EVEN CARBON NUMBER PARAFFI N COVPOSI TI ON AND METHOD OF MANUFACTURI NG SAMVE
STATEMENT REGARDI NG FEDERALLY SPONSORED RESEARCH OR DEVELOPMENT [ 0001] Not
appl i cabl e. CROSS- REFERENCE TO RELATED APPLI CATI ONS [ 0002] Not appl i cabl e.
BACKGROUND OF THE I NVENTION 1. Field of the Invention [0003] The present
invention relates to producing specialty materials and chem cal
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the present invention relates to predom nantly even carbon nunber paraffin
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[ 0004] Paraffins in the Cl2-C24 range useful applications as phase

change 1 ( raffins undergo solid-liquid phase transition
in the ggggd% Cwalp—@wag?%bout 50C (120 F). Heat is absorbed as the PCM
paraffin nelts and kS {é% reezes. Fabricated
systens that use chﬁgéﬁg %ﬁ@d‘nﬁg@ggrﬁiﬁ%@gﬁ C&&/‘ggt her mal st orage
devices. Due to relatively high latent heats of solid-liquid 1
[0002] Not applicable.
BACKGROUND OF THE INVENTION

1. Field of the Invention

[0003] The present invention relates to producing specialty materials
and chemical intermediates from bio-renewable feedstocks such as animal
fats, plant oils, algal oils, bio-derived greases, and tall oil fatty acid
(hereafter referred to as biological feedstocks, or alternatively, fatty acids
and/or glycerides depending upon the composition of the feedstock).
Specifically, the present invention relates to predominantly even carbon
number paraffin compositions in the C12-C24 range, and the catalytic
hydrogenation/hydrogenolysis method used for its manufacture.

[0004] Paraffins in the C12-C24 range have useful applications as phase
change material (PCM). The paraffins undergo solid-liquid phase transition
in the about -9 °C (15 °F) to about 50°C (120 °F). Heat is absorbed as the
PCM paraffin melts and heat is released later when the PCM freezes.
Fabricated systems that use PCM’'s as such are referred to as passive

thermal storage devices. Due to relatively high latent heats of solid-liquid
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phase transition (referred to sinply as |atent heats hereafter), as well as
conpatibility with common material of construction and high stability,
paraffins are considered particularly well-suited for PCM applications.

Wal | boards of a house inpregnated with a PCM are an exanple of a passive
thermal storage device. During a hot day, the PCMw || absorb heat as it
nmelts. Since there is no tenperature change during phase transition, the

surface pRas@nrassitioht (reféetingy BRhpRt asa@eeie hetts Herwsftal), CONWaNtas
tenperature until all PCMtherein has nmelted. The heat that would have nade

t he housg b r ,
t enper at u?lg@t 52’?‘& ogﬁg? efgﬁ‘ﬁ(?rlgl ﬁgargbgéf\/lr@r e@glzn%?%gﬁ?{lr #a?éght ﬁ(ta e‘é? t hus
reventi [ e derate
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electricity, industrial waste heat), and reducing energy demand (e.g. for
heat i ng Hitrmalr stosage tdQ)ﬂC@}g)DU[!UQ%]hmed@%emﬁlpcd‘ﬂ ovitigabsarn beal asf itt he
PCMis dictated by its latent heat. The higher the | atent heat, the higher
t he t her meltsst @inge thapads tno démpecakRER] clrange hhzr'mgabhesetﬁnansiéiqn; rthe

thermal storage device size/cost. [0006] Table 1 provides the |atent heats

and nel t smfap®i It scorftaparwithi the fserPhsierstechdehed@rice staysl afterbnbeait for
even carbon nunber paraffins is higher than the latent heat for odd car bon

number p?érﬁbéfé’cﬁr@fur&ﬂ”bil afl‘CMt &irf h@g [, Al | he'é?rth%%%}gg
n- heﬁéagecane (carbon nunber tand n- octa ecane (carbon gg ) qglt
0/ kg antrads=the BB hen het ‘?ﬁﬁs ShEn SRl s ﬁ‘%ﬁ%fﬂﬁ%'? fﬁfﬁfaf*ghs%
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Heats and Solid-Liquid Transition Tenperatures of Selected Paraffins Name

Car bon Niite$e pPraxgnting) thei Remecsfrant geitinge seld. k JTheMmalting-fregainen6yelgss 5 -
5.6 231 n-Pent adecane 15 10
moderate the temperature of the space enclosed within the passive thermal

storage device despite extreme night-day temperature swings outside. In
general, PCMs are an effective way of storing thermal energy (e.g. solar, off-
peak electricity, industrial waste heat), and reducing energy demand (e.g.
for heating and air-conditioning).

[0005] The thermal storage capacity of the PCM is dictated by its latent
heat. The higher the latent heat, the higher the thermal storage capacity of
the PCM, and the smaller the required thermal storage device size/cost.
[0006] Table 1 provides the latent heats and melting points of paraffins.
As observed therein, the latent heat for even carbon number paraffins is

higher than the latent heat for odd carbon number paraffins of similar



207 n- Hexadecane 16 18.2 238 n-Heptadecane 17 22 215 n- Oct adecane 18 28.2
245 n- Nonadecane 19 31.9 222 n-Ei cosane 20

transition temperature. For example, n-heptadecane (carbon number 17)
and n-octadecane (carbon number 18) melt in the 22 - 28 °C range.
Whereas the latent heat of n-heptadecane is 215 kl/kg and the latent heat
for n-octadecane is 245 kl/kg or 14% higher. In general, the even carbon
number paraffin heats of fusion in the C14-C24 range are 10-16% higher
than odd carbon number paraffins.

Table 1. Latent Heats and Solid-Liquid Transition Temperatures of Selected

Paraffins
Name Carbon Number | Melting Point (°C) | Latent Heat (kJ/kg)
n-Tetradecane 14 | 45-56 231
n-Pentadecane ‘ 15 10 207
n-Hexadecane 186 182 238
n-Heptadecane 17 22 215
n-Octadecane : 18 28.2 245
n-Nonadecane 19 31.9 222
n-Eicosane 20 37 247
n-Heneicosane 21 41 215
n-Docosane 22 44 249
n-Tricosane 23 47 234
n-Tetracosane 24 51 255

[0007] In addition to PCM applications, even carbon number C12-C24 |
paraffins are also used as chemical intermediates for linear alkyl benzene
(C12, C14) and alkyenyl succinate (C16, C18), as well as lubricant/wax
additives.

2. Brief Description of the Related Art



37 247 n-Henei cosane 21 41 215 n-Docosane 22 44 249 n-Tricosane 23 47 234
n- Tetracosane 24 51 255

[0008] The commercially practiced synthesis of even carbon number n-
paraffins involves ethylene oligomerization. Depending on the catalyst and
reactor operating conditions, this process produces a distribution of linear
alpha olefins in the C4 to C20+ range. Linear alpha olefins in the C4-C8
range are the main products of this process and are separated. These
olefins are in high demand, mainly as comonomers for film-grade
.polyethylene. The C10+ even carbon number olefins are sold as
intermediates for specialty chemicals, or hydrogenated to produce even
carbon number n-paraffins.

[0009] This ethylene oligomerization process for producing even carbon
number paraffins is highly dependent on crude oil and natural gas prices.
Furthermore, n-paraffins have to be sold at a premium to the olefins to
justify the added cost of hydrogenating. These factors make the price and
availability of n-paraffins thus produced highly variable.

[0010] Another method of producing n-paraffins is Fischer-Tropsch
synthesis. The liquid product of this reaction is a broad distribution of even
and odd carbon number paraffins, from C5 to C50+.

[0011] Naturally occurring fatty acids and esters may be hydrotreated
to produce a hydrocarbon composition including even and odd carbon
number paraffins as reported in prior art, namely: Wong, et. al. “Technical
and Economic Aspects of Manufacturing Cetane-Enhanced Diesel Fuel from

Canola Oil”; Bio-Oils Symposium, Saskatoon, Saskatchewan, Canada; March



[0007] In addition to PCM applications, even carbon nunber Cl2-C24 paraffins
are al so used as chemcal internediates for |inear al kyl benzene (Cl2, Cl4)
and al kyenyl succinate (Cl6, Cl18), as well as lubricant/wax additives. 2.
Brief Description of the Related Art [0008] The commercially practiced

synt hesi s of even carbon nunber n- paraffins involves ethylene

ol i goneri zati on. Dependi ng on the catal yst and reactor operating

condi ti 0@»94t.h'l—‘fgauﬂfe099§§ V%rﬂf‘é%.e%!.airﬁh{ééé %it&”g@%ﬁh@ﬁ?&te&*éﬂrﬂ:/% gns in

the C4 to C20+ range. Linear™ alpha olefins in th range are the main
products I r n e T NN i i

Genand, - SEero ety SEET N rapb ot B Ee e Ry Lire] fhe Doy, ,
carbon nunber, ol efins are sol.d as internedi ates_for specialty .chemcals, or
Pyt ogen JEte o0f @y ndy DdC ST AURERR PSR P28 SBIR0) FAICEtERhy| ene
ol i goneri zati on process for produci ng even carbon_nunber paraffins is

hi ghl y d®pesriaa obcosnpriabls (coagantrationsl ofggachyr i the . prigi eRemghihed for
n-paraffins have to be sold at a premumto the olefins to justify the
added cosoneértingltoiglycerides. ambe fatty aadids stongplasaffins pmployanal fixed-baidli 1 ity
of n-paraffins thus produced highly variable. [0010] Anot her net hod of

produci ngatelpec #édctios, packed ot cdimpnaiallyavdieshle hybretridatingdcatahdust of
this reaction is a broad distribution of even and odd carbon nunber

paraf fi nghebé ofataRyste dreltylin@9dal] DRItHFES Fited CektruAgtds oF YalamiAs Aftéh
esters may be hydrotreated to produce a hydrocarbon conposition including

even and cavr eL.p i r i L4Qh ana :

vong. ot Myl TERRUAHINCEr RN BRI LGfidel Bl AR aTIne

Cet ane- Ephanced D esel. Fuel .from Canol i [.":;. Bio-Q s 0si ym

Saskat ool PISCRaTY AR S BetSHAT tRAT Fatanyy A TR AR0U LS TEROebou

i ncl udes_typi cal gas chronmat ography/ mass spectronetry (GO M5) trace of
hydrotreaté('ﬁ’@anol a oil wherein the relative heights of even and odd carbon
nunber paraffins are simlar, indicating presence of conparable

concent r §O0A2A] of Tdwciequivalept idiameter rietsad ftor chanactenizeignan-sphedeali des
and fatty acids to paraffins enploys a fixed-bed catal ytic reactor, packed
w t h conpeartidles Iby sizei | BQlivahgrt parteck idlgmeseaby s aonddptsaricahtpartiskesisar e
cylindrical or three-fluted extrudates of alumna with nickel nolybdenum or

cobal t ngkjREgaEre|dibARIePRIFa sphierd i Hatind el ¥amealoRbe Vi ené et er
of these catalysts is fromabout 1.5 mmto about 2.0 mm [0012] The

equi val e i : : C ! e ye iclie

si ze. quéegﬁ'géﬁ%glfﬁc@?g‘?g "'ﬁ@'?&%féagét og-dggﬁgrl caf %?rntdloc ngtlﬁsl"fitg%/ned
as the dianeter of_a.sphere having_the sane volune as the - spher i cal
ar t1 ol eSARyPRpCoaticis Miametd: br Js Xredi e dle b &id/[en gl Fhe

equi val ea{ particle dianeter i S E%{)ress,ed as Dp =6 (4/L + 4/D-1._ For a
t hr ee- f | tireg-dutad gxkrudatethegravivpisit Rarticie cEmmetsfreeXrreszidneissPer Bs Dp =
6 [2/L + 5n/(gfz,i n( 60) +1525”2£'1- 1[ 0013] The fatty acid/glyceride feed is
hydr ogenbd/dd+arief (Bésiygenit é25m]the fixed bed reactor packed with
comercial hydrotreating catalysts. As illustrated by Equations 1 and 2 for
t he exanp0@13f] t r iThleefatty alkiel/glyweridiet faegl iscleydmbejenatbe arebregrygenabed s
achi eved by oxygen hydrogenol ysis, decarboxylation (renoval of CO2), and
decar boniy id eiRedl| e ré@dctbPpacked with commercial hydrotreating catalysts. As

illustrated by Equations 1 and 2 for the example of triolein (oleic acid
triglyceride), the deoxygenation is achieved by oxygen hydrogenolysis,

decarboxylation (removal of CO2), and decarbonylation (loss of CO).



CH2-0-CO-C17H33 1 CH -0-CO-C17H33 + 15 H2 _ ",.. 3 C18F138 + C3118 + 6
H20(1) i CH2-0-CO Cl7H33 CH2-0-CO-C17H33 i CH -0-CO C17H33 4- 6 H2 --PPP- 3
C 7H36 + C3118 + 3 CO2(2) i CH2-0-CO C17H33 [0014] I n both reactions, the

gl ycerol backbone is converted to propane and doubl e bonds are saturated.
Since one carbon is renmoved fromthe fatty acids during decarboxyl ati on and
decar bonyl ation reactions (as illustrated in Equation 2), odd carbon nunber

par af f i ns~ar.e~fros.) from even carbon nunber naturally occurring fatty
aci ds. [0%?%%’(?2?%%‘3&& there is a need for even carbon number paraffin

conposi t i Gis-GuB0-& 18k ect i 1\Hpr ocess f B CpHglueiOibs eveh H@ bon numipr
paraffins! In particular, the present invention is a process for converting
bi ol ogi cPHEdEQ-6eitlssi nt o even carbon nunber paraffin conpositions. BRIEF
DESCRI PTI ON OF THE DRAW NGS [0016]Fig. 1 is a schematic diagram of an
ermbodi ner@HpfO-410-6pdhat i on of a continuous process in accordance with the

present ifQvention 017] Fy 2is as ic . diagr an enbodi@ent of
an ope_rat(%%nrtgtéqcé%%?esfrégbtor pr'oceggef7 3%033%@%%25\%9% t he pre(ant
i nventi ongH,—0-CO-Cy7Hss

[0014] In both reactions, the glycerol backbone is converted to propane
and double bonds are saturated. Since one carbon is removed from the
fatty acids during decarboxylation and decarbonylation reactions (as
illustrated in Equation 2), odd carbon number paraffins are formed from
even carbon number naturally occurring fatty acids.

[0015] To this end, there is a need for even carbon number paraffin
compositions and a selective process for producing even carbon number
paraffins. In particular, the present invention is a process for converting

biological feedstocks into even carbon number paraffin compositions.

BRIEF DESCRIPTION OF THE DRAWINGS
[0016] Fig. 1 is a schematic diagram of an embodiment of an operation
of a continuous process in accordance with the present invention.
[0017] Fig. 2 is a schematic diagram of an embodiment of an operation

of a series-reactor process in accordance with the present invention.



operation of a series-reactor process in accordance with the present
invention. [0019]Fig. 4 is a schematic diagram of an enbodi nent of an
operation of a batch [0020] [0021] [0022] separation. Fig. 5is a bar
graph summari zing the results of Exanple 1. Fig. 6 is a bar graph

summari zing the results of Exanple 2. Fig. 7 is a MCabe-Thiele diagramfor
Cl16- C18 paraffin DETAILED DESCRI PTI ON OF THE | NVENTI ON [ 0023] The present

i nventi ofQpAlgY €S fig, 8V SEHAIARLIB \HikFran® F &in &Re G RIFRRSEMVUPMBRE oft afet hod
for producing 'such even carbon nunber™ paraffin conmpositions from bi ol ogi cal

pr oper | SESRRSh2E Borrer CeREr pobbst 1 At cpbR R (ABthE Phrene”
hydr ocar bon (‘toqr}gosi tions with very high concentrations of even carbon
nunber pé{?\éﬁnff can be obtai ned from bi ol ogi cal feedstocks. The products

are produced by a single-step hydrogenation/hydrogenol ysis process of
bi ol ogi CihofieQ%dSt %5.5'4%% schematic diagram of an embodiment of an operation

of a batch process in accordance with the present invention.
[0020] Fig. 5 is a bar graph summarizing the results of Example 1.
[0021] Fig. 6 is a bar graph summarizing the results of Example 2.
[0022] Fig. 7 is a McCabe-Thiele diagram for C16-C18 paraffin
separation.

DETAILED DESCRIPTION OF THE INVENTION
[0023] The present invention relates to even carbon number paraffin
compositions and a method for producing such even carbon number paraffin
compositions from biological feedstocks. Paraffin compositions of the
present invention have superior properties as phase PCM material.
[0024] It has been discovered that hydrocarbon compositions with very
high concentrations of even carbon number paraffins can be obtained from
biological feedstocks. The products are produced by a single-step
hydrogenation/hydrogenolysis process of biological feedstocks. One
embodiment of the process is carried out using a bimetallic catalyst of about
10 to about 500 micron equivalent particle diameter. The shorter diffusion
path length, more accessible pores, and lower intra-catalyst temperature

gradients in the smaller catalyst system of the present invention reduce
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enbodi ment of the process is carried out using a binetallic catal yst of
about 10 to about 500 m cron equivalent particle dianmeter. The shorter

di ffusion path length, nore accessible pores, and | ower intra-catalyst
tenperature gradients in the smaller catal yst system of the present

i nvention reduce thermal decarboxylation and consequent co-production of
odd nunber paraffins. [0025] One enbodi nent of the process of the present

| nvent | OfinbimBl SELABbYy B hed LorlddiichbecoarBlietion nof Ngad! Humbahase.

Commerci al 'y aval atal yst extrudates may be ground and siev
reduce t[ﬂ’?"% ] | yst size to the preferred range of the present invention,
from abo icrons to about 400 m crons, nost preferably from about 30

m crons t 80 micrqgns, Ex of the ca st _include but are not
o oq L0GREKe! -Auf, SHURIIERENS) TheoBaptassy o) it Arepeakoyvestion' &

ni ckel -tungsten (NiW on alum na or al um na phosphate supports. Pre-ground
cat al yst perferabiv earrgd ossrishcihg ratadysdi inabhe slwryoriassi deommergialive
sulfide fornms. The netal oxide catalysts are activated by sulfiding.

[ 0026] Cormveilablel catalgsialdxtcudates| pstys e egralund and Isiied do seduceg treades
and well-suited for the invention disclosed herein.Preferred exanpl es

i ncl ude gpedlgst sRealo tRd prafirfed Hamg@ df Yhepresehe thertidn,rfroht abodt GO
(Raney(r) is the trade nane of the Grace Davison sponge netal catalyst).

Sponge mphdlokfts! Mk 3DB MAErERE, Bodte prEYePaDIY ﬁJ(éﬁﬁ -0UH B0 Wnrons to

cobal t-alum numalloys with concentrated caustic (sodi um hydroxi de)
| uti j ' .
catal yor £oBub UTTESAERREbES SFHR cAleRef o iR, &S diiRpaTe "
desired selectivjty. 0027] S t ed t t itable f t h
or ocess DICRATSRienums Ns) b BShr Ermpbibdapuri Cialiian oy nidkelundstes

alum na or nodified al um na supports with solutions containi n% ni ckel ,
cobal t, ANIWYDhdenuauamidaort akgeinen PEesphaRISURPES cEreigirHpd catRbesh «
shoul d be understood by one of ordinary skill in the art that any such

cat al yst extijudatesiaire iceatmerciakthe ayadaklet ini botdnoxide and aotiye sulfide fomos yst
operates as described herein. [0029] Referring now to the draw ngs and nore

parti cul Thetmetalpxide cabalysts dey activatedane selflddag.rent of an operation of a
process utilizing a continuous flow reactor constructed in accordance with

the presgpp2gy entcsmmeérchilobrakealic f eadhtskatdlaisd RSN Z&¢ dlarmeact or
pressure of about 200 psig to about 2,000 psig via punp 102. Preferred
operatin S s redibey s AR ] Lol t e f t 400
{6 bour STAED g WelrebPEL Shefy He HRVLRUER WRHSRRE Erei s | PRETRRY

fat s/ greases lant, gils, tall oil fat acid and,alqgal qils_ _A gal,0ils
can be nﬁf(amﬂ' ?/' QEaPrW&J‘Qﬁ %?@&Lﬁ?gﬁ't%Fﬁ l?PBPe%%%‘? ﬁ°ﬁ?@§gu'§?98§@|'}‘hui d
stream 103 enters a rgeactor 104. [0030] The slurry reactor 104 is preferably
a bubbl 2Bl GAn(RaneyT dacthy teadal Ramel ghdihey GracecPaxisRnasBaRgg ongtal about
30% (dry bul k catal yst volume per total slurry volune), preferably between
about 2%cakadysthoubpooge metalceatalysts grerforoied diyzleaiching siskebalminumo
about 400 m crons, preferably from about 30 to about 80 microns. The

t hr oughpot cdbalt-aturpirmssuiilops Withl eghcentrbted] custic, (40&um shyutosdas) about
0.1 and about 10 LHSV (volune feed per volune catal yst per hour),

pr ef er abkylubRINES foAROMY ddenaBELivd AHEtal éﬁlﬁ}éf)h SheRee fcaNeTRlesessiuriyhe

slurry reactor 104 volune for the design feed rate. :
catalysts are active as received, but may be sulfided to achieve the desired

selectivity.



[ 0031] The pressurized |iquid stream 103 reacts therein with hydrogen 105
which is optionally preheated through heater 116. The hydrogen-rich gas 105
preferably has a hydrogen concentration between 70 and 100 nol 0/0,
preferably between 80 and 99 nol % The hydrogen-rich gas 105 is supplied
at a rate of about 3,000 to about 10,000 SCF/ bbl (volume gas per volune

bi ol ogi cal feedstock). The gas to feedstock ratio is preferably from about

4, 000 STz} 0 gé;g%ysdo&eaogu 7/ Ebtatystae sitBBT ofor0thBURRhEeOl giMinfseact or

cnur- Uil Sl £l 8 L1 Ryl eﬁéa@;@f%@é?f eﬁéiégi@w%@if filf 12

t hrough a, spar 119. The spar be. of va[| i gur

el udl ng BTN GTURRGRES eWtho SaNS (CAEAUPAS o BICKALY Fovalt | FIAVBRFRYTes, o
sintered netal plate or sintered netal distributi ng pi pe(s) or co-fed W|th
the bi ol égidéar tyngstsn smMpeunds befarPecaleipinadi stributor. In sone embodi nent s
the catalyst is dispersed in the slurry phase by mechanical agitation. The
gas fl ow[D@28ph theshceddtme ubdérshooduby ore ofiidrdimaryaskill yist thel artr vhdi06.
Alternatively, a side arm downconer (not shown) can al so be deployed to

recircul ang Sgclyaassldssimay oe atilizedripatiepréddntvMn\edntidrs @oalohes asafhad yst
distribution in the reactor 104. The biological feedstock converts into

mai nly e\fﬁfbl?@ﬁ@ﬁ&a@éﬁ%@dé&ﬁ%ﬁ&'ﬁ@eﬁ’? it is diluted within the
catal yst - paraff| n slurry 106. [0032] The heat of reaction is in part renoved

b 2

2 SuaPOTA of el lndfeth %@%ﬁgﬁ*@% snaRackiche pHBRIIGE LR
heat renoyal be achi eved chﬁh CcQo c0|I devigce 120 i mrersed in the
feactor  SOAWNTEHRTEN T dne EbRIIEIEot AN PBRTYRN of @ HIBRETR ABIZING: @

cooling coil is in _the 40 to 200 Btu/hr-ft2-F range. The reactor

t enper at GPBtingowsu flovonreantped cosireeiedabibut amdﬁne%zwu) the amsasets0 F
(399 C), preferably between about 600 F (315 C) and about 650 F (343 C). At
t hese pr #fvantian.t Anbiolagioad Feetstpak pt @ darpresserined doeraacton paessaveuef 400
psig, and preferably greater than about 600 psig) may be produced and used
for driviabguti2QD Psigeeadbub®R,e0ecpeigcivia/ ,purng/ ©02s uRrelerigd poparasingheat .

[ 0033] The extent of back-m xing within the bubble colum depends to a | arge

extent oprédirbeirsitné GIsHrpMBUIle BliAindfeddir bPaTHAN aoll 60 wokgme have

successfully been m)de ed . . deal CSTR' s in series. At the
f
i iy« AOGIPR TR ?%2‘1{ %ér'?.?'@?'ss“b‘* %eéfe&%8(%?‘4%‘%%?‘*“*%@%88%4 e
07 .f bl t 1 | ed
\iggo\rlmerg%?%bQé%oaﬁir&?% Y gﬁc IPB t %;7 O é"%aﬁc8 Oe‘%é‘elbneAaIa(r%ré? ti ng
pressures bel ow 500 nd t enper at ur es above abouc} 315 C. (600 F), nore
t han aboR@FCWHNRIPT P I RIeRFters e SUESBWIFRG Gkt ﬁk@?%&&ér?'}f@fﬁﬁd I's

condensed overhead with wat er and |ight hydrocarbons. [0035] A three phase
conposi t reacte0d0ds separated in separator drum 110. The water stream 111B
and hydrocarbon 111A are thus separated fromrecycl e hydrogen-rich gas
111C. | n[60B@]enmbdtiershisy tdwctby dt@geis- prefergbly hBlbUbbly tsumn.i f iTéed to
remove sone or all of the mnor reaction byproducts such as amoni a,

hydr ogenr&adtbi detaRRe 1686RY i9B&tfeenRedivel 1%y Hrith &iboutCBOYaS(dFpybliken be

conbi ned vvlth makeup hydrogen to formthe react or hydrogen-rich gas 105

[ 0036] The, r\)’olﬂngﬁi 'p%rttﬁ?élsé?BF I‘Lllﬁ‘i@”%' ?r‘}fﬂf*ltbégv%eh tg%utlrrg?{ 5h

separatet ecata romther sorree S |Iter

113 is a di f Iomed
by a fi I?éﬁgf?({#@ i’ ﬁ%@l‘@lb%ﬁzﬁ‘ﬂ&g&% 96'(55'n@%8f"¥0m ﬁ ‘?35]@5 |n t he
art that a devi c e of sep i suspended soljds fromliquid may
e used TTORORS, (i taraby AoERERSHE Sth S0 abulty 38 TIPS cHIR SRGBND W oo am
114 returns to reactor 104, while the filtered paraffin product 115 exits
the reactor system Product streans 115 and 111B i nclude equal to or
greater than about 75 wt % even carbongnunber paraffins in the Cl2-C24
range. Preferably, the product streans conprise of equal to or greater than
about 80 wt % even carbon nunber paraffins. In sone enbodi nents, the
product stream may undergo further processing such as distillation to
recover the even carbon nunber paraffin products. [0037]1n other

enbodi nents of the present invention, a plurality of reactors are enpl oyed
to divide the hydrogenation/ hydrogenol ysis | oad over two or nore reactors.
Those skilled in the art will recognize that the reactors-in-series
configuration is used in back-m xed reactor systens to achi eve higher
conversion at sanme or |lower total reactor volune.



[ 0038] Referring now to Figure 2, biological feedstock 201 is pressurized to
the reactor systempressure in punp 202. The reactor system pressures are
in the sane range previously specified herein. The reactor system further
contains catal yst of type and size specified in the detail ed description of
the invention. The pressurized feed 203 is optionally heated in heater 240.
The preheated feed 203A enters the first stage reactor 204 wherein parti al

conver si @Re O§redESrizéd ttJ?@lo%ﬂia@'féé& stbék," YOBN3S Betividh os3ut! b Ch aB@SaBéTt | S
introduced into slurry bubble colum reactor 204 through a sparger device

(not sho r eyl peGLfj I j

caui ppod 1o HHSY,eFelEhe 3P O Pl imERERal st et hBLD, pFRAEHHy Tiftulern,

t enper at ure e_preyio cified. The extent f eed conversi in
enctor ook B'iarh SOV LABRGL WtshE naarestal pes o, S50t Ferant I 0%
Stream 206, the partiall onverted product including paraffin, biological
f eedst ocNOIYRE fo éeﬁim‘gm%%ﬂqrﬁéﬂeat es such as fatty alcohols, fatty acids,
and olefins, is filtered through filter 207 to separate the catal yst. The
cat al yst [OG3LE| urthe poessurizest liguiskstreanhd O3crrAadds thercinhwitd bydragan er ed,
partially converted product 208 flows to second stage reactor 211.

[ 0039] Tyi0SaWhich ds rogaicinatly 2pdeheatedtthsougitdredtbe Iskbre Treampeydad gere-raomd
gas-to-oil ratio as the reactor 204. In sonme enbodi nents the reactor 211

oper at es gak 20%irefRirabfTPAEad Wydlrd doneehaation’ bélideer I70S8AE EOMeHbIENT S,

the pressure in reactors 211 and 239 are |ower than the reactor 204 to
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t he reactof 1 to'the reactor er undergoing reactro t h "hydr ogen
provi ded_b tr 212 hal | nyear 2 der.goes
Cor i a1 qaPaRed s34 A5 of fogs Fbbb oy 4060 {8 AT SCr/ b gt SN
returned tpo the reactaor. 211 while_the partially converted stre 5is
transfer P’@g"mﬁ Q'HE’Q‘ FESASLOsK)- Tﬁéetﬁé)saio Esedstpckrafioels @Eﬁf@@ag]ﬂzf%o% t he
reactor 211 is about 30%to about 95@%¥£referably bet ween about 50% and
about 80®bOLbUAODA FTYbAl ite abppki 8PAML SGR/bbbacilhe Zidmeremafhbugllke
stream 217. The total feed conversion achieved in this slurry bubble colum
react or celupenweactarbvessed (P04 s selemied @ty thatether gbb flaw rate\isrip tinear
about 100% feed conversion. The tenperature, pressure, and gas-to-oil ratio
are in tbrusptaridage réganei freeh RiUtOUSLin/s HorveRIuti 40 Somips £ ppefiraBiyt s,
the reactor 239 is operated at a higher tenperature than the reactors 204
and 211. i &- r re ' j _edni iclat 219
ORI 8-FAIAtY Hpobk T ! m@é%dgﬁ_ya‘gtc}qegfs P! Gadt 10SIA Rf

to supply a product stream and returning ry stream 220

to the r 3 pr o 21, iicl t re r about
75 w0 Bosresd oioehod Biiaer e (HIE SBHRer Rl Bebrer oAb e
product stregam 221 conprises of egual. to or_ greater than abo 80 wt. % even
ar bon neABESUILIONS MCUdiRG e peblicated R Ancobipg FREMasT Wit Mu'Ghle: he
three slurry bubble colum reactors in series, streams 222, 223 and 224,
are conmbPHEEescardntaredvalssel elateen stererhanctap slistsibusing pPipe(E} AEgel-ed in
a condenser 226 to a tenperature from about 60F (15.5 C) to about 160F (71
O, pr ef fachbligh f thembidlogica FEed2tock) vieo aalstnplel 40p¢ qistritorA tIhr semghase
stream 227 enters drum 228 where the stream 227 is separated into a water
phase 22@mbbdinghits tyer egtapstniphkisierddd iantha Yasypphase 331 . métisargasl phase
231 is rich in hydrogen. The other conmponents of the gas phase 231 include

propane, agitAgbn! I tHe gE!CHdWQﬁF&fbﬂ'n RO Fe iR 1 0 BrodlcdsSa dRiforhPedtalyst
previ ously. The hydrdgen-rich gas stream may be partially purged (stream
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be réfoved T a ydogen .
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makeup hydrogen 238 in recycle conpressor 236. A reconpressed hydrogen-rich
gas 237 is used to supply each of the slurry bubble colum reactors.
[0042] In an alternative enbodi ment of B, operation of a reactors-in- series
process of the present invention, a slurry bubble colum reactor containing
catal yst of the type and size previously described herein may be foll owed
by a fixed-bed reactor. Referring to Fig. 3, the biological feedstock 251
is pressurized by punp 252 to the reactor system pressure previously
specified herein. The pressurized biol ogical feedstock is heated by the
reactor feed-effluent exchanger 254. A heated stream 255 enters a slurry -
bubbl e col um reactor 257 where a catal yst of the type and size-range
previously described herein is suspended in the slurry phase by spargi ng of
hydr ogen-rich gas 258. Reactor 257 is equipped with cooling coils 256 to




[ 0044] The slurry catal yst reaction nmay al so be conducted in batch node.
This may be a preferabl e enbodi nent when | arge vol unme production i s not
sought, or when the paraffin products fromdifferent feed stocks need to be
segregated. [0045]Referring to Fig. 4, a biological feedstock 301 is
charged to a batch stirred reactor 302. The reactor 302 is equipped with an
agitator assenbly 303 for suspending solids and di spersing gas, and a

j acket 3Q4¢05t faﬁ‘@ctvibhlt%si@rthefre%lc%rr ¥ 082t &ihs bict9§ickP féé@&oeed&fﬁe% he

reactor 302. The catalyst 1s of the type and size-Tange previously

descri be J: i Ak 2 i rogen
307 to t AL By i AR hudacr BeraSE £ dfGERP HILAR ind R uFLOTTY
for the cant} nuous fi8aereactor enbodi nents are applicable to the batch
react or &MY, || . These preferred pressures are from about 400
psig to about 1,000 psig. k0046] The reactor 302 is then heated to a target
oper at i n¢0GFdkr at The heat oh eadtinb iHineRdBUeriovRrs by igva@oration 8§ aBatemuous
react or enbodi ments, preferably between 450 F (232 C) and 650 F (343 O).
The oper deedgrvatarpdiatiur esolimy tubesiddiley a0 pyproducingasieamol 18. hédtthe
transfer fluid 308 through the reactor jacket 304. Once at target

t enper at ivydrodiywariatedinmssdescridad ek, highuseat Fernovabiriaybe Heohidwady ogen
307 supply rate is used to limt the rel ease of reaction heat through a

t enper at wigh COMinG! coPPeEed. 1200 infBrIH o6l tRRNFeactohe1 0y dr ageyicd] | Ruat at e
is mai ntained constant and the reactor pressure is controlled through a

back - i LS G h
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302 i i -t h i i, | t_sh Qi heat I
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, and conde r . Condensabl_e roducts o rogenati on
hydr ogen8PQut §5roe§€t(i3§§ ik £ : o8t =54 °|:ne)3}r§pa° %rp@é@caw g%ﬁt&’ﬁ?ﬂ?m%ons
and water, are thus collected in drum 314 after cool-down with cool ant 316

in conde®88r F18(3UIpcK)cansd eabout 0650 h8Fr é348i 86). whéh tbesmr prafgrred

consunption is observed, the reactor 302 is cooled to about 140F (60 C) to
about 166erfAperdtuces aridghheressuttacsteand (dngatedutdian @aboutr 4i00egsigyt anldr ough
conduits 320 (water, followed by |ight hydrocarbons) and 322 (nmain paraffin
product ) préfesablyf gidetes atrdry Hborkt 606Spéig) t MAYDBk! PRO@IcdE AP usBE2fE t er

agitation has been turned off, for reuse i1 n the next batch. The suspended

cat al yst ghi\fifs nititérd E‘{ﬂ@??’eﬁ'ggﬁg%éﬂ%ﬂﬁ%{d@é? Eggafﬁrgg%o{: OHedy filter 324.

Sintered netal or car | ement s catalyst tilter 324. A
filtered ct h ) u ff] jtion
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present inyention 0048].]n order to further illusirate the present,
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understood that the exanples are for illustrative ;qr poses_and are not to
be const FRbIANAS havei 3UGEgSsivdly shegie medelrd asiBj bcil.9 idedlt CORR'SERAREIIES

[ 0049] Exanpl e 1 - Hydrogenati on/ hydrogenol ysis of canola oil with 1/16"

tril obe Abttheymtefesredustacts (€2ign, cdnditiony, time aebctordidued caraposition0350] The
present exanpl e denonstrates the conversion of a biological feedstock,

canol a opldinlyl tieOop@airahf BRd theaepfseratorsves) tlosettanddfsing) ze

[0034] The vapor product 107 from bubble column reactor 104 is cooled
in air cooler 108 wherein byproduct water and light hydrocarbons condense.

At operating pressures below 500 psig and temperatures above about 315 °C
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catal yst extrudates. A 100 cc isothermal tubular reactor was filled wth 80
cc of a commercially available Ni Mo catal yst (purchased from Catal yst
Tradi ng Corporation, Houston, TX) of 1.2 nm equivalent particle dianeter,
and 70-100 nmesh gl ass beads. The catal yst was sulfided in the presence of
hydrogen with dinethyl disulfide at two hold tenperatures: 6 hours at 400F
and 12 hrs at 650F. Hydrogen sul fide break-through was confirned before the

t enper at I @ 0 o - 1 2 R .
Af ter Su:{??g:"ﬂ;}, "t%ﬁi@?cgggt g?%gﬁc/go eg% Oéffogé%a?féngi’gécg%ggga Necgtwglrfatty

triglycer) k S~ A o j el . eactor was
slowy hé’lgﬁ gggggaqgﬁlfqr{(yégggﬁe@%r\hg?b Q'@(t;lr]]\?&egrt gfgﬁﬁo'fdrﬁa@ﬁqcafycegﬁ de feed
to a paraff] onposjtion. The reactor t erature further increased to
700r (37 L0GIRE o Hhied Hnase comppstion JB st SeRaraBes dby Tparatar AEvE (1. o
tir-1 LHSV). Canol a oil feedstock was then introduced at these reactor
condi t i odd0.[ oOwwiater pytserier 148 and Hydepcashory bl arenthwmisegaspied (o)
met hod involving calibration with n-paraffin standards. The results of feed
conver si Sroraaepyeleftiydregangicugaarlilddd In seme embodimsnds, thel hydeoggnr, a
significant percent of Cl17 paraffins was produced from decarbonyl ati on/
decar boxyicht gash 1af1 CCiriayf bkt punaiedto rEmowvy gbae of @ik efitthatminorofeation
carbon nunber paraffins was only 61 w 0/0. [0053] Exanple 2 -

Hydr gggg_ﬁzg%ﬁwgrﬁﬂﬁ% ¥hirdofla, WtbdeRi dulfié hakd 4@ahPBON %ddéé.e\@éég@t al yst

(Dp = mcron) in slurry reactor The cat al yst used in anple 1

was disc I L i - Gr on
part ci oNIrset FRAGA P BICH e o i sMaReEs HveBade 10 8n e C

cat al yst \Ag c?]n‘%i ned with 3020 of canola oil in a 1 liter Autoclave
stirred- Fg %95 M f?l%e%'df 97% %as set at 1000 rpm The reactor was purged
with N2 ? fore starting H2 flow at 3 L/mn. The reactor was controll ed at
500 psig §p%§§ure.Thﬁ1§’%f%ﬂgf5d§GF@W% SYgax cangyibild 2 ko ﬁ@?ﬁll:" to
tenperatures of 450 F (232 C), 500 F (260 C), 550 F (288 C), and 600 F (316
C). Li qurepatipitee eatrlyssiramnewe meactac product. t bmseme embedimentsifilard by
GC. The hold tinmes were 20 hrs at 450 F (232 C), 5 hrs at 500 F (260 C), 23

hrs at 53%@3Hs@&®sS)flowfiterd Im sther é0bodimahts,@ hydrocycldine folksmed Hyof t he
slurry catal yst conversion reaction are sumarized in Figure 6. It is thus

obser vedatfieér MPated®f Ithenddld Bedindbpstiodldt by amdl of igrdimaycaap!ip wie aier e
converted to C18 and Cl6 paraffins, suggesting a high selectivity for the

?Eégﬁce?ﬁﬁpﬁﬁﬂéﬂe%?ﬁf?gﬁﬁge’f‘bﬁ%ﬁiﬁztﬁﬁ%”ﬁqﬁfﬁ%bﬁ?&?gﬁﬁa’%ﬁ?‘aﬂ‘efﬁgé“@’éﬁ*ﬁ%z' N
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Table 2 summarizes the fatty acid profile of representative biol ogical
f eedst ockeactor system. Product streams 115 and 111B include equal to or greater

than about 75 wt % even carbon number paraffins in the C12-C24 range.
Preferably, the product streams comprise of equal to or greater than about
80 wt % even carbon number paraffins. In some embodiments, the product
stream may undergo further processing such as distillation to recover the

even carbon number paraffin products.
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Table 2. Fatty Acid Conposition of Several Common Bi ol ogi cal Feedstocks
(1-5) Saturated Acids Mno-Unsaturated Acids Poly-Unsaturated Acids
Caplylic Capri Laurie Stylistic Palmtic Stearic Eicosenic/ Schenk Pal neic
O eic Eicosenici Beheneic Linoleic Linolonlc
[0037] In other embodiments of the present invention, a plurality of
reactors are employed to divide the hydrogenation/hydrogenolysis load over
two or more reactors. Those skilled in the art will recognize that the
reactors-in-series configuration is used in back-mixed reactor systems to
achieve higher conversion at same or lower total reactor volume.
[0038] Referring now to Figure 2, biological feedstock 201 is pressurized
to the reactor system pressure in pump 202. The reactor system pressures
are in the same range previously specified herein. The reactor system
further contains catalyst of type and size specified in the detailed description
of the invention. The pressurized feed 203 is optionally heated in heater
240. The preheated feed 203A enters the first stage reactor 204 wherein
partial conversion occurs in the catalyst slurry phase. Hydrogen-rich gas
205 is introduced into slurry bubble column reactor 204 through a sparger
device (not shown) at the rates previously specified herein. Reactor 204 is
equipped with cooling coils 210 to maintain the reactor at the desired
temperature range previously specified. The extent of feed conversion in
reactor 204 is about 10% to about 90%, preferably about 30% to about
60%. Stream 206, the partially converted product including paraffin,
biological feedstock, and reaction intermediates such as fatty alcohols, fatty
acids, and olefins, is filtered through filter 207 to separate the catalyst. The
catalyst rich slurry 209 is réturned to the reactor 204 while the filtered,

partially converted product 208 flows to second stage reactor 211.
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[0039] Typically, a reactor 211 operates under the same temperature
and gas-to-oil ratio as the reactor 204. In some embodiments the reactor
211 operates at a higher temperature than the reactor 204. In some
embodiments, the pressure in reactors 211 and 239 are lower than the
reactor 204 to facilitate filtrate flow from the reactor 204 to the reactor 211,
and from the reactor 211 to the reactor 239. After undergoing reaction with
hydrogen provided by gas stream 212, a partially converted slurry 213
undergoes solid-liquid separation in a filter 214. A catalyst rich slurry 216 is
returned to the reactor 211 while the partially converted stream- 215 is
transferred to the reactor 239. The total extent of feed conversion in the
reactor 211 is about 30% to about 95%, preferably between about 50% and
about 80%.

[0040] Hydrogen is supplied to the reactor 239 from the gas stream
217. The total feed conversion achieved in this slurry bubble column reactor
is between about 80% and about 100%, preferably at or very near about
100% feed conversion. The temperature, pressure, and gas-to-oil ratio are
in the same range described previously. However in some embodiments,
the reactor 239 is operated at a higher temperature than the reactors 204
and 211. A paraffin-catalyst slurry stream 218 is filtered in a filter 219 to
supply a product stream 221 and returning high-solids slurry stream 220 to
the reactor 239. The product 221 includes equal to or greater than about 75

wt % even carbon number paraffins in the C12-C24 range. Preferably, the
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product stream 221 comprises of equal to or greater than about 80 wt %
even carbon number paraffins in the C12-C24 range.

[0041] The off gas from the three slurry bubble column reactors in
series, streams 222, 223 and 224, are combined to form a vapor stream
225. The vapor stream 225 is cooled in a condenser 226 to a temperature
from about 60°F (15.5 °C) to about 160°F (71 °C), preferably from about
80°F (27 °C) to about 140 °F (60 °C). A three phase stream 227 enters
drum 228 where the stream 227 is separated into a water phase 229, a light
hydrocarbon phase 230 and a gas phase 231. The gas phase 231 is rich in
hydrogen. The other components of the gas phase 231 include propane,
other light hydrocarbons, and minor byproducts described previously. The
hydrogen-rich gas stream may be partially purged (stream 232) with the
rest recycled as stream 233. The aforementioned impurities may be
removed in a hydrogen purification unit 234. The hydrogen purification unit
234 is typically a scrubber used to remove ammonia and hydrogen sulfide.
A purified hydrogen-rich stream 235 is then combined with makeup
hydrogen 238 in recycle compressor 236. A recompressed hydrogen-rich
gas 237 is used to supply each of the slurry bubble column reactors.

[0042] In an alternative embodiment of an operation of a reactors-in-
series process of the present invention, a slurry bubble column reactor
containing catalyst of the type and size previously described herein may be

followed by a fixed-bed reactor. Referring to Fig. 3, the biological feedstock
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251 is pressurized by pump 252 to the reactor system pressure previously
specified herein. The pressurized biological feedstock is heated by the
reactor feed-effluent exchanger 254. A heated stream 255 enters a slurry
bubble column reactor 257 where a catalyst of the type and size-range
previously described herein is suspended in the slurry phase by sparging of
hydrogen-rich gas 258. Reactor 257 is equipped with cooling coils 256 to
control the temperature at target value within the range previously specified
herein. A partially converted effluent slurry 259 is processed through filter
260. A catalyst rich slurry 262 is returned to the reactor 257 while a filtered
partially converted product 261 is transferred to a fixed-bed reactor 264 for
achieving full conversion. Before entering the reactor 264, the liquid feed is
mixed with optionally preheated hydrogen 286. A combined feed 263
trickles through the fixed-bed reactor 264 wherein the partially converted
feedstock and reaction intermediates are fully converted to a predominately
even carbon number paraffin composition. The fixed-bed reactor 264 is
operated adiabafically and the temperature is allowed to rise within the
preferred range previously specified herein. A reactor effluent 265 vis
partially cooled in exchanger 254. A partially cooled product 266 enters high
pressure separator 267 wherein the hydrogen-rich vapor stream 270 is
separated from a mainly even carbon number paraffinic liquid product 268.

The liquid product 268 may be further processed through distillation to

16



24-30 21-26 0.4-1 39-43 0.3 2-3 1 Yell ow G ease

29-50

recover the desired even carbon number paraffin composition previously
specified herein.

[0043] The hydrogen-rich gas streams 270 and 269, from the high
pressure separator 267 and the slurry bubble column reactor 257
respectively, are combined to form vapor stream 271. Water 271A is added
to vapor stream 271 to wash any deposits that may form upon condensation
in a condenser 272. A cooled stream 273 is a three phase composition
which is separated in drum 274. The liquid fractions include byproduct
water 275 and light hydrocarbons 276. A hydrogen-rich gas 277 is partially
purged as stream 278. The rest of the gas, stream 279 is optionally treated
in purification unit 290 to remove ammonia, hydrogen sulfide, and other
byproducts of the hydrogenation/hydrogenolysis reaction. A purified
hydrogen-rich gas 280 is combined with makeup hydrogen 282 in recycle
compressor 281. A recompressed hydrogen-rich gas 283 is optionally
heated in heater 284 before supplying the slurry bubble column 257 and the
fixed-bed reactor 264.

[0044] The slurry catalyst reaction may also be conducted in batch
mode. This may be a preferable embodiment when large volume production
is not sought, or when the paraffin products from different feed stocks need
to be segregated.

[0045] Referring to Fig. 4, a biological feedstock 301 is charged to a

batch stirred reactor 302. The reactor 302 is equipped with an agitator
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assembly 303 for suspending solids and dispersing gas, and a jacket 304 for
heat transfer. A slurry catalyst 306 is then added to the reactor 302. The
catalyst is of the type and size-range previously described herein. The
reactor is then purged and pressurized with hydrogen 307 to the target
operating pressure. Pressure ranges described previously for the continuous
flow reactor embodiments are applicable to the batch reactor embodiment as

well. These preferred pressures are from about 400 psig to about 1,000

psig.

[0046] The reactor 302 is then heated to a target operating
temperature in the range previously described for the continuous reactor
embodiments, preferably between 450 °F (232 °C) and 650 °F (343 °C). The
operating temperatures may be achieved by circulation of a heat transfer
fluid 308 through the reactor jacket 304. Once at target temperature, the
heat transfer fluid 308 is used for cooling. The hydrogen 307 supply rate is
used to limit the release of reaction heat through a temperature control loop
309. In some embodiments, the hydrogen flow rate is maintained constant
and the reactor pressure is controlled through a back pressure control loop
310, while temperature is controlied through circulation rate of the heat
transfer fluid. In some embodiments, reactor 302 is equipped with a cooling
cail (not shown) to increase heat removal and shorten batch cycle.

[0047] The batch reactor is equipped with piping 312, 312A, and

condenser 318. Condensable byproducts of the hydrogenation/
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hydrogenolysis reaction which occurred in reactor 302, light hydrocarbons
and water, are thus collected in drum 314 after cool-down with coolant 316
in condenser 318. Upon completion of the reaction, when no more H2
consumption is observed, the reactor 302 is cooled to about 140°F (60 °C) to
about 160 °F (71 °C) and the products and byproducts are drained out
through conduits 320 (water, followed by light hydrocarbons) and 322 (main
paraffin product). Most of the catalyst settles to the bottom of reactor 302
after agitation has been turned off, for reuse in the next batch. The
suspended catalyst fines are removed from the n-paraffin product through
filter 324.' Sintered metal or cartridge elements may be used for catalyst
filter 324. A filtered product 326 has the same even carbon number paraffin
composition previously described in the continuous flow reactor
embodiments of the present invention.
[0048] In order to further illustrate the present invention, the following
examples are given. However, it is to be understood that the examples are
for illustrative purposes and are not to be construed as limiting the scope of
the subject invention.

EXAMPLES
[0049] Example 1 - Hydrogenation/hydrogenolysis of canola oil with
1/16" trilobe catalyst extrudates (D, ~ 1.2 mm) in a fixed-bed reactor
[0050] The present example demonstrates the conversion of a biological

feedstock, canola oils, into paraffinic compositions using standard-size
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catalyst extrudates. A 100 cc isothermal tubular reactor was filled with 80
cc of a commercially available NiMo catalyst (purchased from Catalyst
Trading Corporation, Houston, TX) of 1.2 mm equivalent particle diameter,
and 70-100 mesh glass beads. The catalyst was sulfided in the presence of
hydrogen with dimethyl disulfide at two hold temperatures: 6 hours at 400°F
and 12 hrs at 650°F.. Hydrogen sulfide break-through was confirmed before
the temperature was raised from 400 °F (204 °C) to 650 °F (343 °C) at 50
OF/hr. After sulfiding, the reactor was cooled to 400 °F (204°C).

[0051] Next a fatty triglyceride feed was introduced to the isothermal
reactor. The reactor was slowly heated to 650°F to achieve full conversion
of the triglyceride feed to a paraffin composition.. The reactor temperature
was further increased to 700°F (371 °C) to maintain good catalyst activity at
80 cc/hr feed rate (1.0 hr'! LHSV). Canola oil feedstock was then introduced
at these reactor conditions.

[0052] The product was analyzed using a gas chromatography (GC)
method involving calibration with n-paraffin standards. The results of feed
conversion to paraffins are summarized in Fig. 5. As observed therein, a
significant percent of C17 paraffins was produced from decarbonylation/
decarboxylation of C18 fatty acids. The overall concentration of even carbon
number paraffins was only 61 wt %.

[0053] Example 2 - Hydrogenation/hydrogenolysis of canola oil with

crushed and sieved catalyst (Dp = 30-80 micron) in slurry reactor
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The catalyst used in Example 1 was discharged from the reactor,
crushed, and sieved into a 30-80 micron particle-size cut. Ten (10) grams
of the 30-80 micron cut of the ground catalyst was combined with 300 g of
canola oil in a 1 liter Autoclave stirred-reactor. The agitation was set at
1000 rpm. The reactor was purged with N2 before starting H2 flow at 3
L/min. The reactor was controlled at 500 psig pressure. The temperature
was ramped at 1 °F/min to hold temperatures of 450 °F (232 °C), 500 °F
(260 °C), 550 °F (288 °C), and 600 °F (316 °C). Liquid samples were
obtained at each hold temperature and analyzed by GC. The hold times
were 20 hrs at 450 °F (232 °C), 5 hrs at 500 °F (260 °C), 23 hrs at 550 °F
(288 °C), and 19 hrs at 600 °F (316 °C).

The results of the slurry catalyst conversion reaction are summarized
in Figure 6. It is thus observed that most of the C18 and C16 fatty acids in
the canola oil were converted to C18 and C16 paraffins, suggesting a high
selectivity for the oxygen hydrogenolysis mechanism and low
decarboxylation/decarbonylation. The overall concentration of even carbon
number paraffins was 80 wt %. '

[0054] Example 3 - Even Carbon Number Paraffin Composition from
Rapeseed Oil

[0055] Rapeseed oil was the third largest source of vegetablevoil in the
world (USDA year 2000 statistics), behind palm and soybean oils. The oil

yield from rapeseed is 40-50%, compared to only 20 percent for soybeans.
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Table 2 summarizes the fatty acid profile of representative biological

feedstocks.
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Table 2. Fatty Acid Composition of Several Common Biological Feedstocks (!>

Poly.Unsaturated
Saturated Acids Mono-Unsaturated Acids Acids
Eicosenic! Eicosenic!

Caprylic | Capric | Lauric | Myristic Paimitic | Stearic Beheni Palmeic | Oleic Beheneic Linoleic Linolenic

8.0 C1a:0 120 C14:0 £168:0 £18:0 S20:0/022:0 161 C18:1 C20:1/022:1 £18:2 C18:3

wWi% witt% wi% wi% wi% Wit W% Wi W% with wi%e wi%

Animal fats
Chicken Fat - - - - 7 2 - - 89 - 17 -
Beef Tallow - - 0.2 2-3 24-30 21-28 9.4-1 -~ 3943 0.3 2-3 1
Yollow Grease - 3 3 1-11 23-27 10-2 - 1 29-8C - 215 1
Choice White
Grease - 7 3 8 25 12 - - 27 - 1-3 1
Lard {pork fat} - - - 1-2 25-30 12-18 - 2-5 41-51 23 4-22 0.2
_Vegetable Oils

Soybean Ol - - - Q. 7-11 -8 5-10 01 22-34 - 50-80 2-10
Corn Qil - - - [ 811 -4 - 12 28-60 Q-2 34-58 1
Cottonseed 0il Q- 17-23 -3 - - 23-41 2-3 34-55 4
Canola Qi - - - - 4 2 - - 32 - 2 10
Coconut Off 58 4-10 44-51 13-18 7-1Q -4 - - 5-8 - 1-3 -
Sunflower Ol - - - -~ 6-7 4-5 14 - 13 68-89 ¢.3-1
Faim Oil - - - 1.6 32-47 -6 - - 40-52 - 2-11 -
Baim Kernel Ol 2-4 3-7 45-52 14-19 8-¢ -3 1-2 0-1 10-18 - 1-2
Rapeseed .
{High Eurcic) - 2-8 1-2 ¢.9 0.2 10-18 50-80 10-20 5-10

(1) hitp:/’www scientificpsychic.com/fitness/atty acids.himi

(2) Kinast, J.A. March 2003, “Production of Biodiesel from Muitiple Feedstocks and Properties of Biodiesel/Diesel Blends,
NREL/AR-510-31460

{3) Tyson, K.S5., NREL Presentation “Biodissel for New England” March 26, 2003

{4) Food Fats and Qils, Institute of Shoriening and Edible Qils, Ninth Edition 2006

{5) 2 ““ in a cell means that this constituent is not present

'{0056} As observed therein, rapeseed oil consists of 50-60 wt % (C22
fatty acids with the balance mainly C18 fatty acids. According to the
inventive conversion process disclosed herein, rapeseed oil will produce an
even carbon number composition comprising of a ratio of about 1:1 to 1.5:1
C22:C18 n-paraffins. This compgsition is useful as a PCM in construction or
textile/clothing application for high temperatures, including desert climates
when day times can surpass 44 °C (melt point of C22 paraffin), and night
times below 28 °C (freeze point of C18 paraffin). The high temperature
phase transition makes this PCM composition well suited for computer
cooling applications (i.e. heat sink or cooling pad under the computer) as

well.
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[0057] Example 4 - Even Carbon Number Paraffin Compositions from
Palm Oil and Palm Kernel Oil

[0058] Palm oil recently surpassed soybean oil as the largest volume
plant oil produced in the world. Whereas palm oil itself is derived from the
fruit of the palm tree, the palm kernel oil is extracted from the fruit’s seeds.
Referring to Table 2, palm oil consists of about 40 wt % C16 fatty acids, with
the balance mainly C18 fatty acids. According to the method of the present
invention, the palm oil is converted to a mainly even carbon number paraffin
composition in the C16-C18 range with C18:C16 weight ratio of about 1.5:1.
The composition is useful as a PCM for construction and textile/clothing
applications in the 18 °C to 28 °C range.

[0059] Referring to Table 2, palm kernel oil has a fatty acid composition
of about 45-52 wt % C12, 14-19 wt % C14, 6-9 wt % C16, and 11-17 wt %
C18. According to the present invention, the biological feedstock is
converted to a mainly even carbon number n-paraffin composition including
C12, C14, C16, and C18 components. The n-paraffin composition may be
distilled to yield a C12/C14 composition suitable for very low temperature
PCM applications (such as for bridge warmers and dive suites) or as chemical

intermediates (such as for producing linear alkyl benzenes).

[0060] Example 5 - Separation of even carbon number paraffins derived

from the method of the present invention
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2-4 3-7 45-52 14-19 6-9 1-3 1-2 0-1 10-18 1-2 Rapeseed [. (H gh Etecto)
1-2

[0061] The method of the present invention may be used to convert
most animal fats into a composition with approximately 30 mol % C16 n-
paraffins and the balance mainly C18 paraffin. Vacuum distillation is a well
understood and broadly practiced separation technology. At 20 torr
pressure, the vapor-liquid equilibrium (VLE) constants (“K-values”) for n-
octadecane and n-hexadecane are 1.34 and 0.82 respectively (computed
using HYSYS simulation software’s Peng-Robinson thermodynamic model).
These K-values may be used to generate the equilibrium curve of Fig. 7.
Distillation column operating lines have been added according to the
McCabe-Thiele methodology as disclosed in prior art, namely, Foust et. al.
Principles of Unit Operations, 2™ Ed.; John Wiley & Sons: New York, 1980;
Chapter 7. According to McCabe-Thiele procedure for distillation column
design, with a reflux ratio of 6.5, or 30% higher than minimum reflux, a
separation yielding 90 mol % purity C18 and C16 n-paraffin products
requires 14.5 theoretical stages. Assuming 73% tray efficiency, the vacuum
tower requires 20 actual trays.

[0062] While the C18 product of the separation can be sold as a PCM for
narrow temperature control applications, the C16 n-paraffin (n-hexadecane
or cetane) has other markets. One large volume application is diesel fuel
additive. Another use of linear C16 hydrocarbons is as intermediates for

specialty chemicals including alkenyl succinates for paper coatings.
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0.9 0.2 10-15 50-60 19-20 5-10 ) hnp://ww. seienti ficpsych ic.co
mfitness/fatty acids. htm (2) Kinast, J.A Mirch 2003, "Production of

Bi odi esel from Multiple Feedstocks and Properties of Biodiesel/D esel

Bl ends, NREVAR-310-31460 (3) Tyson, ICS., NREL Presentation "Biodiesel for
New Engl and" March 26, 2003 (4) Food Fats and G ls, Institute of
Shortening and Edible GQls, Ninth Edition 2006 (5) a "-" in a cell neans
that thi 10%31' t Ui ahéla%t%t ?Pftﬁ§%nﬁc}9@% fhneiheesvédebfbdh niARsseed

oi |l consists of 50-60 w atty aci w th the balance nmainly C18 fatty

aci ds. A‘&SR{pCBs"l-??ﬁ& g@c B}‘@é&tt"%v‘éﬂﬁéﬁr %’#%H 85 those Qe P TR Sh LY

rapeseed Ol e an even car nmpositi on conpri sing f a

rati o of ut 1:1 to 13: 1 arafflns osi tion sef

o L ponfatay %?é@ﬁuarﬁow%t Sied Tol f8tfirng 5Bﬁm'ea§§. GG convERticnat
tenperatures, including desert climtes when day tinmes can surpass 44 PC
(el t poPRPAGALIAMLEGRANEWES.n) , and night times bel ow 28 PC (freeze point of
Cl18 paraffin). The high tenperature phase transition nakes this PCM

conposi t [0064d | Whiledheororopasgitives arsbimethods wifithis irorentian bavadeensi nk
or cooling pad under the conputer) as well. [0057] Exanple 4 - Even Carbon
Nunber Pdeséffibed Go tpasstofomefémret drabodichéni@ndt Rall hekeppatenfito fHyge8GPal m
oil recently surpassed soybean oil as the |argest volune plant oil produced

in the wakildn W@éﬁ%a@@a’i“ia@idns' mag! e prﬁ'@(ﬂ 'tdﬁtﬂefﬂr@ﬁe*.;é@e%éﬁbéd Pleréine pal m
tree, the palmkernel oil is extracted romthe fruit's seeds. Referrl ng to

Tabl e 2, ag..{ex

bgl aﬁce mal rﬁntoﬁ%ﬁnﬁ ;'103‘&0{ Oétgl ng {&éﬁ]{ e r&&ﬂte present
t i t d t

o o7 ST o A oot BT A,

about 1. conposition is useful as a PCMfor construction and

textilel Q?SW%EP B pyitkin: tensCcane end cpacept ef Bize mventipn as itis set outin

the following claims.
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[ 0059] Referring to Table 2, pal mkernel oil has a fatty acid conposition of
about 45-52 wt % Cl2, 14-19 wt % Cl4, 6-9 wt % Cl6, and 11-17 wt % C18.
According to the present invention, the biological feedstock is converted
to a MaidiYs BYRLgGEr bon nunber n-paraffin conposition including C12, Ci4,
C16, and C18 conmponents. The n-paraffin conposition may be distilled to
yield C12/ hhi ' f BEF

appl i cgt'i onsA sﬁ%%qggﬁ?g?&@ Wé‘é@ﬁg@ﬁgﬁm gﬁ(@é g%\clgg n{sp(uﬁgpgé@ %{%siwhem cal
internedi ates (such as for producing |inear alkyl benzenes). [0060] Exanpl e
5 - Separat i(@)rpr@vldlégérb'@@s%@%Mﬁowmﬁfgﬁrﬂﬁaéﬁ??%daww e${8SnBt hod of
the present dppeRtibAthelddPGhliThe method of the present invention may be
used to convert nost aninmal fats into a conposition with approxi mtely 30
mol % C16 n-garaffi_ns and the bal ance mainly C18 paraffin. Vacuum

di sti |l ati ofP) subieciipg the hielegiedl erfistasy tePertdt (hehrezance euh KBRS AN catalyst

technol ogy. mAlind@nteuivaRhESSHEIE didhitRerGIR0mitroAs tClaaMickdriartb RadLYS E)
constants ("K-values"”) for noctadecane and n-hexadecane are 1.34 and 0.82
[

respect i vel YWHOSABGEWhighiaR Piadamagtly fyelt sasRers PR PerallifSeng- Robi nson

t her nodynam ¢ nodel ). These K-val ues nmay be used to generate the

eggi Lli b i Um(;l%rdf@cééﬁ F])Fblﬁ/ién 7 E)A/h@fréiﬁ thle! tﬁélbglﬁatg@%dsmk @@mgpséslr\@gbgamgsoil@amenﬁoeen
added according.to the e-Thi nmet hodol ogy as cl,os i rior art,
ey FouStodiaa gl Sprmaliio BLoBlTYATE. Sparapiianas Shia '6cr MayBh a7 | ey &
Sons: New Y@bkbink888s thehkpt er 7. According to McCabe-Thi el e procedure for
distillation colum design, with a reflux ratio of 6.5, or 30% hi gher than

m ni murg refl.ux, a separation vielding 90 | % purity C18_an .

o barath o ATBiess PbGA Santiets herdes o dtpiectid i siolod el i Bpeatiy

ef ficiency, thdpregantslshhyongen aad the etal oacirs @l a plueglity of[ré8dais\Wi | e t he C18
product of the separation can be sold as a PCM for narrow tenperature

control, appl{,cations, .the C16 n-paraffi - . .ot her
mar ket & Ond TERT4E S 8 HAE Sapeeiafedicn & PRl PEEIGS BRI PR o
of |inear Clite predenczasfihgdoges aad thendatalpst cicatre $n & olurrg pebblalcbluntiresttoal s

‘i ncluding al kenyl succinates for paper coatings. [0063]The anal ysis of
this exanpl r I, Ll - of resent
nvent ton, . SuETaep ke YR R edRPRireRBJRPE) LhAIcR of b AP EE T O
for produci ngnefeeftuiidal s usi ng conventi onal separation techni ques.

[ 0064] Whi | e the conpositions and nethods of this invention have been
descrihed i f - ' S iol ' ; t hose
of ~ski I i n TS B, EhEfbiE HOAT FRshan o bl b FRRPRAREREIE cecr bed

herein w thout departing fromthe concept and scope of the invention. All
such sifmi | arTheutseedss of elgimafhavhetrin fhecsien ofstibigsiag tetbiglegicd degdsigex|to beptiim t he

art are dee ik R : Ran ' as it is
Set out i TEP ST eh o H R o R e e
produci ng hydrocarbons from bi omass, conprising the steps of: (a)

provi didag a Thedireesse &f claise d shergin besitodreactign fsrremoyed by cisgylation of athest aci d
esters, or gmBicPatiyons thereof; and (b) subjecting the biological
feedstock to heat i n the presence of hydrogen and a catal yst having an

equi val ent particle dianeter of 10 mcrons tq 400 mcrons to produce

hydr oca} bonst Ngrare¢ess ok clgine domneraintheat el /eAction s BNy Walgh \@perization.

10. The process of claim 9 wherein the water vaporization is used to produce high pressure

steam.

11. The process of claim 1 wherein the catalyst is a supported nickel-molybdenum, nickel-

tungsten, or cobalt-molybdenum catalyst.

12. The process of claim 11 wherein the catalyst support is aluminum oxide, aluminum or

aluminum with phosphorous oxides.
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2. The process of claim1 wherein the biological feedstock conprises
vegetable oils, plant oils, algal oils, animal fats, tall oil fatty acid,
grease products of the food industry, and conbi nations thereof. 3.The

process;0f el gihdesWap LB retl B2 Rtal aﬁtﬂy §ﬁ15ﬂ|'ﬂ9d hﬁﬁel@l&hﬂghcﬁlcoi)?ﬁdﬁ ock

15
to heat in the presence g? %rogen an he catal yst occurs in a plurality
of react ors.alummye q@pmwtaﬁsa@ly&t m 1 wherein the step of subjecting the
bi ol ogi cal feedstock to heat in the presence of hydrogen and the catalyst

occurs 440 a THeWrbdesB'6PBh/n "FQlAM@Félrf ﬁ@%&ﬁﬁer%rTﬁ@sﬁHr@EQﬁétamatéﬂléi'lsm 4 wherein
heat of reaction is renoved by circulation of a heat transfer fluid. 6. The

process of dn@lybdenuiherei n heat of reaction is renoved by water
vapori zation. 7.The process of claim1l wherein the step of subjecting the

bi ol ogi@al fBRAFQEK of Blaledlwhdteihife %tﬁ@@ﬂ% A efulelcPOSAM iR didniteCattanl ty St
occurs in a nechanically stirred reactor. 8. The process of claim 7 wherein

heat of reacd%i™rA"s: renoved by circul ation of a heat transfer fluid. 9.The
process of claim7, wherein heat of reaction is renoved by water

vapor i z@t i onrheJ&oaa%g oPEIaRe s svhefeit bl 83t T 5Wieh of thetdasafivi &6 evai @arbdanumbet S
used to pr oduceagagh pressure steam 11.The process of claim1 wherein the

catal yst is 8P| rted ni ckel - mol ybdenum nickel - tungsten, or
cobal t - ol ybdenum cat al yst. 12. The process of claim 11l wherein the catal yst
suppor t17. s atheproce®s @K tidien 16| wheréih thedéven carbon number paraffins comprise n-

octadecane and n-hexadecane.

18. The process of claim 16 wherein the even carbon number paraffins comprise n-

octadecane and n-docosane.

19. The process of claim 1, wherein at least 80 wt % of the paraffins are even carbon

number n-paraffins.

20. The process of claim 19 wherein the even carbon number paraffins comprise n-

octadecane and n-hexadecane.

21. The process of claim 19 wherein the even carbon number paraffins comprise n-

octadecane and n-docosane.

22. A hydrocarbon composition produced from a bio-renewable feedstock comprising at

least 75 wt % even carbon number paraffins.

23. The composition of claim 22 wherein the even carbon number paraffins comprise

n-hexadecane and n-octadecane.

24, The composition of claim 22 wherein the even carbon number paraffins comprise

n-octadecane and n-docosane.

25. The composition of claim 22 wherein the even carbon number paraffins comprise

n-dodecane and n-tetradecane.

26. The composition of claim 22 wherein the composition is used as a phase change

material.
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al um num wi t h phosphorous oxides. 13. The process of claim1l wherein the
catalyst is a nodified nickel-alum num or cobalt-alum num sponge- net al
catal yst. 14. The process of claim 13 wherein the nodifier for the
sponge-j7et altealfpbsition f SRYIHGRMEIN the compésitinds ‘t°1§§d Qé fe%H@thR fb profiGlee N
the catal yst has an equivalent particle dianeter of to 80 mcrons. 16.
The process @yen gpgomnumppen-eprafftprodusts. 75 wt % of the paraffins are even
carbon nunber n-paraffins. 17. The process of claim 16, wherein the even
carbon nunber paraffins conprise noctadecane and n- hexadecane. 18. The
process of claim 16 wherein the even carbon nunber paraffins conprise

noct adecane and n-docosane. 19. The process of claim1l, wherein at |east 80
wt % of the paraffins are even carbon nunber n-paraffins. 20. The process
of claim 19 wherein the even carbon nunber paraffins conprise noctadecane
and n- hexadecane. 21. The process of claim19 wherein the even carbon
nunber paraffins conprise noctadecane and n-docosane. 22. A hydrocarbon
conposition produced froma bio-renewabl e feedstock conprising at |east 75
wt % even carbon nunber paraffins. 23. The conposition of claim22 wherein
the even carbon nunber paraffins conprise n-hexadecane and n-octadecane.
24. The conposition of claim 22 wherein the even carbon nunber paraffins
conpri se n-octadecane and n-docosane. 25. The conposition of claim22
wherein the even carbon nunber paraffins conprise n-dodecane and
n-tetradecane. 26. The conposition of claim22 wherein the conposition is
used as a phase change material. 27.The conposition of claim 22 wherein
the conposition is used as feedstock to produce even carbon nunber

n- paraffin products.
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