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groups that nayThelstructural composition of the aliphatic alcohol may influence the properties of
the surfactant and/or detergent (e.g., water solubility, biodegradability and cold water

detergency) produced from the aliphatic alcohol. For example, water solubility may be
affected by the linearity of the aliphatic portion of the aliphatic aldlohol. As the linearity of

20 the aliphatic portion increases, the hydrophilicity (i.e., affinity for water) of the aliphatic

) alcohol surfactant may decrease. Thus, the water solubility and/or detergency performance

of the aliphatic alcohol surfactant may decrease. Incorporating branches into the aliphatic
portion of the aliphatic alcohol surfactant may increase the cold-water solubility and/or
detergency of the aliphatic alcohol surfactant. Biodegradability, however, of the aliphatic

25  alcohol surfactants may be reduced if the branches in the aliphatic 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 increase cold-water solubility and/or detergency of the alcohol
surfactants while maintaining the biodegradability properties of the detergents,

30 The aliphatic portion of an aliphatic alcohol used to manufaciure a surfactant may
include one or more aliphatic alkyl groups as branches. Aliphatic alkyl groups that may
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aliphatic portion may include nethyl, ethyl, propyl or higher alkyl groups.
Quaternary and tertiary carbons may be present when the aliphatic pgaN ih is
branched. The nunber of quaternary and tertiary carbons may result fromthe
br anchi ngWhHO¥YH2 n the aliphatic portion. As used hePETAS2004834980 ase
"aliphatic quaternary carbon 5 atom' refers to a carbon atomthat is not
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dehydrogenation-isomerization unit includes linear olefins and paraffins having an average

carbon number from 10 to 17. As used herein, the phrase “carbon number” refers to the
total number of carbon atoms in a molecule. The process feed stream entering a
20  dehydrogenation-isomerization unit, in some embodiments, is derived from a Fischer-
D Tropsch process.

At least a portion of the paraffins in the feed stream may be dehydrogenated to form
olefins in the dehydrogenation-isomerization unit. At least a portion of the resulting olefins
and at least a portion of the olefins that were already present in the feed stream may also be

25  isomerized in the dehydrogenation-isomerization unit. An isomerization process converts
linear olefins (e.g., unbranched olefins) into branched olefins. The isomerized olefins may
be hydroformylated to produce aliphatic alcohols. After hydroformylation of the olefins,
unreacted components from the hydroformylation process may be separated from the
aliphatic alcohol products. Paraffins and unreacted olefins in the separated stream may be

30  recycled back into the dehydrogenation-isomerization unit.
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dehydr ogenati on-i sonerization unit may be such that the resulting branched
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par af fi ns and unreéacted ol efins stream nmay be separated fromthe produced
al i phat i c sglaeadibfrompriheiprotisced dlipbatpealafibl podectsl The paeffod and efifeagedt r eam nay
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20 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 may include a stacked bed

configuration. The stacked bed may include a catalyst for dehydrogenation and a catalyst
for isomerization of a hydrocarbon stream. At least a portion of the paraffins in the

25 hydrocarbon stream may be dehydrogenated to olefins to produce a stream enriched in
olefins. The enriched olefin stream may be passed into an isomerization zone. In the
isomerization zone, at least a portion of the olefins in the enriched olefin stream may be
isomerized to branched olefins. The branched olefins may be converted to aliphatic
alcohols by hydroformylation. After hydroformylation of the olefins, a paraffins and

30  unreacted olefins stream may be separated from the produced aliphatic alcohol products.
The paraffins and unreacted olefins stream may be recycled by directing at least a portion
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stream back into the dehydrogenation-isonerization wunit and/or into a
stream entering the dehydrogenation-isonerization unit. In certaing JAN 2007
enbodi ments, at |east a portion of the aliphatic alcohols nay be sul fated
to form aMPWANNY™Bul fates. In some enbodi ments, al i phaPCEASANEE4980 may

i ncl ude branched 5 alkyl groups. In certain enbodinents, at |east a portion
of the produced aliphatic al cohols may be oxyal kylated to form oxyal kyl
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benefit of, gmflpg.l owi ng detail ed description of enbodi nents and upon
reference 5to the acconpanying drawings, in which: FIG 1 depicts a
schemati ¢ di agimeartain embedinetispaneasbd pertioy of thepreducpd alipheatin glcohola malyde
aliphatic al ol . usi ng a dehydrogenati on-i soperizatio njt, FIG 2
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par af f i ns bréachad Biptietx dtchads maphberethoxylated iy formdframvhed ethorlyalteyi talcokola, ayst em

for producin br.anched al i phati | cohol s_usi.ng_.a
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dehydr ogeBaief Desdriptior of hetlawinggit. FIG 5 depicts a schematic di agram of an
enbodi ment of %syst em for producin branched aliphatic al cohols using a
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confi gur at - ' j eVl t'f%% 'E'i.li%Hﬁ: i flcations
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understood that _the drawi ngs and detailed description 4 1 5 JAN 2007
G. 1 depicts a schematic diagram of an embodiment of a system for producing

—

branched aliphatic alcohols using a dehydrogenation-isomerization unit.

FIG. 2 depicts a schematic diagram of an embodiment of a system for producing

branched aliphatic alcohols using a dehydrogenation-isomerization unit and a separation
20  unit to separate branched olefins from linear olefins and paraffins. = -

- ) FIG.3 depiéts a schematic diagram of an embodiment of a system for producing
branched aliphatic alcohols using a dehydrogenation-isomerization unit with addition of an
additional hydrocarbon stredm.

FIGS. 4 A-B depict schematic diagrams of embodiments of a system for producing

25  branched aliphatic alcohols using a two-zone dehydrogenation-isomerization unit.

FIG. 5 depicts a schematic diagram of an embodiment of a system for producing
branched aliphatic alcohols using a dehydrogenation-isomerization unit with a stacked bed
catalyst configuration.

While the invention is susceptible to various modifications and alternative forms,

30  specific embodiments thereof are shown by way of example in the drawing and will herein
be described in detail. It should be understood that the drawings and detailed description
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I nvention to the particular formdisclosed, but on the contrary, the
intention is to cover all nodifications, equivalents, and alter naﬁgvﬂﬁ 2007
falling wthin the spirit and scope of the present invention as f1ned by
the appendéH®%W’MZ  Detailed Description of Enbodl nentSTHS2YMO3198 bon
products may be synthesized fromsynthesis gas (i.e., a mxture of hydrogen
and carbon nonoxi de) using a Fischer-Tropsch process. Synthesis gas may be
derived byhfebtaéhotGReRdE! b titiofheR@ienEbR he Padiculat Gt difIsN-ACHT RAARY . DY
reformng of natural gas or by partial oxidation of natural gas The
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i ocar bOTLAE iy ST FooRR i W5Peopk Y BPRCERCA A Y (P BARREEEY SRS, pr oduct

froma Fi w@ledﬁé%gﬁ&bﬂr&%ﬁ%be used for the production of fuels
(e.g., gasolrtne, dresel oil), Tubricating oils and waxes. Fischer-Tropsch
process str eanﬁiydmcaﬁiomq:rdmxhcmdy bosymttesaed frommynthiesiy gpy @@y atmsixtursbf ch have

econom ¢ val ue. For exanple, ,linear qlefins are comodity products that are
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For exanple, surfactants derived frombranched olefins may have increased
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atons in tpheiuchIfens a@ehcmr'rmp@hqﬁoéda@may bk asddofol the%#éd@ﬁb@ﬂfﬁwﬁ(@% from
branched ol efins with a mnlmum nunber of quaternary carbon atons nay have
similar bigesdigeatiess] ell)ph@ﬁlé@tmge@lst?@d‘f%ﬁ actants deri ved from I i near

anched ol efins firoma FEischer cess
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linear ol gfHiAShdiR¥cHRNEORNIRE! BEr éﬂhgﬂ@ma&wmlaﬁéwﬁmmwp@dﬁww&e nunber
of quaternary carbon atons using a ehydrogenatlon i sormer’i zati on or an

i somerls zatseiml Bathe preductipn of suéictagts. Hésizgapertion pf ﬂleam«weﬁsttﬂam torpsodieei ved
froma Fischer- Jropsch 0GCESS. Stream.ma econom ¢ val ue of
t he procez’§l %ttql%ﬁ&ﬁéﬁ) cr%gs[ﬁﬁeagc &Pgma%aéléer%/foaelgasch?r ﬁggqcﬁﬁ" S punt  of
branched ol ef i Rgrdhhty aekifddFRA braAbREESERS hR Hﬁdehﬁffeﬂeﬂﬁ %@ﬁesctﬁﬁa' n amunt

of olefins, thus increasing the economc value 51 5 J
surfactants derived from linear olefins. For example, surfactants derived from branched

olefins may have increased water solubility and/or improved detergency properties
éo compare'd to surfactants derived from linear olefins. Biodegradable properties of the
, ") surfactant, however, may be affected by the presence of quaternary carbon atoms in the
: branched portion of the surfactant. Surfactants made from branclied olefins with 2
minimum number of quaternary carbon atoms may have similar biodegradable properties to
surfactants derived from linear olefins. Production of branched olefins from a Fischell'-

25 Tropsch process stream may increase the economic value of the stream. In some
embodiments, linear olefins may be converted into branched clefins with a minimum
number of quaternary carbon atoms using a dehydrogenation-isomerization or an
isomerization catalyst. Increasing the amount of branched olefins derived from a Fischer-
Tropsch process stream may increase the economic value of the process streams.

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

process stream that includes certain amount of olefins, thus increasing the economic value
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ot her sources that include hydrocarbons. A hydrocarbon feed stre

conposition may include paraffins and olefins. At least a portion of the
hydr ocar B¥@ 264508882 may be made up of linear paraffins aP/BPEP4/434089aving 5
at |east 4 carbon atons and up to 18 carbon atons. A hydrocarbon feed stream
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mar ket ed blefindend bioenat&t iattesstyn?5 Chevron Phillips Chenical Conpany, Shell
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‘While reference is made to a Fischer-Tropsch stream, any stream of olefins and

saturated hydrocarbons may be suitable. Many Fischer-Tropsch streams may contain from
20 5 percent to 80 percent olefins, the remain&er being saturated hydrocarbons comprising
3 ) paraffins and other compounds.

In some embodiments, feed streams containing olefins and paraffing are obtained
through cracking of paraffin wax or the oligomerization of olefins. Commercial olefin
products manufactured by ethylene oligomerization are marketed in the United States by

25 Chevron Phillips Chemical Company, Shell Chemical Company (as NEODENE®) and
British Petroleum. Cracking of paraffin wax to produce alpha-olefin and paraffin feed
streams is described in U.S. Patent No. 4,579,986 to Sie, entitled “Process For The
Preparation Of Hydrocarbons” and U.S. Patent Application Serial No. 10/153,955 of
Ansorge et al., entitled “Process For The Preparation of linear Olefins and Use Thereof To

30 Prepare Linear Aleohols.” Specific procedures for preparing linear olefins from ethylene
are described i U.S. Patent No. 3,676,523 to Mason, entitled “Alpha-Olefin Production;”



WD 2005/ 037752 PCT[ US2004/ 034080 U.S. Patent No. 3,686,351 to Mason,
entitled "Al pha-AQ efin Production;" U S. Patent No. 3,737,475 to Mason,
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ol efins may be comercially 5 produced (e.qg.,

chl ori nati on-dehydrochl orinati on of paraffins, paraffin dehydrogenation,

| somer | Zaty ANl ANE K663 B Masoh bnftile P RAHh 0An PRIGEEASUILPHAPNo, -

processed t0 produce & hydrocarbon strea at 1 ncludes branched o
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the feed dsanesxizatieryof slpharelefing)dr ocar bons havi ng an average carbon nunber
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to 18. | n almhokiveingvistdusischrsquean TROfead etreape muatiswena pamatior comtent renge
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feed streamnay range fromi14 to 17. ed stream may I nclude m nor
anount s ofpetvedtitpcweighinsriffins. NThafcedstoam mayblso indiade alsfiisi Jhewnlaefin donteat t han

the desired carbpn 25 nunper range. In sone enbodinents, feed stream may
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dehydr ogenatton-i sonmeri zation unit includes nono-olefins and/ or paraffins.
Thé noso- ol ef i Theraypbsitiof ofithkifesdatrean niayandhéehpirocahansdaving lae avaage ol ef i ns

may have an _al pha_or internal double bonqg position. The feed stream 30 may
i ncl ude ol°8¥PRSUMRCTRNBREOTLE ¢t Ingp %OM@HWV%PPW%%PB@HM% esent

T 0 . OB EAB S B B a4 S0 AR B e
carbon number of the feed stream may range from 4 to 18. An average carbon number of
the hydrocarbons in a feed stream may range from 7 to 18. In certain embodiments, an

2b average carbon number of the hydrocarbons in a feed stream may range from 10 to 17. In
) some embodiments, an average carbon number of hydrocarbons in a feed stream may range
from 10 to 13. In other embodiments, an average carbon number of hyd:focarbons in a feed
stream may range from 14 to 17. A feed stream may include minor amounts of
hydrocarbons having a carbon number that is higher or lower than the desired carbon
25 number range. In some embodiments, a feed stream may be derived from distillation of a
process stream that includes a broader range of carbon numbers.
In an embodiment, a feed stream for a dehydrogenation-isomerization unit includes
mono-olefins and/or paraffins. The mono-olefins may be of a linear or branched structure.
The mono-olefins may have an alpha or internal double bond position. The feed stream

30  may include olefins in which 50 percent or more of the olefin molecules present may be

alpha-olefins of a linear (straight chain) carbon skeletal structure. In certain embodiments,
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and olefins may be intr enation-1sonerization’'unit.
The dehydubgemat limited ®ohpdradmatiomrxidation aed/hydepllysis,esul fation astElperation] andni t s

(e.g., an isqnerization unit and a dehydrogenatjon unit). The.
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hydrocarbon stream |In certain enbodjnents, a catal yst. may be a si n%e
cat al yst . strepn mayganggdrom ¥ fo §3nin esHBBRRhodiaentsn@) ayerage parenp@Enlr of

tal VSt S (e : : Jh ) ; :
catal yat) AfhftcalnaE R AR b Arall by BheSRONAN TG OT
di f f er ent ezboenents, kaversdeaaknn wetber ofdliphuticilcctivls in Arcdehy@ddagetaithon- 8

may range from 11 to 14. In other embodiments, an average carbon number of aliphatic

i
50

" 20  alcohols in an alcohol product strearn may range from 15 to 18.
g ) In certain embodiments, a first hydrocarbon stream that includes paraffins and
olefins may be introduced into a dehydrogenation-isomerization unit, The

dehydrogenation-isomerization unit may replace two independent units (e.g., an
isomerization unit and a debydrogenation unit). The dehydrogenation-isomerization unit

25  may dehydrogenate paraffins to olefins and isomerize the resulting olefins and/or initial
olefins present in the hydrocarbon stream to branched olefins. In an embodiment, a catalyst
may perform the dehydrogenation-isomerization of the hydrocarbons in the first
hydrocarbon stream. In certain embodiments, a catalyst may be a single catalyst. The
catalyst, in some embodiments, may be a mixture of two catalysts (e.g., a dehydrogenation

30  catalyst and an isomerization catalyst). In other embodiments, two separate catalysts

located in different zones or in a stacked bed configuration in one dehydrogenation-
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t he dehydrogenati on-i soneri zati on process. As used herein, "a

dehydr ogenati on-i soneri zation catalyst' 'nay be one or nore cat aﬂ@dﬂ&]ﬂﬂ?n
certain enbodi nents, a dehydrogenation-isonerization unit nmay have several
poi nt s ofWenadsP3tis2 accormodat e di fferent process streankCT/UpiR04934088s s
streans may be 5 from ot her processing units and/or storage uhits. Exanples
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stream a . Of . e i N paraffins
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dehydr ogeriat $@teir016) ®FIGS 1. Hydioeadbnsingthe firsohydrbedrben streafinty hgveanef i ns and
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st r eam mayvHass SeRRIy FurRReT fignpf Bulf engeHERsHPORimSS QV‘BTBﬁaIE?IPSel&rﬂ: ﬁ!lﬁéf _
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into bran ins. cat

dehy drigge raibbaitmenso hpdrozabomin ee firschydrscatbohystean aidydave ai bessps@ytur based
on a zeolite catalyst nodified wth one or nore netals or netal_ conpounds.
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lefins i ik f ' : | |
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aver age nupietabbn Rtafcincdaedlpled-6ikfifls. The alpha-olefin content of the first

hydrocarbon stream may be greater than about 70 percent of the total amount of olefins in
20 the first hydrocarbon siream. In certain embodiments, a first hydrocarbon stream may be

: ) | produced from a Fischer-Tropsch process.

In dehydrogenation-isomerization unit 110, at least a portion of the paraffing in the
first hydrocarbon stream may be dehydrogenated to olefins. At least a portion of the
resulting olefins and at least a portion of the olefins that were already present in the feed

25  stream may be isomerized to produce a second hydrocarbon streamn. The isomerization
process converts linear olefins (i.e., unbranched olefins) into branched olefins.

The catalyst us-ed for the dehydrogenation-isomerization of the first hydrocarbon
streamn may be based on a zeolite catalyst modified with one or more metals or metal
compounds. The catalyst used in dehydrogenation-isomerization unit 110 to treat the

30  olefins in the first hydrocarbon stream may be effective for skeletally isomerizing linear

olefins in the process stream into olefins having an average number of branches per olefin
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about 0.7. In certain enbodi nents, an average nunber of branches ger%&{lﬁ;i n
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channel size may prevent diffusion of the olefin into gnd/or out of the
channel p&¢Ersdn B cipetivg chrnme! diamstes or sigs 08 1o, Thepeolite mayhayspe at | east

one chann | 18 r L za greater
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the zeolite channel, diffuse thrgugh, and exit the other end of the channel.

The rate 8 dhaarl groater deaspbapieh2 169 thapcahonb? i Hee ertalyst maynebhaved may

not- corre the ' r | | £ 3% efin nol ecul e
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penet r at e Zebktes pesReeinglchtmie] diagictirs greatef thah aboutt70A bia wesubdptiblees t i on of the
chain within.the channel and subsequently w thdraw fromthe channel once

i sonmer$ zedndgsirabls olgtindurpredectyfe. 5, srenpation. Qigomseication, phadatien.aokingd|

i ch i o BaAcREachnf, RAENA ALY R0, LI I Al AR BE, RathelPYffn oithbe' 1 ©

subst ant i g the  driigslinds @faredter (e sbomta2 AOTA thell ehhreldics maPPreienty. , at | east
25 percent_ of the carbons at the center are unbranched). 10 1 5 JAN 2007
diffusion of the olefin into and/or out of the channel pore once the olefin becomes

branched. A zeolite may have at least one channel with a free diameter of the channel
" 20 within a range of greater than about 4.2 A and less than about 7 &.
- In an embodiment, an olefin molecule, due to its high carbon chain length, may not
have to enter into the zeolite channel, diffuse through, and exit the other end of the channel.
The rate of branching seen \n{hen passing the olefin acroés the zeolite may not correspond to
the theoretical rate of branching if each olefin molecule were to pass through the channels.
25  Most of the olefins may partially penetrate the channel for a distance effective to branch the
portion of the chain within the channel and subsequently withdraw from the channel once
isomerized. In an embodiment of 2 method to produce aliphatic alcohols, olefin molecules
in a hydrocarbon stream may predominately have a structure which is branched at the ends
of the olefin carbon backbone, and substantially linear towards the center of the molecule,

30 (e.g., at least 25 percent of the carbons at the center are unbranched).

10
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converting channels in natural zeolites to |arger channels. Channels in
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Mauny natural zeolites such as ferrierite, heulandite and stilbite may feature a one-

w

dimensional pore structure with 2 pore size at or slightly smaller than about 4.2 A in
20  diameter. U.S. Patent No. 4,795,623 to Evans, entitled “Time Effective Method For
Preparing Ferrierite” and U.S. Patent No. 4,942,027 to Evans, entitled “Method for

o

Preparing Ferrierite,” describe converting channels in natural zeolites to larger channels.
Channels in natural zeolites may be converted to zeolites with desired larger channel sizes
by removing an associated alkali metal or alkaline earth metal by generally known methods

25  (e.g., ammonium ion exchange, optionally followed by calcination, to yield a zeolite in
substantially a hydrogen form). Replacing the associated alkali or alkaline earth metal with
the hrydrogen form may enlarge the chanmel diameter. In some embodiments, natural
zeolites (e.g., some forms of mordenite) may have a channel size greater than 7 A. The
channel size may be reduced by substituting an alkali metal for larger iouns (e.g., a larger

30  alkaline earth metal).
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In certain enbodi nents, zeolites may have a ferrierite isotypic (or
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Cross secti Ol ﬁg@l ites having a ferrierite isotypic SPTEsRe0MHI3/088t r uct ure
are des Y B¥y/0f uropean. Patent No. 55 529 to Seddon et al., entitled,
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25 but' abe stitsstantiblly beddintensioasll rmferﬁéxayssna@elage pm’aﬂﬂtrammgchmalts mex-illonite,
at t apul g| te, and kaolin alumna, silica, silica-al um%yé% rat ed aI um na,

titania, fermaknmay Savesliptisabehannels thas haverlies firaetcrsof 4

i ncl yde, t

al umqgas %3’%& ﬁlegghhgééﬂl]%rrgw& g@%@%@@%ﬁgp%ﬁg eez?:ﬁ%ﬂ?o ?%ﬂldp&%%r(? LaRoche
Chemi cal &nmmﬂémmrmmb@b} thabugti theshaanel cFabometghbiaacHed igplef@ATAPAL(T)
alum nas). In an enbaodi nent, high-dispersity alum na powders maybe used 12
1 5 JAN Tbevhanpgls ysreGymisa P@rvous@ug ek famgdion. Methods for preparing

various H-ferrierite are described in U.S. Patent No. 5,985,238 to Pasquale et al., entitled
“Process For Prepéring Ferrierite;” U.S. Patent No. 4,251,499 to Nanne et al., entitled
20 “Process Fér The Preparation Of Ferrierite;” U.S. Patent No. 4,795,623 to Evan;',, entitled
‘_ ) “Time Effective Method For Preparing Ferrierite” and U.S. Patent No. 4,942,027 to Evans,
entitled “Method for Preparing Ferrierite.”

In certain embodiments, a dehydrogenation-isomerization catalyst may be combined

with a refractory oxide that serves as a binder material. Suitable refractory oxides include,

25  but are not limited to, natural clays (e.g., bentonite, montmorillonite, attapulgite, and
kaolin), alumina, silica, silica-alumina, hydrated alumina, titania, zirconia or mixtures

‘ thereéf.
Examples of alumina binders may include, but are not limited to, pseudobochmite,

gamma and bayerite aluminas. Alumina binders may be commercially available (e.g.,

30  LaRoche Chemicals manufactures VERSAL® aluminas and Sasol manufactures
CATAPAL® aluminas). In an embodiment, high-dispersity alumina powders may be used
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as alum na binders when extrusion is utilized for catal yst preparation.

Hi gh-di spersity alum na powders nay have a dispersity of greate{5gﬂﬁqmﬁ0
percent in an aqueous acid dispersion having an acid content of
0.4-mlligramequival ents of acid (acetic) per gramof powder. Such

hi gh- di speosiesp3ziszni nas may be exenplified by CATAPAL(PCGT/HFIIA4/934089

manuf actured by Sasol. A weight ratio of zeolite to binder material may
range fronrabout 10: 90 to about 99.5:0.5. In sone enbodi nents, a wei ght

rati o may r gp‘rg gg' %gfqg ts, a
wei ght ratr Q&t&l é nis%a@g%ar%gm&ﬂ%ﬂegar%rom ?Je 120 to
about * 98: Zlyrhia awuaﬂsrin 96 b @pLisity of yrehtghthah 0 iperceht inealahedub acili nder
material io0 rray range rom about 85:15 to about 95:5 on an anhydrous basis.

In certai rdlmmm aa:uti@mmt Qégﬂa@rlmﬁmmqf@mmw@s@ SR Ieé

pr epar ed 0, nqgcar boxyl i.c aci d .acids. In
addi ti on t §‘FFB3’6%‘§&‘BB§I§‘%{ 8%{‘1 bﬁé’?‘ﬁ'ﬂﬂfﬁ“&@# @éfmgm%e organi c
aci d wist hn@énuk‘&ﬁﬁ&dﬁ%@aso@ar boxyl ic acid groups ("polycarboxylic acid") may
be used. Mnocarboxylic acids may 15 have a substituted or unsubstituted

hydr ocar byl gr o%rpre@t/rahg of zealite @ 'madﬁtmmtauaimy range ﬁmaboctalrotgﬂ togboufp maybe

al i phati c, or aro | C. of nonocar bo cid vi ng I
(o 20 car 991916 o e Saene ke imgrs, P SehRP iy @R bt 5 dbor OO

aci d, %%eratanagd]ﬂzeneuweigﬁtﬁ%%fz éleﬁn@&'rﬂateﬂilXﬁé%J %emﬂa lact'c

acid, hydroxylbutyric acid roxycycl opent anoi ¢ aci d, Icylic acid,
mandel i ¢ @6t29,toabor®i8c2. daicertain dnfbatiinyenis; admglﬁ@at&xmbh& tobmdanmganab aci ds
include, but are pot |limted to, nitric ac§[5_4 phosphoric acid, sulfuric

acj d dAd AyRYTEeeR Brm abaisd: 157Rabew 3P om e gatyaronsbasifmy | i n certai n

enbodi nents, b O cls b finfofils r ps
attached throug éla car gn-car bbn&%ﬁa)arcf;%éﬂ oglg%&tﬂéﬁzfﬁaﬁtaw greg%rrgﬁt The
| i nkage maitheneair nadty npobtarboxydic atide ahd/dr moegabmracaﬁgrmaddma'ﬂra tﬁé

pol ycarboxylic acid, may have a_hydrocarbon segnment with | ess than 10 carbon

at oms. ThEONGHPEEEICHEE/ ok tpresic 2ads. B*eleaﬂtpmaraa@c acifcyith alglpash Ferat i c. The

hydrocar b LY

car boxyl i ggra??gi%#%%%% ﬁgsf &ggﬁeﬁ)ﬁ’r}l g%@%ﬁ%ﬂ%ﬁ? don @ﬁér% b%X %‘ﬂé rrpl es of
the pabkycaaboxyibstitueel danbubstingel hydvbcatsyd giab Havingtled 20to@:bohartdmsr iTheaci d,
citric acid, malic acid, oxalic¢ acid, adipic _acid, nalonic acid, alactarrc

30 aci d, llymezbylogem BaE b ahﬁm@smh%ora@p@ahmﬁmplaé pEmoreasehoxyl ra%ql
o © e 1982 3t sBEklao S SAPARAL! e, sBRRMISBLEN S

2005/ 0377 peophsaiit hid A0 @aproic acid, glycolic acid, lactic acid, hydroxylbutyric acid,

hydroxycyclopentanoic acid, salicylic acid, mandelic acid, benzoic acid and fatty acids.

20  Examples of ir_rorganic acids include, but are not limited to, nitric acid, phosphoric acid,
) sulfuric acid and hydrochloric acid.
The polycarboxylic acid may, in certain rambodjments, be an organic acid with two

or more carboxylic acid groups attached through a carbon-carbon bond linkage to a
hydrocarbon segment. The linkage may be at any portion of the hydrocarbon segment. The

25  polycarboxylic acid may have a hydrocarbon segment with less than 10 carbon atoms. The
hydrocarbon segment may be aliphatic, cyclic or aromatic. The hydrocarbon segment may
have zero carbon atoms for oxalic acid with two carboxylic acid groups attached through
the carbon-carbon bond. Examples of the polycarboxylic acids include, but are not limited
to, tartaric acid, cifric acid, malic acid, oxalic acid, adipic acid, malonic acid, galactaric

30 acid, 1,2-cyclopentane dicarboxylic acid, maleic acid, fumaric acid, itaconic acid, phthalic

acid, terephthalic acid, phenylmalonic acid, hydroxyphthalic acid, dihydroxyfumaric acid,
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tricarballylic acid, benzene-1,3,5-tricarboxylic acid, isocitric acid, nucic
acid and glucaric acid. The polycarboxylic acids may be any i songis)Af2itihe
above acids. In some enbodinents, the pol ycarboxylic acids nmaybe any
stereoi soners of the above acids. In'an enbodi nent, polycarboxylic acids
with at MA3WOFFSZar boxylic acid groups and at | east 9%%%%VI group
are used. In an enbodinent, citric acid, tartaric acid and malic acid may be
used as pol ycarboxylic acids. Metals incorporated into a

dehydroge fis QaBr e%%&ﬂeoﬂ3%@ﬁ1%£r$§iyﬁé%1db%o&ﬁii@£ﬁd, hh@t a0l QAR ERcide
oxi dation of coke in ’t e presence of oxygen at a tenperature greater than

about 250 aﬁdaﬁ&kepbbrcﬂbtwﬂmmhanam any igwemens 6 the abdwecids( Iy sdmas used

herein, refers to 10 me%als of .a zero o i dation state ?H‘.\d/@g gher
oxi dat i on @g@n(seﬂ@po Yoatooryli MU%COIPF@F%IFH RE® act“éﬁ‘ dreni o a

product fr Qgﬁé ] 06 &gjh I

nol ecul es. %@B@g‘%} (—?g &ﬁ&?%ﬁéﬁgﬁ on-1soner| z%&o%r@gtag ejessttonﬁay be
transi §i ohyd@dsyl gr a&édﬁ Iiehahhoditedng ciiic deid] artagic a¢ia tahd ghalie beildsndytel ude,
but are not limted to, Goups 15 1B, VB, VIB, VIB, VIII of the transition

met al serué%iaéfpobﬁéfbpé]fliw@ Tabl e and/ or conbi nations thereof. In certain

enbodi ment s, /. may be
used in the deﬁ’%“}%&@ T F@@ ﬁ%ﬁ%% oncg{&'{;ﬂﬁg@[ﬁ:& w&a%ﬁ%hgfﬁnsents
netal oxi ggs ﬁﬁid%eﬁ}%oxmahoﬂ@hékdmttwprb@nc@bfmeﬁmﬁm efaiite @icate thafobl e
metal s, or mxtures t hereof may be used as coke-oxidizing conpounds in the

cat al yst . abmﬁG.S@\ﬁCmd) thet debfdrogenation of paraffined th@l(ﬁ)ayasmgémfenn mefersdoit 5

rts per mII t 15 percent ert
Enboditfenetas e bBfo i andioh iehs aeRt Fekis g Srosd pridrohpitieedo
percent by, &g;e”{'é?eﬁ?@g FIReCE O a?&le ﬁiﬁb&%fl%}g cﬂécu!@%XntB@ﬂﬁﬁmf rom
about 5 ppmt out per ent by weig bI e netals ['ati num

and/ or palicistiuies) nay be used in snal I er anount s of 25 rret al s than ot her
metal s incorpo ol.ite and/or bjinder. "Noble netals, used

[ i nt,o _a (%
herein, refersl‘f1 ?r’é? |8 thy °§?I@HBHTIW§%W%‘PI}J‘E?§§V$F%YWS%PF% i um
iridium ryt M@%als e\ &B%gﬁ&ﬁéﬁ?m&&s‘i&ﬁﬁ&y ButFoad lﬂﬁﬂéétg gount
out ¥ we

of noble neta may range rom ppmto about 2 percent ght,
basi s 1set @B VBIVIB)éf[fB ﬂé[lﬂctfahah-gminonlmetammas efithe Periedit Tabkmndoount of nobl e

T o e B b i b S0 S RS, 1, O L,
Qv stivi b v iR
embodiments, metal oxides such as, but npt limited to, chrome oxide, iron oxide, noble
metals, or mixtures thereof may be used as coke-oxidizing compounds in the catalyst.
20 An amount of the metal introduced may range from about 5 parts per million
) ("ppm"} up to about 15 percent by weight. In certain embodiments, an amount of metal
may range from about 5 ppm to about 10 percent by weight. In some embodiments, an
amount of metal may range from about 5 ppm to about 5 percent by weight.
Noble metals (e.g., platinum and/or palladium) may be used in smaller amounts of
25  metals than other metals incorporated into a zeolite and/or binder. “Noble metals,” as used
herein, refers to metals of the group that includes platinum, palladium, iridium, ruthenium,
osmium and rhodium. In certain embodiments, an amount of noble metals may range from
about 5 ppm to about 2 percent by weight, basis metal, of the final catalyst. In some
embodiments, an amount of noble metals may range from about 5 ppm to about 1000 ppm,
30  basis metal, of the final catalyst. In other embodiments, an amount of noble metal(s) may
range from about 5 ppm to about 3000 ppm, basis metal, of the final catalyst. An amount
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of noble netal (s) used in a dehydrogenation-isonerization catalyst may, in
certain enbodi nents, range from about 5 ppmto about 2000 ppml? y@i Bom .
basis nmetal, of the final catalyst. An amount of noble netal (s) “sufficient
to pronote regeneration without deteriorating the performnce of the

cat al yst We\20#37152t he range from about 30 ppmto 5 aboBETASYOHBIHISM gher
~amounts of platinumand/or palladium(e.g., greater than about 2% by

wei ght) may have an adverse effect on the catalyst (e.g., run life, olefin

i sonmeri zat .0 CL IyMd .sel ! c | L powder and
al um na pg%@?le%e&ﬁéé%dxxég %@%xkgﬁﬁ%ﬁ é%@ﬂﬁ%%%ajt%?}naﬂéi gér?iét&%r nore net al

conpounds egfholifheeneRtalpY fom A0vat 5 peiH tbiabeutrPOBO Bp@ byeweipht, basid REAEWf tHat 0 a
pellet. Catalysts prepared by mulling may have superior olefin

| soner i zatfinahcapadyst.o Amsmeanbeinobdemelal(s) sufficier e prommyfe regenerghen wdhoutThe term
"mul ling,", ., as used herein, ref.ers m Xxi ng.of, powders t iI.ch sufficient
wat er has dsweﬂraﬁﬁa Regrotp cﬁlogﬁ}ehqaiqiysﬁw@g%gmmegﬁqpllaﬁ%%qapﬁbﬁ s
acconpani gf 3% 06 PR HibAGH anfIER o Platibnd LR/or PARABumM (0 FTR Gk thah Avai 230! €
mul | ers ngg% as ?Ee’ La1 caster M% l'er anoéli’?ﬁe Si (rggson 15 Mx Ml ler
maybe usedy weightymmby bavermnyadiversé offend dn thencatayst (egiooui lifelefin spmextationi on. One
or nore pepti zi acid (e.g., nitric acid, acetic acid, citric acid or

m Xt ures PFFé‘FB’oF%i added to the m xture and optional extrusion aids
such as cellul | | H@E@ 4 LA RE QP

met hyl cel | ul osg?&ngﬁ%%%{egﬁ!g%ﬂ%ip%%m% em %‘%Ezgﬁgowrrpany) Q%?g';’/ uged)
utilized. withewatemandtone of mpepinetl cgmpminds o the catalysb eTleedeultihgadixthye mayout | ne
experinmentation to provide a _plastic, extrudable paterial. The term

"pel | é0s, be farmedduig apsllel (Cataligteprepisd Ry jnulkmgrsayhavesUpeaar defisol i dat ed

pal 1 adi umisoaibr R ARRAS B Uetulydhy Bithg B b BhreBittilba” Bl WARY O o
met al i ncas psdaietein) réfeishto daxingwf oeders to whithsaffikint watkrihas bésa added foe. 9. |

i mpregnation, noble netal .ion exchange and co-_ nulling) may be used to
produce afewBtkibigk Ragteang syherrd fhen MPGNLHS AGCPMIIBISA DY SANFOIBIHEY shearing AL &e

paraffins e gggi |- . met . Lhd d; e .
dehydr ogeﬁgﬁ-[%.!o(r% reae%d{uﬁ%ﬂﬁ%}l&%%@%ﬁnsgﬁ%@F%?écag%% a%é?l\%{%%@%%%ﬁeé Sn’%? é{{hs may
be calgi ndgixMulter nisyHeaked.ure range from about 250 C to about 700 C. In

certain enbodi nents, a 30 cal cination tenperature may range from about 300C
to about 600 CThe pelicsimay befermndniniomne enbadimematysrtusiene e or momay range

Lo 200U e necact (A Mbic e, Goetic'hRial citrie At B0 FelfEs BB ePRAY BE added 1o

PCT/ US2008
the mixture and optional extrusion aids such as cellulose derivatives (e.g.,

METHOCEL®F4AM, hydroxypropyl methylcellulose, manufactured by The Dow Chemical

20  Company) may be utilized. The amounts of peptizing acid used may be determined by
i ) routine experimentation to provide a plastic, extrudable material. The term "pellets,” as
used herein, refers to any shape or form of consolidated materials.
In certain embodiments, a noble metal such as platinum and/or palladium may be

added to the zeolitic catalyst after pelletization. Common metal incorporation methods

25  known to those skilled in the art (e.g., impregnation, noble metal ion exchange and co-
mulling) may be used to produce a working catalyst useful in dehydrogenation-
isomerization of paraffins. The addition of noble metals to the catalyst may aid in the
dehydrogenation reaction of paraffins. Pellets containing noble metals may be calcined at a
teroperature range from about 250 °C to about 700 °C, In certain.embodiments, a

30 calcination temperature may range from about 300°C to about 600 °C. In some

embodiments, a calcination femperature may range from about 450 °C to about 525 °C,

13



The dehydrogenati on-isonerization catal yst may be contacted with the first
hydr ocarbon stream in dehydrogenation-isonerization unit 110 under a variety
of conditions to dehydrogenate at |east a portion of the par aﬁimﬁ e
olefins and isonerize at |east a portion of the resulting olefins, In
dehydr og&A#%A% Soneri zation unit 110, reaction 5 tenﬁé}"g‘t‘%%‘é"-"?f’&?/ range
from about 300 C to about 700 C. A reaction tenperature, in sone

enbodi nents, may range from about 350 C to about 550 C. A total pressure of
dehydr ogenat i o g6HyRFd geadtiodsstiérizatidR catdkingay Becorbedd with tRYEange from
about 0.010 atnosphere (1 kPa) to about 25.0 ‘atnospheres (2534 kPa). In an
enmbodi menhydracarixredtreanyis sishydrogehatiahisdmersationi uokt-1i 1§ ovder arearichnofuni t 110
during the reactio y range, from 10, abo 0.0 t her 1 kPa) to
about 15_@nggt%&a?lglg:qgfg§eaklp%t_appﬁlqytquﬁtlepgﬁf#ga?%ﬁ& a‘éﬁﬁ SStessure
of dehydr LON- | i #ati nj 0]+ . i -ange
from abou%gﬁgﬁoﬁ@p%@g%&ﬁg l?'%ai t (t)ﬁ%%%%o%@ i Bgtl%r(gg% gﬁgﬁ%@gy@qﬁﬁg}% I n
order 30 fafétitiresoisy Pdhge Bt stapan30mSC leatioatl7000%kt Aeactibn tenipleeatiide] Bit
hydrocarbon stream Hydrogen gas and paraffins present in the first

hydr ocar bénesereedimeny, 1pay Fage Femabeut IAfLIgahoya 0y ghiotalpresswsiofr ratio

e Al ; 1. 1 aj - hyd
gas to palapPiopSiRER Kzl Rup T ot B LT LAY RIS HUTRI o g0 1Y) 09°°
Resi denc eatiriodFhdrd (10 46 Sif025.0 @inosphoRs (Z534ikPa). Ui dn eldbddffBenthetose| ect ed

such that conversion level of the paraffins to olefins my be kept bel ow 40
nol e per cpssurd of dehydipgensfipwdiomenization wih K diring thexeertionamgemnge §ams nol e

3 keepi h ' | . sid
T gact Monsthad? g 70 GrBiRebag 1 uF on SBRu T LetRo SERR il ooy e
m ni M zedembddinehts CORYR pidsiite BRYeHBrdgBAARASSSnEzaYah Mhid 910 Berike@et | on

conditions (e.g., tenperature, residence tinme) as long as side reactions
remai n beteacticnaoaerenadfrem| abnut satmoisplidre 6103 dddltveaboinhs.0 atmospheres (507 -

b anchi ngtai arapcparrvent ¢ ikdeg BytsoRar maparansrdnd ot 88 Hhm IS monn «
It shoul dyhamunaehsiafhs hiPharhifits pRIGAMH Bl 8 hydtodalidhi sieaR RS HeaEd ¥ 2

dehydrogenation-" i sonerization unit 110 may be limted by the"thernodynanic
equi.| i%r i hydregenglae fa peraffindnolpemtid i1 the rangetfioen abaud Oilon abewi 26 d0 gertain The
conditions foy olefin jsonerization dehydrogenati on-isonerjizatjon 110 may be
cont r ol | eGMRQEReRtE,A BydrREeR $a% 0P éﬁ“ﬂ%rrfa@%% FI}‘FI?IP@%?IEP o 13Pi or to
and subse%‘yﬁp%&t o the isomerization conditions is substantially the sane.
16 1 5 JA 7 WD 2005/ 037752 PCT/ US2004/ 034050

Residence time in dehydrogenation-isomerization unit 110 may be selected such

that conversion level of the paraffins to olefins may be kept below 40 mole percent. In an
20 embodiment, 2 conversion level ranges from 5 mole percent to 30 mole percent. By
) | keeping the conversion level low, side reactions (e.g., diene formation and cyclization
reactions) may be minimized. Olefin conversion may be increased by varying the reaction
conditions (e.g., temperature, residence time) as long as side reactions remain below
acceptable limits. Olefins produced in dehydrogenation-isomerization unit 110 may have a
125  higher degree of branching than a paraffin feed to the dehydrogenation-isomerization unit.
Tt should be understood that the concentration of olefins produced via dehydrogenation-
isomerization unit 110 may be limited by the thermodynamic equilibrium of olefins and
paraffins at the reaction temperature. The conditions for olefin isomerization
dehydrogenation-isomerization 110 may be controlled such that the number of carbon
30  atoms in the olefins prior to and subsequent to the isomerization conditions is substantially

the same.
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Branched ol efins produced in dehydrogenation-isonerization unit 110 may

i nclude nethyl, ethyl and/or |onger carbon chain branches. Hydro &g[ﬂmfl ear
Magneti c Resonance (1H NVR) anal ysis of the isonerized olefin cﬁg

may be perforned. Branched ol efins may include quater naly and/or tertiary
al i phat | V@ a00583K52 | n certain enbodi ments, 5 an anount RSFITERAPEHERy

al i phatic carbons produced in a unit in V\/m ch olefin isonerization occurs
may be mnimzed. 1H NVR analysis of the olefins may indicate the extent of

be Capabre ot DoRgd Slefint Bodufld HRCNEL AAREAPRREEAN, JHil YRS RN S MY
KRt oohnt s a"m’"}"ﬁ?ﬁm ?%ﬁ“ofﬁ%‘?i%ﬁl TN s e
| arger gr éabwmmuab@sﬁﬁ@mme@mw ‘%JW&ODWY&G nen@ éfle/BTanghﬁdE%/ure and
branches, Olns Sy RP et i L KoG SRR Rl Ry, icBlis ohlhpfiafts

Aefinkc by aﬁsﬂﬂsof qf%ﬁtekh’%?f’aﬁtﬁfaﬁb Garbéri%f;ﬁ‘lsdﬁc@d B 20610 BSwhidh Ottt ifdrRerSAlBRANS -

The total nunber br anches on a doubl e bond rmay be determ ned by
sunmat i onoocdurs may be diivimieed. I:BNbﬁhanaﬂysmofdheobﬁns hneyuaht:a(tﬁj@easmydd olefin

units. Oefin.ults' cl.ude |tut1 substitute
vi nyl i den&OBKH72 SfJg'H tﬂ%/h E‘Fﬂyséﬁfaa)f%@% leg| efin

my vary ﬁﬁﬁ%% &%ﬁ%& Qﬁié&lﬁﬂn@é‘%b %@ﬂd%@ &tﬁm&fé‘ﬁc%]m
condltlony&ﬁ\ an ag& men @E;Hril amount of te ra- sSbs{q}lt uted ole

pr oduced amynshnaymﬂetmm esidgnaictomnt3, (40 mmqmlqmb@he qipebfhfmblﬁﬁg per

ol efin nol ecul e present n., 20 the praoduced granqhed o] in conp05|t|on may

be gr dit efe-gnasthyl, pth Yirpreeflpalaﬁgermahrﬁ@h?% SRR BEIrOEFAREAN O b8 r anches
per ol efi lLecyl e AR ﬁmﬂ onis from
about O. 78%6% out %&ﬁnmcsone g%lneniggydr %&fgtegrogééig)&%& er of branches
per ol efin nol adiphstiqsrasches, asmsédieerdinaeft eslbraheleds onaonmdsiti¢ carbdrs. f r om

about - 0.7 to about 2.2..1n_certain enbodi nents, an average_nunber of

branches PRefine bﬂm?hez@sm%ém@, Frierde Branchesionelefinip arbensy | Brei ttabwmbasi t i on
is f t duct
Irr;ybreogqoﬁ??gﬁéehgggiﬁ con boﬁfl%bayy%ﬁgtggfgﬂ%gﬁaggmﬂiaﬁﬂﬁggeg ﬂllﬂw{gn%nﬂ OI ﬁcvvhl ch

ol efinsi semnbm@mmubﬁs adsgyed@ldimirgts. Mlgih ndadhélade vibglipRadktites, and
| ower feed rates may result in hi gher, degree of branchi ng. - Met hyl
br anc hes HiryubsEpiteds amyhsem@éhoratswbzb%@g tﬂl%mmtgmw @%‘ﬂ?ﬁ@f t he

Lol UMl 3R, ol BloBBRNS SR cERRN bl S RLEL Bo PELASHL Sl

enbodi nmen ranc es may represen greater an a mercent of

the total emaaiﬁfen@fan bimeashsietrNsibetutddafiéfin frodiced mdAN20G7 WO 2005/ 037752
PCT/ US2004/ 034080 .
In an embodiment, an average number of branches per olefin molecule present in

20 the produced branched clefin composition may be greater than 0.7. In certain
) : embodiments, an average number of branches per olefin molecule present in the branched

olefin composttion is from about 0.7 to about 2.5. In some embodiments, an average
number of branches per olefin molecule present in the branched olefin composition is from
about 0.7 to about 2.2. In certain embodiments, an average number of branches per olefin

25 molecule present in the branched olefin composition is from about 1.0 to about 2.2. The
degree of branching in the product may be controlled by controlling process conditions
used in a unit in which olefin isomerization occurs. For example, high reaction
temperatures and lower feed rates may result in a higher degree of branching. Methyl
branches may represent between about 20 percent to about 99 percent of the total number

30 of branches present in the olefin molecules. In some embodiments, methyl branches may

represent greater than about 50 percent of the total number of branches in the olefin
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nol ecul es. ‘The nunber of ethyl branches in the ol efin nolecul es may
represent, in certain enbodinents, |ess than about 30 percent pﬁ_ﬂﬂdmﬂota
nunber of branches. In other enbodinments, a nunber of ethyl branches, if
present, nmay be between about 0.1 percent and about 2 percent of the total
nunber of WOZBIAE®W2 Branches ot her than methyl or et hyl PCHUSROOAPHEE Nt | may
be | ess than about 5 percent of the total nunmber of branches. Aliphatic
guat ernary carbon atons present in the branched ol efin conmposition may be

| ess than _a 2 rGS gﬁ? IR : | t, a
nunber of mblgﬁ%j&p]) Satlﬁ%r‘qua e@%%r?ﬁcar gﬁﬂ:}tﬁ%rrs p%@éﬁﬁéﬁ%wreegs_sﬁﬁgﬁ%a out 1
per cent  ofeniyd@irets) Wds W EouPI BS@EEnt of 6 tGAPkrE®Rr lo® BfantResWth 6ther

bi odegradabi lity is inportant, the nunber of aliphatic 10 quaternary carbon

at ons may epdodisents, aannaiso of ethylPrashes ifprefent, meaydwrttsorecnt about bt pewent. I n an
0.3 " per ot St pbie gttt SRR, PR Aha TR AetST e fber of
al i phatsi C jr Bdad @ R4y be & BRNaBHR BheRERSS e okl nlSILRF 4¥RRGe0! ef i n

conposition I s between about 0.01" percent and about 0.3 percent of the

al i phati ¢ car bddiphetcgugemesgntarbohStomspresand irthihe boamhédbolefih camposityn may t
dehydrogenat.ion-i sgnerjzation _unit 110 and be transferred to other
processi n rgl’ed?ﬁstt@n(ag’%}t. i PEICFRIQE &W&F@Bﬁpﬁﬁﬁﬁnﬁ-, f%@p% duzsnt, p pigberpf

al kyl ati ongunid s ‘ | : I t ' e cond
hydr ocar b%#ﬂﬂés'{cf%laam ma E%g?:?afggﬁ%é%%é%gﬁs? %Fiaggﬁtelr%rgﬁggm&r??{m%%?ngsﬁd be
I nt r oducedrésento Fonypiplidatong/inavhicinbiodégradabity isingeeanil tieanshbek oft diphatie:

hydrof ornmyl ation unjt 116, at |east a 20 portion of the olefins in the
secondl®hy dlUsEEABHPAReT Eams M)y hsdessdrnaabort f pereaigdhe carben atpmig presgntpor t i on
of the pr : I [ f : t onent s
of the Sedbi EpRUEREE InaNeEr Bt ol ERE Ry bR a0 TR B0 O TT

stream | ipeRiRnediibelcarbod atoflsirésest. M vikbLofibitimhida nichbeediatiphaticf r om t he
second hydrocarbon stream through techni ques generally known in the art

(e.g., di splemgry efsbon stomypresenfia thediranchsd olsfincgepsiion sxacbivean abaut 0.01
aThe! b HRRRCB R 3PP ARG BFPRLARERGR) .71 % e oot

I'ns™ from ear O pafaffins nmay increase

the cogpcentrat i DEecohd Byd@0edibsh iteain My €t @shyagbRRionYieséialish @it QNO Wi t . I N
addi tion, separation of at |east a portion of the branched olefins fromthe
| i near ol efkitrassiamed toetherrmrpepssing ynithlgu arivdrafpanylalionumt, sepanation ungsiananched

ol efins preoduced . in the 30 dr of.or.nyl,ation unit . 1 5 JAN.200 WO

20051 0377 EI0bERRREsbF sapd bR st s Bhrba ot Bre o iR hon

dehydr ogengkhf MdySRiRIch @b diatibiidombi@atndmit 110 and be introduced into
hydroformylation unit 116 via second conduit 114, In hydroformylation unit 116, at least a

20  portion of the olefins in the second hydrocarbon stream may be converted to alcohols. At
‘ ) least a portion of the produced alcohols and at least a portion of the unreacted components
of the second hydrocarbon stream may form a hydroformylaﬁoﬁ reaction stream.
In an embodiment, olefins may be separated, if desired, from the second
hydrocarbon stream through techniques generally known in the art (e.g., distillation,

25  molecular sieves, extraction, adsorption, adsorption/desorption, and/or membranes).
Separation of at least a portion of the branched olefins from the linear olefins and paraffins
may increase the concentration of branched olefins entering the hydroformylation unit. In
addition, separation of at least a portion of the branched olefins from the linear olefins and
paraffins may influence the ratio of linear to branched olefins produced in the

30  hydroformylation unit.
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enter separation unit 118 via separation conduit 120 as depicted in FIG 2.
Separation unit 118 may produce at | east two streans, a branched ol efins
streamand a linear olefins and paraffins stream In separation U5 ANIHY

t he second hydrocarbon stream nay be contacted 5 with organi c and/ or

i nor gani VOr2008038175% si eves (e.g., zeolite or urea) withP 0V pore
size for branched ol efins and/or linear ol efins and paraffins. Subsequent
desorption (e.g., solvent desorption) of at |east a portion of the branched
ol efins and/ or ]&ﬁﬁ {J LhEidnl f: ] : ' from
t he nol ecul ar é%tee\(/}es %&Sgg{guggg&ggﬁ?yeast %hx%%gfﬂaggﬁéédﬁ?%&gg?rp?ﬁﬂ@nc ed

ol ef i ns sthiepssparation uhit N eBviackpdrhtion conduprd 20 ks deydoted ircBID. 2. Bepdvatiet wiit on
unit 118 may include a fixed bed cont ai ni%ﬂ@adsorbent for separation of the

second hydi$msyperiuse aidsest two piresarse 8 beanshaed plpfles stieam and admeprolefigs and st r eam

epar ati ofieaiE ek ralhE ki 37 3hb FRShO BRRBEEb B EIRE B theituste
enbodi frength tERAE Ad/GInéPHHE hidlstus simyggrga,%em‘er& li&e’a? Witk thO@cRRHord80 C.
Separation in Separation unit 118 maybe 15 conducted at a pressure ranging

f r om abousizg fatbhraspbdolefing 28Fondiepr olefishand paraifing. nBdhsbguesbddsontiokBag., | n
sone. enbodi ts, a pretreatnent. of second .h ocar pon . stream may. be

per f or npdS%%?‘@%B@O‘ﬁ&fﬁ%ﬁﬁ%&f%ﬁ%ﬁ% e@fi‘%{ﬂsé‘mﬁ’r %Ieasttapo on of _
adsor Pt OReigser ALAMMRIARERSS frémindbloRtuRl A Ind|BhBluceoR (b sieagt at | ons
t echnol ogy UOP process, UOP, Des Plaines, IL). sor ption/ desorption

pr ocesses (ag.ca beacheddipdefinisistrdn @nda liRedredefiriNand padMinsSt@amp Sohn et at,

entitled "Aefinic dr ocarbon Separatj on éq)Process; " U S. Patent  No.
52921990 to | it 18 mayspelude g dixed bedypontainiag it forssepgationle i n

Oefinic E%%% i y z[\{fl-arafh &r’\gﬁ%ﬁg at,
entitled r%a(;}gs 8@%@6@?%‘ Fdr?g[toﬁlgéerm g?i%%s rg n &glot}regn%%%taef ins."
At | east Hngmioldfims and pirhffinsisttean. Stmdrativn tamgerptrafihisqraratiohamin J18ymdye
transported tq 25 ot herogfr ocessi ng units and/or, stored on site. In an

enbodi men¥anggfropeahout F0GK; o aautA00 e Inspme srbgligientss sepatrtion (UPRIT#YTESt r eam

may be co 'qgg ' | & ( ' I« . It 112 via

| i near ol %&n eyo?)%}ﬁaq f(??]o E{rﬂeégi/ci e %%ﬁ#ﬁgﬁ.&éﬁ#@%@gﬁ%ﬁ%g%?&am may

ent er islehyslidugedat b pressigoragingdtdne abau Dtatrhdsphetes (202 1Hta) eostdut ¥ 112 to
continue the process _to produce aliphatic alcohols. In sone enbodi nents, a

li near ol afmaspheaps 738 KBek iInsome erbadinmyts,apreysatment otr tsandihydeearhon nt o
dehydr oge Lon- | ' [ |t . J \@ 2005/ 037752
PCTI USZOOW@QB E%E&F J’erg% t(ngfoeo rQ‘Itlti ag%&g?nth% g%glrigh cﬁ%e%g%beef? ns stream may be
t ranspor t edsogtibn/ebdrpeStipiobess @4 HBLoleH HOE&S ubige SortRAGKepiElis t8dRORGyON Site
via branched ol efins_conduit 124. In sone .

(UQP process, UQP, Des Plaines, II). Adsorption/desorption processes are described in

20 U.S. Patent No. 6,225,518 to Sohn et al,, entitled “Olefinic Hydrocarbon Separation

- ) Process;” U.S. Patent No. 5,292,990 to Kantner et al., entitled, “Zeolite Compositions For

Use in Olefinic Separations™ and U.S. Patent No. 5,276,246 o McCﬁlloch et al., entitled

“Process For Separating Normal Olefins From Non-Normal Olefins.”

At least a portion of the hinear olefins and paraffins stream may be transported to

25  other processing units and/or stored on site. In an embodiment, at least a portion of the
linear olefins and paraffins stream may be combined with first hydrocarbon stream in first
conduit 112 via linear olefin and paraffin recycle conduit 122. The combined stream may
enter dehydrogenation-isomerization unit 110 via first conduit 112 to continue the process
to produce aliphatic alcohols. In some embodiments, a linear olefins and paraffins stream

30  may be introduced directly into dehydrogenation-isomerization unit 110.
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enbodi nents, at |east a portion of a branched ol efins stream may exit
separation unit 118 and be introduced into second conduit 114 via brﬂ%iﬁed
ol efins conduit 124. In other 5 enbodi nents, at |east a portion of SaA
branched ol efins streammay exit separation unit 118 n | nt.roduced

di rect |y WORYSA3HYdr of ormyl ation unit. A second hydroczpr(g%ﬁgzg{”?og (}%ugrray exit
dehydrogenati on-i sonerization unit and enter hydrofornylation unit 116 via
second conduit 114 as depicted in FIGS. |-and 2. Hydrofornylation unit 116
may have sever alt 194t Qgém% o%ﬂ{erb\faﬂcﬁe@s&ﬁfmﬂeaﬁﬁmeﬁbém@tpoﬂ@d adduttlienal
process streans. As used herein, "streamentering into the hydrofornylation
unit" is dtfer petessing streamn tnd/ondtored ousits visthrarwisd dlefios coreluityidAoTosamd at i on
unit through gne or nore entry pQints. | es of such process streans
el ude, © PRI ot A OUoRpLa BRRAEd VRS SieeEama) Pribpiparation nt 118

dehydr Ogeﬁgétggng}ogggﬁm&%&&a déﬂhﬁiﬁ ;g—&maof%i gg&;@fg@mﬁagr@@.nxq @p&eam gases

and/ or ot on streans t I nc ns and para ns derived

15 - f r o okdbdipiedts aSlesst alportiontofdibedmehed biefinostrqatomes sxit sdpafaition uait @18
converted to al dehydes, alcohols or a conbination thereof by reaction of at
| east a pénd bemtmrueadudirscty mie a Wdmiumylban wkoxi de  and hydr ogen accor di ng

to an Oxo process. Sherein N ss" r.ef .0 1 h reaction
of an olefin w %%Slgé?%@%g(%‘ﬁ%hoglxsﬁr %méﬁ% Eﬂ'%dr%ggéﬁg%ﬁa?ﬁ'e 0[131? s%‘él%%‘?%?mg nmetal 20
catal yst egiefhydroforRtibn Gait 21 6/6ihsedoddROAGUE Fl 44 dpithlidh FIGS! Riiti 19 One nore
carbon atom than the starting olefin. In other hydrofornylation processes,

a "nodi f i Sydoformylatesuit 116 mapskaye seeeral poththef aitry, to accompdateent@af process”
r ef t .Ox t h . nph hi . ph hi.t [

Py dithe. PIGLARREHER S AP ST R PG E FS e yoGrRyion 4 use of
modi fied Qe ﬁ%ﬁh&@ﬁs&h@%@ﬂﬁ@ﬁﬁb&é@@%&srﬁl@;thg’ﬁl_t/'cﬂaforﬂ?latilén 234 thrbideh o5 t O

Sl augh, entitled "Reaction Rates In Catal ytic drofornylation"; U S. Patent

No. 3, 236r 566 ¢ndryJiosmisshExamples of sugh prdcest stiegmis uichideybuttaromet Gmi@ddé,i ns; "
U S. Patent.No. . 3,239,569 o0, Sl augh et al..,.entitl]l.ed " Hydrofor ation O
3 o i o Blghieg see kR dckytderaaSen Fhmrizioh it s alifit B GpGRd:

" Hydr of or gl 1 gQkks Ghd/et BihefBydroddrbon ARkRE thablhclud? ofctths 2hd phdfilsedPeft al -,
entitled "Hydrdtfornylation Aefins;” U'S. Patent No. 38 3,400,163 to

Masonigt &bm othertprodessks: Bi cycli ¢ Heterocyclic Sec- And Tert - Phosphi nes; "
U S. Patent . 3,420,898 to Van Wnkle et al., .entitled "Sipgle Stage
Hydr of or nyl at :\Igthag}’ ngyy HgmRFoseg7Ole %‘568?@74@%%?@@3&6@&680
Aefins T ' ; | -2f | ols;"
9016%%09&&%@21?8?%%%&&% O] I 8 theB1fns %g; c;g{glﬁir;]l;iﬁ%n%lgfda%g

U S. Patent 1 to Van Wnkl'e et at, entitle e
Hydr of or mphdabydvogeif acEbrdingrte aif @xo process. As used herein, an “Oxo process” refers to the

reaction -of an olefin with carbon monoxide and hydrogen in the presence of a metal

20  catalyst (e.g., a cobalt catalyst) to produce an alcohol containing one more carbon atom

: ) than the starting olefin. In other hydroformylation processes, a “modified Oxo process™ is

used. As used herein, a “modified Oxo process” refers to an Oxo process that uses a
phosphine, phosphite, arsine or pyridine ligand modified cobalt or rthodium catalyst.
Preparation and use of modified Oxo catalysts are described in U.S. Patent No. 3,231, 621,

25  to Slaugh, entitled “Reaction Rates In Catalytic Hydroformylation”; U.S. Patent No.
3,239,566 to Slaugh et al., entitled “Hydroformylation Of Olefing;” U.S. Patent No.
3,239,569 to Slaugh et al., entitled “Hydroformylation Of Olefins;” U.S.’ Patent No.
3,239,570 to Slaugh et al,, entitled “Hydroformylation Of Oléﬁns;” U.S. Patent No,
3,239,571 to Slaugh et al., entitled “Hydroformylation Of Olefins;” U.S. Patent No.

30 3,400,163 to Mason et al,, entitled “Bicyclic Heterocyclic Sec- And Tert-Phosphines;” U.S.
Patent No. 3,420,898 to Van Winkle et al., entitled “Single Stage Hydroformylation Of
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Al cohol s;" U. S. Patent No. 3,448,157 to Slaugh et at, entitled
"Hydrofornylation & Odefins;" U S Patent No. 3,488,158 to Sl aughjAfit 206t ,
entitled "Hydrofornmylation O 5 Aefins;"” U S Patent No. 3,496,203 to
Morris etyAat itled "Tertiary O ganophosphi ne- Cobal npl exes;
" U S Pa‘%vgnz%mﬁg?}sg, 496,204 to Morris et al., entitled ﬁ‘%@?’??’g‘%&“’@

Or ganophosphi ne- Cobal t - Car bonyl Conpl exes;" U.S. Patent No. 3,501,515 to Van
Wnkle et al., entitled "Bicyclic Heterocyclic Terteriary

Phosphi ne-Glofiad To SrdbolwingedpizexisrofornylaionQf Olrfinngo Alcsimiy 3 UsS. Ratamson et
Phosphi nedto. S SpdR SR A € 30 GRULY PiaBleneceid sy Bimatativh Hir g To,
P F ' ' t ' : hed
O orin Fo R L S e R P O o

Appl i cat i diefhes;T HLS. Matent W0/ 3,892 058 werflaughed al. Rmtitled §Hfdrofdrhwlaflor G ati on OF A
H ghly Linear Al coho Composition. " Mt hods of, al cohal production are al so

hal
descri Bed Myfins hidey Patent Ng. 3,800,003 o Menns cbal.ntifed ol eriraryi{prapenphosphinsn

Fourth Edig jop; [ kSRt i . MINONYEE i : f ’

Appl i cati odnog gg'r%'%gfn 8&5’3‘&%% p‘%%ate&@?ﬁ%g@&“ %%@MJA&%/ ro ggﬁyf%jréﬁyon
cat al yst l&gﬂ:dpho?hﬁl_ PCeBaRCabbhyl Coniplexkd 8 NBYP4AaRINGIS, 501 bab Vah Wiik(d oup
VI LE of the Periodic Table. Exanples of Goups VIII metals include cobalt,
20 rhodi ust alhieotided “Tgydlisdieteroayclis TerteramP hpsphirg-QolpaltAC abond (Gamplexeshie used

Conti ned. WorPART N2 a5 SRt BRAT Pl Decfithe® BiPe bl i m e

tQ, a 1phoERiNgIRing DS Ry FhosHifds eSS PhtBit WoplREHEY Séfll BB I hoassk, Bxamal es of
hydr of or myl at'i on catal ySts include, but are not limted to, cobalt

hydr ocar b&AyRrocess ¥pyBrepamtugha | Bramdhed Pi¢fine A Mgthed Qfdsing The Brancbiéd Miefinosphi ne
ligand 25 c l yst .Or. conbi nat Lons, t hgreof . r of. carhon and hydrogen
for a hyd%(?fwgd%i‘g&#a%cﬁ%@a$ %&rﬁ?‘gw&ﬁ%‘ﬁﬁ%iwa%‘fg be%a gas.
Exanpl es qb/1695@Pedtitlel “BfcediUbr Bk Préfatatioh O L Bty Lifeaf RRBhHPONOXI de,

hydrogen or synthesis gas. A ratio of carbon nonoXide to hydrogen applied
i n hydr of @lomygosition; Mettods ebalvelyol peodusticn aramlye deswibed by @thrbe)it o about 5. 0.

In 30 i nbodi nept s, a, hyd 10X | .at i b
n o rangcEndsipedasat beics Sedpaiy 2200, oot BatiRRy s WiSonds) 037752
PCT/ US20044 ARARRR: cHIRbRAS! Matl@fcthrR2ApSIRak S W dOKMAGEP BNdyE RN sgDnoXi de

inanolar ratio from about | to about 2.5 may be used I n hydrofornylation
unit 116. 1P8&l.ot her enbodi nents,

A hydroformylation catalyst used in hydroformylation unit 116 may include a metal
from Group VIII of the Periodic Table. Examples of Groups VIII metals include cobalt,
20  rhodium, nickel, palladium or platinum. The Group VIII metal may be used as a complex
compound. A complex compound may be a Group VIII metal combined with a ligand.

7\_/’

Examples of ligands include, but are not limited to, a phosphine, phosphite, arsine, stibine

or pyridine ligand. Examples of hydroformylation catalysts include, but are not limited to,

cobalt hydrocarbonyl catalyst, cobalt-phosphine ligand catalyst, thodium-phosphine ligand
25  catalyst or combinations thereof.

A source of carbon and hydrogen for a hydroformylation process in
hydroformylation unit 116 may be a gas. Examples of gases include, but are not limited to,
carbon monoxide, hydrogen or synthesis gas. A ratio of carbon monoxide to hydrogen
applied in hydroformylation unit 116 may be in a range from about 1.0 to about 5.0. In

30  certain embodiments, a hydrogen to carbon monoxide molar ratio may be in a range from

about 1.5 to about 2.5.
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synt hesi s gas that contains hydrogen and carbon nonoxide in a nolar ratio
from1l.0 to 10.0 maybe used. In other enbodi nents, synthesis gai tjh@; 007
contai ns a hydrogen and carbon 5 nonoxide nolar ratio from1.5 t 52 gm be
used as %69&%%377@5 carbon and hydrogen. It should be prgpssbpedodonat the
gas feed may be a m xture of carbon nonoxi de and hydrogen gases only,
synthesis gas only or conbinations thereof. In hydrofornylation unit 116,
olefins in the second hydrocarbon stream nmaybe hydrofornylated using a
conti nuous, serfiynthesis gatbatscoptainshysrogsn eaé sarbon mopexide b1 a molay raténkomuous

d f t t liquid h I | ogi.t.i be,in th f
About 0. 1 A | @ 2ptises weY e Bso P BRS ARG RSt op MHCRERBIBIEE. 120 as o
batch  pr Qoihasis %z%%ﬁét'c@ﬂtaﬁis, o¥BY atPéarbd BB Omdiab BitfoSrdR mtt_elmlo}g

hours or e ger. Reacti on tenperatures in hydrofornylation unit

range fr omaibeused O diherteenbaidoment8 GRathisid gas dieat tamtaine mthydrogen tsd carbact | on
tenperatures in the hydnfornylation 15 uniit rangi ng from abqut 125 Cto
about 250 Teoneaidemaolgrato fopp k.3 de &-5 MaKDeHsse 8F ApeEes ehcagbon andhydrgen, Bnge

from abou LoRs tjd%g- Q : . In
an enbodi %r%n & a p@%%éﬁdr %ﬁ?ﬁlg%ﬁ%ﬁegﬂ?n %%% Eﬁg§ﬁpg‘99‘§%‘§%‘t“ : ﬁ%ﬁ)gﬂf%%heres
( 151991 cPghscamylyh synifsis. gadonror ebinbifatiomd thergsf. rel ative to the anount of
olefin to be hﬁgrofornyl ated npy vary. Typical molar ratios of catalyst to

ol efin 20 in tAehykebraylsfion veiid borplefinsda thepagonddiygeocerhom sissn may:be000 t o

about 10: 1. .A.ratli f .. befwee bout. 1: 1 d t 5:1 mayhe used in

certain e (?f%ﬂagfd)lfsﬁp %&%gaﬁsn%]t{j{'conégg@%(%%Q%E%%cr%s cg%e cl’val#c'silded to

hydr ofigr mebadrudis Hididé of dferitions et liqRld RAREshadd velititidsitRitbe in theraggsond stream
y include solvents that do not interfere substantially with the desired

reacti on. absairgel k'stopgbostithh's.oWhentopetating bytbrofopmylation unibtl 16 s baidh t o,

al cohol s, ethers 5 acetonitril syl fol.ane and raffins. Mno-al cohol

el ect i vi Prasssyeaghon G5E Sk vy Fim b 8 S GreoBR LA e VBRIHRE ey e
achi eved in hyteaétRmThpératifesif hydbiGmyldtioa dlitt11 8 Paydhsdd flof @BMANBDOLS tO
aliphatic al cohols nay range from about 50 percent "by Wweight to greater

t han abouto g5upaPQ &t ertamesgirdiments,gezction tenapayadiayem the, hydtodétnrylatomv er si on

ol un et G B o 05 o S 3b A s FRRr DR BBt o i er " ha

about 99 pemeeRnyvRYicWahAN16 nkd ringe FANBAR 1 atlpEERY1 08 KBRP0 about 300
PCT/ U82004?03408 I gol ati onngﬂ? algl%phat iac al cohol's 1%E(oduce Procr)#t he

hydr of or mpiragsipberes €8398 liPia)p o du emboditnest mpnesyuri droar Abax 20 (R327ddagtaal |y known
methods. |0 @1 sGIROSERER (151584BL) any B udel® An amount of catalyst relative to the

amount of olefin to be hydroformylated may vary. Typical molar ratios of catalyst to olefin

may

20 in the second hydrocarbon streamn may range from about 1:1000 to about 10:1. A ratio of
) between about 1:10 and about 5:1 may be used in certain embodiments. In an embodiment,
' a s;eoond stream may be added to hydroformylation unit 116 to control reaction conditions.
The second stream may include solvents that do not interfere substantially with the d;asired
reaction. Examples of such solvents include, but are not limited to, alcohols, ethers,
25 acetonitrile, sulfolane and paraffins.

Mono-alcohol selectivities of at least 90 percent and even of at least 92 percent may
be achieved in hydroformylation unit 116. In addition, olefin conversions to aliphatic
alcohols may range from about 50 percent by weight to greater than about 95 percent by
weight. In certain embodiments, olefin conversion to aliphatic alcohols may be greater

30  than 75 percent by weight. In some embodiments, olefin conversion to 'aliphatic alcohols

may be greater than about 99 percent by weight.
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al i phatic al cohols includes subjecting the produced aliphatic alcohols to a
first distillation, a saponification, a water washing treat '[JA!@FZ@']&
second distillation. 5 The hydrofonnyl ation reaction m xture ream may
enter sepgOadmwdrnsLap via third conduit 128. | n separat opCIES2004/6Ba080
hydr of ormyl ati on react ion product streamnmay be subjected to a first
distillation step (e.g., flash distillation or a sliort path distillation).
In an enbodinent, a shart path djstillati.on e _used to prqduce at | east
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amount of hydroxide base used may depend on an estimated amount of esters and acids

20  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

25  stream with the basic water layer may be performed during the saponification reaction.
Separation of the top stream from fhe basic water layer may be performed using known
methods. The top stream may be subjected to a water wash after separation to remove any
sodium salts present. The top stream may be separated using generally known techniques
(e.g., fractional distillation) to produce at least two streams, a crude alcohol product stream

30  and a paraffins and unreacted olefins stream. As used herein, “fractional distillation” refers
to the distillation of liquids and subsequent collection of fractions of liquids determined by
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In certain enbodi nents, a crude aliphatic al cohol product stream may contain
unwant ed by-products (e.g., aldehydes, hem -acetals). The by-prqdugki20fhy be
renoved by 5 subjecting the crude al cohol product streamto a

hydr of i niwbi2ogs/BrBat nent step to produce an aliphatic abcDUstooposzoRect
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The composition of an aliphatic alcohol product stream may include hydrocarbons

20  with an average carbon number ranging from 8 to 19. In an embodiment, an average
) carbon number of the hydrocarbons in aliphatic alcohol product stream may range from 10
to 17. The aliphatic alcohol product stream may include branched primary alcohols. The
branched primary alcohol product may be suitable for the manufacture of anionic, nonionic
and cationic surfactants. In some embodiments, branched primary alcohol products may be
25  used as the precursor for the manufacture of anionic sulfates, including aliphatic sulfates
and oxyalkyl sulfates and oxyalkyl alcohols.

Aliphatic alcohols may have slightly higher aliphatic branching and slightly higher
number of quaternary carbons as the olefin precursor. In some embodiments, aliphatic
branching may include methyl and/or ethyl branches. In other embodiments, aliphatic

30  branching may include methyl, ethyl and higher aliphatic branching. In certain

embodiments, a number of quaternary carbon atoms in the aliphatic alcohol product may be
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by 1H NWVR anal ysis. The nunber of quaternary carbon atons maybe determ.nhed
by 13C NMR A 13C NMR net hod for determ ning quaternary car bon1étlﬁ\ﬁsm7or
branched 5 aliphatic alcohols is described in U S. Patent No. 6,150,322 to
Si ngl et owetoosks77sentitl ed, "Highly Branched Prinmary ANISHEH004383/§80si ti ons
and Bi odegradabl e Detergents Made Therefrom" In certain enbodinents, at
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In some embodiments, an olefins and paraffins concentraﬁon in hydroformylation
20 unit 116 may be adjusted depending on the source of the olefin stream entering the
) hydroformylation unit. A third hydrocarbon stream may be added upstream of
hydroformylation unit 116 to produce a combined stream. In other embodiments, a third
hydrocarbon stream may be introduced directly into hydroformylation unit 116 through one
or more points. A third hydrocarbon stream may be introduced into second conduit 114 via
25  fifth conduit 136 to produce a combined stream as depicted in FIG. 3. The combined
stream may enter hydroformylation unit 116 via second conduit 114 to continue the process
to produce aliphatic alcohols.
The third hydrocarbon stream may be from the same source as the first hydrocarbon
stream. In some embodiments, a third hydrocarbon stream may be a hydrocarbon stream
30 that includes olefing, paraffins, and/or hydrocarbon solvents derived from another source.

The third hydrocarbon stream may include olefins and paraffins. In certain embodiments,
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bet ween about 60 percent and about 90 percent by weight. In other

enbodi nents, a paraffin content of the third hydrocarbon stream yAﬁIEZI]BT
greater than about 90 percent by 5 weight. In an enbodi nent, an ol 4

cont ent owoao0bdnsr2hydr ocar bon stream ranges between abowmtwsioopesdosnt and
about 99 percent relative to the total hydrocarbon content. In certain
enbodi nents, an olefin content of the third hydrocarbon stream may be
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nmetal or

number from 10 o 17. In some embodiments, hydrocarbons in the first hydrocarbon
20 stream may have an average catbon number from 14 to 17. In certain 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 may be greater than about 70
percent of the total amount of olefins in the first hydrocarbon stream. In certain
embodiments, a ﬁrét hydrocarbon stream is produced from a Fischer-Tropsch process.

25  Dehydrogenation-isomerization unit 110 may be divided into a plurality of zones. The
plurality of zones may include, but is not limited to, a first reaction zone, a transition zone
and a second reaction zone. In first reaction zone 210, at least a portion of the paraffins in
the first hydrocarbon stream may be dehydrogenated to olefins to produce an olefinic
stream. The process stream may then pass info second reaction zone 212. In second

30  reaction zone 212, at least a portion of the olefins in the process stream may be isomerized

to branched olefins to produce a second hydrocarbon stream.
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conpound deposited on a porous support. The nmetal or metal conpound may be
selected from but is not [imted to, chrone oxide, iron oxide arpq Nabhe
nmetals. 5 Techniques of preparing catalysts, for perform ng the

dehydr 09%%0‘3}3 ﬁgﬁp and for perform ng associ ated sepgpHiRlyEifes are
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about 600 °C. In some embodiments, a reaction temperature in first reaction zone 210 may

20  range from about 450 °C to about 550 °C. A total pressure in first reaction zone 210 may
_ ) range from about 0.010 atmosphere (1 kPa) to about 25.0 atmospheres (2534 kPa). In

certain embodiments, total pressure in first reaction zone 210 may range from about 0.010
atmospheres (1 kPa) to about 15.0 atmospheres (1520 kPa). In some embodiments,
hydrogen may be fed together with the unreacted first hydrocarbon stream in order to

25  prevent coking. Hydrogen and paraffins present in the unreacted first hydrocarbon stream
may be fed at a hydrogen to paraffin molar ratio in a range from about 0.1 to about 20. In
an embodiment, a hydrogen to paraffin molar ratio may be in a range of about 1 to about
10.

Residence time in first reaction zone 210 may be selected such that a conversion
30 level of the paraffins to olefins is below about 50 mole percent. In certain embodiments, a

conversion level of the paraffins to olefins may be kept in a range from about 10 mole
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ol efinic hydrocarbon streammy exit first reaction zone 210, pass through
transition zone 214 and enter second reaction zone 212. Trandi% i8hllbne 214
may include heat exchanger 5 216. Heat exchanger 216 nay reduce the

t enper at ux@ 20ds/067v82 ol ef i ni ¢ hydrocarbon stream | n an potrogioo®edaosof i r st
reaction zone 210 and second reaction zone 212 in

dehydr ogenati on-i sonerization unit 110 may be separate units, as depicted in
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"Process for Isonerizing Linear Aefins to Isoolefins" and U.S. Patent No.

5, 648, 585 dehydrgenationeisomgrizationmnittl[l @ tnayhesepasatefugits, |as dapicted iimHIQ.i4Fe ayith
Oefins tg Isoglefins.” ln an odi t inear olefins in a first
hydr ocar bgﬁatﬁ“f ﬁ?%igﬂog@ﬁgﬂ@%gwﬁggwgéi‘&d reaction zone 212 by
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catalyst. The zeolite catalyst nay have at |east one channel with a
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i near olefins,tq hranched ol efins. In, sone enhodi ts, reaction
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Hydr ocar bon partial pressure | second reaction zone nmay range from
In an embodiment, linear olefins in a first hydrocarbon stream are isomerized in

20  second 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 with a crystallographic
free channel diameter ranging from greater than 4.2 A to less than about 7 A. The zeolite
catalyst may have an elliptical pore size large enough to permit entry of a linear olefin and
at least partial diffusion of a branched olefin. The pore size of the zeolite catalyst may also
25  be small enough to retard coke formation.

Temperatures in second reaction zone 212 may be from about 200 °C to about 500
°C to isomerize ﬁnéar olefins to branched olefins. In some embodiments, reaction
temperatures in the first reaction zone and the second reaction zone are substantially the
same. In such embodiments, use of 2 heat exchanger is not required. Typically, however,

30  the reaction temperature of second reaction zone 212 is less than the reaction temperature

of the first reaction zone. The use of a heat exchanger lowers the temperature of the stream
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about 0.1 atnosphere (10 kPa) to about 10 atnospheres (1013 kPa). In sone
enbodi nents, the second hydrocarbon stream may exit a second rddctAdiil7 5
zone and enter a separation unit. In the separation unit, branched ol efins
may be sepenadsad77strom |inear ol efins and paraffins as peEvsmogémoesdescri bed
with regard to FIG 2. The second hydrocarbon stream nmay exit second
reaction zone 212 via second conduit 114 and enter hydrofornylation unit
116 as depicted in FIG 4A. At |east a portion of in the second
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paraffins and unreacted olefins 29 1 5 JAN 2007 WO 2005/037752

PCT/ US2002P0spetadio €9mge¥ssstlfe yiel d of product may be maxinmized. In an

enbodi nent, a | : | &L TR | nt er

dehydr ogenat i oﬁ‘?[lés &r%f?}?rzn %ﬁgﬁ%ﬁ@ E]J%S%Alﬂwe%&q ‘?Idudaﬁ&m&de
conduit 128. In separator 126, at least three streams, a bottom stream, a paraffins and

20  unreacted olefins stream and an aliphatic alcohol product stream, may be produced ‘using
' ) _ techniques previously described for System 100. At least a portion of the bottom stream
may be recycled to the hyd;oformylation umit via bottom stream recycle conduit 130. At
least a portion of the paraffins and unreacted olefins stream may be recycled combined with
other process streams, transported to and/or stored on site. The aliphatic alcohol product
25  stream may be transported via product conduit 132 to be stored on site, sold commercially,
transported off-site and/or utilized in other processing units.

In an embodiment, at least a portion of the paraffins and unreacted olefins stream
may be combined with the first hydrocarbon stream to produce a combined hydrocarbon
stream via fourth conduit 134. The combined hydrocarbon stream may enter first reaction

30  zone 210 and undergo the dehydrogenation-isomerization process and hydroformylation

process to produce aliphatic alcohols. By recycling the paraffins and unreacted olefins
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t hrough one or nore points of entry. In sone enbodi nents, an ol efins and
paraffins concentration in hydrofornylation 5 unit 116 maybe adj ust E]
dependi ng on the source of the olefin streamentering the hydﬂéfm ation
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greater than cent relative to the total hydrocarbon stream In an
enbodi nent, a Aahaligdrocarbolebiyehtomanbé ignd-to sptimizezht olefin eondentfritiorniay be
used in a stagked bed c_on{i guration. A stacked bed confjiguratiaon may_ allow

for the ubzdrgformylgtignumiy |16t acqusenirafion suthigienhio maxjmigs hydsofeppypten of o
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dehydr ogenati on-i soneri zation unit 110 iis. depicted for System 300 in FIG

5. Oper at PRYicE dh@byiosabeR siremn soniping Oé%ﬁlsmﬁ%gé ARY/pplydrocarbon solvents.

In an embodiment, a third hydrocarbon stream includes a paraffin content of

Between about 50 percent and about 99 percent relative to the total hydrocarbon content. In
20  certain embodiments, a paraffin content of the third hydrocarbon stream ranges between 60
) percent and 90 percent relative to the total hydrocarbon content. In other embodiments, a
paraffin content of the third hydrocarbon stream is greater than about 80 percent relative to
the total hydrocarbon content.
In an embodiment, an olefin content of a third hydrocarbon stream ranges between
25  about 1 percent and about 99 percent relative to the total hydrocarbon content. In other
emBodjments? an olefin content of a third hydrocarbon stream may be greater than 80
percent relative to the total hydrocarbon stream.
In an embodiment, a catalyst in dehydrogenation-isomerization unit 110 may be
used in a stacked bed configuration. A stacked bed configuration may allow for the use of
30  one or more catalysts in the reactor. A catalyst for dehydrogenation of paraffing and a
catalyst for isomerization of olefins may enhance the selectivity of the catalysts and/or the
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may be the sane as for two-zone system descri bed above for System 200. The
first hydrocarbon stream nay enter the dehydrogenation zone 31@ SV%P{N four st
conduit 112. 5 The dehydrogenation catal yst used in the stacked be
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catal yst. efhHolifHtda oA hay B int&PERtLEHHARE cARRHE composite during

incorporation of other catalytic components. In other embodiments, a noble metal may be

-
el

v 20  incorporated into the catalytic composite after incorporation of other catalytic components.
) Tn certain embodiments, a noble metal may be incorporated by impregnation of the carrier
material with a solution or suspension of a decomposable compound of the noble metal.
For example, platinuﬁ may be added to a catalytic support by commingling the platinum
with an aqueous solution of chloroplatinic acid. In other embodiments, optional
25  components {(e.g., nitric acid) may be added to the impregnating solution to assist in
dispersing or fixing the noble metal in the final catalyst composite.

The Group IVA component, may include germanium, tin, lead or combinations
thereof. In some embodiments, a Group IVA component may exist within the catalyst in
an oxidation state above that of the noble metal. The Group IVA component may be

30  present as an oxide. In certain embodiments, a Group IVA component may be combined

with a carrier material. In some embodiments, a Group IVA component may be combined
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0.01 wei ght percent to about 5 weight percent, calculated on an el enental
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ot her ;gnb EEM, aa}nﬁégim beBldtéd fonth ﬁﬁlfailﬂnjﬁ%?d}ﬂ tnigRYe DRy i er sed
througlﬁoul(:ﬁg]lt{ e c%tc%%i cC rrpagrsiete. Ar? a?munt of a kaf‘dij or a? ng'%nlﬁe earth
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about 0.01 weight_percent to 15 weight percent, cal cul ated.on an el enental
basis, of jng %@'Cﬁ‘t%ﬁ%@o AEEEMATRIG CRRIPORTRS Gy Pe itpreggated mio

dehydroge Q%E&i%? nﬁ?érl%i Yith a solution or suspension of a decomposable compound of

germanium (e.g., germanium tetrachloride dissolved in an alcohol}. In other embodiments,

20  alead component may be impregnated from a solution of lead nitrate in water.
) In certain émbodhﬂents, an alkali or alkaline earth component may be included in
ﬁ the dehydrogenation catalyst. Alkali and alkaline earth component may include, but is not
limited to, cesium, rubidium, potassium, sodium, lithium, barium, strontivm, calcium and
magnesium or mixtures thereof. The alkali or alkaline earth component may exist in the
25  final catalytic composite in an oxidation state above that of the noble metal. The alkali or
alkaline earth component may be present as an oxide. In some embodiments, an alkali or
alkaline earth metal may be combined with the carrier material. In certain embodiments, an
alkali or alkaline earth metal may be combined with other dehydrogenation catalytic
components.
30 In other embodiments, an alkali or alkaline earth component may be dispersed
throughout the catalytic composite. An amount of alkali or alkaline earth component may
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I ncl udes about 1 wei ght percent to about 3 weight percent potassium In
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zi rconi a. aBewl25t i ¢ al um nosilcates may be, in sone enbodinents, in the
hydrogen form JIn 33 1.5 J N.%OO? . VWD, 2005/ 037,752 PCT/ US2004/ 034080 ot her
embodi ment's, z4bPTPRLCATIoRRAEH ysed geRakoy catalyst Ry (o PO hanged
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porous carrier material may have a melting point greater than the conditions utilized in the
20 dehydrogenation zone. Examples of carrier materials includé, but are not limited to,

) activated carbon, coke, charcoal, silica, silica gel, silicon carbide, synthetically prepared
and/or naturally oécurring clays and silicates, refractory inorganic oxides, crystalline
zeolitic aluminosilicates, naturally occurring or synthetically prepared mordenite and/or
faujasite, spinels or combinations of thereof. In certain embodiments, a carrier material

25 may be gamma- or eta-alumina. In some embodiments, clays and silicates may or may not
be acid treated (e.g., attapulgite, china clay, diatomaceous earth, fuller's earth, kaolin,
kieselguhr, ceramics, porcelain, crushed firebrick, bauxite). Examples of refractory
inorganic oxides include alumina, titanium dioxide, zirconium dioxide, chromium oxide,
beryllium oxide, vanadium oxide, cerium oxide, hafhinm oxide, zinc oxide, magnesia,

30  boria, thoria, silica-alumtna, silica-magnesia, chromia-alumina, alumina-boria, and silica-

zitconia. Zeolitic aluminosilcates may be, in some embodiments, in the hydrogen form. In
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ZnAl2M4, CaAl 204, and other |ike conpounds having the fornmula MO A1203 in
Wiich Mis a netal having a valence of 2. 5 In certain enbodi rrent155 1007
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In other embodiments, alumina cylinders may be prepared by mulling alumina

powder with water and a suitable peptizing agent {e.g., nitric acid) to form an extrudable
20  composition. The composition may be extruded through a suitably sized die then cut to
) form extrudate particles. Other shapes of the alumina carrier material may be prepared by
| conventional methods. Afier the alumina particles are shaped, they may be dried and
calcined. The alumina carrier may be subjected to intermediate treatments (e.g., washing
with water or a solution of atnmonium hydroxide) during preparation.

25 The dehydrogénation catalyst may include a halogen component. The halogen
eomponent may include, but is not limited to, fluorine, chlorine, bromine, iodine or
mixtures thereof. The halogen component may be present in a combined state with the
porous carrier material. In certain embodiments, a halogen component may be dispersed
throughout the catalytic composite. A halogen component may range from at least about

30 0.2 weight percent to about 15 weight percent, calculated on an elemental basis, of the final
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wei ght percent, calculated on an el enental basis, of a hal ogen comgon%{\t.
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hal ogen cW®RMEBI7ARY suppress carbon formation on t hePEEMUGRIP403488f i ng t he
dehydr ogenati on process. An advantage of the catalyst conposition nmay be
that undesirable isonerization or cracking side reactions nmay be inhibited.
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cont ai ni ng_t. he .hal ogen i .a suhsequent. catal yst regeperation step,. In.the
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r egener at exthez zatalyjis compotentsart srcompacaied harcgtrinrangdtodonents, anlabimnino selhose of
the fresh catalyst. = 35 5 JAN, 2007 WD 2005/ 037752 PCT/ US2004/ 034050 The
hal ogen cdApgth %Vmoae ﬁ%@d%ﬁgi%@’%%@%eg?%ﬁ%f%ﬁ?%%@ﬁhﬁo ¥ AH1g8The
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hydr ogen chl ori gas). In sone enbodi nents, a hal ogen conponent may be
added t o tpoetiensthatey§ maydeadded to thecatalyst composite during the incorporation of the

20  carrier material with other catalyst components (e.g., using chloroplatinic acid to

3 impregnate the plaiinum' component). In other embodiments, a halogen component or a
portion thereof may be added to the catalyst composite by contacting the catalyst with the
halogen. In some embodiments, a halogen may be added to the catalyst as a compound,
solution, suspension or dispersion containing the halogen, (e.g., hydrochloric acid) before

25  or after other catalyst components are incorporated with the carrier material. In certain
embodiments, a halogen component or a portion thereof may be incorporated by contacting
the catalyst with a compound, solution, suspension or dispersion containing the halogen in
a subsequent catalyst regeneration step. In the regeneration step, carbon deposited on the
catalyst as coké during use of the catalyst in a hydrocarbon conversion process may be

30  burned off the catalyst. The noble metal on the catalyst may be redistributed to provide a

regenerated catalyst with performance characteristics similar to those of the fresh catalyst.
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addi ng the hal ogen or a conpound, solution, suspension or dispersion
containing the 5 hal ogen (e.g., propylene dichloride) to the hydrbbaANdf
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recycl e g¥0 #WsD¥Ig520perati on of the dehydrogenati on uniRCT/US20&@34080

enbodi nents, a dehydrogenation catalyst may include a sul fur conponent
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any suitable manner,  to the carrier material during preparation of the
dey dr Byerriemanalbasis) gfshe finfl colahdic comppatiomre hhasulil campenent meyibei ers nay be
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during i rEgeatamimanbesForiackd withibgcotalyst cosmesiionin the pressnperef ludrasnsbat s,
tal yti difj ‘ be added .af.t t.al Vi i hent
Cncor por arBapeabE Sme R B 30 56 Bheyf BT o R bifiofic SRS A ound i n

U S. Pat eniyaihen fo S 08%, b sohmicSidiabuty 85} b higse 10ehy dr ogenat i on
Cat al yst Conposition.” 36 1 5 JAN 2007 VIO 2005/ 037752 PCT/ US2004/ 034080 The

ol ef i ni ¢ hydr ockheishydogemtionastalysis in somtecenitwdinents,aniyoalse conaifd bther,l n certain

enbodi nents,..a tenperature decrease fr.om.dehydrogenati on zoné Oto
i someri zatq%g}?onﬁlo%guﬂ?fin%ﬁﬂ§m6’g”ﬁ§?§§?§%ﬁ a%tr"é IR FORIETtngp ???a:llwie ol efinic
hydr ocar bafofifie2a6 Aol catalyst activity, selectivity or stability, Examples of catalyst

modifiers include, but are not limited to, antimony, arsenic, beryllium, bismuth, ‘cadmium,

20  calcium, chromium, cobalt, copper, gallinm, gold, indium, iron, lithium, manganese,

\‘.._/J

molybdenum, nickel, rhenium, scandium, silver, tantalum, thallium, titanium, tungsten,
uranium, zinc and zirconium. Catalytic modifiers may be added in any suitable manner to
the carrier material during preparation of the dehydrogenation catalyst. In other
embodiments, catalytic modifiers may be added in any suitable manner after preparation of

25 the dehydrogenation catalyst. In some embodiments, catalytic modifiers may be added in
any suitable maoner to the catalytic composite before other catalytic components are
incorporated. In certain embodiments, catalytic modifiers may be added during
incorporation of other catalytic components. In other embodiments, catalytic modifiers
may be added after other catalytic components are incorporated. A description of a

30  dehydrogenation catalyst may be found in U.S. Patent No. 4,506,032 to Imai et al., entitled
“Dehydrogenation Catalyst Composition.”
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enters the isonerization zone. Cool hydrogen gas nmay be introduced to
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1 5 JAN 2007 ' 4 . r | eflns stream
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al cohol product streammay be further purified as described for System 100
t o pr oduceecgnd Aydrperaborcstegaonay be hydroformylated to produce a hydroformylation

20  reaction stream as described for System 100." At least a portion of the hydroformylation

‘ ) reactton stream may be separated info a bottoms stream and a top stream using generally

known methods. The top stream may be purified and separated as described for System
100 to produce a paraffins and unreacted olefins stream and a crude aliphatic alcohol
product stream. The crude aliphatic alcohol product stream may be further purified as

25  described for System 100 to produce an aliphatic alcohol product stream. The
hydroformylation reaction mixture siream may enter separator 126 via third conduit 128,
In separator 126 at least two streams, a bottom stream and top stream, may be produced as
previously described for System 100. The bottom stream may be recycled to
hydroformylation unit 116 via bottom stream recycle conduit 130. The top stream may be

30 purified and separated into at least two streams, a paraffins and unreacted olefins stream

and a crude aliphatic alcohol product stream. At least a portion of the paraffins and
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product stream The aliphatic al cohol product stream may include branched
aliphatic 5 alcohols (e.g., branched primary aliphatic al cohol $}.JANMe7
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hydr ocar bon st &%Sa‘?ﬂleﬂp s, %@Bﬁ%ﬁ@%ﬁﬂé’%fﬁ%ﬁ@%@@@?ﬁ??nﬂﬁ%ol s,

sul fates ‘ﬁﬁit%@ﬁfay%%%@ﬁhﬁlspending on the source of the olefin stream entering the
' hydroformylation unit. At least a portion of a third hydrocarbon stream may be introduced

20 into the second conduit upstream of the hydroformylation unit as previously described for
'\ ) System 100. The combined stream may be introduced into hydroformylation unit 116 via
second conduit 114. At least a portion of the olefins in the combined stream may be
hydroformylated to produce atiphatic alcohols.
In an embodiment, a third hydrocarbon stream includes a paraffin content between
25  about 50 percent and about 99 percent relative to the total hydrocarbon content. In certain
embodiments, a paraffin content of the third hydrocarbon stream ranges between 60 percent
and 90 percent relative to the total hydrocarbon content. In other embodiments, a paraffin
content of the third hydrocarbon stream may be greater than about 80 percent relative to the
total hydrocarbon content. |
30 In an embodiment, an olefin content of a third hydrocarbon stream ranges between
about 1 percent and about 99 percent relative to the total hydrocarbon content. In other
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products. At least a portion of the aliphatic alcohols in the alcoho@
product streammay be 5 reacted in an oxyal kyl ation unit withl rﬂMﬁ)Qﬂde
(e.g., ethylene oxide, propylene oxide, butylene oxide) in the presence of a
base to pyodus®3wa2 oxyal kyl al cohol . Condensati on of aPCHEHUBWAEP34040t h an
-epoxi de allows the al cohol functionality to-be expanded by one or nore oxy
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oxide. In other enbodinments, a Cl i to C%? 20 branched primary al cohol may
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]; ;gm ? Ibgé;qgl R%%:vgg} ébﬁbom réprﬂ@gf gggc)l(é er en%ogln?e];ltsalalé?:(tlodcen A
20  branched primary alcohol may be condensed with ethylene oxide and/or propylene oxide.
e The resulting oxyalkyl alcohols may be sold commercially, transported off-site, stored on
- site and/or used in other processing units. In some embodiments, an oxyalkyl alcohol may
be sulfated to form an anionic surfactant. |
In an embodiment, at least a portion of the alcohols in the aliphatic alcohol i)roduct
25  siream may be added to a base. The base may be an alkali metal or alkaline earth metal
hydroxide (e.g., sodium hydroxide or potassium hydroxide). The base may act as a catalyst
for the oxyalkylation reaction. An amount from about 0.1 percent by weight to about 0.6
percent by weight of a base, based on the total weight of alcohol, may be used for
oxyalkylation of an alcohol. In an embodiment, a weight percent of a base may range from
30  about 0.1 percent by weight to 0.4 percent by weight based on the total alcohol amount.

The reaction of the alcohol with the base may result in formation of an alkoxide. The
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allowed to react until the epoxide is consuned. A decrease in qgveral
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30 pr asessesongitichstegergriinet dpdxide Conddatrativn, Moreater 46t8), ptdSuieindagettan et al .,

entitled "Sulfonation, Sulfation and Sul fomation"; U S. Patent No. 6,448, 435
to Jacobs@frtial prgsure ofppoxids ifiablegenerally Xnowsn.oBrPreREHoESABdEeD 32 080

entitled "Sulfo i0n..Sul fati ep..and. Sul f tion"., U tent .No. . 3,462, 525
To! Levt nsiptagg BE HsRGe xlosi ik Repdidld BN OBcine, & ool PRIGHE 03 sofal 2
A ef i n Subfanadphsrcs (3043PaPes aboul\P atrosfRéteSEFHI kPl BE Qbed. Glotapressietd bt | €d,

"Al kene Sul fonatjon Process and Products;"
ethylene oxide from about 1 atmosphere (101 kPa) to about 4 atmospheres (415 kPa) may

'.20 be used in ceﬂaﬁn embodiments. In 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 serve as a measure of the degree of the reaction. The
reaction may be considered substantially complete when the pressure no longer decreases
with time.

25 Aliphatic alcohols and oxya.lkyi alcohols may be derivatized to form compositions
('é.g., sulfonates, sulfaies, phosphates) useful in commercial product formulations (e.g.,
detergents, surfactants, oil additives, lubricating oil formulations). For example, alcohols
may be sulfurized with SO, to produce sulfates. The term “sulfurized” refers to a sulfur
atom or sulfur containing functionality being added to a carbon or oxygen. Sulfurization

30  processes are described in U.S. Patent No. 6,462,215 to Jacobson et al., entitled
“Sulfonation, Sulfation and Sulfamation”; U.S. Patent No. 6,448,435 to Jacobson et al.,
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U S. Patent No. 3,420,875 to D Salvo et al., entitled, "Oefin Sul fonates;"
U.S. Patent No. 5 3,506,580 to Rubinfeld et al., entitled, "Heatr&8tHdht
O Sulfonated Aefin Products;” and U S. Patent No. 3,579,537 to Rubinfeld,
entitl ed, WORUBYESE2For Separati on Of Sultones From Al k@GIUSSUM048E Aci ds. "
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t+j oxilfe ofanakyisngpxidecprepresents theavemen nanrbanf femoictics rerRmstmoiest ansul f ur
trioxide nm r I t 0 | f sul fur
trioxide p@ly %ee@&ggﬁg{aégg%@%#na%%n%gggﬁdn@g O?Qgé%ﬂ cﬁrOf{éfgﬁl@Me sul fation

t
procedur e BRashpld3@lf uatnMIThélads, bt &re nbi kitell wl GRAR medl i, Akilddaakth ahatahol
and gaseous sulfur trioxide in a falling filmsulfator to roduce a

sul furic densdammogiumyions pad/ar wirpres thereol Exemples of eptions includs. Wjarg neg fi | m
sul f at or r d u | re. ; t.enperature
in the rar@%ﬁ%ﬁ%% oﬂp%gﬁ%gt%m% %%BQ%HBS’ #E@ﬁl%ﬁ?%%ﬁ%‘fh %ls'[rgr of

t he algohagmif®y exit the falling film sulfator and enter a neutralization
reactor. The sulfuric acid ester may be neutralized with 41 1 5 JAN 2007

WO 2005/ 037752 Aiphptisszebarysiabalgolals mak b pulfasedin asyilfgtipwanit.oSulftiont he al kyl
| f at | t the ox | f at | L. | f al kal j |
ol uti on” magpeRiret fire BRI e rdetio? Tl inorlas 30:E FunoRiry e il CxTEH)
deri vat i zegifahfQil (NHIRD:HG ot§itfiricicil Wititah MBsHA! o &f edbRlimeat kaRe. AN
' trioxide in concentrated (e.g., fuming) sulfuric acid may be used to sulfate alcohols. The

- 20 concentrated sulfuric acid may have a concentration of about 75 percent by weight to about
) | 100 percent by weight in water. In an embodiment, concentrated sulfuric acid may have a
concentration of about 85 percent by weight to about 98 percent by weight in water. The
amount of sulfur trioxide may range from about 0.3 mole to about 1.3 moles of sulfur
trioxide per mole of alcohol. In certain embodiments, an amount of sulfur trioxide may
25 range from about 0.4 moles to about,1.0 moles of sulfur trioxide per mole of alcohol.

In an embodiment, a sulfur trioxide sulfation procedure 1{1ay include contacting a
liquid alcohol or an oxyalkyl alcohol and gaseous sulfur trioxide in a falling film sulfator to
produce a sulfuric acid ester of the alcohol. The reaction zone of the falling film sulfator
may be operated at about atmospheric pressure and at a temperature in the range from

30  about 25 °C to about 70 °C. The sulfuric acid ester of the alcohol may exit the falling film

sulfator and enter a neutralization reactor. The sulfuric acid ester may be neutralized with
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exanpl e of an application includes detergent fornul ations. Detergent
fornulations 5 include, but are not limted to, granular |aundry dej ghly@it
formulation, liquid laundry detergent formulations, |iquid di shwashing
det er gentWO@HIBEBE ons and mi scel | aneous f or mul at i ons. PERERIOEE34050

m scel | aneous formnul ati ons may i nclude general purpose cleaning agents,

| i qui d soaps, shanpoos and |iquid scouring agents. Granul ar | aundry

det er gent gﬁ({m ' : Encl DR YIRAS esi he
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agents, bl amalkalhgheded esltitiaeiniay richide, sohutions ofsodivmh bt pefasspen hgdrogidey nes,

anti-graying agents, optical _brighteners and stabilizers). Exanples of
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enbodi frentiziudsl Bitiate hatWinsted t6.8i@nlaThundrp détigaki foRfuldBdn, Higliddendrgss of an

i norgani c builder conponent than granular laundry detergent fornulations.
Hydr ot r opdefergayt foomplatiensntiquid disherashing defexgentsiorawliatiéns andimis¢adlaseousGener al

pur pose cl.eaning aggents .may. include other surfactants, builders, foam
control ém%gnﬁgﬁ?%?ﬁl‘asp@m’éﬁﬂﬂ%?‘ﬁ pyuations mayiigflode genergl BYHOSE i ons mmy
typicall Ycleﬂﬁhg'gg‘en@é?ﬁqﬁiﬁ sORsCsHalfHobs ﬁﬂd@@.ﬂ&@&oﬁninﬁ%@e&&‘.a”p' e, the balance of
liquid detergent formul ations may typically be an rnert solvent or diluent

(e.g., water). Geowledaudyr dergent famud aticms geaytinéloderahembersf coyyponaitd y cont ai n

quantities o lnert filler _or carri materials. 25, ES. Exanple 1.

Fsomer? zaf’?%%“éfFe ‘%‘E’PPT’@ ﬁ‘ﬁ’hﬁisl-{?&zﬁ @%g’eﬁgﬁéﬁo\%@dﬁéﬁ%\fg FEeBSy eam
rbon no ' ¢ ' [T SsS

ondi 1 onopein Al BARROES Tl Re) Sientd Ryl SN by B, phaae”

ol efins, brightawars andstaitilizds)dBxamples 0f athdr surfictants mapmolide fonix ywgeioaices. The

Fi scher-Tropsch hydrocarbon streamwas separated into different hydrocarbon
streanms uFWRBCIFRGLR (AYRRIC SHITAGMF-at i on techni ques. A hydrocarbon stream

3AN 2002 w0 205 B5E3 e b o luRY HoRlR LR BAREL 1F o e
The coefipogianuianiaahdiylietesgatiformntitichs. OnQettyidrentbadoents, SiguRitdamvdrs dasgkeyised by

gas chromatography and is tabulated in Tahle 1. Table_ 1 Fischer-Tropsch
Hydr ocar b&pmpfations may include less of an morganic builder component than granular laundry

detergent formulations. Hydrotropes may be present in the liquid detergent formulations.
General purpose cleaning agents may include other surfactants, builders, foam control
agents, hydrotropes and solubilizer alcohols.
20 Formulations may typically include one or more inert components. For example,
o ) the balance of liquid detergent formulations may typically be an inert solvent or diluent
(e.g., water). Powdered or granular detergent formulations typically contain quantities of

inert filler or carrier materials.

25 EXAMPLES

Example 1. Isomerization of Olefins in a Fischer-Tropsch derived Hydrocarbon Stream:

Carbon monoxide and hydrogen were reacted under Fischer-Tropsch process conditions to

yield a hydrocarbon mixture of linear paraffins, linear olefins, a minor amount of dienes
30  and a minor amount of oxygenates. The Fischer-Tropsch hydrocarbon stream was

separated into different hydrocarbon streams using fractional distillation technigues. A

hydrocarbon stream containing olefins and paraffins with an average number of carbon
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Stream Conposition C7 and |ighter hydrocarbons 0.12 C8 branched ol ef i nﬁ
0.02 Cs linear olefins 0.75 1-Cctene 0.69 n-Cctane 2.21 C9 br hachddll
olefins 0.16 C9 linear olefins 8 52 1-Nonene 8.07 n-Nonane 20.03 C10
branched W¥P&P53718228 C10 |inear olefins 22.92 1- DeceReI/B82084/03480Decane
41.12 Cl11 and heavi er hydrocarbons 0.21 C9-Cl1 alcohols 3.56 5 A zeolite
catal yst used for isonerization of linear olefins in the hydrocarbon stream
was prepa [ | ' e id € )
o bi 1 nofocss o i 18 e BRI TRE Com TR bE SORE GG MReBhBEE) | os.
mol ar si | siggand waghnaiyse@by ghd chrombtofiaply asdistantated aelable B69 square neters
per gram (P/ Po=0.03), soda content of 480 ppm and n-hexane sorption
capacity of 7.3 g per 100 g of ammoni §ab¥dnrierite was | oaded into a 10
Lancast er m x mutter CATAPAL( ) D alumna— (91 —grams) hbiting—a | 0ss on
ignition of 25. 7&5@@5@5&@§fht 4rogarhon o ' puring an -minute nulling
period, 152 m Llit eam C wat er!l was..added to t he o
al um na/ amrmonil &inape Highter hydsogarbongre, Next . ja mixture 042 6.8 grang gl aci al
acetic acid, T(Rbgmrhedelefins tric acid and 152 mllili9.62s of deioni zed
wat er was sl oWy imegeslefirg the al um na/anmmoni umferriegyse mxturelin the
muller to 15 p Qf)u';téﬁe[ne alum na. The resualfting
al um na/ ammoni g ferrierttefacidmxturewas nutte 962 o—mnutes. Over a
period of 15 fHF lane v 0 af 0 o0 e oo of 4 HZZ i re—pakladi um
FAEH-65 Aoue—e—0-20—gras—ef—t-etrddmre—palta
nitrate in 153 sanched olg nized water. wvas| slowy armn’l to mulled
al uni na/ anmoni| €mlineanrdlefinst e/ aci d ni xture. The resulti $82 i xt ure_exhibited a
93: 10 ratio ofl-Memdnete to alumna and a | gss on igni8.0DHdn of 43.5% The
zeolitelal um na - Napdnygre was 43 1 5 JAN 2007 WO 2005/2034752

(e}

Cio linear olefins 22.92
1-Decene 20.87
n-Decane 41.12
C11 and heavier hydrocarbons : 0.21
Cg-Cu alcohols 3.56
5 A zeolite catalyst used for isomerization of linear olefins in the hydrocarbon stream

was prepared in the following manner. Ammonium-ferrierite (645 grams) exhibiting a
5.4% loss on ignition and exhibiting the following properties: molar silica to alumina ratic
of 62:1, surface area of 369 square meters per gram (P/P0=0.03), soda content of 480 ppm
and n-hexane sorption capacity of 7.3 g per 100 g of ammoninm-ferrierite was loaded into a
w ) 10  Lancaster mix muller. CATAPAL® D alumina (91 grams) exhibiting a loss on ignition of
25.7% was added to the muller. During a five-minute mulling period, 152 milliliters of
deionized water was added to the alumina/ammoniur-ferrierite mixture. Next, a mixture
of 6.8 grams glacial acetic acid, 7.0 grams of citric acid and 152 milliliters of deionized
water was slowly added to the alumina/ammoniwm-ferrierite mixfure in the muller to
15 peptize the alumina. The resulting alumina/ammonium-ferrierite/acid mixture was mulled
for 10 minutes. Over a period of 15 minutes, a mixture of 0.20 grams of tetraamine
palladium nitrate in 153 grams of deionized water was slowly added to mulled
alumina/ammonium-ferrierite/acid mixture. The resulting mixture exhibited a 90:10 ratio

of zeolite to alumina and a loss on ignition of 43.5%. The zeolite/alumnina mixture was
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shaped by extruding the m xture through a stainless steel die plate (1/16"
hol es) of a 2.25 inch Bonnot extruder. The noist zeolite/alum nd SedAN W8kt e
was dried at 125C for 16 hours. After drying, the zeolite/alum na extrudate
was | ongsWPIRP3ABRual | y. The zeolite/al uni na extrudat ePETNS2004/83408ed i n
flowing air at 200C for two hours. The tenperature was raised to a maxinmm
tenperature of 500C and the zeolite/alum na extrudate was cal cined for an

addi tional, t ho . iel i ' C | the. i.s pzation
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inches in length. A third piece of glass wool was added to the top of the catalyst in the

20  reactor tube. Silicon carbide (20 mesh) was layered onto the third piece of glass wool. A
' fourth piece of glass wool was positioned over the silicon carbide to serve as a plug for the
bottom of the reactor tube. To monitor the temperature of the reaction at various points in
the reactor tube, a multipoint thermocouple was inserted mto the thermowell of the reactor
tube. The temperature above, below and at three different places in the catalyst bed was
'25  monitored. The reactor tube was inverted and installed in the furnace. The reactor tube
was heated to the operating temperature of 280 °C over a four-hour period under flowing
nitrogen. Once the temperature of 280 °C was obtained, the reactor tube was held at the
operating temperature for an additional two hours to condition the isomerization catalyst.
After conditioning the isomerization catalyst, the hydrocarbon stream was pumped
30  through the reactor tube at a flow rate of 60 g/hr. Nitrogen, at a flow rate of 6 L/hr, was

passed over the isomerization catalyst simultaneously with the hydrocarbon stream. The
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hydr ocar bon stream was vapori zed before contacting the isonerization

catal yst. The reactor tube was operated at an outlet pressure of 2%({3@@7
above at nospheric pressure. In Table 2, the wei ght percent of

branched WIO¥#7752g- C10 | i near ol efins and C8-C o par ECTiUS200141G3408%

hydr ocarbon streamat O hours and in the reactor tube effluent after 5 24
and 48 hours of isonerization is tabul ated. Greater than 90%of the |inear

olefins i efins in

t he ijsorreﬁ?’ér ‘Tlg%ﬁj %QQ&V ?]{?goﬁso tliingg 1 on s& &%1%217#? anount of
mat erial  baictor BheR@ds cm%n @aﬂarpaés@&e of RO PE hB&E amﬁo@lﬂﬁc pRR&irEONs. 1N
addition, a portion of the -Cl1 al cohols present in the feed was

dehydrated to Ju Eehle Mﬂmmm@bﬁquﬂs G110 branehqsk Jefims, Ce- ﬂlella@ﬁmo@@s andrber of

al kyl 10 ches n t Cl fins t he uct vva o, be 1.0
as det er mie ﬁﬁh%‘éﬂcﬁg’o gﬁ%l"ﬁeégo (ﬁg]r erfff?]ﬁg’(t, %&W&l?%?fn 0 Hr
24 Hr 48 bip an@hﬂ R6Hs GPI¥BARHEARA 1P%thﬁ%dWGre/at¥¥thz(ﬁ %%%f thSRABE blefihs fthe
Reaction C8-Cl10 branched olefins 0.46 33.04 33.16 C8-Clo linear ol efins

32.19 2. SByﬁoMbome@ﬁﬂpaﬁabﬁvemd&ﬂo bearBBeBalefits 7the Bomedkaibnireadtomear C8- 10

olefin ratjo. 1.13.1.13.1 15 Exanpl e 2. Isorrer - Dodecene:
1- dodecen 5%’5%%“??6@%%? SR o pat ﬁ@h@ggéﬁw 1 Vaggengreted

1-dod Pk @@% t
Tab?eegegﬁ'ﬁodecen %%%%’?‘?.égrﬁﬁeé‘ﬂﬁ}%’ %Wefr%ég?s%b h%}ﬁﬂs I!"Jé?[e(sﬂ_%ti]éi'goI efins
1.2 <Cl0 feeddvasdahylvasd 6 Yield=dd#ionhylclefmrib dresprodikt. Pas avdragesninber off sikall

C10-C14 hydrocarbons 99.6 20 45 1 5 JAN 2007 WD 2005/ 037752
P%T/ U9 00 2ragpchesen the Cs-Cio olefins in the product was found to be 1. 0 as determined by 'H

NMR analysis.
Table 2
Fischer-Tropsch Hydrocarbon 0 Hr 24 Hr 48 Hr
Stream Composition During Wt.% Wt.% Wt.%
Isomerization Reaction
Cs-C; branched olefins 0.46 33.04 33.16
Cs-Clo linear olefins 32.19 2.52 2.54
Cs-Ci parafiins 63.19 63.32 63.27
Branched to linear Cg~1o olefin ratio 0.1 13.1 13.1

15 Example 2. Isomcriz;:ttion of 1-Dodecene; 1-dodecene was obtained from Shell Chemical
Co. The composition of 1-dodecene, as assayed by gas chromatogfaphy, is tabulated in

- Table 3.
Table 3

1-Dodecene Composition Wt.%
1-Dodecene . 98.0
Other C14-C14 olefins 1.2
<C1p hydrocarbons 0.2
>C14 hydrocarbons 0.2
Paraffins 0.4
Total C4-C14 hydrocarbons 99.6

20
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1- dodecene was isonerized using the sane reactor tube design and

| soneri zation catalyst preparation as described in Exanple 1. A streamof 1
- dodecene was é)u ed through a reactor tube at a flow rate of 90 @/JNN 007

Ni t r ogen, WA 204 /?:iq’gﬁﬁr rate of 6 L/hr, was passed over th&®CTAEAR4{034089 on

catal yst simultaneously with the stream of 1-dodecene. The 5 stream of

1- dodecene was vaporised before contacting the isonerization catalyst. The
react or tube S . : pheric
bressure and a el iEndisdUbiE R T e Ot
per cent ofalabstprepaaticaild, de@iribe€Cid Eamdplgrle a4 etreant bih-d@ietenoivecpiresed n

1- dodecene at O hours and the reactor tube_effluent_after é(@)S and 849 10

hours. Li Hagpele rsaciontube at 3 Hewateof S8 pdter Nitfogsn &t plow yate ph o LdhWanched

Cl0-C14 o i f - Ar | ' . i i [ zat i on
Step, 1 oo irpd Ve hElsoertifiofoah A AR bbbl e chheh 1 RTRRL S

gener at ed skre@iof | doHédate Wasleapoised befod cohfaetiny e d@enerizutitiesatalstalTiy|

branches on the Cl o0-Cl4 olefins in the product was determned to be 1.3 by
1H NVR anatagtirdubemmasiperaiedst an pgteiquessustof 28 kP aghpiesatmiosphenic presggs apfl 2849 Hr
During |sonerizati 9@%:’alction W%W.%W.% <Cl0 hydrocarbons 0.2 2.5 2.4
Cl O Cla hgeé?%eé'%tinf)eo “6 97.2 97.4 >Cl4 hydrocarbons 0.2 0.3 0.2 Branched

C10- C14 ol ef i ngafielt i3 tabulidiof oflﬁidh@éi@hﬁie%eﬁﬂ-dfleéﬁhhrﬂsmgelmocﬁ,-ﬁd Siter

Paraffins 1.0 2.0 1.9 Exanple 3. Dehydrogenati on of Dodecane w th M ni nal
| somer i zathasr{C14 Ddesudesdn halodeashe at ¢belrs pedribalrenctar Hulghes et lafigohGBaand &4Ad

2, asdlyeoty. LR RH AR e PR ST U8 U Mol B 5

g?decane CREPP éE lrQRodkksidB 1R ERAME tBSisdmerTiatidn ReH! REAHEP B e téercg}t(bf Cl1,
C13 and Cl4 hydrocarbons <0.6 >C14 hydrocarbons <0.1 her C10-Ci4 ol efins

<0.1 material boiling below C;o was generated from cracking side reactions. The average

number of allyl branches on the C1p~Ci4 olefins in the product was determined to be 1.3 by

'H NMR analysis.
15 Table 4

1-Dodecene Stream Composition 0 Hr 168 Hr 849 Hr
During Isomerization Reaction Wt.% Wt.% Wt.%

<C;0 hydrocarbons 0.2 2.5 2.4

CIQ‘C}4 hydrocarbons ‘ 99.6 97.2 97.4

>C14 hydrocarbons - 0.2 0.3 0.2

Branched C;p-Ci4 olefins - 0.6 93.2 934

Linear Cyo-Cy4 olefins . 99.0 28 2.9

) Paraffins 1.0 2.0 1.9

Example 3. Dehydrogenation of Dodecane with Minimal Isomerization: Dodecane was
obtained fiom Aldrich Chemical Company and stored under nitrogen before being

processed. The composition of dodecane, as assayed by gas chromatography, is tabulated
20 inTable5.

Table 5
Dodecane Composition Wit.%
Dodecane ) 99.3
<Cig hydrocarbons <0.1
CIO, C11, Cis and Cyg hydrocarbons <0.6
>(C14 hydrocarbons <0.1
Other 010-014 olefins <0.1
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46 1 5 JAN 2007 WO 2005/037752 PCT/ US2004/ 034080 A paraffin dehydrogenation
catal yst was prepared according to Exanple |I (catalyst A of U S. Patent
No. 4,430,517 to Imai et al., entitled "Dehydrogenati on Process i K07

Cat al yt i V@3#3H87752 on. " The resul ting catal yst i ncl udedP@I/BS2004/034980at i num
0.5 w.%tin, 52.7 w.%tin, 2.7 w.%potassiumand 1.3 w.%chlorine on a
gamma- al um na support. The atomc ratio of potassiumto platinumfor this
catal yst was 16.8. The dehydrogenati on catal yst was prepared by dissol ving
substantially pure alum numpellets in a hydrochloric acid solution. An
amount of st anpi gargith dehyiRopiaBtiorechtk vkt iwlas pRepafed St driing t6 BixbiinplRn (ctaBjsVi de a
final conposite containing 0.5 weight %tin and 10 stirred to distribute the

tin conpoAgnfUd: Patept Nar4ddholit totlmel of ats entétled ‘Bshudrogenption Brasessldsing Anas

added to the resulting. tin g xture and the res [ tin-anm I, X1 ure was
dr opped i ?@Ygﬁ%ﬁpﬂﬁﬂ{oﬂ- i ﬂ%reﬁglnﬂgpa _lﬂ?lﬁﬁg‘#@g P‘Hg/épiaﬁlﬁl’“f”? ngé’gtm’ﬁi% ng an
aver age pﬁﬁt\ﬁt@)ﬁ%ng%.?rlﬁt% oRbsiRBAHE 15 Whvd iidtine s SRNRE GRS Sep@Rd THRAS hed
with an ‘ammoni acal solution, dried and calcined t® forma spherical

gamma- al uaiomdce raéo f potadshurndd platiahm fdintisreamilyst imag18.Bher es cont ai ned about 0.5

weight %tinin the formof tin oxide. Mre details apout, the method of
preparing the &hesshydrogspatiop catahsbvasiprepated by dissoleing Spbﬁtarmaiiy PPER ent No.

2,620, 3144 0. toe . Lddnfiflic aciPdRind ) t"amé!‘ WP m na
conposi tealwas coﬁﬁ%@m & del oni gﬁe é%@h%@?s C P?ﬁfé’iﬁpg?‘}iﬁ%i c acid
and hydr ogddeaté theaesultingsotutionhd ppeideenfindlas@gosite cdhtatiing 0\5ev¢ flit)% itin aad 20
rotary drier for 15 mnutes at roomtenperature. The anpunt of

chl or & astirFaddo distabuie the tiRecompeaen pyey trevghoghbihy mgtyecor porate 0.8 wei ght
per cent AUt gt he b 0 ' 0S| ' s _t.hen
heat ed aﬁ%‘%ﬁ%@éﬁv&%% 1 %;F‘”Sg%‘?\de?ga ?%r’r[%ve ?%Jr&]%{t?n-egs%f‘ Ecﬂlg "4n1<'::1éts]illht“)%ﬂ%ﬁétg e

pl at i num gk tevei vid-drbpped littdiaf dilGAMIAS theénnef ReforMGphEaRb A HcledhAind g Was
renoved by heating the platinumchlorine-tin-alumnmna conposite to 550 C and

treating emgePagwipdisneier of thouhl/d6/imd. dhe/spheres wereaagediwashedwith aa gas
hourly space velqciiy.. f Q0. hi' . After treatnment with the air/steam
mxt ur e, " Engolad Saliot: okt ers e o o L el BERRE Heellachmivo. 1 wer gh
percei ChhRFkibleFhe kBulidPdphors tbntinad MUl a. SCOERRSI, It inde fodmloTghestidd th a

dei oni zed water solution of potassiumnitrate. The anount of potassium

nitrate ublede driailsaboutihe methodeaf@separing the ademingcaviso mateiad are digslashd iper cent
f t ' ' [ | i n-al um. It The ,, wat d
romt e DreeRahie; Roaht TG ok, shER, Bl My gt he a7

The tin-alumina composite was contacted with a deionized solution of

P
-

chloroplatinic acid and hydrochloric acid (2 weight percent based on alumina weight) in a
20  rotary drier for 15 minutes at room temperature. The amount of chloroplatinic acid used
_ ) was the amount necessary to incorporate 0.8 weight percent platinum into the tin-alumina
composite. The solufion was then heated and purged with nitrogen to remove water
resulting in a platinum-chlorine-tin-alamina composite. The incorporated chlorine was
removed by heating the platinum-chlorine-tin-alumina composite to 550 °C and treating the
25  composite with a 50/50 air/80 °C steam mixture at a gas hourly space velocity (GHSV) of
300 hrl. Afier treatment with the air/steam mixture, the platinufn—tin—alumina composite
contained less than 0.1 weight percent chlorine. '
The platinum-tin-alumina composite was contacted with a deionized water solution
of potassium nitrate. The amount of potassium nitrate used was the amount necessary to
30  incorporate 2.7 weight percent of potassium in the platinum-tin-alumina composite. The

water was removed from the platinum-tin-potassium-alumina composite by heating the
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1 5 JAN 2007 WD 2005/037752 PCT/ US2004/ 034080 conposite to 100 C under a
purge of dry air (1000 hf'GHSV) for 0.5 hour. The tenperature wdsd JAN dBH to
525 C and the platinumtin-potassium alum na conposite was treated with a
stream ofWWél?@Emséri c acid (12 cc/hr, 0.9 MHO) and aPSTAS#83408D/ 50
air/80 C steamm xture (300 b fI GHSV) to incorporate chlorine into the
plati numtin 5 potassiumal um na corrposi te The

pl ati num 525 C under
a purge o%b‘ﬁt’g&%ﬂ‘m g%glﬁ{%&d@é%@ resu t| ng \Q\@g }{%9 ‘eres had an
average paripepdtfiretiATRised to0$2519C dnd tﬂ@blaﬁﬁﬂnwlﬁatﬁsrsﬂﬁﬁ\@ﬁnﬂﬂﬂc c%eﬂe ko 6-20
mesh partlcle before testlngroaStal nl ess steel tubin I nch 0.6 inch ID

and 26 i ntketed withg, stwwarn of Sydroghlosin acid (12 exfle PiSAMtHG anéa(stroMHONQ/ﬁ@rnowell
extended 20 inches fromth e stainless.,steel reactor tube To

| oad the PEAO; gf ?%WW@PQE&@%SR’S%WOT% ?’é‘EF’ lgtfhmﬁp%né‘&’é‘ gl ass
wool a&z&lﬁr :h!bqﬁ]tf r mowel |
and posi t&)(B)ne #‘E@Hgggﬁ{)%%%t V@etpllle react %]%5 0 serve as a BH}% for the

reactor twhedri&l i S28rrCoaidet dpm@@@fd.gmmowﬁr SGHSY)! Thar&aRing cafalygbout 6

inches to the reactor tube. A second piece of glass 15 wool was placed over
the silicepheresiial @n avexage partiele dismaerofd/ drinclotndywereiomshed and gined intoamizfa

catal yst particl 2 sh) and 45 grans of fresh silicon carbide (60-80
nesh) 5‘65%8@8&‘?3’%?%%9? tor tube in two parts. The two-part addition

di stributed thstaﬁﬁ&salsye%tmbﬁigﬁmhﬂcuont@slﬁmetﬁdmﬁem@m&g eavhiedsian a
catal yst bed of about 10 inches in Iength A third piece of glass wol was

ded16o ﬁdoaleti@qﬁomrfread’h@. dathermewell nxtbmadﬂ@am@s fitonbthe t& bf thostaffess atebl de (20

h | th | fourth f
o1 ast "woBfecliB Lo 10 petiER rinisr iR EE rblas o ey g AR ST g 1 o
the bot t 0egf whiRarls@Reh Yown! HOSrall T HERLASH ubd) SvEARD SRSl Ghd ]IB&%Jn%&Ct Ion

at various points in the reactor tube, a nult|p0| nt thernocoupl e was
i nserted enthe bolhem b trereavtdi tulbd totsesveras apluy for tHeaeactinetube. e&qhemmd:antmde &ove,

The'r eact SIS WS AL TR § HEDH Pt oo B istosd MR St or L ube
was pys geq,ooy\?, 184dd RRP ke sﬁ?:gur fdeOTA HiRGre 5%, 0163 °%\A}>Patﬁ1 P& ating

tenperature of 425C over a our per| 0 unde%“1 ng nitrogen (250
standard bklundnscaayst particles (©20endshpand 45ngrema bfifrestodiliekitbdarbids (OB (amesk), t he

tor tub held at th t t t |t
hour s Thasé AdGERe e aeip %fn?@v&?mh%%?%e—éa aidispn e tiesiohe siar ogen
sul fide a8 eﬂéﬁjﬂ}é?%egggiluﬂé%n&}esﬂﬁéd o d Qtarsh Y& Bt L o HIhAHARedRE Aeact or

t ube.
thn‘d piece of glass wool was added to the top of the catalyst in the reactor tube. Silicon

20 carbide (20 mesh) was layered onto the third piece of glass wool. A fourth piece of glass

wool was posiﬁoned' over the silicon carbide to serve as a plug for the bottom of the reactor

‘
' Il
——

tube. To monitor the temperature of the reaction at various points in the reactor tube, a
multipoint thermocouple was inserted into the thermowell of the reactor tube. The
temperature above, below and at three different places in the catalyst bed was monitored.

25  The reactor tube was inverted and installed in the furnace. The reactor tube was purged
with nitrogen. The reactor tube was heated to the operating temperature of 425°C over a
four-hour period under flowing nitrogen (250 standard liters per hour). Once the
temperature of 425°C was obfained, the reactor tube was held at the operating temperature
for an additional two hours. The catalyst was presulfided by flowing a 1% mixture of

30 hydrogen sulfide gas in hydrogen gas at 425 °C for five minutes through the reactor tube.
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WO 2005/ 037752 PCT/ US2004/ 034080 After 5 mi nutes, the hydrogen sul fh@z@?n
hydr ogen gas fl ow was switched to a hydrogen gas flow through the or
tube. After presulfiding the catalyst, the reactor tube was maintai ned at
425 C forweigéwe37isours. After eight hours, the reactor PODESHINEERIOSC Was

I ncrease to 25 psig with hydrogen s gas. Dodecane was punped through the

reactor tube at a flowrate of 40 g/hr at a hydrogen flow rate of 125

standard I,ijers .per LAlter ur.hours, t dodecan tream was

i ncr eased"\%" A %ﬂ?gem%ﬁgy&g%%s%%wﬁ S‘@’é&ﬁ%ﬁ?? %83?5%‘& or
t ube tenpgba,tmghmeﬁﬁrst@ge,to 460 C. The reactor tube was sanpled every
ei ght hours after obtaining the operating tenperature of 460C. 10 After

twent y-f our hodfisr pissulfidingtibe pealystnthe sfactho tabsaves maistaied st d2s Yhfpeighént as
depicted in Tahle 6., At a tenperature of 479 C, the caonversi on, of dodecane
ool of 1 nbOwge Al eightHnts, JBBaHoT SPF BISTREHES EiFde o e A PRGOBRbS | no.
f or ned: 84 i e ' ) | t

aromat | o EaratieoBR & el HrolpR e hdr i 4 NP LATDr RPERERN MR Ren
anmount of flolvahiend 126 stamdhrd Gitgre pardiur.Wafier foushatredhe dsdedaiccstbmerks | s by' H

NVR4nal ysis. Table 6 Test Results. Conversjion (w.% after 24 hours
on- st r eamiagreasad to 3044 Afterobfaining aflow 1aisaf 80 &/hrp thexgacigr tubg eBwemREE on 479 C

} Sel ectiyj . ol' ' . 9 [ Sl . tivity
1o ar omt 1128 YafeR p-C. Bt ool nb iy syt B8 b BV E B ig B £ 1Y,
16 wt. % epary@isieperatuir®ofM6®C. % Branched Cl12 olefins in total Cl2 ol efins.
6 Exanpl e 4. Dehydrogenation-Isonerjzation of Dodecane: Dodecanc was

obt ai Aéd f r om Afleryeaky-fons hpams theoypighteregatiosdasieaane el hveighbipacasé pbr e

bei ng progessed. 0,conposi tion dpdgcane, as assayed

chr onat og Pt o Lokl AR R B P i AR RSt S5 AL BRRER <t it b,

catal yst wWasyepshepatad ahdr twaty-Rut Q¥R IOTBRAEfins, AFRRA !Sﬂfﬂcfi%j’t peR@Edhttvferk 645

grans) exhibiting a 5.4%1o0ss on ignition and exhibiting the 49 1 5 JAN

2007 WO 2006/008i73,501 melghtpaoeut/»034d agmatic compounds and 7.5 weight percent were
di-olefins. Of the total amount of olefins formed, 6 percent were branched, as determined

15 by '"H NMRlanalysis.

Table 6

Test Results.

Conversion (wt.%) after 24 hours on-stream at 11.4.

460°C. ’ |

Temperature required for 16 wt. % conversion 479 °C
Y Selectivity to mono olefins at 16 wt. % 84 wt.%
- conversion. |

Selectivity to aromatics at 16 wt. % conversion. 4.1 wt.%

Selectivity to di-olefins at 16 wt. % conversion. 75wt%

% Branched C; olefins in total C;; olefins. 6

Example 4. Dehvdrogenation-Isomerization of Dodecane: Dodecane was obtamned from

Aldrich Chemical Company and stored under nitrogen before being ﬁrocessed. The
20  composition of dodecane, as assayed by gas chromatography, is tabulated in Table 5.
A dehydrogenation-isomerization catalyst was prepared in the following manner.

Ammonium-ferrierite (645 grams) exhibiting a 5.4% loss on ignition and exhibiting the
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followi ng properties: nolar silica to alumna ratio of 62:1, surface area of
369 square neters per gram (P/ Po=0.03), soda content of 480 ppm1ajn§iAN 7

n- hexane sorption capacity of 7.3 g per 100 g of ammoniumferrierite %9&015

| oaded i W8 2A9YBAtBAst er m x nuller. CATAPAL(r) D al um BET{US2004034480
exhibiting a loss on ignition of 25.7% was added to the 5 nmuller. During a
five-mnute mulling period, 152 mlliliters of deionized water was added to

t he al um ' rrier - ' 18 it . ] ans

ol aci ol R GRS OB e Bt oM op:f oMihod i B 20 Q"

dei oni zed nwdre pevEanPPo=0.03) dodh tomtént ef 480 pyrh and aheRmie Bt dapddifiy@fm Xt ur e
in the muller to peptize the alum na. The resulting

al um na/ amdosiPemkOD & of ammensnm dewicpteves loadpskinia a2 Lawaster mpompllerut es. Over a
eri od of LUt es.. a.Jn xture of .0. 20, qr f t m._ne | l.adi um

Pt rate | SAEAPATEY bfifind(of Sl oiitng 1ot B Reflor ff A5TARS affid 8 the

al um ng/ apmlel, UDinfis 4 608-ntifte eduliip periede152TRailiteRSol deidiBz il witty Wasiakdi ted a

90:10 ratio of zeolite to alumna and a loss on ignition of 43.5% The
zeol i t e/ aktathenhmuny/eomwnie-fahapisdnixjure.x Nexid 2 ngjxtubeoih. & granes glhvialagktica

S or ans 2 Thernin B ofin gbiranit o2 Rufiiies ot Rrign AR NAEE wan P S ah Wen an
aqueous  sQiplihfimRfonfRCl A KATHEOTARE FulRAfSdptizd thE QXAIE! FherdsBliing

incorporate 0.8 wt.% platinuminto the 1/16 inCh extrudate. The noi St

zeol i t e/ abhlmminaapiretiom+ariienteagidatiadire sves mudlad donvidsmunitesd Citer 4 pEidd off 152
hours in flowing air. T enperature was raised to a Xi mum t epper at ure
OZQI 500 aﬁﬂn‘ftﬁ%%i%‘éFF? %E ‘g?éjﬁﬁal%? IESHAaFHRT PAH3A Rt 1@%5? RO

cal ci ned ' - 9 b Risih Eﬂﬁxﬁ-‘ : hgy,cal ci ned
cat al yst \;\w/a&?“’%%glsoﬁvé g‘?ﬁg s?@ﬁelgal nto %ﬁg[ggforres T%Q?Itqt?{:a]aedg e g’r ghtgesti ng.
Dodecane yesaltiohgmyidtupe extrbied 200010 mtiowf zedile tsalopinahmd sdoss dreigeition of ube
design as_described in Exanple 3. A 16.1 wei ght percent conversion of
dodecane fd-dteFisreolieiluging apiyine wes éﬂpﬁm'@gmdm@emwe Hroughe ¢ As

t abul atedfgagﬂ » ' Boan light percent were nono
ol efins, 1. ‘%/\E/eglgég‘3 t(ﬁ%gir%%ee lrﬁmgkgeg%ggan%?ﬂgﬁgonpogﬁ?seﬁg% 6. 8 wei ght percent
wer e df- ol ef i nSix gamk b tHeatsltirg mpolite/dimlaahixtige fvas impregifiedeithant were
branched, as determined hy 1H NVR analysis. Table 7 Test Results.

Conver si oAdYaRES splutign ofsodirnyhgxaghlgrpplatinate {TVak hexghydratg geymcomgrate 8.8 yyiN62007

VO 2005/ Oﬁya&ﬁ&mm/ oPAB M A Gate. The moist zeolite/alumina platinum impregnated

extrudate was dried at 125°C for 2 hours in ﬂowing air. The temperai:ure was raisedtoa -

maximum temperature of 500°C and the zeolite/alumina platinum impregnated extrudate
20 was calcined to yield a dehydrogenation-isomerization catalyst. The calcined catalyst was
: _) crushed and sized into 6-20 mesh particles before testing.

Dodecane was dehydrogenated and isomerized using the same reactor tube design
as described in Example 3. A 16.1 weight percent conversion of dodecane to olefins was
observed after twenty-fours hours at 459 °C. As tabulated in Table 7 , of the olefins formed

25 86 weight percenf were mono olefins, 1.2 weight percent were aromatic compounds and
6.8 weight percent were di-olefins. Of the total amount of olefins formed, 86 percent were
branched, as determined by "H NMR analysis.

Table 7
Test Results.
Conversion (wt.%) after 24 hours on-stream at 16.1
460 °C.
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Test Results. Tenperature required for 16 wt. % conversion 459 C
Selectivity to nono olefins at 16 w. % 86 wt.% conversion. Sel SI thzgwto
aromatics at 16 w. % conversion. 1.2 w.% Selectivity to di-olefins a

W . % corWer28e5¢37756. 8 wt. % % Branched Cl2 olefins in P@T@SZM@%%H ns 86
Exanpl e 5. Dehydrogenation-1sonerization Catalyst: A zeolite portion of a
dehydr ogenati on-i soneri zation catal yst was prepared as in Exanple 4. Six
grans of the 9 Zeot tefarum na m Xturg was 1 npregnated with an
aqueous sol uti onﬂf‘; {etraam ne 5 palladiumnitjrate to incorporate 0.8 w.%

pal | adi um i Nt Perhp&ratihd Rqhiedfor 16 MidAt@averdidf Mo st zeol 43%9@l um na pal | adi um
i npregnat ed pxtrudate was dried at 125C for 2 jhours in flowing air| The

t enper at ure Waelesthitydo mopoalefimsiahifrt.dfiper at urg of 50086 verdd t he
zeolite/alunfna platinuminpregnated extrudate [was calcined to yiel¢ a
dehydr ogenat j BFSB¥eri zati on catal yst. The callci ned catal yst was carefully
crushed and B, PARELSE efore yesf{qg. Exanple 6.
Dehydr ogenat ccl% q??'{z&g?‘ﬁes% i 0'.: Afsgdgﬁydrjenatlon |Z$omar| zation

cat al yst was M&nﬁﬁtgdoai:cleﬁﬂs ftd 6wk, Oheonveistoad flor cat abgsét. B of U S| Patent

No. 5,648,586—t0o Mirray et al entitled "Prdcess For |sonerizj ng Li near
Aefins To | s6dPranehed, O:z@.bﬁmnmmtabﬁ?uzr@@ﬁmn tehaving a #6lar sili ch to
alum na rati of—62+1,—a strface—area—of —3692/ 9] \r'l Po=0- uo), a—soda

content of 480 ppmw and a n-hexane sorption capacity of 7.3 granms per 100
grams of zeebbleS. WshydRREnatibASsCRbRIaYish CaRRENAYesiMPoRidilled uUsing a
Lancaster mx mulTer. The nulTed catalyst material was extruded using a

nnot  pidehydergeniticandsemerzation Iaetakystmﬁpmpared z=i Fyamplrd APiXlgraths 6f thkuni na

fr'lom Sasol . FAM dr oxypr qpy.l, net hyl cel | ul os from The Dow
Cheni cal ﬁ&w}%@ﬂ@% %%ﬂpa%%\ﬁg 857\431 a“ﬁ‘ﬂéw?% 1080 FﬁtS?aWHF’I er was
| oadedsw | : é’(@” 92 grans of
CATAPAL(rPD al um r%??%c%im% OS%T/;&% mﬁ%u{tl%ﬂv?&s/% en Elégt h the

ferrierite forThe wwistizenltte/sluthina pajladhine mpriegrentddbdk trudhteivastdeied apf256€-fooni zed

25 wat er s added. .A m xt.ur ans of glacial acetic acjd and 156
milliliteloB BEOWERgE 3r. X%%WW‘?’R %ﬁé/@&%@ﬁ%ﬁ?@?@?@&? ®o'80

i oni zed "‘%c?ﬁe%&lﬁe&ﬂﬂ‘ﬁﬂ a PlaBhh ifnBrdcStedVkinGlatd WallaliGhed 13 yR4QLT 20 the

al um na. e mxture
dehydrogenation-isomerization catalyst. The calcined catalyst was carefully crushed and

10 sized into 6-20 mesh particles before testing.

Example 6. Dehydrogenation-Isomerization Catalyst: A dehydrogenation-isomerization

catalyst was prepared according to the method for catalyst D of U.S. Patent No. 5,648,585
to Murray et al., entitled, “Process For Isomerizing Linear Olefins To Isoolefins.”

15 Ammonium-ferrierite having a molar silica to alumina ratio of 62:1, a surface area
of 369 m2/g (P/P0=0.03), a soda content of 480 ppm wt and a n-hexane sorption capacity
of 7.3 grams per 100 grams of zeolite was used. The catalyst components were mulled
using a Lancaster mix muller. The multed catalyst material was extruded using 2 Bonnot
pin barrel extruder. The binder utilized was CATAPAL® D alumina from Sasol.

20 METHOCEL ® F4M, hydroxypropyl methylcellulose, from The Dow Chemical Corpany
was used as an extruston aid.
The Lancaster mix muller was loaded with 632 grams of ammonium ferrierite (LOI
of 3.4%) and 92 grams of CATAPAL®D alumina (LOI of 26.2%). The alumina was
blended with the ferrierite for five minutes during which time 156 milliliters of de-ionized

25  water was added. A mixture of 6.8 grams of glacial acetic acid and 156 milliliters of de-
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was mx-mulled for 10 mnutes. Tetraami ne platinumnitrate and Tetraam ne
palladium nitrate were added to the mx-nuller in order to prodyggy a7
catal yst that contained 0.25 wt. %palladiumand 0.55 w. % platinum Ten
grans of WORWXBITE) F4M hydroxypropyl 5 nethyl cel | ul oBETS2004E368) and t he
zeolite/alum na was nulled for 15 additional mnutes. The extrudate was
transferred to a Bonnot pin barrel extruder and extruded using a stainless

steel die;nl i L i i for
26 hour o IRy Pert adfed ARG IER T Gt W3R8 AEE. The dd
cat al yst wasndanaflletifyr 10 mehest. dettaarsing pthtintingiGatd AndTFehrapaint pall@dhef or e

testing. 10 52 1 5 JAN 2007 . WD 2005/ 037752 PCT/ US2004/ 034050 CLAINS 1. A
met hod f onitratrewere added iodhe prix-apullshiqrderde prdyrea calalyphrthali cegtainedtd25dwti ng a

e oL R SHL IS\ RRE kS oE R HOCEL BTt B ooy
dehydr 9geppiyRRiResWat ddledAnd WY deoli/anGRinh wed il Fod By RIANAIRAL | east
a portion of 'the paraffins in the first hydrocarbon streamto olefins, and

wher ei n t Abe dxmddteonastzansfenreil 4o aBonnetpirobartal iextrader od exterded oning gustasmlesst o

i somerize at ).east a tion of |inpear olefins to, br e | efins,  and

wher ei n_ apiepidliplate wigh T banehgrolen b %@%&%Wﬂ%@rfﬁ oyrs aad

hydr ocar b r rtd f

dehydr ogena ?%%ﬁhn ?g%ﬁ%%#?g |g%mggégpggﬁ%RFgFﬁ%ggggéggggﬁﬁyg&%%%ﬁ%gn
stream tﬁgmﬁﬁﬁﬂggoQ&thﬁﬂkmgmeﬁﬁéﬁg@mgonprLsing ol.efins and paraffins, and
wherein at least a portion of the olefins in the second hydrocarbon stream
arge biA@tinched . ol efins; and; introducing at |east a portion of the second

hydr ocarbon streaminto a 15 hydrofornylation unit, wherein the
hydrof ornmyl ation unit is configured to hydrofonnylate at |east a portion of
the olefins in the second hydrocarbon streamto produce aliphatic alcohols,
and wherein at |east a portion of the produced aliphatic al cohols conprise a
branched al kyl group. 2. The nethod of ~claim1, wherein the first
hydrocarbon streamis produced froman olefin. 20 oligonerization process.
3. The nmethod of claim 11, wherein the first hydrocarbon streamis produced
froma Fischer-Tropsch process. 4. The nmethod of any one of clainms 1 to 3,
wherein the first hydrocarbon stream
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conprises olefins and paraffins having a carbon nunber of 7 to 18
particularly a carbon 25 nunber of 10 to 17. 5. The nethod of an1/50'rﬁ§ 1887
claims 1 to 4, wherein the first hydrocarbon stream conprises an olefin
content b¥ORIEHUHBBuUt 10 percent and about 50 percent ofPGIHES20031034080 anpunt
of hydrocarbons in the first hydrocarbon stream 6. The nethod of any one of
clains i to 4, wherein the first hydrocarbon stream 30 conprises about 90
percent paraffins. 53 1 5 JAN 2001 &\%1@9%@37752 PCT/ US2004/ 034080 7. The
nmet hod of any one of clainms 1 to 6, Werein-the

dehydr ogenation-isonerization wunit is operated at a tenperature range from
about 300 C to about 500 T. 8. The nethod of any one of clainms 1 to 7,
wher ei n t He Aansthedfpesthernrodnationed aliphetic gleobelsi qompsisgmnf i gured to operate at

a pressure ran fyom ahout. Q.10 .at npbsphere _t.o._ab 15. 5 nmospheres. 9.
The method of | SPUREE GrRd Ot SRR P HFRE S 0 PRARGERIF RO ac | cast
a portkon de@ﬁéé&aﬁéﬂ-ﬁbm@ﬁﬂ%ﬁiﬁﬂfiﬁg&gj tgﬁ H%l}])gltré %’éﬁation—isomerization unit is

dehydr ogenatl on-i soneri zati on u e conversion level of the
par af f i ns configured foi debydrhgehatcatiémsha portion of the pataffinsim the first dgdobahombout 50

mol e percent. 10 1Q. Th thod of any one of clains 1 ta 9, further

po;rpri Si nd‘.re%f? elatias, ﬂﬁ‘f AOTEEY! dazﬁﬁg&%ﬁ%{rsowezw Tyl E&‘?D%”F ream
into a se

epar at od yRicaZy atibists pHRh T Rk UGRERS bt b infQRLBLERAE, |

and par af fpottiontof theoumeatdd coagronehte bf the fastdypricalbbn Brears tiné afrteasnd partiohanched

ol efins stream 15 conpining at |east a portion of the |inear olefins and
pay af fiPns of thegy #E%@ng%@awe@&%ﬁa@wa?ﬁ%@%awmt he

de ydroge@?y:: b QPR ' [ i : g@' i ng- gt QI of the
branched odt'e ?%gbgtreamﬁ%%ﬁ%wﬁ%cﬁgmﬁy rgfgigﬁglggoé‘%fﬁggriﬁd%@" resa;r%ihof t he
hydr of or mydtetdinat least & potibn oFties stefilroid thd seaod hyidtosdibe stiead dre bandlled Wher ei n
the aliphatic al cohols produced by 20 the hydroformnylation unit conprise
greater tR¥fnsd 50 percent of the total hydrocarbon content of the

hydr of or nyl at i [ t.r.ean 0 f claims 1 to
11, wherein th%@@%&gf%%&pﬁg@%ﬁe ?%8%@’%? (Céia&%%gkp%mr@goc i on tenperature

f r om abouthydforBiylationaitt waeinGhe hjirofbhayltbh asit f coafiguRd to Bfdrefoainyltd t o0
12, further conprising adjusting a ratio of olefins o
at least a portion of the olefins in the second hydrocarbon stream to produce aliphatic

alcohols, and wherein at least a portion of the produced aliph:':ttic alcohols comprise a
branched alkyl group.
2. The method of claim 1, wherein the first hydrocarbon stream is produced from an olefin

20  oligomerization process.

‘ ) 3. The method of ¢claim 1, wherein the first hydroc?rbon stream is produced from a
Fischer-Tropsch process.
4, The method of any one of claims 1 to 3, wherein the first hydrocarbon sircam
comprises olefins and paraffins having a carbon number of 7 to 18, particularly a carbon
25 numberof 10to 17.

5, The method of any one of claims 1 to 4, wherein the first hydrocarbon siream
comprises an olefin content between about 10 percent and about 50 percent of the total
amount of hydrocarbons in the first hydrocarbon stream.
6. The method of any one of ¢laims 1 to 4, wherein the first hydrocarbon stream

30  comprises about 90 percent paraffins,
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25 to paraffins introduced into the hydrofornylation unit by adding at | east
a portion of a third hydrocarbon streaminto the hydrofornyl atibb JANiZHY 14,
The nethod of any one of clains 1 to 12, father conprising adjusting a ratio
of ol ef i WO 205/038153f f i ns i ntroduced into the hydrof or myPETUSHOHAI4080y addi ng
at least a portion of a third hydrocarbon streaminto the hydrofornylation
unit, wherein the third hydrocarbon stream 30 conprises greater than about

e usooods olobBiaS #FsHRar kRind ) A e MoniiBeRe bl neregon, .

conpri si n@nigfjopstatdiitat @ térmpdratus rapfefrbMSabobiBUOPCaLlabost so0tocoduced into the
hydrofornylation unit by conmbining at least a portion of a third
hydr ocar b&n Bemesthedwf anypne béalgimal po?.twhencin the dehydrogenationystmesrizatiom st r eam

t . t he_hydr of | at i it ' ' th ' t
ht0. e, WEEPORELR) Rt Bt ooschi rapdL el HI0 ARy "BRecB1 Seha e | 10
12, fufthgm td sing: ‘adjusting a ratio of olefins to paraffins

i ntroduced into the hydroformnylation unit by conbining at.|east a portion of
a third %ydtermthahofsnyeasvficiaimat td §adtersin poesidenpe tinetdfat kestanpdrtion

e §§ZF RIS AT AR MBI LR (A CE I LR LS IR M
r oo : : : . : s by
vei ght a@&g;&i&ﬂ% 'o@g]fetagfagﬁn%ﬁ%hg g&ggy&pg&r@%& QfealVdr R sV 16 ol afgmitt

The net ho any one er conprising: separating
al i phat i csS@hmtdwdrcent.r om t he hydrof ornyl ati on reaction streamto produce at
| east a paraffins, and unreacted, ol efi ns stream and an ali phatic al cohols

produdd si9-ddemethosl efipay opg of elaives hip Adunthkes $pmarigses i on of the paraffins and

untreacted ol ef] F]Ei . | qE!d];ég&Qﬂg;a?g' - Il.zat| it. 18.
The net hod of <clal ?n&égﬁ%mﬂfgég?}#a:ﬁﬁtfro uci ng “a %%%&Sﬁ’g&%éﬂrn?igghg%?&%he
par af f i nsudf)Gvhetin erRacepdattdrabiing cohfigmed toseparhied at least a portion of the

dehydr ogenati on-i sonerization unit conprises; combining. 20 at |east a
portion obrapehedelafmsfionslinggs olphipe aed paraimafq fosmat lineane angtparaffins a

ortion o e fidr treamto produce a conbi ned stream
P LodaftCorld b A LRFAL BO0S P

upstream e dehydr ogen on-"i’sonerization unit; and introducing at

| east 1 porti ogorifininget RASTHI ptetorbsf tha lihéad olefind @nd paraffins stream with the first
dehydrogenati on-i sonerization unit. 19. The nethod of any one of clainms 1 to

18, wher ebyfresaebauatgamageiream ofithe deluirogeastiamisomerization wwghid, ses a
dehydrogenati op; LSt feak'aQRrficH 8F M8 braS Oy HHR et O SRR 36008t N
hydrocarbon stream upstream of the hydroformylation unit.
11. The method of any one of claims 1 to 10, wherein the aliphatic alcohols produced by
20 the hydroformylation unit comprise greater than about 50 percent of the total hydrodarbon
) content of the hydroformylation reaction stream.
12. The method of any one of claims 1 to 11, wherein the hydroformylation umit is operated
at a reaction temperature from about 100 °C to about 300 °C.
13. The method of any one of claims 1 to 12, further comprising adjusting a ratio of olefins
25  to paraffins introduced into the hydroformylation unit by adding at least a portion of a third
hydrocarbon stream into the hydroformylation unit.
14. The method of any one of claims 1 to 12, further comprising adjusting a ratio of olefins
to paraffins introduced into the hydroformylation unit by adding at least a portion of a third
hydrocarbon stream into the hydroformylation unit, wherein the third hydrocarbon stream
30  comprises greater than about 80 percent olefins by weight.
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dehydr ogenati on reactions and isonerization reactions in the

dehydr ogenation- isonerization unit. 20. The nethod of claim 19,5 k2007
catal yst conprising a hydrogen formof a zeolite having a ferrierite

i sotypi c woassiser7R2 structure, a binder, a coke-oxidi zi RRCEEHINMIBHI80and a
paraffin 30 dehydrogenation-pronoting conpound 55 1 5 JAN 2007 WD

2005/ 037752 PCT/ US2004/ 034080 21. The nethod of any one of clainms 1 to 20,

wherein t i 20 ' ' ' j r al.t of
oncs, " whor e HALABGRaN AR o SATRE | 1913 At LolnpRATRLRA P PlAcRldks . 4
second r eaCparafiing ardudddni@i the hixroformglative anit be oombiméng & lezni potiberdf ho
dehydrogenate at |least a portion of paraffins to olefins, and wherein the

second r et odreashonstrean gatkrat daastaparion ofthespoond hydogarbon stressn upsieasf
| | ef | br anch | ef i nd .. Wher.ej | east ti f th
unt eact eao S RERS IR Ruf ) iRy pBRE e R BB o8, P st o por £ on

of thes prgﬁggf@mgaﬁbﬂgnﬂehydrogenati on and isonerization reactions forma
second hydrocarbon stream 22. The nmethod of claim 21, wherein the first

reacti on @nrideimetbpdofanydnaof alaiesbéy B2, futheycompisibgtadgustinglagatio @ldefhisand
about 600, C rticularly at t er re of between abhqut 450  C and about
550 7. 2310 SRS EFRCERS o he O RER P L Y Fo e AP SURB O
operated glirgd ﬁ%boﬁ%ﬁ%%ha?Ie%ﬁ%cﬁ‘ﬁ&?&m%@e&ﬁ&ﬂ?ﬁc%oﬁgmgﬁ;@%ﬂand

about 25.0 atnospheres. 24. The nethod of any one of clains 21 t

wher ei n aof the hgldwfentylatien afitavhdreiashe thinddrytirawarbot Stredim tomapfisas ey ditamc ar bon
streamin the {)i rst rq? tiion z uch t&r@t t.he, conve n level of the

par af £9 nsaht 89 error @é’??%ﬁﬁ%%? il F%@%ﬁﬂi;l%&eThe met hod of

‘any one Ofxy&hﬁ:ing?laa&n%ﬂtzdﬂ further conprising introducing at least a
portion of” the rst hydrocarbon streamexiting the first reaction zone into

a heat exthaigenethod\biangione bfielainenl toels; fartige comprisiogf | gured to renove heat
froma portion of the first 20 hydrocarbon stream before it enters the

second r eact i §FPSYHE alippaticalephels from thy hygagfogpydation weagtiongstreamytg ppostuciyner ei n

t he secon ' ' - out 200
¢ to abouft RS PR shikalRR e sl fod STRERCAEARNBRAEARAT B0
seconds reagd,i on zone i s operated at a hydrocarbon partial pressure of from
about 0.1 atnosphere to about 10 atnospheres. 25 28. The_nethod of any one

of claims 1 tolrpduGipgpidesst & RErtiveinf theagrerans and Taresried dlsfinsyircagrinte thenpr i ses
a Stackedd&%ﬂro%%ﬂo%%&orﬁ%aﬁ&y{lgﬁ.l on, wherein the stacked bed conprises a

18. The method of claim 17, wherein introducing at least a pbrtion of the paraffins and
unreacted olefins stream into the dehydrogenation-isomerization unit comprises: combining

-+ 20 af least a portion of the paraffins and unreacted olefins stream with at least a portion of the
first hydrocarbon stream to produce a combined stream upstream of the dehydrogenétion—
isomerization umit; and introducing at least a portion of the coi:nbined stream into the
dehydrogenation-isomerization unit.
19, The method of any one of claims 1 to 18, wherein the dehydrogenation-isometization

25  unit comprises a dehydrogenation-isomerization catalyst configured to catalyze both

dehydrogenation reactions and isomerization reactions in the dehydrogenation-
isomerization unit.
20. The method of claim 19, the catalyst comprising a hydrogen form of a zeolite having a
ferrierite isotypic framework structure, a binder, a coke-oxidizing compound, and a paraffin

30  dehydrogenation-promoting compound
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dehydr ogenati on catal yst and an isonerization catalyst. 29. The nsth d of
any one of clainms 1 to 28, further conprising introducing hydrog(]e AN BV t he
first hydrocarbon stream 30 56 1 5 JAN 2007 30. The nethod of any one of
clains 1 PWO®PO¥t her conprising: forning a hydrof or mPCAYBM4(08408¢ i on
stream wherein the hydrofornylation stream conprises at |east a portion of
t he unreacted hydrocarbons fromthe second hydrocarbon streamand at a

portion okt ' k I o - LT : t a
portion O?H?@“ﬁ%@?@? g%lr?ﬁdaeﬁ%gin rsegct‘??g’(r}b%ﬁﬁe}gl?ne ?%y%%ggﬁ%{obg%ﬁén]céaﬁgﬁcohol
product sufit@6mprisksa phaakfyfofasnanwhereircthe phdality of zames sbmpeisss a¥irst rEik@iodet hod
of any one of clains 1 to 29, further conprising: introduci ng at |least a

portion ofonends sseerdagactionzrae.i veheagin drrolisst jeagtionzone 15 qontigareddei t . wherei n

t he sul f aty nif, i fiaur f a . rtion of the

al i phat i Cﬁg&%ﬁtﬁ%&ﬁsﬁ%@) 0 Etg}%a&ﬂ)ﬁk%pﬁ %‘!Ofgélgnus { %%4 \ggéglgﬁﬂgg%g?‘gfeﬁc%?n | east a
porti of okoddie cohfigubed ioGsoimérizatag Feabt OsbirE Gl o CIRNERF bisEndioiaheEd ofekind dnhat i C
sul fates. 32. The nethod of any one of clainms 1 to 29, further conprising

i nt r oduci mdperein &tdeast a portion of thermmasactedeomponenteaf the fipti yiwcatbonbinéasn amt 0 an

oxyal kyl atjon unit rein.the .oxyal kyl ation uni.t is.canfiqgured to
oxyal kyl agbioa pattion'd Beoprdrels of & e Shaion | icohie s rstiedbie s
oxyal kyl alealal&ocbSl SteAnAt | €ast a portion of the oxyal kyl al cohols
produced conprises branched oxyal kyl al cohols. C) 57

22, The method of claim 21, wherein the first reaction zone is operated at a temperature of
B 10 between about 300 °C and about 600 °C, particularly at a temuperature of between about 450
o °C and about 550 °C.
23. The method of claim 21, wherein the first reaction zone is operated at a total reaction
pressure between about 0.01 atmospheres and about 25.0 atmospheres.
24. The method of any one of claims 21 to 23, wherein a residence time of at least a portion
15  of the first hydrocarbon stream in the first reaction zone is such that the conversion level of
the paraffins to olefins is less than about 50 mole percent.
25. The method of any one of claims 21 to 24, further comprising introducing at least-a
portion of the first hydrocarbon stream exiting the first reaction zone into a heat exchanger,
wherein the heat exchanger is configured to remove heat from a portion of the first
20  hydrocarbon stream before it enters the éecond reaction zone.
) 26. The method of any one of claims 21 o 25, wherein the second reaction zone is operated
at a temperature range from about 200 °C to about 500 °C.
27. The method of any one of claims 21 to 26, wherein the second reaction zone is operated
at a hydrocarbon partial pressure of from about 0.1 atmosphere to about 10 atmospheres.
25  28. The method of any one of claims 1 to 27, wherein the dehydrogénation—isomerizaﬁon
unit comprises a stacked bed catalyst configuration, wherein the stacked bed comprises a
dehydrogenation catalyst and an isomerization catalyst.
29. The method of any one of claims 1 to 28, further comprising introducing hydrogen into
the first hydrocarbon stream.

30
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30. The method of any one of claims 1 to 29, further comprising: .
forming a hydroformylation reaction stream, wherein the hydroformylation stream
comprises at least a portion of the unreacted hydrocarbons from the second hydrocarbon
stream and at a portion of the produced aliphatic alcohols; and,
sepazating at least a portion of the hydroformylation reaction stream into an aliphatic
alcohol product stream and a paraffins and unreacted olefins stream. 7
31. The method of any one of claims 1 to 29, further comprising: introducing at least a
portion of the produced aliphatic alcohols into a sulfation unit, wherein the sulfation unit is
configured to sulfate at least a portion of the aliphatic alcohols to produce aliphatic
sulfates, and wherein at least a portion of the aliphatic sulfates produced comprise branched
aliphatic sulfates.
32. The method of any one of claims 1 to 29, further comprising introducing at least a

_ portion of the produced aliphatic alcohols into an oxyalkylation unit, wherein the

oxyalkylation unit is configured to oxyalkylate at least a portion of the aliphatic alcohols to
produce oxyalkyl alcohols, wherein at least a portion of the oxyalkyl alcohols prodnced
comprises branched oxyalkyl alcohols.
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