocarb on stream may enter first reactiorn
zone 210 and wmndergo the dehydrogenation-isomerizatiom process and hydroformylation

process to procdduce aliphatic alcohols. By recycling the paraffins and unreacted olefins
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stream, the yield of product m_ay be maximized. In an embod-iment, a paraffins and
unreacted olefins stream may ~directly enter dehydrogenation-Ssomerization unit 110
through one or more points of= entry.

In some embodiments ., an olefins and paraffins concexntration in hydroformylat=ion
unit 116 may be adjusted depeending on the source of the olefSin stream entering the
hydroformylation unit as prev=iously described for System 10€0. At least a portion of a third
hydrocarbon stream may be jxatroduced into second conduit 1 14 upstream of
hydroformylation unit 116 viza fifth conduit 136. The combired stream may be introdwuced
into hydroformylation unit 116 via second conduit 114. At leeast a portion of the olefimns in
the combined stream may be hydroformylated to produce aligphatic alcohols. In an
embodiment, a third hydroca-rbon stream may be introduced directly into hydroformyl _ation
unit 116 through one or mores points of entry. '

A third hydrocarbon sstream may be used to optimize the olefin concentration 3n
hydroformylation unit 116 at= a concentration sufficient to m=aximize hydroformylatiora of
the olefin. In addition, the tiaird hydrocarbon may optimize —the ratio of linear to braneched
aliphatic groups in the aliphaatic alcohol. The third hydrocar=bon stream may be, but iss not
limited to, a hydrocarbon streeam containing olefins, paraffimms and/or hydrocarbon sol-vents.

Tn an embodiment, a third hydrocarbon stream inclucles a paraffin content of
between about 50 percent amx.d about 99 percent relative to tine total hydrocarbon contesnt. In
certain embodiments, a para—ffin content of the third hydrocamrbon stream ranges betwesen 60
percent and 90 percent relati_ve to the total hydrocarbon conutent. In other embodimerts, a
paraffin content of the third Thydrocarbon stream is greater thinan about 80 percent relafitive to
the total hydrocarbon conterqt.

In an embodiment, a-n olefin content of a third hydrc>carbon stream ranges bet-ween
about 1 percent and about 9% percent relative to the total hy—drocarbon content. In otlner
embodiments, an olefin content of a third hydrocarbon stre=am may be greater than 80
percent relative to the total Maydrocarbon stream.

In an embodiment, 2w catalyst in dehydrogenation-isomerization unit 110 may— be
used in a stacked bed configzuration. A stacked bed configiaration may allow for the wuse of
one or more catalysts in the reactor. A catalyst for dehydro-genation of paraffins and  a
catalyst for isomerization o=f olefins may enhance the select=ivity of the catalysts and/ or the
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process. A sstacked bed configuration of dehydrcogenation-isomerization unit 110 is
depicted for~ System 300 in FIG. 5. Operating coonditions of the stacked bed c=onfiguration
may be the ssame as for two-zone system describ ed above for System 200. Tine first
hydrocarbom stream may enter the dehydrogenat=ion zone 310 via first conduit112.

The dehydrogenation catalyst used in thes stacked bed configuration may have
nonacidic peroperties. The term “nonacidic,” as —used herein, refers to a catalywst that exhibits
little skelet=al isomerization activity. The dehyd-rogenation catalyst may inclcade a noble
metal, a Gr-oup IVA component, an alkali or alk—aline earth component, a haleogen
component- and/or a porous carrier material.

In —ertain embodiments, a noble metal ranay be dispersed throughout ®he
dehydrogemation catalyst. An amount of noble metal may range between abeout 0.01 weight
percent to mbout 5 weight percent, calculated o an elemental basis, of the final
dehydrogemation catalyst. In certain embodime=nts, a dehydrogenation catalwyst includes
about 0.1 wveight percent to about 1 weight percent platinum. The noble me=tal may be
incorporateed into the catalytic composite by techniques known in the art (e.e2., co-
precipitatieon, co-gelation, ion exchange, impre_gnation, depositibn from a vaapor phase or
from an at-omic source) before incorporation of other catalytic components. In some
embodime=nts, a noble metal may be incorporat=ed into the catalytic composi_te during
incorporatzion of other catalytic components. Imn other embodiments, a noble metal may be
incorporat-ed into the catalytic composite after incorporation of other catalyfkic components.
In certain embodiments, a noble metal may be incorporated by impregnatiosn of the carrier
material veith a solution or suspension of a dec= omposable compound of the noble metal.
For exampple, platinum may be added to a catadytic support by comminglings the platinum
with an acqueous solution of chloroplatinic acicl. In other embodiments, opt-ional
componerts (e.g., nitric acid) may be added to the impregnating solution to= assist in
dispersingg or fixing the noble metal in the finaml catalyst composite.

Tkae Group IVA component, may incluzde germanium, tin, lead or combmatlons
thereof. Xn some embodiments, a Group IVA  component may exist within the catalystin
an oxidat=ion state above that of the noble met=al. The Group IVA compone=nt may be
present ass an oxide. In certain embodiments, a Group IVA component ma=~y be combined

with a caarrier material. In some embodimentss, a Group IVA component mxay be combined
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with the other catalytic components. In other embodime=nts, a Group IVA component may
be dispersed througzhout the catalyst. A Group IVA comraponent may range between abmout ,
0.01 weight percert to about 5 weight percent, calculate«d on an elemental basis, of the= final
catalyst composite . In some embodiments, a catalyst includes about 0.2 weight percernt to
about 2 weight per-cent tin.

The Group IVA component may be incorporatec] in the catalytic composite
according to gener-ally known methods (e.g., co-precipitation, co-gelation, ion exchan_ge
and impregnation) before other catalytic components are incorporated. In some
embodiments, a Geroup IVA component may be incorposrated during incorporation of other
catalytic compone=nts. In other embodiments, a Group XVA component may be
incorporated after other catalytic components are incorpoorated. In some embodiment=s, a tin
component may b € incorporated by co- -gelation with thee porous carrier material. The= tin
may be incorporatted in an alumina carrier material by rmixing a soluble tin compound (e.g.,
stannous or stann-ic chloride) with an alumina hydrosol . A gelling agent (e.g.,
hexamethylenetetraamine) may be added to the tin-aluxrmina hydrosol mixture. The tiin-
alumina hydrosol mixture may be dropped into an oil bath to form spheres containings
alumina and tin. In other embodiments, a germanium <omponent may be impregnate=d into
a carrier material with a solution or suspension of a deccomposable compound of
germanium (e.g., germanjum tetrachloride dissolved ira an alcohol). In other embodi-ments,
a lead componenw may be impregnated from a solution_ of lead mnitrate in water.

In certain embodinients, an alkali or alkaline ezarth component may be includ_ed in
the dehydrogenatsion catalyst. Alkali and alkaline earthh component may include, but= is not
limited to, cesiurm, rubidium, potassium, sodium, lithiwim, barium, strontium, calciurm and
magnesium or m-ixtures thereof. The alkali or alkaline earth component may exist irn the
final catalytic commposite in an oxidation state above that of the noble metal. The all=ali or
alkaline earth commponent may be present as an oxide. In some embodiments, an alk—ali or
alkaline earth mestal may be combined with the carrier- material. In certain embodinments, an
alkali or alkaline= earth metal may be combined with o ther dehydrogenation catalytic=
components.

In other e2mbodiments, an alkali or alkaline eaxth component may be disperssed
throughout the c atalytic composite. An amount of alk-ali or alkaline earth componemnit may
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range from about =0.01 weight percent to 15 weight percent, calculated on an el emental
basis, of the final catalytic composite. In other embeodiments, a dehydrogenatieon catalyst
includes about 1 \veight percent to about 3 weight p-ercent potassium. In certa3n '
embodiments, an atomic ratio of the alkali or alkalire earth component to the mnoble metal
may be greater th=an at least about 10.

The alkali_ or alkaline earth component may be incorporated in the catamlytic
composite accordling to generally known methods (e .g., co-precipitation, co-geslation, ion
exchange or impr-egnation) before other catalytic cosmponents are incorporate3. In some
embodiments, an_ alkali or alkaline earth componen-t may be incorporated duri ng
incorporation of eother catalytic components. In otlmer embodiments, an alkali or alkaline
earth component may be incorporated after other catalytic components are incorporated.
For example, a p -otassium component may be impresgnated into the carrier ma_terial with a
solution of potas sium nitrate. An atomic ratio of alkali or alkaline earth compoonent to
noble metal may be at least about 10. In certain enmbodiments, an atomic ratieo of the alkali
or alkaline earth component to the noble metal conmponent may range from aloout 15 to
about 25.

A porouss carrier material used in a dehydrcs genation catalyst may incl—ude a porous,
absorptive suppoOrt with high surface area from about 25 m?/g to about 500 m.*/g. The
porous carrier m_aterial may have a melting point g-reater than the conditions wutilized in the
dehydrogenatiorm zone. Examples of carrier materk als include, but are not limited to,
activated carbon._, coke, charcoal, silica, silica gel, ssilicon carbide, synthetical 1y prepared
and/or naturally occurring clays and silicates, refranctory inorganic oxides, crywstalline
zeolitic alumino silicates, naturally occurring or symthetically prepared morde=nite and/or
faujasite, spinelss or combinations of thereof. In cesrtain embodiments, a carrmer material
may be gamma- or eta-alumina. In some embodiments, clays and silicates mmay or may not
be acid treated (e.g., attapulgite, china clay, diatomaceous earth, fuller's eartln, kaolin,
kieselguhr, ceraamics, porcelain, crushed firebrick, bauxite). Examples of refSractory
inorganic oxidess include alumina, titanium dioxid. e, zirconium dioxide, chro—mium oxide,
beryllium oxide=, vanadium oxide, cerium oxide, n afnium oxide, zinc oxide, —magnesia,
boria, thoria, sil_ica-alumina, silica-magnesia, chrosmia-alumina, alumina-bor—a, and silica-

zirconia. Zeolitzic aluminosilcates may be, in som -e embodiments, in the hyd—rogen form. In
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other embodi-ments, zeolitic aluminosilcates may be in a form that may be exchanged w™ith
metal cations-. Examples of spinels include, but are ot limited to, MgAl;O4, FeAl;Oa,
ZnAl,04, Ca.AlO4, and other like compounds having the formula MO-Al,O; in which BV is
a metal havirg a valence of 2.

' In cer—tain embodiments, an alumina carrier material used in a dehydrogenation
catalyst may be prepared in any suitable manner frorm synthetic or naturally ocourTing r=aw
materials. T he alumina carrier may be formed in any desired shape (e.g., spheres, pills
cakes, extruclates, powders, granules). The alumina carrier may be utilized in any parti <le
size. In certzain embodiments, a sphere shape may b e utilized. The particle may be abawut
1/16 inch in diameter. In certain embodiments, a particle diameter of less than about 1 /32
inch may be utilized.

Alurmina spheres may be prepared, in some embodiments, by converting alumisnum
metal iﬁto aan alumina sol. An alumina sol may be porepared by reacting aluminum met=al
with a suitabole peptizing acid and water. The resultting alumina sol and a gelling agentk may
be dropped -nto an oil bath to form spherical particles of an alumina gel. The resultine
alumina gel may be converted to gamma- or eta-alvamina carrier material using known
techniques Ce.g., by aging, drying and calcining).

- In other embodiments, alumina cylinders m ay be prepared by mulling alumina
powder withh water and a suitable peptizing agent (€.g., nitric acid) to form an extrudabole
compositiom1. The composition may be extruded through a suitably sized die then cut wto
form extrucate particles. Other shapes of the alum-ina carrier material may be prepare«d by
conventionasal methods. After the alumina particles are shaped, they may be dried and
calcined. T he alumina carrier may be subjected to intermediate treatments (e.g., wash ing
with water or a solution of ammonium hydroxide) during preparation,

Thes dehydrogenation catalyst may include & halogen component. The halogerm
component may include, but is not limited to, fluoxine, chlorine, bromine, iodine or
mixtures thmereof. The halogen component may be present in a combined state with thme
porous carr-ier material. In certain embodiments, a_ halogen component may be disper-sed
throughout the catalytic composite. A halogen cormponent may range from at least abwout
0.2 weight percent to about 15 weight percent, calculated on an elemental basis, of thee final
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catalytic composite. In certain embodiments, a dehydrogenation catal=yst contains about 1
weight percent to about 3 weight percent chlorine.

In certain embodiments, a catalyst composition may include at- least about 0.2
weight percent, calculated on an clexmental basis, of a halogen comporaent. The halogen
component in the catalyst may improve the activity of the catalyst for dehydrogenating
hydrocarbons. In some embodiments, an active halogen component mmnay suppress carbon
formation on the catalyst during the dehydrogenation process. An adwwantage of the catalyst
composition may be that undesirabl e isomerization or cracking side recactions may be
inhibited. In certain embodiments, halogen content may increase the acidity of the catalyst.
The acidity may be lowered by steaxming the dehydrogenation catalys™t to remove excess
halogen from the dehydrogenation catalyst.

A halogen component may Te incorporated in the catalytic co: 1mposite in any
suitable manner. The incorporation of the halogen may be before pre=paration of the carrier
material. In some embodiments, iracorporation of a halogen may be uring incorporation of
other catalytic components. In other embodiments, incorporation of ahalogen may be after
other catalytic components are incorporated. In certain embodimentss, an alumina sol
carrier may contain a halogen, which may contribute to at least some= portion of the halogen
content in the final catalyst composite.  In some embodiments, a halcgen component, or a
portion thereof, may be added to the catalyst composite during the irmcorporation of the
carrier material with other catalyst components (e.g., using chloroplaatinic acid to
impregnate the platinum‘ componemt). In other embodiments, a halo_gen component or a
portion thereof may be added to thLe catalyst composite by contacting the catalyst with the
halogen. In some embodiments, a halogen may be added to the cata lyst as a compound,
solution, suspension or dispersion containing the halogen, (e.g., hyd=rochloric acid) before
or after other catalyst components are incorporated with the carrier rmaterial. In certain
embodiments, a halogen componemt or a portion thereof may be inceorporated by contacting
the catalyst with a compound, solution, suspension or dispersion comntaining the halogen in
a subsequent catalyst regeneration_ step. In the regeneration step, camrbon deposited on the
catalyst as coké during use of the catalyst in a hydrocarbon conversi_on process may be
burned off the catalyst. The noble metal on the catalyst may be redi-stributed to provide a

regenerated catalyst with performance characteristics similar to thosse of the fresh catalyst.
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The Thalogen component may be added during the carbon burn step or during the nomble
metanl redistribution step (e.g., contacting the catalyst with a hydrogen chloride gas®. In
some= embodiments, a halogen component may” be added to the catalyst composite Wby
addig the halogen or a compound, solution, swspension or dispersion containing the

halo gen (e.g., propylene dichloride) to the hydxocarbon feed stream. In other embcdiments,
a halogen component may be added to the recsycle gas during operation of the
deh=ydrogenation unit.

In some embodiments, a dehydrogenation catalyst may include a sulfur cormponent
ranging from about 0.01 weight percent to about 10 weight percent, calculated on an
elermental basis, of the final catalytic composi tion. The sulfur component may be
incorporated into the catalytic composite in ary suitable manner. In certain emboediments,
sul£ur or a compound containing sulfur (e.g., Thydrogen sulfide or a lower molecul=ar weight
mewrcaptan) may be contacted with the catalys t coraposition in the presence of hydarogenata
tenperature ranging from about 10 °C to abowut 540 °C under anhydrous conditioras. A
hyrogen to sulfur ratio, in some embodimen ts, may be about 100.

The dehydrogenation catalyst, in some embodiments, may also contain otler,
adcditional components or mixtures thereof, which act alone or in concert, as. catal_yst
maowdifiers to improve catalyst activity, selecti vity or stability. Examples of cataly—st
modifiers include, but are not limited to, antitmony, arsenic, beryllium, bismuth, ccadmium,
cal_cium, chromium, cobalt, copper, gallium, gold, indium, iron, lithium, manganeese,
molybdenum, nickel, rhenium, scandium, sil-ver, tantalum, thallium, titanium, turagsten,
ureanium, zinc and zirconium. Catalytic mod ifiers may be added in any suitable rmanner to
the carrier material during preparation of the dehydrogenation catalyst. In other
embodiments, catalytic modifiers may be added in any suitable manner after prepoaration of
the= dehydrogenation catalyst. In some embo diments, catalytic modifiers may be added in
an -y suitable manner to the catalytic composi te before other catalytic componentss are
inecorporated. In certain embodiments, catal~ytic modifiers may be added during
inecorporation of other catalytic components. In other embodiments, catalytic modifiers
m.ay be added after other catalytic componerats are incorporated. A description cefa
deshydrogenation catalyst may be found in U .S. Patent No. 4,506,032 to Imai et aml, entitled
“IDehydrogenation Catalyst Composition.”
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The olefinic hydrocarbon stream may paass into isomerization zone 312. In certain
embod-aments, a temperature decrease from deh~ydrogenation zone 310 to issomerization
zone 3 12 may be necessary to prevent cracking of the olefinic hydrocarbon stream as it
enters “the isomerization zone. Cool hydrogen £as may be introduced to delaydrogenation
zone 3 10 via gas conduit 314 to control temper atures in dehydrogenation zeone 310. In
isomerxization zone 312, at least a portion of the olefins in the olefinic hydr-ocarbon stream
may bee isomerized to branched olefins to prodwace a second hyd.rocarbon st_ream.

In certain embodiments, an isomerization catalyst may be the same  as described for
isomexization of olefins in System 200. A description of the isomerizatiorm catalyst may be
found in U.S. Patent No. 5,510,306 to Murray,> entitled “Process For Isomesrizing Linear
Olefirs to Isoolefins.” In some embodiments, about 0.01 weight percent teo about 5 weight
percemit of a noble metal may be added to an is omerization catalyst used irm a stacked bed
configzuration to increase the dehydrogenation activity of the zeolitic catal=yst. Common
metal incorporation methods (e.g., impregnaticn, noble metal ion eﬁchmge, co-mulling)
may e used to incorporate a noble metal (e.g- , platinum, palladium) into =a zeolite to
produace a working catalyst useful in the dehycirogenation-isomerization o:f paraffins.

The second hydrocarbon stream may esxit isomerization zone 312 aand enter
hydroformylation unit 116 via second conduit 114. At least a portion of t"he olefins in the
secorad hydrocarbon stream may be hydrofornnylated to produce a hydrofomylation
reaction stream as described for System 100.  Atleasta portion of the hycroformylation
react-ion stream may be separated into a bottoxns stream and a top stream —using generally
knove/n methods. The top stream may be purified and separated as descriltoed for System
100 o produce a paraffins and unreacted olefins stream and a crude aliph_atic alcohol
prod-uct stream. The crude aliphatic alcohol oroduct stream may be furth er purified as
descaxibed for System 100 to produce an aliptxatic alcohol product stream. The
hydr-oformylation reaction mixture stream may enter separator 126 via th=ird conduit 128.
In sesparator 126 at least two streams, a bottomm stream and top stream, maay be produced as
prev-iously described for System 100. The bottom stream may be recycle=d to
hydr-oformylation unit 116 via bottom stream recycle conduit 130. The teop stream may be
puri=fied and separated into at least two strearms, a paraffins and unreactecd olefins stream

and acrude aliphatic alcohol product stream. At leasta portion of the pamraffins and
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unreacted olefins stmceam may be recycled, combined withh other process streams, sent ~to
other processing un-its and/or sent to a storage vessel. Tlnecrude aliphatic alcohol pro-duct
stream may be furttker purified as described for System 100 to produce an aliphatic alecohol
product stream. Thae aliphatic alcohol product stream m-=ay include branched aliphatic-
alcohols (e.g., braneched primary aliphatic alcohols). Thee aliphatic alcobol product stmream
may be transported via product conduit 132 to be stored on site, sold commercially,
transported off-site= and/or utilized in other processing umits.

At least a p-ortion of the paraffins and unreacted olefins stream may be cormbi—ned
with the first hydrcscarbon stream in first conduit 112 to produce a combined hydrocarbon
stream via fourth c=onduit 134. The combined hydrocar¥bon stream may enter
dehydrogenation z-one 310 of dehydrogenation-isomeri=zation unit 110 via first condiit 112.
The combined hydlirocarbon stream entering dehydrogeration zone 310 continues thes
dehydrogenation-i-somerization process and hydroformzylation process to produce ali—phatic
alcohols. By recycsling the paraffins and unreacted olefSins stream, the yield of produmct may
be maximized. In an embodiment, a paraffins and unre=acted olefins stream may diresctly
enter dehydrogenamtion-isomerization unit 110 through =one or more entry points.

In some ermbodiments, an olefin and paraffin concentration in hydroformylation
unit 116 may be a_djusted depending on the source of ttne olefin stream entering the
hydroformylation unit. At leasta portion of a third hycirocarbon stream may be intreoduced
into the second coonduit upstream of the hydroformylat3on unit as previously describwed for
System 100. The combined stream may be introduced. into hydroformylation unit 1 16 via
second conduit 1 M4, At least a portion of the olefins ir the combined stream may b€
hydroformylated ~to produce aliphatic alcohols.

In an embsodiment, a third hydrocarbon stream  includes a paraffin content beetween
about 50 percent and about 99 percent relative to the teotal hydrocarbon content. In  certain
embodiments, a poaraffin content of the third hydrocartoon stream ranges between 60 percent
and 90 percent re=lative to the total hydrocarbon contert. In other embodiments, a raraffin
content of the thi_rd hydrocarbon stream may be greatesr than about 80 percent relati_ve to the
total hydrocarbor content.

In an emt>odiment, an olefin content of a third hydrocarbon stream ranges beetween
about 1 percent sand about 99 percent relative to the tostal hydrocarbon content. In Other
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embod#ments, an olefin content of a third hwydrocarbon stream may be greaater than 80
percentk relative to the total hydrocarbon stresam.

Aliphatic alcohols may be convertecd to oxy alcohols, sulfates or other commercial
products. At least a portion of the aliphatic- alcohols in the alcohol producst stream may be
reacted in an oxyalkylation unit with an epoxide (.8, ethylene oxide, pro-pylene oxide,
butylere oxide) in the presence of a base to produce an oxyalkyl alcohol. Condensation of
an alcohol with an epoxide allows the alcoknol functionality to be expande=d by one or more
oxy groups. The number of oxy groups mamy range from 3 to 12. For exammple, reaction of
an alcohol with ethylene oxide may produc-e alcohol products having betvveen 3 to 12
ethoxy~ groups. Reaction of an alcohol witkn ethylene oxide and propylene oxide may
producse alcohols with an ethoxy/propoxy —ratio of ethoxy to propoxy growps from about 4:1
to abo-ut 12:1. In some embodiments, a sulostantial proportion of alcohol moieties may
becomae combined with more than three etlaylene oxide moieties. In othex embodiments, an
approx<imately equal proportion may bé commnbined with less than three etkaylene oxide
moieties. Ina typical oxyalkylation product mixture, a minor proportion of unreacted
alcohol may be present in the product mixt-ure. In an embodiment, at leasst a portion of the
alipha tic alcohol product stream may be fo-rmed by condensing a\C5 to C—, aliphatic alcohol
with an epoxide. In certain embodiments, a Cs to C;s branched primary alcohol may be
condensed with ethylene oxide and/or propoylene oxide. In other embodixnents, a Cy; to Ci7
branched primary alcohol may be condense=d with ethylene oxide and/or ypropylene oxide.
The ressulting oxyalky! alcohols may be soBd commercially, transported o ff-site, stored on
site arad/or used in other processing units. In some embodiments, an oxy alkyl alcohol may
be sul fated to form an anionic surfactant.

In an embodiment, at least a portiomn of the alcohols in the aliphat-ic alcohol product
strean1 may be added to a base. The base rmay be an alkali metal or alkal dine earth metal
hydro=ide (e.g., sodium hydroxide or potasssium hydroxide). The base nmay act as a catalyst
for thes oxyalkylation reaction. An amount= from about 0.1 percent by we-ight to about 0.6
percemt by weight of a base, based on the t-otal weight of alcohol, may be= used for
oxyallkylation of an alcobol. In an embodi nent, a weight percent of a ba s¢ may range from
about 0.1 percent by weight to 0.4 percent by weight based on the total alcohol amount.
The resaction of the alcohol with the base ranay result in formation of an adkoxide. The
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resulting alkoxide may be dried to remnove any water present. The dried alkoxide may be
reacted with an epoxide. An amount of epoxide used may be from abou_t 1 mole to about
12 moles of epoxide per mole of alkoxide. A resulting alkoxide-epoxidee mixture may be
allowed to react until the epoxide is «onsumed. A decrease in overall re=action pressure
may indicate that the reaction is commplete.

Reaction temperatures in an ©xyalkylation unit may range from =about 120 °C to
about 220 °C. In an embodiment, re action temperatures may range fromn about 140 °C to
about 160 °C. Reaction pressures m. ay be achieved by introducing to th_e reaction vessel the
required amount of epoxide. Epoxicles have a high vapor pressure at th_e desired reaction
temperature. For consideration of process safety, the partial pressure o¥ the epoxide
reactant may be lumted, for examplee, to less than about 4 atmospheres (413 kPa). Other
safety measures may include dilutin_g the reactant with an inert gas sucl as nitrogen. For
example, inert gas dilution may restalt in a vapor phase concentration o freactant of about
50 percent or less. In some embodiaments, an alcohol-epoxide reaction may be safely
accomplished at a greater epoxide concentration, a greater total pressuz—e and a greater
partial pressure of epoxide if suitab Te, generally known, safety precautions are taken to
manage the risks of explosion. With respect to ethylene oxide, a total pressure from about
3 atmospheres (304 kPa) to about 7 almospheres (709 kPa) may be use=d. Total pressures of
ethylene oxide from about 1 atmosphere (101 kPa) to about 4 atmospheres (415 kPa) may
be used in certam embodiments. I an embodiment, total pressures from about 1.5
atmospheres (150 kPa) to about 3 atmospheres (304 kPa) with respect to ethylene oxide
may be used. The pressure may seXve as a measure of the degree of th_ereaction. The
reaction may be considered substartially complete when the pressure mo longer decreases
with time.

Aliphatic alcohols and oxyalkyl alcohols may be derivatized to form compositions
(e.g., sulfonates, sulfates, phosphates) useful in commercial product fomulations (e.g.,
detergents, surfactants, oil additivess, lubricating oil formulations). Fomr example, alcohols
may be sulfurized with SO; to proeiuce sulfates. The term “sulfurized” refers to a sulfur
atom or sulfur containing function ality being added to a carbon or oxs/gen. Sulfurization
processes are described in U.S. Pa-tent No. 6,462,215 to Jacobson et a 1, entitled
“Sulfonation, Sulfation and Sulfarmation”; U.S. Patent No. 6,448,435 toJ acobson et al.,
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entitled “Sulfonation, Sulfati-on and Sulfamation”; U.S. Patent WNo. 3,462,525 to Levinsky
et al, entitled, “Dental Comp -ositions Comprising Long-Chain Olefin Sulfonates;” U.S.Pat.
No. 3,428,654 to Rubinfeld estal,, entitled, “Alkene Sulfonatior Process and Products;”
U.S. Patent No. 3,420,875 toe DiSalvo et al,, entitled, “Olefin S-ulfonates;” U.S. Patent No.
3, 506,580 to Rubinfeld et al.-, entitled, «“Heat-Treatment Of Sul fonated Olefin Products;”
and U.S. Patent No. 3,579,5=37 to Rubinfeld, entitled, “Process For Separation Of Sultones
From Alkenyl Sulfonic Acidts.”

A general class of aliphatic alcohol sulfates may be chaaracterized by the chemical
formula: (R-O-(A)x-SO3)M... R’ represents the aliphatic moiet~y. “A” represents a moiety
of an alkylene oxide; x repre=sents the average number of A moieties per R-O mmoiety and
may range from O to 15; andli n is a number depending on the v-alence of cation M.
Examples of cation M inclu=de, but are not limited to, alkali metal ions, alkaline earth metal
ions, ammomum jons and/o—r mixtures thereof. Examples of ¢ ations include, but are not
limited to, magnesium, potamssium, monoethanol amine, diethzanol amine or triethanol
amine.

Aliphatic and oxyall<yl alcohols may be sulfated in a swilfation unit. Sulfation
procedures may include the reaction of sulfur trioxide (SOs), hlorosulfonic acid (CISO:H),
sulfamic acid (NH,SO;H) oo sulfuric acid with an alcohol. In_ an embodiment, sulfur
trioxide in concentrated (e.2., fuming) sulfuric acid may be ussed to sulfate alcohols. The
concentrated sulfuric acid rmay have a concentration of about 75 percent by weight to about
100 percent by weight in w ater. Inan embodiment, concentraated sulfuric acid may have a
concentration of about 85 pmercent by weight to about 98 percent by weight in water. The
amount of sulfur trioxide nay range from about 0.3 mole to a’bout 1.3 moles of sulfur
trioxide per mole of alcoho 1. In certain embodiments, an amount of sulfur trioxide may
range from about 0.4 moless to about, 1.0 moles of sulfur triox ide per mole of alcohol.

In an embodiment, .a sulfur trioxide sulfation proceduare may include contacting a
liquid alcohol or an oxyalk=yl alcohol and gaseous sulfur triox"ide in a falling film sulfator to
produce a sulfuric acid ester of the alcohol. The reaction zon e of the falling film suifator
may be operated at about a—tmospheric pressure and at a temp<rature in the range from
about 25 °C to about 70 °C . The sulfuric acid ester of the alceohol may exit the falling film

sulfator and enter a neutral_ization reactor. The sulfuric acid ester may be neutralized with
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an alkali metal solution to form the alkyl sulfate salt or the oxyalkyl su'lfate salt. Examples
of an alkali metal solution may iinclude solutions of sodium or potassitmm hydroxide.

The derivatized alcohols may be used in a wide variety of applE cations. An
example of an application includes detergent formulations. Detergent formulations
include, but are not limited to, granular laundry detergent formulation, liquid laundry
detergent formulations, liquid d.ishwashing detergent formulations andk miscellaneous
formulations. Examples of mis cellaneous formulations may include gzeneral purpose
cleaning agents, liquid soaps, shhampoos and liquid scouring agents.

Granular laundry detergent formulations may include a numbeT of components
besides the derivatized alcohols (e.g., surfactants, builders, co-builderss, bleaching agents,
bleaching agent activators, foarn controlling agents, enzymes, anti-graa ying agents, optical
brighteners and stabilizers). Examples of other surfactants may inclucle ionic, nonionic,
amphoteric or cationic surfactants.

Liquid laundry detergent formulations may include the same c=omponents as
granular laundry detergent forrmulations. In certain embodiments, liquiid laundry detergent
formulations may include less ©f an inogganic builder component thar granular laundry
detergent formulations. Hydrortropes may be present in the liquid deteergent formulations.
General purpose cleaning agern.ts may include other surfactants, buildesrs, foam control
agents, hydrotropes and solubi lizer alcohols.

Formulations may typically include one or more inert comporaents. For example,
the balance of liquid detergent formulations may typically be an inert solvent or diluent
(e.g., water). Powdered or gramular detergent formulations typically contain quantities of

inert filler or carrier materials.

EXAMPLES

Bxample 1. Isomerization of Olefins ina Fischer-Tropsch derived Hs/drocarbon Stream.
Carbon monoxide and hydrogen were reacted under Fischer-Tropsch. process conditions to

yield a hydrocarbon mixture o f linear paraffins, linear olefins, a mincor amount of dienes
and a minor amount of oxygenates. The Fischer-Tropsch hydrocarbon stream was
separated into different hydrocarbon streams using fractional distillattion techniques. A

hydrocarbon stream containin g olefins and paraffins with an average number of carbon
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atoms from 8 to 10 was obtained. The compcsition of the resulting Cs-Ciep hydrocarbon
stream was zanalysed by gas chromatography zand is tabulated in Table 1.

Talble 1
Fischer-Tropsch Hydrocarbon Wt.%
Stream Composition 3

C, aand lighter hydrocarbons - 0.12 ]
Cg boranched olefins 0.02
C;z Einear olefins 0.75
1-Odctene 0.69
n-Clctane 2.21
Co Toranched olefins 0.16
Cs inear olefins 8.52
1-NJonene 8.07
n-MJonane 20.03
C1ow branched olefins 0.28
Cc» linear olefins 22.92
1-IDecene 20.87
n-Iecane 41.12
C;m and heavier hydrocarbons : 0.21 -
Cg—Cu alcohols 3.56

A z=eolite catalyst used for isomerizastion of linear olefins in the h-ydrocarbon stream
was prepar—ed in the following manner. Amruonium-ferrierite (645 gram_s) exhibiting a
5.4% loss eon ignition and exhibiting the foll_owing properties: molar silicza to alumina ratio
of 62:1, su_rface area of 369 square meters p=€r gram (P/P0=0.03), soda ccontent of 480 ppm
and n-hex=ane sorption capacity of 7.3 g per 100 g of ammonium-ferrierifite was loaded into a
Lancaster amix muller. CATAPAL® D alunmina (91 grams) exhibiting a loss on ignition of
25.7% wass added to the muller. During a fi ve-minute mulling period, 152 milliliters of
deionized ~water was added to the alumina/a_mmonium-ferrierite mixture . Next, a mixture
of 6.8 grarms glacial acetic acid, 7.0 grams of citric acid and 152 milliliters of deionized
water was slowly added to the alumina/amnmonium-ferrierite mixture in the muller to
peptize thes alumina. The resulting alumina_/ammonium-ferrierite/acid mixture was mulled
for 10 mirutes. Over a period of 15 minutess, a mixture of 0.20 grams o—f tetraamine
palladium_ nitrate in 153 grams of deionizedl water was slowly added to mmulled .
alumina/a-mmonium-ferrierite/acid mixture_. The resulting mixture exhilbited a 90:10 ratio

of zeolite to alumina and a loss on ignition of 43.5%. The zeolite/alummna mixture was
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sha ped by extruding the mixture throug'h a stainless steel die plate (1/16” hosles) of a 2.25
inc_h Bonnot extruder. |

The moist zeolite/alumina extrus.date was dried at 125°C for 16 hourss. After drying,
the= zeolite/alumina extrudate was longssbroken manually. The zeolite/alumna extrudate
wa_s calcined in flowing air at 200°C forr two hours. The temperature was raised to a
maaximum temperature of 500°C and time zeolite/alumina extrudate was calczined for an
adeditional two hours to yield an isomer-ization catalyst. The isomerization <atalyst was
all_owed to cool in a dessicator under a nitrogen atmosphere.

Stainless steel tubing, 1 inch OD, 0.6 inch ID and 26 inches long, w~as used as an
isOmerization reactor. A thermowell extended 20 inches from the top of th_e stainless steel
re=actor tube. To load the reactor tube, the reactor tube was inverted and a piece of glass
weool was transferred down the wall of the reactor tube, over the thermowe 1land positioned
at the bottom of the reactor tube to ser-ve as a plug for the reactor tube. Siliicon carbide (20
m_ esh) was added to a depth of about 6 inches to the reactor tube. A seconel piece of glass
w ool was placed over the silicon carbide. A mixture of 6.0 grams of the issomerization
catalyst particles (6-20 mesh) and 45 grams of fresh silicon carbide (60-80 mesh) was
aclded to the reactor tube in two parts. The two-part addition distributed thme isomerization
catalyst evenly in the reactor tube and resulted in an isomerization catalyst- bed of about 10
iraches in length. A third piece of glasss wool was added to the top of the catalyst in the
resactor tube. Silicon carbide (20 mesk) was layered onto the third piece off glass wool. A
fourth piece of glass wool was positioned over the silicon carbide to serve as a plug for the
beottom of the reactor tube. To monitor the temperature of the reaction at warious points in
the reactor tube, a multipoint thermocouple was inserted into the thermowell of the reactor
tLibe. The temperature above, below znd at three different places in the ca talyst bed was
nwonitored. The reactor tube was inverted and installed in the furnace. Tlme reactor tube
vevas heated to the operating temperatiare of 280 °C over a four-hour periocd under flowing
mitrogen. Once the temperature of 28 0 oC was obtained, the reactor tube wwas held at the
owperating temperature for an addition al two hours to condition the isomer3zation catalyst.

After conditioning the isomerzation catalyst, the hydrocarbon stresam was pumped
tWhrough the reactor tube at a flow rate of 60 g/hr. Nitrogen, at a flow rate of 6 L/hbr, was

poassed over the isomerization catalys t simultaneously with the hydrocarbon stream. The
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hydrocarbon strearma was vaporized before contacting= the isomerization catalyst. The
reactor tube was opoerated at an outlet pressure of 20 “kPa above atmospheric pre=ssure.

" InTable 2, the weight percent of Cs-Cio bran_ched olefins, Cg-Cyg linear olefins and
Cg-C1o paraffins irm the hydrocarbon stream at 0 hour s and in the reactor tube effEluent after
24 and 48 hours ofF isomerization is tabulated. Great=er than 90% of the linear odefins in the
hydrocarbon streamm were converted into branched oMefins in the isomerization r—eactor.
During the isomer—ization step, a small amount of maaterial boiling below Cg wass generated
from cracking sides reactions. In addition, 2 portion -of the Cs-C: alcohols preseent in the
feed was dehydrat-ed to yield additional olefins in thee product. The average nurnber of alkyl
branches on the C2g-Cyo olefins in the product was found to be 1.0 as determinesd by 'H
NMR analysis.

Table 2
Fischer-Tr—opsch Hydrocarbon 0Fr | 24Hr 48 Hr
Stream C_omposition During Wt_% Wt.% Wt.%
Isomer—ization Reaction
C3-Cio branch-ed olefins 0.46 33.04 33.16
Cg-Cyp linear ©lefins 32. 19 2.52 2.54
Cs-Co paraffims 63..19 63.32 63.27
‘Branched to 1i_near Cg-1o olefin ratio 0-1 13,1 13.1

Example 2. Isom_erizétion of 1-Dodecene: 1-dodecesne was obtained from Shelll Chemical
Co. The compossition of 1-dodecene, as assayed by~ gas chromatography, is taboulated in
Table 3.

Table 3
1-Dowdecene Composition Wt.%
1-Doadecene ) 98.0
Othe=r C,o-C;4 olefins 1.2
<C0e hydrocarbons 0.2
>Ca hydrocarbons 0.2
Para-ffins 0.4
Tota_l C1o-C14 hydrocarbons 99.6
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1-dodecene was isomerize=d using the same reactor tube design and isomerization
catalyst preparation as described 5in Example 1. A stream of 1-dodecerne was pumped
through a reactor tube at a flow raate of 90 g/hr. Nitrogen, ata flow rates of 6 L/hr, was
passed over the isomerization catzalyst simultaneously with the stream «f 1-dodecene. The
stream of 1-dodecene was vapori_sed before contacting the isomerization catalyst. The
reactor tube was operated at an o utlet pressure of 20 kPa above atmospoheric pressure and a
temperature of 290°C.

Table 4 is a tabulation of ~ the weight percent of less than Cyo, C10-Cia4 and greater
than C14 molecules in 1-dodecemme at 0 hours and the reactor tube efflu_ent after 168 and 849
hours. Linear Cy¢-Ci4 olefins wesre converted in a 94% yield to branclhed C1-C14 olefins
after a 168 hr processing time. IDuring the isomerization step, less thamn 3 weight percent of
material boiling below Cio Was aenerated from cracking side reactionss. The average
number of alkyl branches on thes C10-Ci4 olefins in the product was destermined to be 1.3 by
'H NMR analysis.

Table 4

1-Dodecene Stream Comjpoosition 0 Hr 168 Hw 849 Hr

During Isomerization Reaction Wt.% Wit. %o Wt.%
<C,0 hydrocarbons 0.2 2.5 24
C10-C14 hydrocarbons 99.6 97.2 97.4
>C\4 hydrocarbons - 0.2 0.3 0.2
Branched Cjo-Ci4 olefins 0.6 93.2 93.4
Linear C1o-Ci4 olefins 99.0 2.8 2.9
Paraffins 1.0 2.0 1.9

Example 3. Dehydrogenation o Dodecane with Minimal Isomerizati on: Dodecane was

obtained from Aldrich Chemicazal Company and stored under nitroger before being

processed. The composition of dodecane, as assayed by gas chromattography, is tabulated

in Table 5.
Table 5
Dodecane Compossition Wit_%
Dodecane 99 .3
<Cp hydrocarbons <Ow.1
Cio, C11, C13 and C14 hydrocarbons <(».6
>Ci4 hydrocarbons <.1
Other C10-C14 olefxns <0.1
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A paraffira dehydrogenation catalyst was prepaxed according to Example 1 (c=atalyst
A) of U.S. Patent: No. 4,430,517 to Tmai et al., entitled. “Dehydrogenation Process U sing A
Catalytic Compossition.” The resulting catalyst includ<ed 0.8 wt.% platinum, 0.5 wt. <% tin,
2.7 wt.% tin, 2.7 wt.% potassium and 1.3 wt.% chlorime on a gamma-alumina support. The
atomic ratio of pcotassium to platinum for this catalyst was 16.8.

The dehy=drogenation catalyst was prepared by~ dissolving substantially pure
aluminum pelletss in a hydrochloric acid solution. An amount of stannic chloride waas
added to the resumlting solution to provide a final compposite containing 0.5 weight %= tin and
stirred to distribLate the tin component evenly through.out the mixture.
Hexamethyleneteetramine was added to the resulting tin mixture and the resulting timn-amine
mixture was dro-pped into an oil bath in a manner to form spherical particles havings an
average particle diameter of about 1/16 inch. The sphkeres were aged, washed with an
ammoniacal sol_1tion, dried and calcined to form a sp berical gamma-alumina carriesr
material. The re=sulting spheres contained about 0.5 wveight % tin in the form of tin_ oxide.
More details about the method of preparing the alum-ina carrier material are disclossed in
U.S. Patent No. 2,620,314 to Hoesktra, entitled, “Sphieroidal Alumina.”

The tin-zalumina composite was contacted with a dejonized solution of
chloroplatinic aecid and hydrochloric acid (2 weight prercent based on alumina weigZht) in a
rotary drier for 715 minutes at room temperature. The amount of chloroplatinic acicl used
was the amount necessary to incorporate 0.8 weight gpercent platinum into the tin-amlumina
composite. The= solution was then heated and purged with nitrogen to remove wateer
resulting in a pl atinum-chlorine-tin-alumina composite. The incorporated chlorine was
removed by heamting the platinum-chlorine-tin-alumima composite to 550 °C and tresating the
composite with a 50/50 air/80 °C steam mixture at a gas hourly space velocity (GEISV) of
300 hr'l. After treatment with the air/steam mixture, the platinum-tin-alumina cormposite
contained less t-han 0.1 weight percent chlorine. '

The plastinum-tin-alumina composite was coxtacted with a deionized water— solution
of potassium ni_trate. The amount of potassium nitrate used was the amount neces sary to
incorporate 2.7 weight percent of potassium in the p latinum-tin-alumina composit=e. The

water was removed from the platinum-tin-potassiuna-alumina composite by heatirmg the
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composite to 100 °C wunder a purge of dry air (1000 hr'™ GHSV) for 0.5 hour. ~The
temperature was raisexd to 525 °C and the platinum-tin—potassium alumina cormposite was
treated with a stream of hydrochloric acid (12 cc/br, 0.9 M HC]) and a stream . of 50/50
2ir/80 °C stearn mixtwre (300 hr”! GHSV) to incorporatte chlorine into the plat=inum-tin-
potassium-alumina ceomposite. The platinum-tin—potassium—chlorine-alunﬁna composite
was dried at 525 °C eander a purge of dry air (1000 hr'- GHSV). The resultinss catalyst
spheres had an avera-ge paxﬁcie diameter of 1/16 inch =and were crushed and ssized into 6-20
mesh particle before testing.

Stainless stee=1tubing, 1 inch OD, 0.6 inch ID z=and 26 inches long, wass used as an
isomerization reacto x. A thermowell extended 20 inchnes from the top of the stainless steel
reactor tube. To loa_dthe reactor tube, the reactor tubes was inverted and a pisece of glass
woo] was transferrecd down the wall of the reactor tub €, over the thermowell and positioned
at the bottom of the Teactor tube to serve as a plug for the reactor tube. Silic on carbide (20
mesh) was added to adepth of about 6 inches to the reeactor tube. A second —piece of glass
wool was placed ov er the silicon carbide. A mixture of 6.0 grams of platinumm-tin on
alumina catalyst par—ticles (6-20 mesh) and 45 grams of fresh silicon carbide (60-80 mesh)
was added to the re=actor tube in two parts. The two-part addition distributec the catalyst
evenly in the reacto—x tube and resulted in a catalyst besd of about 10 inches ir length. A
third piece of glass ~wool was added to the top of the ecatalyst in the reactor twube. Silicon
carbide (20 mesh) vevas layered onto the third piece of glass wool. A fourth wpiece of glass
wool was positione dover the silicon carbide to serve= as a plug for the botto m of the reactor
tube. To monitor tke temperature of the reaction at v=arious points in the rezactor tube, a
multipoint thermoc- ouple was inserted into the therm-owell of the reactor tutoe. The
temperature above, below and at three different placess in the catalyst bed w—as monitored.
The reactor tube wx=as inverted and installed in the fur-nace. The reactor tubes was purged
with nitrogen. Thes reactor tube was heated to the opwerating temperature of 425°C over a
four-hour period urader flowing nitrogen (250 standa_rd liters per hour). On=ce the
temperature of 425- °C was obtained, the reactor tube was held at the operatiling temperature
for an additional tv=vo hours. The catalyst was presul_fided by flowing a 1% mixture of
hydrogen sulfide g as in hydrogen gas at 425 °C for f5ive minutes through th=e reactor tube.
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Afte~x 5 minutes, the hydrogen sulfide in hysdrogen gas flow was switched to a Ixydrogen gas
flow~ through the reactor tube.

After presulfiding the catalyst, the Tcactor tube was maintained at 425 ° C for eight
houws. After eight hours, the reactor tube gpressure was increase to 25 psig with hydrogen
gas. Dodecane was purnped through the reactor tube at a flow rate of 40 g/hr aat a hydrogen
flove rate of 125 standard liters per hour. _After four hours, the dodecane strearm was
incr-eased to 80 g/hr. After obtaining a floow rate of 80 g/hr, the reactor tube texmperature
wass raised to 460 °C. The reactor tube was sampled every eight hours after obtaining the
ope=rating temperature of 460°C.

After twenty-four bours the weighnt percent of dodecane was 11.4 weigght percent as
dep»icted in Table 6. At a temperature of 479 °C, the conversion of dodecane 1o olefins was
16 ~weight percent after twenty-four hourss. Of the olefins, formed 84 weight percent were
mosno olefins, 4.1 weight percent were ar<omatic compounds and 7.5 weight percent were
di-«olefins. Of the total amount of olefins formed, 6 percent were branched, ass determined
by 'H NMR 'analysis.

Table 6
Test Resalts.
Conversion (wt.%) after 24 hours eon-stream at 11.4
460 °C. |
Temperature required for 16 wt. %o conversion 479 °C
Selectivity to mono olefins at 16 vt % 84 wt.%
conversion.
Selectivity to aromatics at 16 wt. ©4 conversion. 4.1 wt.%
Selectivity to di-olefins at 16 wt. 24 conversion. 7.5 wt.%
% Branched C;; olefins in total Cx 2 olefins 6

E=xample 4. Dehydrogenation-Isomeriza tion of Dodecane: Dodecane was obtained from

A_ldrich Chemical Company and stored —under nitrogen before being processed. The
composition of dodecane, as assayed by~ gas chromatography, is tabulated in. Table 5.
A dehydrogenation-isomerizatiosn catalyst was prepared in the following manner.

A.mmonium-ferrierite (645 grams) exhibiting a 5.4% loss on ignition and exchibiting the

49



10

15

20

25

WO 2005/037752 PCT/US2004/034080

following properties: molar silica to alumina ratio of 62:1, surface area of 369 square

meters per gram (P/Po=0.03), soda content of 480 ppm ansd n-hexane sorption capacity of
7.3 g per 100 g of ammonium-ferrierite was loaded into a Lancaster mix muller.
CATAPAL® D alumimna (91 grams) exhibiting a loss on igamnition of 25.7% was added t o the
muller. During a five-minute mulling period, 152 millilitesrs of deionized water was adided
to the alumina/ammonium-ferrierite mixture. Next, a mixzture of 6.8 grams glacial acetic
acid, 7.0 grams of citric acid and 152 milliliters of deioni=zed water was slowly added t-o the
alumina/ammonium-ferrierite mixture in the muller to pegptize the alumina. The result-ing
alumina/ammonium-fermierite/acid mixture was mulled for 10 minutes. Over a period of 15
minutes, a mixture of 0.20 grams of tetraamine palladiun— nitrate in 153 grams of deiomized
water was slowly added to mulled alumina/ammonium-fesrrierite/acid mixture. The
resulting mixture exhibited a 90:10 ratio of zeolite to alummina and a loss on ignition of
43.5%. The zeolite/alumina mixture was shaped by extrmiding the mixture through a
stainless steel die plate (1/16” holes) of a 2.25 inch Bonrmot extruder.

Six grams of the resulting zeolite/alumina mixtur—e was impregnated with an
aqueous solution of sodium hexachloroplatinate [IV] he>~<zhydrate to incorporate 0.8 vvt.%
platinum into the 1/1 6 inch extrudate. The moist zeolite /alumina platinum impregnat-ed
extrudate was dried at 125°C for 2 hours in ﬂowing air. The tempera’xu.rc was raised ®oa -
maximum temperature of 500°C and the zeolite/aluminzm platinum impregnated extruedate
was calcined to yield a dehydrogenation-isomerization c=atalyst. The calcined catalysit was
crushed and sized into 6-20 mesh particles before testing,.

Dodecane was dehydrogenated and isomerized umsing the same reactor tube dessign
as described in Example 3. A 16.1 weight percent conv—ersion of dodecane to olefins was
observed after twenty-fours hours at 459 °C. As tabulat=ed in Table 7, of the olefins fformed
86 weight percenf wrere mono olefins, 1.2 weight percert were aromatic compounds -and
6.8 weight percent were di-olefins. Of the total amount= of olefins formed, 86 percen_t were
branched, as determined by 'H NMR analysis.

Table 7
Test Results.
Conversion (wWt.%) after 24 hours on-stream at 16.1
460 °C.
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Test Resumlis.

Temperatare required for 16 wt. % conversior 459 °C

Selectivit=y to mono olefins at 16 wt. % 86 wt.%
conversion.

Selectivitoy to aromatics at 16 Wt. % conversicon. 1.2 wt.%
Selectivity to di-olefins at 16 wt. % conversion. 6.8 wt. %

o4, Brancled C;2 olefins in total C2 olefins 86 _]

Example 5. D ehyd:ogenation—lsomerization Catal yst: A zeolite portion ofa
dehydrogenati«_m—isomerization catalyst was prepazxed as in Example 4. Six gramss of the
resulting zeoli te/alumina mixture was impregnatec with an aqueous solution of tetraamine
palladium nitr-ate to incorporate 0.8 wt.% palladiu—m into the 1/16 inch extrudatess.

The m_oist zeolite/alumina palladium impreegnated extrudate was dried at 125°C for
2 hours in floswing air. The temperature was raise=d to a maximum temperature o £500°C
and the zeolitee/alumina platinum impregnated extorudate was calcined to yield a
debydrogenat-ion-isomerization catalyst. The calczined catalyst was carefully crusshed and
sized into 6-2-0 mesh particles before testing.

Example 6. Dehydrogenation-Isomerization Catalyst: A dehydrogenation-isom erization

catalyst was porepared according to the method fomr catalyst D of U.S. Patent No. 5,648,585
to Murray et aal,, entitled, “Process For Isomerizirg Linear Olefins To Isoolefins .”

Amm_onium-ferrierite having a molar silicca to alumina ratio of 62:1, a sumrface area
of 369 m2/g «P/Po=0.03), a soda content of 480 popm wt and a n-hexane sorptiora capacity
of 7.3 grams per 100 grams of zeolite was used. The catalyst components were mulled
using a Lanc aster mix muller. The mulled cataly=st material was extruded using aBonnot
pin barrel ex—truder. The binder utilized was CA_TAPAL® D alumina from Sasol.
METHOCEL ® F4M, hydroxypropyl methylcell_ulose, from The Dow Chemica.1 Company
was used as -an extrusion aid.

The M.ancaster mix muller was loaded with 632 grams of ammonium fer-rierite (LOI
of 3.4%) ancd 92 grams of CATAPAL®D alumira (LOI of 26.2%). The alumirma was
blended withn the ferrierite for five minutes durirmg which time 156 milliliters of” de-ionized
water was aclded. A mixture of 6.8 grams of glaucial acetic acid and 156 millilitzers of de-
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jonized water vovere added slowly to the muller in order to peptize the aluminma. The mixture
was mix-mulle=d for 10 minutes. Tetraamine platinum nitrate and Tetraaminnae palladium
nitrate were ad_ded to the mix-muller in order to produce a catalyst that contamined 0.25 wt.
% palladium a-nd 0.55 wt. % platinum. Ten grams of METHOCEL® FAM Hnydroxypropyl
methylcellulosze was added and the zeolite/alumima was mulled for 15 additi onal minutes.
The extrudate was transferred to a Bonmot pin barel extruder and extruded —using a stainless
steel die plate with 1/16 inch holes. The extruda_te was dried at 120 °C for 216 hours and
then calcined Fin air at 500 °C for 2 hours. The calcined catalyst was carefullly crushed and
sized into 6-2€) mesh particles before testing.
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1. A method for thes production of aliphatic alcohols, comprising:

introducing = first hydrocarbon stream comprising olefins and paraffins into a
dehydrogenation-isomerization unit, wherein the dehydro genation-isomerization unit is
configured to dehydkrogenate at least a portion of the paraffins in the first hydrocarbon
stream to olefins, arad wherein the dehydrogenation-isomerization unit is further configured
to isomerize at leastt a portion of linear olefins to branched olexfins, and wherein at least a
portion of the unreaacted components of the first hydrocarbon stream and at least a portion
of the products of the dehydrogenation and isomerization reactions form a second
hydrocarbon stream, the second hydrocarbon stream comprising olefins and paraffins, and
wherein at least a portion of the olefins in the second hydrocarbon stream are branched
olefins; and;

introducings at least a portion of the second hydrocarbon stream into a
hydroformylation vanit, wherein the hydroformylation unit is configured to hydroformylate
at least a portion oX the olefins in the second hydrocarbon stresam to produce aliphatic
alcohols, and wherein at least a portion of the produced aliph atic alcohols comprise a
branched alkyl gro—up. ’
2. The method of ™ claim 1, wherein the first hydrocarbon stream is produced from an olefin
oligomerization pr-ocess.
3. The method of claim 1, wherein the first hydrocarbon stream is produced from a
Fischer-Tropsch pxocess. |
4. The method of any one of claims 1 to 3, wherein the first hydrocarbon stream
comprises olefins and paraffins having a carbon number of 7 to 18, particularly a carbon
number of 10to 177,
5. The method oXf any one of claims 1 to 4, wherein the first hydrocarbon stream
comprises an oleffin content between about 10 percent and about 50 percent of the total
amount of hydrocarbops in the first hydrocarbon stream.
6. The method of any one of claims 1 to 4, wherein the first hydrocarbon stream

‘comprises about S0 percent paraffins.
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7. The method of any one of claim.:.s 1 to 6, wherein the dehydrog: enation-isomerization
uni.tis operated at a temperature ran.ge from about 300 °C to aboust 500 °C.
8. The method of any one of claim s 1 to 7, wherein the dehydrogzenation-isomerization
unitis configured to operate at a presssure range from about 0.10 a_tmosphere to about 15
atrmaospheres.
9. The method of any one of claimms 1 to 8, wherein a residence tame of at least a portion
of the first hydrocarbons stream in &he dehydrogenation-isomeriz&ation unit is such that the
co-mversion level of the paraffins in the first hydrocarbon stream teo olefins is less than about
508 mole percent.
10. The method of any one of clainns 1 to 9, further comprising:

introducing at least a portiom of the second hydrocarbon s—tream into a separation
urit, wherein the separation unit is configured to separated at leasst a portion of the
branched olefins from linear olefin s and paraffins to form a linea—r olefins and paraffins
st-ream and a branched olefins strezam;

combining at least a portioxa of the linear olefins and para_ffins stream with the first
hwydrocarbon stream upstream of thme dehydrogenation-isomerizat jon unit; and,

combining at least a portiom of the branched olefins streamm with the second
hrydrocarbon stream upstream of tiae hydroformylation umnit.
1 1. The method of any one of clairmus 1 to 10, wherein the alipha#kic alcohols produced by
the hydroformylation unit compris-e greater than about 50 percenat of the total hydrocarbon
ceontent of the hydroformylation re=action stream.
1 2. The method of any one of claimns 1 to 11, wherein the hydrofSormylation unit is operated
a—t a reaction temperature from abosut 100 °C to about 300 °C.
1 3. The method of any one of claimms 1 to 12, further comprising adjusting a ratio of olefins
teo paraffins introduced into the hy-droformylation unit by adding= at least a portion of a third
Imydrocarbon stream into the hydroformylation unit.
L 4. The method of any one of clai-ms 1 to 12, further comprisings adjusting a ratio of olefins
t~o paraffins introduced into the hy~droformylation unit by adding= at least 2 portion of a third
Iydrocarbon stream into the hydroformylation unit, wherein the third hydrocarbon stream
comprises greater than about 80 peercent olefins by weight.
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15— The method of any one of claims 1 to 12, further comprising adjusting a ratio eof olefins
to —paraffins introduced into the hydroformylation unit by combining at least a portzion of 2
thi_rd hydrocarbon stream with at least a portion of the second hydrocarbon strearma upstream
of the hydroformylation unit and introducing the combined stream into the
hy-droformylation unit.
16s. The method of any one of claims 1 to 12, further comprising: adjusting a ratios of olefins
to paraffins introduced into the hydroformylation unit by combining at least a por—tion of 2
thard hydrocarbon stream with at least a portion of the second hydrocarbon strean upstream
of™ the hydroformylation unit, wherein the third hydrocarbon stream comprises greater than
abmout 80 percent olefins by weight; and introducing the mixed stream into the
hydroformylation unit.
1. The method of any one of claims 1 to 16, further comprising:

separating aliphatic alcohols from the hydroformylation reaction stream to produce
at_ least a paraffins and unreacted olefins stre am and an aliphatic alcohols productc stream;
ard,

introducing at least a portion of the p araffins and unreacted olefins strean into the

deshydrogenation-isomerization unit. '
1&8. The method of claim 17, wherein introducing at least a portion of the paraffiris and
umnreacted olefins stream into the dehydrogenation-isomerization unit comprises: combining
at least a portion of the paraffins and unreacted olefins stream with at least a porttion of the
fi~1st hydrocarbon stream to produce a combined stream upstream of the dehydro gexiation—
issomerization unit; and introducing at least a portion of the combined stream into the
d-ehydrogenation-isomerization unit.
1-S. The method of any one of claims 1 to 18, wherein the dehydrogenation-isomeerization
unit comprises a dehydrogenation-isomerization catalyst configured to catalyze both
d_ehydrogenation reactions and isomerization reactions in the dehydrogenation-
issomerization unit.
2 0. The method of claim 19, the catalyst cormprising a hydrogen form of a zeolites having a
fesrrierite isotypic framework structure, a binder, a coke-oxidizing compound, an d a paraffin

d_ehydrogenation-promoting compound
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21. The methcod of any one of claims 1 to 20, wherrein the dehydrogenation-ison—erization
unit comprisess a plurality of zones, wherein the pl-urality of zones comprises a first reaction
zone and a seccond reaction zone, wherein the first reaction zone is configured to
dehydrogenatee at least a portion of paraffins to olefins, and wherein the second Treaction
zone is configmured to isomerize at least a portion Of linear olefins to branched o lefins, and
wherein at leanst a portion of the unreacted compoments of the first hydrocarhon stream and
at least a port-ion of the products of the dehydroge=mation and isomerization reac-tions form a
second hydroecarbon stream.

22 The meth=od of claim 21, wherein the first reaction zone is operated at a temperature of
between abotat 300 °C and about 600 °C, particul=aly at a temperature of betweeen about 450
°C and about 550 °C.

23 The meth_od of claim 21, wherein the first reasction zone is operated at a tot=al reaction
pressure betwaseen about 0.01 atmospheres and about 25.0 atmospheres.

24. The methaod of any one of claims 21 to 23, wierein a residence time of at lezast a portion
of the first hydrocarbon stream in the first reactio-m zone is such that the conver—sion level of
the paraffins to olefins is less than about 50 mole percent.

25. The metimod of any one of claims 21 to 24, fuzrther comprising introducing =at Jeast a
portion of thes first hydrocarbon stream exiting thee first reaction zone into a heaat exchanger,
wherein the kneat exchanger is configured to remove heat from a portion of the first
hydrocarbon stream before it enters the second re=action zone.

26. The metlod of any one of claims 21 to 25, whherein the second reaction zore is operated
at a temperat=ure range from about 200 °C to aborat 500 °C.

27. The metlnod of any one of claims 21 to 26, wherein the second reaction zor-e is operated
at a hydrocar—bon partial pressure of from about O».1 atmosphere to about 10 atmospheres.
28. The mettod of any one of claims 1 to 27, wh-erein the dehydrogénatiomiso-merization
unit compris-es a stacked bed catalyst configuratieon, wherein the stacked bed c-omprises a
dehydrogenzamtion catalyst and an isomerization catalyst.

29. The metlhod of any one of claims 1 to 28, fur-ther comprising introducing haydrogen into
the first hydmrocarbon stream.
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3 Q. The method of any one of claims 1 to 29, further comprising:
forming a hydroformylation reactieon stream, wherein the hydro—formylation stream

<omprises at least a portion of the unreac=ted hydrocarbons from the se=cond hydrocarbon

stream and at a portion of the produced amliphatic alcohols; and,

separating at least a portion of the hydroformylation reaction stream irato an aliphatic
alcohol product stream and a paraffins aned unreacted olefins stream.
3 1. The method of any one of claims 1 to 29, further comprising: introcducing at least a
prortion of the produced aliphatic alcoholss into a sulfation unit, whereir the sulfation unit is
configured to sulfate at least a portion of whe aliphatic alcohols to prodwuce aliphatic
sulfates, and wherein at least a portion of - the aliphatic sulfates prodﬁced comprise branched
aliphatic sulfates.
37, The method of any one of claims 1 to 29, further comprising introcllucing at least a
portion of the produced aliphatic alcoholss into an oxyalkylation unit, wwherein the
oOxyalkylation unit is configured to oxyall<ylate at least a portion of the aliphatic alcohols to
produce oxyalkyl alcohols, wherein at leamst a portion of the oxyalkyl alcohols produced
comprises branched oxyalkyl alcohols.
3. A system for the production of ali phatic alcohols configured to perform the method

according to any one of claims 1 to 32,
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