- 1- PRODUCTI ON OF LOW COLOR M DDLE DI STI LLATE FUELS FIELD OF THE
| NVENTION [0001] This invention relates to a process for reducing the col or
| evel of woddi2ogicsti| | ate fuels, such as diesel fuel amdTRS2@IBHBII
BACKGROUND OF THE | NVENTI ON [ 0002] Col or, sulfur level and cloud point are

i mportant product specifications for dtesel fuel and kerosene. For exanpl e,
changes in the U S. regulatory systemin 2006 reduced the maxi num sul fur

| evel s in diesel fuels from500 wopm (S500) to 15 wpopm (S15). Simlarly,
the color specification required for nost refinery diesel pools is |ess
than 2.5 ASTM col EROIIGHONMF EOWEMOR MAPDHEMISTRIATEF SIS i it the col or
for desulfurized diesel to |l ess than about 2.0 ASTM color units. In
addi ti on, dependi ng on season and geography, diesel fuels and kerosene nmay

be requir ed FIELIHOVEHE BN\GENTION nt of | ess than -27C. [0003] Generally, a

mul ti-stage hydrotreating process is used to reduce the sulfur and col or

| evel s of d| fu u red v Patent No.
6, 103, 104 dlscﬂoses%llls %%%geP' %ﬂ“ﬁsﬁ¥gﬁPmn%F§f?W? Y&() qeuntstreant
IS hydroprodeaﬂﬁdﬁmn,hmba@meﬁmﬁelﬁmm@ﬁmaenperature st ages operated at a
tenperature from about 360C to about 450C. The reaction product of the
first tenperature stage(s) is(are) then quenched to a tenperature from
about 260C BaGEGROURDAGF THEMNMERATON H25, NH3 and ot her di ssol ved gases,
then sent to the second tenperature stage which is operated at the quenched
tenperature range, whereby col or bodies produced in the higher tenperature
first stage @) hydC@de@atf@dedenaﬂdn%ua%ﬁlmdestlmm bo8R4}Sebifloasms Ri#bl i shed
Pat ent Application No. CN 1824736 discloses a nethod for preparing diesel

oi | with i ngicerldier! arl ksrospico goF expmpifd changesdn thsd surgdlptonsmstemin BPodeep
hydr0d65U|f%%h&%hh@Baﬁﬂﬂnﬂ%ﬁﬁﬁﬁ%éﬁﬂhHﬂngQﬂPﬁ&§BU@w&&&(QﬁmE%HBQWRH{ deep
hydrodesul furization to produce a hydrocarbon oil oi ling point of
200- 400C i n(SL5).2Similafp thy eoderspecifiation ayigdyet mest rréingridlidirgel@oMs iglessact i ve
netal) at 3 ce velocity
(LHSV) of Oﬁ%n% ‘&%Hqggkr§H€2$h%g r%%n%%%%%gﬁﬁﬁgﬂigmgﬁgég%ggggf cat al yst

(i ncl udi ng Nesvbuagdaessélve lesethad jboat 2.0 36TBP@B® rumderin4ddigon, kgpeod@gwit h a LHSV

10 ppm and 50 B FOHIRT e B and o lE8 Ry R Mo GEB BT E 0"

6, 652, 735 dpﬁbhﬂh@ﬁiaﬁbrocess for isomerization dewaxi ng of a hydrocarbon
feed, such as a diesel oil, which includes contacting the hydrocarbon feed
with a large pore size, small crystal size, crystalline nolecul ar sieve,
such as zeommme]betémmaﬂdranmhnMQﬁﬂEdkmean@¢m3mshzewdsnnumwamdmnﬂﬁ si ze,

Y eat ARl B it R Rt e e LS R RS G o o dar o

the chem st byl 0B n9DdivA6kes M piob&s TrowREl & eidddd digdlaerpcbodin@stréam Wi esel fuel s has
not been wel | underst.qod, altho§%£ it is known to gfggenerallé related to

prior desul PUSTPRRESSHHT 1S AE Frmors Sk FMPSRAGHSEges APGH SPRAHHE ToRs &
resul t, thepaxBH0s0 O RIALSNG. Hﬁ@ﬂﬁ&ﬁhﬁﬁ&h&Qﬂ%ﬂﬁmynﬁﬁﬁyaﬁﬁ%h@ jon and

i somerization units is linted by the col or specification of the product

rat her thanigyeldhsngugathed s R?W@ramf%fé%dwztﬂp Eittapae $10eC) dirpet of SUMVBRY OF
THE | NVENTI g\b[mgg%hloftheh@@so%@%aé& SEARAQE tHeRBdonl Rgn R PLRE si9fc Wihiesg! f uel

and kerosene can be specifically dependent on the 3+ ring aromatic content
of the fuel or@atsdat thihduchehed kanensradieg eange wisigbp celeelagics prodgeadduéieng | ow col or
fuels has beeRodeyalaRRdlduphheh @B Al Aoakof@liglyst bed can be added
to the desul r|za Ion/isonerization reactor for color control or the |ast
bed in the desul furization/isonerization reactor is converted for col or
control . Thi nal o r but
over t han, 10108} "ot R AR 3G PRERGAEoAhn R EARLALHUR LTI, 1)
recycl e gas f@rrpretplaeng dicpel oil dltbgepromdwdumpropanyémelullaaehbvxtsmlfqru@nteht liyhe ef fl uent
fromthe de quurl me atio | or control bed
can be oper%é’d1 ?$#fﬁaanmlthﬂégwg@n¥ OH?H?EgE%FaHyHl() %‘T catal yst bed
can re- sat uhgdreda&tlfirzasdn te reluc a liyleoc3rbon bil gvithradohing psingefitdoaed by - 3 -

t he desul furization/isonerization catal yst beds. Wth such an arrangenent,
the main desul furization/isonerization bed(s) can be operated over a
broader tenperature range as the catal yst ages, thereby prol onging the
catal yst cycle length while sinultaneously neeting the color specification.
[ 0008] One aspect of the invention relates to a process for producing a

di esel and/or kerosene fuel of |ow color, the process conprising: (a)
supplying a mddle distillate feed having a first cloud point and hydrogen
to a reactor having at |east one first catalyst bed containing a first
desulfurlzatlon and/or |soner|zat|on catalyst and at Ieast one second
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- 4 - second effluent conprising 15 wopmor less sulfur, having a third

cl oud point, and having an ASTM col or of less than 2.5. [0010]Still anot her
aspect ofwoOhel2mgmati on relates to a process for produciPol/Us2010/42999 or

di esel and/or kerosene fuel having a |low cloud point, the process
conprising: (a) supplying a mddle distillate feed having a first cloud

poi nt and hydrogen to a reactor having at |east one first catal yst bed
conprising a first isomerization catalyst and at | east one second catal yst

bed downstream of the first catal yst bed(s) and conprising a decolorization
catal yst; (b pf@samewiﬁg catplasti(iweldding UeMeyad roigiermdtal) t3e0-gBESamder 9F4& he first
cat al yst |n t d erature from
about 285C tgf&nbout ai%%ht)%n}e?’pg%\%iocg%%%\? ftbelu% gthref’lgllt‘@@ptt havi ng a second
cl oud poi nt hydratreatigg at the Blasetncqof o@alyss@ncludarg Nlh@ttascattntehaetdl) aBO-GRGGd poi nt ;
(c) cooling b Ny . t with a
quench medi u}l(ﬁ]e?é I&)gbgg/d“ g'ﬂhq@i]sf\}(gﬁt |Orlgr ng?%éulfagtc;d1%s%} &Pl%' l?11% uent to
said at | easbntanaotsremertidmdatp@hmﬁtl a Beyboltanidr (nd¥x noidsadin m@; the cool ed first
liquid effluent with hydrogen in the presence of said decol orization

catal yst at a tenperature from about 275C to about 400C to produce a second
et;]f | ]chent ha;{((i(mg] a t hig. Gaehtaud 6pOR 1185 diBdAbseh Sp@'ﬁ:esls ft&?ionibﬁz&ﬁiohﬁﬁ@amﬂigan t hat of
the first c Vi an_ AST r.o ess than 2.5 BRI EF
DESCR P ONOBE R TRANRGECH B0 PR Ghetich e s I QP CBIowbl or

agai nst averragevitheasigt porcRRE, shRMRBKAL HEE ciydhllihbmottesi fidik] suak 40N process of
Exanple 1 with and vmthout a f| nal decol ori zatj on bed. [0012] Figure 2 is a
graph of di &t ket gpd afyaicradialy pers gige. swall evsAl seacyunline melsFEat or t he
conbi ned desguld WidnzaZsONEI SONNII4B &b pRIIUES PESRScPProfcaiith & raluvdd fuand
without a final decolorization bed. [0013] Figure 3 is a graph of diesel

col or agai n#Pinkirsraggdicedelewd iintbed tenperature for the isomerization
process of Exanple 3 with and without a final decolorization bed. - 5 -
DETAI LED DESCRI PTI ON OF THE EMBODI MENTS [ 0014] Descri bed herein is a
sinplified pWekss Todateoheelicnystiyhevodyadfiythe dernaten ofnatpt bedieshie dissdud poi nt

of a mddle 0 I

component s Brbaread e Re S LSRRGS b LK A Mirep. The
product candbwlfarifagieh aerpewicricgonhahigh g:na)eltamrct i Aga rearg éeimaxithen di esel

and/ or kero r n n i I. n exhibit a
| ow sul fur ?gé}?tmr%ﬁ%ﬁeé%% fgr TF‘%\X/%?“H% gat%(g{?nﬁ&soﬁglggﬁ&gﬁqﬁﬁ% ]tlrginedl% w col or

val ue. As uﬂe:d;otwslmcrﬁcamdme)fﬂermdhlcmmheoﬂhmﬂy cagsfl st sctivay ahdrehydgeitingnd/ or

ker osene) fue roguct having a color value of less than 2.5, for exanple

| ess than 2¢ é Redsured accordi ng to ASTM D-6045. Al so as used herein, the
term"| ow sulfur refers to a (diesel and/or kerosene) fuel product

cont ai ni ng | as neasured according to ASTM D- 5453.
Further as §§J§/§v{ﬁ§§2@%%ﬁfw§i\%t$ﬁr ow cloud point" refers to a (diesel

and/ or kerosene) fuel product having a cloud point of |ess than 10C, as

nmeasur ed accordlng to ASTM D-2500. [0015] The m ddle distillate feed

suitabl e fol0W¥dk | nltthﬁ%beﬁpé%mere&rtt% dhegator phdiesehiuel and keioyene &#1 brer y

hydr ocar bon sf@aiafy &pendai dd (RY3+ And REmAANGRh HMhEReUBa3Q0R thabout 149C) to
about 775F (about 413C), for exanple from about 350 about 177C% t o about
750F (about knoyegee, ?PQYYTP@B‘??EI?OT@U@PCT&WOI(ZGH@ h&tS@e%%ﬂtlowerw out 3710),
or from abouf 1fhQfnal ARAHE b&RAfrbe h-ARPME &AM LARIREMSAARn reliGiToM ddl €
distillate feeds can include hydrotreated feedstreans, feedstreans that
have not pr évipoepsirgl ayéketasi pert tthedaselfirizatnd isemdsizataan reavsortlsw@mé@ted[f@ow] The

m ddl e disti, WA I ni fi cant
quant | 11 es. oF TP e P e LR o B A cece can
be enpl oyed thabof theverecade qatatyﬁdgﬁéﬁlnathdfmtos (Hithemra deewedd gapbr thhdqdided t o t hat
required f Ord egeg rodua% an {)6? us%& Ff‘o %ﬂg‘{ R eflﬁ%E % Pl’].et}le dé’éﬁffurlz-ggg 1588% yafisn OF di ng
to the invent can nitr rogen- cont ai ni fevi ated as

"nitrogen" ,bémmoﬂmgmﬂcwememﬁonmdc&mmnﬁmg&natﬂmﬂ@mwtmmandharThmcobr

sulfur contal ted as vel ",

aul fur coneeie S gHTBRLRe < FRAGY [ SEnE Bt hiepronalh B EEn et rom
about 50 wppm to about 6000 wppm preferably from about 50 wppm to about
2000 wppm for exanple from about 50 wppmto about 1500 wppm from about 50
- 6 - wpmto about 1000 wppm from about 75 wppmto about 1000 wppm from
about 75 wppmto about 800 wppm or from about 100 wppmto about 500 wppm
The nitrogen may be present as both basic nitrogen and/ or non-basic
nitrogen species. Non-limting exanples of basic nitrogen species can

i ncl ude quinolines and substituted quinolines, and non-limting exanpl es of
non- ba5|c n|trogen speC|es may |nclude carbazoles and substltuted

o I T o Y [T Y




supplied to a reactor conprising one or nore first catal yst beds, each
containing a first catalyst effective to desulfurize and/or isonerize the
feed, andwet2oi2mstesone second cat al yst bed downstream ofPCrhus24iifog109cat al yst
bed(s) and containing a second catal yst effective to renove col or
conponents in the feed. Depending on the conposition of the feed, the first
catal yst bed can be operated at a tenperature from about 290C to about

430C, for exanple from about 315C to about 400C, such that the feed can - 7
- react with the hydrogen in the presence of the first catal yst to produce
a first |iqtlicdlegflfurigation/isoaneripgjioa chtelxeirbedu| With susban emanggmaitothe ajrower ¢l oud
poi nt than r he first
liquid effIHgﬁyiﬁgﬁo%%gg%%%Egngékéﬁgg Q%éﬁ&hﬁé %ﬁ%ﬁﬁ%gémgﬁﬁﬁi%%.éle about
15C t o abouts %@tawttagesathqmemmlqneuhemhq cagahydt ¢yieterengttewhitt dimeltanealstd fir st
liquid effluyen to the at | east one second catal yst bed.

The second ?%t%¥§£? %&Eggzﬁéﬁggoperated at a tenperature fromabout 280C to
about 415C, for exanple from about 300C to about 4OOC such that the first

ef fl uent ca ct with the dro t he prese f the second catal yst
Co ronve. cOBReonthbwed S5 MEGhRBEh ihen iy FHERS BE Pl eb BURTE, "and can
produ?:e ia satdtckelkdsend feleff fdwiaiidr, thgwdg@saamﬁt&ﬂr\]g qe) ?ppl@iﬁlggmﬁ((ljlé Ban ﬁ 5, for
exanpl e ess. than.2.0. . C ed above, w t hout oun teory,
TR el et et PRanEulor I i 2R hosth i Houpr AR OB  he
result of 3firdt ci@yambedrednifsingh EReMsulfivizahien iraed idndfigtiogengyatrdaduri ng the

desul furi zati on and/ or isonerjzation Steﬁt Such 3+ ring aronmatics can be at
| east parti 82F4°ne steardisasalyst Pefl dawnstreaghetdla first catplyst badgpand onfpiipg 2 cheni cal |y

by hydr ogen dedd®ri-R@on dam)tay@é)qeeﬂng)mmeaatlthxh&m%ﬂﬁptht §@bdorfuring the

decol ori zati on reaction such that the second I'iquid effl uent can
advant ageoudirsy cetelpistan snid ddeast mgirs cytalysibed afra tempgipes fraagabouhz°G 1@ vol % of

3+ ring arogg(tdt @3@@@9&'&9&: fﬁ@ﬁlqhﬁréfﬂue’ﬁi"he{vﬁﬂégl REHIRIuE pGﬁW&%GQl%ng as used

herein means a conpound t at has at | east aromatic rings i'n

structure. E@M@@P@eﬁaﬁﬂ@%bY¥ﬁetHMQMtﬂwneﬁ]waﬁeeﬂwnﬁneebumﬁﬁb flrst li quid
ef fl uent can, gyl hge §1%ﬁ9@6’qh@df ftr%]t‘tﬁlr'i}}d AP sHAAT ﬁf%&stt%{? WY QIERHa, from the
decol ori zation reaction e or nore other refinery streans can be
addi ti onal | ynd(e) mmgtln@thelcyolcrtﬁldt lighydpé f@adnit with hipdrogandn dgemespaetolt sdid pr essur e
in either or S in a

react or con?%%%F%mx?éﬁe Siaaﬁiéﬁquéggaﬂg outéﬂ%%)ﬁgﬁg (ﬁ%Q@mE : MPag) and
about 1500 p&mgdéﬁmeumwmmgQlAﬁ%memﬂofbemhmpl@mhthBéDMa@pmnt500 psi g
(about 3.5 MPag) and about 1300 psig (about 9.0 MPag). [0021]In a first
enbodi ment, in which the sulfur level of the feed is at least 0.03 wt% for
exanpl e at [@®9f 0. Bhothe%spdct aitthd Rasttiol rdated (Ua pidvedsdacttoducingta Iowt al yst bed
can contain a»des funlzgth ataI uj t abl e desulfurg;atl n. catal ysts
can conpri s&°gt and lgw sulfyrdigsel gpeo F?ecféiap%‘ﬁﬁﬂ’c?%?ﬂ?‘@%’tﬁp SURRYE t he

Peri odi ¢ Tabh@d@hent dne nftli@eeiRtigatd ebwhhva@ a firfitloud Pk hnd dNBMdig Ailckel
preferably cobalt and/ or nickel) and at | east one netal/conpound fron1C?oup

6 (such as AOPyHdenlif taﬁaswatorbaﬂ@%%téﬁst P S FABlYSf bFﬁ‘tECrnERi}SH’é ity bdenum) ,
optional Iy RudullRfigkies afdiyst @ & 18she Soh@6Ra1di Bad SMRRAEIM bBhENiIsel (such as
alumna, silica, alumna-silica, titania, zirconia, or a conbination
thereof). TyprlaaIbeys) adsomprzinsgt dealerisaion stalys: o rreaimetye fedpitbxanpl e from
2to5, of ﬁt{l?@f C,I;énﬁﬁthe(b%s@ﬁc)é%?th*é?ﬁ'&cat‘é.‘@bt%sﬁ@ﬁt 108t &E%ﬁ%@t@ly@ttbeéa{ae”perat ure
from about 3 to about and at an LHSV from about 0.3 hr-1 to about
1.5 hr-1 totmmm&eeframfaub@@tﬁﬁ|th9|a501ef4f5t) Getatradoer afint hayid Stlvgidm sul fur or

| ess, for ex odi nent

t he quenchin 5} el?%%?@%ﬁ%é%h ﬁ%o%gggﬁi&ﬁf%ﬁ%égg%ﬁpgfﬁ? the first
liquid effl @eemthtust eﬁfbl@ltttby]ﬁ@lttlé%at@mbbutﬁ@@ wathd quéreh ervdiune (Boedceding i r st
liquid effl n t ich can
optionally Ebg%“&% ggggﬁ@ﬁ§§9%%U&§§§%ﬂ§%%% %&m &%@%%%%%nnd al yst The
second catakmﬂ&nbgdw@aMedﬁuth@hdyﬁhenammmam@gmmmﬂanhewmwndEude from about
300C to abouyt HSV fr out 10 hr-1to
oroduce a sdtsstaraif it Aot A8RIre ook et B2 e o P b y
|l ess than 2.0, in addition to a sulfur content of 15 wppmor less. [0023]In
a nodification to the first enbodi nent, in which the feed can have a cl oud
point of at least 5Cin addition to a sulfur level of at |east 0.03 w %
the reactor can include a plurality of first catal yst beds connected in
series, and the final first catalyst bed in the series can contain an

i sonerization catalyst. Suitable isonerization catalysts for use in this
nodi fication can include, but are not limted to, shape selective zeolites
selected frontzeollte beta ZSN123 ZSNt48 and ntxtures t her eof The

-, = . T 1 T rr



of the follow ng enbodi nents. [0027] Enbodi ment 1. A process for producing a
di esel and/or kerosene fuel of |ow color, the process conprising: (a)

suppl yi ngwe 2ni2diBwsdi stil |l ate feed having a first cl oudppoiustoiangobydr ogen
to a reactor having at |east one first catalyst bed containing a first

desul furi zation and/or isonerization cat al yst and at | east one second

catal yst bed downstreamof the first catalyst bed(s) and containing a
decol ori zation catalyst; (b) reacting the feed with the hydrogen in the
presence of the first catalyst in said at | east one first catalyst bed at a
t enper at ur e s¢ocadeiEbeniconpdmg B wrvuer lagediurohgyingdubied eowd paint, andqui d

effluent ha (c) cooling the first liquid effluent
by about 10éét %ﬁﬁﬂggég %tgﬂgﬂinch medi um (d) cascading the entire
cool ed first quU| d effluent to said at | east one second catal yst bed; and
(e) contactl he fi h. hydr n the
presence of salg ggﬁ%&%%ﬁ I%ﬁtgh%Q#ﬂmﬁ&t%Hﬁﬂﬁo%%gF% ﬁggﬁ%ﬁaa dut 280C to
about 415C mnwpﬂmdhﬁehmdgek@nﬂmeﬁklMﬁngahawmhgd@mnABEMhmmkumnmhmhgss t han

2.5 and a third oud p 0 Enbodi ss for producing a
Fow color aftl i Gkt PO LR RO PRy Slond pr LTS iR e s

conpri si ng: rdadjor by A ldag ode st c0ge bahebnipridiik @ fiitsdonleliadtien taelgsthavi ng a
first cloud t and con al | east 0,03 mt@b to,a reactor

v g a1 eBCH RETE SO i ed S g el s PEIABLL 1 ur s zat i on
catal yst ando@pndl@a@dec&aﬁm@ﬁeaayﬁa@y}eyatngbmfe@tommﬁﬁ@gthmthb he first

catal yst bed(s) and conprising a decol orization cataly (b) reactlng t he

feed with hytedyent thh fishertdlyd dbiiidat frastone Hirst Fetlyw?%ttfsttmﬁa%l ¥t | east
one first cabsysdochedbak 4?0°CQ&B@H@Jveﬁstf1fqﬁme%ﬂ%{ ha3in2Ga st@nalRrml 430C to
produce a first liquid effluent conprising pmor 1less sulfur and

havi ng a se@®iitthalipeidegsbl hiG legsdhandasof tg ftfsrtélomi P%ltlt (9 geelaredhsrfitglent by about
15C to about; %égfﬂttemyaabgtt%e@m%%mcm SASEAY Aot 19 cetttaalhgaeool ed
first liquid eff uent "'to said | east one second catal yst bed; and (e)
cont acti ng thige codediarst liquit efﬂtlﬁdilutodia@fatt least onie sdcoml Q@Wb@@inaﬁdr(el he presence
of said dec 00C to about
415C to progﬁ@%héggggg%g@%?# @%%?&%%ﬁ%ﬁlS?Hﬁ@&tgi&ﬁﬁgkﬁQQHﬁ$gr | ess sul fur,
havi ng a t hidealaizatizh qpriyst at aambeminwmﬁt@nmbomgvm(&m apputc0i(ewproduana 2. 5.

[ 0029] Embodi g%ﬂ(‘i ef%lﬁe t-ﬁgxgtaé)g %?r Sé§0u8 OEFJ?QQH qu 1]0 ‘f(,ole s%a%qfilaﬁlo?%e JtOW col or
and | ow sul fur dreset erosé the process ?urthe
conpri ses: nmuépepn@amamhgmnﬂﬂﬂkbxmnsfkhhhMEZ5eed contalns at least 0.03
wt% sul fur; in step (b) the first catalyst bed is operated at a tenperature
from about 315C to about 430C t hereby producing the first liquid effluent
conpri si ng BRIBPDPESORINESN GEITHEMHRAWISGEp (c) the first liquid effluent is
cool ed by about 15C to about 35C with the quench nedium and in step (e)
the cooled first liquid effluent is contacted with hydrogen in the presence

of said decpdoanj zat FircCialk aloyph odlic] EROMBRIALUKEafd 104BtidR BE tePPEGIuE0 about
415C to produce a second effluent having 15 wopm or |ess sulfur and having

an ASTM col & te deswluizatipgprocess of Example Eiptiindeyithow a fmapdeseledaation,  produci ng
a | ow col or pgii esel and/ or kerosene fuel having a | ow cl oud point, the
process conprising: (a) supplying a mddle distillate feed having a first
cl oud point and hydrogen to a reactor having at | east one first catalyst
bed conpri sigdzp fi nghréﬁeq%fdpg%talettl @(ﬁ&aa!gtﬁ%tt a3 @Jeaéne%td @RerifRONd

catal yst bed downstream of the first catalyst bed(s) and conprising a

decol ori zat fgriheepmibineddesuffiylizatienisomagzatine progesd o xammg drghend vithauhe
presence of in said at |least one first catal yst bed at a
t enperature #r%ﬁ%g §ﬁﬂ£§%@%¥to about 420C to produce a first liquid

ef fluent haWtigl a sEwored ishgughpbiintel ediataghigstayerhgrasictit0 b@ temperatutran t hat
of the firs e c LI ng .t Hl | i ef about
10C 1o about " Ibe R pracits SRR i g Tinely oGk fith oB o
first liquid effluent to said at Ieast one second catalyst bed, and (e)
contacting the cooled first liquid effluent with hydrogen in the presence
of said decolorization catalyst at a tenperature from about 275C to about
400C to produce a second effluent having a third cloud point that is at

| east 10 C less than that of the first cloud point and having an ASTM col or
of less than 2.5. - 12 - conprises: in step (a) the mddle distillate has
a first cloud point; in step (b) the first liquid effluent has a second
cloud point that is at least 10 Cless than that of the first cloud point;
in step (c) the first liquid effluent is cooled by about 10C to about 20C
with the quench nmedium and in step (e) the second effluent is produced
haV|ng a th|rd cloud p0|nt that i's at Ieast 10 C Iess t han that of the
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said first catal yst beds conprises an isonerization catal yst, such as
selected fromzeolite beta, ZSM 23, ZSM 48, and m xtures thereof

[ 0038] Entwoi2neito3t8. The process of any one of the previpondgSenbodionent s,
wherein said reacting step (b) is conducted at an LHSV from about 0.3 hr-1
to about 1.5 hr-1 or fromabout 1 hr-]5 to about 4 hr-1, and/or wherein said
contacting step (e) is conducted at anm LHSV from about 5 hr-1 to about 15
hr-1 or fromabout 4 hr-1 to about 10 hr-1. [0039] Enbodi nent 11. The
process of any one of the pr evi ous errbodl ments, wherein the decol orization
cat al yst coiBTAJBED DEMIRIBTIHEY QF TH: BODIMENTSum and MCM 41.

[ 0040] Enbodi nent 12 The process of any one of the previous enbodi nents,
wherein the second cloud point is about 10C to about 30C | ess than the
first cloud[@diht. Bxanped8r§ioG415impleiddmpenssifonlowkting thoswlfye conteng

particul arl t t on | i
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based on pi kehpgleanprodated 1ﬂ\khe@1lasu$ﬁmzdt1ah emii/dsrhean&mleatamm@p (The prodﬁ}iﬁpﬁﬂo
barrel/dayrb (t:gr with a to f }}/& a/ Eserl smthe case of
"wi t hout col®f & ﬁ?l?%ﬂs‘”"BB%Vr‘%?%% m%ff&?ge i dtedigsp 31‘1 CORTPHI CBBEPEYT on, a 4th
bed can be addednt ehichdudl eaap@itiodsat HaibiColo@rsulfi@itbheht anb@ela 1dw0d&] A
conventional N M/ Al 2Q3 .desul furi zati al yst was .enpl gyed in each of
Che i st RPRLAELE Py SRR AR PRl B TS BITOSE TR Tanl e 2.
The same cabadiy®t ants keispdnoy Rl griduchigviHgh doRe valte 681643 g A €orr uns (Runs 6
to 10 in Table 2) wwth - 14 - col or contraol I(‘%geratlon In each of the

col or contrsmnlwgss 32 @ PeawrRd aE5ading et hY iotfes dilsaasivest hegtnbsd was
quenched by (@hoWw G3far (RRAUDL a3HEk1 Qﬂ?&k@ro@éﬁ%ﬁfubl&ﬂodﬂ@ﬁcdn&hﬁﬁg Rfs thdie col or
control bed. For these sinulations, recycled rogen gas was used to
quench the ddMEPMEBIET 8 messgred P@eﬂi&]gltﬁészé’éH ﬁj‘éé—derS}er %smse%hwndh? on in
this Exanpl g fag ElguaO,SB&IBeEéfér%d lgpk@dnd/Br AR S hudP BloBU hJ@f?% £c1bug Feed
Vol unetric Flow Rate, BBDBBL/D30000 APl Gavity32.5 Total Sulfurw %0). 33
Tot al Nitrogelﬁb‘pfmzha@eiﬂa(hés MeaieredPOREAIB W7A ST MA)-3W. | ndex D473746. 4

[0015] The middle distillate feed suitable for use in the present processes can
include any refinery hydrocarbon feedstream boiling in the range from about 300°F
(about 149°C) to about 775°F (about 413°C), for example from about 350°F (about
177°C) to about 750°F (about 399°C), from about 400°F (about 204°C) to about 700°F
(about 371°C), or from about 450°F (about 232°C) to about 650°F (about 343°C).
Such middle distillate feeds can include hydrotreated feedstreams, feedstreams that

have not previously been hydrotreated, and combinations thereof.

[0016] The middle distillate feeds employed herein can generally contain
significant quantities of nitrogen and sulfur impurities, in which case the process can be
employed to lower the nitrogen and/or sulfur level of the feed to that required for the
final (diesel and/or kerosene) fuel. The feeds according to the invention can contain

LA 1Y

nitrogen-containing compounds, abbreviated as “nitrogen”, “nitrogen level”, or
“nitrogen content”, and/or sulfur-containing compounds, abbreviated as “sulfur”,
“sulfur level”, or “sulfur content”. Typically, the nitrogen content of such feeds can be
from about 50 wppm to about 6000 wppm, preferably from about 50 wppm to about

2000 wppm, for example from about 50 wppm to about 1500 wppm, from about 50



3 +Ring Aromati csvol %2. 63 Col or ASTM2. 6 C oud Poi ntdeg F32 D86 | BPdeg F346
D86 5%leg F394 D86 10%leg F446 D86 30%leg F524 D86 50%leg F554 D8670%leg
F591 DB86Wosterp/d838 [ 0045] The results of the sinulati onPaerusS2@novioded in
Table 2 and Figure 1, fromwhich it can be seen that the use of color

control bed produced diesel products with |ower color ASTMvalues at the
equi val ent WABT (wei ght average bed tenperature) for the main

desul furization catal yst beds (beds 1, 2 and 3). For exanple, w thout the
color control bed, the WABT was |imted to about 780F (about 416C) to neet
t he 2.0 ASTNMpewlteababl0fwirat ifiom abpwewearrm tgsibowy 100 wppndrong gt 61 bed, t he

WABT coul d i resul t
in signifi cgﬁp ?‘?B ﬁ%b%gg?d‘gﬁ}gﬁce&{?‘é’ﬁlg%%ﬁﬁt léggf @93&%3@2 %V\'glge%tr§%gd shown
in Tabl e 1 ar bt hesg@naebatlebasiconitregep bod/echonrpagix aitpoken spesiesr Nandaditiipr t he
pilot plant gj Lons _.of l.e. 2. Vel . esul furization
Pt yot 1 B e b o RRS Saf e BN et 08 sl AL MR e '
Pt - pr onot ed aZEMndighikin O3angdisalfl yet-bdsiatitréd sgeciee hay inckldy clrbglolds andrer i zat i on

activity for ¢ rting, nornal. affjns to branched raffips, such that a
educed ol oot pRiede iRy AdruigBh el diutfuft SR S Eh AR er o
based on a o©t @ush 4poutrs0 wppeito b 40600alydut, fad2karfslb @uin ab8&E)50kaipween t he feed
and the diesegl E)g%ﬂuct. &004 %T results arg%ﬁﬁmmri ed [ n ;58@' e 3 and
Figure 2. AGaHh PYXEVRPAL FER;aBRuG 0 MRBMEY PRt MOPTHEEMERA  PPdduce | ower
col or di esehvppidb @bout &VOP PPN GoinB0R 20) &phRANGLtbubIBD hepnNGoaresAt | on of
the main desul furization catal ysts and the isonerization catalyst at higher

rel ative terpPerapyieeour 008 ypem. EYAeP 2HbyPPH tq dhout A MpPe B8 t he sane
as the isomgpdzabd Rppis & HodSI00d wvtpﬁﬁ,do&mmm \)3ppn{i‘] RA8lI2306 Hhsmexanpl e,
e

in the pilot E}Iéant si mul ati ons, properties of the feed used in this
Exanpl e ar e S¢itwhhe splfpaeandypicallybe pasent eperanticadlyi dovid bt e€olstudégnt rol , t he

reactor had rsrfglméé’azlfﬁﬂ%i@ﬁ%hiﬂehi'c,%%\é‘}omt& errc%ﬁtgﬁ's, LARART hizAld RI-SAkAalyst as

used in Exa . For the color control conditions, the reactor had two
cat al yst bedsd thadikelapd egmbisasivny thergeli AHhdexaaivallabaiod sylfus spmpaindpesd, bot h

Feed Pr oper {10 EAIP e SCURUIT A AT TR RS LR MG o' Bl ) o

60F0. 848 Totad arBidgh,as wel@s G@ggnations thereof.

[0017] Further additionally or alternately, the total aromatic content of such feeds
can be between about 5 vol% and about 30 vol%, with the 3+ ring aromatic content
generally ranging from about 0.5 wt% to about 5 wt%. Still further additionally or
alternately, the middle distillate feeds may contain significant quantities of straight
chain and/or lightly branched paraffins that can solidify at relatively high temperatures.
In such circumstances, the present process can be employed to hydroisomerize those
materials into more highly branched paraffins, e.g., thereby reducing the cloud point
and/or pour point of the feed.

[0018] In the present process the middle distillate feed and hydrogen can be
supplied to a reactor comprising one or more first catalyst beds, each containing a first
catalyst effective to desulfurize and/or isomerize the feed, and at least one second
catalyst bed downstream of the first catalyst bed(s) and containing a second catalyst
effective to remove color components in the feed. Depending on the composition of
the feed, the first catalyst bed can be operated at a temperature from about 290°C to
about 430°C, for example from about 315°C to about 400°C, such that the feed can
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Again, the results denonstrate that the inclusion of the color contro
concept can produce very |low cloud point ULSD at relatively high
tenperature, with the ULSD still nmeeting the col or specification. This
approach also allowed the unit to achieve | onger cycle I ength w thout
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to variations not necessarily illustrated herein. For this reason, then,
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LO 0 00000 @bdunx0°(to@hout @G, forrexample about 15°C to about 35°C, with a quench
medium, and then the entire cooled first liquid effluent can be cascaded to the at least
one second catalyst bed. The second catalyst bed can be operated at a temperature from
about 280°C to about 415°C, for example from about 300°C to about 400°C, such that
the first effluent can react with the hydrogen in the presence of the second catalyst to
remove color components produced in the first catalyst bed(s) and can produce a
second liquid effluent having an ASTM color of less than 2.5, for example less than
2.0. As indicated above, without being bound by theory, it is believed that the color in
the first liquid effluent can be the result of 3+ ring aromatics present in the feed and/or
generated during the desulfurization and/or isomerization step. Such 3+ ring aromatics
can be at least partially saturated (in this context, “saturated” is meant chemically by
hydrogen, not having hydrogen physically dissolved therein) during the decolorization
reaction such that the second liquid effluent can advantageously contain less than 3
vol%, for example less than 2.0 vol%, of 3+ ring aromatic compounds. The term "3+
ring aromatic compounds" as used herein means a compound that has at least 3

aromatic rings in its structure.

[0020] Generally, the quench medium used to cool the first liquid effluent can be
the second effluent and/or unreacted hydrogen gas from the decolorization reaction,
though one or more other refinery streams can be additionally or alternately used.
Typically, the hydrogen partial pressure in either or both of the first and second catalyst
beds (and/or in a reactor containing same) can be between about 400 psig (about 2.8
MPag) and about 1500 psig (about 10.3 MPag), for example between about 500 psig
(about 3.5 MPag) and about 1300 psig (about 9.0 MPag).

[0021] In a first embodiment, in which the sulfur level of the feed is at least 0.03
wt%, for example at least 0.05 wt% or at least 0.5 wt%, the/each first catalyst bed can

contain a desulfurization catalyst. Suitable desulfurization catalysts can comprise at
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least one metal/compound from Groups 8-10 of the Periodic Table of the Elements
(such as iron, cobalt, and/or nickel, preferably cobalt and/or nickel) and at least one
metal/compound from Group 6 (such as molybdenum and/or tungsten, preferably
including molybdenum), optionally but preferably on a high surface area support
material (such as alumina, silica, alumina-silica, titania, zirconia, or a combination
thereof). Typically, the reactor can contain a plurality, for example from 2 to 5, of the
first catalyst beds, which can be operated at a temperature from about 315°C to about
430°C and at an LHSV from about 0.3 hr'" to about 1.5 hr”' to produce a first liquid

effluent containing 15 wppm sulfur or less, for example 10 wppm sulfur or less.

[0022] In the first embodiment, the quenching step can be controlled to lower the
temperature of the first liquid effluent by about 17°C to about 40°C, and the entire
cooled first liquid effluent can be cascaded to a decolorization catalyst, which can
optionally but preferably be the same as the desulfurization catalyst The second
catalyst bed can typically be operated at a temperature from about 300°C to about
415°C and at an LHSV from about 4 hr'' to about 10 hr'' to produce a second effluent
having an ASTM color of less than 2.5, preferably less than 2.0, in addition to a sulfur

content of 15 wppm or less.

[0023] In a modification to the first embodiment, in which the feed can have a
cloud point of at least 5°C in addition to a sulfur level of at least 0.03 wt%, the reactor
can include a plurality of first catalyst beds connected in series, and the final first
catalyst bed in the series can contain an isomerization catalyst. Suitable isomerization
catalysts for use in this modification can include, but are not limited to, shape selective
zeolites selected from zeolite beta, ZSM-23, ZSM-48, and mixtures thereof. The
isomerization catalyst bed can typically be operated at a temperature from about 343°C
to about 430°C and at an LHSV from about 1 hr to about 4 hr! to produce a first
liquid effluent containing 15 wppm sulfur or less and typically having a cloud point
from about 10°C to about 30°C less the feed. The quenching step can then be arranged
to lower the temperature of the first liquid effluent by about 10°C to about 28°C, and
the entire cooled first liquid effluent can be cascaded to a decolorization catalyst, which

can optionally but preferably be the same as the isomerization catalyst. The second

Cl
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catalyst bed can typically be operated at a temperature from about 300°C to about
421°C and at an LHSV from about 4 hr'' to about 10 hr' to produce a second effluent
having a relatively low color (e.g., an ASTM color of less than 2.5, preferably less than
2.0), a relatively low sulfur content (e.g., 15 wppm or less, such as 10 wppm or less)

and a lower cloud point than the feed.

[0024] In another embodiment, the sulfur level of the feed can be less than 0.03
wt%, but the cloud point of the feed can be in excess of 0°C. In this embodiment,
the/each first catalyst bed can contain an isomerization catalyst, typically at least one
shape selective zeolite, e.g., selected from zeolite beta, ZSM-23, ZSM-48, and mixtures
thereof. Generally, the reactor can contain a plurality, for example from 2 to 5, of the
first catalyst beds, which can be operated at a temperature from about 285°C to about
420°C and at an LHSV from about 1 hr' to about 4 hr™" to produce a first liquid
effluent having a cloud point at least 10°C, for example from about 10°C to about

30°C, less than that of the feed.

[0025] Additionally or alternately in such an embodiment, the quenching step can
be controlled to lower the temperature of the first liquid effluent by about 10°C to about
22°C, and the entire cooled first liquid effluent can be cascaded to a second catalyst bed
containing a decolorization catalyst. Suitable decolorization catalyst can include, but
are not limited to, (a) a noble metal (e.g., platinum, palladium, rthodium, or the like, or a
combination thereof, preferably containing platinum) with MCM-41, and/or (b) at least
one Group 8-10 metal or metal compound (e.g., cobalt and/or nickel) and at least one
Group 6 metal or metal compound (e.g., molybdenum and/or tungsten) on a relatively
high surface area support material (e.g., having a BET surface area of at least 60 m*/g,
at least 75 m?/ g, at least 90 m?/ g, at least 100 m?/ g, or at least 110 m?/ g), such as
alumina, silica, alumina-silica, titania, zirconia, or a combination thereof, for example
comprising alumina. In one preferred embodiment, the decolorization catalyst can be
the same as the isomerization catalyst. The second catalyst bed can typically be
operated at a temperature from about 275°C to about 400°C and at an LHSV from
about 5 hr'' to about 15 hr'' to produce a second effluent having a cloud point at least

10°C less than that of the feed and an ASTM color of less than 2.5.
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[0026] Additionally or alternately, the present invention can include one or more

of the following embodiments.

[0027] Embodiment 1. A process for producing a diesel and/or kerosene fuel of
low color, the process comprising: (a) supplying a middle distillate feed having a first
cloud point and hydrogen to a reactor having at least one first catalyst bed containing a
first desulfurization and/or isomerization catalyst and at least one second catalyst bed
downstream of the first catalyst bed(s) and containing a decolorization catalyst; (b)
reacting the feed with the hydrogen in the presence of the first catalyst in said at least
one first catalyst bed at a temperature from about 290°C to about 430°C to produce a
first liquid effluent having a second cloud point; (¢) cooling the first liquid effluent by
about 10°C to about 40°C with a quench medium; (d) cascading the entire cooled first
liquid effluent to said at least one second catalyst bed; and (e) contacting the cooled
first liquid effluent with hydrogen in the presence of said decolorization catalyst at a
temperature of about 280°C to about 415°C to produce a second effluent having an

ASTM color of less than 2.5 and a third cloud point.

[0028] Embodiment 2. A process for producing a low color and low sulfur diesel
and/or kerosene fuel, the process comprising: (a) supplying a hydrogen and middle
distillate feed having a first cloud point and containing at least 0.03 wt% sulfur to a
reactor having at least one first catalyst bed comprising a first desulfurization catalyst
and at least one second catalyst bed downstream of the first catalyst bed(s) and
comprising a decolorization catalyst; (b) reacting the feed with hydrogen in the
presence of the first catalyst in said at least one first catalyst bed at a temperature from
about 315°C to about 430°C to produce a first liquid effluent comprising 15 wppm or
less sulfur and having a second cloud point; (¢) cooling the first liquid effluent by about
15°C to about 35°C with a quench medium; (d) cascading the entire cooled first liquid
effluent to said at least one second catalyst bed; and (e) contacting the cooled first
liquid effluent with hydrogen in the presence of said decolorization catalyst at a

temperature from about 300°C to about 415°C to produce a second effluent comprising
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15 wppm or less sulfur, having a third cloud point, and having an ASTM color of less

than 2.5.

[0029] Embodiment 2a. The process of Embodiment 1 for producing a low color
and low sulfur diesel and/or kerosene fuel, wherein the process further comprises: in
step (a) the middle distillate feed contains at least 0.03 wt% sulfur; in step (b) the first
catalyst bed is operated at a temperature from about 315°C to about 430°C thereby
producing the first liquid effluent comprising 15 wppm or less sulfur; in step (c) the
first liquid effluent is cooled by about 15°C to about 35°C with the quench medium;
and in step (e) the cooled first liquid eftluent is contacted with hydrogen in the presence
of said decolorization catalyst at a temperature from about 300°C to about 415°C to
produce a second effluent having 15 wppm or less sulfur and having an ASTM color of

less than 2.5.

[0030] Embodiment 3. A process for producing a low color diesel and/or
kerosene fuel having a low cloud point, the process comprising: (a) supplying a middle
distillate feed having a first cloud point and hydrogen to a reactor having at least one
first catalyst bed comprising a first isomerization catalyst and at least one second
catalyst bed downstream of the first catalyst bed(s) and comprising a decolorization
catalyst; (b) reacting the feed with hydrogen in the presence of the first catalyst in said
at least one first catalyst bed at a temperature from about 285°C to about 420°C to
produce a first liquid effluent having a second cloud point that is at least 10 °C less than
that of the first cloud point; (¢) cooling the first liquid effluent by about 10°C to about
20°C with a quench medium; (d) cascading the entire cooled first liquid effluent to said
at least one second catalyst bed; and (e) contacting the cooled first liquid effluent with
hydrogen in the presence of said decolorization catalyst at a temperature from about
275°C to about 400°C to produce a second effluent having a third cloud point that is at
least 10 °C less than that of the first cloud point and having an ASTM color of less than
2.5.

[0031] Embodiment 3a. The process of Embodiment 1 for producing a low color

diesel and/or kerosene fuel having a low cloud point, wherein the process further
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comprises: in step (a) the middle distillate has a first cloud point; in step (b) the first

liquid effluent has a second cloud point that is at least 10 °C less than that of the first
cloud point; in step (c) the first liquid effluent is cooled by about 10°C to about 20°C
with the quench medium; and in step (¢) the second effluent is produced having a third
cloud point that is at least 10 °C less than that of the first cloud point and has an ASTM

color of less than 2.5.

[0032] Embodiment 4. The process of any one of the previous embodiments,
wherein said reacting step (b) is conducted at a temperature from about 315°C to about
400°C and/or wherein said contacting step (e) is conducted at a temperature from about

300°C to about 400°C.

[0033] Embodiment 5. The process of any one of the previous embodiments,
wherein the hydrogen partial pressure in the reactor is between about 400 psig (about

2.8 MPag) and about 1500 psig (about 10.3 MPag).

[0034] Embodiment 6. The process of any one of the previous embodiments,
wherein the first liquid effluent is cooled in step (¢) by about 15°C to about 35°C,
and/or wherein the quench medium is the second effluent and/or unreacted hydrogen

gas from said contacting step (e).

[0035] Embodiment 7. The process of any one of the previous embodiments,
wherein said second effluent has an ASTM color of less than 2.0 and/or comprises less

than 2 vol% of 3+ ring aromatic compounds.

[0036] Embodiment 8. The process of any one of the previous embodiments,
wherein the desulfurization catalyst, the decolorization catalyst, or both comprises

nickel and molybdenum.

[0037] Embodiment 9. The process of any one of the previous embodiments,

wherein the reactor includes a plurality of first catalyst beds, and wherein at least one of
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zeolite beta, ZSM-23, ZSM-48, and mixtures thereof.

[0038] Embodiment 10. The process of any one of the previous embodiments,
wherein said reacting step (b) is conducted at an LHSV from about 0.3 hr' to about 1.5
hr'' or from about 1 hr™' to about 4 hr', and/or wherein said contacting step (e) is
conducted at an LHSV from about 5 hr™' to about 15 hr™" or from about 4 hr™' to about
10 hr'.

[0039] Embodiment 11. The process of any one of the previous embodiments,
wherein the decolorization catalyst comprises a noble metal, such as platinum, and

MCM-41.

[0040] Embodiment 12. The process of any one of the previous embodiments,

wherein the second cloud point is about 10°C to about 30°C less than the first cloud

point.
EXAMPLES
[0041] The invention will now be more particularly described with reference to

the following non-limiting Examples and the accompanying drawings.

Example 1

[0042] Example 1 was based on pilot plant data which simulated the operation of
a ~30,000 barrel/day reactor with a total of 3 catalyst beds in series in the case of
“without color control” operation. For the “color control” operation, a 4™ bed can be

added to the reactor as the “color control” bed.

[0043] A conventional NiMo/Al,O3 desulfurization catalyst was employed in each
of the first three catalyst beds using the conditions summarized in Table 2. The same

catalyst was employed in the 4™ bed in each of the runs (Runs 6 to 10 in Table 2) with
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color control operation. In each of the color control runs, the effluent from the third

desulfurization bed was quenched by about 63°F (about 35°C) before entering the inlet
of the color control bed. For these simulations, recycled hydrogen gas was used to

quench the color control bed.

[0044] The feed used for the simulation in this Example had the properties listed
in Table 1 below.

Table 1 : Feed

Volumetric Flow Rate, BBD BBL/D 30000
API Gravity 325
Total Sulfur wt% 0.33
Total Nitrogen ppm 212
Cetane Index D976-80 47.5
Cetane Index D4737 46.4
3+Ring Aromatics vol% 2.63
Color ASTM 2.6
Cloud Point deg F 32
D86 IBP deg F 346
D86 5% deg F 394
D86 10% deg F 446
D86 30% deg F 524
D86 50% deg F 554
D86 70% deg F 591
D86 90% deg F 636
[0045] The results of the simulation were provided in Table 2 and Figure 1, from

which it can be seen that the use of color control bed produced diesel products with
lower color ASTM values at the equivalent WABT (weight average bed temperature)
for the main desulfurization catalyst beds (beds 1, 2 and 3). For example, without the
color control bed, the WABT was limited to about 780°F (about 416°C) to meet the 2.0
ASTM color specification. However, using the color control bed, the WABT could be
extended to above about 800°F (about 427°C), which can result in significantly longer
cycle length.

Example 2

[0046] The same feed shown in Table 1 and the same reactor employed in

Example 1 were used for the pilot plant simulations of Example 2. However, the
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desulfurization catalyst in Bed-3 was replaced by an isomerization catalyst comprising
a Pt-promoted ZSM-48/Al,05 catalyst that had a relatively high isomerization activity
for converting normal paraffins to branched paraffins, such that a reduced cloud point
of the diesel fuels resulted. The simulations were based on a cloud point reduction of

about 32°F (about 18°C) between the feed and the diesel product.

[0047] The results are summarized in Table 3 and Figure 2. Again, the inclusion
of the color control bed can produce lower color diesel and/or can prolong the cycle
length by allowing operation of the main desulfurization catalysts and the isomerization
catalyst at higher relative temperatures. The color control bed in this Example was the

same as the isomerization catalyst in Bed-3.

Example 3

[0048] In this example, in the pilot plant simulations, the properties of the feed
used in this Example are shown in Table 4. For the conditions without color control,
the reactor had only one bed filled with the same isomerization catalyst as used in
Example 2. For the color control conditions, the reactor had two catalyst beds, namely
an isomerization bed and a color control bed, both filled with the same isomerization

catalyst used in Example 2.

Table 4 : Feed Properties For Case 3 Simulations

API Gravity 354
Specific Gravity @ 60F 0.848
Total Sulfur wt% 0.0002
Total Nitrogen ppm 1.0
Cloud Point degF 16
Total Aromatic vol% 17.46
3+Ring Aromatics vol% 2.38
D86 IBP degF 451
D86 5% deg F 457
D86 10% degF 463
D86 30% degF 503
D86 50% degF 554
D86 70% degF 612
D86 90% degF 677
D86 95% degF 689

D86 FBP deg F 699
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[0049] The results are summarized in Table 5 and Figure 3. Again, the results
demonstrate that the inclusion of the color control concept can produce very low cloud
point ULSD at relatively high temperature, with the ULSD still meeting the color
specification. This approach also allowed the unit to achieve longer cycle length
without encountering color issues.

[0050] While the present invention has been described and illustrated by reference
to particular embodiments, those of ordinary skill in the art will appreciate that the
invention lends itself to variations not necessarily illustrated herein. For this reason,
then, reference should be made solely to the appended claims for purposes of

determining the true scope of the present invention.
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CLAIMS:

1. A process for producing a diesel and/or kerosene fuel of low color,
the process comprising;:

(a) supplying a middle distillate feed and hydrogen to a reactor
having at least one first catalyst bed containing a first desulfurization and/or
isomerization catalyst and at least one second catalyst bed downstream of the first
catalyst bed(s) and containing a decolorization catalyst;

(b) reacting the feed with the hydrogen in the presence of the first
catalyst in said at least one first catalyst bed at a temperature from about 290°C to
about 430°C to produce a first liquid effluent;

(¢) cooling the first liquid effluent by about 10°C to about 40°C with
a quench medium;

(d) cascading the entire cooled first liquid effluent to said at least
one second catalyst bed; and

(e) contacting the cooled first liquid effluent with hydrogen in the
presence of said decolorization catalyst at a temperature of about 280°C to about 415°C

to produce a second eftluent having an ASTM color of less than 2.5.

2. The process of claim 1, wherein said reacting step (b) is conducted at

a temperature from about 315°C to about 400°C.

3. The process of claim 1, wherein the hydrogen partial pressure in the
reactor is between about 400 psig (about 2.8 MPag) and about 1500 psig (about 10.3
MPag).

4. The process of claim 1, wherein the first liquid effluent is cooled in

step (c) by about 15°C to about 35°C.

5. The process of claim 1, wherein the quench medium is the second

effluent and/or unreacted hydrogen gas from said contacting step (e).
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di esel and/or kerosene fuel of Iom/cégof, t he process conpri sing:

(a) supplying a mddle distillate feed and hydrogen to a reactor having at

| east one first catal yst bed containing a first desul furization and/or

i soneri zation catal?stThﬂﬂ“@@Bpéd@ﬂfbN%e@évﬁhuméﬁﬂégw§m(@éﬂﬂuﬂmﬁgirean1of

the first c L decol ori zation catal yst;
2 EP B BRSPS !

(b) reacting e rogen in the presence of the first
catalyst in said at | east one first catalyst bed at a tenperature from

(c) cooling the tirdt RebRGRSPEHER & hkilald b8 FlbitEEs 252, 1

guench medi aaotpr of less than 2.0. (d) cascading the entire cooled first liquid
effluent to said at | east one second catal yst bed; and (e)
contacting the cooled first liquid effluent with hydrogen in the presence
of said decol ori zat 8on Thapmkass bf diimal , tvbeRear atdseeondfeffalkotton280Gst 0 about
415C to prog§p% aw§eg?nd ef fl uent havi pg an ASTM col or of |ess than 2.5.

2. The proc&¥8 “9P"e P57 T™ME QRBY LN PERIEG r eacting step (b) is conducted at a
tenperature from about 315C to about 400C. 3. The process of claim

1, wherein the hydrogen partial pressure in the reactor is between about
400 psig (about 2.87MPady Pres abdu b stierepsthg Plostss dirthepcomnysssy) .

4. Th f j i i i LM i l ed i
3 he process of oA phEIELAHNR fd Shulh etk 805 LWugtkicds cooled i

in step (b) the first catalyst bed is operated at a temperature from about
315°C to about 430°C thereby producing the first liquid effluent comprising 15 wppm
or less sulfur;

in step (c) the first liquid effluent is cooled by about 15°C to about 35°C
with the quench medium; and

in step (e) the cooled first liquid effluent is contacted with hydrogen in the
presence of said decolorization catalyst at a temperature from about 300°C to about
415°C to produce a second effluent having 15 wppm or less sulfur and having an

ASTM color of less than 2.5.

10. The process of claim 9, wherein the desulfurization catalyst comprises

nickel and molybdenum.

11. The process of claim 9, wherein the hydrogen partial pressure in the
reactor is between about 400 psig (about 2.8 MPag) and about 1500 psig (about 10.3
MPag).

12. The process of claim 9, wherein said reacting step (b) is conducted at

an LHSV from about 0.3 hr'! to about 1.5 hr.



5. The process of claim1, wherein the quench nediumis the second effl uent
and/ or unreacted hydrogen gas fromsaid contacting step (e). -21-

6. The prwoesw/mBie8l aim 1, wherein said contacting stepPCE)US2&l1oavduct ed at
a tenperature from about 300C to about 400C. 7. The process of
claim1, wherein said second effluent,has an ASTM col or of less than 2.0.

8. The process of claim1, wherein said second effluent contains | ess than
2 vol % of 3+ ring aromatic conpounds. 9. The process of claim1, wherein
the process further conprises: in step (a) the mddle distillate feed
contains at |east 0193Tae ptosess phielaini h wewm thpjuanplempdipritis hasesioydt bed is
operated at fir 0, t t C thereby producing
the first | F%&F‘?@@?ﬁ%ﬁaﬁt@% BoRd ‘%‘té f‘%‘%\%ﬁﬁ%mgg‘ﬁ’l%es’tseg% ul fur: in
step (c) the first liquid effluent is cooled by about 15C to about 35C with
t he quench nedi um d I h | ed fi.. l.iqujd
effluent is contactgg &P%Rﬂﬁv%nggﬁﬁ%ﬁg?%gh%%%ggﬁgggggmégpgE%@%%%%rization
cat al yst at asantlgiié framuabeutfirlotniedbout 10300C t o about 415C to produce a second
ef fluent having 15 wppm or |ess sul fur and having an ASTM col or of |ess
than 2.5. 10. The process of claim9, wherein the desul furization
catal yst conprises mj.chat p@oes 6D¢yib0E Mhbicin the decolorizatibh.catdlyet jompaiess of
claim9, wherein %he hédrogen partial pressure in the reactor is between
about 400 pgpgdﬁﬁ BGIYbeMypag) and about 1500 psig (about 10.3 MPag).

12. The process of claim9, wherein said reacting step (b) is conducted at
an LHSV from about 0,3 hr-1 to about 1.5 hr-1. - 22 - _ . 13. The
process of claim 9, !whdPepPiecesnel dugnt whssd tirderdor Reludssadhyaldy of isht  and/ or
unreact ed hyghiQgeRdgasd VLo saksht 6QYragH iiRg cHAIOR bE& comprises an 14. The
process of claim9, wherein said contacting step (e) is conducted at an
LHSV from abwowerigtigp catalyy. about 10 hr- 1. 15. The process of
claim9, wherein the decolorization catalyst conprises nickel and

nmol ybdenum 16. The process of claim9, wherein the reactor

i ncl udes a plurality7-offh¢ proggss ebelainyy wherdis, thainemeitvetian qatadyst isgelsetedone of
said first e i i r kO

17. The pro%@ggh%%%gggﬂﬁﬁﬁg% ﬁ%@?gFﬁatEéggggﬁéﬁggﬁﬁggﬁb@%¥ae??f is selected
fromthe group consisting of zeolite beta, ZSM 23, ZSM 48, and m xtures

t her eof . . | ai . r.ed i d effluent
has an ASTM col or o#glggg&?%%ggga%?gi“%e%nﬂ%%se¥%ﬁeﬁh%ngg%g%§§$o claim?9,
wher ei n sai dolsecfded tlehf2lQuent contains | ess than 2 vol % of 3+ ring aromatic
conpounds. 20. The process of claim1, wherein the process further
conprises: in step (a) the mddle distillate has a first cloud point;

in step (b) the firg$9. [Thgpiodesedf dlniend, whasiresaiiecand céfhenicbopaindtest hat i s at

| east 10 C |l ess than.that of the first cloud point; in step (c)
the first |i“2ﬁ‘ﬂi%°%f’f%%ﬂ?g Frgmalic GO Ol Sahout 10C to about 20C with the
guench medi um and in step (e) the second effluent is produced

having a third cloud point that is at |east 10 C |less than that of the
first cloud point ar®t HAsPIResASTfigL) ghersi thprwcesp fjthor epmprises:

in step (a) the middle distillate has a first cloud point;

in step (b) the first liquid effluent has a second cloud point that is at least
10 °C less than that of the first cloud point;

in step (c) the first liquid effluent is cooled by about 10°C to about 20°C
with the quench medium; and

in step (e) the second effluent is produced having a third cloud point that is
at least 10 °C less than that of the first cloud point and has an ASTM color of less than
2.5.



-23- 21. The process of claim 20, wherein the isonerization
catalyst is selected fromthe group consisting of zeolite beta, ZSM 23,

ZSM 48, am0 2oi2asre8s t her eof 22. The process etCTalSa0umio2m99 wher ei n
t he hydrogen partial pressure in the reactor is between about 500 psig
(about 3.4 MPag) and about 1300 psi g_%?bout 9.0 MPag). 23. The
process of claim 20, wherein said reatting step (b) is conducted at an LHSV
fromabout 1 hr-1 to about 4 hr-1. 24. The process of claim 20,
wherein the quench mediumis the second effluent and/or unreacted hydrogen
gas from said cont aét.i d§e ptoegss pEylaim 20, wherein thoiSomTivatigy etadssisgéleetedai m 20,
wher ei n sai ongly - bout 5 hr-1
t o about 15%089[%&&% 515 Q&Sﬁﬁﬁgo %f(bzgghltﬁget%r oceggse%%ﬁ t4fg %}{re\%\%}%@g?n t he

decol ori zati on catal yst corrprl ses a nobl e netal and MCM 41. 27.
The process of claimp?2

28. The process of g% Q”he Eﬁ)ges V\:ﬁp cll:nm‘r?;ZO,E1 hlle%ergmr{ﬁe &/dr(ig%rrrg hgl %efsgurg'in
about 30C | esstot ha)ﬁmtemalfdut 800 wigaebupdUMIPag) and about 1300 p51g (about 9.0

MPag).

tgout 10C to

23. The process of claim 20, wherein said reacting step (b) is conducted at

an LHSV from about 1 hr'! to about 4 hr™'.

24. The process of claim 20, wherein the quench medium is the second

effluent and/or unreacted hydrogen gas from said contacting step (e).

25. The process of claim 20, wherein said contacting step (e) is conducted

at an LHSV from about 5 hr'! to about 15 hr'.

26. The process of claim 20, wherein the decolorization catalyst

comprises a noble metal and MCM-41,
27. The process of claim 26, wherein the noble metal comprises platinum.

28. The process of claim 20, wherein the second cloud point is about

10°C to about 30°C less than the first cloud point.



