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FIELD OF THE INVENTION

[0003] The present invention generally relates to a method for producing hydrocarbons
from biomass. Specifically, the present invention relates to converting naturaily occurring
triglycerides and fatty acids to a composition inc]uding naphtha boiling range hydrocarbons. The
present invention also relates to the resultant biorenewable naphtha product, whereby the
rfaphtha is used as chemical feed stock, fuel, fuel Ablend stock, or solvent.
BACKGROUND OF THE INVENTION

[0004] . The term “green chemistry” has been used to describe synthesis of chemicals
from biorenewable feed stocks. It is considered a sustainable alternative to petroleum-based
chemistry, and may mitigate the effect of high oil prices. One of the challenges facing transition
to a green chemical industry is that the existing production facilities and infrastructure are
designed around hydrocarbon feed stocks. For example, the building blocks of the chemical
indusiry, olefins and BTX aromatics (benzene, toluene, and xylene), are produced in steam
crackers (also referred to as ethylene crackers) and catalytic reformers that run on light
hydrocarbons. Synthesis gas, or syngas for short, is another chemical building block. Syngas is
a mixture of carbon monoxide and hydrogen and can be produced by steam reforming of light

hydrocarbons. Naphtha is a C;-Cy hydrocarbon cut that is commonly used as the feedstock for



i ndustry, olefins and BTX aromatics (benzene, tol uene,
and xyl ene), are produced in steam crackers (al so
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reformers that run on |ight hydrocarbons. Synthesis
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range, they may be used as a gasoline blend stock. Gasoline blends need to meet vapor pressure
and octane rating requirements. |

[0008] One method of producing naphtha hydrocarbqns from biomass is by the Fischer-
Tropsch (F-T) process. U.S. Patent 7,214,720 to Bayle and co-inventors describes a process
involving the steps of (a) gasification, (b) syngas purification, (¢) F-T conversion, (d) separation,
and (¢) recycle of at least a portion of the naphtha to gaéiﬁer. Although the process produces the .
desired hydrocarbon naphtha from a bio-renewable sburce, gasifiers suffer from a low reliability
record. Additionally, the capital costs associated with gasification and F-T conversion are
known to be very high. This is in part due to solids handling requirements for the gasifier and

heat removal provisions for the highly exothermic F-T reaction. Furthermore, the need to

recycle part of the naphtha to the gasifier further reduces the efficiency of this process as a

o source of bio-renewable naphtha.
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[0011] To this end, there is a need for biorenewable naphtha that can be used as feed

stock for existing petrochemical and refining facilities. In particular, the present invention is a
method process for converting high oxygen content biomass, such as sources of triglycerides

and/or fatty acids, into naphtha boiling-range hydrocarbons using standard refining processes.

SUMMARY OF THE INVENTION
[0012] The present invention relates to a method for producing from a biorenewable feed
stock a hydrocarbon naphtha composition useful for producing olefins, BTX aromatics,
hydrogen, and also for direct use as gasoline blend stock and solvent. The biorenewable feed
stock includes sources of glycerides (i.c. monoglycerides, diglycerides, triglycerides, etc.)
and/or fatty acids and combinations thereof, such as animal fats, animal oils, poultry fat, poultry

oils, vegetable oils, vegetable fats, plant fats and oils, rendered fats, rendered oils, restaurant
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[0012] The present invention relates to a nethod for
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produce a distribution of hydrocarbon conponents,
typically C3-C 1 ' i ractjonate recover
t he napht ha prodggy?&ghéﬂh§§J&'3’“bmﬂiV+gfﬁ8 (1)

HOOC-C7H33 + Hy 2 n-Cj7H;6 + CO, (2)

[0015] When the fatty acids are supported on a glycerol backbone, for example as
triglycerides or diglycerides, the hydrotreating reactions of Equations 1 and 2 produce propane as
well as the long chain, heavy hydrocarbon fraction. Depending on they source of the fatty
acid/triglyceride, the heavy hydrocarbon fraction is predominantly in the C), to Cy, range.

[0016] The heavy hydrocarbons may be hydrocracked into shorter chain hydrocarbons to
oroduce biorenewable naphtha. In the illustrative hydrocracking reactions of Equations 3-5, n-
octadecane is hydrocracked into naphtha-range hydrocarbons, nonanes, hexanes, pentanes, and _

propane/butanes byproducts.

CigHig + Hy 2 n-CoHyg + i-CoHap 3)
i-CoHyp + Hy = i-CsHja + i-C4Hjo 4)
n-CoHyg + Hy > i-CgH 4 + C3Hg )



fraction is optionally recycled to the hydrocracker.

[0014] The hydrotreating of triglycerides and fatty
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Hydrotreating thus converts fatty acids into | ong

chain paraffins as illustrated in Equations 1 and 2

for conversion of oleic acid to n-octadecane and

n- hept adecane. HOOC-C 17H33 + 2 H2 -C 18H38 + 2 H20

(1) HOOC-C ,7H33 + H2 -" rt-C 17H36 + CO2 (2) [0015]
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[0016] The heavy hydrocarbons may be hydrocracked into
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7] Fig 1 is a schematic diagram of an operation for
[0029{ oduci i bxjes(,)ern?rl]x?v\/é%gon relates to a method for producing from a biorenewable

feedstock a hydrocarbon product of naphtha boiling point range that can be used as feedstock for
olefins, BTX aromatics, and hydrogen plants. The biorenewable naphtha of the present
invention may also be used directly as a fuel, a fuel blend stock; or a solvent.

[0021] Referring to the process embodiment of Fig 1, a biorenewable feed 101 is
.transferred to a hydrotreater 102 where it reacts with hydrogen under pressure of from about 300
psig to about 3,000 psig, preferably from about 1,000 psig to about 2,000 psig. Feed 101 may
optionally be pretreated to remove contaminants. The hydrotreater 102 is preferably a packed
bed of sulfided bimetallic catalyst, preferably nickel-molybdenum (NiMo), nickel-tungsten
(NiW), or cobalt-molybdenum (CoMo) on alu.mina support. It should be understood by one of
ordinary skill in the art that any catalyst may be used in the present invention so long as the
catalyst functions in accordance with the present invention as described herein.

[0022] To maintain the active metal sulfide functionality of the catalyst despite absence
of organic sulfur in most bio-renewable feeds, feed 101 may be supplemented with a sulfur

compound that decomposes to hydrogen sulfide when heated and/or contacted with a catalyst.

wn



napht ha according to the present invention. [0018] Fig
2 is a schematic diagram of anot her enbodi nent of a
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accordance with the present invention. [0019] Fig 3 is

a gas chromat ogram show ng product from an exanpl e.

DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0020] The

present invention relates to a nethod for producing
from a biorenewabl e feedstock a hydrocarbon product of
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product or solvent recycle, and use of quench zones within the fixed-bed reactor wherein
hydrogen is introduced.
[0024] The biorenewable feed 101 liquid hourly space velocity through the hydrotreater
102 is from about 0.2 h™' to about 10 h™, preferably from about 0.5 h™' to about 5.0 h™'. The ratio
of hydrogen-rich treat gas 110 to biorenewable feed 101 is preferably in the about 2,000 to about
15,000 SCF/bbl range. The hydrogen-rich treat gas 110 may contain from about 70 mol % to
about 100 mol % hydrogen.
[0025] A hydrotreater effluent 103 includes a deoxygenated heavy hydrotreater fraction
and unreacted hydrogen. The hydrotreater effluent 103 may also include water, carbon oxides,
ammonia, and hydrogen suiﬁde. The long chain, heavy hydrocarbon fraction in the liquid phase
is separated from the gas phase components in a separation unit 104,
[0026] The separation unit 104 includes a high pressure drum (not shown) operated at

hydrotreater discharge pressure (about 1,000 psig to about 2,000 psig in the preferred
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thenhgrgcr:l?eg In a hydrocracker 114. Product stream 112 is optionally combined with
unconverted heavies from the hydrocracker 114, and rccycled stream 125, to form a
hydrocracker feed 113.

[0028] The heavy hydrocarbon feed 113 cracks in the hydrocracker 114 to form naphtha-
| range hydrocarbons. Preferably, the hydrocracker 114 operates from about 250 psig to about
3,000 psig, more preferably from about 1,000 psig to about 2,000 psig. Hydrocracker 114
temperatures are from about 400 °F to about 900 °F, preferably from about 580 °F to about
750°F. Suitable catalysts for hydrocracking according to the present invention as described
herein are bi-functional catalysts with hydrogenation and acidic functionalities. Such catalysts
include Group VIII metals on amorphous (e.g. silica-alumina) or crystalline (e.g. zeolite)
supports. Preferred hydrocracking catalysts are platinum, palladium or combinations of same on

an amorphous silica-alumina support. However, it should be understood that any catalyst may be
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hydrogen-rich gas 105 from the separation unit 104 and optionally processed through an
absorption column or scrubber 108 to remove ammonia, carbon oxides, and/or hydrogen sulfide,
before recompression for recycle to the hydrotreater 102 and/or hydrocracker 114. Depending
on the contaminant to be rerﬁoved, the scrubber 108 may use various solvents such as amine and
caustic solutions. It is clear to those skilled in the art that other gas cleanup technologies may be

used instead of or in addition to the scrubber 108 to remove contaminants that affect the
hydrotreater 102 and hydrocracker 114 catalyst activity and selectivity. Examples of alternative
gas cleanup technologies include membrane systems and adsorbent beds.

[0031] A purge stream 107 may be removed from a recycle gas 106 to prevent buildup of

contaminants that are not effectively removed in the scrubber 108. The cleaned hydrogen-rich
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Hydrocracker feed 213, a C;s-Cy; hydrocarbon distribution for most common triglycerides and
fatty acids, is converted to a C;-C)g distribution in a hydrocracker 214. An effluent 215 from the
hydrocracker 214, is separated into a hydrogen-rich gas stream 217 and a cracked liquids stream
223 in a separation unit 216. Operating conditions are the same as for Fig 1.

[0035] A fraction of the hydrogen-rich gas 217 is purged as strearﬁ 207 and the
remaining fraction of the hydrogen-rich gas 217 is cleaned up in scrubber 208. The cleaned
hydrogen-rich gas 208a is then combined with makeup hydrogen 209 to form a recycle
hydrogen-rich gas as hydrocracker stream 210.

[0036] Stream 223, cracked liquids from the separation unit 216, is transferred to a

product fractionators unit 224. The illustrative C3-C,g hydrocracked product is fractioned into a



vapors, and any ot her gas phase cracked products. It

shoul d be understood that the hydrocracker discharge
WEe@ssre may be operated from about 200 psi g POI/HRZI09/045404

3,000 psig. [0030] A hydrogen-rich gas 117 fromthe

separation unit 116 is conmbined with a hydrogen-rich

gas 105 fromthe separation unit 104 and optionally

processed through an absorption colum or scrubber 108

to renove ammoni a, carbon oxi-des, and/or hydrogen
Cy/&uddbisdexm DES, armphs produasstan 20@ra mrrkcdifillae stld@m 228 suitable for

hydrotreater 102 and/or hydrocracker 114. Dependi ng on

use hdvet lepstb R ritadit], bl DBcal RERNPde sttdam 26r ubber 108 may
use various sol vents such as anmi ne and caustic

[00339! Ut i OMBe rekfiltdnd blot@dwati®ndphRehas Kibbl1RE pbiht Feﬁ@c &k about 70°F to
t hat ot her gas cl eanup technol ogi es may be used

~abolt DGR ENDOS spicifidg@del & RACtHR fLdRe alsiit WRRRE Mo 20t 109740, The naphtha
renove contan1nants that affect the hydrotreater 102

proded 1&%@@@4@@ ara*ﬂ-ﬁ Gt %ley SdnsRfetedVidp¥ri@Nfled components for steam
selectivity anpl es of alternative gas cleanup

cract(@rg,gml[ Qgé@& ah oG fTBRRS Ef&ecmgs%stoag@&a%y ?@sf‘tand hydrogen

A purge stream 107 may be renove

proc{u@ﬁ%c;lﬂlegéﬁhtﬂg) x%;?osﬂfo%‘é?!ﬂ%o Rak; ‘5'9591(/ rﬁ%ﬂ li % Svhere low flash
? AT e |

hat are not eftectivel y renove |nt e s

ydrogen-richgas 108a fromthe scrubber
pmﬁ{gngLﬁﬂ %qggnblned wi th makeup hydrogen 109 to forma

i e T
reneﬁ%e 954 {1(r)rg g)eésfg ?inhd:lq cél}?.n?el té@?&}é”é/ kfgrrs fmr]n {owl\?g'of Bressures and low
energh %%S'g? o7 B Bisrers 35 AR e SrPel ha S B R E T AR YD) > 10 psi

125 whj ch .
and 355 WERED Rt RGP cBiteotiivs b Tn borakiclp epdly renewable

gasoline replacement for automobiles that has an improved energy density. The bio-renewable
naphtha has low octane ratings (typically less than 40 RON) which is offset by the higher octane
of the ethanol fuel which is reported to be in the 129 RON range. Thus, the resulting blend
easily meets U.S. performance requirements for vapor pressure-and octane rating by utilizing the
benefits of both fuels.

[0039] An alternate approach for using the biorenewable naphtha of the present
invention as described herein as a renewable blend stock for motor gasoline is by isorﬁerization
of the Cs/C¢ fraction, which is a standard refinery unit process. The Cs/Cq fraction of the
biorencwable naphtha composition may be isomerized to raise RON and make it suitable for
blending with gasoline stocks. Typical isomerized products include 2-methylbutane and 2,3-

dimethylbutane, with RON values of 93.5 and 105 respectively.
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| 0033] The fractionator unit 124 is operated to
recover biorenewabl e naphtha, typically with a C4-C9
wogwoaesadbon di stribution. [0034] Referring noRCT/USINY045404
2, anot her enbodi nent of the present invention is
illustrated. A biorenewable feed enters a hydrotreater
reactor (not shown). Stream 212 is the heavy
hydr ocar bon product of the hydrotreating reaction in
the hydrotreater. Stream 212 is optionally conbi ned
[0040( t h anThe GivnstRWabld daprty if LeRlt A0el2S ndudtOiINbiudners, boilers, and
hydr ocracker feed 213. Hydrocracker feed 213, a

turb@¢5arfd2R ahyaeeiar Horndi stri buti on for nobst conmon
triglycerides and fatty acids, is converted to a C3-C

[00418 di st Hdeuioi pE ﬂaﬁfﬁu&lyﬁme&aa@k@rhlg%ydr%ge@fotéamt rafiéDthe bio-
fromthe hydrocracker 214, is separated Into a

rencMBlE QG h&Nal986e Sl §§ml)%1c7geﬂ@8!ur@e SR chil fil.ds
stream 223 i'n a separation unit 16. Operating

[0042pNndi ti QNS J&F & hlMieS AEBUAS tl']‘eoﬁrefe'nguﬁlentﬁcglo%gk] fdﬁowmsg examples are
fraction of the hydrogen-rich gas 217 Is purged

ngeﬁt fkﬁ@)@b@ro? @E)dbé %efs%'tﬁ‘dt rﬂlge é){a e's QR R)fr 1l”§§gnve péxéposes only and

hydrogen-rich gas 217 is cleaned up I n scru
| nbi ned
are nUﬂFo e c%EéeiﬁlgdH g{nggmgqu 819: mﬁ og,g 21 '?‘2%“'}‘??” conbi ne

Exa lggogen rich gas as hydrocracker stream 210. [0036] )
ream 223, cracked liquids fromthe separation unit

Exargﬂ'l@ I Iﬁy&smﬁt\&meﬁo&ﬂe@ab@é RAygLd ractionators unit

The 1TTTustrative C3-CI8 hydrocracked product is
t d_i.
o] 5t OG0 U G s o
feedﬁgéakt/ %2 i(ﬁ)r (té Cfsg ﬁlﬁ%ﬂau%tr é}g{&%\%g?%%ﬁ fﬂ{heg(gé% ?%mermal NiMo

catalg%touﬁr—@@%@) %@ﬁ%ﬁgb&aﬁés’rhg c?tgiystl W& J%?ﬁcféh withdh e{h Pkulfide. The

sulfiding procedure included step-wise temperature increase to 650°F. After sulfiding, the reactor
was cooled to 400 °F.

[0044] Next a triglyceride/fatty acid feed was introduced to the isothermal reactor. The
reactor was slowly heated to 650°F to achieve full conversion of the triglyceridé/fatty acid feed
to n-paraffins. The reactor temperature was further increased to 700°F to maintain good catalyst
activity at 80 cc/hr feed rate (1 LHSV).

[0045] The hydrotreater performance with beef tallow as the triglyceride/fatty acid feed
is summarized in Table 1. The yield of total products on feed basis exceeds 100% in part due to
addition of hydrogen and also due to measurement errors associated wifh gas phase analysis.

Table 1. Hydrotreater Conditions and Conversion Performance.
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about 4000F and a specific gravity at 200C of from
about 0.680 to about 0.740. The napht ha product
WO p@badwgy C4-Ci O paraffins that are consi der eBICT/US2009/045404
superior feed conponents for steam crackers, and is
al so an appropriate feed for conversion to BTX
aromati cs, and hydrogen production. The napht ha
conposition is also useful as a solvent in
appl i cations where low flash point is not a
limtation. [0038] As a fuel or fuel additive, the
Cala@ReWabl e naphtha proviges sone benefit as a bio
AeewaRdise addition to €l fiafileh Nivio t Nat et hanol
sypoeal |y suffers from | awmwapor pressures and | ow
Regi@@ydiiensi ty. The bi of enewabl e napht ha typically has
BeelRei d Vapor Pressure (RMB)ibleall@v psi and may be
Béngreebde (W) t h et hanol 1 n| moncentratijons of 1-30%to
Prajsercgpsigent i rel y renewapl,z0gasol | nel repl acenent for
Ger@hRdiol(efblithat has an| i4gepoved energy density. The
bH®Y r enewabl e _napht ha hiak | ow oct ane ratings
Prqduytp(vatdh Ifeedlbeds t han 40| RON) which jis offset by the
Al yh@r octane of the ethbhol fuel which is reported to
Prepdnp t he 129 RON rangel6.Thus, the fresulting blend
Wasi |y neets U S perforhfince requijrenents for vapor
Fatel dadvideydrpgarbersane 1 ati$8 by utililzi ng the benefits
of both fuels. [0039] An alternate approach for using:
t he bi orenewabl e naphtha of the present invention as
scribed herein as a renewabl e bl end stock for
10043 Sol i nE gas@rqrgmemttb%ﬂw hwﬂrecei?,?rosmfivﬁépn%wed that under
chis a grd refinery unit process. The C5

the }fYPH%S‘te?EShC‘B\d“tOIﬁ‘é ob Table Al Bilaw Hagshr racosuerisd st 1r 6 H mrafﬁns with

be isonerized to raise RON and nake it suitable for
no detectable oxygenates remaining. No cracked products (Ci2-) were detected. Fig. 3 is the

chromatogram of the product, showing arcas where cracked products and unconverted feed
would appear.

Example 2 — Hydrocracking of bio-derived heavy hydrocarbons

[0047] The mainly C15-C18 n-paraffin composition obtained from hydrotreating bio-
renewable feed stocks was used as feed for a hydrocracking pilot plant. These long chain
hydrocarbons were derived via hydrotreating a biorenewable feed in a procedure similar to
Example 1. The bio-renewable feed was a blénd of chicken fat (45%), brown grease (19%),
yellow grease (18%), floatation grease (9%), and miscellaneous waste animal fats from industrial
food processing operations (9%). The hydrocracking pilot plant was a prototype of the
embodiment of the present invention represented by Figure 2.

[0048] The hydrocracker reactor system was loaded with 4.8 liters of a commercial

hydrocracking catalyst. The catalyst was platinum-palladium on amorphous alumina/silica

12



bl endi ng wi th gasoline stocks. Typical isonerized
products include 2-nethyl butane and 2, 3-

waleemeispbbut ane, with RON val ues of 93.5 and 1PGI/US2009/045404
respectively.[0040] The bi orenewabl e naphtha is used
as fuel for industrial burners, boilers, and turbines
and as an industrial solvent. [0041] Due to its
paraffinic nature and its hi gh hydrogen-to-carbon
ratio, the bio renewabl e naphtha nmay al so be used as a

suppottll OORNre8 QU Gxs Oprebriedf 1€l ,00@ dsigh U frer | ARARI plrélondltrl]omng, the

order to further i1llustrate the present invention, t
tempEhtb@WDineX%ad¥R| REinab AchibWethe deQWAVIEVl of thydirdclabkiRE to produce the
understood that the exanples are for illuStrative

biorBhHWRABRERPIAAA Yroald. Fhe rdligtor B?dr@ %H@E&icg:an!d'n%l((g!ﬁﬂglg%feed was

the scope of the subject |nven
3,60b-3.8ddwtroggeat i ng of a blorenemable feed stock [0043]
The present exanpl e denonstrates how naphtha was nade

[00491OM @ TRNSNAR] & ffr%&?&%ﬁcggsy\fménﬁqgag& t'hlse Lh&HITR colum?s in series.

t ubul ar reactor was cc o a conmer

The Mr%tr?p@&f‘l}f’f She ﬁ%}? Jrgca"rggﬁqed&ﬁgttg{%@?rs) dﬁgrﬁqﬁe té)ﬂ?(?%cker effluent, the

catal yst was s I su

secoﬁHl(f‘llxa%'hng B(vgg’iggﬁa(?%%@%euq%ﬁat gper]\‘\éa altme e %hellxtdug\é%cycle tower™)

I ncrease to er s I'ding, the reac
sepa?a%)d £ E‘l é‘ 99 lla%: f,ut 058%4%9 {}Ig t%e heta&%gﬂticer {hgtf \/ggrgtc8¥nbined with the

e eated to 6500F to achieve ful
ﬁeﬁ]%%%ef@%@ﬁ&gﬁaiﬁﬁ“@FméfeJer|de/fatty acid feed to
he. .reac ortamranﬂevmsé

Table% ovide na rotreat
Table é){rlmémarélézst t err(?pquﬁg conﬁt8 10ns o the }i@g gra‘csléet ggio
thereof, and product properties therefrom.

rocarbon fraction and
version performance

Table 2. Composition and properties of hydrocracker feed of Example 2 ®

Component Normal | Example 2 ASTM
' Boiling Feed D2887SimDist ('F)
Pt. ("F)
C10 345 ND IBP 345
C11 385 ND 5% 516
C12 421 ND 10% 543
C13 455 ND 20% 549
C14 489 1.55] 30% 550
C15 520 1.93] 40% A 576
C16 549 26.03{ 50% 599
C17 576 4.86] 60% 599
C18 601 64.38] 70% 601
C19 626 0.00] 80% 601
C20 651 1.27] 90% 603
= C22 696 ND 95% 604
total paraffins 100.0{ FBP T 671

(a) ND = not detectable
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activity at 80 cc/hr feed rate ( 1 LHSV). [0045] The
hydrotreater performance with beef tallow as the

W0 pdogliysoes i de/ fatty acid feed is summari zed | NPAOEDEM09/045404
The yield of total products on feed basis exceeds 100%
in part due to addition of hydrogen and al so due to
measurenent errors associated with gas phase anal ysi s.
Table 1. Hydrotreater Conditions and Conversion
Per f or mance. [ 0046] The gas chromatogram of the liquid

hiaglie @C ﬂpﬁgﬂaﬁém%n&@ﬂg 'dom:éds Jnh'%kor”\gﬁc%r nrfdhﬁodu?t Pr%i)emes

ok r\nn |f| ans_of ah' =] | Q.i' QAL
,ﬁeﬂgﬁmtw YORE 19 n—paraitiheRiipe ST
R TROO TNl i ne | NSOor hoResio Grailer o (4305 Y ver e

L Reaclor2 yemp(F) o he!2dne L R2SS t6F) the pr o

Ho r

J\Pressure 3t J N “HQQ?.AA v:v' adiict arla ||nr\th\ u‘c::ta
iigs o eas—shere—rddliod produotsadiunclugrt e

lFFélghrt\éé y." 3 (g""h"fca' - dégdfﬁ Z— |r 1 f _o't_:10| IIE#35JI

FReMEEWRACHRAVY My UT3geaE Dons— 0047 —Thg gty

CRacykid FéedWP@Ina! 11N COBROST LT O oot ai negol T 989

NREcyolk IFe@d Vangclror engwabiee | €ed STOCKS as

[ @ctal Feed Val (degndr ocr acki aep3pi |l ot plant.” These2ipng chain

Yd¥\ocarbons _were deii 9@ek Vvl a hydrotreatdng2ed |

asRakswahl e feed inla procedure sinilaFolt o2®afpl e 1.

THeMaleye (seiEabl e f eed 20@s la bl end of cBo[ckats f it

(¢ ¢ o T » il »]

Ve N - v

b

-+% -

1]

%ﬁ_@i@ﬁm grease (19992 lvel | ow greaseo|( 1898 ,
Plged G2 (&s¥hgr ease (999 158&nd ni scel [ aneoBs wa&k elani nal
qduckRates | nouct rial lfood drocessing ofBRlat #3ns (99 .
T ;‘Vcﬂ U')'. or aecld Ia¥al '\: ot h! I M‘dqwﬁmmppqrt'% Q t he
I -(;p’ha'e ”‘Qd CAS’C$ @/ha haen r H r\AIEJnf FilfaY raQnr eoi‘ll'ir‘l by
aphtha (Rt =0 T 5e]3 T Specific Grayiy T 1 0773
FRREE Bistifatd ewagg/hr) her s par Pont(ae) O3¢5 o Vas
NIRRT Yiflgs ™ = eSO 4 CRIIPa e -43.0
Non-condensed C5-C6 (wt%) 3.3% Flash Point (°F) 126
Condensed naphtha (wt %) 25.0% | D2887 SimDist (°F)
Total naphtha (wt %) 28.3% IBP 226
Material Balance Closure 100.1% 5 291
- {Naphtha Tower Temps - 10 330
Reboiler Liquid | 336 , 20 374
Column Skin 409 30 412
Column Top 293 40 446
Preheater 303 50 479
Recycle Tower Temps 60 510
Reboiler Liquid 564 70 526
Column Skin 534 80 544
Column Top 492 90 565
Preheater 499 95 575
Recycle heavies spec. grav. 0.787 FBP 593
a) NM = not measured
-[0050] Thus there has been shown and described a method for producing a biorenewable

_ naphtha product that fulfills all objectives and advantages sought therefore. While presently
preferred embodiments of the invention have been described for purposes of this disclosure, it
will be understood that numerous changes may be made which will readily suggest themselves to

those skilled in the art and which are accomplished within the spirit of the invention disclosed



hydr ocracki ng catal yst. The catal yst was

pl ati num pal | adi um on anor phous al um na/silicasupport.
wab@oneses or was pressurized to 1,000 psig. AfPET/US2009/045404

catal yst preconditioning, the tenperature was

I ncreased again to achieve the desired | evel of

hydr ocracki ng to produce the bi orenewabl e napht ha

product. The ratio of hydrogen-rich gas (recycle and

makeup) to feed was 3,600-3,800 SCF/ bbl. [0049] The

andpdlhigled @M. Froac theibatd AtcYRIne M ik Rieht! a0 He 'Yr@8nt invention is well
distillation colums in series. The first stripped off

adapteé td eht o@%&?é&i’@ﬂ&o Oberbut @Waﬁ&"ges) méktRRkd B&ein as well as those

hydrocracker effluent, the second ("naphtha tower")

inh&eRah heetvERNN a.vhn@ preSeral gﬁéfgnrecﬂ&gbédlf‘rﬁer{tp bf fhe invention have been
("recycle tower") separated a mddle distillate cut

des@RH W&aﬂ)ré(fs@ﬁbﬁ e (ﬁl?@é@(xrebqt\lr@lnﬂ% Ltunl@xtsto% rtﬁaygu H;@}or&?ghanges may be -

with the fresh feed and recycled to ocracker.

mad-EaWhﬁ:hzwm QYIS \% &t Ct%m Pl | t%nth%géj &Q{ngl Lt g@sar?fanhr@hich are

ydrotreated hydr oCar bon ractlon an

d £@n s gn%m',mn& SPGB S PliaiblaE
hydr ocr ac onver si on rmance ereof and
pr oduct propertles therefron1 Table 2 . Cbnposition
and properties of hydrocracker feed of Exanple 2 a (a)
ND = not detectabl eTabl e 3 Hydrocracker Run
Condi tions, Conversion Performance, and Product
Properties ' a) NM = not neasured [0050] Thus there
has been shown and described a nethod for producing a
bi or enewabl e napht ha product that fulfills al
obj ectives and advant ages sought therefore. Wile
presently preferred enbodi nents of the invention have
been described for purposes of this disclosure, it
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wi || be understood that nunerous changes may be nade
which will readily suggest thenselves to those skilled
WO poobhesoea t and whi ch are acconpli shed w thi n PEEUS2009/045404
spirit of the invention disclosedand cl ai ned herein.
From t he above description, it is clear that the
present invention is well adapted to carry out the
obj ects and to obtain the advantages nentioned herein
as well as those inherent in the invention. Wile
whirriesleiniddys: pr ef erred enbodi nents of the invention have
been described for purposes of this disclosure, it

. Wi A me@ogndgrsduend fohad renm@faédsw&ﬁagﬁﬁhm@%img-fsﬁg&
- which will readily suggest thenselves to those skilled

i n Hyecabdn, 3BdpMitigh are acconplished within the
spirit of the invention disclosed and clai nmed. Wiat is

cl ai g?&i‘oi.r@étinéa réheMRbRAcE Bk tBrpQ(gﬂl@%] e\ gycfrB& cfg: fFRO&abl e

f eedst ock a naphtha boiling-range hydrocarbon,

oy 3e26 XTSI oo ORI ol B AR R

hy v a6 .fraction of step (a) to produce a
dis?ri J??Eh of cracked hydrocarbons; c. separating a

napht Cl.i e di St ion.of crac
ny di oot gt s PRt B i b Bt hhoril A58y
fraction fromthe distribution of cracked hydrocarbons

is recycled to the hydrocracking step (b) 3. The
rther:co

d i . ai 1 f ; j.si.ng. th t
e SRR A e
distillate f tion. 4. Th t-hod [ f
CEIE Rk i RSN

3. The method as in Claim 1 or 2, further comprising the step of recovering from the heavy

fraction a middle distillate fraction.

4. The method as in any one of Claims 1, 2, and 3, wherein the renewable feedstock
comprises monoglycerides, diglycerides, triglycerides, free fatty acids, and combinations

thereof.

5. The method of Claim 4, wherein the biorenewable feedstock is selected from the group
comprising animal fats, animal oils, poultry fat, poultry oil, vegetable fats, vegetable oils,
rendered fats, rendered oils, restaurant grease, brown grease, waste industrial frying oils,

fish oils, fish fats, and combinations thereof.
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conpri ses nonogl ycerides, diglycerides, triglycerides,
free fatty acids, and conbinations thereof. 5. The

woredboasod Cl ai m 4, wherein the biorenewabl e fredvsmok045404

10.

11.

12.

is selected fromthe group conprising ani mal fats,
animal oils, poultry fat, poultry oil, vegetable fats,
vegetable oils, rendered fats, rendered oils,
restaurant grease, brown grease, waste industria
frying oils, fish oils, fish fats, and conbi nati ons

t heTiRGhetfod ab e aiBéfe@d CRiimk M, 2ANd 9Neheddin HedydBtrdating step operating
and 3, wherein the hydrotreating step operating

CON@BhditioNToRPHBE & Ee@ctﬂ)nrté}ﬂ’é_érﬁtgﬁ JFETRELRLB 08I0 FbbAHBS50°F and a
about 3000F to about 8500F and a reaction pressure of

f r QEACEBR Pess3R o S ab it @@tp;sa‘zg 13,2808 30 Psig/- The met hod

as in any one of Cains 1, 2, and 3, wherein the
hydr ocracki ng step operating conditions conprise a
reacti on tenperature of from about 4000F to about

Co Aoy A s o B Z a3 R e fep
3, o . : .
o AU R By O DRSO o st
f oonet Sa R R CAEC D0 D BAFIRERIE g  ange

of about 70 F to about 400 OF;, and c. a specific

gravity at 20 OC of from about 0.680 to about O0.740.

10..The. .c Lti.on of .Claim9 wherein the naphtha .
co r’%lrlimsetehscﬁ réP 8]53& 1, a’nd éﬂvﬁﬁel’n%afgr’\apgﬁxa padBCtﬁla? gp?lﬁ}ﬂg point range
of from about 70 °F to about 400 °F.

A naphtha composition produced from a renewable feedstock wherein the naphtha has:
a. a boiling range of about 70 °F to about 400 °F; and

c. a specific gravity at 20 °C of from about 0.680 to about 0.740.

The composition of Claim 9 wherein the naphtha comprises Cq4, Cs, C¢, C, Csg, Co, and

Cio paraffins.

The composition of Claim 9, wherein the renewable feedstock comprises

monoglyceriaes, diglycerides, triglycerides, free fatty acids, and combinations thereof.

The composition of Claim 9, wherein the biorenewable feedstock is selected from the

group comprising animal fats, animal oils, poultry fat, poultry oil, vegetable fats,
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11. The conposition of Caim9, wherein the renewabl e
f eedst ock conpri ses nonogl yccri des, diglycerides,

wo etoghiysoey i des, free fatty acids, and conbi nat PGRES2009/045404

13.

14.

15.

16.

17.

18.

19.

20.

thereof. 12. The conposition of Claim9, wherein the
bi orenewabl e feedstock is selected fromthe group
conprising animal fats, animal oils, poultry fat,
poultry oil, vegetable fats,vegetable oils, rendered
fats, rendered oils, restaurant grease, brown grease,

WaSIe@ethB]QUﬁi, kdndbrell Fath, RghdGiel Bils, f lesthuritlgPoasd, bedwil @base, waste
and conbi nations thereof. 13. The conposition of C aim

9 vih@sseianfriing ol aTseREVERh g aRhdabintions@eeas fuel for
i ndustrial burners and boilers. 14. The conposi tion of

Caim9 wherein the biorenewabl e naphtha is used for
produci ng hydrogen. 15. The conposition of Caim?9

me[‘h%'cﬂmb&‘?ncg?:' ﬁ@ﬁ%@h&eﬂ@%x&%néﬁabﬁéﬂ gﬁtl% & Jsed ?sui%@l for

in fuel cell applications. . The composition o

CJqh&kgmmggﬁgggm;ggkglorenemable naphtha is used as
feedstock for steamcrackers. 17. The conposition of

Claim9 wherein the biorenewabl e naphtha is used as

f eeghs E&ﬁbosﬁtﬁfn ST BhYS Wherbif I BTbRRewab® na Ek‘tﬁa QPO & gl'oggcing

of Cdaim9 wherein the biorenewabl e naphtha is use
I ndygbpépl solvent. 19. The conp03|t|on of daim9
wherein the blorenemable naphtha is used as an
alternative

The composition of Claim 9 wherein the biorenewable naphtha is suitable for use in fuel

cell applications.

The composition of Claim 9 wherein the biorenewable naphtha is used as feedstock for

steam crackers.

The composition of Claim 9 wherein the biorenewable naphtha is used as feedstock for

catalytic reforming.

The composition of Claim 9 wherein the biorenewable naphtha is used as industrial

solvent.

The composition of Claim 9 wherein the biorenewable naphtha is used as an alternative
gasoline fuel for combustion engines when blended between 1% and 85% by volume

with ethanol.

The composition of Claim 9 wherein the biorenewable naphtha is used to produce

gasoline blend stock via isomerization of the Cs/Cs fraction of the composition.
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gasoline fuel for conbustion engi nes when bl ended
bet ween 1% and 85% by volunme with ethanol. 20. The
W@ vpos$iond on of Claim 9 wherein the bi or enewabP@&I/US2009/045404
naphtha is used to produce gasoline blend stock via
i sonerization of the C5/C6 fraction of the
conposition.1l. The conposition of Claim9 wherein the
bi orenewabl e naphtha is used as turbine fuel.

21.  The composition of Claim 9 wherein the biorenewable naphtha is used as turbine fuel.
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