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oils and animal fats that contain triglycerides of fatty acids. Triglycerides

contain three linear and mostly saturated hydrocarbon chains (normally 8 to 22-
carbon atoms) that are linked together by an ester backbone. When the ester
backbone is removed, the remaining linear hydrocarbon chains correspond
chemically to hydrocarbons typically present in mineral (i.e., conventional)

diesel fuels.

[0003] One conventional approach for converting vegetable oils or other
fatty acid derivatives into liquid fuels in the diesel boiling range is by a
transesterification reaction with an alcohol in the presence of a catalyst, such as
sodium hydroxide. The obtained product is a fatty acid alkyl ester, and
typically is a fatty acid methyl ester (FAME). While fatty acid alkyl esters
have many desirable qualities, such as high cetane, there are issues associated
with their use directly as diesel fuels. Fatty acid alkyl esters typically have

poor cold flow properties due to a large weight percentage of straight chain
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cylization and aromatization decrease the yield and the beneficial properties of
a diesel fraction. Additionally, unsaturated feeds and free fatty acids in
triglyceridic biologically derived oils may also promote the formation of high
molecular weight compounds that are not desirable in a diesel fuel. Therefore,
there is a need for an improved process for refinery hydrotreatment of
hydrocarbon streams that include a biologically derived feedstock, such as

vegetable oils and/or animal fats.

[0005] Still another conventional approach to producing a diesel fuel
including a biologically derived feedstock is to separately process both a

mineral hydrocarbon feedstock and the biologically derived feedstock. The
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[0009] EP 1741768 describes a process for producing diesel range
hydrocarbons from bio oils and fats. The feedstock for processing includes a
bio oil or fat and a diluting agent. The diluting agent can be a traditional
hydrocarbon stream. The combined bio oil or fat and diluting agent feedstock
is then passed into a reactor at two different location. The first bio oil or fat
and diluting agent stream enters the reactor above the first reaction bed, while
the second stream, also containing bio oil or fat and diluting agent, enters the

reactor downstream from the first reaction bed.
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first reaction zone is hydrotreated under first effective hydrotreating conditions
to produce a first hydrotreated feedstock having a sulfur content less than about
2500 ppm by weight, wherein at least 90 wt% of the oxygen is removed from
the feedstock. The first hydrotreated feedstock is separated into a vapor stream
and a liquid stream, the vapor portion containing hydrogen gas. At least a
portion of the vapor stream is passed into a hydrogen recycle loop, while at
least a portion of the liquid stream is passed to a second reaction zone. The
liquid portion of the first hydrotreated feedstock in the second reaction zone is
then hydrotreated under second effective hydrotreating conditions to produce a
hydrotreated product having a sulfur content of about 10 ppm by weight or less.

The second hydrotreated product is separated into a vapor product and a diesel
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levterseof 10 ppm or less. In an embodiment, the desired goals of the invention

are achieved by co-processing the mineral hydrocarbon feedstock and the
biocomponent feedstock in a reaction system having multiple reactors that
include a hydrotreatment stage. In such an embodiment, both feedstocks are
subjected to hydrotreatment in two or more reactors, each having at least one
hydrotreatment stage. This embodiment provides the advantage that a broader
range of temperature and pressure conditions can be selected for each
hydrotreatment stage because each stage is in a separate reactor. This can
assist with maintaining a desired temperature during deoxygenation of the
biocomponent feedstock, which is typically an exothermic process. Use of
~multiple reactors also allows for substantially complete deoxygenation of the
biocomponent portion of the feedstock in the first reactor. The catalytic

inhibition effect produced during hydrotreatment of biocomponent feeds can
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exegl%iyeghé 25 ef)ka)(i)lli'rtlg point refers to the temperature at which 5 percent of
the feedstock will boil, while the T95 boiling point refers to the temperature at
which 95 percent of the feedstock will boil. In an embodiment, the feedstock
has a TS boiling point of at least about 300°F. In another embodiment, the
feedstock has a T95 boiling point of about 775°F or less, preferably 725°F or
less. In various embodiments, the feedstock contains greater than about 50
wppm sulfur, or greater than about 0.1 wt% sulfur, or greater than about 0.25
wt% sulfur, or greater than about 0.5 wt% sulfur, or greater than about 1 wt%
sulfur, or greater than about 2 wt% sulfur prior to processing according to the
invention. Examples of suitable feedstocks include virgin distillates,
hydrotreated virgin distillates, light gas oils, heavy gas oils, light catalytic cycle

oils, light cycle oils, and vacuum gas oils.
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feedstock. The increased levels of CO produced during hydrodeoxygenation

are also believed to inhibit catalytic activity of hydrodesulfurization catalysts.

[0019] To overcome the above difficulties, the inventive method provides
for multi-stage co-processing of feedstock. In a first hydrotreatment reactor,
the biocomponent portion of the feedstock is substantially deoxygenated. This
corresponds to removing at least 90%, or at least 95%, or at least 98%, or at
least 99% of the oxygen present in the biocomponent feedstock. Alternatively,
substantially deoxygenating the feedstock can correspond to reducing the
oxygenate level of the total feedstock to 0.1 wt% or less, or 0.05 wt% or less,
or 0.01 wt% or less, or 0.005 wt% or less. The hydrotreatment in the first
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readily understand how additional reactors could be added to the reaction

system.

[0022] The combined feedstock is introduced into a first hydrotreatment
reactor that includes one or more catalyst beds that contain a hydrotreatment
catalyst. The combined feedstock is exposed to each catalyst bed while being
exposed to hydrodesulfurization and hydrodeoxygenation conditions. Such
conditions will also result in olefin saturation of any olefins present in the
biocomponent feedstock. In this first hydrotreatment reactor, low pressure

conditions are used that allow for deoxygenation of the biocomponent portion
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highly GOttisrRe DRiUBof FAF JEPOiEcRBtPR IR PSr r ed” For
conveni ence, this group of enbodi ments will be
[0623]cr i b&Hekatatgstdn the fiestdiydrotregtaienreavtdracan bgat wo
hydrotreat nent reactors, but those of skill in the art

cow¢nt1m@éhyd§ptm§@ggaaaimsm suctnaia tcat@bmt composed 9 @&&mulp

VIR sod/oF e Crovss JHBeIN B SuppPe SHARIE PSR AuAtide
cobffdifkelt ﬁ%@ruﬁ,ﬁﬁﬁeg?@ ?E}Bﬁm‘éﬁgﬂé Yl'?ér @19 OSuitdiat -

contarn a e CO |ned

suppsesinelde sih@a(mﬁ@iiahﬂnmacﬂluﬁﬁha,wﬁttlthﬁth whil e being
exposed to hydrodesul furization and hydrodeoxygenatlon

0GRS, Lt 1R rsac“ﬁfﬂ?y&ﬁ}fﬂ%hs‘s’?%%igﬁt Rydrerattiehsshoh Ehp Be
coﬁ&iﬁgﬁg Qﬁﬁablbgof Fl%cﬁxcfi ﬂx\fﬁfrt hg%& '6? Fepe"i'lﬁfreém WRite also

sure conditions e use t al

d}e}ﬂgﬁﬂﬁﬁgtth@ fecdstrehm diidosouneingvlefing a3 Meeditﬁeam is

f eedst oc as well as allowi ng for renoval of

expaseditortho tatahyst betls in themeagiors é@erprefﬁerteldeemb@@mmkthe

e R Ao S o o
th&BH%hyﬁf&ieo&? igifrfjﬁrﬁil@ é@&’&ﬂﬁ i ehCofthgHddstock to a

mc na eoxyg nation reactions.

vahi@edlvedinebsut H)Q(Bprm afe 1500 sipphy 8t OXlieeAsatEoh conditions
reactor can be a conventional hydrotreating catal yst,

cars urcﬂlu&araL&hS\équﬂ 2% tmpds echysirogerpartipl pressuist faom about

g]?gutia}ga .'}1/ Itrlelat QESt %lte o? agou u%or t120 I"/g of at least 80%
hydrogen (remainder inert gas), and a temperature of from about 500 - 750°F.
Preferably, the reaction conditions include an LHSV of from about 0.9 to about
1.1, a hydrogen partial pressure from about 230 to about 270 psig, a hydrogen
treat gas rate of about 600 — 1000 scf/b of at least 80% hydrogen (remainder
inert gas), and a temperature of from about 600 - 650°F.

[0025] In yet another embodiment, the biocomponent portion of the
feedstock can be pretreated to remove impurities prior to hydrotreatment. This
pretreatment can occur prior to mixing the biocomponent portion of the
feedstock with the mineral portion. The pretreatment can include passing the
biocomponent portion through an adsorbent to remove metals, filtering the
biocomponent portion to remove sediment, or other processes. Alternatively,

an optional metals removal pretreatment can take place in the first reactor after



cobalt, nickel, nolybdenum tungsten, or conbinations
t hereof. Suitable supports include silica,
w@Rd0vose3eé um na, al umna, and titania. [0024] AEEUS2007/026042
reaction conditions in the first hydrotreatnent
i | dnlddAmetall hyitbEarbBh fe&d by pokihg th
ml;s(mg%fﬂlgﬁ?%(ﬁ?pg?a?he feedstre)gﬁ] whil e al so y'&p e

cofldiretferditool té helehetdlizatemcatadystamndeatiemgtallizdtions as
the feedstreamis exposed to the catalyst beds in the
conditions prior to hygrastesulfurizatioroand/enhydradeoxpgenation.
conditions of the first hydrotreatnent reactor are
ecte f ot EiHeqéton ineMide a
[m\;/;ﬁll e rg) u@flﬁgy’t%r@ﬁf?g?‘r of Pﬁe fegdst )ggeg{%ta val ue
quédheeohationt wHPE avfhpdiisinirddied iptonths reddtion zmxt tocrontrol
conditions can include an LHSV of 0.25 to 1.5, a .
reaejiondemperatve. al his quench smechanisanassists immaintayyng azesired

treat te of 00 - 1200 /b t
terpaerBfurg dn R E Qi h it Erigrsahe o e expgmigaptiyd of
. of . . ith
hybESRK Ghetafich of hEBiceARithontll porfy ST i ReBS@PLYTHS"S
quéchpfgid cah Be a andkediip bigdrap@ht ga3l steaas aurifert gassabamtsuch

230 to about 270 psig, a hydrogen treat gas rate of
as abirogengadiquid s@eamasuch asfa laquid paedudcuendeiigsticled product

LS e o b TR B B
e RERTBP RSB LBl b R EEASHE0FEDIRS of quench fuds,
hydrotreatment. This pretreatnent can occur prior to

[00237i ng Atfter thiydretngatment, the outpi streamhdreatesieabiaed; t h
the m neral rtion. The pretreatnent, can.include
feadatecion o b it SERSAR AR BRORAY D hEE A Serantiar for
rpd STRAS R gl B 1 AR ADREO PRRIRE pr o e
fir@hydRbtredqtilenieéalor, sacuaH,B8) €0, @ORNHaN 1 slich ph ace
inthe first reactor afterm xi ng of the bi oconponent
embodiments the hydrogon £lave that passed tgyouglpth@i fiwgt resgtor is also
conbi ned feedstock to a denetallization catalyst under
seppeated Arom 2he 119HId BRRRC RTOAYCyr i or to
hydr odesul furi zati on and/ or hydrodeoxygenati on. [0026]
[0028]i onalAfter pdrsirlg thedugly theofirse by dmiteatraent @actwaard sy

i nclude a
optional stripping vessel, the combined feedstock is then passed into a second

hydrotreatment reactor. The second hydrotreatment reactor includes one or
more catalyst beds containing a hydrotreating catalyst. The combined
feedstock contacts the hydrotreating catalyst in the second hydrotreatment
reactor under hydrodesulfurization conditions. In some embodiments, higher
pressures are used in the second hydrotreatment reactor to remove the sulfur
that was not susceptible to removal in the first reactor. The output stream
from the second hydrotreatment reactor is a diesel fuel with an improved cetane

number and a sulfur content of 10 ppm by weight or less.
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guench nmechanism where a fluid is introduced into the
reaction zone to control reaction tenperature. This

W@ @pose3nechani sm assi sts in maintaining a desPCEUS2007/026042
tenperature in spite of the heat release due to the

[og@gt her e %%lg/r%?irpﬁlei(};ég{)ﬁ(g ﬁ?gﬂégﬁ'ﬁ%tm%ﬁ&otr R8n be a catalyst

conponent tron st oc e quench

cofrpebéed 68a Grdup VEHK tnetal dandlong SrogpVI3I meeal) opiondllr én a

gas stream such as nitrogen, a liquid stream such as a

supparti Supable¢unetaty ingludeotickele pralgbdenmsapngsteanet he

second hydrotr.eat me reactor,, .an additi.onal .fl ow of a.
combiAiansHBer S .o Skitakle sppgHBinclids Ailise, tilisaghumin, alymina,
anﬁl?fgarﬂgove types of quench fluids. [0027] After

ydrotreatnent, the output stream (treated conbi ned

feedstock) fromthe first reactor can optionally pass

[0830]ough Thegegriicat eamditiens inibessccend hydrotieataent isgcior san

oI B RSRG P Bl SRS bt s
| i . .

Oy AR T D F B eRegay hdehotssgds

thd #edbiion BbA6.C TAE @eattion ¢HEBOnS Edreinchadessa DHSV off Ol td1e.5,
first hydrotreatnent reactor, and any optional

a hydrogem partiabpressyretfhemcabout 260 té abdut b0 psig: ardha
passed into a second hydrotreat reactor, The .,
teraperahireioy drorm ABaUHa -?9395 oPrStREA e grRetign eRiditions
. cat al ont ai ni ty [
ing e LT FA0 00 D2 B AL 1, Gl B R prog U
fronk ab&® PEEREhJIN ISt seatdTBYdrobem eleat gad¥hee of about 950 —
hydr odesul furi zati on conditions. In Sone enbodi nents,
1050 gbffb ofae kemst 25%dhnyalrogenl (iemaihdersiacrrgas))yadat tesaparature of
reactor to remopve the sulfur that was not susceptible

fromy abewifd - O the first reactor. The output stream
fromthe second hydrotreatnent reactor is a diesel

[0031g] Wi The@ﬁéﬂtﬁﬁf&ﬁ&ﬂe gedaHichydroReatnidiil raactot tau be
content of 10 ppm by weight or |ess.[0029] The

optienally passed to hnothec separatidn aone fomsaparatiacoHa veper plasg
e o GRS B0 SR, T g BBk s i
phgs%cﬁr%(a%cp ét%a%ll Caﬁrgbﬁgggllf}lfl% ptay&glst'i)eanhy&roisomerization stage.
The hydroisomerization stage can be used to further improve the cold-flow
properties of the liquid phase product stream. In another optional embodiment,
the hydrotreated feed can be blended with a feed containing fatty acid methyl

esters, to further increase the amount of biocomponent.

[0032] In the optional hydroisomerization stage, the liquid phase product
stream from the second reactor is exposed to one or more reaction zones,
optionally present in a separate reactor, that are operated at hydroisomerization
conditions in the presence of hydroisomerization catalyst. Suitable
hydroisomerization catalysts include conventional hydroisomerization
catalysts, such as zeolite or amorphous catalysts impregnated with a noble

metal.
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conbi nations thereof. Suitable supports include

silica, silica-alumna, alumna, and titania. [0030]
wab@ongzaed i on conditions in the second hydr ot r BEE/DE2007/026042

reactor can be conditions suitable for reducing the

sul fur content of the feedstreamto about 10 ppm by
[0633]ght &n ah esboaimehtwherzitherlequid iphaseprasladt iso t he

cat.al yst, beds in the reaction zope. The reaction,
hydetisRmerized, dhe Y ARQESHATER ERPRSEHN thegydgoipomerigation

R T

Preferably, the reaction conditions include an LHSV of
[0034]m abbue t0.the presahoeidf 2 bigcampynims pertigmof the feedstock, an

indreased Agaaun A EnGrOReT Ay dBuncededdn B R Teaciar Tt to the
959% h i [ .

amgin B Y GRSn HESHR PahrqeB e 47 a ndaf SASRRIC 1.

embRARREnRNA QL TS GBH cAEBE Uy cFRIWHIEbE PréfeRall! YHPRES&d the
to anot her separation zone for separation of a vapor

higihasyzest conentaoftbiacémgonentfieedstogk chalievet tedead W inereased
such a separation, the_ |iqui g}(&gase product stream can

caroni parexige ke Pasabontdioxidey(Gie) soderatentiR) Brogiyetion
o YR BT BRI GO R B P nBi bR s pifehsiftn
catﬁ%%?émt stream In another optional enbodi nent, the

rotreated feed can be blended with a feed
containing fatty acid nethyl esters, to further

[0038r easOremidesisertofdhe inereasaddnOnCO% and 32Q Rradystion is

opt.ional dr.oi sonerization he | irQui h
an SRk gl SaoB AT Bu8Rerth BPmobiits) U8 B B ffgeased
préfiRtioh, it in 206 Gitst reétbPRAll Ib¥ M6RS&ttodive than a
separate reactor, that are operated at
typiyal reactorre Corrasiamprevention steps imclude claddsemnofexposed
hydroi sonmeri zati on catal yst. Suitable )
surigensonpdding @ caxrosion ithibitys tos chapgingdhe spaterialsgised for
h(#%roi g%)]meri zation catalysts, such as zeolite or
eXRERoAHERE at al ysts i npregnated with a nobl e

[0036] In a preferred embodiment, the additional CO production due to
co-processing of biocomponent in the first reactor is addressed by having
separate hydrogen recycle loops for the first reactor and the second reactor. In
such an embodiment, hydrogen used in the first reactor is only recycled to the
first reactor. While CO, can be readily removed, CO requires additional effort.
Rather than allowing excess CO from the first hydrotreatment reactor to
propagate throughout the reaction system, a dedicated hydrogen recycle loop
can be used for the first reactor. This limits the CO buildup to the first reactor,
which has a relatively modest desulfurization target (1000 — 2000 wppm S).
The second reactor, which receives a deoxygenated feedstock and should have
little or no CO formation, can then reduce the sulfur level in the feed to 10

wppm or less.
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metal .[0033] In an enbodi nent where the Iiquid phase
product is hydroi sonerized, the hydrogen treat gas
W@ s@d/08236¢ he hydroi sonmeri zation reacti on zonesPOEYS1987/026042
cascaded back to the first hydrotreatnent reactor.
009341 RuRabfioh BfstBhfafitible fir ArRjiRS BIPHEHoRPrbb&ses is
[ o:?ﬁt he feedst ock? an I ncreased gﬁiou%t of hydroajen may

shbwnnrekemdticaily eFigurst. Madigare I,ed édrmbmedanineealdnmiratarbon
of hydrogen needed for proces

sing only_a mneral
and biepnmapenent fierdstaoko HR rﬁéﬂﬁ@d\ﬂﬂ@? ntapdirsybydrosieayaent
dwl] b f d. . the hi .
rede e ol B AL Fant TIS S robiRoudl HYPED,
ry A AEARA 03110 TR Bl 000 O diea

hystifeatiagxpaditidrsdn. firsChy drofrelitingt readtobill 0tin file¢ presence of
hydrotreat ment catal ysts. [0035] One side effect of

on¢ joe morercatad st beds tigoonsaid ydooipeasing-cdtalyst. sPeederably, this
| ncrease .in the corypsion rjisk for reactor, co ents.
redyises flie Sl Gomtent AR HeatrddierdHock t o PSRN0 phm to
' .eact ' | V
15p0 Bpbl b7 W ERE  PhctbatsdEediRod BRNSJitE stiffhoR 122, where
ga$ pRANY PO datts kP 9SGt aRdr frRafquid PhaS@produets. 09pfbnally, a
i nhibitor, or changing the naterials used for exposed
podtionf afthe. gas hast produstpsapacated dyeseporitoreh22 mayebe cascaded
ddi tiopal CO productio ue, to co- processi ng, of
bagk - tederstraactar asierecyeled hydregd) treat gasfieantagghown).
havi ng separate hydrogen recycle | oops for the first
[(msﬁct or Afied phfiding esdugh fRsChydrotreatra¢itireactoe M0 @ndent ,
hydrogen used inthe Tirst reactor is only recycled to
optibmalty separatond 22y thewrdated fedstomk dnters sachnd/hydnoireatiment

CO requires additional effort. Rather than I vving
reagtore), exongr Winahrecond diy drggrnir sal gamstieane -oﬁ_uteé the CO
o B RRAT5p Y56 BTG RLARt U BB

floeaCpeentidily €OrithtH, EAefrok e fidyRake té g §ddonl stage. The
reactor, which has a relatively nodest desul furization
combingpel feecdaock is equiedppimy8yotreating conditions in the presence of
one or more catalyst beds that contain hydrotreating catalyst. This reduces the
sulfur content of the treated combined feedstocks to about 10 ppm by weight or
less. Optionally, the treated feedstock can then pass through a separator 142
for separating gas and liquid products. In such an embodiment, hydrogen gas
from separator 142 can be used as a recycled hydrogen gas stream (not shown)

for the second hydrotreatment reactor.

[0039] In another embodiment, a common hydrogen recycle loop can be
used for both hydrotreatment reactors. An example of this type of embodiment
is shown in Figure 2. In such an embodiment, the hydrogen recycle loop can
include a water gas shift reactor and/or a CO, scrubber. The water gas shift
reactor will convert CO present in the hydrogen into CO,. This will allow the

CO, scrubber to remove a larger percentage of the carbon oxides present in the
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The second reactor, which receives a deoxygenated
feedst ock and should have little or no CO formation,

w@ 2090866 r educe the sul fur level in the feed POI/LS2007/026042
wppm or | ess.[0037] A reaction system suitable for

hy@fdden! f}ﬁls%auélﬁg RRAMBMRZIAE RS RRph&t o?"‘cﬁ%ddltlon carbon
scifematically 178 Figure 1. In Figure 1, a conbined

oxidesgrratiudeddsy hpdizaieoaygeritionosiithe divcdneporsint dkedsddck m the
introduced into a first hydrotreatngent reactor 110, A

ﬁrst;kmdsg@ﬂatm@mrega@r stnasmine ssrybbegisen eramplieke GOx o

KBRS e O PEL o 5 A it o
R S ot o o o

nore ca eati ng
catal yst. Preferably, this reduces the sul fur content
[0040]¢ he tA seacsion; systisn suitabls o 5mwutfbee ppFPEQsesses is

shawpacheaptal i hiud 4o dh IRELES EE{b GRS hirdtR Airdefbon
an{i %@&gdéhﬂ&t @é\&&?oda{ ORIt ﬁtro@ﬁ&éd’ﬁﬁb |aYﬁrs@h?@fdtfe@ﬂn@ﬁt

ase products separated by separator 122 nay

redttorc2HE adatydragin treat gas ftroant 21 dchlso iasoducedcine ed
hydr ogen treat as stream gnot shown). [0038] After

hygamanglerlahneagtgm 1|0r skhengom thnedaﬁen@swcalf f&a@mﬂsedi@ and

t Q
hy RERAOR PSR! RO BARaS Featioh it PESER ol
onB¥%y W&%Qabﬁfﬁtbe@g%?gc{?}?@%]}ﬁ% ot%’zﬂn{ cdth sp@fe?&%lb?y this

present at nent eac

redit&s kRbSid flircconiténto falie tieatdd fRedstbcload Evim abbw m(r ﬂpﬂn to
gas fromthe first stage to the second stage.

1566 ppimby Wedghis t Dok tricsted fpedsock Homgdntst a e%narn@r 222, where
ditions in the esence of or nmo ca
gaphase By uera@rgp?pﬁmdoﬁ?@akqw Watt pllucts; FDBtEBae e

po{’tgo‘?éé &{euéfa‘i)%%g g{‘ocﬁfc& a&ﬁt%ﬁtbsﬂsef)gﬁf %’g% W%Q&Jéﬁded

batk Rﬁﬂﬁ%lfs?%‘&&% e@ﬁd&y&f&@hﬁﬁégeﬂ treusery s%re%ﬂpﬁicﬁtshbwn) or

142 for separating gas and liquid products. In such
to thelsedond me¢actonyak o geoyclrashydroges mat gamtrqam Paior ive enterm g

sed I yd
a rgzpfgog Zﬁ% gqj:ryaquf }éfc?rgggmrgq%gte Egsggfmg erab paggéd ﬁnom a'water
gas shift reactor, an amine scrubber, and/or other treatment components to

remove excess carbon oxides from the treat gas.

[0041] After passing through first hydrotreatment reactor 220 and
optionally separator 222, the treated feedstock enters second hydrotreatment
reactor 240. The combined feedstock is exposed to hydrotreating conditions in
the presence of one or more catalyst beds that contain hydrotreating catalyst.
This reduces the sulfur content of the treated combined feedstocks to about 10

ppm by weight or less.

[0042] The product from the second reactor can undergo a variety of
additional process steps. Optionally, the product from the second reactor can

be separated into a gas phase product and a liquid phase product using a
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[0039] In another enmbodi ment, a comon hydrogen

recycle | oop can be used for both hydrotreat nent
w0 e@onga3se An exanpl e of this type of enbodi nePCT/US2007/026042

shomnlin Figure 2. In such an enbodi nent, the hydrogen

| h .

sei b Thed sty pRRaToh I Rpadoy R bl rEQRICPRor further
us€ fMtRIsecohd By @Eftdating rehetohy Aifegeeparation ABR. ligitid produdt

al l ow t he scrubber to renmove a |larger percentage
fromi thehsecondthydroix¢ating 1eaetoscanibe expeRedifogbydraipemerization

AT R B gl b e

i . Lr .
e e L R T
treafhettRedp, sGERES by )eaxposidlg thei thAREaidim dastic solution

sufficiently effective for renoval that the water
waghgsositreatmertovioh chemictl agentsso aemove BOUOT and traget i on

system sui table faor carrying out the above processes
conérrgnmtﬁ- AMpernatively the lignidisgrgam can be,passgd thropgh.a sulfur

s GBHbR Sthe" 508 Lo oRGABIR AP B RpBRARic Ni, 200, o
anORF QUSEBEIBNulfiiapebles210. A hydrogen treat gas

stream 215 1s also’introduced i nto hydrotreat nent

reactor 210. The conbi ned feedstock is exposed to
Exampled -oamglereaston BIOeessing, 1 rst hydr ot r eat nent

reactor 210 in the presence of one or nore catal yst

[o®exs t harheRiMowing kxR dafonstrart shy diffichltgfimcabl vy,
thi's reduces the sSul fur content of the treated

prcscmesiﬁg@cfhhbio-dmmmlfeed.ohnth@pnxamplﬁsa(fem@yis
wei ght. The treated feedst f i nt t
hydsaigrd sommeseialy aranasledraVeue SsCu o

I Qui . C t I [
BBl O Byn P 08 el (20010050l it o
thERIGRERUrOALH fécistdik. finitsdlly, @anidrabdisallaedizedstock

hydrogen treat gas stream (not shown), or to the
containing 02 adVosulfis was byduitesdtdd/atrGyER (BARAC), gatotal pressure

stream Prior to entering rea he rec
of 308 Psiged treak gas &is afd 2;95@@2%@ pi%ﬁéfg@‘@aart %@156\2 0of 0.3.
ter . shift . reqcto ] C /
ALl AL 3 o O e
mif&tal $eed AQHLALELE HRAIth8@8nditions were sufficient to reduce the
sulfur content to 10 wppm or less. At day 57, 10% by weight of palm oil was

added to the mineral feedstock. The treat gas rate was also increased to 1480
scf/bbl to account for the increased oxygen content of the palm oil. Under
these conditions, the sulfur content in the treated feedstock jumped to a value
of about 100 wppm. When the feed into the reactor was changed back to only
the mineral distillate feed, the sulfur content of the resulting treated feedstock
fell below 10 wppm. Without béing bound by any particular theory, it is
believed that the presence of oxygenates in the palm oil results in an inhibition

of catalyst activity, resulting in a higher sulfur level in the treated feedstock.
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[0041] After passing through first hydrotreatnment
reactor 220 and optionally separator 222, the treated

w0 e@dwsBek enters second hydrotreat nent react oPCRUS2007/026042
The conbi ned feedstock is exposed to hydrotreating

E Hﬂgéb' ONfﬁnlhrSttaESGHPﬁﬁ!&ﬁngf one or nore catalyst
otreating catalyst. This reduces

the sul fur content of the treated comnbi ned feedstocks

[004>4]abouff oxyeperme phediffigultiss ip €ospropessing off @CBFH?HP@P

feegsiia: A0 THBcmeetr ah s Bet i RoRiRE il st stpgg, can
belsBR ?&ﬂ%ﬂ%g{o‘%@%ta AA11P AISEPRE S eh Tdin ThdBocdhffthent

pro uct an 1 qui d phase producf “usi ng aseparator.

feed)eviibsredneig thegdifat irf thenfeeldstosk malaanmageabld)level Figure 4
recycled for further use in the second hydrotreati ng
showa thesulfinringhe sepdting peeduat der thegndisa gtor cophtions

R RO bR B0 PR BRC Sl Pos e
R SRR RS bR Bratpa abydronn fow e o

e

1106$6£8bI Hf 0% HA anldGidphct vebddiBNGf B0t &x@dhdﬁatdalytlmes
exposi ng the Ilqwd to filtration, a caustic solution

dumgmrocﬂssmg, theaconeditions were hdifiad tcagtthcxsmmase o5 decrease

o e Bk R PO GERABNFrOG PR Pt S, mrs
e

paﬁﬁ %‘ﬂ' 1%lud'éliélfmh@nilme1§'1 el dBtdckaA0Wr JU RERYS lA(!sgsl{diiQ'ﬂﬁi Figure
I 1 owm ng exanpl e denonstrates the difficult

4, tlre mlrmreks&ledgook veastd distilateofeedstotle edntalmngh] 3 thA sulfur.
exanp a feedstock is, hy drotreat ed

N%@ﬂbﬁéﬁbﬁﬂ hiqcpmqnas%tam%ht& 51Qf Bsgul H‘H'd 3 addition of the
o YRR o SR b i) R Balohinvolatie

cohegflstock. Initially, a mneral disti I | ate feedstock
containing 0.9 wm % sul fur was hydrotreat ed at 647F

100451755512 adibon BobgAFBOvaRbAaRTAY o 05T e Was Eiived
from the mineral and biocomponent mixed feedstock for the products shown in
Figure 4. All of the conditions selected resulted in removal of at least 95% of
the oxygen present in the feedstock. This is believed to be sufficient to prevent
the catalytic inhibition associated with processing of biocomponent feedstocks.
Thus, a second hydrotreatment reactor would be able to remove the remaining

sulfur to produce a diesel fuel with 10 wppm of sulfur or less.

[0046] In embodiments where the amount of biocomponent is 20% or less
of the total feed, the resulting product will have similar characteristics to a
product produced from only mineral feed. For example, Table 2 shows the
resulting products from hydrodesulfurization of two feedstocks. The first
product is the result of hydroprocessing a heavy atmospheric gas oil mineral

feedstock. The second product is the result of hydroprocessing a feedstock

16



As shown in Figure 3, the Days on Ol corresponding to

treatment of the mneral feed denpnstrate that the
w@ondiogazens were sufficient to reduce the sul fRET/US2007/026042

content to 10 wopmor less. At day 57, 10% by wei ght

d .

coffairit Bo%% by MBeiehE OF the nldiRrACREUSIBETRE E000 PV reight
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ch@\{agte?ﬁ%ﬁg%f' 'tﬁé 1‘3961 )p%s&l& toeh}ef §ddl iBf lo‘f‘f!ai'lﬁ dfpi?lnihe

e|ng y any par eory,
feddBtdcRVafpehito sﬂi’g‘htl&rlﬂﬁﬁa@@ﬂ&f Apx»@ﬁmf@alting alleeelr;ﬁbduct
oil results in an inhibition of catalyst activity,
Nate thdttthegdditioa dfi the palmmif wouldbe expectedito inceeasedhe
Proc

parRGiiD FOREEIEL LTI ine: AIEFearofncl 8S BraHL L Qighgpam oif i

e SEF AL DAY RET o1 B Pl TR, B0 0oVl
boﬁﬁimlﬁgpf&ilé%mﬁ@pﬁdtﬁﬂ oA §lbghﬁbf| chrah bieNoe 884t the 10%

bi oconponent feed, while redu0|ng the sul fur
by|We1ghepailﬁedﬂtchafadtmsnmqa@eaﬁl ranges/ef produgticleardctehisties
the sulfur in the resulting Product for the indicated
generateddyy pracgpsing of sgvieral §aapless f eedst ocks processed.
The initial processing conditions included a
temperature of 621 OF (32F4Ple 0 pPressure of 400 psig,
a hydrogen flow rate of 1100 scf/bbl of 80% H?, and a

space velocity of | 1. finé¥al FQ produe@t ¢d Witha9 Wit Fidm Oil

rOCesSSi Ny, the conditTons re nodi fifed to3(ejt ne)rgﬂﬁ

lncrease or decrease the hydtogen flow rate =

Cl&ed Pbitlt; °@700 scf/bbl, or 748 scf/bbl), incriga8e Ihe

{ er re (to o3uF 33ZC oy, 640K 33/¢), or t nge
PopE, BOo s ot % <gnd

of nnl‘nnil Lncl lrlndln the m neral

GABetBt ock (10 or 30 wt% . As shown in|Figure 4, the

eral feedstock|was a di § ,5' [ate feegdst ock347 375

AR ST NN t A +that HiIha Ih: A Aras S Sad

-StH— uu - T CcIat e T UL UITPDUTTTTIU

S8htained little or no sul 5&10 so addilti on ofl4hedl7

kiloo/corrponent feed|to the msggral distijl l ate §ggd 49d

1. .
lU Cl ICUU\JLIUII III DUIIUI

30% 654 632 - 636
50% 689 677 — 682
70% 716 706 — 712
90% 754 746 — 751
95% 772 765 - 770
FBP 815 813 - 817

[0047] Table 2 provides another comparison between product properties
for diesel produced from another gas oil mineral feed and a 10 wt% palm oil
feed. As for the heavy atmospheric gas oil in Table 1, addition of 10% by
weight of palm oil results in an increase in API. Otherwise, the product

profiles are similar.
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content. [0045] In addition to sulfur renoval,

substantially all oxygen was renoved fromthe m nera
wa@anadbsseoOnponent m xed feedstock for the prodeCr/BES2007/026042

shown in Figure 4. Al of the conditions selected

resulted in removal of atg s 95% of the oxygen

present in the feedstock. IS is believed to be

sufficient to preyenishBba eaddhesdue | 1N With! 19"wt% Palm Oil

—assottated—wth—ptrocesstng ot —broconpgnent—feedstocks:
APfhus, a second hydrotreat i3 reactor |would be3dbl e to

Clo6dPYsntt ®€ remainiing sul furato producg a diesel 2f uel

wrt i, 10 prmof—syHfur—orteEss. [UU4bJ I'n enbodi nts
Poyp Bpint; amount @f b n(‘nm)ﬁ‘h(ant is 20%or less™bf the

Geptef feed, the regsulting product willl have sinmlar

racteristics t a pr OGU(}b pr oduced [Trom onl &J
eral feed For pynnhlp 2h|o 2 shaws the rvvé|flnﬂ

megduct s fron1hydrodesulfuBBZatlon of [two feedsi@dc[('s”3

I f1ITsSt product|is ther 't of hyCTODTOCES 120 a
___d3§@¥_atﬂgspherin gas—oi 2§gnrnl feedstocek %4%

gt OCICT Illb

$e6nd product is the resul528of hydroproce33|n§3d

fiﬁgstockcontalnlng 90@6by5§§|ght of tthe sanme rghper al

Qi Aol AnA 104z I Th

U uy V\ICI UIIL UI IJal m LI . 'nicoT

ﬁMBﬂucts were generated usibR§ react i or condltl&ﬂé

jg9,l ar to the conditions g@gd for the processggyin
—g—%ﬂ-lhe—&.—ﬁ&?hﬁwn H—fabte LI —ntrodyctionof 7tL2Llévo by

W&%ht of palm oill has onl Y38 nodest ilnpact on #8e

acteristics off the resghqlng di esel productg]}7The

acdrttonmof —pat ot~ the feedstock appears to
slightly increase the APl of the resulting diese
product. Note that the addition of the palmoil would
be expected to increase the paraffin content of the
resulting diesel product, as nearly all of the palm
oil is expected to be converted into paraffinic

nol ecul es. However, the overall boiling point profile
of the product is only slightly changed. Note that the
10% by wei ght pal moil characteristics represent
ranges of product characteristics generated by
processi ng of several sanples. Table 1
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[0047] Table 2 provi des another conpari son between
product properties for diesel produced from anot her
w@am90813661i neral feed and a 10 wt % pal m oi | f eRCIT/USR07/026042
for the heavy atnospheric gas oil in Table 1, addition
CL%)‘I\JI@% by weight of palmoil results in an increase in
. O herwi se, the product profiles are sinilar.Table
2CLAIVMS: 1. A nethod for producing a |ow sul fur diesel
product 1. cdmethed dge praducing.alowy shlfue dipsebprodvsti ng a
T5 Dboiling point of about 3000F or greater and
COPLSHIEi ng a bi oconponent portion of up to 20% by
weight into a first reaction zone; Hydrotreating the
f eedst ock Introdneingi a faedstwekthaving add boiting pointsef about

ef fective hydrotreating conditions to.progduce j st
309ﬁpbﬁwreaxldrmgmamw%%mwm&egvaﬁ?%g y

t han _abo 2500.ppm by wei ght, wherein at |east 90 wt %
Weégr}%tlﬂgo %;L{’;ﬁterﬁa?té&fé% ed fromthe feedstock;

Separating the first hydrotreated feedstock into a

vapor st r ddydmttatingithe fekdstackamthe fizstrapctiompponé vnder first

effbries hygeptisel paconditimdpaERING b HEUJDROEHBS Feriiicate
ha\\élmgtg?aoﬁij gctsqsr’llén il %etpﬁggﬁé}lf ?é@p gpnfﬁg@ié}y%h@(gn%g ®hst 90
wt‘%’gfﬂiefcg@ggg it paHsY 68 fron thd'RecdSoRRd reaction zone

under s effective hydrotreating conditions to

For  pr aduciamgrainhedhst by Siiesbid foeduaek info Apmnd sgam
and BRI SlBno i SFaRh BPNAR Rk tnaRbee G nponen

portion OfPausgintgoatzlg:?t lia)lyportion of first hydrotreated feedstock to a

second reaction zone without passing the vapor portion containing hydrogen

gas;

Hydrotreating the portion of the first hydrotreated feedstock in
the second reaction zone under second effective hydrotreating conditions to

produce a diesel boiling range product.

2. A method for producing a low sulfur diesel product,

comprising:

Introducing a feedstock having a TS boiling point of about
300°F or greater and containing a biocomponent portion of up to 20% by

weight into a first reaction zone;

Hydrotreating the feedstock in the first reaction zone under first
effective hydrotreating conditions to produce a first hydrotreated feedstock
having a sulfur content less than about 2500 ppm by weight, wherein at least 90

wt% of the oxygen is removed from the feedstock;
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weight into a first reaction zone; Hydrotreating the

feedstock in the first reaction zone under first
w@Rdoensizse hydrotreating conditions to produceP@r/i52081/026042

hydrotreated feedstock having a sul fur content |ess

than abOUtS%’?ﬁ) ir%’fﬁebﬂrs\f"ﬁ}la%rea‘lf]wge%hgto@k itﬁ)aé’i/a Wehin

of the oxygen 1s Tenoved fromthe feedstock; Separati ng
ant hdiduid Strebivgltied vasirgsbriion ¢ohtikingHydragetagay; stream

and a liquid stream the vapor portion containing

hydr ogen gas; Passing at |east a portion of the vapor

streaminto a, hydrogen recycl oop; Passing .at | east
a portion oSt qqlp%s&iacp(gp Eﬁit*'%vgp%re'%w ?@8@(1} ogen
i drotreating the liquid portion of the first
re‘ﬁ&@f&"&%at ed feedstock in the second reaction zone
under second effective hydrotreating conditions to
produce a Pasdingatdeast@ portianef thelinuig siream top seeondnt
of. about 10 ppm by wei ght or |ess; Separating the
rege{ignAMEat ed product into a vapor product and a diesel
boi I i ng range product, the vapor product containing
hydr ogen ddgdrofeatingghaliqurbpértionmfithe dirsliydrotrextedor
product into the hydrogen recycle |oop;, Treating the
feqsistaakoin the seeand/zepeiios zenennderdsachad gdfective hydratreating

col 8RRl BTl RS e sHER S g Fbou
lorﬁ%%(gggﬁéigﬁpof e the first reaction zone as a

reat gds. 3. The nethod of claim2, wherein
the CO renpval systemincludes a CO2 scrubber. 4. The

met hod of Sgparating thgdwidsotieatsd proslyat inlo vaperpedpet apd a

di&dd E&li%%rr%x?é’c? {)ro%%t,ath%tasg)r fa()séiusép 'cértltalrnefgé: E‘S/El'rogen gas;

Passing at least a portion of the vapor product into the hydrogen

recycle loop;

Treating the portion of the vapor stream and the portion of the

vapor product in the hydrogen recycle loop with a CO removal system;

Passing hydrogen from the hydrogen recycle loop into the first

reaction zone as a hydrogen treat gas.

3. The method of claim 2, wherein the CO removal system

includes a CO, scrubber.

4. The method of claim 2, wherein the CO removal system is an

amine scrubber and a water gas shift reactor.

5. The method of any of the above claims, wherein the

biocomponent feedstock comprises palm oil.

6. The method of any of the above claims, wherein the mineral

hydrocarbon feedstock has T95 boiling point of 775°F or less.
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5. The nethod of any of the above clains, wherein the

bi oconponent feedstock conprises palmoil. 6. The
woredobogk3od any of the above cl ai nms, wherein t heCHUSBNAI26042

hydr ocar bon feedstock has T95 boiling point of 7750F

or |essq7 'Th%ew oftfhé éﬁov% E%Jﬁg?%e%iﬁgﬁg mineral

wherein the mn ydr ocar bon edstock 1s
hydtdvasboifdeds@ek i9ah atdo igap6il,ad Vacumim gas bilhor a light

g\%cl.e oil. 8. The nmethod of any of the above cl ains,
cyolearibi n t he bi oconponent feedstock conprises a

bi oconponent portion and a m neral hydrocarbon

di | uent g, SrhelREHHR Sioshy0bt didvabeve dAnAb Qtfréindhs.

further conprising hydrol sonmerizing the diesel boiling
bidcomgsoreno teedstockOcontpiseses biodonipoaoyt pértioncarmbmutneral

clains, wherein at [east 95 wt % of the oxygen is
hydeneavkaen dileentt he feedstock. 11. The nethod of any of

t he above clains, wherein at |east 98 wt % of the

oXygen bs THTREAbJ §04H _@ngthff%\%ﬁé‘é%mslﬁmﬂ_é}%dﬁ%ﬁ‘ﬁﬁg

of any of the above clai erein the oxygen

hydesis@mntrigingtthe diéses bollimly ahge predudteedst ock is 0.1 wt %
or less. 13. The nethod of any of the above cl ai s,

wher ei n,fhe.ax n ,cant en f fid; I

Foodst odl THEGHEEREHF bt Be DT i, Wrgkih sFRasfos
w9 of fife R i6 r&hbed ook Bl fdelStoekygen content of the

Irst hydrotreated feedstock is 0.01 wt% or |ess. 15.

The et hod of any of the above, clai , wherei.n the
first etfe '@e%vér%wae'tﬁs abeﬁap[%%sﬁlﬁsqlaaﬁ% 98

wig S ety Srdubref F PRI ok oGen T ot gac rate

of about 650 - 750 scf/b of at |east 80% hydrogen
(r emai nd2r Theanethgdf anyref the tabape claimnsd , a¥hereipnthg lsxiygen

500 - 7500F. .
content of aae f?rst hydrotreated feedstock is 0.1 wt% or less.

13. The method of any of the above claims, wherein the oxygen

content of the first hydrotreated feedstock is 0.05 wt% or less.

14. The method of any of the above claims, wherein the oxygen

content of the first hydrotreated feedstock is 0.01 wt% or less.

15. The method of any of the above claims, wherein the first
effective hydrotreating conditions include an LHSV of 0.5 to 1.5, a hydrogen
partial pressure from about 100 to about 300 psig, a hydrogen treat gas rate of
about 650 — 750 scf/b of at least 80% hydrogen (remainder inert gas), and a
temperature of from about 500 - 750°F.

16. The method of any of the above claims, wherein the first
effective hydrotreating conditions include an LHSV of from about 0.9 to about

1.1, a hydrogen partial pressure from about 230 to about 270 psig, a hydrogen
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16. The nmethod of any of the above clains, wherein the
first effective hydrotreating conditions include an

wQ RiY08d366 r om about 0.9 to about 1.1, a hydr ogeeI/US2007/026042
partial pressure from about 230 to about 270 psig, a

trePV g&ﬂ%@é‘&f ﬁﬁ%l}toge ¥50 L 950 sef/byTA 1efPR0% I 0§61f1 /(&n‘i’cfinéér

st 80% (remai nder inert gas

indre gl and!h eerdpefatare afofboin Ut 6005@50°F17. The met hod
of any of the above clains, wherein the second

ot Y8 APk 839 O B 50 s 6ng
ef&euapﬁgao&éﬁﬁx §drﬁht16n§‘}fﬁ‘:'lﬁ’&e£h LHRW 0885 fl 8, athydbestn

b of at |east 95% hydrogen (remal nder

partmi ipresyasy froanabeutt2Stter aitout ¢ 500 psig) mpfdvogerbGoat-gas rate of
7500F. 18. The met hod of ang of the above c| ai ns,
abamic? ¥ n 1088 ssEbarmt deast 95V By drpgen (resmainder WSHRBAS) g a

te'hg%@ﬁﬁéﬁ%&%"f‘% P“L?é@ %@pﬁ'r om agohg ?ggu:olaéou? 925

psi g, a hydrogen treat gas rate of about 950 - 1050

scf/ b ofl 8atTheansthod 9H dmydsfothe rabpwe whdimsewhiersin theysegond
and a tenperature of from about 625 - 6750F. 19. The
effestivo ly drotepaiingicondisiansduelude andstISVupt frem a0 2 tp gbout

1 TSROt s rERE oS TP A OURRAT R iy dfBgen
treavgés%t& grhsi 9§1oht hesd L8 %g%@ tedse955¢ wogén Prefbainlde

greater met hod of the above cl ai ns,

1néivhg£sgl and B@emphfaﬂnireatﬁﬁemtahﬁutﬂze [igns°Bduced f eedst ock
2 W% or greater.

19. The method of any of the above claims, further comprising

hydroisomerizing the diesel boiling range product.

20. The method of any of the above claims, wherein the sulfur

content of the introduced feedstock is 0.25 wt% or greater.

21. The method of any of the above claims, wherein the sulfur

content of the introduced feedstock is 2 wt% or greater.
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