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Surfactants may be used in a variety of applications (e.g., detergents, soaps, oil recovery).

The structural 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

20  affected by the linearity of the alipbatic portion of the aliphatic alcohol. As fhe linearity of
the aliphatic portion increaées, 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

25  detergency of the aliphatic alcohol surfactant. Biodegradability, however, of the aliphatic
alcohol surfactants may be reduced if the branches in the aliphatic portion of the alcohol
surfactant include a high number of quaterary 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

30  surfactants while maintaining the biodegradability properties of the detergents.



The aliphatic portion of an aliphatic al cohol used to manufacture a
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“carbon number” refers to the total number of carbon atoms in a molecule. A process feed

20  stream entering a hydrogenation unit iﬁs derived, in some embodiments from a Fischer-

Tropsch process. |
In the hydrogenation unit at least a portion of the olefins in the feed stream may be

hydrogenated to form paraffins. The resulting paraffinic feed stream may be fed into a
dehydrogenation-isomerization umt At least a portion of the paraffins in the feed stream

25  may be dehydrogenated to form olefins. The dehydrogenation-isomerization unit may also
isomerize at least a portion of the resulting olefins and at least a portion of the olefins that
were already present in the feed stream. The olefins produced from the dehydrogenation-
isomerization unit may:be hydroformylated to produce aliphatic alcohols. At leasta
portion of the aliphatic alcohols may have a branched aliphatic structure.

30 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



i sonerized in the dehydrogenation-isonerization unit. An isonerization
process converts linear olefins (e.g., unbranched ol efins) into branched
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paraffins 1n the arbon strea r ogenat 0 Ins to
produce amsy bedghydrugendteditd slefind @fproduce bhaeanehdtted inbbffins. The earichedy be
pass ezdo | nélgfiz? Qtréa%)gx%; Ibé %Elslsgc? inztt()) ?hee' iS(I)mnertizr;x%on %one. 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 unreacted olefins stream may be
separated from the produced aliphatic alcohol products. The paraffins and unreacted
25  olefins stream may be recycled by directing at least a portion of the paraffins and unreacted
olefins stream back into the dehydrogenation-isomerization unit and/or into a stream
entering the dehydrogenation-isomerization unit.
In an embodiment, a dehydrogenation-isomerization unit may include a stacked bed
configuration. The stacked bed may include a catalyst for dehydrogenation and a catalyst
30  forisomerization of a hydrocarbon stream. At least a portion of the paraffins in the

hydrocarbon stream may be dehydrogenated to olefins to produce a stream enriched in

olefins. The enriched olefin stream may be passed into an isomernization zone. In the
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unit with a stacked bed catal yst configuration; 4
Brief Description of the Drawings

Advantages of the present invention will become apparent to those skilled in the art
with the benefit of the following detailed description of embodiments and upon reference
20 to the accompanying drawings, in which:
FIG. 1 depicts a schematic diagram of an embodiment of a system for producing
aliphatic alcohols using a hydrogenation unit and a dehydrogenation-isomerization unit;
FIG. 2 depicts a schematic diagram of an embodiment of a system for producing
branched aliphatic alcohols using a hydrogenation unit, a dehydrogenation-isomerization
25  unit and a separation unit to separate branched olefins from linear olefins and paraffins.
FIGS. 3 A-B depict schematic diagrams of embodiments of a system for producing
branched aliphatic alcohols using a hydrogenation unit and a two-zone dehydrogenation-
isomerization umit.
FIG. 3 depicts a schematic diagram of an embodiment of a system for producing
30  branched aliphatic alcohols using a hydrogenation unit and a dehydrogenation-

isomerization unit with a stacked bed catalyst configuration;
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linear olefins may increase the economic value of a Fischer-Tropsch process stream.

20 Surfactants derived from branched olefins may have different properties than
surfactants derived from linear olefins. For example, surfactants dertved from branched
olefins may have increased water solubility and/or improved detergency properties
compared to surfactants derived from linear olefins. Biodegradable properties of the
surfactant, however, may be affected by the presence of quaternary carbon atoms in the

25  branched portion of the surfactant. Surfactants made from branched olefins with a
minimum number of quaternary carbon atoms may have similar biodegradable properties to
surfactants derived from linear olefins. Production of branched olefins from a Fischer-
Tropsch process stream may increase the economic value of the stream. In some
embodiments, linear olefins may be converted into branched olefins with a minimum

30  number of quaternary carbon atoms using 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.
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form. In an embodiment, combinations of Mo, W and Group VIII compounds may be

20  formed as alloys. Combinations of Mo, W and Group VIII compounds may be formed, in
some embodiments, as oxides, carbides or other compounds. In other embodiments,
combinations of Mo, W and Group VIII compounds may be formed as salts. Iron based
and cobalt based catalysts have been used commercially as Fischer-Tropsch catalysts.
Ruthenium catalysts tend to favor the formation of high melting waxy species under high-

25  pressure conditions. Synthetic Fischer-Tropsch catalysts may include fused iron. In some
embodiments, a fused iron Fischer-Tropsch catalyst may include a promoter (e.g.,
potassium or oxides on a silica support, alumina support or silica-alumina support). Cobalt
metal may also be used in a Fischer-Tropsch catalyst. With the proper selection of
supports, promoters and other metal combinations, a cobalt catalyst may be tuned to

30  manufacture a composition enriched in the desired hydrocarbon species. Other catalysts,

such as iron-cobalt alloy catalysts, are known for their selectivity toward the production of



6 olefins. Catal ysts and conbi nations for manufacture of hydrocarbon species
by a Fischer- Tropsch process are generally known. Wile reference is nade
to a Fischer-Tropsch stream any stream of olefins and saturated

hydr ocar bons nay be suitable. Many Fi scher-Tropsch streans nay contain from
5 5 percent to 80 percent olefins, the remainder being saturated
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and U. S. Patent E@I cation Serl al No. 10/153,955 of Ansorge et al.,
ent i t | edparpifize @8d othF coppROUMEEpar atl on of linear defins and Use Thereof To
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ol efins from gri%nf‘e eﬁlg&d?&gmaescr %CBH%I@QQJ‘H%?%%? dl\‘gar% 7@99:»1)2 40 Mason,
entitl edthré\igafwa&&@gfda ﬁfﬁﬂ%&lc@ﬂae oligdmeriztadrestiold¥ns. ?c&ﬁﬁe&ﬁﬂ oleFinMBson,
entitled "A'pha-d efin Production; S. Patent No. , 737,475 to Mason,

entl t | edprbAuqsthma@u@f:tumcddvso@thy:ltnmwgcmmza}l@ ar@amaemted\m the Loged Spatestly K st er

et onerization on. System"
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3,737,475 to Mason, entitled “Alpha-Olefin Production” and U.S. Patent No. 4,020,121 to
Kister et al., entitled “Oligomerization Reaction System.” Most of the above-mentioned

20  processes produce atpha-olefins. Higher linear internal olefins may be commercially
produced {(e.g., chlorination-dehydrochlorination of paraffins, paraffin dehydrogenation,
isomerization of alpha-olefins).

In an embodiment, a feed stream is processed to produce a hydrocarbon stream
that includes branched olefins. These branched olefins may be converted to branched

25  aliphatic alcohols using various techniques. The feed stream may have a paraffin
content range between 50 percent by weight to 90 percent by weight of the feed stream.
In certain embodiments, a feed stream may have a paraffin content greater than 90
percent by weight paraffins. The feed stream may also include olefins. The olefin
content of the feed stream may be between 10 percent by weight to 50 percent by

30 weight. In other embodiments, a feed stream may have an olefin content greater than

90 percent by weight olefins.



The conposition of the feed stream may include hydrocarbons having an
average carbon nunber ranging from4 to 30. In an enbodi nent, an average
carbon nunber of the hydrocarbons in a feed streamnmay range from4 to 24.

I n ot her enbodi nents, an average carbon nunber of the feed stream may range
from4 to 18. An average carbon nunber of 5 the hydrocarbons in a feed
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In which sgéa%?}n%( r&lbg%rfrgrg 7RE26 e CCQIan} Q‘ﬁbocﬁmems, an average carbon number of the

20 aliphatic alcohols in an alcohol product stream may range from 11 to 18. In some
embodiments, an average carbon number of aliphatic alcohols in an alcohol product stream
may range from 11 to 14. In other embodiments, an average carbon number of aliphatic
alcohols in an alcohol product stream may range from 15 to 18.

In certain embodiments, a first hydrocarbon stream may contain unwanted

25  compounds (e.g., oxygenates and dienes) that may reduce catalyst selectivity in processes
used to produce aliphatic alcohols. Removal of the unwanted compounds may be
performed by hydrogenation of the first hydrocarbon stream. Hydrogenation of the first
hydrocarbon stream, in certain embodiments, may produce a hydrocarbon stream that
includes greater than 90 percent paraffins. The hydrogenated hydrocarbon stream may be

30  dehydrogenated to produce an olefinic stream. The catalyst used in the dehydrogenation
process may control the position of the olefin double bond. In certain embodiments, an

olefinic hydrocarbon stream may include olefins in which greater than 70 percent of the



olefins are al pha-olefins of a linear carbon skeletal structure. In other
enbodi nents, an ol efinic hydrocarbon stream may i nclude ol efins in which 50
percent or nore of the olefin nolecules present nay be internal olefins. A
first hydrocarbon stream may be introduced into hydrogenation unit 110 via
first 5 conduit 112 as depicted for System 100, in FIG 1. The first

hydrocar BRfn$ ik e@Rald1&hitdRs limeheddriish ARRIN IR thieNIn ofr BYEsAGRAARL HON uni t
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range fr 10 at npspheres i,(1013 kPa 50 at nosphere 065, kPa).
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arrangenmgpt, (e.g., fluidized bed, noving bed, slurry phase bed or a fixed
bed). In certain enbodinents, a fixed bed arrangenent may be used. In a
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PCT/ US2004/ 034D8lkogenation processes may be carried out using any type of catalyst bed

arrangement {e.g., fluidized bed, moving bed, slurry phase bed or a fixed bed). In certain

embodiments, a fixed bed arrangement may be used. In a fixed bed system, hydrogen may
20 be supplied to the hydrogenation stage at a gas hourly space velocity in the range from 100

norma] liter gas/liter catalyst/hour (NL/L/hr) to 1000 NI/L/hr. In some embodiments,

hydrogen may be supplied at a gas hourly space velocity in the range from 250 NL/L/hr to

5000 NL/L/hr. “Gas space velocity as expressed in units of normal liter of gas/liter of

catalyst/hour,” as used herein, is the volume of a gas in liters at standard conditions of 0 °C
25  and 760 mm Hg.

Hydrogenation catalysts are generally known and are commercially available in a
large variety of compositions. In some embodiments, a hydrogenation catalyst may include
one or more metals from Groups VIB and VII of the periodic Table of the Elements. In
certain ernbodiments, metals may include, but are not limited to, molybdenum, tungsten,

30  cobalt, nickel, ruthenium, iridium, osmium, platinum and palladium. The hydrogenation

catalyst may include a refractory oxide or a silicate as a binder.



Hydr ogenati on reaction conditions and catal ysts are described in European
Patent No. O 583 836 to Eilers et al., entitled "Process For The Preparation
of Hydrocarbon Fuels;" European Patent No. O 668 342 to Filers et al.,
entitled "WOBPOYHITSAg Base QG| Preparation Process." HyBEBYSHA#DBA8Y eact i on
conditions and catal ysts are also described 5 in U S Patent No. 5, 371, 308
to Gosselink et al., entitled "Process For The Preparation O Lower
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process c Oﬂe\{‘gﬁﬁ & dehydrogenation-isomerization catalyst” may be one or more catalysts.

20 In certain embodiments, a dehydrogenation-isomerization unit may have several
points of entry to accommodate different process streams. The process streams may be
from other processing units and/or storage units. Examples of process streams include, but
are not limited to, a diluent hydrocarbon stream, and/or other hydrocarbon streams that
include olefins and paraffins derived from other processes. As used herein, “entry into the

25  dehydrogenation-isomerization unit” refers to entry of process streams into the
dehydrogenation-isomerization unit through one or more entry poinis.

A second hydrocarbon stream, including a mixture of olefins and paraffins, may be
introduced into dehydrogenation-isomerization unit 114 via second conduit 116. In
dehydrogenation-isomerization unit 114, at least a portion of the paraffins in the second

30  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 stream may

10



| inear olefins (i.e., unbranched olefins) into branched ol efins. The

catal yst used for the dehydrogenation-isonerization of the second
hydrocarbon stream nay be based on a zeolite catalyst nodified with one or
nore nmetals or netal 5 conpounds. The catal yst used in
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20  entrance, which exceeds the 7 A upper limit of the range. Zeolites possessing channel

diameters greater than 7 A may be susceptible to undesirable olefin by-products (e.g.,
aromatization, oligomerization, alkylation, coking). In some embodiments, a zeolite may
not contain a channel having a free diameter along either of the x or y planes of greater than
4.2 A. A small channel size may prevent diffusion of the olefin into and/or out of the

25  channel pore once the olefin becomes branched. A zeolite may have at least one channel
with a free diameter of the channel within a range of greater than 4.2 A and less than 7 A.

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 when passing the olefin across the zeolite may not correspond to

30 the theoretical rate of branching if each olefin molecule were to pass through the channels.
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

11



in a hydrocarbon stream may predom nately have a structure which is branched
at the ends of the olefin carbon backbone, and substantially |inear towards
the center of the nolecule, (e.g., at |east 25 percent of the carbons at
the center are unbranched). 5 In certain enbodinents, a zeolite catal yst
structure may contain channels having free dianeters greater than 4.2 A and
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ferrierite, heulandl te an stli’blte may fedature’ a dne-dinmensional pore
structure w t Bxanples ef iolites atithoa ctahngisideyfrosmal2l Atto 7l0ak irtl®eAnoleculdi anmet er .
U S. Patent No. 4,795,623 to Evans, entitled "Tine Effective 25 Mt hod For

9 3 led "T
Prepari n@e‘ﬁérﬁepéf‘rqt?’e*fpé?féltﬁgoﬁét’ SAPOL. SAROLA 1 0B-%, N G U-23 45M ed
" Met hod ' N " i i i t I
re0l 1t es b E D r T TN 35 S b ZN S SRy P SO RS IO L O et e
to zeol i MRAPE-8N MesPOeH Mg ARSO AN aNRBAIPSELZE Snd WMdATPBY.4NgVMRAPRSSHE ] at ed

al kali nmetal or alkaline earth netal b eneral ly known nethods (e.g.,
anmoni unELAHOBDLeBLMQé,Eb@POﬁaWHSdH g\ﬂdﬁlbiloéél ahBLABRO-4l yield a
T S R TR e
di anet er of B KARE AR BRHTE MBe isBAHI @uctuled MPR2ABRORAEAForRS HndRa e 034081
other names, may be considered equivalent. Zeolite framework is described by Flanigen et
20 al; in "Aluminophosphate Molecular Sieves and the Periodic Table," New Developments
in Zeolite Science Technology, 1986, Kodansha Ltd., Tokyo, Japan.
Many natural zeolites such as ferrierite, heulandite and stilbite may feature
a one-dimensional pore structure with a pore size at or slightly smaller than 4.2 A
in diameter. U.S, Patent No. 4,795,623 to Evans, entitled “Time Effective
25  Method For Preparing Ferrierite” and U.S. Patent No. 4,942,027 to Evans,
entitled “Method for 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 (e.g., ammonium ion
30  exchange, optionally followed by calcination, to yield a zeolite in substantially a
hydrogen form). Replacing the associated alkali or alkaline earth metal with the

hydrogen form may enlarge the channel diameter. In some embodiments, natural
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zeolites (e.g., sonme fornms of nordenite) may have a channel size greater
than 7 A. The channel size may be reduced by substituting an al kali netal
for larger ions (e.g., a larger alkaline earth netal). In certain

embodi nentWO 2¢H137158s may have a ferrierite isotypic (or PGBMS204034651 5 °
framework structure. The prom nent structural features of ferrierite found
by x-ray crystallography may be parallel channels in the alumno-silicate

f ranevor k., Jje, ng.aédrﬁé forﬁ?g)?fﬁgégﬁfe?g?%’m HSvetnghad: gfzie gféateﬁ HRRS ge%iapn-

Zeol ites having ferrieri ramewor k structure are ‘described in

Eur opean Ratgidl siXe mayherdfuce@ bpedishtitutizig anlalkatiendthltfo£rger 'icZﬁQé.E.t, 8%irgerand
European Patent No. 103 981 to Wiittam entitled "Zeolites." Zeolites ( 10
havi ng a fadkalingeprtlemetad} ypi ¢ framework are al so described in U'S. Patent No.

4,016, 245 t (2] et | . U.S. Patent . 4 578,259 t Moy i to.et .,
entitled " P(r)ocetgg_nelé—%'f‘e eﬁﬁ’é’ﬂﬁ?‘?% Ze%‘%@re’g@( E%eiarfs"mﬁﬁ%%ﬁ{e&%n%fﬁm t?ed
"Crystald 'ﬂﬂﬁne%@&kls&ﬁct&&ﬁ TRURincht &f&ﬂéﬂ'@&]re?@f‘ﬁé%%?gfd&nim&@%gm No.

4,375,573 to Young et al., entitled "Selective Pro I on action of

P- Di subst icrystalbgraphyadyde favadlc] demhels én #SMubfing-silicaterfranevesth.oTheparhllela
hydr ogen ;grm f ferrierite (Hferrieri te% maybe considered to . be
subst ant i hpgnel@ay havsa Ghptical propesection.i £eoliggs\havinga fprieats isptyPignni ng

channel s. ri.erlie . Lo t hat, Jhave.,fr

i anet er s e Rbl YRR bR T E NGRS Mgl 65Giedh, e
channel s me¢bgtek;ar28@ BaRspéan Phtent196.M08 93146 Wibfiard, entillB@eZedh@1 Dodltds

di ffusion out of or through the channel of the nethyl branched isoolefin. 20

The cHanndiagingsa/fetréergerisotypribugéwerts aretlse descibas indF-FeRatent NaveiR 6345 tor

preparing ..,various ferri i r.i bed i U.S ,Patent 5, 985, 238
o PasquarRiadh ea's U5, fent B’ 452805 BEVRhimoRy el o sPracens o Prebiring
Pat ent .No.p @r%?é!ﬂiﬂgglﬁxﬁjnuﬁﬁ@ﬁe;e tenBfled “@lg'gthﬁihé HeolitE %ﬁqﬁéﬂlF@ Qf Fp%aﬁﬁg paration
O Ferrierite: U S. Patent No. 4,795,623 to Evans, entitle I e

Ef f ecti ve Sdeidiatd RS, Pategd¥a. Fig’i?Eé?BiteMomg ctaabdentitlsd “Baleetine Modudtiof4nd27 t o
Evans, 25 entitled "Nethqod for Preparing Ferrierite " In certain

enbodi ment&eacionyg wlé‘ﬁﬁﬁﬁlﬂt@qﬂ%ﬁﬂ@’é@‘gﬁeé%#@;t may be conbined with
a refractory ox - V, ' Era i e @l S I - ry
oxXi desl%i ncl ude?(fn%gtf aﬁhelﬁﬁ{(%’tf?}l’%é%%ﬁ%%g?%a urgmg%%lﬁg%?gﬁg.b,% Cé’ggr% %%? foe,
nont nor i | 1@ubsantdifyadiie dinkgsiorn dH-featdriténay BhvyPabdle]l Sinnipchafindld. G- al um na,
hydrated alumna, titania, zirconia or mxtures 30 thereof. Exagg | es of

al umi na bifeudesterragy havelellsicalnhanagisthabhaveifie diametes op43ukibp ddnivalong thyamma
and bayeri{ &) BiESe3 mtodT) V2w AR Uit B may oS RIS L 10pedhft enfP bFa (& 9

linear olefin and diffusion out of or through the channel of the methyl branched isoolefin.

20  The channels may be small enough to retard coke formation. Methods for preparing
various H-ferrierite are described in U.S. Patent No. 5,985,238 to Pasquale et al., entitled
“Process For Preparing Ferrierite;” U.S. Patent No. 4,251,499 to Nanne et al., entitled
“Process For The Preparation Of Ferrierite;” 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,

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

30 thereof.

Examples of alumina binders may include, but are not limited to, pseudoboehmite,

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

13



LaRoche Chem cal s manufactures VERSAL(r) alum nas and Sasol manufactures
CATAPAL(r) alum nas). In an enbodi nent, high-dispersity alum na powders may
be used as alum na binders when extrusion is utilized for catalyst
preparation. Hi gh-dispersity alum na powlers nmay have a di spersity of
greater than 50 percent in an aqueous acid 5 dispersion having an acid

cont ent (Pl hoh i hval i ] of powder.
Such hi giearaS et PnFAL G PERSALR AEhtet 2TFRMSLIRRHRERRT ol um na

manuf act @AKARYI Sadwrhinad). Ue kg lembodiment,difi ghzdiopdrtiey dlombnianstevderpiey baliseday
range from10:90 to 99.5:0.5. In,  sone enbodi nents, a weight ratio may range
from 75: 25alugungobinder whep gElrasiorigditiviesd for catalystpraparaan. rBighglisersigol ite to

bi nder N : ; t.ai i.pents, a

vel gnt 1 SRFEnEpo R RS9 | AER el bifndlinm 50 PeERtif o] AHRISACRC 5. S o
an anhyddagsrsasiasinglan eRY doatdnt 6NPAGhiMBRES eqai vARAKHTABRN@Ed RN péiSBAmIJf zat i on
catal yst may be prepared w th one or nore nonocarboxylic acids and/or

i nor gani powdérdsSuch highddisparsty aleminas iy bewreroplifvakyy CATARAIGY alumingani ¢
acids, at |east ocge gr ?ni c acid with at least two carboxylic acid groups
(" pol ycar‘ll?él%f}ﬁ‘-‘ée Y "“S?"rray be used. Mnocarboxylic acids may have a

subst ] 1 uted ory WRsNDAL LA EYCHRRE Rk ARSREDN 1h4e3P £ASDEp atom.

The hydrocar by roup may phatic, cyclic aronat1 C. es of

nmonocar b@xmk iesbaginsimts, B @i ¢hg rdtid Bay in@@ Foa17 552 DESY: NCllstBer dimtbodahentsal
limted to, acetic acid, formc acid, 20 propionic acid, butyric acid,
capr dPc aight rgioeizephtede binder meterial may srnge femoB2® e 98:2 c Innedrigin
hydr oxycy

e

A e e S T I e T

nitric agh@phphesyheisi c acid, sulfuric acid and hydrochloric acid. The
pol ycarboxylic acid may, in certain enbodi ments, be an organic acid with two
25 or nore caflboxydin embedithegtsoadehyiroges ttan-isbmotization catalysbmay &e prapatednd

i nk ta hyd b t., The, link . ti f th
0K Ly OSSR RSP L AR T, T Tl BT o0 O (e
W th 5SSl R RALRMR il 0Rc ol « INCIQERERAN REOURAL: [EY BB ol [phatic,

cycli'¢ or aronati e hydPocarbon segnen ave zero carbon atons for

oxal i ¢ achatbowylidadidvBroups b\?w)cmoﬁﬂicﬂhcgr'@uﬁy batutal hddnbddaruighic 361ds hRy
car bon-carbon bond. Exanples of the polycarboxylic acids include, but are
not |imi thede apebstitried errynsubditeied Bydrpeasbd @renp haying! wodQcarbmmttpmsadhe, adi pic

ol AR5 IR s o P SRR BRI
having 1 to 20 carbon atoms include, but are not limited to, acetic acid, formic acid,

20  propionic acid, butyric acid, caproic acid, glycolic acid, lactic acid, hydroxylbutyric acid,
hydroxycyclopentanoic acid, salicylic acid, mandelic acid, benzoic acid and fatty acids.
Examples of inorganic acids include, but are not limited to, nitric acid, phosphoric acid,
sulfuric acid and hydrochloric acid.

The polycarboxylic acid may, in certain embodiments, be an organic acid with two

25 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
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

30  the carbon-carbon bond. Examples of the polycarboxylic acids include, but are not limited
to, tartaric acid, citric acid, malic acid, oxalic acid, adipic acid, malonic acid, galactaric

acid, 1,2-cyciopentane dicarboxylic acid, maleic acid, fumaric acid, itaconic acid, phthalic
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14 acid, terephthalic acid, phenylnmalonic acid, hydroxyphthalic acid,

di hydroxyfumaric acid, tricarballylic acid, benzene-1,3,5-tricarboxylic
acid, isocitric acid, mucic acid and glucaric acid. The pol ycarboxylic
acids may be any isomers of the above acids. In sone enbodi nents, the

pol ycarboxylic acids may be any stereoi soners of the above acids In an 5

enbodi ne roups
ond at 1 ey BRPKEACS. pfenGmidionithdil, B Spihah S EARA e AL i) OHE
tartari ctéwarishlighiclacid) benzee 43 fatyichox yikedidsopiotiy add baxsit laczdam'ﬂ@s;cah@t al's

i ncorporated_into a dehydrogenation-isonerization catalyst nmay be netal s
that profgitle @ﬁ@omwwlwﬁ%s TREKee 3y lﬁwfﬁ)%@éﬁéév%@“&qlgéﬁmﬁt a
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and/ 0§ hiegipeain®At q:@l)lc%oi%r 198 8844 RitH at [eBR R cAVbHAR)acidrol ?@@hmllﬁlstﬂonc ‘coke”
refers to a product fromthermal degradation of larger ecules into

smal | er hyddosyligresp arvkised. sintapentiodimnérg, dedeyadido tpetasit iacid-dndonadici aat ineynbe
catal yst may be transiti on and 15 rare earth netals. Coke
oxi dat i NS¢t BrRUCALPOREEGREAS. nclude, but are not linited to, Groups IB, VB,

VIB, VIIB, Vi [ ] Wololl and/ or
conbi nati ons ft eetfﬂféoric%?qc{r]é%@ gia;ﬁglé%B@ naﬁ&{ 138ﬁ1|§§fzat}:§{ﬁeca%ﬁ§§t %ga'ngg Cr
and/ or  cedrprdiadte ditsoxi RToaQSt coRy inbe pﬁ:@dmcb Bf bXigen at a temperature greater than

dehydr ogenati on-i soneri zation catalyst. In other enbodi nents, netals oxides

such 1as, 250Crot the dnhvé@gmmnoomf@mﬁbm dMetdlishi apnseddierainptters Ronetelsaf s, or
m xt ures thereqf u as_ coke-oxi dj zi,n oun t he catal yst. An
Aount - oft BT 11t P AT REr DS (i s TH OS0) A VEERRem oot} U
to 15 pergcenb yrMBiaGhbduct frofthbdhdl BB ARA S reroRENL O imARy 2l may
range fro ageﬁ rppﬁ%gqjgo up():er((:)ent @;’/ \/veggﬁa'?J I'n s%?re %nbod:?men%rg an anmount of
nmetal maynslesugs. from S ppmto 5 percent by weight. 25 Noble netals (e.g.,

pl ati num and/ or pall adium may be used in snaller amounts of netals than

ot hgr hm::t al's M%té}t%‘é?cblt“ébe ﬁ%h)@:@geg@tmq SRMHEAtieR ceﬁah@bmay be fapgidomendal s, " as
o | ureeiepft gt CoRtcorntitcR b it s 8Bk b ARy BlaBte b mmt e o

an anoung vis VoR| eIBEVAL b6the TRYisifioh gk td] &8s Df BRIPdrRd % PAIIE 8Rb/oPY Wei ght,

basis metal, 30 of the final catal yst. In sone enbodi nents, an anount of
nobl e rretcatr(ns)atmmg/thnmgeln dertaim ﬁntmdnmtrﬁs FAOBL, phnCo Pdsi &gn@t aid/orof the final

catalyst . |9 other, enbodi opats, AN, IBURY, of nobl e metal (<) T gnge from
embodiments, metals oxides such as, but not limited to, chrome oxide, iron oxide, noble

20 metals, or mixtures thereof may be used as coke-oxidizing compounds in the catalyst.

An amount of the metal introduced may range from 5 parts per million ("ppm"} up
to 15 percent by weight. In certain embodiments, an amount of metal may range from 5
ppm to 10 percent by weight. In some embodiments, an amount of metal may range from 5
ppm to 5 percent by weight.

25 Noble metals (e.g., platinum and/or palladium) may be used in smaller
amounts of 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 metal(s) may range from 5 ppm to 2 percent by weight, basis metal,

30 of the final catalyst. In some embodiments, an amount of noble metal(s) may range
from 5 ppm to 1000 ppm, basis metal, of the final catalyst. In other embodiments, an

amount of noble metal(s) may range from 5 ppm to 3000 ppm, basis metal, of the
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15 final catalyst. An anmount of noble netal (s) used in a

dehydrogenati on-i soneri zation catalyst nmay, in certain enbodi nents, range
from5 ppmto 2000 ppm by weight, basis netal, of the final catalyst. An
anount of noble netal (s) sufficient to pronote regeneration wthout
deteriorating the performance of the catalyst may be in the 5 range from 30

ppm to 18Q.peitalyH gﬂﬁranﬁﬂ%'ﬁf fo8fe RE@IGENRIAAY Bh v derdtiHMi{SinSizatiogr €at er
than 2% by weight) may have an adverse effect on the catalyst (e.g., run

life, otsblyst mgnmcezemm amb@dimmt‘s yrang@fmm b wiptyda 2000 ppmdnbedighent ,

eolite powder e | ed ith wat er
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citric acid or m xtures ereo opt1 onal
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hydr oxypropyl mnethyl cel | ul ose, manufactured by The Dow Chem cal 20 Conpany)
may BE ubefermed intpepellg fratalyes Pﬁ@ﬁfﬁﬂiﬂwwlh&s aiamgléne shpprigeolgliber i ned by

routine ?M&%Eﬁ? e@:&{]%aﬁ& Redda st?gl%lggl%hlb i gi‘%&h&?&?'ﬂ Prﬁ“fnﬂ|1m§The term

"pellets, erein ny s orm o consol' I ¢at ed

materi al gs uéerd mﬁﬁﬁ areirermbﬂﬁtmgedsﬂmwdarsrto Wl'@c‘ff@ltfﬁd:lelﬁitw:heﬁ&s Peat hddemt@nd/ or
pal  adium may be added to the zeolitic catalyst after pelletization. Conmon

met al i néempathaek pasteandivhisein2ie mird0g istagcarnpangedsiry ¢qn@dnmtnnttsrhearmgof(ﬂec g.,

|rrpregnat|on nobl e .net a exchan d.c

ot oduce 5 PREPeCarLY failsE Ry fers Fehan g agena o MeuFEidile Sirven°
par af,£i ng Nignaddiy doike@f noble netals to the catalyst may aid in the
dehydr ogenation redction of paraffins. Pellets containing noble netals may

be cal ci ned atTha pellenmey it foteed,an gemé embodbnts, bpextiida. One eandei n
enbodi nents, a cal cination 30 tenperature nmay range from 300C to 600 C. In
some enbEPHERE &1 &e&améﬁ%&uicﬂ@enq Y SiEE agid wxmwéempﬂmim addegtos25 C.

16 the mixture and optional extrusion aids such as cellulose derivatives (e.g.,

METHOCEL®F4M, hydroxypropyl methylcellulose, manufactured by The Dow Chemical

20 Company) may be utilized. The amounts of peptizing acid used may be determined by
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 pailadium 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
temperature range from 250 °C to 700 °C. In certain embodiments, a calcination

30 ternperature may range from 300°C to 600 °C. In some embodiments, a calcination

temperature may range from 450 °C to 525 °C.
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The dehydrogenati on-isonerization catal yst may be contacted with the second
hydr ocarbon stream in dehydrogenation-isonerization unit 114 under a variety
of conditions to dehydrogenate at |east a portion of the paraffins to
olefins and isonmerize at |least a portion of the resulting olefins. In
dehydrogenation 5 isomerization unit 114, reaction tenperatures may range

from 300 C t oThEQeHydrBgeh RAMLisBetOINES 8ty s R ATDO i (fBRE SecdRY Tange
from350 Cto 550 C. A™ total pressure of dehydiogenation-isonerization unit

114 duri hydioherbogastrepmninrdehydragegetiér-tron@erxb0ontumishfermder b kdPYy v 25. 0

at nospheres,.(.2534 kPa). | nmodi t, total,. . f
dehydlroogéﬂ%ql§'8ﬂ§ f%g"r@rdi“i%ﬁq’ia%atﬁﬁtoaléo?ﬁgﬁPifﬁ& E??'Fg%fﬂrgsrrr%z gf‘%&%n%y range from
0.010 at W&reeat(léﬁskg?%rﬁ@n oPt %gﬂgggfb%fﬁﬁ (I%%@xggi@enatibﬁ'— ot her

enbodi ments, a tot ssure o ogenati on- 1 ization unit 114

duri ng t h@nicehationminiell 4, aegeiohrtenipératised sdyenegé G BFAPCle 7900Cat yospher es
(507 kPa). In order to prevent coking, hydrogen may be fed together with
t he secofEctinydedpenabin, Bt saehembdimgén myasraagd fan 360i°Rstopt®sént Ai n t he

second hydrpcar baon tream be fed at a hydrogen s to paraffin nolar
ot o i n ACOEAREE of AsHi S ReRATohgemeRZadin Bril I LAGHEMARE st kR b gen gas
to paraf f} eff?élﬂfo.ﬁﬁfh&né@}ﬁeﬁe(l' KpdHhe Zsf@ﬁ%sﬁﬁ% b4 iPa) Resipdence tine in
dehydrogenati on-i sonerization unit 114 may be sel ected such that conversion

| evel of etrbedpacEf fitoral presoirefaf mshpdny gbmatiomptsobneriaati d unitl 16 4pdrrognthe | N an

20 enbodi nent, a conversion |evel ranges fromb5 | e percent to 30 nole
per cafit . TERFUIRBERPHERNER & A UsatEIPsPRYrE (1 Ko7 115 &%&Phﬂﬁg(kﬁﬁgﬁ%i ene

format | o, 80ths QoL AELONs (SSRGS br BB, GG Rlo Z6ferhGl] Inf qyer of on

may be increase rying t reaction ons (e. enper at ur e,

r esi denceuting®he asaction gnAHsradiel Eroneactinosphere (E kRS t0\8.0 acaeqphebdse(so7m t s.
A efins produced in dehydrogenation-isonerization unit 114 may have a 25

hi gher défebelroprdsr tmpteivant eiang.chysaesemf nay peded tagethns with the second

dehydr og n?ti on- | sc%rreri zatiion unit. 1t oul d be .ur}ﬂer st ood t hat hhe
concentrgﬁ‘ty AN EAThs BPE?&SB@&S\?PQPHEE B BEER%: o -“F%%}?gﬁ’h’ 8¢3T8R" uni t
114 nmy Q?reﬁm%éyege?éﬁéthﬁh;{/dl%ééﬁ?gmﬁlﬁﬁaﬁ%blé?,rthH‘il‘?fthé)}a%fgb@ﬁqrﬁ'@dl to
paraffins at the reaction tenperature. The conditions for olefin

i soner i za0. dn cdethinderobediatenos) -a Isyolreganzgasito pataffi nnmaylab eatt@ ntaydel iadhsuch t hat
t he nunber of carbon 30 atons in the olefins prior to and subsequent to the
i somer i zAR&HTeBNLI® 1@ns i s substantiall y the sane. 17 Branched ol efins

produced in deﬂg%reg&eur}%é %noﬁ'éhiyﬁf?)rggﬁgtﬁ)ﬁzigtﬁger}ﬂ{ign Enjﬂli' 1 W}é}a&%%lsglg&ed such

that conversion level of the paraffins to olefins may be kept below 40 mole percent. In an

20 embodiment, a 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 114 may have a

25 higher degree of branching than a paraffin feed to the dehydrogenation-isomerization unit.
It should be understood that the concentration of olefins produced via dehydrogenation-
isomerization unit 114 may be limited by the thermodynamic equilibrium of olefins and
paraffins at the reaction temperature. The conditions for olefin isomerization
dehydrogenation-isomerization 114 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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met hyl , ethyl and/or |onger carbon chain branches. Hydrogen Nucl ear Magnetic
Resonance ('H NVR) analysis of the isonerized ol efin conposition nay be
performed. Branched olefins nmay include quaternary and/or tertiary

al i phatic carbons. In certain enbodi nents, 5 an anount of quaternary

al i phatic carbons produced in a dehydrogenation-isonerization unit may be
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ethyl branches, if present, nmay be between 0.1 percent 25 and 2 percent of

t he t ot anumbabef buinchesaparirdelin Brelaate prasehien thhdmamhietydlefon cemipphitioni f
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nunber o atli c quaternary car at ons prese I's l'ess per cent

of the cafbedhchinyim (B0 ppodsehtay Feoforafledant datolling phoceds bbadlaghadadi | ity
is inportant, the nunber of aliphatic quaternary carbon atons nmay be |ess
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may represent between 20 percent to 99 percent of the total number of branches

20 present in the olefin molecules. In some embodiments, methyl branches may
represent greater than 50 percent of the total number of branches in the olefin
molecules. The number of ethy] branches in the olefin molecules may represent, in
certain embodiments, less than 30 percent of the total number of branches. In other
embodiments, a number of ethyl branches, if present, may be between 0.1 percent

25 and 2 percent of the total number of branches. Branches other than methy! or ethyl,
if present, may be less than 10 percent of the total number of branches.

Aliphatic quaternary carbon atoms present in the branched olefin composition may
be less than 2 percent of the carbon atoms present. In an embodiment, a number of
aliphatic quaternary carbon atoms present is less than I percent of the carbon atoms

30  present. For applications in which biodegradability is important, the number of aliphatic
quaternary carbon atoms may be less than 0.5 percent of the carbon atoms present. In an

embodiment, a number of aliphatic quaternary carbon atoms is less than 0.3 percent of the
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atons present in the branched ol efin conposition is between 0.01 percent and
0.3 percent of the aliphatic carbon atons present. A third hydrocarbon
stream may exit dehydrogenation-isonerization unit 114 and 5 be transferred
to other processing units (e.g., a hydrofornylation unit, separation units,
an alkylation units) via third conduit 118. At |east a portion of the third
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Referring to FIG 2, a third hydrocarbon stream nmay exit dehydrogenati on- 20
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desorption (e.g., solvent desorption) of at |least a portion of the branched
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t he nol ecul ar si eves y. produce at . |least_two streans (e.g., a _branched
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separation unit 122 maé range from 100 Cto 400 T. In some enbodi nents,
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Sebarat o0 bR BRS, SHANE BB B3R Syttt o
20 isomerization unit 114 and enter separation unit 122 via separation conduit 124.
Separation unit 122 may produce at least two streams, a branched olefins stream and a
linear olefins and paraffins stream. In separation unit 122, the third hydrocarbon stream
may be contacted with organic and/or inorganic molecular sieves {€.g., zeolite or urea) with
the correct pore size for branched olefins and/or linear olefins and paraffins. Subsequent
25  desorption (e.g., solvent desorption) of at least a portion of the branched olefins and/or at
least a portion of the linear olefins and paraffins from the molecular sieves may produce at
least two streams (e.g., a branched olefins stream and a linear olefins and paraffins stream).
Separation unit 122 may include a fixed bed containing adsorbent for separation of
the third hydrocarbon stream to produce a branched olefin and paraffins stream and a linear
30  olefins and paraffins stream. Separation temperatures in separation unit 122 may range
from 100 °C to 400 °C. In some embodiments, separation temperatures may range from

180 °C to 380 °C. Separation in separation unit 122 may be conducted at a pressure
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a pretreatnent of a third hydrocarbon stream may be perforned to prevent
adsor bent poisoning. An exanple of an adsorption/desorption process is a
Mol ex process using Sorbex(r) separations technology (UOP process, UOP, Des
Plaines, IL). 5 Adsorption/desorption processes are described in U S. Patent
No. 6,225,518 to Sohn et al., entitled "Oefinic Hydrocarbon Separation

Process; . ‘ r . i o Zeolite
Conposi tﬁaggggégﬁ?ﬁug@?shp%egzi%%ﬁqggg%pﬂér at i néggs (ejlrllghljg)lsln Iggl?lté:r?%ﬂb%gllmeng%?zm, 246
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of a braNeohea Qleffid.’hs stream may exit separation unit 122 20 and be
introduced into third conduit 118 via branched ol efins conduit 128. In other

enboth nent s, At lgagagrorion el the SRerolefingand prraifing stepmanay bepspagiedto; ¢

separat i j : j dy.dj Lot r tion
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dehydr ogafiéd iolfins hﬁ@gﬁﬁffmtsirem witytbeaspehbireideari thyhe fétdiydydcatbontredih in 120 Vi a
third conduit 118. 25 Hydrofornylation unit 120 may have several points of

entry t ofist conmdwiiddZerizlingay olefin and giaraffom eecy@e cordist BA6r ddescomidnadsstngaier ei n,
"streamentering jnto the h fornyl ati.an nit" .is defined as the entry of
or ocess. Siy EMFERydrPertelieh Kl o Wi uenoRt it 1 donrbiu e sreess b bt Eeent 1)
poi ngs. L 8feoRdls S Fdbnk! QRSSHmEhE CRIeal BREHSEd PitherRl Gurbth pldyBel ed {O,
addi tional” streans from dehydrogenation-isonerization unit 114, “a dil uent

hydr ocar brodd€:dsdireedyrintg gdsgamatibounntlb@r hydrocarbon streans that include
ol efins and paraffins derit\;&g from ot her processes. 20 WO, 2005/ 037753

PCT/ US2004/ 0326885t 3 praomohiisbeanchedielens pregeuaay beiranspaged ard piakirsdited to
al dehyde&heﬂn%%@n% sttearfls and/or stored on site via branched olefins conduit 128. In some

embodiments, at least a portion of a branched olefins stream may exit separation unit 122

20  and be introduced into third conduit 118 via branched olefins conduit 128. In other
embodiments, at least a portion of a branched olefins stream may exit separationlunit 122
and be introduced directly into a hydroformylation unit.

Referring to FIG. 1, the third hydrocarbon stream may exit dehydrogenation-
isomerization unit and enter hydroformylation unit 120 via third conduit 118.

25  Hydroformylation unit 120 may have several points of entry to accommodate entry of
additiona!l process streams. As used herein, “stream entering into the hydroformylation
unit” is defined as the entry of process streams into the hydroformylation unit through one
or more eniry points. Examples of such process streams include, but are not limited to,
additional streams from dehydrogenation-isomerization unit 114, a diluent hydrocarbon

30 stream, gases and/or other hydrocarbon streams that include olefins and paraffins derived

from other processes.
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conbi nati on thereof by reaction of at least a portion of the olefins with
carbon nonoxi de and hydrogen according to an Oxo process. As used herein,
an "Oxo process"” refers to the reaction of an olefin with carbon nonoxi de
and hydr ogW® 200543783 pr esence of a netal 5 catal yst (e.g. PCHUS94034088t al yst)
to produce an al cohol containing one nore car bon atom than the starti ng
olefin. In other hydrofornylation processes, a "nodified Oxo process” is

used. As used fQer ﬁyphow Sh PG s Qb s AeSRRvertdd Bk %}9“%8"’1&%&&{;0%55 t hat

uses a phosphine arsi ne or pyridine |gan alt or
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Po &l augrieaiton ot = YRl Bain B m%wﬁw@w&@ﬁ FECRogfa gl ant o,
3, 239, 570@&.955'@5 .gqbi &ibaﬁ'cataly@f)% HO@QCG ﬁyﬂeai‘o% lﬁ; Q?orgc%bﬂamm U.S.
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en,titled " droforrrzlll ation O 20 Oefins:" US. Patent No. 3,488,158 to
Slfaugho et tosflanghe enfitled iReaction Beiss by Catalyis Hoxdroformaylatien™; US.SatertNent No.
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entitled ﬁmwwsm@g@%ﬂﬁpfeﬁﬁﬂéﬂ doRANY Eﬂ{b@@iéﬁfson@'sem%mw S. Patent
No. 3,501,515 to Van | e , entitle Bi cyclic Heterocyclic

Tert eri ar §,2PhbEP o Staugblebilt, cﬁnﬂhb‘rﬁydrfifmmpylakmﬂ)f Olﬁ"nsu 13.S. Paitrtrifo.No.
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Pat ent Appétbﬁt&td: 0314&89%0 Wen Wikkle 26412 Q@atideat ‘I‘Sﬂlgd Sfd@b@t;ﬂﬁﬁofrﬁbﬂaﬁdﬁe()f

Preparatlon O AHg é Li near Al cohol 30 Conposition." Methods of al cohol
product i oRlefine T é&Pob@ cYingle Stage Hodrefermylation OEQisfins dgeticahaly,” Bae Hataat

A conol o Keehir a0 28 Vet g %‘*P‘%@%ﬁ”‘ Sk Lo Byt UBR SIS To 1051
Alcohols;” U.S. Patent No. 3,448,157 to Slaugh et al., entitled “Hydroformylation Of

20 Olefins;””> U.S. Patent No. 3,488,158 to Slaugh et al., entitled “Hydroformylation Of
Olefins;>> U.S. Patent No. 3,496,203 to Morris et al., entitled “Tertiary Organophosphine-
Cobalt-Carbonyl Complexes;” U.S. Patent No. 3,496,204 to Moris et al., entitled “Tertiary
Organophosphine-Cobalt-Carbonyl Complexes;” U.S. Patent No. 3,501,515 to Van Winkle

et al,, entifled “Bicyclic Heterocyclic Terteriary Phosphine-Cobalt-Carbonyl Complexes™;

25  U.S.Patent No. 3,527,818 to Mason et al., entitled “Oxo Alcohols Using Catalysts
Comprising Ditertiary Phosphines;” U.S. Patent Application Serial No. 10/075682, entitled
“A Process For Preparing A Branched Olefin, A Method Of Using The Branched Olefin
For Making A Surfactant, and a Surfactant ” and in U. S. Patent Application Serial No.
10/167209 entitled “Process for the Preparation Of A Highly Linear Alcohol

30  Composition.” Methods of alcohol production are also described by Othmer, in
“Encyclopedia of Chemical Technology” 2000, Fourth Edition; and by Wickson, in
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A hydrofornyl ation catal yst used in hydrofornylation unit 130 may include a
nmetal from Goup VIII of the Periodic Table. Exanples of Goups VIII netals
i ncl ude cobalt, 5 rhodium nickel, palladiumor platinum The Goup VIII

nmetal may be used as a conplex conpound. A conplex conpound may be a G oup
VIIl metal conmbined wwth a Iigand. Exanples of |igands include, but are not

Vil e ined vt ! mples of |igands include, but are
Examp! es PRy AR POr T PPERRR st B nflc e, e Y e s °T

cobal t hyskgiocar bonyl catal yst, cobalt-phosphine |igand catal yst,
r hodi um phosphine ligand to catalyst or conbinations thereof. In
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to the anmount of olefin to be hydrofornylated may vary. Typical nolar
rati 08 ofatalystairgembirgtionethergof.n t he third hydrocarbon stream may range from

1: 1000 to 10:1]. ati p.of b en 1:10 .and 5:1.may. be used in.certain
Srbodt ment o imuoloRstiinnnet 145 S dn et ihind o TRy oae S pap 48

hydr of or | j ke : i i [ ) di | uent
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desired cosambiomodEshopEration)thediguid smirlyesphee vehaditictemayobit inathe range of 011 t ed

to, alcohqgls, ethers, acetonitrile, sulfolane and Paraffins. Mono- al cohol
sel ecti vilt ited0&f . AYhencepsrating hydrofarmylation witd#0gs adatchgesespresrsiondimesnmy  be
achi eved j e} L ddition, olefin conversions to

e AR ORIl ol b
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percent by weiRghétionl tBmpERfiréd ifl hetRestniEiion, un@tl 120 haycANYEBhOIDN T @l Jgphat i ¢
al cohols nmay be greater than 75 percent 22 bée wei ght. In sone enbodi nents,
ol ef i n cdéfvdn sértamn embadimehtst fegctiinciemperaturesinidee hydsafosmylatinnun® 9anggngent by
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from 1 atmosphere (101 kPa) to 300 atmospheres (30398 kPa). In an embodiment, a

20 pressure from 20 (2027 kPa) to 150 atmospheres (15199 kPa) may be used. An amount of
catalyst relative to the amount of olefin to be hydroformylated may vary. Typical molar
ratios of catalyst to olefin in the third hydrocarbon stream may range from 1:1000 to 10:1.
A ratio of between 1:10 and 5:1 may be used in certain embodiments. In an embodiment, a
diluent stream may be added to hydroformylation unit 120 to control reaction conditions. |

25  The diluent stream may include solvents that do not interfere substantially with the desired
reaction. Examples of such solvents include, but are not limited to, alcohols, ethers,
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 120. In addition, olefin conversions to aliphatic

30  alcohols may range from 50 percent by weight to greater than 95 percent by weight. In

certain embodiments, olefin conversion to aliphatic alcohols may be greater than 75 percent
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stream may be achi eved by generally known nmethods. In an enbodi nent,
isolation of the 5 aliphatic alcohols includes subjecting the produced

al i phatic alcohols to a first distillation, a saponification, a water

washi ng treatnent and a second distillation. The hydrofornylation reaction
m xture stream may enter separator 130 via fourth conduit 132. In separator

130, ¢ heygral 8 BehothBNshRAR! bR BEAMS, 1 SEARITALOS, naybberted to 2

first di ation step (e.qg., ash distillatifon or a s
di stil | athan®P petcanelsy weightrbodi nent, a short path distillation nay be used to
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of tHe tembedimeatmarihprtpathcdistillatian siay bssedtopregucsrat kg tWoURsgamy, a bofiean t op

stream o) |.ec t r onificatio ocesses
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of the top streamw th the basic water |ayer nay be perforned during the
saponi f i daeitemstreeacmapincludeput &t nas himifedttheparaffins, snresatedfolefinstahnd algagdec wat er

| ayer may,.be perforped using known nethods. The top stream may be subjected
to a wat é‘}lg@%gﬁﬁcé’%g&o@éﬁar ation to remove any sodiumsalts present. The 3o

top §kream may, ?ﬁr@?ﬁ%ﬁ%eg 5&%513%343@9&5@%%%1@% $oBEIHRL RS StrddimEnr o

fractional dist two streanms, a crude al cohol
product sémeanamrudidi apdesttfsipnsentnid thauntreanc tSaponifiebtisrsmay be peaforAsedused
herein, "fractional distillation" refers to the distillation 23 of |iquids
and subséquasingche tarcttieam With ap aquepeniolgfon ofpuhygsoxdds Basgi(®1ad sediumoi | i ng

PO R RN e Bl e SRR IR 2 2 e
of fsite apshndficatiohhay be carried out by contacting the top stream with an aqueous 0.5 percent
"20 to 10 percent hydroxide base solution at a crude alcohol/water ratio of 10:1 to 1:1. The
amount of hydroxide base used may depend on an estimated amount of esters and acids
present.
Saponification of the top strearn may be carried out batch-wise or continuously.
The top stream may be subjected to one or more saponification processes. Saponification
25  reaction temperatures may be from 40 °C to 99 °C. In an embodiment, saponification
temperatures may range from 60 °C to 35 °C. Mixing of the top stream with the basic
water layer may be performed during the saponification reaction. Separation of the top
stream from the basic water layer may be performed using known methods. The top stream
may be subjected to a water wash after separation to remove any sodium salts present. The
30 top stream may be separated using generally known techniques (e.g., fractional distillation)
to produce at least two streams, a crude alcohol product stream and a paraffins and

unreacted olefins stream. As used herein, “fractional distillation” refers to the distillation
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In certain enbodi nents, a crude aliphatic al cohol product stream may contain
5 unwant ed by-products (e.g., al dehydes, hem -acetals). The by-products my
be renoved by subjecting the crude al cohol product streamto a

hydr of i ni shing treatnent step to produce an aliphatic alcohol product
stream "Hydrofinishing," as used herein, refers to a hydrogenation
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sul fates and oxyal kyl al.cohols. Aliphatic alcphols may have slightly higher
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enbodi nents, a nunber of quaternary carbon atons in the aliphatic al cohol

product r§eheis. The wenogsiiphatiesieahols/iugrodiphetugeghol peaduct siengmomay be n ot her
LR T M T S R T AR R
det er m neda product conduit 136,
20 The composition of an aliphatic alcohol product stream may include hydrocarbons
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. In certain embodiments, an average carbon number of the feed stream may range
from 10 to 13. In other embodiments, an average carbon number of the feed stream may
25 range from 14 to 17. In some embodiments, branched primary alcohol products may be
used as the precursor for the manufacture of anionic suifates, 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
30 branching may include methy! and/or ethyl branches. In other embodiments, aliphatic
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

24



by 1H NWR anal ysis. The nunber of quaternary carbon atons maybe determ ned
by 13C NMR A 13C NWR nethod for determ ning quaternary carbon atons for
branched 5 aliphatic alcohols is described in U S. Patent No. 6,150,322 to
Si ngl et on WO 2805/037%8ht i t 1 ed, "Hi ghly Branched Primary Al RGHES200934083i t i ons
and Bi odegradabl e Detergents Made Therefrom" In certain enbodinents, at

| east a portion of the paraffins and unreacted ol efins stream nay be
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conbined with the first hydrocarbon streamin conduit 112 via fifth conduit

138. The produdsi s eembined ssanm yiadtthopondyil 138 Fhe cunbinad streanomay tie minetisvede t he
process to duce Liphatic al cohols., 25 In so di,nents, ap ol gfins
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unit. A fourth hydrocarbon stream nay be added upstream o hydr of or myl ati on
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hydrocarbon stream may be fromthe sane source as the first )
more efficient, resulting in an overall higher throughput. The higher thronghput will

increase the overall yield of the aliphatic alcohols.
In some embodiments, at least a portion of the paraffins and unreacted olefins

20 stream may be introduced into hydrogenation unit 110 via fifth conduit 138. In certain
embodiments, at least a portion of the paraffins and unreacted olefins stream may be
combined with the first hydrocarbon stream in conduit 112 via fifth conduit 138. The
combined stream may enter hydrogenation unit 110 and continue the process to produce
aliphatic alcohols.

25 In some embodiments, an olefins and paraffins concentration in hydroformylation
unit 120 may be adjusted depending on the source of the olefin stream entering the
hydroformylation unit. A fourth hydrocarbon stream may be added upstream of
hydroformylation unit 120 to produce a combined stream. In other embodiments, a fourth
hydrocarbon stream may be introduced directly into hydroformylation unit 120 through one

30 or more points. A fourth hydrocarbon stream may be introduced into third conduit 118 via

sixth conduit 140 to produce a combined stream. The combined stream may enter
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hydr ocarbon stream In sonme enbodi nents, a fourth hydrocarbon stream may be
a 5 hydrocarbon streamthat includes ol efins, paraffins, and/or hydrocarbon
sol vents derived from another source. The fourth hydrocarbon stream nay
include olefins and paraffins. In certain enbodi nents, an average carbon
nunber of the hydrocarbons in the fourth hydrocarbon streamranges from?7

to 18. | ng/cﬁgfeﬁ?mgﬁ%ﬁiuﬂﬁ%é wiaﬂhﬁ&%&ic{j&iﬂ 1830 c6Mim#fthd ceé;??H 5)%&&;@&/ drocar bon
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Side r ealtTAMEMPRIgER AL AL TR R IRTIReE PhiPe Ay iecSuProH e S tons) . A 1 st
20 hydr O%g&%eé}béﬁ 5P £RABLArSthT%oR8! 3 dE eAPUiHIRNRAL hadrt] &Jntdis offB be

i ntroduce Into hydrogenation unit 110 via first conduit 112 as depicted
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descri bed in _hydr ogena}'_on unit 110 to oduce a second, hydrocarbon stream
The d8cofBbRYidHEPPATRILN FUFRE O&rﬁ'ﬁf’ ayith bygracBhUheaBHDAN P BELET 2R Mecond

condui t or dehydrogenation 25 isonerization unit 114.
Dehydr ogé%%?ﬁ%—‘?@ frar‘rfsri zation unit 114 may be divided into a plurality of

zones. The pl ® ah einbodimeRQRR Dldfycontest biefoubtithydfch®bn Isirbirh eshge®betdveerd 1 I St
reaction zone, a transition zone and a second feaction zone. In first

react i on ! peorent @99 parcens sedative tpdhe fotah hydrocarbopepmigriti d certain pabediosnt,

hydr ocar bon, st rea b hydr ogenated to ol efins t roduce olefinic
tream HeGrsetbel B e i ot ettt FRSet A8 Mone 212,
I'n ngongaefc‘éﬁt%}l WE RO ofhkL emBbdinRAR! aoleBRChbh@Atrdfiod b k&ldms in the

process stream'may be isonerized to branched olefins to produce a third
hydr ocar hydrosirben stresd6 may bk igresiter tieeanci( pemceno by w2ight. t he dehydr ogenati on

Che cat al yol g CBBTEEERRAIBTI. EV OB Ao e R UM A S aR BT RERE on &
porous suppatieg ihiea BRidlieyodr 205efto CORPOAUAL (BN teiper fufs fi%/or prevent
unwanted side reactions (e.g., diene formation and/or cyclization reactions). A first
20 hydrocarbon stream containing paraffins and unreacted olefins may be introduced
into hydrogenation unit 110 via first conduit 112 as depicted for System 200 in FIG.
3A. Hydrogenation of olefins may occur as previously described in hydrogenation
unit 110 to produce a second hydrocarbon stream. The second hydrocarbon stream
may exit hydrogenation unit 110 via second conduit 116 and enter dehydrogenation-
25  isomerization unit 114. Dehydrogenation-isomerization unit 114 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 second hydrocarbon stream may be
dehydrogenated to olefins to produce an olefinic stream. The process stream may
30 then pass into second reaction zone 212. In second reaction zone 212, at least a
portion of the olefins in the process stream may be isomerized to branched olefins to

produce a third hydrocarbon stream.
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from but is not limted to, chrone oxide, iron oxide and noble netals. 5
Techni ques of preparing catalysts, for performng the dehydrogenation step
and for perform ng associ ated separation steps are known in the art. For
exanpl e, suitable procedures for preparing catalysts and performng the
dehydr ogenation step are described in US. Patent No. 5,012,021 to Vora et

., entitled;” t ' ' d b
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In some embodiments, a reaction temperature in first reaction zone 210 may range from

20 450°C to 550 °C. A total pressure in first reaction zone 210 may range from 0.010
atmosphere (1 kPa) to 25.0 atmospheres (2534 kPa). In certain embodiments, total
pressure in first reaction zone 210 may range from 0.010 atmospheres (1 kPa) to 15.0
atmospheres (1520 kPa). In some embodiments, hydrogen may be fed together with the
unreacted second hydrocarbon stream in order to prevent coking. Hydrogen and paraffins

25  present in the unreacted second hydrocarbon stream may be fed at a hydrogen to paraffin
molar ratio in a range from 0.1 to 20. In an embodiment, a hydrogen to paraffin molar ratio
may be in a range of 1 to 10.

Residence time in first reaction zone 210 may be selected such that a

conversion level of the paraffins to olefins is below 50 mole percent. In certain

30 embodiments, a conversion level of the paraffins to olefins may be kept in a range
from 10 mole percent to 20 mole percent. By keeping the conversion level low, side

reactions (e.g., diene formation and cyclization reactions) may be prevented. In
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tenperature of the olefinic hydrocarbon stream In an enbodi ment, first
reaction 5 zone 210 and second reaction zone 212 in

dehydr ogenati on-i sonerization unit 114 may be separate units, as depicted
in FIG 3B, with heat exchanger 216 positioned between the two units. After
t he ol efinic hydrocarbon streamenters second reaction zone 212, at |east a
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second reaction zone 212 by contacting at least a portion of the olefinic stream with a

20  zeolite catalyst. The zeolite catalyst may have at least one channel with a crystallographic
free channe!l diameter ranging from greater than 4.2 A to less than 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 aiso be
small enough to retard coke formation.

25 Temperatures in second reaction zone 212 may be from 200 °C to 500 °C to
isomerize linear 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 a heat exchanger is not required. Typically, however, the reaction
temperature of second reaction zone 212 is less than the reaction temperature of the first

30 reaction zone. The use of a heat exchanger Jowers the temperature of the stream leaving

the first reaction zone to the appropriate temperature for reaction in the second reaction
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5 fromlinear olefins and paraffins as previously described with regard to
FIG 1. Referring to FIG 3A, the third hydrocarbon stream may exit second
reaction zone 212 via third conduit 118 and enter hydrofotnylation unit
120. At least a portion of the olefins in the third hydrocarbon stream may
be hydrofornylated to produce a hydrofornylation reaction stream as
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utilized ddscAbdiEfor BYQEMSIHONG ptodutda pAraffan aadnaftaied blefiab str€as hndapor tion of
the paraffins and unreacted ol efins stream nay be conbined with the second
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maxi m zedtranspoasd wrdardgeresssels.a paraffins and 29 unreacted ol efins stream may
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for Systefmrdfed MefiheatdanPar¥int dliphat®f aldohol product stream, may be produced using
20  techniques previously described for System 100. At least a portion of the bottom stream
may be recycled to the hydroformylation unit via bottorn stream recycle conduit 134. 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 stream may be transported via product conduit 136 to be stored on site, sold
25  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 second hydrocarbon stream to produce a combined hydrocarbon
stream via fifth conduit 138. The combined hydrocarbon stream may enter first reaction
zone 210 and undergo the dehydrogenation-isomerization process and hydroformylation

30  process to produce aliphatic alcohols. By recycling the paraffins and unreacted olefins

stream, the yield of product may be maximized. In an embodiment, a paraffins and
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fourth hydrocarbon stream may be introduced into third conduit 118 upstream
of hydrofornylation unit 120 via sixth conduit 140. The conbi ned stream may
be introduced into hydrofornylation unit 120 via third conduit 118. At

| east a portion of the olefins in the conbined stream may be

hydrof ornmyl ated to produce aliphatic alcohols. In an 10 enbodinent, a third
hydr ocar mga&écr@%meamnw&&&qg@ﬁar Qéﬁﬁfééfe}{atidﬁt@oﬁmiﬂoﬂrdﬁl’t' @yl on unit

120 through one or nore points of entry.” ATourth hydrocarbon stream may be
used to dpetighiane of merepeahisrofeotrgentration in  hydrofornylation unit 120 at a
concentration_sufficient to maxi ntl ornylation of the olefin. In
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e
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bed configuration of dehydrogenation-isonerization unit 114 is depicted for
Syst em 36&nbinediifaanBmappe hpdrofogmytandi toippodnce blipiatic stcabkbd Ilbes confi gurati on
may be the sane as for two-zone system described above for System 200. The

secomd FPBPEEERLAhisd hekpsarken wrramymanke BiRdired giisstly v bykafommylagpn second
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configuration nmay have nona IcC properties. The term "nonacidic,"” as used
herein, referg foorthhodboadripsi stidhdd may bt Diddso obiilnideahs kRfigtcahcénsati®d inzat i on
activity. The dehydrogenation catal yst mafy.i nclude a noble netal, a Goup
| VA conpbréatormylatian Raitil2Q at asqnsentrdionsufiicias rpwasimize hydrafosgelation efrponent
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cal cul ated on an el enmental basis, of the final dehydrogenation 30 catal yst.
| n cert alimiedimcihydrdcarboa sttedmy donigeueg olefing atraffyrstandioc hydresarbod soledrght
percent to 1 _weight percent platinum The noble netal may be incorporated
into the cat aliy# eMbEmERs A catalyst inglehyirgerneuRprsRmer iZatiqTut { 14 maybe

co- pr eci i éd%iaos'fhc%(&ooﬁéheéo%{gﬂﬁnohoﬁ s‘?ﬁ%&?@@&fconfﬂgﬁﬁ&i%%?ay Aow BEARSIsE ioﬁ“ from
a vapor phase or Troman atom ¢ source) Defore=s 1 ncorporation of “other
cat al yti en€erpefaitaystd it (fOfBRcRALATRBRE for dahRbicRati®i 8f pdr@¥inPend a
20 catalyst for isomerization of olefins may enhance the selectivity of the catalysts and/or the
process. A stacked bed configuration of dehydrogenation-isomerization unit 114 is
‘depicted for System 300 in FIG. 3. Operating conditions of the stacked bed configuration
may be the same as for two-zone system described above for System 200. The second

hydrocarbon stream may enter the dehydrogenation zone 310 via second conduit 116.

I~
LA

The dehydrogenation catalyst used in the stacked bed configuration may have
nonacidic properties. The term “nonacidic,” as used herein, refers to a catalyst that exhibits
little skeletal isomerization activity. The dehydrogenation catalyst may include a noble
metal, a Group IVA component, an alkali or alkaline earth component, a halogen
component and/or a porous carrier material.

30 In certain embodiments, a noble metal may be dispersed throughout the
dehydrogenation catalyst. An amount of noble metal may range between 0.01 weight

percent to 5 weight percent, calculated on an elemental basis, of the final dehydrogenation
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I ncorporated into the catalytic conposite during incorporation of other
catalytic conponents. In other enbodi nents, a noble netal may be

i ncorporated into the catalytic conposite after incorporation of other
catal ytic conponents. In certain enbodinments, a noble netal may be

i ncorporated by inpregnation of the carrier nmaterial with a solution or 10
suspensi I I
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of other catalytic conponents. In other enbodinents, G oup A ‘conponent
may be 3Gdietorthoimapreghaingesolutivh & assatmlqmpewmgmmﬁxwgﬁlm wobde mebnptheat ed. I n
sone enbodi nents, a tin conponent may be incorporated by co-gelation with

t he poroJE’a&%‘i‘]Vﬁﬁoﬁﬁ’Pé‘Fﬁ al. The tin may be incorporated in an al unina

carrigr materi s or
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spher es corxadation gtateaah@w et ahdhemohle mﬁalot"lﬁre onb ddAmemponent rgay brani um
conponent nay be | ated i nto a carfier terial with a solution or
suspensi d;ﬁesazt gm‘c@nga‘}t}ﬁggwtsop oup component may be combined

with a carrier material. In some embodiments, a Group IVA component may be combined

20 with the other catalytic components. In other embodiments, a Group IVA component may
be dispersed throughout the catalyst. A Group IVA component may range between 0.01
weight percent to 5 weight percent, calculated on an elemental basis, of the final catalyst
composite. In some embodiments, a catalyst includes 0.2 weight percent to 2 weight
percent tin.

25 The Group IVA component may be incorporated in the catalytic composite
according to generally known methods (e.g., co-precipitation, co-gelation, ion exchange
and impregnation) before other catalytic components are incorporated. In some
embodiments, a Group IVA component may be incorporated during incorporation of other
catalytic components. In other embodiments, a Group IVA component may be

30 incorporated after other catalytic components are incorporated. In some embodiments, a tin
component may be incorporated by co-gelation with the porous carrier material. The tin

may be incorporated in an alumina carrier material by mixing a soluble tin compound (e.g.,
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germanium (e.g., germaniumtetrachloride dissolved in an al cohol). In other
enbodi nents, a |ead conponent nmay be inpregnated froma solution of |ead
nitrate in water. In certain enbodinents, an alkali or alkaline earth
conponent may be included in the dehydrogenation catalyst. Al kali and

al kal i ne earth conponent may include, but is not iolimted to, cesium
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met hads (enited, to cazsie cutpdivat, ipotassiom; gmliah] iothium, Mariuo steorthmm gelecoum and

i mpregnati on) before otheL catal ytic conponents are incorporated, In sone
enbodi merRagnedpm Ariairiurey theterh {healkalt ennlkaling sAdh FOMAgNanE May E8ispBr e ed
during i neaf %‘gﬁ?ﬁé Q&ngésitgti#%o lﬁh?z%r}’&rét agS’xFH%BQPd? e n e%e?%ﬁ.r Tﬁ@?ﬁ&ii%‘?”t S, an
al kali or al'kafine earth conponent nmay be |1 ncorporated arter other

cat al yti clleOfpeatNtEmpdnt indy BE pRE&] sl an bRide £ knsiPheemBodifieas ik gdsponent
may be inpregnated into the 30 carrier material with a solution of potassium

ni trate. apliae eatlemetl meyde cambied with tha craier matesial t in cegapomehadimentadpl e
met al _may .be at .| east 10. certain,enqodi ts 2 an atom ¢ ratio of the
al kal ¥ oral}%ﬁ%ﬂlaﬂﬁnggﬁhm&{?ﬂﬁﬁﬁgﬁfowl@ é’“h’on%F%r debydoeenasion GARMIC vay r ange

from15 t H%'énerﬁs_por ous carrier material used in a dehydrogenation catal yst
may include”a porous, absorptive support with high surface area from 25
m2/ g to 500 ndhgthefbmbpdinmuss, aaelkak or slkatideesarthl compynérauraycbedibparsed poi nt
greater than the conditions utilized in the dehydrogenation zone. Exanples
of carri dhrovgh@ytithy etalig crdeposiier Aaragayst of alkgli eicplkadine earth component may

range from 0.01 weight percent to 15 weight percent, calculated on an elemental basis, of
20 the final catalytic composite. In other embodiments, a dehydrogenation catalyst includes 1
weight percent to 3 weight percent potassium. In certain embodiments, an atomic ratio of
the alkali or alkaline earth component to the noble metal may be greater than at least 10.
The alkali or alkaline earth component may be incorporated in the catalytic
- composite according to generally known methods (e.g., co-precipitation, co-gelation,
25  ion exchange or impregnation) before other catalytic components are incorporated.
In some embodiments, an alkali or alkaline earth component may be incorporated
during incorporation of other catalytic components. In other embodiments, an alkali
or alkaline earth component may be incorporated after other catalytic components are
incorporated. For example, a potassium component may be impregnated into the
30 carrier material with a solution of potassium nitrate. An atomic ratio of alkali or

alkaline earth component to noble metal may be at least 10. In certain embodiments,
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activated carbon, coke, charcoal, silica, silica gel, silicon carbide,
synthetically prepared and/or naturally occurring clays and silicates,
refractory inorganic oxides, crystalline zeolitic alumnosilicates,
naturally occurring or synthetically prepared nordenite and/or to faujasite,
spinels or conbinations of thereof. In certain enbodiments, a carrier

mat eri al e t g- m i ays and
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convert e PR R SinBlet okl Ra oot PR ok 8 e B Becin ques
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conposition. The conposition may be extruded throu%h a suitably sized die
then cut Qtberrearhpdinenty dgelaicluminosideatesappnhe WirdeEn that maydbearGhinggd #aty i er

material maY; be oRE SRS spinels include, but are not limited to, MgAL:Os, FeALOx,

20 ZnAl,04, CaAl;04, and other like compounds having the formula MO-Al1,0O5 in which M 1s
a metal having a valence of 2.

In certain embodiments, an alumina carrier material used in a dehydrogenation
catalyst may be prepared in any suitable manner from synthetic or naturally occurring raw
materials. The alumina carrier may be formed in any desired shape (e.g., spheres, pills,

25 cakes, extrudates, powders, granules). The alumina carrier may be utilized in any particle
size. In certain embodiments, a sphere shape may be utilized. The particle may be 1/16
inch in diameter. In certain embodiments, a particle diameter of less than 1/32 inch may be
utilized.

Alumina spheres may be prepared, in some embodiments, by converting aluminum

30 metal into an alumina sol. An alumina sol may be prepared by reacting aluminum metal
with a suitable peptizing acid and water. The resulting alumina sol and a gelling agent may

be dropped into an oil bath to form spherical particles of an alumina gel. The resulting
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conventional nethods. After the alumna particles are shaped, they nmay be
dried and calcined. The alum na carrier may be subjected to internedi ate
treatnments (e.g., washing wth water or a solution of anmoni um hydroxi de)
during preparation. 10 The dehydrogenati on catal yst may i nclude a hal ogen
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the catal esféen%,scaﬂ:ufa?erﬁjgnugndélemental basis, of a halogen component. The halogen

20  component in the catalyst may improve the activity of the catalyst for dehydrogenating
hydrocarbons. In some embodiments, an active halogen component may suppress carbon
formation on the catalyst during the dehydrogenation process. An advantage of the catalyst
composition may be that undesirable isomerization or cracking side reactions may be
inhibited. In certain embodiments, halogen content may increase the acidity of the catalyst.

25  The acidity may be lowered by steaming the dehydrogenation catalyst to remove excess
halogen from the dehydrogenation catalyst.

A halogen component may be incorporated in the catalytic composite in any
suitable manner. The incorporation of the halogen may be before preparation of the carrier
material. In some embodiments, incorporation of a halogen may be during incorporation of

30 other catalytic components. In other embodiments, incorporation of a halogen may be after
other catalytic components are incorporated. In certain embodiments, an alumina sol

carrier may contain a halogen, which may contribute to at least some portion of the halogen
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sol ution, suspension or dispersion containing the hal ogen, (e.g.,

hydrochl oric acid) before or after other catalyst conponents are
incorporated with the carrier material. In certain enbodinents, a hal ogen
conponent or a portion thereof may be incorporated by contacting 1o the
catalyst with a conmpound, solution, suspension or dispersion containing the
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20 a halogen component may be added to the recycle gas during operation of the
dehydrogenation unit.

In some embodiments, a dehydrogenation catalyst may include a sulfur component
ranging from 0.01 weight percent to 10 weight percent, calculated on an elemental basis, of
the final catalytic composition. The sulfur component may be incorporated into the

25  catalytic composite in any suitable manner. In certain embodiments, sulfur or a compound
containing sulfur (e.g., hydrogen sulfide or a lower molecular weight mercaptan) may be
contacted with the catalyst composition in the presence of hydrogen at a temperature
ranging from 10 °C to 540 °C under anhydrous conditions. A hydrogen to sulfur ratio, in
some embodiments, may be 100.

30 The dehydrogenation catalyst, in some embodiments, may also contain other,
additional components or mixtures thereof, which act alone or in concert, as catalyst

modifiers to improve catalyst activity, selectivity or stability. Examples of catalyst
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t he dehydrogenation catalyst. In sone enbodi nents, catalytic nodifiers may
be added in any suitable manner to the catalytic conposite before other
catal ytic conponents are incorporated. In certain enbodinents, catalytic
nodi fiers may be added during to incorporation of other catalytic
conponents. In other enbodi nents, catalytic nodifiers may be added after
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may exit iso izatdion zone 312 and enter . hydrofarnyl atio nit 120 via

Tt ra condui t LD BETRE pERGRrEyBR SRR Tt LS PRrTrRTITEPRa L2y 1 petn

hydr qear RamoginiaTh Epd ey HcRh s ﬁ%ﬂn%feﬁ?d:&%erﬁﬁ@ﬁ W6 B 0GEhaHAUbRL | ON
reaction 36 WO 2005/ 03%753 PCTI US2004/ 03408 stream as described for System
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separated into a bottons streamand a top stream using generally known
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20  may be isomerized to branched olefins to produce a third hydrocarbon stream.

In certain embodiments, an isomerization catalyst may be the same as described for
isomerization of olefins in System 200. A description of the isomerization catalyst may be
found in U.S. Patent No. 5,510,306 to Murray, entitled “Process For Isomerizing Linear
Olefins to Isoolefins.” In some embodiments, 0.01 weight percent to 5 weight percent of a

25  noble metal may be added to an isomerization catalyst used in a stacked bed configuration
to increase the dehydrogenation activity of the zeolitic catalyst. Common metal
incorporation methods (e.g., impregnation, noble metal ion exchange, co-mulling) may be
used to incorporate a noble metal (e.g., platinum, palladium) into a zeolite to produce a
working catalyst useful in the dehydrogenation-isomerization of paraffins.

30 The third hydrocarbon stream may exit isomerization zone 312 and enter
hydroformylation unit 120 via third conduit 118. At least a portion of the olefins in the

third hydrocarbon stream may be hydroformylated to produce a hydroformylation reaction
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System 100 to produce an aliphatic al cohol product stream The

hydr of ornmyl ation reaction mxture streamnay enter separator 130 via fourth
conduit 132. In separator 130 at least tw streans, a bottom stream and top
stream neWORMSBEEhced as previously described for SysPERUSDO4/03pA8 bott om
stream may be recycled to hydrofornylation unit 120 via bottom 10 stream
recycle conduit 134. The top streamnay be purified and separated into at
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20 At least a portion of the paraffins and unreacted olefins stream may be combined

with the second hydrocarbon stream in second conduit 116 to produce a combined
hydrocarbon stream via fifth conduit 138. The combined hydrocarbon stream may enter
dehydrogenation zone 310 of dehydrogenation-isomerization unit 114 via second conduit
116. The combined hydrocarbon stream entering dehydrogenation zone 310 continues the
25  dehydrogenation-isomerization process and hydroformylation process to produce aliphatic
alcohols. By recycling the paraffins and unreacted olefins stream, the yield of product may
be maximized. In an embodiment, a paraffins and unreacted olefins stream may directly
enter dehydrogenation-isomerization unit 114 through one or more entry points.
In some embodiments, an olefin and paraffin concentration in hydroformylation
30 unit 120 may be adjusted depending on the source of the olefin stream entering the
hydroformylation unit. At least a portion of a fourth hydrocarbon stream may be
introduced into third conduit 118 upstream of the hydroformylation unit as previously
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in the al cohol product stream may be reacted in an oxyal kylation unit with
an epoxide (e.g., ethylene oxide, propylene oxide, butylene oxide) in the
presence of a base to produce an oxyal kyl al cohol. Condensation of an

al cohol with an epoxide allows the al cohol functionality to be expanded by
one or nore oxy groups. The nunber of oxy groups may to range from3 to 12.
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20  primary alcohol may be condensed with ethylene oxide and/or propylene oxide. In other
embodiments, a C;; to C;7 branched primary alcohol may be condensed with ethylene
oxide and/or propylene oxide. The resulting oxyalky! 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.

25 In an embodiment, at least a portion of the alcohols in the aliphatic alcohol
product stream may be added tc; 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 0.1 percent by
weight to 0.6 percent by weight of a base, based on the total weight of alcohol, may

30  be used for oxyalkylation of an alcohol. In an embodiment, a weight percent of a
base may range from 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
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Reaction tenperatures in an oxyal kylation unit may range from 120 C to 220
C. In an enbodinent, reaction tenperatures may range from 140 C to 160 C.
Reaction pressures nay be achieved by introducing to the reaction vessel
the required amount of epoxi de. Epoxi des have a hi gh vapor pressure at the
desired reaction tenperature. For 10 consideration of process safety, the
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20 pressures from 1.5 atmospheres (150 kPa) to 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.
Aliphatic alcohols and oxyalkyl alcohols may be derivatized to form compositions
25  (e.g., sulfonates, sulfates, 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
processes are described in U.S. Patent No. 6,462,215 to Jacobson et al,, entitled
30 “Sulfonation, Sulfation and Sulfamation™; U.S. Patent No. 6,448,435 to Jacobson et al.,
entitled “Sulfonation, Sulfation and Sulfamation”; U.S. Patent No. 3,462,525 to Levinsky

et al, entitled, “Dental Compositions Comprising Long-Chain Olefin Sulfonates;” U.S. Pat.
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A general class of aliphatic alcohol sulfates may be characterized by the
chemcal formula: (RO (A),Y-SB)"M R represents the aliphatic noiety.
"A" represents a noiety of an al kyl ene oxide; x represents the average
nunber of A noieties per RRO noiety and may range fromOto 15; and nis a
nunber depending on the valence of cation M . 1o Exanples of cation M
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by weight in water. In an embodiment, concentrated sulfuric acid may have a concentration

20  of 85 percent by weight to 98 percent by weight in water. The amount of sulfur trioxide
may range from 0.3 mole to 1.3 moles of sulfur trioxide per mole of alcohol. In certain
embodiments, an amount of sulfur trioxide may range from 0.4 moles to 1.0 moles of sulfur
trioxide per mole of alcohol.

In an embodiment, a sulfur trioxide sulfation procedure may include contacting a

25 liquid alcohol or an oxyalky}l 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 atmospheric pressure and at a temperature in the range from 25 °C to 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 an alkali metal

30  solution to form the alkyl sulfate salt or the oxyalkyl sulfate salt. Examples of an alkali

metal solution may include solutions of sodium or potassium hydroxide.
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cl eaning agents, liquid soaps, shanpoos and |liquid scouring agents. G anul ar
| aundry detergent fornulations may include a nunber of conponents besides
the derivatized al cohols (e.g., surfactants, builders, co-builders,

bl eachi ng W8aM343775p| eachi ng agent activators, foam contPEIIPHGVeRIe8t S,
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cationic surf ts. ..LiQul aun ergent fo l-at i,ons may, i ncl ude t he
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control  dgegen Tomatinns Jxd dishweshing detergent torpglabpas andagispeliageousy Exanpl e

STREAM, CRFBBATNGh O TP T iy et o PEA R et eeherilipioee 0 0

process cglpghihg Sphts) Bqid ebahhs, SHAEi0d6 ahd Hauilliskdutiy ntdsi near paraffins,
| i near ol efins, a mnor anount of dienes and a m nor anount of oxygenates.

The Fi scher 25GTangjss tndydetsegendormselatens masingde panader of compiobents ent

hydr ocar bon. st r.eaps. usi ractional. distillation techniques.. A hydrocarbon
stream coﬁ‘isé‘feﬁw eﬁ'i"@‘?ﬁeﬁglcg ofs rgarfswfﬁ&a“% }fqﬁﬁﬁ’ A ?‘;‘&és’ ﬂ&?ﬁ@?ﬂg Bgélnésar bon
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Tabl e1d. Bidghtdne\OndGEHbi131E].SBx BplddSTOET 0d4418dnts thab irehideRosic hemniobiQpsch

Hydr ocarbon W.% Stream Conposition C7 and |ighter hydrocarbons 0.12 C8

br anched §RBIQteRc oy qationigsurfack&yp. ol efins 0.75 1-Octene 0. 69

Liquid laundry detergent formulations may include the same components as

granular laundry detergent formulations. In certain embodiments, liquid laundry detergent
formulations may include less of an inorganic builder component than granular laundry

15  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.

Examples
20

{ 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 and a minor amount of oxygenates. The Fischer-

25  Tropsch hydrocarbon stream was separated into different hydrocarbon streams using
fractional distillation techniqgues. A hydrocarbon stream containing olefins and paraffins
with an average number of carbon ators from 8 to 10 was obtained. The composition of
the resulting Cs-Cp hydrocarbon stream was analysed by gas chromatography and is
tabulated in Table 1. |

30
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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 ratio

of 62:1, surface area of 369 square meters per gram (P/Po=0.03), soda content of 480 ppm

and n-hexane sorption capacity of 7.3 g per 100 g of ammonium-ferrierite was loaded into a

Lancaster niix muller. CATAPAL® D alumina (91 grams) exhibiting a loss on ignition of

25.7% was added to the muller. During 2 five-minute mulling period, 152 milliliters of

deionized water was added to the alumina/ammonium-ferrierite mixture. Next, a mixture

10

water was slowly added to the alumina/ammonium-ferrierite mixture in the muller to

of 6.8 grams glacial acetic acid, 7.0 grams of citric acid and 152 milliliters of deionized

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

15

alumina/ammonium-ferrierite/acid mixture. The resulting mixture exhibited a 90:10 ratio

of zeolite to alumina and a loss on ignition 0f 43.5%. The zeolite/alumina mixture was

shaped By extruding the mixture through a stainless steel die plate (1/16” holes) of a 2.25

inch Bonnot extruder.

The moist zeolite/alumina extrudate was dried at 125°C for 16 hours. After drying,

20
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maxi mum t enperature of 500C and the zeolite/alum na extrudate was cal ci ned
for an additional two hours to yield an isonerization catalyst. The
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addi t i onahddedqo keuesctéraubondtvwe parts Nehel teo Kt additionndisteibated tHe. isatberiation
conditioning the isonerization catalyst, the hydrocarbon stream was punped

t hr ough t hdfalystevenly i thsaeastontubp end respldedoin apgsamerizating catalyeirbed of abowt (18w r at e
of 6 L[hr S. .passe ver..the i sonmerizatio tal yst simultaneously wth
Che hydr olnehioin 1BRTECA EHRiCAR eBRERRLN A e o BBk plP SRR I

cont act i NgeakAde b3 0 Sidon hrbBe (?211ﬁlsélﬁ%as-ﬁﬁredrcﬁ@&E&rthﬁ&gi%cé\@ﬁﬁl%eﬁﬁl.eﬁ at an
outl et pressure of 20 kPa above atnbspheric pressure. 30 In Table 2, the

wei ght pefagthtpiefe ofglasd @obk was pesitionest dves theGgliconEattidretarsenicas apingifodtheCs- C10
ffi in the hyd b t t 0 h in t.h tor .tub
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20 tube. The temperature above, below and at three different places in the catalyst bed was

monitored. The reactor tube was inverted and installed in the furmace. 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.

25 After conditioning the isomerization catalyst, the hydrocarbon stream was pumped
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
hydrocarbon stream was vaporized before contacting the isomerization catalyst. The
reactor tube was operated at an outlet pressure of 20 kPa above atmospheric pressure.

30 In Table 2, the weight percent of Cg-C;p branched olefins, Cg-C, linear olefins and
Cg-Cy paraffins in the hydrocarbon stream at 0 hours and in the reactor tube effluent after
24 and 48 hours of isomerization is tabulated. Greater than 90% of the linear olefins in the
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hydr ocar bon stream were converted into branched olefins in the isonerization
reactor. During the isonerization step, a small amount of material boiling
bel ow C8 was 0%enerat ed fromcracking side reactions. In addition, a portion
of the CoM®VUANITRLI s present in the feed was dehydr atRé/PRR004/0K1081
additional olefins in the product. The average nunber of alkyl 5 branches on
the Cs-Cl0 olefins in the product was found to be 1.0 as determned by 'H
NVR anal yEjdrocaliaéh Streanrnefd @hvant@Pned briahched Gadte tn theliforddidationt feablor. St ream
Conposition During W.% W.% W.% |sonerization Reaction C8-C o branched
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EET llf E&Qﬁgﬁé GRS IR SN 1RO EORHEN Of the S e AORRE PSSR N 1 oy
S
chr60mat ogr aphy, dlgg @%&?%ﬂ%ﬁ%ﬁkﬁé ﬂgﬂbﬁ%@ a%)g;ﬁéf’aﬁe ﬁgosi |é)n W %

1- Dodeg enbrafithed orGhb €%;-Ch Glefihd iwthefpraduct was found Go by th0es dekanmed by 'H>C14
hydrocarbons 0.2 Paraffins 0.4 Total Cl10-Cl4 hydrocarbons 99.6 10

1- dodecen®MRgnalysier i zed using the sane reactor tube design and

| sonmeri zation catalyst preparation as described in Exanple 1. A stream of
1- dodecene was punped through a reactor tube at a flow rate of 90 g/hr.
Nitrogen, at a flowrate of 6 L/hr, wagpeassed over the isonerization
catal yst simultaneously wth the streamof 1-dodecene. The stream of

1- dodecene| wa¥Fischeo/TropschhHydrecachodt act i ng0Hre | $one24 Het i op ca8awst | The
15 react or | t ubgtymam CeaipvsRibndudng OUt || et weessure ofyt2Q kPa alwye,
at nospheri ¢ presgiffe iof RéelBRr at ur¢ of 290C. |44

(C3-Cipo branched olefins 0.46 33.04 33.16
Cs-Cyo linear olefins 32.19 2.52 2.54
Cs-Cip paraffins 63.19 63.32 63.27
Branched to linear Cg-1o olefin ratio 0.1 13.1 13.1

Example 2. ISOMERIZATION OF 1-DODECENE. 1-Dodecene was obtained from Shell

Chemical Co. The composition of 1-dodecene, as assayed by gas chromatography, is

tabulated in Table 3.
Table 3

1-Dodecene Composition Wt.%

{ 1-Dodecene 98.0
Other C;9-Cy4 olefins 1.2
<(Cyp hydrocarbons 0.2
>4 hydrocarbons 0.2
Paraffins 0.4
Total C1¢-Ci4 hydrocarbons 99.6

10 1-dodecene was isomerized using the same reactor tube design and isomerization

catalyst preparation as described in Example 1. A stream of 1-dodecene was pumped
through a reactor tube at a flow rate of 90 g/hr. Nitrogen, at a flow rate of 6 L/hr, was
passed over the isomerization catalyst simultaneously with the stream of 1-dodecene. The
stream of 1-dodecene was vaporised before contacting the isomerization catalyst. The

15  reactor tube was operated at an outlet pressure of 20 kPa above atmospheric pressure and a

temperature of 290°C.



WD 2005/ 037753 PCT/ US2004/ 034081 Table 4 is a tabulation of the weight
percent of less than C1O, CI O Cl4 and greater than Cl4 nolecules in

1- dodecene at O hours and the reactor tube effluent after 168 and 849
hours. Li nW&2085®7t84 ol efins were converted in a 94% yi @CHUSMO3H8hed
CIOCl4 olefins after a 168 hr processing tinme. During the isonerization
step, less than 3 weight percent of 5 material boiling bel ow C10 was
generated from I ' i Lhen erq~of :
branches on theﬁ%éﬁgta@kgﬁ Pﬁggﬁiﬁﬁéﬂ& oduﬁ%{ﬁ\%\%gﬁ e?ll.eé?%')n%@ a?%b%)éﬂei. 3 by
1H NVR anahys {5 mékblles th 1-dbdateneat) IBuream he ngpotor tuberefBudmt aftér8 6Brand 499 Hr
During Isqgnerization Reaction W.% W.% W . % <Cl O hydrocarbons 0.2 2.5 2.4
d o- Cl4 hyrfust dkmsaCigd- 16 0lphns were convertedini A% yisldierbsarshed 613C e ofefingr anched

C10-Cl14 ol gf . 93 ' 0l ef | NS . 0,2.8,2.9

paraf 11 ne 11 4358 1 pipbeinkifie, PSR bRheiiih Fin e b S trsem i L
| SOVERk 7 ATthiRkialRAREEREoWaS, , Yk 2bmested Hom e‘i«h&ﬁﬁgirﬁdé}é%m&ﬁ.! THeARGEe and
stored under nitrogen before being processed. The conposition of  dodecane,
as assayeduimbayaf alkyhbrneltes gndph(io-Ca defimaimtledroducTobt detEemifiedioched . Dogecane
Corrpositiqgiwaggodecane 99.3 <O O hydrocarbons <0.1 Cl10, C11, Ci13 and
Cl4 hydroc Y¥S- >C14 hydrocarbons <0.1 COther ClO Cl4 olefins <0.1

15 A paraffin dehydrogenation catal yst was prepared according to Exanple 1
(catalyst A) of U S. Patent No. 4,430,517 to Imai et al., entitled
"Dehydrogenati on Process Using A Catafgblet Conposition."” The resulting

catal yst in 0 tinpum 05 w . %tin 2. 7w . %tin 2 7 wWw.%
pbt assi um apdl-DalesgnesEeams Gorapesitien ghrmabHuni na sU6§Brt . | Th849 Hr
During Isomerization Reaction Wt.% Wit.% Wt.%
<o hydrocarbons 0.2 2.5 2.4
Ci10~Ci4 hydrocarbons - 996 97.2 97.4
>Ci4 hydrocarbons 0.2 0.3 0.2
Branched C,¢-C;4 olefins 0.6 93.2 93.4
Linear C}o-Cl4 olefins 990 2.8 2.9
Paraffins 1.0 2.0 1.9

10  EXAMPLE 3. DEHYDROGENATION OF DODECANE WITH MINIMAL
ISOMERIZATION. Dodecane was obtained from Aldrich Chemical Company and stored

under nitrogen before being processed. The composition of dodecane, as assayed by gas

chromatography, is tabulated in Table 3.

Table 5
Dodecane Composition Wt.%
Dodecane 99.3
<C, hydrocarbons <0.1
Ci0. C11, C13 and Cy4 hﬂh'ocarbons <0.6
>(4 hydrocarbons <0.1
Other Cy¢-Ci4 olefins <0.1

15
A paraffin dehydrogenation catalyst was prepared according to Example 1 (catalyst
A) of U.S. Patent No. 4,430,517 to Imai et al., entitled “Dehydrogenation Process Using A
Catalytic Composition.” The resulting catalyst included 0.8 wt.% platinum, 0.5 wt.% tin,
2.7 wt.% tin, 2.7 wt.% potassium and 1.3 wt.% chlorine on a2 gamma-alumina support. The

20  atomic ratio of potassium to platinum for this catalyst was 16.8.
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20 atomc ratio of potassiumto platinumfor this catalyst was 16.8. 45 WO
2005/ 037753 PCTI US2004/ 034081 The dehydrogenati on catal yst was prepared by
di ssol ving substantially pure alum numpellets in a hydrochloric acid

sol ution. VA 280p3MS3of stannic chloride was added to thBCEFESHN#PHE8Isol uti on
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in a pl at imateristhi Theiresdtingephbrestaraaieedpssut 08 welble % Hach gor i df thbeidene was
renoved by heatin thetetﬁl ati num chl orine-tin-alum na conposite to 550 C and
tfeatlfg tMere m%@bpu pinethod Spraering theadurgng camivr material ae disclosghin hour |y
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m xt ure, ﬁﬁ(? _%?té?g iﬁ?ﬂ%’%%ggﬁ tﬁ?f???ﬁi%aoﬁ@%tiq%t eéph@B%{lT‘_ﬁir}ﬂB’ﬁmfaess than 0.1 weight
percent chlori nge FPGiubliAd LdmipBsitt a8 borthdiad WRARARIhEcWasuGaRbAact ed with a
dei oni zed water solution of potassiumnitrate. The anmount of potassium

ni trat e ushibroplatinieacsirmditydroeblesis aciyl (2 oveight percpmibasa] ¢h slumiiaghighipincent  of
potassiumin the atinymtin-alum na conpqsite. The ter, was repoved
fromthe gPYLY Eﬂﬁ?ﬁlﬂ # PURHesF Ao P F AUy moénb@‘ﬁ’Z‘?i\fqﬁ%BmP Retd wsefhposi t e
to 10 C . 9] . . . . T ‘

t erpert ur ens ArBHEEeRsa Y iofpdr O Wik ieknt Phuun SO il iming

conposi t e asagposite. eBhesbintidihwas then keaddndpresedobikionitrogaciodemdie watehr, 0.9 M
HCl) and a streamof 50/50 ajir/80 C steam m xture (300 hfl GHSV) to
i ncor por atlesWing platipmg-chipsingtta-alwminacoRpesite cthedssaiperated shipsine $igposi t e.

The plati nrlérrrrx}o%& B\P ﬁéa%%sgltﬁgfﬂ%&l?rﬁ-lc oh%le—%ln-a ' r%%loéiﬁa to 550 °C and treating the

composite with a 50/50 air/80 °C steam mixture at a gas hourly space velocity (GHSV) of

20  300hr’. Aftertreatment with the air/steam mixture, the platinum-tin-alumina composite
contained less than 0.1 weight percent chiorine.

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
incorporate 2.7 weight percent of potassium in the platinum-tin-alomina composite. The

25  water was removed from the platinum-tin-potassium-alumina composite by heating the
composite to 100 °C under a purge of dry air (1000 hr''GHSV) for 0.5 hour. The
temperature was raised to 525 °C and the platinum-tin-potassium alumina composite was
treated with a stream of hydrochloric acid (12 cc/hr, 0.9 M HCI) and a stream of 50/50
air/80 °C steam mixture (300 hr’' GHSV) to incorporate chlorine into the platinum-tin-

30  potassium-alumina composite. The platinum-tin-potassium-chlorine-alumina composite

was dried at 525 °C under a purge of dry air (1000 hr! GHSV). The resulting catalyst
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was dried at 525 C under a purge of dry air (1000 hr-1 GHSV). The resulting
catal yst 46 WO 2005/ 037753 PCT/ US2004/ 034081 spheres had an average
particle dianmeter of 1/16 inch and were crushed and sized into 6-20 mesh
particle B¥PaB/OESEi ng. Stainless steel tubing, 1 inch REI/UB084/934681 | D and
26 inches long, was used as an isonerization reactor. A thermowell extended
20 inches fromthe top of the stainless steel 5 reactor tube. To | oad the
reactor tu I
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i nches to the r&tamiess stegblubing, ké@erD,d? E@h@agﬂaésncmwﬂgmgslpﬂeé@%ahover

cat af'y'sl " RP B et i Bfnell a%exﬁie@?@ igef i B i ¢/ Gn Haiplenfistiloo- oo

Tesh)  #asradeinb OTh /ISt B8 Citl Reab i 1R i on
distribute he cat al E(gatdtﬁ ven y |n ear ea(t:‘%bgr at% e anhﬂ@a?&lrct 8ggﬂ§§

cat al yst bedolofasatbemsferrta dbmhheSwaﬂl of ﬂmgeactorAJbet bver dhepihemsovadl] gldassitivped was
added to the top of the cataly in the reactor tube. Silicon carbide (20

mesh) was Mdhebdtrmyaf @etrﬁ@tqrﬁvbedwpsp@@@s 8P lug fasthe gerstor tyber Giliean q@ﬂe@%(?@f

gl ass 15 i.0 r Ve as Iug for
Phe- bot t ontet) 8 oBEL b bl Siout O cBle LIRS ARedBaedRebs ?, on
at vari ouswgél Wés%ﬂb.dbdtd?@r theafticeh ctutshﬁ, pamlmetolfew g BEpRBAGHRNONAS
|nserted into the thernmowell of the reactor tube. t enper at ure above,

bel ow &nhd dmmmtpamcwt(ﬁ-@[)mb) md‘tﬂgamaoﬁﬁg&htsﬂbmd cadsden®fi80onesh) The

r eact or tube erted a install ed n the f urnace,. e reactor tube was
pur ged 20 W?*‘i ﬁ’&éﬁ“wf‘ﬁ% & wdogqaris. hhe ﬁ{(E tFE?B ted Sas catalyRy

tenperat ur g iﬂ%ﬁ&e%&%fgtﬁy é&’i‘l&rsu Q' At eﬁ?bé&‘&% %{‘& s%ﬁ{)gﬁ]l n (250

standard I|te s per hour e tenperature o ned, the
reactor t uﬂﬁd\m&etmélgthsawmhwwmmedto theg tépeoftbe edtalyst in tierreanomidbe. t $itioed  t wo
hours. The catal yst was presulfided by, flowng a 1% m xture of hydrogen
sul fi de gasarbide @Qﬂ wgEHovagdayerrd szeﬂetﬁ@qlpw%tg glassuresd: Arfeuthpicenafl glassct or

T T T

presul fidi fel tra n@«ﬂﬁ@k ﬂﬁettemp&emeapﬂhe keabtiiCatWatiofBpdihie im e’ radctdt2ibeCal or
eight hours. After eight hours, the reactor tube Fressure was i ncrease to

25 psig W mulﬁgomtégemocglaﬁe waw thseierbintoetbe enpewel b '@ngctdiéubeeéEhGM tube at
ﬁoLlr?WAtt ? ; H;ﬁaftm %pge {-:]ﬁgv q%l‘h d@éﬁﬁ‘ d@%@@é \ﬁv rat the'c taiys?bg& %29 I%E)gltcl)geéers per

The reactor tube was inverted and installed in the ﬁ;tmace. The reactor tube was purged

20  with nitrogen. The reactor fube 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 obtained, the reactor tube was held at the operating temperature
for an additional two hours. The catalyst was presulfided by flowing a 1% mixture of
hydrogen sulfide gas in hydrogen gas at 425 °C for five minutes through the reactor tube.

25  After 5 minutes, the hydrogen sulfide in hydrogen gas flow was switched to a hydrogen gas
flow through the reactor tube.

After presulfiding the catalyst, the reactor tube was maintained at 425 °C for eight
hours. After eight hours, the reactor tube pressure was increase to 25 psig with hydrogen
gas. Dodecane was pumped through the reactor tube at a flow rate of 40 g/hr at a hydrogen

30 flow rate of 125 standard liters per hour. After four hours, the dodecane stream was

increased to 80 g/hr. After obtaining a flow rate of 80 g/hr, the reactor tube temperature
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i ncreased to 80 g/hr. After obtaining a flowrate of 80 g/hr, the reactor
tube tenperature 47 WO 2005/ 037753 PCTI US2004/ 034081 was raised to 460 C.
The reactor tube was sanpl ed every eight hours after obtaining the

oper at i ng WRA9E0HI6F e of 460C. After twenty-four hours tHMEI/URIH3498dr cent of
dodecane was 11.4 wei ght percent as depicted in Table 6. At a tenperature
of 479 C, the conversion of dodecane to olefins vvas 5 16 wei ght percent
after twe r P | e nono
ol efi ns %rﬁﬁd&ﬁ?ggegcg%réﬁe%egjfyﬁagt%l cf’@g% a%‘gpgﬂ%%\kglﬁ@rtﬁlg\é%rer cent
wer e - operbfinpstenperatire of 46RC. anount of ol efins forrred 6 percent were

branched, as d term ned b){1 H NVR anal ysis. Table 6 Test Results.
Conver si on (wt 2dier Sysady-four hawrsthe weight pescent ﬁfd@FC@EWP@leWW@M%

o 54 GRS E:%Nﬁ%bé?%r AR 4G 475 e S eribn b bR o BlesBR oo on.

4.1 W5 % t ”ﬁl’” % %

Br anchﬁed %:?g“eg%ttp ?ﬂﬁgﬁtla&l{@{g‘g?ﬁ} Ecﬁllgﬁi?rgf Pﬁgl evgleﬁ#\?\kﬂ%&ﬁglvﬁmﬁ@ : ot
DEHYDROGEN#4TD mmme@rpmmmm&mﬂpm med 7\5ageighitpetdeatiwbicom

Al drich em aI &)g;g and st g g%ﬁ ni trogen before bei ng processed.
The conpo ounég lsing foamed, Opegceah eredrarphed iy detesmingdul at ed
in Tabl e 14 ogenation-isoneri zation catal yst was prepared in the
fol |l owi ng %ann%g@%%ghi umferrierite (645 grans) exhibiting a 5.4% 1 o0ss on
ignition and exhibiting the follow ng properties: nolar silica to al um na
ratio of 62:1, surface area of 369 square neters per gram (P/ Po=0.03), soda
content of 480 ppm and n-hexane sorptTahle(ﬁapamty of 7.3 g per 100 g of

ammoni um f er rmo Hoatded—rto—a—tancaster—mx—muHer—20-CGATAPAL(r) D
alumna (91 gr fbiting a loss on ignitipn of 25. 7% was added to the
Conversion (wt.%) afier 24 hours on-stream at 114
460 °C.
Temperature required for 16 wt. % conversion 479°C
Selectivity to mono olefins at 16 wt. % T gAwi% :
conversion.
Selectivity to aromatics at 16 wt. % conversion. 4.1 wt.%
Selectivity to di-olefins at 16 wt. % conversion. 7.5 wt.%
% Branched Ci olefins in total C; olefins, 6
(wt.%)
| 10

EXAMPLE 4: DEHYDROGENATION-ISOMERIZATION OF DODECANE: Dodecane

was obtained from Aldrich Chemical Company and stored under nitrogen before being
processed. The composition of dodecane, as assayed by gas chromatography, is tabulated
in Table 5.

15 A dehydrogenation-isomerization catalyst 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 ratio of 62:1, surface area of 369 square
meters per gram (P/Po=0.03), soda content of 480 ppm and n-hexane sorption capacity of
7.3 g per 100 g of ammonium-ferrierite was loaded into a Lancaster mix muller.

20 CATAPAL® D alumina (91 grams) exhibiting a loss on ignition of 25.7% was added to the

muller. During a five-minute muiling period, 152 milliliters of deionized water was added
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muller. During a five-mnute mulling period, 152 mlliliters of deionized
wat er was added 48 WD 2005/ 037753 PCT/ US2004/ 034081 to the

al um na/ ammoniumferrierite mxture. Next, a mxture of 6.8 grans gl aci al
acetic a¥200F0FH 7%} ans of citric acid and 152 millilit SATER0M3HE1 zed
water was slowy added to the alum na/amoniumfenierite mxture in the

mul l er to peptize the alum na. The resulting

al um na/ a ' 0B Funk i ' r f ) .. Over a
per o of o e Mo o Pl B,
nitrate iacid530 graaseofeitridecidraind é62 mibiliters eddeisdized watacetadks]owlymddédw the

al um na/ ammniaymfer_ri eritelacid m xture. The resulting m xture exhibited a

90: 10 r at PR/ ERoRE-ferigits MinareRdiemplado papiissihe plyming. Thezesybngrhe

zeol it e/ alyum:na..m rLe . ; | ' e .m xt upe t hrough

st ai nl essh‘giﬂetei ﬂ:ﬁllé&%mé{égﬁ%ﬁ }%@‘a‘?ﬁé%@s%@ﬂg&g%gBirW@HeéﬁopHSEa%%0815’52? . 10
Si X gr Asptiutés) @ niigtd bf 0120 | of GtrabmitieAlIBA NI 820038 15T Rf8BRAUSEnMed h N
aqueous sol ution of sodium hexachloroplatinate [I1V] hexahydrate to

i ncor por awateo was slowdy adsied to mukied alumindfammoniem-fectiergs/aeid daitewre. THee noi st

zeolite/alum.na pl ati nym.i npr ted .extrudate was dried at, 125C for 2
hours in qugiﬁ“ﬁgﬁﬁ' ge)%ﬁ%{eﬁp&%gﬂg{aﬁpgi’miﬂeﬁgi wping snd a loss.endemtieneher at ur e
of 500C apslsé : ] | AL 4 ﬁfgqﬂ ﬁ]mg: was

cal ci ned ?%55({)%%35%{3% roglgﬁgﬁpéoﬁgdl @gﬁdﬁ?&ﬁ%ﬁ egﬁ{t/st. %éﬂgal ci ned

mer1"zat 1 on “cat

cat al yst wailess steslielplated(14162 ddlesydfa H22hchBohngtasxtiiddres before testing.
Dodecane was dehydrogenated and isonerized using the sanme reactor tube

desi g0 as des®i Ha@s phthex algnina PEKYE Watinasegnatadvide & on of

730

dod to ol efi JeYe ty- {,459 C, As

N X

ol efins, %m%mﬁa’e&wmsm 4Bt PHBinbist SQINRIAIRAIS A 6kinidn Bup¥eix@ifdd Per cent
(6]

were di-olefins. O the total amunt of olefins formed, 86 percéent were
br anched, extsuddtetwasdrieddrt B35 “CHorRbomrsan lowmng aia bl'ke (Pmpiratire Ras tdised fo a

Coqui 1 od PR g b0 And e 2eS TRl Bind Biafpunt dopERmYEH B, 10

w9086 Yos HicHEDNYiSM Y UehRELEGIlbh ibmioRoRAIAIERIASEE. Fhe Scifiba cHFRIUE" ST ON-

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

20 86 weight percent 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.
Temperature required for 16 wt. % conversion 459 °C
Selectivity to mono olefins at 16 wt. % 86 wt.%
conversion.
Selectivity to aromatics at 16 wt. % conversion. 1.2 wt.%
Selectivity to di-olefins at 16 wt. % conversion. 6.8 wt. %
% Branched C, olefins in total C); olefins 86
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Selectivity to di-olefins at 16 wt. % conversion. 6.8 wt. % % Branched C12
olefins in total Cl2 olefins 86 49 WO 2005/ 037753 PCT/ US2004/ 034081 EXAMPLE
5: DEHYDROGENATI ON- | SOVERI ZATI ON CATALYST. A zeolite portion of a

dehydr ogeM 20880373%her i zati on catal yst was prepared as iRCTEZA 084081 g
granms of the resulting zeolite/alum na m xture was inpregnated wth an
aqueous solution 5 of tetraamne palladiumnitrate to incorporate 0.8 w. %
palladiuminto the 1/16 inch extrudates. The noi st zeolite/alumna

pal | adi um i npregnated extrudate was dried at 125C for 2 hours in flow ng
ai r. The EXtyMPEE §r ®RE¥DRAOGENATION-IROMERIDATIONCATALA ST, A@6dlitc and t he
zeolite/alum na_platinumippregnated extrudate was calcined to yield a to
dehydr ogeRePB Af # dehwdrogeagtiosrisemendajion catglygt was reenvErd asdn gl"?@ﬂ%%ssﬁiar eful ly

D vDROGERATS G et A TR ARG e S e Biebed i bl v BN o
cat al yst mumsgm aftehite s thebrprate ey Wogh pohdinal mty/ sk 1/18 @fh U. S. Pat ent
No. 5,648,585 to rray et al., entitled, "Process For |sonerizing Linear

15 A ef i nextiwlatesool efi ns. " Ammoni umferrierite having a nolar silica to
alumna ratio 62: 1, surface area of 369 nP/ P/ Po=Q..03) , .3, sqda
content of 480%?)?&069% Z?ﬁ'(‘ﬁ’ é“ﬁ‘ W?Wteg?fﬁ&'&é‘i‘?wa%angg 1&3 Tner 100
granms of it : G dRg a
ancast or 2 Eoui i ibmg G e HRpGRhA, YR, nfRRPIARHE LB Sy SIS o
Bonnot  2@ndihe zbslite/alunting pladheirm impeghkitediertruduiclwaz ealcited tENERRAL(r) D al umi na

from Sasol . METHOCEL (r) F4M hydroxylprop | et h%/’I cel lul ose, from The Dow
Gheni é&l coldeappnatighdsemerization eatalyst i icalgingd gatalypievasparafaileerushed andl | er was

| oaded wi {.h f_a Lumferrierite (LO of 3.4% and 92 grans of

CATAPAL(rflﬁe‘gﬁlgon?'ggrﬁ?qf&a@gﬁgg?é%{e&f% al um na was 25 blended with the

ferrieritgx/vplEve DEFMVOROGENATOMISOMERRATION OATALYgrerg of de-ionized
ge

wat er was added. A m xture of 6.8 grans of glacial acetic acid and 156
m | lilitedshydfogdmationcisomerization eatalyetrveasguetstedsicomdingtto thehmethod farcatalysor der to

ot | num B e Sc s N AR RS MRl af Hmenied ShroctsFor Romeovis Timar

m x- | eidghsAcABSolbfhsP 0duce a catal yst that contained 0.25 wt. 30 %
pal | a #umbantgmo.ogg C\’Nt. % pl ati num Ten grams of METHOCEL(r) F4M

hydr oxypr opyl Ammonium-ferrierite having a molar silica to alumina ratio of 62:1, a surface area

of 369 m2/g (P/Po=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 mulled catalyst material was extruded using a Bonnot

20  pin barrel extruder. The binder utilized was CATAPAL® D alumina from Sasol.
METHOCEL ® F4M, hydroxypropyl methylcellulose, from The Dow Chemical Company
was used as an extrusion 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

25  blended with the ferrierite for five minutes during which time 156 milliliters of de-ionized
water was added. A mixture of 6.8 grams of glacial acetic acid and 156 milliliters of de-
ionized water were added slowly to the muller in order to peptize the alumina. The mixture
was mix-mulled for 10 minutes. Tetraamine platinum nitrate and Tetraamine palladium
nitrate were added to the mix-muller in order to produce a catalyst that contained 0.25 wt.

30 % palladium and 0.55 wt. % platinum. Ten grams of METHOCEL® F4M hydroxypropyl
methylcellulose was added and the zeolite/alumina was mulled for 15 additional minutes.

The extrudate was transferred to a Bonnot pin barrel extruder and extruded using a stainless
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met hyl cel | ul ose was added and the zeolite/alumna was nulled for 15
additional mnutes. The extrudate was transferred to a Bonnot pin barrel
extruder and extruded using a stainless 50 WO 2005/037753 PCTI US2004/ 034081
steel di e WPAWMOBh 1/16 inch holes. The extrudate was W T/ERMYO4Y C for
16 hours and then calcined in air at 500 C for 2 hours. The cal ci ned
catal yst was carefully crushed and sized into 6-20 nesh particles before
testing. SdaGAUME wilh 146! dhe bhfudOfHCLEAN Dok BNA Réindhonol o
conprising: introducing a tirst hydrocarbon stream conprising ol efins and
par af f ns tifeh @aléined r4ie geso0 iC0for O hbls. The calcihed batalypow speanefuilperushridtand S
configured to hydrogenate at |east a  portion of olefins in the first
hydr ocar beigedintead{ mesh paricles beforetssfngher ein a | east a portion of the
unreacted conponents of the first hydrocarbon stream and at | east aportion
of the hydrogenated olefins forma second hydrocarbon stream introducing
t he second hydrocarbon streaminto a dehydrogenation isonerization unit,
wherei n the dehydrogenati oni soneri zation unit is configured to dehyerogenate
at least a portion of the paraffins in the second hydrocarbon streamto
olefins, wid wherein the dehydrogenation-isonerization unit is figther
configured to isonerize at least a portion of |linear olefins to branched
ol efins, and wherein at |east a portion of the unrea.cted conponents of the
second hydrocarbon stream and at | east a portion of the products of the
dehydr ogenati on and i sonerization reactions forma third hydrocarbon
streana, the third hydrocarbon stream conprising olefins and paraffins, and
erein at least a portion of the olefins in the third hydrocarbon stream
is branched ol efins; and, introducing at |least a portion of the third
hydr ocarbon streaminto a hydrofornylation unit, wherein the
hydr of ornmyl ation unit is configured to hydrofornylate at |east a portion of
the olefins in the third hydrocarbon streamto produce aliphatic alcohols,
and wherein at |least a portion of the produced aliphatic al cohols conprises
a branched al kyl group. 2. The nethod of claim11, wherein the first
hydr ocarbon streamis produced froma Fischer-Tropsch process. 3. The
met hod of any one of claims 1 to 2, wherein the first hydrocarbon stream
conprises olefins and paraffins having a carbon nunber of 7 to 18.
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4. The method of any one of clains 1 to 3, wherein the hydrogenation tuut is
operated at a tenperature range from about 175 C to about 250 C. 5. The

nmet hod of any one of claims 1 to 4, wherein the hydrogenation turit is
operated at a hydrogen flow rate between about 250 NLILhir and about 5000
Nt 1Unhr. $2 6. The nethod of any one of clains 1 to 5, wherein the

hydr ogenation unit is operated at a pressure range from about 10

at nospheres to about 50 at nospheres.rd The Jjret hod of any one of clains 1 to
6, wherein the dehydrogenation-isone : LAl twit is operated at a
tenperature range from about 300 C to about 500 C. 8. The nethod of any one
of clains 1 to 7, wherein the dehydrogenation-isonerization . unit is

confi gur ed 1 cA upthodtfer the pedpetismsf rliphaicglohols noragriaing: 0. 010 at nosphere to
about 15 atnospheres. 9.. The nethod of any one o laips 1.10.8, wherein a
resi dence time SRFofucingadirsthydrosarppn srem w&m%‘ﬂﬂgﬂ-ﬁ%@t@tﬂr eamin

t he dehydrqﬁ@ﬂ% b 0 | | ' dl—Hk{ ' G ‘ Cbﬁj £8, ' level of
‘the paraffins %%g@’%%&ﬁﬁ%?@car c%%ﬂogturﬁie{g%og%%%ﬂgg?t Ion %’éég{%#feég‘ftﬁs i's

| ess than gioctindn of®lefins én the ficst hiydrotfbor hiesantt pacffof, aydywitsreinef leaitaipsich to 9,
wherein the hydrofornylation unit |s,.configured to produce gr,eatg?&éhan
about 50 pefdasreActed|coImRaRents O}Iﬂ&ﬁWBYdT‘i@bWﬁHe%WFgﬂ leggst apgrtionef ®e cl ai ns
1to 10, V\/r]s,@ﬁj Bylr [ it J operated at a reaction
tenperature-ra geatt%bfe%lm abfgiﬂ?a%égﬁgh?oogﬁ)% d‘%ﬁ%’ T.. 12. The nethod of any one

of claims 1 to ZJtroduoingtter secandinyidedcardion beam intp addhpdrogbmtionligdm@izatigact i on
stream wherein the hydroforn Vtation yeaction streamcqonprises at |east a

portion of ‘FHEWH?\"F % @@Wﬁﬂ%’%‘%@ RS Wﬁé@%ﬂ%ﬁl"’%#&&?n and at
| east a_POrikiPRofifioh bepadHERtn fd ROSA AR EBALan PSRN 1 Pl Hl ©
e hydrofornyla

al cohols fromt tion reactron streamto produce a paraffins
and unr eact deiiydro gdnafien-Sbmenzatian dni is fudhertvatfigared wakmmherics ditilzh statpoetion ofand,

o the | g BB aErERaSTE 14 Vot ot et 30RO RECRCBR ol ai m 12,
into the . ! é . ]
er i 1 1 1 LQAGLMoAke LSS At BAELd: Rl b 0L PROKES oPR BRI

olefins streaminto genation-1sonerization uni onpri ses
conbi ni ng ddhydvegsation mat iséroenzafion teactims ffrtd nithird hgdroparbar sted o Mefthing st r eam

with at |east, a portion of the second hydrocarhon streamto produce a
Corbi ned ¢ PUETAHR e GRS SEMARO G ORI LR SHOTHPIOL
| ntroduci ngylfind if AR thidd RPfrbde@EbuQirehilGs GRANABR fins; and,

| introducing at least a portion of the third hydrocarbon stream into a

hydroformylation unit, wherein the hydroformylation unit is configured to hydroformylate
at least a portion of the olefins n the third hydrocarbon stream to produce aliphatic
gleohols, and wherein at least a portion of the produced aliphatic alcohols comprises a
branched alkyl group.

2. The method of claim 1, wherein the first hydrocarbon stream is prodaced from a
Fischer-Tropsch process.

3. The method of any one of claims 1 to 2, wherein the first hydrocarben stream
comprises olefing and paraffins having a catbon number of 7 to 18.

4. The method of any one of claims 1 to 3, wherein the hydrogenation vmit is operated
at a temperature range from about 175 °C to about 250 °C.

5. The method of any one of claims 1 to 4, wherein the hydrogenation vmit is operated
at a hydrogen flow rate between about 250 NL/L/hr and about 5000 NL/L/hx.



streaminto the dehydrogenation-isonerization unit. 53 14. The nethod of any
one of clains | to 13, further conprising: introducing at |east a portion of
t he produced aliphatic alcohols into a sulfation unit and/or an

oxyal kyl ation unit, wherein the sulfation unit is configured to sulfate at

| east a portion of the aliphatic alcohols to produce aliphatic sulfates;
wherein at | east a portion of the aliphatic sulfates produced conprises
branched al§ phat¥he mahgdafasy apgiofmiameilio Shwhersinythe kydregenationumiit is ioperated

confi gured LKyl at | t tion of .the aliphatic al cohols to
pr oduce oxyaggﬁg%x‘%ﬁg%ﬁgﬁgfn ﬂéﬂﬁlétre@sar?ngfﬁ%feeﬁé? Q%P%S@PWP he oxyal kyl

al cohol s prpduceThe HORTI d30§ ol SNAIRE 1% Yaivkirkinath B zerion TR GRidRd Of
any one of claims | to 14, wherein the dehydrogenat | On- "1 someri zation unit

conpri ses amifdnpperaigdaia opeiesonmngy AomahowA08°Cab abami50QCed to catal yze
bot h dehydrpgenaf,i on .1 e ions ang .i s i zation reactions in,the ,

dehydr oggna¥ ?on%ﬂ%ﬁ?éﬁ@& AUt cgqusﬁgg EJ a‘f"g?rﬁ’g‘tth’é 8%”@%"&“%% form
of a zeol ity iQ@Nﬂﬂ@ra@t&%ﬁ&gﬁﬁg 5 ehs%?é:\éﬂé&frﬁh%@W&O%H%?We% abodpifder, a

coke- oxi di zi ng conpound, an araf fi n"dehydrogenati on onot 1 ng conpound.
16. The netdmdsphEresny one of clains | to 15, wherein the dehydrogenati on-

sones comprdses Tt NG, SR ERs SreBNd AT BECBATIRER S Gl ALHES wher i 1
the first :ga-géﬂ Qfthe Q6nd Bydrécafoh @684 il @e aammagmmtisoﬁ&iﬁﬁ@éﬁniﬁs@% I on

of paraffi o olefins, and wherein the second reaction zone is configured
to i soneri ztbatghe t@wstsion lest of the pakffios methe setonflihydrocabomstraamhethpobitibn tts, and

wherein at |.east. rtion t he unreacted conmponents of the second
hydr ocar bon°1§€95é§rﬁsgﬁ‘ﬁuﬁ‘?°‘ﬁtgé§{°?%p$ﬁ“§i on of. the products of the
dehydr ogenaig, on fRinethsPofmy 88 bii’élajﬁﬁal%'%erfeﬁﬁfﬁbBi?&oiﬁ:?da{r]gﬁéﬁ’\ﬂ:l’iﬁﬁar bon

stream 17. The nmethod of claim 16, wherein the first reaction zone is
oper at ed at ceafigunef éo producs greata geanfaborh Ve enbofdipticdiohdlse net hod of claim

16, wherein the first.r tion zone is .0parated al . reacti.on
pressure bepWee_n .%Th%‘f%;?ﬁﬁg?ggc ﬂﬁﬁﬁfgqg’ ‘ﬂ{‘ﬁ:ﬁ ﬁ’@%"%%wlf@n%tés met hod of
claim 16, WiRkRbdatk rtREbA efGRrdhiraPangt fidin 4RAC10(PP(BMREARNMOOECt he  second
hydrocarbon 'streamin the first reaction zone is such.that the conversion

llevel of thi. pakagmethed efpnylons pheleims 1 todd, funher ®mpmsing: per cent. 20. The
method of el al M 4 Ay BloBbrdy i8S 548 §AGL, QReRifint By @BRLA/E o eadion
stream comprises at least a portion of the unreacted components of the thini hyrirocarbon
stream and at least a portion of the produced aliphatic alcohols;
separating aliphatic alcohols from the hydroformylation reaction strezm to produce
a paraffins and unreacted olefins stream and an aliphatic alcohol product stream; and,
introducing at least a portion of the paraffins and unreacted olefins siveam into the
dehydrogenation-isomerization unit.
13.  Themethod of claim 12, wherein introducing at least a portion of the paraffins and
noreacted olefins stream into the dehydrogenation-isomerization unit comprises corabining
at least a portion of the paraffins and uoreacted olefins stream with at least a portion of the
second hydrocarbon stream to produce a combined giream upstream of the
dehydrogenation-isornerization unit and introducing at least a portion of the combined

stream into the dehydrogenation-isomerization unit.
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tenperature range from 2004C to 500C. 21. The nethod of claim 16, wherein
the second reaction zonet is operated at a hydrocarbon partial pressure
bet ween 0,1 atnosphere and 10 at nospheres. 22. The net hod of any one of
clainms 16 to 21, further conprising introducing at least a portion of the
second hydrocarbon streamexiting the first reaction zone into a heat
exchanger, wherein the heat exchanger is configured to renove heat frown a
portion of the second hydrocarbon stream before it enters the second
reaction zone, 23. The nethod of any one of clains 1 to 22, wherein the
dehydrogenation- isonerization unit conprises a stacked bed catal yst

configurati,gn, t ed,,c t co es a dehydrogenati on
catal yst a g an i g&ﬁ%ﬂ?ééﬁ“@ﬁ%%ﬁg}@ “%ig a"l)i%gfifsct“’g}%?ﬂi’% t he production of
al i phati c al cohghsoduefy 41 laeita pertiBa ol HePprobeccirtipRdic AcdHRILInRYa E‘Slfaﬂaﬂ ugfte of
claims 1 to 23. 25. An aliphatic_ al cohol produced by the nethod of any one
of cl ai ns land/or 28 oxydiylation unit, wherein the sulfation unit is configured to snlfate at least a
portion of the aliphatic alcohols to produce aliphatic sulfates, wherein at least a portion of
the aliphatic sulfates produced comprises branched aliphatic sulfates and wherein the
oxyalkylation unit is configured to oxyalkylate at Jeast a portion of the aliphatic alcohols to
produce oxyalkyl alcohols, wherein at least a portion of the oxyalkyl alcohols produced
comprises branched oxyalkyl alcohols,

15.  The method of any one of claims 1 to 14, wherein the dehydrogenation-
isomerization unit comprises a dehydrogenation-isomenzation catalyst configured to
catalyze both dehydrogenation reactions and isomerization reactions in the
dehydrogenation-isomerization unit, the catalyst comprising a hydrogen form of a zeolite ‘
having a ferrierite isotypic framework structure, a binder, a coke-oxidizing compound, and

a paraffin dehydrogenation promoting compound.

16. The method of any one of claims 1 to 15, wherein the dehydrogenation-
isomerization unit comprises a plurality of zones, wherein the phurality of zones cbmpxises
a first reaction zone and a second reaction zone, wherein the first: reaction zone is
configured to dehydrogenate at least a portion of paraffins to olefins, and wherein the
second reaction zone is configured to isomerize at least a portion of linear olefins to
branched olefins, and wherein at least a portion of the unreacted components of the second
hydrocarbon stream and at least a portion of the producté of the dehydrogenation and

isomerization reactions form the third hydrocarbon stream.

17.  The method of claim 16, wherein tbe first reaction zone is operated at a temperature
range from 300°C to 600°C.

18.  The method of claim 16, wherein the first reaction zone is operated at a total

reaction pressure between 0.01 atmospheres and 25.0 atmospheres.
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19.  The method of claim 16, wherein a residence tim'e of at least a portion of the
second hydrocarbon stream in the first reaction 2one is such that the conversion level of the

paraffins to olefins is less than 50 mole percent.

20.  The method of claim 16, wherein the second reaction zone is operated at a
temperature range from 200°C to S00°C.

21. The method of claim 16, wherein the second reaction zone is operated at a’

hydrocarbon partial pressure between 0.1 atmosphere and 10 atmospheres.

22, The method of any one of claims 16 to 21, further comprising introducing at least a
portion of the seécond hydrocarbon streamr exiting the first reaction. zone into a heat
exchanger, wherein the heat exchanger is configured to remove heat from a portion of the

second hydrocarbon stream before it enters the second reaction zone,
23.  The method of any one of claims 1 to 22, wherein the dehydrogenation-

isomerization unit comprises a stacked bed catalyst configuration, wherein the stacked bed

catalyst comprises a dehydrogenation catalyst and an isomerization catatyst.

24. A system for the production of aliphatic alcohols configured to perform the method

according to any one of claims 1 to 23.

25.  An aliphatic alcohol produced by the method of any one of claims 1 to 23.
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