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detergency) produced from the aliphatic alcohol. For example, water solubility may be

affected by the linearity of the aliphatic portion of the aliphatic alcohol. As the linearity of

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

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

25  alcohol surfactants may be reduced if the branches in the aliphatic portion of the alcohol
surfactant include a high number of quaternary carbons. Incorporation of branches with a
minimum number of quaternary carbon atoms into the aliphatic portion of the aliphatic
alcohol surfactant may increase cold-water solubility and/or detergency of the alcohol
surfactants while maintaining the biodegradability properties of the detergents.

30 The aliphatic portion of an aliphatic alcohol used to manufacture a surfactant may
include one or more aliphatic alkyl groups as branches. Aliphatic alkyl groups that may
form branches in the aliphatic portion may include methyl, ethyl, propyl or higher alkyl
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not limited to, methyl and/or ethyl branched olefins. The isomerization process may

produce branched olefins that include less than 0.5 percent of aliphatic quaternary carbon
20  atoms.

After the feed stream is processed in the isomerization unit, the resulting branched
olefin-containing stream is passed into a hydroformylation unit. One or more hydrocarbon
streams may be combined with the branched olefin-containing stream to alter the
concentration of olefins entering the hydroformylation unit. After hydroformylation of the

25  olefins, unreacted components from the hydroformylation process may be separated from
the aliphatic alcohol products. Paraffins and unreacted olefins in the separated stream may
be sent to a dehydrogenation unit.

Dehydrogenation of paraffins may occur in a dehydrogenation unit. In an
embodiment, at least a portion of a paraffins and unreacted olefins stream may entera

30  dehydrogenation unit. In the dehydrogenation unit, at least a portion of the paraffins in the
paraffins and unreacted olefins stream may be dehydrogenated to produce olefins. At least
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alcohols. At least a portion of the oxyalkyl alcohols may be sulfated to from oxyalkyl

sulfates. In some embodiments, oxyalkyl sulfates may include branched alkyl groups.

Brief Description of the Drawings

Advantages of the present invention will become apparent to those skilled in the art
20 with the benefit of the following detailed description of embodiments and upon reference
to the accompanying drawings, in which:

FIG. 1 depicts a schematic diagram of an embodiment of a system for producing
branched aliphatic alcohols using an olefin isomerization unit.

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

25  branched aliphatic alcohols using a isomerization unit and a separation unit to separate
branched olefins from linear olefins and paraffins.

FIG. 3 depicts a schematic diagram of an embodiment of a system for producing
branched aliphatic alcohols using an olefin isomerization unit with addition of an
additional hydrocarbon stream.

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

specific embodiments thereof are shown by way of example in the drawing and will herein
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anount Surfactants derived from branched olefins may have different properties than

surfactants derived from linear olefins. For example, surfactants derived from branched

20  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
branched portion of the surfactant. Surfactants made from branched olefins with a
minjmum number of quaternary carbon atoms may have similar bicdegradable properties to

25  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
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

30 economic value of the process streams.



of branched ol efins derived froma Fischer-Tropsch process stream may
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Combinations of Mo, W and Group VIII compounds may be prepared in the free metal
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 cobali 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



supports, pronoters and other netal conbinations, a cobalt catal yst may be
tuned to 30 manufacture a conposition enriched in the desired hydrocarbon
species. O her catalysts, such as iron-cobalt alloy catalysts, are known
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content greater than 90 percent by weight paraffins. The feed stream may
al so i ncl %@37,4150iMasonTemtitiedSWilpha-Qlefia ctipheandt$. PatestiNp. 4,020,121 to
Kister et al., entitled “Oligomerization Reaction System.” Most of the above-mentioned
20  processes produce alpha-olefins. Higher linear internal olefins may be commercially
e 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 aliphatic
25  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 streamn 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 weight. In other embodiments, a

30 feed stream may have an olefin content greater than 90 percent by weight olefins.



may be between 10 percent by weight to 50 percent by weight. In other

enbodi nents, a 30 feed stream nmay have an olefin content greater than 90
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hydr ocar bons having an average carbon nunber ranging from4 to 30. In an
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percent or nore of the ol efim nol ecul es present may
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process. In sone enbodinents, a feed streamincludes olefins in which at
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an al cohol product stream may include aliphatic alcohols having an average

car bon nualiphatic alagholy; $uchm fream Bay be derived from a Fischer-Tropsch process. In some
embodiments, a feed stream inciudes olefins in which at least 50 percent of the olefin

20 molecules present are internal olefins.

Branched chain olefins may be converted to branched aliphatic alcohols (e.g.,
branched primary alcohols) by a hydroformylation process. “Hydroformylation,” as used
herein, refers to the production of aicohols from olefins via a carbonylation and a
hydrogenation process. Other processes may be used to produce aliphatic alcohols from

25  olefins. Examples of other processes to produce aliphatic alcohols from olefins include,
but are not limited to, hydration, oxidation and hydrolysis, sulfation and hydration, and
epoxidation and hydration. The composition of an alcohol product stream may include
aliphatic alcohols having an average carbon number ranging from 5to31. In an
embodiment, an average carbon number of the aliphatic alcohols in an alcohol product

30  stream may range from 7 to 20. In certain embodiments, an average carbon number of the

aliphatic alcohols in an alcohol product stream may range from 11 to 18. In some



enbodi nent, an average carbon nunber of the aliphatic alcohols in an al cohol
product 30 streammay range from7 to 20. In certain enbodi nents, an average
carbon nunmber of the aliphatic alcohols in an al cohol product stream may
range from1ll to 18. In some 7 enbodi nents, an average carbon nunber of

ali phatic alcohols in an al cohol product stream may range from1l | to 14.
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al cohol product streampmay_rapge from 15 to 18. In certain enbodinents, to
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i sonerization unit 110 via fi r,%i,c%g%gi t 112._. In isonerjzation unit 110, at
| east a thapes theswerpl ecmompicanability;of thestream, dp spme cabadisents alteam nay be
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control | gt s3prddideal sticam diiched indlefial The eationed dlefiis stream iy Berdepdled € and
after the isonerization is substantially the sane. Catal ysts and process

condi t i ointo apisoperieatian ynit soneri ze |inear olefins to branched ol efins are
described in Y. .S. 20 Paten ) 48..5 0 [r entitled "Process for
| someri zi ng LHﬁ@E?I_'ﬁoeﬁs%? @(gf\‘ﬁ"ll;@o eﬂiﬁgﬁy _ N%“? @ﬁﬂ’ﬁlb"cqugﬁ , 585 to
Mirray efntéisomefipdtidn wh 110 a8 65t cofduit 1120 TR idotetiatidl @t 1 10, af ledst 4 O

| soolefins.” In an enbodi nent, linear olefins in a first hydrocarbon stream

are isonpertioaef the olefinsin the finst bydroearpomsheammaybr isomerizedsto brancbed alefivs t i on
of the first ,hydrocarpon, st r,eam w t

cat al yst "HEPI¥EASCLEN 2ghon SWE&O%\%@’H% &L‘%l%@l ’%Sﬁtnglﬂ%/%'tp?ﬂl ighfer EEOL Ih;ﬁnel
di anet er jspaRAAbn R IV B B cdntdfed sihAhAtRe h@fiberldfBrbon Atordd'i BEO! i t e
catal yst may have an elliptical pore size |large enough to permt entry of a
| i near oblefinsbefont andiaftertheasnmerizatiomistsubstantiadllythe sapfe. 2Catalysts land pricessi n.  The
pore si Zce:ono ‘tigng?o s ee?tl.tiaﬁ)? isggxteglzél ﬁlgearrr%}leﬁns to branched olefins are described in U. S.
20 Patent No. 5,648,584 to Murray, entitled “Process for Isomerizing Linear Olefins to
Isoolefins” and U.S. Patent No. 5,648,585 to Murray et al., entitled “Process for
Isomerizing Linear Olefins to Isoolefins.”
In an embodiment, linear olefins in a first hydrocarbon stream are isomerized in
isomerization unit 110 by contacting at least a portion of the first hydrocarbon streamn with
25  azeolite catalyst. The zeolite catalyst may have at least one channe! with a crystallographic
free channel diameter ranging from greater than 4.2 A and less than 7 A. The zeolite
catalyst may have an elliptical pore size large enough to permit entry of a linear olefin and
diffusion, at least partially, of a branched olefin. The pore size of the zeolite catalyst may
also be small enough to retard coke formation.
30 Temperatures at which the olefin isomerization may be conducted range from 200

°C to 500 °C. Temperatures in isomerization unit 110 are, in some embodiments, kept



al so be small enough to retard coke formation. 30 Tenperatures at which the
olefin isonerization may be conducted range from200 C to 500 C
Tenperatures in isonerization unit 110 are, in some enbodi nents, kept 8

bel ow the tenmperature at which the olefin will crack extensively. To inhibit
cracki ng,, | ow
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than 0.7. |In certain enbodi nents, an average nunber of branches per olefin

nol ecul e @FP2&KR). In an exmbodiment pariab pressyre mavargefrom abeyverQ.3 pirgpspherg (31 5. | n

sonme enbog RGeS er of branches per ol efin nolecul e present
in the b?@ﬁﬁ%&ﬁ%ﬁ'@% co@‘ggsslk?lhﬁgﬁ is 20 fromO0.7 to 2.2. In certain _
enbodi ment s, apheMahalgRl dlefibh prodiiced in ONRTiZation @hR1110 maPineRidesn@thgsent in

t he branched ol efin conposition is from1.0 to 2.2. The degree of ~branching

0
in the prehyloandfanlongerserhonsihaibiapchesntThel ispmgripedrelefis compesitionmay be

i sonerl zation | t exanpl i gh. reaction tenper res and l.ower feed
ot aclsasanalyaet By F BB CHi AP e Readiofth SE5c Rl HER e S Rtr ietiRs,
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branches present in the olefin nolecules. |In some enbodi nents, nethyl

br anches Imeprtainembedimegisean avereganumbenef branehesfper hlefint moleculeproemt of
R A S
of the  sumber of branches per olefin molecule present in the branched olefin composition is
20 from 0.7 to 2.2. In certain embodiments, an average number of branches per olefin
molecule present in the branched olefin composition is from 1.0 to 2.2. The degree of
branching in the product may be controlled by controlling process conditions the
isomerization unit. For example, high reaction temperatures and lower feed rates may
result in a higher degree of branching. Methyl branches may represent between 20
25  percent to 99 percent of the total number of branches 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 ethyl 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

30  present, may be between 0.1 percent and 2 percent of the total number of branches.



total nunber of branches. In other enbodi nents, a nunber of ethyl branches,

If 30 present, nay be between 0.1 percent and 2 percent of the total nunber

of branches. 9 Branches other than nethyl or ethyl, if present, nay be |ess
than 5 percent of the total nunber of branches. Isonerization unit 110 may
produce a second hydrocarbon streamthat includes olefins and paraffins. At
| east a pBranches other ﬂmnsn@bnbomwbcfmmtsma)ehwim than hpesenr eirthhdokal

ol efins. The, sec drocar bon stream nmay exit isonerization unit 110 via

second coPggper fot?fmé $he introduced into hydrof ornyl atlon unit 116. At
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paraffins stream In separation unit 118,” the second hydrocarbon stream may
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pore size for absorptiopn of, branched ol ef] and/.or nea‘il kefl ns and
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stream anneferringmzmc ) aﬁemalhytﬁoqmbmmrenm mnyeamsoﬂenmmaitl O andit 118

may include a fixed bed_containing ads rbg é’rfor separation of the second
hydr ocar batierseparation Bnip 1 b via separy PR+ PrPasationdinitll$ may pioduse ato| ef i ns

and par af fﬁkééﬁﬁgﬂ% S%ﬁfxé& biefiné ﬁI&‘a{ fiffear Bleﬁﬁ?ﬁﬁ&’% drffirdUrbant 1§ MY

range from n sone e I ments, separation tenperatures nay

range fr os@parhibn mow&ﬁesecsﬁqbaymm stfeasemyat comacted with oleaitabe
conducted at a pressure 25 ranging from 2, at rmspheresé)&zoz kPa) to 7
at nos pherdeves fe.8., gealite or e@?i?&élpﬂ@rﬂ@ fopabsp peanched Olgfine cond
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molecular sieves may produce at least two streams, a branched olefins stream and a linear
olefins and paraffins stream.

20 Separation unit 118 may include a fixed bed containing adsorbent for separation
of the second hydrocarbon stream to produce a branched olefin stream and a linear
olefins and paraffins stream. Separation temperatures in separation unit 118 may range
from 100°C to 400°C. In some embodiments, separation temperatures may range from
180 °C to 380°C. Separations in separation unit 118 may be conducted at a pressure

25 ranging from 2 atmospheres (202 kPa) to 7 atmospheres (710 kPa). In some
embodiments, a pretreatment of a second hydrocarbon stream may be performed to
prevent adsorbent poisoning.

At least a portion of the linear olefins and paraffins strearn may be recycled,
transported to other processing units and/or stored on site. In an embodiment, at least a
30 portion of the linear olefins and paraffins stream may be combined with first hydrocarbon

stream in first conduit 112 via linear olefin and paraffin recycle conduit 122, The
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30 portion of the linear olefins and paraffins stream nmay be conbined with
first hydrocarbon streamin first conduit 112 via |linear olefin and paraffin
recycl e cQisbbinstdsd- The 10 WO 2005/ 037751 PCT/ US2004/ @@4@32004004084 ned
stream may enter i1sonmerization unit 110 via first conduit 112 to continue
the process to produce isonerized olefins. In sonme enbodi ments, a |inear
olefins and paraffins stream maybe introduced directly into isonerization
uni t 110 cothBins® Becapia§ enfePisémeAzatioh MR 10 WS fidbcciaditNan ad Edmmmns teeam may be
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ol ef i ns pracessite produpeisomanspboledus. dndome emboditheints, a dinbarolgfimsead pamnffist r eans

ebod oA e PE e ELRIEHN Kb SRR o) Lt 17 SoBe FERRIREPeRi
separ at i ﬁﬂed:‘!&léﬁn&&@dpﬁﬂfh:ﬂ%ﬁ@@ﬂ%% ix}(&&&&cé@ﬁﬂ?gd%%?é‘@éﬁ\gﬁ%r eamin

second conduit 114 upstream o of ornyl ati on o ranched

ol ef i is conduiAt l¢ha¥/h pdrtiombdhihe bearbheli otefiisstream My beratspartabaid witized i
branched gl efins stream may exit a se,par,aéi on unit and be_ introduced

di r ect | y OHst Brogessing sEE@pRdien Siered; am site Wi brapehedholefigsieandaitddh & somm nay

exitisogﬁ'- LN Y0 . Vi i nter .
hydr of or iy g@?{gh uﬁﬁ%ﬂs&ié&%é’ K&) 26 ﬁ’g@ggéhl %8@%%6&?1%%&%998%#&?01} unit 118

hydr of or gid 8é tbiRéDERE Seconli B idSarBbe steafi @I sethd @dndhid 8 1Y dfsireastl gfOhOl s or a
conbi nati on 15 t her eof bg@reactlon of at least a portion of the olefns with

car bon mbydefceylation nyidd 66 iz branshoed diefigs eandait 1240 Ippibiceersbodiwents.ad herei n,
an "Oxo0 process.. re s t.o.t reaction of.an olefin.wth caybon noxi de
Sha M e roption & £ Busitdetais S oy Bgaefin it beBhpdicedny o) yot)
to produggedty itlo@AkofeRAYIANGH it ONe more carbon atomthan the starting
olefin. I'n ofher hydrofornylation processes, a "nodified Oxo process"” is
used. As usedTheseond hpdro@Gbdmsttiaii may Gxbispmenzatioh wnifld0s-4 secamd @uduidr ocess

or 1 hod 348 85 SR BBRR i LS (ealsn T L b at alysts are

descri bed i : \Ge%%d 4 1 I on
Rat es | nﬂ@%ﬁyﬂﬂ?ﬁlgﬁ@ﬁ{%ﬁgﬁ‘ﬁ%@%ﬁ“; ) é& %%@ﬁ?’%&ags%fggg}ggﬁ '?i gﬁSI augh et
al ., 1ent itlidr&d by rédetiowbDatriydsth pomioflof Mleafléfis; with basborPaiactidéand Byd2@#n569 to

Slaugh et at., entitled 25 "Hydrofornylatjon O Oefins;" U S Patent No.
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In other hydroformylation processes, a “modified Oxo process” is used. Asused herein, a

20 “modified Oxo process™ refers to an Oxo process that uses a phosphine, phosphite, arsine
or pyridine ligand modified cobalt or rhodium catalyst. Preparation and use of modified
Oxo catalysts are described in U.S. Patent No. 3,231, 621, to Slangh, entitled “Reaction
Rates In Catalytic Hydroformylation”; U.S. Patent No. 3,239,566 to Slaugh et al., entitled
“Hydroformylation Of Olefins;” U.S. Patent No. 3,239,569 to Slaugh et al., enfitled

25  “Hydroformylation Of Olefins;” U.S. Patent No. 3,239,570 fo Slaugh et al., entitled
“Hydroformylation Of Olefins;” U.S. Patent No. 3,239,571 to Slaugh et al., entitled
“Hydroformylation Of Olefins;” U.S. Patent No. 3,400,163 to Mason et al., entitled
“Bicyclic Heterocyclic Sec- And Tert-Phosphines;” U.S. Patent No. 3,420,898 to Van
Winkle et al., entitled “Single Stage Hydroformylation Of Olefins To Alcohols Single

30  Stage Hydroformylation Of Olefins To Alcohols;” U.S. Patent No. 3,440,291 to Van
Winkle et al., entitled “Single Stage Hydroformylation Of Olefins To Alcohols;” U.S.
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Wnkle et al., entitled "Single Stage Hydrofornylation O Oefins To

Al cohols Single 30 Stage Hydrofornylation O Oefins To Al cohols;" U S
Patent No. 3,440,291 to Van Wnkle et al., entitled "Single Stage

Hydrof ornmyl ation O O efins To Alcohols;” US. 11 Patent No. 3,448,157 to
Slaugh et al., entitled "H{droforrryl ation & Odefins;" U S. Patent No.

3, 488, 158Patent Naa G 85740 Slaugh et all,¢atitled, Hlysdrofompylation Of Glefinst kS ; Patedt S.
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unit 116 as a batch process, reaction tinmes r\T’liﬁ vary fromO0.1 hours to 10
hours or rbodinm, pickel palladium or platinum. The Group metal may be used as a complex

compound. A complex compound may be a Group VIII metal combined with a ligand.

20  Examples of ligands include, but are not limited to, a phosphine, phosphite, arsine, stibine
or pyridine ligand. Examples of hydroformylation catalysts include, but are not limited to,
cobalt hydrocarbonyl catalyst, cobalt-phosphine ligand catalyst, rhodium-phosphine ligand
catalyst or combinations thereof.

In hydroformylation unit 116, olefins may be hydroformylated using a continuous,

25  semi-continuous or batch process. In case of a continuous mode of operation, the liquid
hourly space velocities may be in the range of 0.1 h” to 10 h". When operating
hydroformylation unit 116 as a batch process, reaction times may vary from 0.1 hours to 10
hours or even longer.

Reaction temperatures in hydroformylation unit 116 may range from 100 °C

30 to 300 °C. In certain embodiments, reaction temperatures in the hydroformylation

unit ranging from 125 °C to 250 °C may be used. Pressure in hydroformylation unit
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Reaction tenperatures in hydrofornylation unit 116 may range from 100 C 30
to 300 C. In certain enbodi nents, reaction tenperatures in the

hydrof ormyl ation unit ranging from 125 Cto 250 C may be used. Pressure in
hydrof ormmyl ation unit 12 116 may range from | atnosphere (101 kPa) to 300
at nospheres (30398 kPa). In an enbodinent, a pressure from20 (2027 kPa) to
150 at nos phemay ratge Honk Pajmosphene(101skRn) tor308ratmospletec 30398 dtPa)ellatanve t o

of cat ol ySHDRYT 1 RRSSFIBIEOT /B GOR) B0 Lo 1 Saatphares R 1% kER Bayoso 1o
10:1. A ' ; ' b | ' | .
in an enpiigt sREUHEBchals: ALY & ERAmR BRI 67 Bllor RN *1 16

t o contr omayaacy.| 'Qy%iemlﬁbldr(imos dheatshysprdolefinda therhydrobadovdtreasl magt s t hat
do not interfere substantially with the desired reaction. Exanples of such

sol verft s range feman 1pLA0040e Oabt A Fatior eicbatweem 1l ldhands3: 1anaebe usedimerstaini tri | e,
sul fol ane_apd,paraffins. ne-al cohol selectivities qf | east 90 percent
and even ?ﬁ’gﬁqﬁ?e@gﬁs @%N%@H@e“ﬁngge%ﬁa‘g%@ayﬁﬁaﬂ%‘m ornylation unit
116. I n agghicbicihylstict bt 19616 E6h@Ereattion coiditibhs. The UnY JiRant alage from
50 percent” by wei'ght to greater than 95 percent by weight. In certain
enbodi meningjude! seld vents that do siob intexfere subistantially| with thesdasergd reaagicent er t han 75
percent 15" by weight. |In sone e di nents, .ol efin conversion to aliphatic
al cohol s Ksgmples of gﬂ?’b”‘"ﬂ‘fﬁﬁ“‘éﬁg&f%@ﬁ? ngt ligpitedip, ﬁF&?fﬁét‘?‘Bﬁ“@f al i phatic
al cohgl s ﬁgpﬂ{, -ornyl ation reaction product stream may be
achi e\E/Hed f?%g%?rg’aﬂly né;ﬁnnd"ﬁ%{aﬂgﬁs;' In an enbodi nent, isolation of the

al i phati c al coMone-alcohblstieztisities of ati legst 00 peremcindesdernof nlledst 82 pcakiahsy to a
first distillation, 20 a saponification, a water washing treatnent and a

second di be ahieyed imhydrpformylation unit )16 Inpddition, plefin capvarsipns Wraliphatisray ent er

"enot on BOIE PR Mol 30 (o By SRR % Brate ran ST O SR
(e. 9., flashirkrfibidimahtslefr convetuiu tordiphatit sltoHolvinbpbe greh@er HaneMsRedentnt |

a short path distillation may be used to produce at |east two streans, a
bot t oM st byweighkdn someemberdimenise@iefipconvession o dliphatioalcoliols may bewEreaterst r eam

may be regyc r]é, rmylation wunit 116 via bottom streamrecycle
condui t 1% ,bﬁﬂe}gg?tt S&lg odiments. The top stream nmay include, but is not

i m;jt ed to, pagkafafionsf aliphatealconble pfidubéd fo6 the BydtoormyiaibR idabtioh FRIAB
roduct .
P stream may be achieved by generally known methods. In an embodiment, isolation of the

aliphatic alcohols includes subjecting the produced aliphatic alcohols to a first distillation,
20  asaponification, a water washing treatment and a second distillation.
The hydroformylation reaction mixture stream may enter separator 126 via conduit
128. In separator 126, the hydroformylation reaction product stream may be subjectedto a
first distillation step (e.g., flash distillation or a short path distillation). In an embodiment,
a short path distillation may be used to produce at least two streams, a bottom stream and a
25  top stream. At least a portion of the bottom stream may be recycled to hydroformylation
unit 116 via bottom stream recycle conduit 130, in certain embodiments. The top stream
may include, but is not limited to, paraffitis, unreacted olefins and a crude aliphatic alcohol
product.
In an embodiment, a top stream may be subjected to a saponification treatment to
30 remove any acids and esters present in the stream. Saponification may be performed by

contacting the top stream with an aqueous solution of a hydroxide base (e.g., sodium
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In an enbodi ment, a top stream may be subjected to a saponification
treatnent to 30 renpve any acids and esters present in the stream

Saponi fication may be performed by contacting the top streamw th an
aqueous sol ution of a hydroxide base (e.g., sodium 13 hydroxide or potassium
hydr oxi de) at elevated tenperatures with agitation. The saponification my
be carri chydoexiddber prsassiam hydyoxide) atele vateddemperaturesawithhagitatios. Thé percent to
10 percent 1ta%groxi de base solution at a crude al coho!ifl‘vvater ratio of 10:1 to

1:1. The SSRAYHRAIHMAY bR cAmed oW Ryontachng e 19R SEeAM With 4 2gUequH 2BeTafMiunt  of
esters a | b Fal | h carried
out bat orodPFereEaP R B0 bace 28R ot §PhiABho el Ao 1B, T 0 oy
nor e sapodindint of hritoxide baskased magrepird rdn efimateeirarhoudnof evtere had ugigs may be
from40 Cto 99 T. In an enbodi nent, saponification tenperatures my range
from®0 @regnb5 T. M xing of the top streamwi th the basic to water |ayer

may be perforned during t aponification reaction., Separation of the top
stream from t [Sﬂpﬁaﬁ"e“@b?@f‘e ?%W% B@F@Pﬁ%‘@éWﬁ OF FORHPURBE Mo ds. The
top stre ¥ur&in FiAYIbE GhBfcte® tRoNPrihotaapordfidfon PROIRERS! 8 mhEARVe any
sodi um sgﬁesﬁgr esent. 9The sj?%p stream may bgo sépar ated usi ngg%éenera y known
t echni queasadtiongempératacdsimayebe fomt40l Cito 99C. hanmmbbdimemn saponificatiowp St r eans,
a crude al cohol product streamand a paraffins and is unreacted ol efins

stream Asmpeaturesanay nge frog@Q Unto 937Gt Mikingiof the topsweam withithe bagiet i | | at i on
f 1iquid b | ' f fracti . i qui i ned b
obi 1 11ty SRmRrteyet H W e Rbopigd bEAAd AR sBhorifiBiich Hhienth. Shluich dHihelap 1o, O

transpor t @damdroh BRIbasieivder 1ayer ﬂy&g&ﬁfdﬁﬂed aifg RAoWwH nfetiods. The

offsite and/or sold. In certaln enbodinents, a crude aliphatic alcohol

product smaxbmsubjecteddnaavaieragashrafien separasipn jo mumevesing sodjum saltsipresenss The

hem - tals). Th - t b d b bj ect i I d

Al conl _iop atam Bey DS APRAGAES e Brnerb A Peianes e gy EpetdahAgufieton .,
al i phati g;??}&dabeht 184 HW6 StrédnkeS @ Brudetrhhei prolisitisiBam aﬁ&apﬁﬂm' n, refers

to a hy genation reaction carried out under relative d conditions.
Hydr ofsi niwincactpdrdsfinsistreaar Aisadedbereins (‘fractivnaldistillation? refiers tothedigtiliation

Cr e al iR ang supgaart FoUREnn of FRcions ot Rowes erraves by bowe bointe ©
sui tabl e ﬂé;lia%ﬁ .Iaﬂd)lﬂgﬁm oféfins s&%ﬁfﬂ%@c?ﬂ%ﬁ,%%&&@&ﬂﬁ%&ﬁﬁi%@ may

I ncl ude greater than 50 percent by weigh ced aliphatic
al cohol s.prbeessingstoredrbm diteyeransportet effsite phdf{or soldl cohol product stream nay

i ncl ude greater than 80 percent .
J eIn cert%n embodiments, a crude aliphatic alcohol product stream may contain

20  unwanted by-products {e.g., aldehydes, hemi-acetals). The by-products may be removed by
subjecting the crude alcohol product stream to a hydrofinishing treatment step to produce
an aliphatic alcohol product stream. “Hydrofinishing,” as used herein, refers to a
hydrogenation reaction carried out under relatively mild conditions. Hydrofinishing may
be carried out nsing conventional hydrogenation processes. Conventional hydrogenation

25  processes may include passing the crude alcohol feed together with a flow of hydrogen over
a bed of a suitable hydrogenation catalyst. The aliphatic alcohol product stream may
include greater than 50 percent by weight of the produced aliphatic alcohols. In some
embodiments, the aliphatic alcohol product stream may include greater than 80 percent
by weight of the produced aliphatic alcohols. In other embodiments, the aliphatic

30  alcohol product stream may include greater than 95 percent by weight of the produced
aliphatic alcohols. The aliphatic alcohol product stream may include branched aliphatic

14



by wei ght of the produced aliphatic alcohols. In other enbodinents, the
aliphatic 30 al cohol product stream may include greater than 95 percent by
wei ght of wdesgkedsced aliphatic alcohols. The aliphatig: 6 oduct
stream may i nclude branched aliphatic 14 WD 2005/037751 W@%@?OMOBS
primary al cohols. The resulting aliphatic alcohols in the aliphatic al cohol
product stream nmay be sold commercially, transported off-site, stored on

si te and/grm ohdls Ot Kt¥esul h© SI5HHE dlcHRALE & i aupmﬂta%mpﬁs&éﬂﬁ& sttagn The

conposition of an aliphatic alcohol product stream may include hydrocarbons
5 wth amnaybwdéc@tambmmlhumortadwg&fsge,fatmdanme 2gl/onusedin ethirodi nent , an
average carbon nunber of_ the rocarbons in aliphatic al cohol product
stream naVOF?fﬁﬂg“P’;{ngﬁ’d“chﬁﬁﬂ'}ﬁg al i phatic al cohol product stream may
| ncl ude brancheg RidiRindk 60 Abiic iBholPrafiich Sled iy te1 AR ARlcaRloRE Ut
maybe suitable for the manuracture of anionic, nonionfc and-cationic
sur f act anwih ah averagecathonasimbentmigingfeons Beol 20r Imar smbddinlent, apaagaet s may be
1o used as the precursor for the manufacture of anionic sulfates, including
al i phat i ccazhpmrmmaher ofthg bydapspabgns Wy aliphaticealeakel Bredustisiiean esHengs romilhat i ¢
al cohol s S ' | I: ' |i.ghtl yhi gher
{388, Iﬁ%%h?ﬂldtﬁ%& oﬁoi;ﬁrggl? tﬁ%!a%ﬁ? gﬁy ﬁcl@&ealﬁgjtfdh@g pﬁ%gggﬁg&g) €

nunber of quaternary carbon n precursor. odal ment s,

al i phat i Chrahéiad pHixagy A8dhol pRIdueiemarbdlitaBRIbOMe @idnifachire BE RBSnic, | Hdninter

enbodi nents, aliphatic is Er anching may include nethyl, ethyl and higher
al i phat i canskestienic sgtfactants dptsame embediseint brasched prundry aloshokpradustsmaybe ar bon

ot her bAoA B A P POt me TP Bt | c
al cohol pm;@gumﬂﬂgéshﬁégxﬁm?magoﬁolger cent. Branching of the al cohol
product nmay be determ ned by TH NWR anal ysis. The nunber of quaternary

carbon at ons nAliptwtic 2@ otlels exayi hasd shightly Mdghdv/Eliphatit dEnkhRg mad kloghtydigher

det ermi ni ng guaternary carbon ato or branched aliphatic alcohols is
desor | becHOY OB ARG S D0 oS PPeRSEn  STayerBboamonts, KPP oo
"Highly i ;11;5]5]{ pgﬁg?ﬁ @S Bl o aby; tergents
Made ThengI%{riom %{’ eg)éétrﬁéﬁ%g?{yioon ?lﬁudél p'aIrnaf |rns a?gﬁﬁr’leag ted ol efins
st r eam nehraseliiig mep archide amethyd pethiyli dnd htfhensiéhhatc braaclsipgr reckrtgiva f ourt h
conduit 134 tgQ another processing unit, and/or  storage vessel. At |east a

porti on ofmbelimsaipa BnRher phAvHeAY carhenatiratietbealinhaf alcohelpreducemay be
dehydr ogepgt 1,90 04 Yebceht G bitfer LRWOENER H Hhnibdr st qualinP P b6 SBERG N mRuber of

t he

aliphatic alcohol product may be less than 0.3 percent. Branching of the alcohol product
may be determined by "H NMR analysis. The number of quaternary carbon atoms may be
20 determined by "C NMR. A 130 'NMR method for determining quaternary carbon atoms for
branched aliphatic alcohols is described in U.S. Patent No. 6,150,322 to Singleton ef al.,
entitled, “Highly Branched Primary Alcohol Compositions and Biodegradable Detergents
Made Therefrom.”
At least a portion of the paraffins and unreacted olefins stream may exit separation
25  unit 126 and be transported via fourth conduit 134 to another processing unit, and/or
storage vessel. At least a portion of the separated paraffins and unreacted olefins may enter
dehydrogenation unit 136 via fourth conduit 134. An average carbon number of the
hydrocarbons in the paraffins and unreacted olefins stream may range from 7 to 18. In
.certain embodiments, an average carbon number of the paraffins and ﬁnreacted olefins
3¢  stream may range from 10 to 17. In some embodiments, an average carbon number of the

paraffins and unreacted olefins stream may range from 10 to 13. In other embodiments, an
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hydrocarbons in the paraffins and unreacted ol efins stream may range from?7
to 18. In certain enbodi nents, an average carbon nunber of the paraffins
and unreacted olefins 30 streamnmay range from 10 to 17. In sone

enbodi ments, an average carbon nunber of the paraffins and unreacted

olefins streammay range from 10 to 13. In other enbodi nents, an 15 average
car bon nuvbrage edrbompu of ¢he hyslvecarbonsiin thespasaffing sndinteantecdolefintisteant | ns

stream nmay ran fr to 17. In an enbodi nent, at |east a portion of the
T A oy

paraffin efins stream nay be introduced into

dehydr ogenat i qf o Ribodi Y,iailléagdﬂﬁ&ﬁﬁﬂﬁflmetpailﬁﬁnsﬁddrﬁé’aﬁeﬁcﬁy ddRlm 5 Of

the unreacted paraffins in the hydrocarbon stream nay be rogenated to

produce amaytesihtrodwceldyntoaehydrogenatior anit b6 vindfoudth eormiuital3ys tAtdedsea perdionr om a

wi de range of catalyst _types. For exanple, the catalyst nay be based on a
pae#ﬁiaw@ehu&ﬁs &

met al Sand® &he Ppp aiream may be dehydioganated to pradugeam|  or

metal conp ' “ﬁgl i , r Qxi de, Jjron oxide
and nobl &'T _‘gpga&l%&%lec niq esseg?a%%al asL ng cata yas\t%?,"%_%gw i ng the
dehydr og | PBr &liplé the EAlystRRdy 8 Bisod on 8 aRtAlah@ér & aRAdITohpouad EPS are
general | y '’known. For exanple, suitable procedures for preparing catal ysts

and per f depositgd ohe poduscupprshal heometal epmatal corapeinidanay incledel it ifxtent No.
5,012,02]1. to Vorg et at e.ntitl.ﬁda%gré?(iess For the Production of Al kyl
G 2RG0 AN

Arormat i ¢ WRitRdIeH oxjiderjronax OMeals. | s patent No. 3,274,287 to

Moor gaet al ., i " i ’ t X
S, 385t ent " G Eofghes fihenabE CRERAEMr pRRGHRL B SEhIESREn RO i NS |
Sat ur at egeHynning asdooiatedBeparatirbtepi\vire generdly kalopat. ; Fordx@npleasutableNo.

3,315,008 to Abell et at, entitleq "Dehydrogenation of Saturated .
Hydr ocar [PEPFEdUsEs formagﬁm'éjys@é‘f‘ I f","x‘“@.ﬂ% &f%ifl@%“‘ﬂ(.‘)’." steparg deseribed,

RausCh.  G1].8 gt N3, 3012091 18 Vbt s BekiclPREESIBRAALAR L GARYET Si O

Cat al yst "an cess; at ent” No. 4, 506, et al.,"entitled
" Dehydr ogaoniatio Hy@aicaibpas UtingSodidiCatalystsh &S Patent Nt 372074 /387 te Mbde &thal., t 0

lmai et al., entitled "Dghydrogepati on Process Using a talytic

Conpd§i t ieatitled ‘Tydrocagbon m‘&wﬁﬁﬁ‘é%hﬁﬁoﬂa@ﬂiﬁ%wtﬁe vari ed
to contr k IBFLS%H 3 ' ' s cyclized
hydr ocar bobr?g;émgﬁ’%gg%o‘ﬁta?o oﬁ%?lesﬁ)%uftggy I on llf\dr;:ﬁtﬁ%‘%L XS%W"’? n certain
enbodi meiQatalystZ 6! Péteritd¥o. 381 5,008ng Abell @ralgrentitied “Déledraifation of Sahgatedhan

700 C. In other enbodinents, a dehyd,r,%genation reaction tenperature may
range fr &hydnmerions ©@vesloble-Mgta] Gatalyst;” U.S. Patent No. 3,745,112 to Rausch, entitled

“Platinum-Tin Uniformly Dispersed Hydrocarbon Conversion Catalyst and Process;” U.S.
20  Patent No. 4,506,032 to Imai et al., entitled *Dehydrogenation Catalyst Composition™ and
U.S. Patent No. 4,430,517 to Imai et al., entitled “Dehydrogenation Process Using a
Catalytic Composition.”
Reaction conditions in dehydrogenation unit 136 may be varied to control
unwanted side products (e.g., coke, dienes oligomers, cyclized hydrocarbons) and
25  control double bond position in the olefin. In certain embodiments, temperatures may
range from greater than 300 °C to less than 700 °C. In other embodiments, a
dehydrogénation reaction temperature may range from 450 °C to 550 °C. During
dehydrogenation, pressures in dehydrogenation unit 136 may range from greater than
0.010 atmosphere (1 kPa) to 25.0 atmospheres (2534 kPa). In an embodiment, a total
30 pressure of dehydrogenation unit 136 during the reaction may range from 0.10

atmosphere (10 kPa) to 15.0 atmospheres (15200 kPa). In certain embodiments,
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dehydr ogenati on, pressures in dehydrogenation unit 136 nmay range from
greater than 0.010 atnosphere (1 kPa) to 25.0 atnospheres (2534 kPa). In an
enbodi ment, a total 30 pressure of dehydrogenation unit 136 during the
reaction nmay range from0.10 atnosphere (10 kPa) to 15.0 atnospheres (15200
kPa). In certain enbodinents, 16 pressure in dehydrogenation unit 136 may
range fr presdur® imtielogistgenation GtitkB6)mayrange fromt ddsahrsphert 3101 kPa)io 9.0 or der
to prevent coke from form ng, hydrogen may be fed into dehydrogenation unit
136 t ogeatmaspheren (2 HekBrr In prdes ta pecvignt ecke: fsemdprmings hxdnosammay%’bedeuydr ogen

ffi ' b 0 I f h 20 5
ol s, of e PepYraEenafign SaiFd e B Rtnith e Pt Wrustsard RS AP aR 1 ac i o
s 1to TﬂQP%‘?&g%ﬁfﬂ)bﬁ}Effﬁ:fs rhbP rdifo Say bk ?gg&%&?ﬁﬁ%&le@%} h}ro eff t9HOCESS

streamrena dehydr ogenation unft may det erm ne, onme ext ent,

t he aroumblesfofgaedffing. i suawe exttbodiGeents, al Hydrogeaolparadfin molar fitiRSis 1Stor €eam
remai ns i n dehydrogenation unit 136, the conversion 10 |evel of paraffins to
ol efins lhcreases until an ol efin-paraffin thernodynamic equilibriumis

bt ai ned. Resj [ f, th ffi ted ol efi t [
denydr ogenat 1 S Syt of B (e s Tne BBkt nd e ABEH Siestn RvAlis Bt paraf 11 ns
to ol ef i gshyBRIgeRRiok it 136 mRy delermi, fo HMCHIiEt, ihE affuhPof HIEMROHLARRES

conversion-level of paraffins to olefins may be kept 1n the range of from5
t o 30 noGengrally; thetlongdy alpregeshisireaimerepminsan selpydrogenetion unit 136, dise ddnvesiont | ons
may be prevented _(e.g., .diene formafion d cygclization reactigns). In
certl n @W(ﬁg iPﬂ@fé%s, tgé‘leﬁ“éme%ﬁ‘?t{liaﬂﬁlgﬁ"m&ﬁm%mh%%y be
separated .f. 4Nl ﬁ'éaﬂﬁf' tE Eﬁ:- ed

par af fi néb‘%‘r%’g@b%&?‘r‘eg‘%%“gé’?tﬁ? %eaygsg‘gdelr‘lat I on Jt)}%ﬁ 5§ @Odl}hg%rﬂé%{a%n

dehydr oggiel 3émay Beisithsknaedonversionles of paaffifdltb olefis Maybelkepthdlon 50
distillation or adsorption techniques. 20 |n some enbodi nents, at |east a

port i on wpleperentfnicanaingmbodingms sonversiondeygl ofiparaffins talefirsmaybe kepim of

may” ent o eFAPAS EiEbmrs (600nRe BEER RSP SRR O R R, T otner
enbogy meRh&ions nigbRpkévehted !ty g, afenk Peratibh AAdtydlizhilér RAstiGE).di rectly into

dehydrogenation dnit 136 through one or nore points of entry. 25 The
ol ef i ni ¢ hydrincsrtasiprembodimentsyay lepst aporiomelchon-canventedspariffiss owayrtison stream i n

first conduit 112 of isonerization.unit 0 via fifth conduit 138. The

conbi neos.cg?l}a@ggﬁ'oq&ayoé%ﬁg? s‘f?&?’rﬁ'?‘ﬂi@&%#é?ﬁ nonrGenvered BIMAYPeorti on of

the ol ef B e BUReAYdrbEenkién unit 136 to undergo dehydrogenation. Such separation may be
accomplished by extraction, distillation or adsorption techniques.

20 In some embodiments, at least a portion of a paraffinic hydrocarbon stream may be
introduced upstream of dehydrogenation unit 136 to produce a combined stream. The
combined stream may enter dehydrogenation unit 136 to undergo dehydrogenation. In
other embodiments, a paraffinic hydrocarbon stream is introduced directly into
dehydrogenation unit 136 through one or more points of entry.

25 The olefinic hydrocarbon stream may be combined with first hydrocarbon stream in
first conduit 112 of isomerization unit 110 via fifth conduit 138. The combined stream
may enter isomerization umt 110 and at least a portion of the olefins present in the
combined stream may be isomerized to branched olefins. In some embodiments, an
olefinic hydrocarbon stream may exit dehydrogenation unit 136 and be directly introduced

30  into isomerization unit 110 through one or more points of entry.

17



conbi ned stream may be isonerized to branched olefins. In some enbodi nents,
an ol efinic hydrocarbon stream may exit dehydrogenation unit 136 and be
directly introduced 30 into isomerization unit 110 through one or nore
points of entry. 17 In certain enbodi ments, additional hydrocarbon streans
may be used to control _reaction _conditions and/or optimze the

concentration dncm@apmbﬁéiw, M@Q@@QW@%§WWS may he psedde contrelni t 110,
uni t s usedertop Patilbnsirer DpRATBE ARl of SR and bareactsd ol s "
hydrocarb %)rﬁérg_zﬁﬁ&\ &Y 1 18 hybidrasyifibe il l'@B&B&H%%MH?: R fselahwcygloﬁlér' rst

conduit 1 he tirst hydrocarbon stream may i ncl ude ol efins an

par af f i ns.présesdhg imitssused td prododecdliphatic alookwols. ZRefenringteFIGe3 cofiest ol | ed, as
previ ously described for stem 100, such that the_ nunber of carbon atons
in t heSol desirpcarboa stream may beinteducedinte womeazation ol L1 Via first sonduit 1 3as i s

St T onm T Sirkt R bon Streth 4y Ecode BRh S Btk “CRbdHOhSotHif pRER, "
upst r eam GQorhci2aBén 2} be Bontfilied1dCprk viobilp dbveribed fot SYReRELO0S &ﬁcﬁ@gaintﬂ@e

conbi ned stream may enter isonmerization unit 110 via first co 112. In
ot her enbaimbenofcarbonsoms in the ©ldéfyndproorae badsubseqmnt toshe isomedeatiaonh di rect |y
into isonerization unit 110 through one or nore points of entry. 15 At

| east a p&PRYHANGS Sp Y 1S8MS- t he conbi ned stream may be isonerized to

branched ol efi | ?ﬁ’% [ '_aﬁfi’ﬁ [ Qrbhﬁ ﬁ@&@ ar bon
s'sream8 Addit:}%:)trya"!(%gl e égg:‘d | nliger}]lygé%car 8‘%@?#@2%@rﬁny gg%{s%gﬁ&g

optim ze tchaduit Ef2 via sixtineomduitdd) apstream shisemerizition nnitil0 td pfddacsat o contr ol
the extent of branching in the _produced ol efins. Concentration of paraffins

in the pacampingdstredra, bhe.comphined seam may episr pemseratimpnitl 10:via Srst capdping

percent b ' ' ' fil ratton my
Fange bet qdén kil b R Tt ook RuroBRR R IRE (1T
paraf fin Gomeenbici klinl IPtraEhGRe De e foidls dfenepnt and 75 percent by

wei ght. In other enbodinents, a paraffinic streammay include olefins. An

ol efi 15 concentAtdeasda portiethef thediefing inghe sombinedstrgatemay boisomezizedtd 80

t. 25 T d bhyd .b t it ' ' it 110
Bnd e | nireed aletins o MARBANAR prd: 11510 ppduct Aser i BEUORAPREAUERD: 114 ¢ o
continue tAEﬁlitE’(?rPBP&% fﬂhém‘«zﬂoqébmpbeédn@ hikd 1o Esﬁnﬁfecme%g].{mgrocar bon

stream may 1 nclude branched ol efins. At |eas a portion of a-thir
hydr ocar bepneentmtion imisolnerization doit dd Oi antldo sentooldhe enttnt of bisacking in the

produced olefins. Concentration of paraffins in the paraffinic hydrocarbon stream may

20 be between 10 percent and 99 percent by weight. In certain embodiments, a paraffin
concentration may range between 10 percent and 50 percent by weight. In some
embodiments, a paraffin concentration may range between 25 percent and 75 percent
by weight. In other embodiments, a paraffinic stream may include olefins. An olefin
concentration in the hydrocarbon stream may be between 20 and 80 percent.

25 The second hydrocarbon stream may exit isomerization unit 110 and be introduced
into hydroformylation unit 116 via second conduit 114 to continue the process to produce
aliphatic alcohols. The second hydrocarbon stream may include branched olefins. At least
a portion of a third hydrocarbon stream may be introduced into second conduit 114 via
seventh conduit 142 upstream of hydroformylation unit 116 to form a mixed stream. The

30 mixed stream may be then introduced into hydroformylation unit 116 via second conduit

114. At least a portion of the olefins in the mixed stream may be hydroformylated using
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seventh conduit 142 upstream of hydrofornylation unit 116 to forma m xed
stream The 30 m xed stream nmay be then introduced into hydrofornylation
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greater taa3fvedGroman6@el sérc¥ei ght. I n an enbodi nent, an olefin content of a
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relative to th’ﬂx&mirdlhydmmwgmmytimiude olefineandspamaffind ol cestains, an
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percent by weight.
In an embodiment, an olefin content of a third hydrocarbon stream ranges between

20 1 percent and 99 percent relative to the total hydrocarbon content. In certain embodiments,
an olefin content of the third hydrocarbon stream may be between 45 percent and 99
percent by weight. In other embodiments, an olefin concentration of the third hydrocarbon
stream may be greater than 80 percent by weight.

In some embodiments, a third hydrocarbon stream may include linear olefins.

25  Addition of a stream that includes linear olefins downstream from the isomerization unit
allows the creation of a hydroformylation feed stream that includes a mixture of linear and
branched olefins. By introducing a stream inchuding branched and linear olefins into
hydroformylation unit 116 a mixture of branched and linear aliphatic alcohol products may
be obtained. Varying the amount of linear olefins added to the hydroformylation feed

30 stream may control the ratio of linear to branched aliphatic alcohol products. A mixture of

branched and linear aliphatic alcohols may have improved properties when converted to
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be obtained. Varying the anmount of linear olefins added to the
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product stream may have an average carbon number from 8 to 19. In certain embodiments,

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

25 At Jeast a portion of the paraffins and unreacted olefins stream may exit separation
unit 126 and be transported via fourth conduit 134 to another processing unit, and/or
storage vessel. At least a portion of the separated paraffins and unreacted olefins may enter
dehydrogenation unit 136 via fourth conduit 134. An average catbon number of the
hydrocarbons in the paraffins and unreacted olefins stream may range from 7 to 18. In

30  certain embodiments, an average carbon number of the paraffins and unreacted olefins

stream may range from 10 to 17. In some embodiments, an average carbon number of the
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dehydrogenation unit 136 via fourth conduit 134. An average carbon nunber of
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At least a portion of the olefinic hydrocarbon stream may exit dehydrogenation unit

136 via fifth conduit 138 and be combined with the first hydrocarbon stream in first

20  conduit 112 upstream of isomerization unit 110 to produce a combined stream. The
combined stream may be introduced into isomerization unit 110 via first conduit 112 and at
least a portion of the olefins in the combined stream may be isomerized to branched
olefins. Tn some embodiments, an olefinic hydrocarbon stream may be introduced directly
igto isomerization unit 110 via one or more points of entry. Alternatively, at least a portion

25  of the olefinic hydrocarbon stream may be combined with a second hydrocarbon stream in
second conduit 114 downstream of isomerization unit 110 fo produce a mixed stream.
Depending on the dehydrogenation conditions, the mixed stream may include linear
olefins. Addition of the olefinic hydrocarbon stream with the second hydrocarbon stream
may produce a mixed stream that includes both linear and branched olefins.

30 Aliphatic alcohols may be converted to oxy alcohols, sulfates or other commercial

products. At least a portion of the aliphatic alcohols in the alcohol product stream may be
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Dependi ng on t he dehydrogenation conditions, the m xed stream may i ncl ude
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t he

20 In an embodiment, at least a portion of the alcohols in the aliphatic alcohol product
{ stream may be added to a base. The base may be an alkali metal or alkaline earth metal

hydroxide (e.g., sodium hydroxide or potassium hydroxide). The base may act as a catalyst
for the oxyalkylation reaction. An amount from 0.1 percent by weight to 0.6 percent by
weight of a base, based on the total weight of alcohol, may be used for oxyalkylation of an

25  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 formation of an alkoxide. The resulting alkoxide may
be dried to remove any water present. The dried alkoxide may be reacted with an epoxide.
An amount of epoxide used may be from 1 mole to 12 moles of epoxide per mole of

30 alkoxide. A resulting alkoxide-epoxide mixture may be allowed to react until the epoxide
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respect to ethylene oxide may be used. The pressure may serve as a measure of the
20 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 (e.g.,
sulfonates, sulfates, phosphates) useful in commercial product formulations (e.g., detergents,
surfactants, oil additives, lubricating oi} formulations). For example, alcohols may be sulfurized

25  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 “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

30  Olefin Sulfonates;” U.S. Pat. No. 3,428,654 to Rubinfeld et al., entitled, “Alkene Sulfonation
Process and Products;” U.S. Patent No. 3,420,875 to DiSalvo et al,, entitled, “Olefin
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Pat ent No. 6,448,435 to Jacobson et al., entitled "Sul fonation, Sulfation
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neutral i zg4 Mhde¥réifl 038 ke to 1.3 moles of sulfur trioxide per mole of alcohol. In certain

20 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
liquid alcohol or an oxyalkyl alcohol and gaseous sulfur trioxide in a falling film sulfator to
produce a sulfuric acid ester of the alcohol. The reaction zone of the falling film sulfator

25  may be operated at about atmospheric pressure and at a temperature in the range from 23
°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 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.

30 The derivatized alcohols may be used in a wide variety of applications. An

example of an application includes detergent formulations. Detergent formulations
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metal solution to formthe alkyl sulfate salt or the oxyal kyl sulfate salt.
Exanpl es of an alkali netal solution may include solutions of sodium or

pot assi UrRyysashig. 30 The derivatized al cohols may bePE?ﬁ]‘gz 09/0%0%@ de
variety of applications. An exanple of an application includes detergent

formul ations. Detergent fornulations 24 WO 2005/037751 PCTI US2004/ 034035
I ncl ude, but are not |imted to, granular |aundry detergent fornulation,
liquid I r ' | s QU E%’ﬁ [ : ent

f or mul at %Eggc{%ggﬁ% giée a%%&e%tj l?%lt %uﬂﬁ%qidg%gé.eq arrpla'},}%gﬂ’o1 rlnglgdilg aneous

f or mul at idetesgembforinntatiods; ligeidadisiwaphingdsrgent faniutgiongant Misctlilaibes soaps,
shanmpoos and |liquid scouring agents. 5 G anular |aundry detergent

f or mul at ifemeulatigns; Rxpmples af misspdancees foonplatiens may hebidgesneralowposevat | zed

| cohol f.act ant ild co-bui | d I hi ts,
bl cachi ng niesdiib Bl Pebs st S An SR B R Benoymos anti - of ayi ng
agent§, opti Cabranklad IWEAEY BERrgRAtoRh@lRtibhAREP Includd amRbder 8f coifipengur fact ant s

may i nclude ionic, noniohic, ~anphoteric or cationic surfactants. 10 Liquid
| aundry desidestbadefimatized alcolmis (enmysurfactantd shtilderss eorbuiddanm, bbsohisg agentgr anul ar

| aundry %«fte gent forpulations. In ﬁﬁrtai n enbodi nents, liquid | aundry

det er gentleaPinR 2SN I, foR coBRINg agenth eagymesoFjaBR¥ng #2sie Pt onent
than gra ’ . r ' : -present in
tho. | {qui el ere a8 SO BR P BRR U b ) B on e T2

i ncl ude aitfpbotesicrok estionid surfabtahisder s, foam control 15 agents, hydrotropes and
sol ubi i zer al cohols. The formulations may typically include one or nore

i ner t10c onponediguid fayndryedesersens formppdations spydnepdy thy gimae aempengaiRast or mul at i ons

may typical e an hner lvent aor. di]uent. (e q. . . Powder ed or
or anu ar el R A0 IO B, i oA G hodeirs, R un o SORRREY
filler orfommilaficHs niBtiféludé Rss @0inb iEBuil&eroRipdndiit thaaOrBi &bty Of

O efins in a Fischer-Tropsch derived Hydrocarbon Stream Carbon nonoxi de

and hydr clgtengené famulsions dHydrawepaimsaye pragespinche paeid alstergend frmulasioss.t o yi el d
a hydrocgrbon.m xture of |inear paraffin | i pear. ol efins,. a mnor 25 anount
of o eneaRE Rtpoioeding AERB A feritp e S ERhs bl R SR ar ocar bon
str egi) Wag e RRMRIRHed MdsoflibiliRF 8Rbhdlydr ocar bon streanms using fractional
distillation techniques. A hydrocarbon stream containing ol efins and

par af fins wi t Iftefoomdatigs may typically include one or more inert components. For

example, the balance of liquid detergent formulations may typically be an inert solvent or
diluent (e.g., water). Powdered or granular detergent formulations typically contain
quantities of inert filler or carrier materials.

20 EXAMPLES

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

Stream. Carbon monoxide and hydrogen were reacted under Fischer-Tropsch process
conditions to yield a hydrocarbon mixture of linear paraffins, linear olefins, a minor

25 | amount of dienes and a minor amount of oxygenates. The Fischer-Tropsch hydrocarbon
stream was separated into different hydrocarbon streams using fractional distillation
techniques. A hydrocarbon stream containing olefins and paraffins with an average
number of carbon atoms from 8 to 10 was obtained. The compositton of the resulting Cg-
C1o hydrocarbon streamn was analysed by gas chromatography and is tabulated in Table 1.

30
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nunber of carbon atons from8 to 10 was obtained. The conposition of the
resulting C8- O o hydrocarbon stream was anal ysed by gas chromat ography and
I's tabul agep ﬂo le 1. 30 25 WD 2005/ 037751 PCT/ US209érRi3463/m340301 e 1
Fi scher - Tropsc rocarbon W.% Stream Conposition C7 and |ighter

hydr ocar bons 0. 12 C8 branched olefins 0.02 C8 linear olefins 0.75
1-Cctene 0.69 n-Octane 2.21 C9 branched olefins 0.16 C9 |inear ol efins
8.52 1-Nonene 8.07 n-Nonane 20.03 rfalfje pranched olefins 0.28 C10 linear
olefins 22.92__1-Decene 20.87 n-Decane 41.12 Cl11 and heavi er hydrocarbons
0.21 (C9-Cl1 pl coRistlersTidpséh Hydrocarbomt al yst used fWt.%soneri zat|on of

| inear ol efink in thethasgk Conipeesitiont ream was prepared in the fol| ow ng

manner. Anmmonj g #Tﬁﬂcﬁigh't&rh&%céx%ﬁs grans) exfibiti ng ag.m 4% T oss oh ignition
and exhibitin Jﬁnéhed Mg propertles ar sum@dzo alumna atio 5 of
62: 1, Surface—ﬁ 580 o aqual eeters—per—gram (PI u7|5u Uo), seeh cont ent
of 480 ppm a Sﬁn ci-tylof 7 3 g mnnnf

anmoni um f er r | EfQoteRewas | oaded into a langaster m xOAR [ er  CAT AL(r) D
al um na (91 gres@}anexhi biting a loss on ignition of 228. 7% was adfled to the
mul | er. Duri ngCabianMexdgléRtise mul ling period, 152 mllgldters of deionized
wat er was addﬁghﬂ A& BRAAL UM na7 ammonium T efri erite mggaure. Next,|a m xture

i0 of 6.8 gra TS GLEsT o aceticacid, 70 grans of (,Ist(ﬁ c acidangd 152
milliliters o erohi-zed
n-Nonane 20.03
‘ Cio branched olefins 0.28
E Cio linear olefins ‘ 22.92
1-Decene 20.87
n-Decane 41.12
C1; and heavier hydrocarbons 0.21
Cg-Cu alcohols 3.56

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
5 of 62:1, surface area of 369 square meters per gram (P/P0o=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 mufler. CATAPAL® D alumina (91 grams) exhibiting a loss on ignition of
25.7% was added to the muller. During a five-minute mulling period, 152 milliliters of
deionized water was added to the alumina/ammonium-ferrierite mixture. Next, a mixture
10 of 6.8 grams glacial acetic acid, 7.0 grams of citric acid and 152 milliliters of deionized
water was slowly added to the alumina/ammonium-ferrierite mixture in the muller to
peptize the alumina. The resulting alumina/ammonivm-ferierite/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 of 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.
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water was slowy added to the alum na/ammoniumferrierite mxture in the
muller to peptize the alumna. The resulting

al um na/ ary@ngssiRiri erite/acid mxture was nulled forpdfhgoh Wﬁﬁls Over a
period of 15 mnutes, a mxture of 0.20 grans of tetraam ne

nitrate in 15-3 grans of deionized water was slowy added to rruIIed 15

al um na/ ammoniumferrierite/acid m xture. The resulting m xture exhibited a

90: 10 ratio %elﬁﬂétizbﬁitbﬁllﬁﬁlﬁﬂbm@fﬂiw& dripdsat 9259(foir 116 GbuRf Adker Abing he
zeolite/alumna m xture was shaped by extrudi n the m xture through a

stainl es @%&@bte/ﬂmnpleatredqtqmﬂmﬁﬁi mﬂmuéﬂﬁl Be zeadide{algpriniextadateuder . 26
WO 200510377%1 S2004/, 0 &g;f | st ﬂﬁegl I telal um na. e&%&#dat e was
dried at VE3SEHS u?L O‘H’d’tgra? &W? e?t@eavflfl'frﬁaﬁfé rudate was
| ongsbr okeRia bty m?é‘@f%@%'&&%'z‘éﬂh@ﬁhﬁfﬁhﬁ%@ﬁ&teWcﬁﬁhe‘d ffdni n f1ow ng
air at 200C ours The tenperature was raised to a maxi num

t enpes at uddmoﬁal?nﬂﬁﬁomdo yiekl apisbtntrizatibn chtalyste XThedstanerization catblystrveat for an 5
additional twp hours to yield an isonerizati on catal yst. The isonerization
cat al yst alipwed K!‘}OB@\I@UP@%S@%I“IP T 3 DHEOEEN 2BAQSPhSTRder a nitrogen at mospher e.

Stainl ess ste | 0 ?639 an'\@Ss used
as an |soner%a{'ﬁ%nsl?er%}aac &?qq&%%?rg\}ve%%gﬁg en edl%'%bﬂgiches romthe top

of the si@niriestorieffbr. A @Rfinbwell eRndelR iaattstfiven hRach of thedhnledshteel eact or
tube was inverted and a piece of glass to wool was transferred down the wall

of the reeastasitube. T load/the reastoritehs; thewedatordnbr wasinyerddeand aemectemf glass t om of

t t ub t t t ub bi d
(20 osmpohas® Fapdar e imiis i huBtnouthhanes Op SR Tand BPGERE. A
S econd p 'a?ﬁfé b@&oﬂl AR redR6Y tuke o RERCRG Y Efor ttlb;ereﬁétbﬂ ©8e Sﬂiﬁ:@x‘l g8bide (P0 xture
of 6.0 grans of the isonerization catalyst particles (6-20 nesh) and 45

grans of niash)sWassaddledmla depthbebaub 6 ihesrtesthy rasetor tdeaddedondpicteofglasst or t ube
in tw part addltlo dj st.ri but t he | rrerlzatl n_catal yst
evenl y | Woto @"aFB ?doqve?&c?eg ’é’é‘?ﬂ ‘%H“?‘Wea‘?fng ?’éﬂmﬁﬂ%agll"?st bed of
bout ' I _ toth
abou ggﬁgﬂ?ﬁ Méﬁﬁt}%g&)aﬁd%‘ Hhiricsh 9i]fhc&'1@a°1§ d\é’? siARsAAPRd to the

top of the react r t ube. I con carbide (20 ‘nesh) was
| ayened addel tbhbe tehitorkube ecvoopargl dhe twiophst admnbmdrstribqnecblhe isoinegizatim wool
was positioned over, the silicon carbide.to serve as a 1tésgl?for t he .20 bottom

of the r&ai@lysteveplydn thFdeﬁ‘iS?ﬁ tube andeesylisdi pn tsomerigationatalysh bed ofrbout {ir i ous

oints i tqr dinto the
'Ito her m)vvel Ch%:?ﬁ} lﬁgﬁﬁegctpﬁ ﬁgggd%dég@enpgpg u@gﬁg’g@\/gtﬂ%@tﬁlaﬁ?ﬂ %at t hree
di f f er entredRtcre@se. iSilidoneatida{20shesApWasBi§ered onto the third piece of glass wool. A

fourth piece of glass wool was positioned over the silicon carbide to serve as a plug for the

20  bottom of the reactor tube. To monitor the temperature of the reaction at various points in
the reactor tube, a multipoint thermocouple was inserted into the thermowell of the reactor
tube. The temperature above, below and at three different places in the catalyst bed Was
monitored. The reactor tube was inverted and installed in the furnace. The reactor tube
was heated to the operating temperature of 280 °C over a four-hour period under flowing

25 mnitrogen. Once the temperature of 280 °C was obtained, the reactor tube was held at the
operating temperature for an additional two hours to condition the isomerization catalyst.

After conditioning the isomerization catalyst, the hydrocarbon stream was pumped
through the reactor tube at a flow rate of 60 g/lr. Nitrogen, at a flow rate of 6 L/hr, was
passed over the isomerization catalyst simultaneously with the hydrocarbon stream. The

30  hydrocarbon stream was vaporized before contacting the isomeﬁzation catalyst. The

reactor tube was operated at an outlet pressure of 20 kPa above atmospheric pressure.
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nmoni tored. The reactor tube was inverted and installed in the furnace. The
reactor tube was heated to the operating tenperature of 280 C over a

four - hour wagsdeeMsseer flowi ng 25 nitrogen. Once the tenparaddhgs9:5280 C
was obtai ned, the reactor tube was held at the operating terrperature for an
additional two hours to condition the isonerization catalyst. After
conditioning the isonerization catal yst, the hydrocarbon stream was punped
through the rﬁﬁ%ﬁ}ézt@ e?%ﬂqt?crfcéﬁ‘ﬁfmi(%ﬁfané&d%wﬁns N ICF, P Bk oftdfind ahd OW T at e
of 6 L/hr, was passe ver the isonerization catalyst sinultaneously with

t he hydr @@al’mpmﬁ:'ms @mthe h?ﬂmcafhﬁn lstrehno e hours and widhe wastor apperdffieaht bidéror e

out | ot pARSEABhRS sbisemsTigHisRa: AOHBLH SFEerreR Sivast tholigep Ee%es 7%1&”

PCT/ US20 I
ol ef i ns, ﬂé@g@?ﬁ&ﬁuﬂ%ﬁ&;@@e Il“?neé‘teg% %S%D%?%d &ggir?g& |t%§{s|° %%P%tﬁ?qﬁr ocar bon
st r easn aDwRinBdhy iSorerization ti2p, 4 @asll anholtbénatdialibsilingbeiew C@ﬁasaglﬂl dfedhour s of

i somerization is tabul ated. G eater than 90% of the linear olefins in the
hydr ocar Bem Geskingidrreactiansy & edditiom agopicnriiheiColCer Hlachqlspiepet indger i zat i on

reactor. .5 Dur| p | oi ling
bel ow CSfWQ éﬁ@\féﬁ@&b ¥ rﬂdéﬁlé’(?%}ﬂéﬁ%“ﬁg% é@#o@%ﬁ%dﬁﬁ%ﬁf%@m I on
of the C%raﬁéﬁesainqﬁ@gm (ﬁéleﬁm&l th@piddfct wARSBuES ey 8 adachihéd by i d
additional olefins in the product. The average nunber of al kyl °~ branches on
t he C8- CNDMBlagélysis i n the product was found to be 1.0 as determined by IH
NVR anal ysis. 10 Table 2 Fischer-Tropsch Hydrocarbon O H 24 H 48 Hr

St r edth Conposition During W.% W% W.% |sonerization Reaction Cg-Cl O
branched ol efins 0.46 33.04 33.16 Cgyufe® | inear olefins 32.19 2.52 2.54
Cg-Cl O paraffins 63.19 63.32 63.27 Branched to linear C8-10 olefin ratio
0.1 13.1 {3. Fifcher-repsth Hdroesiboat i on ofd Hr Dodeced Hi - dddeceBiHrvas

obt ai ned 1j r omsghaid CémpPoiiGah Dupfhg Thel cowpesi tion &bt g - dgdecwidy, as| assayed
by gas chifomat ogyaniiatibs Reaidbt ed in Table 3.

Cs-Ci branched olefins 0.46 33.04 33.16

Cy-Cyp linear olefins 32.19 2.52 2.54

Cs-Cyp paraffins 63.19 63.32 63.27

Branched to hinear Cg-1g olefin ratio 0.1 13.1 13.1

Example 2. Isomerization of 1-Dodecene: [-dodecene was obtained from Shell Chemical

Co. The composition of 1-dodecene, as assayed by gas chromatography, s tabulated in

.‘ Table 3.
Table 3
1-Dodecene Composition Wt.%
1-Dodecene 98.0
Other Cw-C14 olefins 1.2
<Cyo hydrocarbons 0.2
>4 hydrocarbons 0.2
Paraffins 0.4
Total Cg-Ci4 hydrocarbons 99.6

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

15  through a reactor tube at a flow rate of 90 g/hr. Nitrogen, at a flow rate of 6 L/hr, was

28



Tabl e 3 1- Dodecene Conposition w.% 1-Dodecene 98.0 Oher CI O Cl4 ol efins

1.2 <C O hydrocarbons 0.2 >Cl4 h drocarbons 0.2 Paraffins 0.4 Total

Cl O C1l4 hyels osaioboaes 99. 6 1- dodecene was isonerized usi g& @b&g&g pdseact or

tube design and isonerization catalyst preparation as ribed i n Exanpl e

1. A streamof 1-dodecene was punped 15 through a reactor tube at a flow

rate of 90 g/hr. Nitrogen, at a flowrate of 6 L/hr, was 28 WD 2005/037751

PCT/ US20Q44s0B 343 2he RameALhtfoY htal #aﬁsmﬁﬁm%oua RN thE a&edmﬂ-ﬁbaweﬁ@nﬁwsl y

with the stream of 1-dodecene. The stream of 1-dodecene was vapori sed

bef ore cemtancof hrdoddrens wasreapomaed oaforeapatapng thy Memerizatiemeatalysie Thas oper at ed

at an outlet pressure of 20 kPa_.above at res re and a

t enper at Gya&t0 B&bféﬁ’é"pﬁr t@n@uﬂ péesf;‘érﬁtﬂggﬁ&g it?)vetlo e&ﬁﬁ’”ﬁ%‘#ﬁéﬁqaof | ess

than do it faBgo@r eater  than Cl4 nol ecul es in 1-dodecene at 0 hours
’ten?r: £ .

and the reactor tube effluent after 168 and 849 hours. Linear Cl10-Cl4

ol efi ps wer e Tabledris edabuletionDftheyweight pepceht afiessatlarOly; ClAC| aflighateraf ter a

168 hr processing tine. During the isonerization step, |ess than 3 weight

per cent #an qeatfes i 1dodecene Rbhheyrs angthe geastar ke tfinenhalentad ad 840de

reaction h f I 4 efins in
t he prodZ‘gw-£ f’m%éle{:@'rg(%“%?e Qpegé ‘% %&%ﬁ%ﬁ%&?ana scithrség(%’i? ﬁﬁ% Dodecene
St ream Coppasi 68 12 r&:ehﬂ.‘m%ﬁﬁleHﬂ) tlirdhso@aﬁzaﬁmlsfe@n&ss thah Boveigie petcebf\W . %
W.%W % <Cl10 hydrocarbons 0 4 Cl0-Cl4 hydrocarbons 99.6 97.2

97 4 >cmt¢rgabb@bag belay @w zva@ ggn@atzd ﬁsnacpreﬁ@alg gderaaetionst dhefwesgs 93. 2 93. 4
ne% Cnum et of 2 a!lléa f1 Ibranc: €5'on tﬁe 10-014 olefins in the product was determined to be 1.3 by

'H NMR analysis.
Table 4

1-Dodecene Stream Compeosition 0 Hr 168 Hr 849 Hr

During Isomerization Reaction Wt.% Wt.% Wt.%
<Cyo hydrocarbons 0.2 2.5 2.4
Ci0-C14 hydrocarbons 99.6 97.2 97.4
>Cy4 hydrocarbons 0.2 0.3 0.2
Branched Clo—CM olefins 0.6 93.2 93.4
Linear C;¢-Ci4 olefins 99.0 2.8 2.9
Paraffins 1.0 2.0 1.9

Example 3. Dehydrogenation of Dodecane with Minimal ¥Isomerization: Dodecane

15 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.
Table 5
Dodecane Composition Wt.%
Dodecane 993
<Cjp hydrocarbons <0.1
Cio, C11, Ci3 and Cy4 hydrocarbons <0.6
>4 hydrocarbons <0.1
Other Cyp-C14 olefins <0.1
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Paraffins 1.0 2.0 1.9 Exanple 3. Dehydrogenation of Dodecane with M ni nal

| soneri zati on: Dodecane 15 was obtained from Al drich Chem cal Conpany and
st ored unggy2004b379g8en before being processed. The conpegirhiseisbsgdpdecane,
as assayed by gas chromatography, is tabulated in Table 5. Table 5 Dodecane
Conmposition W. % Dodecane 99.3 <C10 hydrocarbons <0.1 C10, d 1, C13 and
Cl4 hydrocarbons <0.6 >Cl14 hydrocarbons <0.1 Oher Cl10-Cl4 olefins <0.1
29 WD 2005/ 03A§ﬁhﬂ?§% 0Ehh RSB yst Avap prevbfddrceaidingrto Gxampieon(catalat yst was
prepared according to a él.;I‘Mg I (ca}tfsal ys?%) of U S Patentho.(4, 4}30,517 to
| mai et &b of UshPateneNo: h4h)dt dipelmsi ploal , pitileds Debiydrogemtiondregess Vsing A

Conposi t jon, ". e result, cat st, i ncl uded 8 .%.pl at j\nu .5 wW.%
Compos, i et S, e £ Pt b ACRASE O g o AR 3 -
ganma- al g.mve@ﬁ,mg@.@rvbn%ya%ssiﬁx@éﬁmywt% dtordfe dP4 Bk MiAink baoRt eHor this
catal yst was 16. 8. The dehydrogenation catal yst was prepared by dissol ving
subst ant htehiyratiorod potbsininrto piahiaiinabsthiscatalysy drasd hl8or i ¢ aci d sol ution. An

anount of stappi ¢ chloride was_, added to e rtesulting solytion to provide a
final conposi E@eQ%ﬁwmﬂﬂ&%a@m%ﬁpwﬂe@%’gw%d@a@g@ HAYPRSER ri bute t he

tin conpgonent . e H%ﬁﬁ[“r B RRE am ne was
added to {gllﬁ?g‘qﬂé{tg%&]{lﬁ%ﬁﬁcﬁﬁf%n t 'eﬁ}aelég ting tin-am n%%arr%i xture was
dropped kdded tfheqesulidgg olutiortoPasvids a fifalfcomposiphenitdaing 0 weighte® thvardng an
average particle diameter of about 1/16 inch. The spheres were aged, washed

with an stimmedigidisnbuts ghefin epmpapenteyenlydheughquh & mEYEr m a spheri cal

oot om0t AR Sy B Sk ftted o e SoStnd i ShiBRRC LS RRDRDRH- BURH (.
prepar i neniktifs WasifbpRedGato dnfdil Bk BY 4 Mhniti € SrECIpASRehl bikticlds Bavilt@bent No.

2,620,314 to Hoesktra, entitled, "Spheroidal Alum na.” The tin-alumna
conposi t evaxsgs radtinlediametariof Rbeut d 8iconehz cbhesspheres visrepigedowpshedpithtanni ¢ aci d

and fydr oehl 01 @Ffhol &Pl REHGS HraP2550:20 SHUT AR Y, 1 2

material. The resulting spheres contained about 0.5 weight % tin in the form of tin oxide.

15  More details about the method of preparing the alumina carrier material are disclosed in
U.S. Patent No. 2,620,314 to Hoesktra, entitled, “Spheroidal Alumina.”

The tin-alumina composite was contacted with a deionized solution of
chloroplatinic acid and hydrochloric acid (2 weight percent based on alumina weight) in a
rotary drier for 15 minutes at room temperature. The amount of chloroplatinic acid used

20  was the amount necessary to incorporate 0.8 weight percent platinum into the tin-alumina
compostte. The solutton was then heated and purged with nitrogen to remove water
resulting in a platinum-chlorine-tin-alumina composite. The incorporated chlorine was
removed by heating the platinum-chlorine-tin-alumina composite to 550 °C and treating the
composite with a 50/50 air/80 °C steam mixture at a gas hourly space velocity (GHSV) of

25 300 hr'. After treatment with the air/steam mixture, the platinum-tin-alumina composite
contained less than 0.1 weight percent chlorine.

The platinum-tin-alumina composite was contacted with a deionized water solution
of potassium nitrate, The amount of potassium nitrate used was the amount necessary to
incorporate 2.7 weight percent of potassium in the platinu:h—tin—alumina composite. The

30  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
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rotary drier for 15 m nutes at roomtenperature. The anount of
chloroplatinic acid used 20 was the anpbunt necessary to incorporate 0.8

wei ght p bs/3hahi numinto the tin-alumna conpositepcFif2m@bsiosPN Was
then heated and purged with nitrogen to renove water resulting in a

pl ati num chl orine-tin-alum na conposite. The incorporated chlorine was
renoved by heating the platinumchlorine-tin-alum na conposite to 550 C and
t r eat i N@ethperaineOWROSIided 152 1° R artDihd latintSin-potasshamalinghs cenpdsie vgas hourly
space velocity (GHSV) of 25 300 hr's. After treatment with the air/steam

m xt ur e reated vttea straam of hydeachlens aciddid se/he.£.9 MoHECD) and @ stisaw of §81500. 1 wei ght

percent chlorine. The platinumtil-alum na conposite s contacted with a
dei oni z&Y {d‘egcegxgwfug%&()g?n m&%m"ﬁm & O?ﬁ%nﬁ%ﬁ"t‘fﬁﬁatmh{‘hssi um
nitrate "ﬁﬂpﬁ i STa I - Aurhided rcent of
pot assi m%% tﬁe p atcﬁ)%g{t?'n-aiiuénﬂ}\]%lggrggysglﬁta{fm}ﬁ%&ﬁ wat er gﬁ‘?ermved

f r omst hayaal dieil aU523 PO upRiragtgevfalrysir (H000MD G3ISY. Mhehealtimaatdigst conposite

to 100 C under apurge of dry air (1000 hl'GHSV) for 0.5 hour. The 30 WO
2005/ 03 FpbarePioy awspeoes p3disBoliametspel Hi @ inshaad werg erushed gnd sgedinga §-20he

platinumtin-po l um al um na conposite was treated with a stream of
hydroch!%?#@ag?ﬁgg%ﬁ?mﬁsgwﬁr, 0.9 MHCO) and a streamof 50/50 air/80 C
st eam mi xt ur eeidRGs dtbel teBIRY)1 ihch ON; OIARERITS a2 OTrichEs 1bﬁ§,®vélsh@_e,cph@éﬂ num tin-

pot assi um al um na conposite. The plati numtin-potassiumchlorine-al um na
conposi tisoerizatiomlraactir.af thamo@ellrettended Plinghesoiord tlye tap of fbGGOnless st@HSV) . The

. T LSS BE H-aTun” |
St ai Nl eS5,53 &8 hrah4Birfi¥dovin tH ’thQregctbf]fHBe,l (Rre?gig: Jﬁ%‘s‘lo%n%dlp?gg%t s used

as an isonerization reactor. t her nowe exten I nches e
t op, of tdheheottonl €ftke siactel tubkdo se@acisod plup e thd eeabtoathbeh Siliceactdidd @be, the
reactor tube was_inverted and a piece o ass ol was trapsferred down the

d f gl |
wal | of mesb) wanaddsd o adepthgf dpout ﬁénffh?émr%\%mctoamﬁgbepo%ﬁ%qoeaﬁwce af glasfe bot t om

of ther I . I ; r :Si L i con carbide
(20 rodtioi e PLRE oV REGHERA0P Hnile bR RGPy e A
second pilgfiahtakosdticléd@ 20\@ssH) haé asl ghawe oftiissh siliche eabiia(b0-80 meSh)ri Xt ur e
of 6.0 grams of platinumtin on 15 alum na catal yst particles (6-20 mesh)
and 45 grasasided torthe sgacior fubedn twapdisd L hedwogortaddiion C&ﬁi@b@%@@ caiglyshe react or

L e X N L

I 'engt h. third piece of glass wool was added to the top of the catalyst in the reactor tube. Silicon

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

20  wool was positioned over the silicon carbide to serve as a plug for the bottom of the reactor
fube. To monitor the temperature of the reaction at various points in the reactor tube, a
multipoint thermocouple was inserted into the thermowell of the reactor tube. The
temperature above, below and at three different places in the catalyst bed was monitored.
The reactor tube was inverted and installed in the furnace. The reactor tube was purged

25  with nitrogen. The reactor tube was heated to the operating temperature of 425°C over a
four-hour period under flowing nitrogen (250 standard liters per hour). Once the
temperature of 425°C was obtained, the reactor fube 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.

30 Afier 5 minutes, the hydrogen sulfide in hydrogen gas flow was switched to a hydrogen gas
flow through the reactor tube.
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third piece of glass wool was added to the top of the catalyst in the
reactor tube. Silicon carbide (20 nmesh) was | ayered onto the third piece of
gl ass woolyg Aod/@irrdh pi ece of glass 20 wool was positi oRegk46isobddgs Silicon
carbide to serve as a plug for the bottomof the reactor tube. To nonitor
the tenperature of the reaction at various points in the reactor tube, a
mul tipoint thernocouple was inserted into the thernowell of the reactor
tube. The t eAfierpesiifidiapdhescatdbyst,dhe seactontubt lwasenatnthined end2 3ACafoe sight t he
catal yst. bed was nonitored. The reactor tube was inverted and installed in
the furniues. ARer eighidoyrs, thereacipr Subs TeisHreRas fereass to 26 psig WithBYdegdk or t ube

was heat ratl f - I i od
under fl%\?’vi ?g%d[r?lp‘}%F %§ﬁ%@g€ﬂ§%%€%Fﬁ{ gr%‘“’%éﬁ"%%ﬁ%&“&@% attﬁga"} 0grgrlrli)erat ure
of 425C &% rb bl Pestanddi@ liteAsdr Bbwt WRer\iBS: k] tidd dddearRReeahiwdg tenperature
for an additional two hours. The catal yst was presulfided by flowwng a 1 %

m xt ur e ipEreasedde 86@hrs Mflar gbtabrg 2 Honwyale 0§ 80 gusthatreatRB tubeftompératnge mi nut es

t hrough the react Jube. 30 After 5 mnutes, the. hydrogen .f.ide in

hydr ogenW@"“a’?lsFﬁg‘?Ngé%sds@i‘? TORGIRF e ‘5%%’?@5@ ﬁveﬁﬁ?ghﬁ{?}w gﬁ?&?gﬂ“‘f‘% g:‘er eact or
tube. 31,3M420QahPaitird of 46bb¢.JS2004/ 034035 After presul fiding the catalyst,
the reactor tube Was maintained at 425 C for eight hours. After eight hours,
t he reactor tAfier twreatsfouehowas thervosigld perdent dgdscagiewrasii 1 Hywieigipgrercegtiss

Dodecane was punped t hr ou%h the reactor tube at a flowrate of 40 g/hr at a
hydr ogendepigt &f Al 2 teraperatugiof 419 £er the servernen of dadessnortp gleline Wias, t he

odecane, str S.,5al S, 0) hr fter o intRg._a fl.ow rate of
do-ofthr 16 WeERLhRs 2pel-RERRH ey Pt orsths, BlpnpT SN BT P e
was sanpmegb 6MEhY, 461 Feighhpétesnt ¥etedroMBEi@tbahpelndd and PBavdEEhtPerdepiEEat Ur e of
460C. After twenty-four hours the weight percent of dodecane was 11.4 wei ght

per cent disolefanspiQfithel tatal apadyinkoimnlefms farmedndaement wersforaxbed, as dptermivad er si on
of dodec?an?WI efins was 10 16 wei ght percent after twenty-four hours. O
t he ol ef hs’ ABdY8% wei ght percent were nono ol efins, 4.1 weight percent
were aromati c conmpounds and 7.5 wei ght percent were di-olefins. O the
total amount of olefins fornmed, 6 percent were branched, as determ ned by
1H NVR anal ysis. Table 6 Test ResulYableGonversion (w.% after 24 hours

on-stream at—31+-+4
Test Results.
Conversion (wt.%) after 24 hours on-stream at 11.4
460 °C.
Temperature required for 16 wt. % conversion 479 °C
Selectivity to mono olefins at 16 wt. % 84 wt.%
conversion.
Selectivity to aromatics at 16 wt. % 4.1 wt.%
conversion.
Selectivity to di-olefins at 16 wt. % 7.5 wi.%
conversion.
% Branched C;; olefins in total C;; olefins 6

15
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460 C. Tenperature required for 16 wt. % conversion 479 C Selectivity to
nono alefins at 16 wt. %84 w.% conversion. Selectivity to aromatics at 16
w. %4.1 w.% conversion. Selectivity to di-olefins at 16 wt. % 7.5 w.%
conversion. % Branched Cl12 olefins in total CI2 olefins 6 |5 32 CLAIMS 1.
A nethod for the production of aliphatic alcohols, conprising: introducing a
first hydrocarbon stream conprising olefins and paraffins into an 5

i somerization unit, wherein the isonerization unit is configured to

isom :rize at least a portion of |&d&¥M3|efins in the first hydrocarbon
streamto branched ol ef ins, and wherein at |east a portion of the

unreact ed conponents of the first hydrocarbon strewn and at | east a portion
of the produced branched ol efins forma second hydrocarbon stream

i ntroducing at least a portion of the second hydrocarbon streaminto a 10

hydrof ornmyl ation unit, wherein the hydroformylation unit is configured to
hydr of or ny| &t e éth’gﬁgtforaF;‘meuﬁ'ﬁo’b&dﬁl’rP@%‘F@F&F‘Péssicﬁmpﬁémgécond hydr ocar bon

o1 eam 0 produe gl o GLINR it MUBESLD NALRRRAE hioh Of 11

produced al i phat oHol's conprises a u rein
at | east 5a irorderieationf urit) svhereie thetissin extaxtion anit & ahfigined ts soamdizbydieactar bon

stream and at, least a portion of the, produced aliphatjc ohols forma 15
hydr of or ny| BeHSH Liearidlefing ip HS&&@A@%&W@SW 18 %ncéecbgieflinwnéfwllerrén at
hydr of or myl ad,| ; | ' y I ct

oY eam any SR DAREE bt 88 BheabRToRBAARYG MR fra Bl bRRAIGE o 4 2PERYS

| east a por pontionef thewrofaced bramehedoldfinn fermcs ssdtond kfdrosarbén sveam;nt o a

dehydrogenation unit, wherein the dehydrogengtiqn unit is configured to
dehydr ogenat e at ‘B¥pdugingat ieas pqrtign 8%/&‘53 %ﬁhﬁ'&qcﬂ’mﬁé“%émf’ians and

ORI s R e e R Fo S i
hydr ocar bonasleast amportiondgf thetlefids in thg satenddydtocarbonstrean toproloes aiphfatioi ¢
alcohols, and wherein at Jeast a portion of the produced aliphatic alcohels comprises a
branched alkyl group, and wherein at least a portion of the unreacted cornponents of the
second hydrocarbon stream, and at least a portion of the produced aliphatic alcohols form a
15 hydroformylation reaction stream;
separating at least a portion of the hydroformylation reaction strzam to produce an
aliphatic aleohal product stream and a paraffins and unreacted olefins stream; and
introducing at least a portion of the paraffins and unreacted olefins strezun into a
dehydrogenation unit, wherein the dehydrogenation unit is configured 1o dehydrogenate at
20  least a portion of paraffins in the paraffins and unreacted olefins stream 1o produce olefins,
and wherein at least a portion of the produced olefins exits the dehydrogenation unit to
form an olefinic hydrocarbon stream; and, introducing at least a portion of the olefinic

hydrocarbon stream into the isomerization unit.

25 2. The method of claim 1, wherein the first hydrocarbon stream is produced from an
olefin aligomerization process.
3 The method of claim 1, wherein the first hydrocarbon stream is produced from a

Fischer-Tropsch process.
30 ‘
4, The method of any one of claims 1 to 3, wherein the first hydrcn;arﬁon stream
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hydr ocarbon streaminto the isonerization unit. 25 2. The nethod of claim1,
wherein the first hydrocarbon streamis produced from an

ol efinoligomeri zati on process. 3. The nmethod of claiml, wherein the first
hydr ocarbon streamis produced froma Fischer-Tropsch process. 30 4. The
met hod of any one of clainms 1 to 3, wherein the first hydrocarbon stream 33
conprises ol efins and paraffins having a carbon nunber from 10 to 17,
particularly 10 to 13. 5. The nethod of any one of clainms | to 4, wherein
the isonmerization unit is operated 5 at a reaction tenperature between

200' C and 500'C. 6. The nmethod of any one of clains 1 to 5, wherein the

i someri zat i osinpuides olefine pad atmilinsdtavinghaychrberembmirer feont § ko pY.qastioutarlyelOreen
0.1 atnosphere and 20 at nospheres. 10 7. The nethod of any one of clains 1
to 6, whereth the hydrof ormyl ation unit is configured to convert by weight
greater than 50 percent of olefins to aliphatic alcohols. 8. The nmethod of
any one of clains 1 to 7, wherein the hydroformylation unit is configured
to convert Py welThbimethchdfatytohaof Olkimet tedtwiodreinlthd isometioatitn ymits operated

al cohols.. 15 9. The nethod of any_gne of, clainms 1 to 8, wherein the

hydr of or fy| at3 BActas Empsratiyp Betyreen 200" Gand0 Con t enperature from 100' C to
300' C. 10, The nethod of any one of clains 1 to 9, further conprising
adjusting a ratio of 20 olefins to paraffins introduced into the

i sonmeri zati 6n uniThe etiadthfrmpyabe o€ alimal pos wiareinfthaisopariadtidinninit iopperaedr bon
streaminto the jsorperizatjion unit. 11, The nmethod qf any one of clains 1
to 10, furtmhxdéaﬁrt?%n Prytalprpssure Begveen G RERePheR PARY QF%C’%}%{‘F@FH ns
introduced into the isonerization unit by 25 conbining a paraffinic

hydr ocarbon streamwi th at |east a portion of the .first hydrocarbon stream
upst r eamof 7t he Themethabdf amy onaiof claom$ dtort awhereinithe Hydrofoemylatian dinit is

i ntroducing the copbined stream.into the isonerizati unit, . 12.. The net hod
of any one a@nifgua?cﬂg opnygt Ezi,weﬁhttgﬁé?eré Q Rarergpt °g9ﬁ§&f E%‘Elm]i’@u%lal?“%l?q?% of
olefins to paraffins introduced into the isonerization unit by conbining at
| east a portion of a paraffinic hydrocarbon streamw th at |east a portion
of 8. - The method of any one of claims 1 to 7, wherein the hydroformylation unit is

configured to convert by weight greater than 95 percent of olefins to aliphatic alcohols.
15

0. The method of any one of claims 1 to 8, wherein the hydroformylation unit is

operated at a reaction temperature from 100°C to 300°C.

10,  The method of any one of claims 1 to 9, further comprising adjusting a ratio of
20 olefins to paraffins introduced into the isomerization unit by adding at least 2 portion of a

paraffinic hydrocarbon stream into the isomerization unit.

11, Themethod of any one of claims 1 to 10, further comprising:
adjusting a ratio of olefins to paraffins introduced into the isometization unit by
25 combining a paraffinic hydrocarbon stream with at least a portion of the first hydrocarbon
stream upstream of the isomerization unit to form a combined stream; and,

introducing the combined stream into the isomerization unit.

12.  The method of any one of claims 1 to 11, further comprising:
30 adjusting a ratio of olefins to paraffins introduced into the ifomerization uuit by

combining at least a portion of a paraffinic hydrocarbon stream with at least a portion of |
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34 the first hydrocarbon stream upstream of the isomerization unit to forma
conbi ned stream introducing the conbined streaminto the isonerization
unit; adjusting a ratio of olefins to paraffins introduced into the

hydr of ormyl ati on unit by conbining at |east a portion of a third

hydr ocarbon streamw th at |east a portion of the 5 second hydrocarbon
stream upstream of the hydrofornylation unit to k ama conbi ned stream

and, introducing the conbined streaminto the hydrofornylation unit. 13. The
met hod of any one of clainms 1 to 12, further conprising adjusting a ratio of
10 olefins to paraffins introduced into the hydrofornylation unit by adding

at least a POy ﬁﬂdr E’irFén Sid it B ELL BGEROR :ﬁkfi%ﬁhi@fiﬁotﬂ@n DYGHBIneE Syd 1 on
unit. 14, e ne 08 of any one of clains 3 to 12, turther conprising
adj usti ng antreducingathe coinbined stream o dhid isorerdzationdnited i nto t he

hydr of or myl ati on unit by addj at least a portigqn 1 f.a.third . .
hydr ocar bon st ré’éjﬁspﬁgérﬁt%“#@ ¥ O AHALLRS W 'Oﬁ?ﬁea,m\ﬂ@? BV‘HOF%@Y{%IFPM““" by
hydr ocar bo I, ‘ I, - weikegh. 15,
e e R L s s i L
rati o of5 olse¢andhyideocasbonfsticam vipstreamd of the hiydiofortdatiotcumif torfoyh atcombingdi t by
20 conbi nig? at least a portion of a third hydrocarbon streamw th at | east
a portion TefReands ocond hydr ocar bon stream upstream of the hydrofornylation

unit to forma g | I ﬁedlgpdr' : ined streaminto

t he hydr of or nyl g%‘?\'&ﬁ?ﬁ‘t@%g@iﬁfg%ﬂ%lﬂn&? 0 o‘?ﬂ%) Egﬁgﬁglft' clains 1 to 12,
further conprising: adjusting a ratio of elefins to paraffins introduced
into the hydrofqrnylation_unit b combi ning.at |east.a portion of .a fhird
hydr ocar bort strgé'fﬁW‘}‘HSSfa‘%%%etgfél‘ﬂB‘tstitBAEo@":hﬁ’ecm’é%r AU AIRBOAY st r eam
upst r eagp of 1D} kb AkdeniAhd hidof b GadingLf £ in
the thi ?% ho;%ca*boagﬁﬁ%gﬁﬁgonpri se}sn}cgcr)(ggk'glglraijlt‘:“fq]gglmggpagelrn elnt ola i n‘gﬁeby

30 wei ght; cfradhird hydredarbom gtrédue into tizi hyddfetmyation wtid t he hydr of ornmyl ati on
unit. 35 17. The nethod of any one of clains Ito. 12, further conprising:
adjusting a ratio of olefins to paraffins introduced into the

hydr of or nyl @ i onryéhEthBY of @9 Hhe b Mdaidds 1/ Ba! ?ﬁqthﬁfeawxhﬁrﬂsiﬂé adjustiia=ratio of

hydrocarbon streamw th at |east a ﬁort ion o ) .
olefins to paraffins introduced into the hydroformylation unit by adding at least a portion

15 of a third hydrocarbon stream into the hydroformylation unit, wherein the third

hydrocarbon stream cormprises greater than 80 percent olefins by weigh!.

15.  The methad of any one of claims 1 to 11, further comprising:
adjusting a ratio of olefins to paraffins introduced into the hydroformylation unit by
20 combining at least a portion of a third hydrocarbon stream with at least a partion of the
second hydrocarbon stream upstream of the hydroformylation unit to form a combined
stream; and,

introducing the combined stream into the hydroformylation unit,

25 16.  The method of any one of claims 1 to 12, further comprising:
adjusting a ratio of olefins te paraffins introduced into the hydroformylation unit by
combining at least a portion of a third hydrocarbon stream’ with at least 2 portion of the
second hydrocarbon stream upstream of the hydroformylation unit to form a combined
stream, wherein the third hydrocarbon stream comprises greater than 8 percent olefing by
30 weight; and,
introducing the combined stream into the hydroformylation unit.
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5 second hydrocarbon stream upstream of the hydrofornylation unit to forma
conbi ned stream wherein the third hydrocarbon stream conprises |inear

ol efins; tuad, introducing the conbined streaminto the hydrofornyl ation
unit. 18. The nethod of any one of clains 1 to 12, further conprising: 10
adjusting a ratio of olefins to paraffins introduced into the

hydr of ornmyl ation unit by conbining at |east a portion of a third

hydr ocarbon streamwi th at feast a portion of the second hydrocarbon stream
upstream of the hydroformylation unit to forma conbined stream wherein at
| east a portion of the second hydrocarbon stream conprises branched

ol efins; and, 15 introducing the conbined streaminto the hydrofornylation
unit, 19. The nethod of any one of clains 1 to 12, further conprising:

adj usting al%.ati Shemediadidfiasy poe phelaints hte 12 furtheocemprising: t he

hydr of ornyl ati on_unit_ by ..copbjping at ast o1 on o hi nd. )

hydr ocar bon st reﬁ%uwr\g@/rgpo pggfse?xng a}r?l%ﬁ%ﬁ HWO%PE%J’?@@’&%&H%EW%F&%WY
st ream upst ¢Qapingig 4t fashy perabR oy kafd BiredakBont Breh@rWitiRacesih Redionsdfrieam
wherein at |least a portion of the third hédr ocarbon stream conprises |inear

ol ef i ns Sanstcand hypdrocarhom giraanpupsteamiod efonprietemunib o Brmaatamemngt i ses
branched ol efins; .and i 0t roduci t he conmbined streaminto the

hydr of or ny| 5% Wet“? %H]f%?'y%ﬁ&y‘ﬂg? RO or%?sesilélegfom f W%& 1to 19,
wherei n the dehygditp@anai@comtifed sreafgforthe Hy@ofd@ndyiivanaitur e bet ween 300C
and 700" C. 21. The nethod of any one of clains 1 to 20, wherein the

dehydrogenation unit is operated at a pressure between 0.01 atnosphere and
25 at nospheyegs, 224 The met ho f. an ¢claigs .1 to 21, further
conpri sing mt r piﬁ%ﬂ?@hoéito m_ggpe gf‘_aglé&p%’}c}o{%ﬁ%l}&tcﬂ@pgflf’ﬁhati c al cohol
product 18t ream i Bjasngaitatioof SlRfind td parifiink eitbdubed ftd fhathydroformiylatidSunit by

configured to sulfate at |east a portion of the aliphatic alcohols in the
ali phatic edrebining 3leastie porsipn ehathied hrdsenachonsytyeamavitle algast stexionsefdheher ei n

2l i phati o sorepal BlaRkabBf sl BAch b RSB BMER dn R SRR
conpri si ng §ipdang) Gkicrdlf ableadt@amirtich ofthe bécond A driobarbah stpdtm tempdiee bednchedduct

streaminto an oxyal kyl ation unit; wherein the oxyalkylation unit is
confi gured e&hBxyaMkyl ate at | east a portion of the aliphatic al cohols in

15 introducing the combined stream into the hydroformylation unif,

19, The method of any one of ¢laims 1 to 12, further comprising:
adjusting a ratio of olefins to paraffins introduced into the hydroformylation unit by
combining at least a portion of a third hydrocarbon stream with at least a pertion of the
20 second hydrocarbon stream upstream of the hydroformylation unit to form a combined
stream, wherein at least a portion of the third hydrocarbon stream comprises linear olefins
and at least a portion of the second hydrocarbon stream comprises branched olefins; and,

introducing the combined stream into the hydroformylation unit.

25 20.  The method of any one of claims 1 to 19, wherein the dehydrogenation unit is
operated at a temperature between 300°C and 700°C.

21.  The method of any one of claims 1 to 20, wherein the dehydrogenation unit is
operated at a pressure between 0.01 atmosphere and 25 atmospheres,

22.  The method of any one of claims 1 to 21, further comprising int:oducing at least a
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the aliphatic al cohol product streamto produce oxyal kyl al cohols, wherein
at least a 10 portion of the oxyal kyl al cohols produced conprises branched
oxyal kyl al cohols. 24. A systemfor the production of aliphatic alcohols
configured to performthe' nethod according to any one of clainms 1 to 23. 37

portion of the aliphatic alcohol product stream into a sulfation unit, wherein the sulfation
unit is configured to sulfate at least a portion of the aliphatic alcohols in the aliphatic
alcohol product stream to produce aliphatic sulfates, and wherein at least, a portion of the

aliphatic sulfates produced comprises branched aliphatic sulfates.

23, The method of any one of claims 1 to 21, further comprising introducing at least a
portion of the aliphatic alcohol product stream into an oxyalkylation unif, wherein the
oxyalkylation unit is configured to oxyalkylate at least a portion of the aliphatic alcohols in
the aliphatic alcohel product stream to produce oxyalkyl! alcohols, wherein at least a

10 portion of the oxyalkyl alcohols produced comprises branched oxyalkyl alcohols.

24,  Asystem for the production of aliphatic alcohols configured to perform the'method

according to any one of claims 1 to 23.
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