; @ABCDEe3ex5x2rrsvZw86nTO METHOD FOR MANUFACTURI NG CLEANER FUELS FI ELD OF
THE | NVENTION 5 The present invention relates, in general, to a nethod for

manuf act ur iwg opgByganer fuel and, nore particularly, to the #ﬁmﬁéﬂ’@%'
edst ock’s '

NPC (Natural Polar Conpounds) from pet carbon fe
ranging, in boiling point, from 110 t m Mﬂl“ m “”deance o?f@ 12 a2 c
hydr opr ocessi ng process. The renoval o kgproves the effficiency of the

catal ytic process and produces envi ronnment al’ y 10 favorabl e petrol eum
products, especially diesel fuel with a sulfur content of below 50 ppm (w)

by deep hydrodesu ' i “ ' ty ts the
usage of such NPC'T0O |%%@$Wﬁﬁm@%@%§Pﬂ OR ART
15 The ever-worseni ng environnental pollution problem especially, air

qgqual ity degradation, has brought stringent environnment regulatory policies
t hr oughout tHELRbOFATHEINVENEONed countries are inposing tight quality
regul ations upon transportation fuels. O such fuels, diesel fuel is
considered to be a 20 maj or contributor of such harnful pollutants as SQox,

NOx and BM (parti . S e I r are
bei ng ap§| ied to ﬂ%@ﬁs%éfn{{nﬁwirﬁ@%g,ﬂ&#e&iga‘égo %&%ﬁhdi}ogﬁi@lﬁkﬁgﬁgﬁs as
sul fur cont edléanenr fuRhtinds moret pakticulelyy aboti! iréhov¢alNbE MNPCC ENafuealN PERET )
T95 (95% distillation tenperature), density and viscosity are known to

af f ect gener@empoungds) fiom petroieune hydronarbion &dedstocks rapging) inboiliag poimt,cnomhas
becone the t cr§i66jgcal i,ssue hecause it forns syl fur dioxide when

conbust ed. FIA% He i edvanicepf & gatplytic ydrapdecessing pracesy Lamvemeval afo

The ot | et &;imiith e théeflhicHBly RAYAS caralBiErocks HREbAECAUViroRtehtifly' ©
PC'1' | KRA9! OfI3fible PethRurd Qpadiuts, kbpechutytdibsel gl GRS SHRBNIPSE Belbwur

di oxi de and sul fate harm autonobil e em ssion after-treatnent devices by
poi soni ng t ha0 ppm @vtiby seep hydnodesulfuripation Alsopthepresent invantiopsupgests the

manuf acturers_have cl.ai th t he | fur content of diesel fuel should be
reduced to bgfa&%ogaugbw&“m?%}vet %iﬁ'khrhcéw di esel engines to 5 neet the
future tail pipe em ssion regulations. Consequently, a ULSD (ultra | ow

sul fur diesel) market is now energing, especially in Wstern Europe.
Eventual | y, DESCRIPINONLOE THEHEBIQGR ART r epl ace t he conventional 500 ppm

sul fur djgsel fuel market. In keeping up with the tightening regul ations,
oi |l conpani es have been 10 nmaking |arge investnents to produce

envi ronment - fri endlpped 8y eGHENRE Obtiohmenf BIRITIINC pribleit Vedpebially st | NG
facilities or installing new protesses. From an econopmc st andpoi nt)
however, nei ighalitye xdegtadatiomorhanebtongticvsatiogantl pnvicassas régulatbey poljsiesr to

b i I f i bl th t i t t f .petrol
be SOnOM ¢l LRSS T VD ab S, Rk eSS B RN ope
have 1 S i ”p'rggﬁgﬁd@ﬁtquﬁ'tfﬁg%d@%ﬁ Itds, FO¥ dubh B5e1$ WidkePhuel f?é:dn%%f@&'et?b?)am

whi ch rei nmbur na sts Incurred I n prdduci ng cleaner

HDS ( Hydrodesidjbt icoafibutor) ofpsuehelstmifisl pelhitart® AR WOy, NOxdadd PM (paticalatd ur
content fromdiesel fuel by converting sul fur conpounds int qahrxdrogen
sul fide. In trnastersy £he grgt Severefegylpsonystandacds are dempapplieto dieseld fuplss a

P som by oul £ur A0 i dESe? BRI sBAcRR R Gng b B MOmUES cBUBRS oo
devel oped antyAparbinatied esad, t&hind fithbér T9% (Qgﬁ %ktgn;]a&m@%eﬂtd:e),tmsi%yd

-1960' s. Nowadays, nost refineries are equipp HDS processes) a
statistics shandsvisdoaity arerkro®dvito affiect genietation pf thiet aforzmentionakcpodlutants, [s@fut-D5
processes in the world amounted to 21 % of 25 that of the crude

di stillat3%n ¢aitens hagchegowe theanasberitieal dmediscauser & formys selfurgdixide when
LTI o e SRl Bt BRI ST B N et bR Rl BEGGAL" ©

which, with moisture, forms PM. Besides contributing to the formation of PM,

R
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2 6 NOV 202 nodi fication. Generall y" whén the process variables are
properly nodified and suitable Catal ysts are sel ected, dies |l wth 0.1
wei ght per‘U@ﬁP"?ﬁ‘ssulfur can be produced. In order to reducgbpkg{%g’ﬂﬁzér
content bel ow 50 ppm) however, innovative inprovenent in t%érs f th
foll ow ng operating paraneters is required: catalyst 5 acti twvr tion

t enperature, bed vol une and hydrogem-parti al préssure’ Catalyst activity
has been doubl ed since the first generation LGO HDS catal yst was introduced
in the |ate 1960s. However, the activity has to be further inproved to
attai n deepulfiiScomainieg cempbends! such BresulfidPidkide ARG sGifechdif fitBufodileef er
to hydrodesul furization rates greater than 95% An inproved activity) by a
10 factor @miskicn aftemireatmant devidestbyqfoisoningf the adbleawsaldatatyste thiepdigst ; i s
required to reduce th? sul fur, content from 2,000 ppmto 500 ppm and an

i nprovenent in adigepntly aylomobilecmanufaetuters Bavesclaimedethat the sulfiamcamentsd ppm

| evel . Thi sy t I I act \Vd.ty is dr ticall

mpr oved, | iEehfre By £3eca1S R 36 et k) Sob sk he R GBnehoe mus:
be decr sasafledtahaciinfe Qaillpaie ElRsiohOreghlafiohd) CCoMEHIRNAY 12 VRSBt fow
catal ysts are getting nore and nore expensive because  of the increase in

t he anount suifur dpeselnmarkgt ienowsemergingy espdciallynia Westatn EuropanBventeally,

sophi sti cat ed dj fication qf support structure ile catglyst ljfetime is
reduced to Wb%gisoprecwg |'t9n5q%?%°3t gqeygqnggntggx)alr gﬁbtﬁ% %@Hﬂidﬂ‘?“ﬁL@“det
severe. Rea,%}‘ﬁ%g tenperatures may be increased to reduce the sul fur
content. . wever, since nbst HDS processes were designed for a 0.2%
sul fur level) theld kegping vpnerith e riginéning eaguifionde o AONFanlks chaveeklieng t he

design limts. In addition, increase in tenperature results in product

col or déyr amakingrargedinyestmentsdoipsedyas enyiranment-friendly petroldum peasiuctsirfory
refiners opted to '})nstall addi t.i onalf react ors tmg.meet t he 25 regul atory

st andar ds bg’ﬁaﬂfb% Y ISYRMREE; GIHNE, %ﬁ'ﬁ%?se%w ling,ingh: PEReSEsEY EIW Mch.
However, onkdordniit Rtdn@psintlMRwe0tr, heRdrWxfitiig hoP Re WV eRPed PRt ebdas tRuseXi St
space , , , limtations, pressure drop conSiderations across reactors, and

huge capi t afarappear tbdre edononiCalp f@sS undhdthe amednt peeestosctura ol petrolenmssor s.

PCTI KR99/ 00338, 2 ~_~o~r. 20Q2 I ncreasi ng the pressure ,of_reactors )
ment i oned pPERAUSHsTherefers &eﬂé“’%gﬁéqs and a?q“\‘/‘g!”\’%twesttﬂété)‘EQ a¥&st s
for hi r L 3 SN ex,al r

Si ani 1 5ot (P ittt ShAHeD-inGRFRE BOREIeS ) sl (B0 1R heBfifleel MHIEH FEinuRE

Besi des sul fadditional ¢tats ihcureediagmodlicingitleshenigilhier t he aromatics content
shoul d be a part of the quality standards of diesel fuel. Nevertheless,
aut onot i ve di esel AnEDS (fydrodésliurigation) preesss isnmod commandy ysedriontedues ur ed

d sold ienal Ly | Jni St at T t
aromatic conpiingotterh A Bl ek EhyaRer AP Cohiotndf o RydBhdl 0 °
with nobl e rsaifle. Bt i@t 1DS0BNthe DB HiroCess S §HEst ditradusad 4d'E prRASAMment of

noticeably. In addition, the use of noble nmetal catalysts requires an
addi ti 028 HBghthaoteformingeprogessysinhe catalpsty twerehpronet toe poisoming r by swlur n

order to prevent syl fur apd nitro onpounds, fraqm deact,i vating t

chtal ysts Eeroutle Saedfien! ver R TIRSCBEERTraye det SRECIOHER lfes BRS e
to produce GlBaRs Tor LGP (lighi%as ofl) Qphdred iV theCrIBY s Mopaldhyy, ni3el réfireRRs | C
conpounds) only a few of themare commercially available,” and they can be
cat egori zed aratequigped§ oithoHD$g ptduessesgand statisfics sliows timt,ein 4994, pthecesis i n
whi ch HDS (hydr Q-dezul furi za'm.'on and HDA 20 (hydro-dearomatizati og) are
acconpl i shedCapasity of kernsens a &@M@quewewhweﬂdr@wn@d tr25%uok with
a ni ckel; ol ybdenum base alyst' of high activity in a single reactor.
The proc?esss SOMﬂﬁ@&RW&&F? used because hi gh tenperature and high

pressure faci |11 eRgan 0GP URCHIN hodield bNeAAF SO uta By AN drE AR Y

increa_ses t he invest_ nt cost and sti canno ve sirab
aromati cs 25}icenmsud pocessesplml most of related patents pertain to catalyst preparation and




A second process utilizes two reactors placed in series. Deep HDS is
achieved in the front reactor while the rear reactor charg j §b bl e
metal 4 WQ&6BAE7345 PCTI KRI9/ 00338 2 fi N O V 2002 cat aw,d‘ é@ﬁ?@s
aromati ¢ conmpounds, The process is usually constructed by adc&n%ya R&W Ti DA
unit in the rear of the existing HDS unit. HDA conversion r3te N 2
significantly inproved conpared to the stand-al one HDA unit. However,

i nvest ment cost and operation cost also increase significantly. 5 Third,
there is the Syn-Sat process in which HDS and HDA are conducted at a high
ef fi ci ency nindificationz iGeneradiyn wheautheepiiocéss ovariablea aviengtoperlg ambdified Thrd

Syn- Sat process enabl es hi gﬂgr conversion rate than any other processes,
and t he pr8eitahle satalysts ars sglested, diaselofhel with ol weight nescent obsulfisrcesssbes.
Yet, the n- Sat ocess, sti,l | requises significant amunt of .investment
cost as we r°(§§°$gr8r ﬁfrotr? reduce %%B%{)&‘Fﬁﬂ‘?tbﬁi%{ggﬁ PRBs NoWSUers o vatiye
addition, ¢ i r i J L IS4l iJg£d SO
That the HRPycfenf Mt SORC MOuiR ofThiid DhrsRRAas I Fhaliea EpAlF
conpoungls. aégvibyredttiohesmperatuny,etivolimie anddndespea paittdtprésgure GO have

technical limtations whi|e breakthroughs in catalyst activity have not
been realized. 1% atdystescsivity hast heansdenbledgsinre the st gensmtionckeO HR%ad of

LGO, or using,innovative reactjo a Y are heing. studi ed .an racticed
i wanut actAIY YAscibu Ao el 1SR R it e A B sl S Bittet Voo
(Vacuum Gagpfa i3S HE9 [ ' S very
hi gh sul fu?n@éé]‘%egndta %n %Ieé[pl’ ogentggéigg%%véh%%g %??gaﬁ%%‘%&ﬁg@%g?acki ng
reacti ons aeferaerhydrodesulfusizationoratésagreater dano? 3846 aAnhimprovedraetivity by and

‘hi gh pressure. Kerosene and di esel ‘gi stillates obtajned from hydrocracking

are nedPly factor @f 3¢% compatrddgthal of e dirstasaerahonartalysh dnirauied 1R 86ANSEed t o
that of the,.pr e . -

Vi scosity o?’gtsﬁgafé%‘ééﬁtﬁee*rgéaggﬁ%ﬁE@?ﬁé‘f%‘%ﬁ:ﬁs@%ﬁgﬁ%@l@g 6@%3,{ he 25
i nvest nent fagedr dfS1RbN@sicelied €8 readiEthe PP leheln Thigimeahs ek vaidéssothel deep
HDS processes. Another process suggested Is to polymerize natural gas to
produce a deasslyst tivityis domgtically ragyoned shomagser of reactnoume e ingreased| at e

h Shel|'s middle distill i.s ( SVDS ..l n.the SVDS
or oceos, naPtifh chaske Fat aii e ucbreatih vE Bieys afeR s 16, maked e Brops
reactiofy t(Risel thelQRRYHPaR gEMiNgBiore ald ROrd pehfive!beclise sfihedhérede it €S

free of sulfur and aromatic conpounds. However) since the feed is fairly
expensi ve) tedamounteoft impregnatesk mietals employied iretheccatalysts tand dhe sophisticatedhi gh

i nvestment cos}.isS, needed. Consequent]y, it is. di.fficult far t, of
refiners toMARGGAHORPIUPRBH; Sé%’lcg'ﬁﬁ-_n\é““%(‘t cﬁﬁwgslé‘df'ﬂ\é’y‘sﬁég'éuakf@inpiﬁ“g ?f_at ur al
gas 1 el d aggndifiohR datdlyhed] a6 PENCADA cORLiREMGRESVARAT [ he natural ‘gas field.
Recently, a new technology using a bio-catalyst, referred to as 10

bi odesul f uri zat i oiRepttime sanpeératurexd amayd by dharpasedtto Ratyee dthe sudfus upptemtent ary

for HDS processes, hiodesul furization selecti ‘vel% renoyves thﬁz‘&r efractory
sul fur @npdipwever inee, mask HDS mrogesses: were desigaed, for: 8 {7t subtvg) leyghsthe

However, it 4 i frd j : yet
nave. the suf PibERRd BheaiBh i B 3ERIy exbodity N8 AL IF BafiRbony 1,
appl i cabl e figéregdel in RimpeRatuRs reSORE Gn Iprodiit ¢0to? CdlgPadatien tafidtr Sreditioneiti 1 ed.
Bi odesul furization al so generates byproducts such as phenols. U S. Pat.

No. 5, 454, 93dtalystdifeses an adsorption process to produce sul furfree diesel
fuel b [ I ds. f H ) S:t ted,LGO st it
using the sim | ar L8 A3Eh GRS, ferei SR i nsilcadiiiciah iRy S et 8RS f 1 om
20 t hat t \ i I i I : J [ 1 f

sul fur 23paSFuacry SEhARAE bEOUEE i Bemkd ed B siplpfe by SEREwAN SRR

of the HDS uHbivevetdenlyPd fifiile nufmb@f Be Féctors Sark b widddobaauieheieccdiistspate
removi ng the sul fur conmpounds from a petrol eum hydrocarbon stream Sul fur

conmpounds halimitationse prassure(dyop sonsiderationsiageoss meastors cendchugetoapital rcosts foxygen
conpounds, and an adsorbent which can adsorb as rnuch sul fur conpounds as

0. 05% of feedstock is difficult to conme by. Activated carbon usually tends
to gradually lose its adsorption 6 .. . WD 99/ 67345 PCT/ KR99100338 2 ~ ~
0'r 2002 effectiveness as desorption is rkpeatedly perforned. Therefore, to
mai ntai n sul fur renoval rate) the adsorbent nust be regenerated nore
frequently. This will) however, result in yield | oss and increased
operation cost with | ess amobunt of feedstock treated and nore anount of

sol vent spent in an operation cycle. 5 Since the disclosed invention of U
S. Pat. No. 5,454,933 does not indicate




whet her sulfur renpval rate is maintained, a series of experinents was
performed by using activated carbon) having simlar physical properties to
that used WO67T¥S pPat. No. 5,454,933; it was reveal ed thatP€ 9/0038pv al
rate was not satisfactory, the sulfur renoval rate decrease&é q szo%ti on
was repeated, and the generation of 10 desorption extract) Mra ct,
was excessive. Results of the experinents are tabulated in Conparative
Exanple 18 below. U S. Pat. No. 5,730,860 discloses a technique in which
the limt.in producing gasoline products 30 ppm (w) or less in sulfur

cont ent carhdaﬁidmpfﬁemsgﬁumgmgsd;gnventi onal hydroprocessi ng process.
According to this technique, 15 hydrocarbons with high concentrations of
sul fur, nitrogen Inorkasingothe preshuve nafSreattors, easamphtionedeprenivualy, couldde
nitrile and peroxide, exenplified by fluidized catalytic cracking (FCQO
gasol i ne, aanether aftemativeqYeladhe revanir ensticfor high presaue serciprsncompreasars

- fluidizi [ d, the ad i
¢ egenor at o880 GeaR sRERBaPls AR SRREERNCREN PR REORER ¥ A Rces o1 ca
wi th 20 shet &f@ampiBRMFeases subj ected to HDS. But this technique has the

limtation that It can't be applied to a hydrocarbon stream having a
boi l i ng range of BéSid& sulfuri ghbas ldng bekli disputed svhether tthe abgmaticsd cotent

roduced i n the above prqcess st be treated in the diesel HDS process
the desul f ushoslt P B@?F‘) Pgﬁﬁ%ﬂ&g}{%ﬂéﬁl%@# &w‘é&ﬂd?‘{%ﬁbelm ab@eﬂ@@@t i 3/el y
affected. T f ot J i i i r i

current si t@ggﬁqgg&gﬁgﬂgﬁnwﬁ{&ﬁ%ﬁ: %v%{egﬁp'%ar gﬁi%@gﬁut’g%gﬁdasso?% r‘%ﬁg&bar%@duced
concur rent | jn \thd lUsieaPIStates aBdS NbetherrDiBuréjiec SR sammiewztramm&cmﬂl\%ﬂ/um&,epar ed

by fornulating existing oil 7 WD 99167345 PCT/ KR99/ 00338 2 6 2002
'product ¥ wi howeves, ailarge amaouat tof diyfiragen ps necessary with sohdemetalf catalysts, a6l %
T

were found to produce pollutants at a significantly reduced anmpoynt. ese
bi o di osel SR COBSUTPtN, alsp dncreasss dloBeably. A aditibp, the e o{BpblE mheta
countries ri i i : gwgt s ol @i L m., SO
they are suégtgyts%d@tggirgééhé g?%llog% g at E'%O‘ﬁgﬁgﬁ gcrfegtlj t&gfd(agqg%\:iﬁ h %x‘&?/ie%ﬁ‘i%%
convent i onalprebess i otdee|te. prevert sutfuc and nithsgeaveampouhds €roins dedctivatingishel a

significant problemin storage stability. As explained above) various
attenpts hafdtahistn nade to produce cleaner oils, but they are either

e 1LY 101 00 G Al Skl PR ISAOA o BELE”

{
l[imtations. 10 The i nténs researc manuf gct ure of

cl eaner f uelgeanefdieséldhuelytfrdiiy GO by remoNing sufaNamd arbmatis binpduhds, oAty a
finding that the pretreatment of LGO with such well known techni ques as

adsor pti on dewsof vhem argtqommexsiallypayailable, andrthay canpheogetggorizedybnto ithe HDS
per f or mance g t he @gt alr§s s used in a deep HDS zone. GO fractions renoved
during the p’?’ PV TRCT: BTEY sp of the present invention are 15 conposed of
various kinds of qEpROHRES isha\iroeess i it SIDS (fdrérdesutfuri2atiody¥dd HDA
(napht henic acids), -OH (phenols), -N(pyridines) and -NH (pyrroles), and
sul f ur c@6t ai (hiydp-dearpmatizition) erenagchinglishedsimultinepusly bodert #bighttemperafure

O P SR Y Tl A kS BRACREAG B 1 9
benzocar bazoligal e} Se 1RYEA0 el BAUPSN BEALS AR 1cAfgrans
n ver t S

t et rahydr oqui i nes. ough saturated and’ aromati c coifpoun are al so
cont ai ned i nartchﬁ?\ fpresstieo fevilitidsp togandri oith ariowc prceniny irated stpnifichdyi vel y
hi gh polarities due to the high concentration of polar organic conpounds as
descri bed abingeeassudhe pavestmertnmsostnand estills cannptt achieye anpdesirableoaramatics i n

petr ol eui? hydr ocar,bon. Therefore, these polar organi c conpounds are defined
25 her ei4? as MPEYMRINf-al Pol ar Conpounds) so as not to be confused with

SyRLhel | c polar CORPIUON) prbielh BRIRORRS Tellh IES iR serleSTDEE) DS 1 N

| i ke. Depending on the crude oil sources, Visco and pretreatnment of the
8 WD 991 693dhievdTiKiRO {1006 3€actorbwhil®'the 764 redétsi chdrgéd with\NEGioble enetal

di fferent physical properties and conposition. Being alnost electrically
neutral, the NPC separated from LGO can be grouped into acidic, basic and
neutral conpounds. Al though NPC content becones higher in petrol eum
products with higher 5 boiling points, NP exists in relatively smal
guantities) so that the renoval of the conpounds has little influence on
the physical and chenical properties of the remaining fraction, such as,
for exanple, viscosity range and the content of sulfur and aromatic
conpounds. Therefore, NPC do not harm catal ysts or catal ytic processes
unl i ke byproducts or inpurities. NPC have not burdened the achi evenent 10
of the sulfur conversion target of the HDS process even though NPC have
relatively



hi gh polarities and densities conpared to the distillates that NPC derive
from However, it was found by the present invention that even snall
quantiti esvOf9sP3Shave a significantly negative effect upoPGIHERINAIBocess
in the deep desul furization zone, which can be achieved only if such
conpounds as 15 di benzot hi ophene (DBT) and 4, 6-di met hyl di b@h§ NV ogggene
(4, 6-D1VJ1DBT) are converted. Consequently, the present inventors conducted
extensive research on renoval of NPC) and it is found that such well-known
t echnol ogi es as adsorption and sol vent extraction can be used as an

ef fective Ra@iystGRNTERS arom@Rd f&ﬁﬂ&ﬁ&s. The emst%\y;gx?yo gg%ggdﬁdggga(}g{agf uel s.

20 To renove Ipurities or polar conpounds from ion or
sol vent extar newi MDAhaait iacthe westebf/ thesedsting” HDSY anig. HD® . convérsionaratess U. S.
Pat. No. 5,300,218 discloses the use of an optinmal adsorbent such as a
carbon ol éignificantlyimproved compseraditg the wand-alone MDA uniti Howevarcinvastment, S.

Pat. No. 4,912 873 also disqloses an.ad?ong ion process that treats diesel
fuel and j &OSt4d ORFratipnLostlyencresse SBURIRAMY. i i ni ze col oration and filter

Coopd! 8 Pr oY ST IhR MEE id el \ynCit MGoelDriblch FBRTING HBA 4 SoRBLUERT

resin are not effectrve in achi‘evin Icla renova nd are
t 00 expensiate ligh bffidiery Bouthizimdcounterdirren0flowvlin aiggle #éactor. The Syn=Sat. WO
99/ 67345 PCT/ KR991 00338 2 6 NOV 2002 invention. Mreover, the application
ranges of tprecesardpablesdiighen|convessipn datecthap any rether rproresses; andithe greeessf r om
that of the present inventiogj which is related to &he Lnggov ment of the
catal ytic aeé:f’inei“t“if told Wﬁl?%rp O&v&-gtm%.re m‘bé’mcﬁfs(fﬁ'm &hd ?) YPoh ATPeEes

manuf act ur i il REQARSSSignificaitdablt of IMARIéN WIsPERSHRA hdlkPemtiBRi Ebgant
portions, and protecting the catalysts from permanent perfornmance loss is
an i npdit ancorpared .to Tdeepr B proressean bnaddition,oclost adtehtien regardipgt BIDA

by-products and/or .inpurjties origjnated fromforner stages or feedstock,
various pr e%*gléiﬁ‘rﬂqﬁ°“bﬁ‘ﬂ)t§e'§§‘é‘§°da§°gi‘b‘e‘§‘ﬁgﬂ?§ X StEcRm ﬂ\%ﬁ’d‘gé’ﬁdﬁmﬁrtgﬂ‘ a8t ment
processes, LG 0N or solvent extraction are comonly 10
appl i ed theﬁé?3§h£§§w®§f@g§§@%%%5 i ncl ude nechanical filters preventing
accunul ati on of mAGr fofedPabicve] @BnventiGAALS protessds tdating OLGON hakie riectpslt heni ¢

acids in raw materials are neutralized and extracted to protect basic
cat al ysts i Hmitatione rwhile rbreakibroughyi inncatalysty acévite | hayec spuheen heralizedor bs

The | softor  EeSFe, st bSimaTEL-2R, FAER WBLLGOEGO. oritingdnhotalive | .
danmagi ng t heedefibalpafiveaysird Rkigestedive ah@%ﬁ@ﬁ@éﬂ omaksfabndiapelaner diesel

pretreatnment techniques for renoving such inpurities) as representatively
di sclosed i fuel. S. Pat. No. 5, S16,963) 5,336,834, 5,264,187, 5,271, 834,

5,120,881, 5,082,987, 4. 795 545 and 4,40 Ho th | i j
ranges of these, a'fygr?ggf}gp%gkocggsgﬁdlsm%ggg@acgp%ﬁgé Q 'be‘ﬁg?%ﬁf?gi‘jﬁgfg
different froembif} sidh MdehddsC SRtk VOOERAS Pdty High SulfiRiconid afd Htogéhl)

n .
4,343, 693 and 4?2@%,694 pertain to adsorptioh tgchnlques for preventling
wat er, 2edi menipouad doattdt, tHDS sanfl rhydrarsackinggredetpmsiare icarrredt dw rin dwe-stags prrent

25U, "% paresdprs af bRy aweanLe bk bk, PARSER pKPBHeR ond; UetEh M REE oo
using waste dﬂgﬁﬁf%ﬁﬁ roetadking fa}é‘ﬁeﬁg\/?&lﬁﬁiﬁ%kﬁﬁ iy 3094 ﬁ?& RSt S

siliconbase oam ng agents-from Ing , a .negative intluence on
subsequent Higmpol@ds comfaredtSThdorf the prodass Froa GO HDSSprodessHbwe vl aye
octane nunber. PG'flKR99/00338 2 ~ ~ 0 V 2002 U. S. Pat. No. 4,033,861
di scl oses a tontherhigh viscositydaf thegfend.t the geastion effaciencyi is relativelyaloboand the
pol ynmerizing nitrogen canmppunds, that are difficult to be renoved b

hydr oderfidt r i‘f‘l"E%ENeghf"sér}ﬂ ag'g rthgep tinas higher; than H‘r?éﬂf WE?@%@HS% 5
points. U. rocidses No. 3,954, 603 discloses a method of renoving

cat al yst - poisoni ng contam nants, such as arsenic or selenium froma
hydrocar bon st ock, Antther proc&ésaluggestdd, is Sy polyniteiza Ratupdl (da8 e prddirce atdiéselt ep
pretreatment process using iron, cobalt, nickel, oxides or sulfides of
these netals, or m xtures thereof. 10 Scrutinizing the prior arts, as
expl ai ned above) adsorption and/or solvent extraction are used only for
product quality inprovenments and for cases where a catal ytic reaction
process cannot be physically operable due to additives) inpurities or
byproducts originating froma former stage and/or from feedstock. Thus far,
there has been no pretreatnent that is devel oped upon the basis of the fact
that the NPC 15 renoval) the kernel of the invention, has a great influence
on the catalyst activities in the deep HDS zone. SUMVARY OF THE | NVENTI ON
20 The present invention ainms to achieve an inprovenent in catalytic
processes by renoving NPC that naturally exist in crude oil. The

o o, o v o o Y - - Y



on the reaction pathways and reaction effectiveness of the sul fur
conpounds. 11 WO 991 67343 PCT/ KR99100338 2 6 NOY 2002 6 According to the
present irwembeta4s the influencing factors, in the form of KROS/M0IF8
easily renmoved through adsorption/desorption or solvent ext r%gt }fgv 2002
techni ques, and the NPC-renoved feedstock enhances HDS rate Dy 1-2% This
fraction of inprovenent nay seemto be nmarginal. However) this additional
1-2%is 5 significant in the deep HDS zone, naking it possible to produce
di esel fuel with a sulfur content of 50 ppm (wt) or less in nmare ,

econoni cal jad SciPay gﬁ%l § 'midRC&i3tTIate ggﬂﬁ%mﬁggﬁ :pr@éets?q'g}?@g S bg-s

technol ogies tor the urization and dearo i‘fon 0

di stil| at esprogess, maenl gey il cmeeted irto SPNRA P Sughthe FischeS FrdhstR fécsn,10
econom cally feasible. Wth the aimof eConom cally producing petrol eum

product s cothemiihiundergoes polyinterization tto qpreducendiesel alistillatesc fnep cafngidfulr cand

reduci ng harnful, tail pipe en ssion fromdiese|l yehicles, the present

i nvent i on iﬁemaescm&qnafmﬁ]awem Wr{h&ifaﬁ‘ e FRBFSi Yo APHGHBEE 116 ¢ he
P or 25 ARG kabes Gl HeBE o0l 5 RV EARRELA Kilebed Tdltdoliagy
advant ages oVer prior art processe I require excessive 1nvestnents and

operation cps$ 9iffieGlt Fof aviced esfiirroio hitsin laRtRBAbYRaPBENET UnPess thé&)X Ravd ment s
that the present inventors repeated, in an effort to apply the principle of

t he i nvent i theirtave oatueal gas fieldhandogas-totliquids conveesidrepracksstnean the eatural gamt s
can be cont 'én@gl |y regenerated in such adsorption/desorption applications)
and such NP&¢ renoval i nproves the perfornmance of subsequent catalytic

reaction processeqetal2a! e EEAMAE uuitd) BBidLARy. COHIOI Ny

l.ubricity degradation résulting from urizatrio It has

found that bsleanfiridatidn Wrésessbisaindet deyelagiaentpRiegarded s suppleimentarpfon
natural lubricity inmprover. 25 Al though fixed bed adsorption techno]ogy was

adopted to [HRYeprogessesy bigdesyifurization; selsatsly remoypy| thearelsartoy Sspiur
; . Ve ' .
o udt ng. EErRPLTES uhith oEC difftul oSt ). CRRRALAY MBS LBk, AES)

PCTI K1t 99/ 0Qggiited that e bidiesulfurizationhippodess dodslop yeriedvediel sufficiehereactipe of
the invention. BRIEF DESCRIPTION OF THE FIGURE S Figure | is_a flow diagram

i |1 ustratingflcibeey tspeon velocitifis taboupPdsbird ) spplisablenfor milyrefinepies vhere

nvent | 05 ArERRas Feateponh TR ioRe U Rt A At o bURrBaas

reaction 10 JENRE i€ for two kinds of NPC-renoved feedstocks, and base
feedstock) in accgﬁécﬂglce with Exanple 13. Figure 4 is a graph of the .
ni trogen renoval rW@t8. Patr Bos 5464,93% diseloses an adperptiontprocess ito prasisice galfire Wi t h

nvont §on_ peteieselhel HE reTRSRE 1T coBABIGS TG RPATP ARG LGP
oyt oL 0on DUBhs I e YHGE SFBRAAESRSHIC, i BLadiAHELR s i
20 that patent’s disclosed invention in that NPC is removed, instead of sulfur
compounds, upstream of an HDS unit to improve sulfur conversion rate of the HDS
unit. .
Adsorption, in genergl, is known to bg ineffective in removing the sulfur
compounds from a petroleum hydroc\a‘r'bc;ln stream. Sulfur compounds have
25  relatively low polarities compared to nitrogen or oxygen compounds, and an

adsorbent which can adsorb as much sulfur compounds as 0.05% of feedstock is

difficult to come by. Activated carbon usually tends to gradually lose its adsorption



20 cleaner fuels that emt |lower |evel of pollutants, especially PM NOx
and SOx upon conbustion in engines. The overall concept of the present

i nventi onWQ@9¥6B¢&trated in Fig. 1. The petrol eum hydrocar b%T'Kgg?’o@%cks
used in the present invention range in boiling point, from 110 to 560' C and
preferably from200 to 400'C, NPC, naturally existing in tIQe@eNq)\yetwﬂteum
hydr ocarbon fractions, can be renoved by adsorption or 25 sol ven
extraction. Renoval of NPC through adsorption utilizing one or nore ,,
adsorbents is found to be the nost effective nethod according to a series
of exper i neffe@iventsidiscdesorptioreis Rpbatbdly pefformédVERdrefite, th3maintaifi sulffidr 2002
WO 99/ 6734S PCTI KR99100338 Hydrocarbon fuel produced .in , . according with
t he presentemonal nateothe adsdrbentivhyst ba segenkratedi morefoéquienily. THie wilyigevever,

of ,,110' G_ t0,400' C.and preferably has a sulfur content |ess than 300 ppm
(wt), and Aesst ig gield ensyands increasgh cneration qank Withadessr mewit ok feedstoekf or e,

out wi t - a e aot el SarcByt ST SRGTH pBRRICh BIEG: TThe precent |
inventign. The agfipcy the'dAeRSHiEd venBh bPUNSABEONY. 15458075 dSSHoR iAdBatEN 2

continuous manner by alternately switching two or nore fixed beds. I'n
accor dance wiietliershiur remaval tat¢ ishRintired; @ seriescffexpeni meptstwas|perforhed gt ock

fraction to substanti.all dﬁcr,ease @ﬂh{e concentratjion of NPC in the 10

pet rol eum ﬂ‘é@’(&s‘k%ﬁteﬁr“&@%&"@ avipg Sigilarphysicalprogerties 4 dhat psgbin BoBcBatr at i on
is at | easty50 o te. 209 r Y/ . f

petrol eum ecgdgs{%%%zggé'r gts:%?%weﬁ\?gftg%aﬁl% rggtg@eﬁ“%&)n%t E%O%@‘?&“’Qﬁoﬂf 90%

of the NPCsaifgr rémiBvadratd deeredied At d@bMitionf wed sépeated! nag tthegendatish®M i n
t he exanpl es bel ow, NPC are renoved easily from 15 hydrocarbon feedstock by

al t er nd0i ngleadrptiopt ¢xaractarthe dwpraduct, ovas excessive gResults aft thei expedmentsnare The
NPC renoved or, e t.rg?t ed fror%a tiggeumfeedstock fraction preferably
conpri se bdffuateddn §-Omparalixs: )8“(5‘%6 beig% ai ni ng conpounds, between 5.0 and
50wt % ni trogen- cogt & NpAY NSt §1796860 | fist6VEP OH Réthnftfid & IWiHER GROURA ihn the
range of 0.1 to 5.0wt% The NPC r'enoved or extracted preferably 20

const i t ut esprodtoing gafolinegprddict 0 @pof (Wiher fess irobwfun dontahd tcan be overcomen.

Generally, as the boilin ipt,of the, feedstock,increases), the viscosity
i ncreases a‘i‘ﬂ"‘!ﬂ% aaﬁmgﬂgﬁl\ng’@rgﬁ‘i"t‘%l“@d POGH3S- + AECQTAINE, IR (this o FelRiAS:n ¢ he

NPC) t S | d t ation
par ety SUBRESAR LAk cBRooiaBRTbE MRS, hifRe:R 08 ke, FDpORRLT
Product to @dsaexhmple, ) mésaptanpemide,rmtriacindHearokides exemphified \bys flaidézed

velocity, h'' vary. Anong these paraneters, is the nost |nportant

A
oper ati on p&&t)a‘ryg'%éﬂ%"& W@@r&ﬁsp\%ﬁvH‘E}Fﬁ‘f'ﬁ’t“é‘é@s&aﬁ°]§a¢\lﬂ“§ll‘1"ﬁr%B’Patﬁéﬂi'ﬂi'ed as

aratio of th u e d t h 002 WO

99/ 67345 P |%@g¥o§%§§‘ﬁ3§&t r@ﬁgg@gr%ﬁé&%ﬁt %'it"g'_“téngﬁdoég? a“t‘*?%@%‘g‘fe\eé, Rani ch

consi sts of r@%ﬁ&fa&kl By us€ @F tiodiHydropefl, AREGOWRICAttheAdS6BRtel EoreiitrRéd with RPA

is |owered, the severl tcéx‘Of t he ‘adsorption process and the adsorption

per f or nAhc e hetero-campoundsxis spbjected to HDS. | Bu ithis aethoidwerhas the imitdtion that ite

alum na, acid white clay, uller's earth) actiye carbon lite

hydrated al G yagﬂwf@é b‘g’f%i"%ﬁ{g‘_“? 85“&%?%%@"?‘!@?ﬁgvg%@e@d‘”&‘@?ﬁrna and

silica gel hRVAdIBNSEihEE thelSproahE Préduced iPihe abded 8%&%@5 RiubtOBe (FRALRRH SM as

hydr ogen bonding is uniquely desirable for regenerability. The

af or enent i onkeldizsel HIDS process; hddesufarzationperformatdeamdendedpdDS conditiens and a

proper conbi natjon may ‘egqt}?nce adsorption effectiveness; silica gel and ion
b/

r 10 exchangeay e negativelycaiiested. dherefere, anphung Hus tachpiqun ix probiamatic tadhe es

oxchangd®r cantenl By et Bibob b E AR ruci P B plhaperd Fheiandh o

si ze rangi ”gwiféﬁgﬁréoﬁﬂe.to 200 A, a specific surface area ranging from 100 to
1000 nR/g, an pare volune ranging fromO0.5 to 1.5 cc/g. 15 Wth
reference to Fig. Besiddsgbie-dieset productzrwitiple artprepared by fernnilating existingnsil on
process according to the present invention. First) |iquid hydrocarbon
streamis fed for a predeterm ned period of tinme into one of two or nore
adsorption colums, alternately, wherein NPC is adsorbed. Wile the

NPC-r enoved hydrocarbon liquid is fed to A subsequent catal ytic process,
the NPC adsorbed in the 20 adsorption colums are desorbed by the use of a
desorption solvent so as to regenerate the adsorption colum. The
desorption solvent is usually selected fromanong al cohols, ethers and

ket ones containing 6 or |ess carbon atons, which are exenplified by

nmet hanol , methyl-tertiary-butyl ether and acetone. Cenerally, the

af orenenti oned sol vents have | ow boiling points, so that they are easily
distilled and 25 recovered from feedstock or NPC. Instead of the

Y o " B e o o

L€




10 or higher (preferably 50 tinmes greater) and the content of

oxygen-contai ni ng organi c acids or phenols is in the region of 10 % or
greater amiopY6Tdsably 15 % or higher. NPC is preferably cHfdERRIYPETSy
adsorption processes, preferably utilizing adsorbents selected fromthe
group consisting of activated carbon, zeolite, hydrated 15 bﬁuNﬁHaZﬂﬂ?i l'ica
gel, ion exchange resin, and conbinations thereof. As nore NPC is extracted
by adsorption, nitrogen content, sulfur content and total acid nunber
decrease. Nitrogen content, in particular, turns out to be'closely rel ated
with NPC r ' i ' W inERrPd X AT

expected t atm?é%mtmgfo ﬂgfiy‘{éléﬁ?%gﬁt al %’lhﬂlg corrpéjlﬁmrtlég aﬁ{ﬂglﬁ@ c(o \/‘grb?%lt NPC
20 renoval totpredidengollinais ahe sigmficntly rédusd amousio hepé biotdikset préducts,
hydrocarbons is extrenely difficult since the change occurs within the
error margiwhigh asg\developedtasran akerngtivesfuelrine sowne countpigs richaini agriaaltudalbe

tl ti,fied if ch i PC i ght d d d.
However , t RECHREIS, faue A Siaraheant prokiern: sy o7e shagesisd e befrmultehal e npc
removal sratj oy gf%ﬁﬁ?%‘%@i&ycoﬁb@ﬂ%ﬁ] diese) fueld. Th DS @aﬁ?ﬁ&ﬁmer,! ft?ﬁ}é]ﬁ

fol |l om Ng exanp since nitrogen content 1S easy to analyze w

reasonabl y sismédused naignificait psoblemdhsturagentabiligpl e 4. 16 WD 99! 6734S
EXAMPLE 1 ~ s ~~~r 2~0~ PG'f| KR99100338 LGO and |ight cycle ail (LCO) used
as a feedstock i nAstexpjpinaseahovenyareysotempty haverbeepanadeptoopreguseseleganeror di ng

to the crude, oi ype. In Table 1, the operties,and 5 the osi tjons of
vari ous. LaBiEn kb B0ty oS o teongtielivg RkeorRbIE Becpute) cof) ToBcRcrle
connection vaﬂnie‘ﬁ?s & _Rehitaliliniediionen. As nentioned previously, the
-conposition and properties of NPC nay vary with the feedstock used, but
such varg ati on do&@$eriatenbiveiandttherqugh sesearch onethei mamufictureadfl deaher 'faals, " B

and "C' are LG with different boiling pojnts, sulfur contents and
ni trogen coRATEISH Ut the present Bveatoss, rtsg@;Jpwd@aé@ﬁm&@m PESHREY PE
Char act er | SHOS R Sttt tfiosP 6 B0 B0 aiSOrbyif, BE R Fens EeicioR. Behffs o

wt 226173156?&9' hEdvenment b0ér the HDS performance of the catalysts used in a deep HDS
0oCl Bp22822022728510%27026l1 27432350%81130830634390%867, 375

~35335SEP383082 Wb firagtiomrremayed iduring $he nreiseaiment stepmfitive-present insientiopare |
boi |'i ng,poi nt E 2 Sil.i al um a [ et whi ch
are commnl )‘f°ﬁ‘?gae$ ﬂi.zﬁ"%‘ﬁl ﬂﬂﬁ?a%ﬁ%%%“ éﬁg"ﬁ% P%rlgﬂ%tgcfﬁgggie%gs%és éd@o ents
in the presqRipHtR4ABAcRIY), Rlb\lmgf}paakomr OR@lyridRes)Oind eHA@YAORE)) tahdusiffhrar €
given in Table 2. 12 2 6 2002 WO 99167345 TABLE PG'T/ KR99100338
| . D. Adsor bercoRtairingoiompounhdy having rheg!Bir pelaritppthesthanabat of dihemrothisphénsa
gel 0. 3820. 19733. 2bQ, 45 .~2E. 970P. g?gq 74%1.8. 5 S607.95d~ ~1.05 . ,68.98
as exemplified in Example 4, below. Nitrogen-containing compounds are—mainly
heterocyclic compounds such as carbazoles, benzocarbazoles, indoles, pyridines,
20  quinolines, acridines, and tetrahydroquinolines. Even though saturated and aromatic
compounds are also contained in these fractions, the fractions are characterized by
relatively high polarities due to the high concentration of polar organic compounds
as described above. Such polar compounds exist in trace amounts, overall, in
petroleum hydrocarbon. Therefore, these polar organic compounds are defined
25  herein as NPC (Natural Polar Compounds) so as not to be confused with synthetic
polar compounds, such as process additives or chemicals, and the like.

Depending on the crude oil sources, viscosity and pretreatment of the



608. 05al. 07104. 39410. 94f

~1.16164.34283.471. 16234. 4198. 24hAl um na0. 795070100200i | on @ﬁgﬁw

Resi n0. 55X60996%490 EXAVPLE 3 5 To conmpare the NPC renpval T | Qﬁess of
di fferent adsorbents, a series of experinments were conduct% u@]‘ng t he
Silica gels in Table |, identified as "a" through "g", havié§ Wi &n2002rs
ranging fromO0.3 to 0.5 nm The adsorption desorption procedure was as
follows: 1) 40 cc of the adsorbent "a" was | oaded in the inner tube of the
concentric 10 glass colum. 2) The tenperature of the adsorbent bed was

mai nt ai neddistibiatesnNPIQYy have differérit rphysiealepropéttiosigind chmpesition. Baingedlnst t he
concentric colum at 50 C . 3) 400 cc of the LGO "A" was fed at a flow rate
of 200 cc/ Blectnicallytrieutraly ke NPChsepanatedcfromi 630 ean begsoupied rintedacidie, Bysi¢Jpon
conpletion of step 3)) 80.,cc of a non-polar solvent, hexane, was punped
into the iﬁﬁ@t"el*'t‘jﬁé° PoYB@S-cc/ hr. 5) The inner tube was purged with

It . 6) Th t i - i xed
fogethor. 7). The ‘SHEEINPC Yot Becon AR Nn Phyofbum Bo8uctt B Bighef 07
rotary 20 %ﬂﬂg géiﬁfss NPER pkis@ ihhelatieély amallafuantiids; 56N aRe kéthdval 1bF the ~ ~

~0'r 2002 WO 9 934S PCTI KR99/ 00338 8) Upon corrpfeti_on of step 5), 80 cc
of a hi ghl yopwloands diag dittle inBluence onethe physicaltand chemical prepertiesr oithed at

200 cc/hr to the i . tub 9).The i . tub d ' |

200, SO g Bilioh 5o eF BpuRBCbi, e RA B GHEM bl
11) Th . t f JY7: t f
12 Th Dr Sl SmiEbndE TR T T P Bty BEMRE O

steps 3) t Qrbedssesamstikeciypadditts ovoinipuritied. NRG have3jot fookddned thelschibesmient b
.through "g") the procedure fromsteps_1) to 12) was repeated, respectively.
10 TABIE 3 of the sulfercennyrssianoigegereftheIDRarqcsassevzadbeugh NPE haxe relatively

b i 2d . Ni (0 i
dot o m ned BB LIRS AT 8l S/ TR i GR SECRK Ve R
product N is the HoWeogeh wanfwind Wi thagsaemt indentionakheeven sndly adftiidaon.

The conpari son between t.he‘fperforrran_ces and physi calmgroperti.es of
adsor bent s ehdR: haveta sigaificantiy degativereffrst Mpendhe HBB precass dnytheedegped

Do 6 vor umeHeRngaiaT el yRshS 480 e Efreled , Sifkt € Ssoth S Bombofns” e 1"
vol une liSncrﬁi%%ﬁQoFtlrm R (OBY)Zend? A 6-Hind et cdlb¥ftolifof e SESS-DMIDBIY' dreCe

area decreased. omthe restlts, the adsorbent, silica gel, with pore
vol ume fronconverted. Consequently, the present inventors conducted extensive research on

removal of NPC, and it is found that such well-known technologies as adsorption
and solvent extraction can be used as an effective p;‘e-treatment, upstream of an
HDS unit, to produce cleaner fuels.

20 To remove impurities or polar compounds from hydrocarbons, adsorption
or solvent extraction has been widely uzed for 2 long time. For example, U. 8. Pat.
No. 5,300,218 discloses the use of an optimal adsorbent such as a carbon molecule
complex in removing diesel smoke-causing materials. U. S. Pat. No. 4,912,873 aiso
discloses an adsorption process that treats diesel fuel and jet fuel with a polymer

25  resin to minimize coloration and filter clogging problems. However, the carbon
molecule complex or the polymer resin are not effective in achieving a beneficial

NPC removal ratio and are too expensive to be used as an adsorbent for the present



cc/g, pore size from40 to 200 A and spé&ti'fic surface area from 10 to 1,000
n2/g is 19 2 s Nov 200z WD 99/6734s , ~ PCT/1Ct99/00338 ggﬁ{!{g?g'log or
treating L®O963H5exanple, if the pore volume is loss than 8 38 |
the pore size is |less than 40 A adsorption would not be effective. On the
other hand, if an adsorbent has too large a pore volume, phy2i G::N(]Vslzusgngth
of the adsorbent is significantly weakened and the surface area is
drastically reduced. 5 EXAMPLE 4 The NPC obtained in Exanple 3 were

anal yzed for chem cal species as follows: 10 1) 103.47 g (200 m) of silica
gel (Merck igivertiom. ddored@er, Afie 2pplication rAnged ofvthie cafbonanolecoleacahples 6ol um
(1 mx 2. 5¢cm for nedi um pressure chromatography. 2) 10.00 g of the NPC
obt ai ned i npobrmpre@uearm%'er@nb&gm\xb@t ofitheipreeent dnvention, which is telated do thes

poured onto. the gl ass | u Qwe f |l ow n 500 M of 1 S n-pentane,
500 m of a'™MAf E%“g'glq;gﬁ? %nlwcicﬁ'r‘"ﬁe&*&?/‘r%?‘fféﬁ 500 ml of toluene and
500 m of nethano e gﬁgﬁ; h ) fl
fractions F1 to gfwgrgteralo alrgr?gd uc ﬁ“ %éﬁﬁk i qn tp@h%s&ﬁ{ 7 r%% m
each fors t heeattior tprbcasses’ taet srgmf(cEﬂr fpéitions,0@nd profuctihg ether eathll_yg@ fréneind

300 mM for the last effluent, F6. 20 4) Each fraction was introduced to a
rotary evappermapent cperfasmanes lossrowapn aimpartast r wsweludovgpsevast ghermangnt

Qualitative anal yses were con ted usin n Ante AnaL zer f tro

and sul fur BB‘% ea}ogrong%f%ﬁygéqfuc%gmgor@ e‘én?f‘ A{OE‘E‘ESF“‘ and S
SPEeCt es. 255&%&&' Rid of:lk Qlafiotls FB’uI%B t@FJB)ess’é?% ﬁ&ﬁghpﬂ?@&. eAmof'i‘g such
sem -quantitafive ana ysr S was one or certaln species Tn each of
the fracti opeettdafxﬁetgrprmsewbancrm mdsoqmﬂoardrsowenﬁe)aedcueﬁ aod comaonbheaks

were selected at a nmass .. v WO 99/ b7345 2 6 NO11 2402
PGTI K. RY91088p\ed ntheretgl érwpml |Px4ﬂ!ﬁlﬂ%| énclpdgi t meehanifal o fileHe d Preventing f

i ah are. r aparngtda S mitebinESHAL wialaddd sl Stin iRt FRUTRICRoE) OT

confirm t he jRefu hsterifls aid\&uﬁﬁﬁﬁedﬁiﬁsdxltﬁaﬁﬂto protdbh asic oataBetsi il ghe Mo r d
(pol yet hyl ene glycol: PEG was analyzed 5 after the mass neasurenent of the

sanpl es. Therewess;maed ancagtivated olay dobrmn sthatnadsarbshsulfis end elefinscprionse
within an erro ran e of .03. The results are given below in Table 4. TABLE
4 i 10 * DBTYP E"ﬂaﬁg B8 U8fHes): CBZs (Carbazoles) ; n.d (not detected)
F1F2F3FAkSF6Yi el d ﬁﬁ'ﬁe\ﬂ@rlg]ﬂ\e §sonikkizafide afid efRerification process are vulnerable to

Wt 174544496425143107?163b51?S69N, m

vw00168830456mmﬁ¢97mﬁ13 Ft’liypqsataiysmr enditemwnot&smhoﬂlas been done on

NHCOCHN- al kaneNHAr onati ¢s, ectra. Ar
t nat i c~Cf OHREeEeabmentt BRsT obggych impurities, as representatively disclosed

n. d. DBTs: n. ?ﬁgy@%ﬁt% YRS Z AL ds)
Phenyls : 29 I nes 515‘#6?5% nes, Sjc]?a?gnaﬁ(zigr@zgégleggoca% EPeé N o7l e,
Acridines: 32795648 fhdd; Wﬂhﬂb%eer thitdpplicasion aanges|of whese,othip desdstdcl or
Unknown :30% As is apparent from Table 4, NPC was found to be a pol ar

mi'xt ur e perosessebabbasrireferpncenare ditEarent fram rlwgeﬁﬂ@mwsanhmﬁgntmmunds as
D ook Ju noL B, AU ! 0539 08 B348/688 GREE2ETEARBBAAR 1o’ ABlpFin "

such oxygen-cont ai
techniques for preventing water, sediments and additives from causing deposit

formation and equipment fouling in catalytic processes, e.g., subsequent
hydrotreating processes.

25 U. S. Pat, No. 4,176,047 discloses an adsorption pre-treatment process
using waste alumina catalysts in the Delayed Coker process that prevents silicon-

based antifoaming agents from having a.negative influence on subsequent HDS

10



1 S compounds as organic acids, and phenols) conprise over half of the
total weight. In fact, the change in the properties and co Ibol LGO
bef ore andW&P&7345he adsorption resulted mainly from changrer?ai%lﬂhil@g’%ﬁ_Hc

ni trogen and oxygen contents. 21 '~ 6 NOV 2D02 WO 991b7345 / 338
IThb .. . ~.5s, (" . ~1,,. p The data of Table 4 also Zgnm%ﬁ@
that nost of the sulfur conpounds in NPC have a |longer retention tinme than
that of DBTs. Also) the sul fur conmpounds afe concentrated tw ce as nuch as
DBTs in terns of the nunber of nolecules. It is generally known that

pol ycycl i c prokésses anhproicesies that improey betenedmmiberor e aromatic 5 rings, have
stronger adsorptivity than DBITs in the gas oil. Hence, it can be deduced
that polycyclic sUl SuPatdNepd3dBedrdisgianes ampethod fori nedning nittogeneconterite
change in sul &ur corbinenh beflore .and after the adsqrption W?ﬂsffonll% trace
anount . The'r BXdEacaoon, gy, po Hg‘eﬁ‘meﬂ'tt"’@f‘“ﬁ?énwgﬁﬁ‘f“i Are HRIT $RpBRinds
inunit vol = i B X ; r td & dat a,
it can be dl.eb(rﬁ)c"eég l{)ﬁg &ggg%g}l@?ﬁ’nﬁfo g'\r’laugﬁ\(ljyh?)‘gl@%gﬁﬁgﬂéﬁ%ﬁ-ﬂc@ﬁ%i ni ng
conpounds, phintsh tend to be adsorbed on the active sites of the catalysts
in desulfurization or _denitrification reactions, were separated and

accumul ated in t h&- SPRabdNa. A¢P53i003 sliscinses & methadefremoving catalysrpaisoning n a
i ifi t i i i {,e . d,to th i i NPC
i ned | nePHEmTG Seh BEEBRE ok e, BRG 8.Lhdasitonaickniich tovhae
a1y i : . . X :
orr el ati onhebymeride MGRIRIAS 4R ke ProSmar® pode e Eghind Ao ool
renoval rat nackel, lhaidesldr sulfidgs efihese metatss onmidtwestismedfed in a sim |l ar manner

to Exanpl e 3) but adsorbent, "c¢" was used to adsorb feedstock "B". Physi cal
proper {T%s of NPC-SCBHBUé‘&gEw'%ﬁgs’a%FW@ﬂe'ﬁﬁEO% adsorptiPl And(ex  SPlYRIt wi t h

the RPA. TA : 0) 0) 4. 91. 41
T LiCor Nt Paacidi A Gt B IST pER N0 Vit hn dnd B Sdkes where a
rat e, 9474662l ROfattion pféeasswahndteiecphysigally? opérabile. dlie. té AUdRives, impuritiets6 Nov

200 WD 99/ 67345 PCT/ KR99100338 EXAMPLE S The same procedure as in Exanple 3
was repeat ecPr bypesdyetstariginating frem adotrasr saprandios fom feedpigcky Thusfor, dhersf an
adsorbent sel ected fromthe ad bepnts, 5 yd". “h" and 2i" t.h

conbi nat i ong‘aP&SF'ggP .pr%ﬁ‘tg’ggto‘?'g{ %@%S‘PB%%“%‘“ msbaisﬁt?fothﬁé%gqg?t ‘2‘%‘3‘?‘@ of
200 cc/ s t hemiaghl, kREkaael shie GAvkentiohhdshegratsianiendeson tiROdabdysti detiditRaeEt er
from0.3 to 0.5 mm The procedure was repeated 12 tinmes to test the

adsor bent s fiothe depprdPARanet y. Table 6 shows the nitrogen renoval ratio of
t he adsorbents fromthe feedstock B deprived of NPC. 10 TABLE 6
AdsorbentsNitro en Renpval Rati oCharged3rd6t h9t h12t hd72737473i 48n/ an/ an/ a_
d: h=I : 1 92908HBNMARY.OF THE INVEMTOMNI a: i =1: 2777777nl a I n the above
Exanples 2, 3 and 4) it was reveal ed that the NPC renoval could be achieved
by various adsorbents, such as ion exchange resins; the nitrogen 15 renoval

ratio) Bﬁwever, vary with different adsqgrbents. In additiqn, it was

al so foffd that cohBf nBEFYHSINYENtQR, alps 9y AChiES, (35 MNEravSMERt dAhSHaltehe
nitrogen re ' ' CarCaS LT re
an adaor pt i ol e Can renieting NPCE it apfirdii ofEoR Blagich, The @kt 0lo0
charged i MeNP&t dbynatf éanse tahfataliinflaencgedn tik’ activignof batalystsr egdnin' gemersll
ratio irnproved as much as 3~ 5% 20 points conpared to the case "d", where
silica gel iBragessgs,sangnare normally pomvepted acording to gheir gpDTeationopasirgays in

PC' TI KR99/ 00338, The same cedure .,as in Exampl e 3 was ,repeat ed, .except
that the feefYf lﬁsprgcﬁs,seé? Ad e”lé" “éh?ﬁe I"W“"@N@\‘ W@@éﬁ@ﬂ%ﬁ%ﬁﬂﬁ%ﬁé g‘lg?‘of

the ad t i ' i 1o t
stream Toact peinstipBbefile top Micis fehfovl, AR Eipe deslitiibdh B gpalEo doptodtfl,
A-1, B-1, C Hesulfiiri2afion pate @ 2% ovkiglier, NPC igifbiirbDenhdverdyighificaht mfRkndehe

fractions A-1, B-1) CG1 and D-1 are given in Table 7. TALE 7
on the reaction pathways and reaction effectiveness of the sulfur compounds.
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A-1 B-1 C1 D1 Ntrotten Renoval Ratio (% 60 61 61 T 13 ~ 10 As is
apparent from Table 7, no differences in the nitrogen renoval ratios were
found anonwosre®ss LGOs while an extrenely | ow nitrogen reREFE(RIVAIIB was
given to the LCO, which contained al nost ten tinmes higher ni iem
conpounds content and was al so high in viscosity and aronmati eZIIpZ
Therefore, adsorption turned out to be an éffective pretreatnent technol ogy
for LG that has a relatively 15 low | evel of nitrogen contents, viscosity
and aromatics, but may not be a good one for LCO EXAMPLE 7 20 The sane

procedure as in RIS : ; : . c
2,000, 3,000 andEﬁ‘?SﬁI&?“ch‘ PR Bretd i IcIIeI'IIS‘gI:'ﬁgt"r‘%‘I@ ‘6‘#“?“&8@*?"0%%@

4, 000 cc/hr NP@, @aehbe ety pétaeiadthtbigh 4@Qrptidiy Bn 1S i ng,
in dianeter size, from O.FI'85 to 1.0 méh ToggI her&\ff\nm?ﬁ Br es%@pszggeﬁoss

t he adsor pt tezhniqaes,amd tiee NR@G removedf feedstogdoleahanced HDS ratecby 162864, rThis ogen
renoval ratio 25 f(Q/J’ LGOis given in Table 8, below Al so, there iso shown
the pressur &agiefpof HRPIOVEDANLNRY, segrm b b, prpginglyHowgver, thisaddionab 2

99/ 67345, t ., g T 8 PCT[ Kl {99 . .

P owT: oot edNEHIS5h b s dteBr s e it RRAT: tp produce diesel fuet with o

LGODI f f er engaigsy bomemaof G0”7eth- (WidtdroOless in more. economical way than any other
cnmR2, 0005. 0740. 401, 0003, 0007. 5640. 270, 754

00010. 0580. poaces®d knos@tostate. 0003, 0007. 5620. 270. 954

00010. 0520. 2020005, ,0590, 404, 0003, 0007, 5504. 271. 504, 00010.Q ~ ' 46, ' Q. 20 As
the space vel oci tyAIFIIﬂH@a‘%@“&f“IhHBI%&ﬁfEIgRﬁIE, }qsﬁguwgglﬁ“g depromatizalieR e ased
unile the nide AeeN GgRel hedd beer! AEVABREL oiCRohBiniéd BB/ ndi?flrathehd)Gs RPA
decreases at the sane space velocity, the nitrogen renoval ratio Increased.
The samgot erstoneicalhifedsislensti t utes a basic operational rule in the

renmoval of NPC by adsorption, is expected for other adsorbent types or

adsor ption techni giith the i pf ecpuomicatly aredusing,petgolewn roguciy fOBMAMABent
[ I I t . ) e |
o opor  onel CLEM bl AE5Has SRRl aBERE Sy A0Skl

particle sizRodmalieset Jekitles e Presentin@edtiontincladés the $6mo 4l WENPC, ehichi saispt | on
performance of the adsorbent. As the particle size increased, the nitrogen

renoval rat i eewhese enestiioned tin the: prior arts émprovey ¢he: efficisocy, péexisting satalysts,. | n
addition,, the C renoval tends to change with.the adsorption .tenperatures)
and 15 i opd Pk AT RS BER PHPE FOPRGENES PItIoraaiTe HESruRG EEEREEN 4o
and 80" C foraﬂﬁherﬁ‘!&ﬁ' Bpis CHBS ke fuch8D 3¢ tﬁ@ﬁﬁ%ﬁet&dbﬁ:o%ﬁ{g}{ &pedeh@ the
storage tenperature of the LGO EXAMPLE 8 20 25" 2 ~~ 11 ~ 2002 WO
99/ 6' 1345 PCilat GO qiréf38 8nventorSheepeated, i aoceffore tasapply Eherppineipde vafsthe

L he® adsor ben{ERon dhg PRRMEFHEIARRP e 16 YASRYERIES (hil pems Tliotents an He
nitrogen re i f, : i 11 P I . S
An expor i montoinfy fgtftiorbdin SERF SR Aol HpliCadbl BlacRCNEL.

| oaded i 20t heerowadiniprbeesothe tpeefoninananbdf subsequeds catalytidreadtjonThrocéssep srat ur e
of the adsorbent bed was nmintained constantly by circul ati ng water
t hr ough t he oatieys fegdteeksof t he concentric tube at 50'C . 10 3) 400 cc of

h GO "A" f Al . 2 hr, i .the jnk wh
the adsor bent - was. dRaPidongfedstifiecthes bty pbiahlion: Feh M. stofg b’ ©
vapor was i ntfeQiRfBAtioh, it hafb&nTournd that Cofidentriie@ NIT, IIbtaiRdiPY Msofgtidaesy To

vapori ze the solvent) a preheating tube was installed and heated to 50' C
and t he tenpeffetiiveeasd natheal hiwisityamprédred was 15 mai nt ai ned const ant by
circulating water through the quter jacket of the concenric tube at 80'C .

5) The pPéduct obt ahitheugh ied thedsadsorplien Agchaelogy nivas #dpBIGE: 1o PraHed thawe

2e. " NPC- 1 enoEteniaryin mes Eadtiing snflicariofitd afisr BBE P erpredaRal ek edrlrs

MIBE was inj Ie%fédadeﬁ%%’m?%g@ﬂf edstolRs, 'iﬂEI@Ji?é ﬂﬁ?dizi@ bg@ﬁdﬁgﬁ%%n)d%élﬁh?p 6)
e solfvent or

was separated fromt y the 'use of a rotary evaporat eepl ng
the remmant as "NPC'. 25 TABLE 9 Nitrogen Renoval Ratio (/aj 62
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In contrast to Exanple 4, in which two different solvents were used) 26
WO 991 67345 2 6 NdV 2002 PCTI KR99100338 Exanpl e 8 enpl oyed only one pol ar
solvent,; W93l ted in a simlar nitrogen renoval rati o.PGm*B’?’ Bt
bears in determ ning what regeneration techniques should be used for the
adsorbents. For instance, ebullated bed or fluidized bed, which C?ﬁEOt be
operated with two different solvents, could be applicabl er&rNﬁV]ez
adsorption pretreatnent step. EXAMPLE 9 In addition to adsorption) a series
of solvent extraction experinments were 10 conducted using a polar sol vent
to verify %eﬁsn,smsmclmriﬁ%é%Pésmv,%ehﬁ&a. and whet her sol vent
extraction brought the sane degree of inprovenent as adsorption did to the
HDS process. The follow ng procedure was used. 1) 500 cc of .the feedstock
"B" was m xed and stirred al on% wi th an _equal volunme of nethanol in a

mi xer. 15 BRIEK DESCRBTION(YF dHE FIGURE and stirring, the nixture was
allowed to settle for 5 mn to give phase separation, followed by draining
LGO whi ch underwent solvent extraction, fromthe bottomof the m xer. 3)
The extgacted L tir pa i di r RV t I i dual
met hanols, t her e?i)%ﬁgel dli ir?i’gh|ce)ftijbrwe\lldl_! rﬁrgegirui@t\rséejad’goﬁ QPNJI%% eér%%B‘nif@gg%'reg@‘
renmoval ratineentien.yi ng the volune ratios of feedstock "B" to nethanol are
given in Table 10, bel ow. 4) The sane procedure as in steps 1) through 3)
was repeated, excEigure Ras 8 sieplified Row sehemesof ay adserption grefess gecording to
nitrogen repoval ratiogs. varying with the volune ratio of feedstock "D' to
nmet hanol ) a deVé’ “\Vﬁ“q%l e 10) below. 25 5) In order to prepare the
feedstock for therggep Fiqgul farapk asf ?deh@ta%l_fﬂn cbfcentratiSh SVFsub) réftidh Vere
repeated to obtain 14 liters of the LGO deprived of NPC, which was

desi gnatGed tesnpesatgpe for2¥wo Kinds of NRECIanoved4feedstackdpand dppe HerdstardQ/i00338
6) Step 5 was re eat.&%' exlcg t that the feedstock was "D' instead O "B",
to obtain 13¢Fardpnsevili Exampply grived of NPC) which was designated as

"D-SX', TABLE 10 Igadetaed aNaapiPoPthe Hit6RHRnBIADNAL veRlus Qhdiiumber et F 0gen

renoval ratio0250cc

: 750cc 72653 s&enefificacinscbirdance5oidlh ExadpleaDcc: 333cc40- 750cc: 250cc "~ 31- 5

7) In order to determ ne the nitrogen renoval capacity of nethanel, steps 1
to 3) were repeated to prepare the NPC-deprived LGO and designated a

)
"B- SX1" 1¢ 8) &ﬁﬁbmnﬁ NEOF MREFERREY MB ¢ 5*{1% m xer, m xed, and
sti rred1 or lZQFO’{‘m n, toge e‘ri‘lf?me?Frenni ni ng %e%%%gmo step 2). Fromthis

m xture) an LGO 10 fraction was extracted and designated as "B-SX2". 9)
"B- SX3" was prepared by repeating step 8) in the same manner. The nitrogen
renoval ratios forThepresent invession pertpinnip dher pubstastialaramonal {NIPCsBPment

are given i r})e-trr%l?cl,u?n 11%}drggalr93% A3 Eﬁ%{? %i&quﬁ}oq'gg écti@it?xok catalysts in
subsequent hydroprocessing processes, thus facilitating economical production of

20  cleaner fuels that emit lower level of pollutants, especially PM, NO, and SO,, upon
combustion in engines. The overall concept of the present invention is illustrated in

Fig. 1. The petroleum hydrocarbon fuel stocks used in the present invention range in

boiling point, from 110 to 560°'C and preferably from 200 to 400°C. NPC, naturally

existing in these petroleum hydrocarbon fractions, can be removed by adsorption or

25  solvent extraction. Removal of NPC through adsorption utilizing one or more
adsorbents is found to be the most effective method according to a series of

experimental studies carried out for this invention.
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32 | 22 The nitrogen renoval ratio for feedstock "D' was very | &b N0V 12082
rn Table 7 of Exanple 6. However, by using the solvent extr j hod,
the nitroy¢P9%€ddval ratio of the feedstocks such as flui dipmgyg&%i c
cracking (FCC) 20 cycle oil, coker gas oil, or vacuumgas oil) which tend
to make it rather difficult to remove NPC t hrough adsorption, can be
inproved to al nost the sane | evel as that of LGO obtained by adsorption,.
as shown in the data of Table 10. Sol vent 28 2 ~NO "J 2002 WD 99/ 67345
PCT/ KR99/ 00338 extraction permts renoval of NPC from petrol eum feedstock

contains heavy g¥ydebdafbdin\fuéld poduced ! indQbedrathgP Witht th Spredéid’ favehfibnCycl €

oil) and coker gas oil. As illustrated in Tables 10 and 11) as the ratio of

t he anount preferably has & bailingfposm lin ¢he range. ofA10 &c to 400 Tnand psefehably hasat he

nunmber of solvent recycle increasg% the 5 nitro fn rermvgl ratjo _gradual ly
b fepad 8i

decr eased) Swifircgontent fess than SQ0ppm and mostgre ¥ gsy than 991 pP8HWhhase

hed th t ' ' W, : i | vent
Chat ot omot es i rusREB sl Blefbtorsy eklanbilely sl o BB, SpPie st
scherme §0r ekfermbms abPcartie@Bub 9atH £ singlesédlimatteSimpity EXOMRbdtralin Wrahei | i ca

gel "d" (Exanple Z) was tested for its regenerability using the feedstock
"B". The L@resehtrinveationaEleeadciuslr progesstcap petfosmpadsorptivncandadesgeptiomin @d as

"B 1". After 40 cc of chronptographic .silica gel s Gharged in the inner
tube of 15 CORMYQUSIBRANET BY 2Reaiet LIPS e eRmoEn iXededs . ¢ vas

circul ated, 200 LB S 0 e P i.atel
a:‘telrJ this, 80 c?ﬁo?écﬁ/h% c%@hp?s%mnﬁﬁﬁugﬁc E[rea%‘xr?? gp ﬁ;dg éﬁ\‘/ﬁ ané

" NPC+MIBE" feedstodko iftagtib® toakiitstantialig adéoneast hheabaneentpativne dfr NPCO i | thes and
‘then MIBE was renoved fromthe fractions by the use of a rotary evaporator.
By neaddri ragtroleunnifeedstpsk frastipanThesubsgiantia! daergasesn NPERongentratiganisranoval

i | cuyl _.Th h in Fig. 4  Af hayj
inder gone A8 0% aLhan g 8y 1Rt 003 o R 3R hmioVad drdm, i péisium Rk 1o
nitrogen refRpian, PRéfebhl bRtweendfbonb @M id Bbelt 90% ¥ GhHe NFLEARY RIMdvVelY i S

very inportant for industrial application and the econom cs thereof. 25 In
gener al , t hfromdbe pptrolenmifeedstovkSnactionsi | i ca gel is known to be through

hydr ogen bonding. Siljca gel does not hgave st adsorptive si.fes, unlike
activated al uni na®fnsRgpPm 0 %ye’@mpé?ﬁg%ggw i*ﬂ{&gsa_res °‘iﬁqareé§kyer"i!’g'f’i cs
expl ai 9 7 Mm 8 il ligaa 0 hows
superi glrszreg%ar?g‘rmggl&?i tﬁéé.éﬂiﬁgorpt ilon tgggé%agg?giacdor tstdi éﬁsiatgksm%akes

t he rever seadsorption cdiasoy. [ElieoNPCdrévhoved| or extractethfrom B epetrpléumne de¢dstookt he
data of Table 6 in Exanple 5, where the adsor boent conmbi nati,on d: h = 1:1
shows hi gh fRetiyRr¢forably\ramprise Pewesn Oband30wtve oxygen-coniainipg compeensen
renoval ratj | &5 ] e I A j

i ncreases. l?ﬁ%J e?ég%%e?'g{]?gﬁ{%fﬁéag%ﬁg sgéra g{gnp éste{ogg‘%%sél@%})@%dﬁ ﬁ{ed:%{l‘lﬁ‘gsor by

the use of goitegthinythieofange a0l0Vierd 5.0mAYC THeSNPCyemoved orlegiradied brefaablye of
this invention, but is considered to have sonewhat |limted application.
Desi r abR@ agenitivetes between Ock #1deS . Ovtiérofithe petrnleyn fesdunek fractian. adsor pt i on

Pydr at ed ar uni na. CREHST £ RR AU ppits BEITR ot i T PPl
structural Ghabaet ahd 1hé Smolht émvedé;a;fa%at(faﬁ@ thd Reropardsiteskinthenare) es.
such as boiling range) NPC content and the feedstock s conposition. MPLE

11 15 tends to become larger. So, depending on the feedstock, the operation parameters of

the adsorption pretreatment process such as RPA (Ratio of Product to Adsorbent),
25  temperature and LHSV (liquid hourly space velocity, k') may vary. Among these
parameters, RPA is the most important operation parameter of the pretreatment

process. RPA is further defined as a ratio of the amount of the treated product to that
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In order to examine whether and how the NPC-renmpved LGOs affect 9e0V 2002
catal yst performance in the |IBS process, .the feeds for HDS reaction unit
wer e prepawe®9zgddsel ow. 1 ) 400 cc of the adsorbent d with ZCHA¢RINN0IS
dianeter from0.88 to 1.0 mm 20 was .| oaded at the concentric glass colum.
2) The tenperature of the adsorbent bed was maintained to 50' C by
circulating water through the outer jacket. . ;. 3) 4,000 cc of feedstock
"A" was fed at a flowrate of 2,000 cc/hr into the adsorbent bed. 25 4)
Upon conpl etion of step 3), 800 cc of hexane was punped into the adsorbent

bed at fl , . - i : . | d

pur god wi t 1o adsoRbert AithinC Gt optidfing dyely Sulth, sbhsiMiCof IBBPANE e8E) "o
Products obpgiigdand péBehbRlbion)stetin 38KksSAS'RPA 1 SrQARE Fs%cemg) of e

sol vent was renoved fromthe products of step 6) by a rotary evaporator)
keepi ng t headserptmt pracess And the @isotption pedformance incredsest ep S), 800 cc of

" methyl-tertiary-butyl-ether 5 introduced to the adsorbent bed at a flow
rate of 2,000 cc/kxamplesphavaiahle adspshentpinchidepctive Juming: aqid ivhiieglay,  10)

The procedu 5 { Sté unt .. n ep 7
amount ea t o Then ¢ Pt FBGyg dacbth. HeoltBE i ERER ARENE dilich R, BT xchogd O, ¥
steps 3) t orekths. \l‘%@réted&ldrﬂiﬂﬁadnﬂdsiﬁmgélhlﬁvé%mgt?érﬁglzﬁﬁs& 6idh SitesBice such

designated as "B-2" and ".C 2", respectively. 12) For the feedstock B, the

procedur e f adsorpticzpmechanism 29 hydvagen bpadingis, uniquelyp tiesirable for 9egenermbility.
feedstock "B s fed.in step,3) and the remant, of, step 7) was desi gnated
as "B-3". 15h§‘§?°rﬁwn%wa4455@ﬁ?ﬂsgnw SR G SRRbIGBHONS Gh U0 of BT LH o
"D SX" was r i FonfhdHel i nh e , pt.t hat
NPC vas 1oy pooifiadof P enadEe @solridn Bl pERLT iRes gef b lod |

rati o of01: @xchinge resinlwhicly are dharppdrin as adsoaptioradolwmndn aenigsy ave foond'ebbe 12,
bel ow. 20 TABLE 12 A-2 C.2 B-2 B-3 D SX Nitrogen Renoval Rati,oé;oﬁenSS 60 60
72 64 EXAVPIMorestipgtive VPG remeal thanaising shiqagel Relq pRgeaishin gfortene

tal yst f i furd zati
carriod oot usi ng ¥ Ricirzes s fbrbo@ kol byl 35Re CPME e FABIDELETAG O 7
Tested in tiges RxaRrpecfivatrfacecaied ryiing from W0 @O160 n°4, Gndl@\pot® G3lume

PCT/ KR99100338 currently being used in a commercial |BS process practiced
by the presanngingftontQ.dtto 1.3 ec/ghysi cal properties are given) together wth

its cheni.cal co Lti o in Tabl.e 13,..Dbelow, 5 TABLE 13.Chem cal

Conost £ 18nph S sarWEofendh FEEHE, 2, %8 iobie' HRRperdion APLEISe of an

nel Mb016. 35 dﬁsofﬁ?@h%r‘é@é#%aﬂﬂrﬁ% ¥h QrééntMinviiiich. Fipéte lighiae Hdrobiabek - 09
wt . %.0adi ng Densit836 k | m zO, Bal'anceAvg. Lengthl/20 inch 400 cc of

t he cat al yststieam istfed §erca predetessi®ed iperiod pf tme intadinei afjtwoer rdese@dsorption
desul furi zati d bj ect ed t :sul fiding qn.which

di ot byl - d SEPAS leTaielEy Aeran At gisardeo, WHIR 46F (BCrRmRVed he
raw LGO " A" o #Béﬁﬂﬁ@ﬁ% £64 o2 Maﬁequ{éﬁtcéaimyt?d‘&o‘céﬁ, HeAWE bdsAoR] ﬁ‘ﬁg@er e

collected for” sultur analyses at 3 different” reaction tenperatures. Before
sanpl i N4 headsofutiont coluhmscareadesstbelcby whes usgioft fideeskption stvénoubsagittot he
sanme tenperature for stabilization. Determ nation of catalyst activjty with
the adsor pti geperais: e adspspripn solumiy Tdtfrftcsmtlphéoafaﬁblmﬁy selegled from) ¢ s

are given i nmﬁ@% %lcjoﬁlsp %{h%)’g' at?ds k&’g‘ﬁésEcG"nQaining 6 or less carbon atoms, which are

exemplified by methanol, methyl-tertiary-butyl ether and acetone. Generally, the

aforementioned solvents have low boiling points, so that they are easily distilled and
25  recovered from feedstock or NPC. Instead of the aforementioned scheme where the
two fixed beds are utilized, either a fluidizing bed or a moving bed may be applied

to deliver the same results.
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H1 Partial Pressure, kgf/cn258.8Reaction ConditionsH2/0il Rati gﬁ Nr%'/ IZP%O
LHSV) hr''1.88Catal yst Vol une cc400Rxn. Resul ts) FeedAA- 2Pr oduct Sul f ur BAT
3003 943 nRoDHE75BAT 3701 960 ml 298 nBAT 340756 nB825 m * BAFCT/KIRHG/00338r age
Tenperature 3Z 2 ~ N~"~ 2002 WD 99J6" 1343 PCTI KR991(Q338 As is apparent
fromthe data) the |level of sulfur reduction in the product inproved
substantially with the adsorption-pretreated feed at the sane operating
tenperatures, conpared to the feed that was not pretreated. 5 EXAMPLE 13 To
exam ne and conpare inproved catal yst activity, deep dwsul furization tests

were carried out 1 di ; 9@1&' :
adsorption-treat e'gﬁ%/megﬁ%l?fr%?{?ﬁw r&é%s&sf ' g@“&ﬁ’\éﬂrrgltaggéﬁugﬁ g}exﬁggﬁe%tnd
"B-3" of 10stépxavanlte dd HDS e HAD, 4 hfldsiydroctadiingy athyd¥ooradkindpastese dr2 Was
charged in a high pressure) continuous type reactor, and was subjected to
pre-sul fi di sambinatiousi thereof.mBhehgatalysts miséd tethesesprotesses baveacidicractine sitesl wt %
with LGO Deep HDS was cponduct ﬂ under the sanme conditions ,as in Exanple
12, After oot e catalysh wurtagesand fesertsatomconyaining polar compeads desreases the

are o vén 1 BRAGHRCsGRRHCAITT SELBhGror b bginiE B BRI ERte | ©
reaction Teggive(sifes, WHi8 ﬁﬁg@@fﬂa ded2tivhi thelgilal (k& et muhedtfBAT 334° C671399
182BAT 344 ~~C30199 63BAT 354' C- 10839 18 20 As (| lustrdted in Table 15,

t he LGO ~f eedst ocldsopthe presentanvintionpeftains ta thetuse of NPEhas ahatdal dalmicity gher
by adsorptiyve pretreatnment of. th resent invengion resulted._in LGO
products Wi t’ﬁprg’UF’F ﬁﬁa"&%ﬁ&'ewgnﬁé}' gﬁﬁ'ﬂ@ﬁ“’ﬂdﬁ?"{'\)&% }fa{“ tbﬁge? ulfipdzation ot ng

condi tions that V‘@H'\?\%cﬁ‘%eayglieﬂi’cﬁ@(i'h@Pﬁ’@m&%ﬂtrﬁé@% th%%"tl}é’&oﬁtgﬁé& e 33
'~ 2 6 No v 2002 WO 99167345 , 'r PCIl KRO910d338 same LGO f eed. LE

14 5 1000 ccnitfogeariplthe MRC bedommesf substantially lighdrhtharpthedeedssodkytey o daton 6fir i zed

at 334 C described in Exanmple 13 and analézed for Saybolt col or usjng
M nol t a Di gilPa9r higher (prefesably20; sunesgrgater) Andy the foptegt wE pxygenrgentaining

Col or +12.+20 PIEISIS BELY CERFPGHER e KEEER®10 TR RANF hod prefpray; 13 %6 or

degr adat i on highepNRC is pecterabhi eshcemrated By bl¥optidiepracksdsp pteferablyaitilBidged
feed significantly inproved product color) as shown in Table i6. Such
resul ts sugg@dserbehtsiseleied from the srupron8isting ofackivated catbennzeadite, thydrased sent

wel | s s e SEuaR S SRR b ond B Wit BT ot i on |

tests were carri edAleﬁorwimkcti@ex{rmé&b?Cahﬁorbﬁsn,mgeG'c&@ex@,f suHbRGRheent and
the NPC-renpbved LGOs "A-2" and "C-2" of Exanple 11.” The same hi gh pressure,

conti nuous tandetatalaadid rnummiser cdecadage t Niteagen i doatent, ninEpartipler, t8rnseews twsbe and
the results are, given,, t. r with the operati ondi.ti.ons,., i.n.Table 17,
T on 84 Qesess reisedavint RoQ ruyalraio aeaign ool s xamile 4; hile i is' 180

expected that content of oxygen-containing compounds should vary with NPC

20 removal, tracking down the changes in oxygen content of treated hydrocarbons is
extremely difficult since the change occurs within the error margin of oxygen
content analysis. The NPC removal ratio would be exactly quantified if changes in
NPC weight are measured and compared. HO\;VBVGT, the measurement takes
impractically long time. Consequently, NPC removal ratio is represented by changes

25  in nitrogen content in the following examples, since nitrogen content is easy to

analyze with reasonably small error margins as shown in Example 4.
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Hs Partial Pressure) kgf/cn4Q ORxn ConditionH2/o0il Ratio , NgﬁKﬂ@EOgMSV)
hrl.35Catal st Vol ume ccl 00FeedAA- 2CC- 2BAT 324' Cl, 3487791, 35 6RXN.

Resul t s, BVOI9%7BI842817744261 f P dur, ppmro uct suB~ 334" C2BETARMHBEpAT
354 ~C1154015875 Regardl ess of the difference in boiling points, sulfur
tontent and nitrogen content of LGO) simlar deep HDS i nprovenents were
obtai ned. 5 EXAMPLE 16 A deep HDS reaction test was carried out for the
NPC-renmoved LGO "BSX', prepared by solvent extraction in Exanple 9) under
the sane deep HDS 10 conditions and enploying the reactor described in
Exanpl e 12. The results are given gxAMBPLE 118, bel ow. TABLE 18

Feedst ockNi trogen, ppm (wt)57Sul fur mw 15 400BAT 334' C680Pr oduct

Sul fur, BAT 344' C279ppm (W ) BA3' 35411 8 15 The purpose of this exanple was
to exam ne whether identical or simlar effects could be attained by other
NPC renoval net HefdQ anddighthsycde pil éh€0d,used as p beedstorks in thexpresenbinveation,

et ty R i it obetibfiEoRins B Bl Sifiyne JRTBHIF theBramemicsRnd 23
WO 991 §734Re Eoﬁpéﬁtiéﬁ%%i‘ PGS LGOS ARSarL O APE gﬁéﬂ?l‘hég@ Rits faPé @xclﬁaeelgi trogen

removal ratio of the solvent extraction had the sane el ect as adsorption
proposed iusedhim poendction withnthee presdiiteinventimnt Aexmentidriedn previdudlyjetbe be one
of f'* the pretreatnment mnethods for _deep HDS. However, an excessive quantity

of sol ventCompRosHin ard PEOREERRScOE NPfe may nvary i with ghe, fesdptogiowised,r buti suchs

obtained b he agdsorpti,Q fact, . ven act |, woul d,require two
or nore di faltlﬁgtcfo(g% '@&‘Wg%éﬂ‘%ﬁsg%ﬁ ng‘i‘ml"eéasré‘&’{f, i:’omevx’,'ni haggp ci ti%s
coul d be asGORNiEh aTeriR bolllNEEsBIAR] sullRe Borttbiis Bh@ GRfozen EBAteR] WANE “D”
extraction nethod is, therefore, di sadvantageous in %peratl on and

i nvestifentiscosL.€O pfodused frons anlatmasnberie residuecGAR) uld catalyticmonversioned wi t h
sol vent eg}:rﬁ)'tci on, such di sadvantage can 1 10 be overconme with suitable
sol vent . HofEHSci al  di sadvant age, however, does not |limt the scope of
t he present invention. EXAMPLE 17 15 A series of tests were carried out to
exam ne the deep IBS effect of NpC renoved LCO. At first, the LCO feedstock
"D' was mxed with feedstock "B" at BABBEUnme ratio of 3:7, followed by

subj ecting thg Ed‘t‘h‘éﬁitén tigie .\hai ThE STHE T "lu(i'[ IL anj rBS tqgndi tions -
as in Exanple Fegser NG renpy 5.444“ 7 ava 7ﬁ,}oﬂ€d by
sol vent ext radtyLOHmiRR | e 11) a 53 y Ql;c ;;gjgefeadsfg&( "“IB" at .,,.
a vol ume rati ¢RuHrogen; pPMM. e d b 240 b 1A o bs—d—dedp HDS. The
results are gi Jgtitlatiopa hCe 19, (below. ct~ =0 2136 VO 99l 345 TABLE 19 2
s r~o~ 2002 FQTI | CRO9IB®338 Pr oducﬂgs cpnt @ﬁ&sReactpﬂn BATF B[70 v.%
+Feed D 30 v. % eed B W%v. % +Fded #I%X B4 ¢64834 C22U19 n sP2859

pS3441 , 649 m{Sl, 201 $¥h S354' G1, 08B m $24908pm|s 3% cpes MBS 893 m S
Even in the cdse that9@cl e oills we8%® added?8p tio 3383 of |t hé5Peedst ock,
significant deep HDS igmprovenents 38ul §ed38&hi ch cdB d be averibed to the
S renmoval of NPC__TNhi.s.15,believed To have SOMeE econom cC signiflrcance to
refinery operati &FL"HB“EZE&'?‘PEPP mddle distillates with a high portion
of cyche oil in tfe p{ﬂw ; MPLE 18 10 A series of experinents
wer e céﬁduct ed toﬁ?_n\gllgf ?'Ba eafﬁ{@]}glé/ ?mnce between U. S. Patent No.
5,454,933 and the present invention in the foll ow ng aspects: adsorbent
regenerability, RPA and by-product m To make a valid conparison, an
adsorbent, of which surface feature LEZysed to that of adsorbent 15
used in the disclosed invention, Filtrosorb .400, were carefully sel ected.
BET

LLE
oo E T T L AN RN Er AN vy |

=

[ i

Silica gel, alumina and ion exchange resins, which are commonly used in
20 column chromatography, were selected as adsorbents in the present invention.

Physical properties of the adsorbents used are given in Table 2.
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. _ 2 A@B@V 2002
properties of the two adsorbents are shown in Table 20, bel ow LE 20 BET
PropertyActivated Carbon suggested by U S. Pat. ~ 454 933 i r bon
" DARCOBU VOSSR, i | 8001900627Por & S 262010043, S 20 The RIS
adsor ption/ desorption procedure was as follows. 37 WO 99167345 2 6 NOV
2002 4. . _ PCT~CR99/ 00338 1) Activated carbon (ACRCS organics, DARCO
20-40 mesh) was dried 6 hours at 150'C . 2) 40 cc of dried activated carbon
was | oaded in the inner tube of the concentric glass colum and the
activated carbon bed was nmaintained at 901C by 5 cireutating—that

~

4
wat €1

through the outer jacket of the conceTABLE 2t ube. 3) 250 cc of tol uene was

fed at a fl oy S TCHNIL Gt ot gdsoryent—bed—4h—tp sofptet i on
of Step 3), 400 ¢tT of deep%h&&p esul1ur§?’§d LG(ﬁ‘V?V\Eg@n ;,;j :I'é rofluced
fromthe LGO{HDS procéss of SK Corporati on®and hadizeAconf AYE f &ppm
(wt) sul fur }was int (ndured.jf a flowlraf®8of 115 cel/nin 5) mégfirs{ 75
cc of the praducta m xjure S8flicaGmend t ol u@38. _whi cRO.l8 equival3d2 to B 5 cc
of LGO, was dolldcted|and separated from OHS t dl uer?s.9y al r ot 200,27
evaporator) Keepigig the remmant as T1 .| 6p.7Hhe |resti§ds thp pregugs m kxture
was col | ected angy Sepqrated fromthe 13 TQlGsENE DY gg@Rar Y| CVAgEH G5 07+ |

keepi ng t he termmgrag T2. 7) Upon conp'retimn f Wﬁ% ﬂ,,g&ﬁ t¢9l uene
was i ntroduc r'rn‘vﬂre,g nerate the aCtiVEﬂ"E‘ti"‘g\"bﬁﬂ fS' —f-P 2 ;4"% g
cc/mn. . 8) Hhe—S5uH4r contents of "T @F—ard—H2"—t-o—ath U
ANTEK Sul f ur a.na.l.%ef =20-9) The 1 8.

repeal ed oncelmnr® __1Q) The Avwmitddire flr o7 epk 430170 g) | uadOPE2RN: of
three nore tipes excedt IorBychangeResinhilch 080 cc 4509 hydr 48sul f diri zed

LLGO was introduced instead of 40D cc. The results are given in Table 21. 25
38 WD 99167345 Table 21 2 s Nov Zpp~ PCTI KR99/ 00338 No. of

regenerati on01234T1) cc3535353535RPABX2MPIEIBA. 880. 880. 88Desul furi zati on
98064664748T 1+T2)

cc4004001001041 OORPA10102. 52. 52. 5Desul furi zati on, %2623554342Ext r act ,

183, 032. 332. 13%,2 ' " 0 ,
Nt %7. 837. 33§F°1§‘£’“é1£gt“§°0§gtbiﬁ§h‘§? glp?f%ﬁg?'ﬁg%%ynwe@ gdsorbents, a series

.'9.79.5
per one cycldf &ipefifhentd vefescarduéfed wuitg fiet sildeagélalih ableARCAentified ak ed”
carbon) having 5 physical properties simlar to Filtrosorb 400, was used in
the experi nehfoughalg"RAmving disgsetershmngiwgofromnd.3r tndieamp The sbsesptions |l f ur
conpounds frcgm a .de%J Hegﬁter eg{ ed bGO stream The adsorbent, however, tends
to lose its eagg’,ﬂapi ERCLEH Y ?/set;? Q¥5as desorption is repeatedly conducted.
Therefore, it is quesd t@BAeAdYEBERER” WS 16Hde8 iR BRAnAEIMEDE bPtheCdRc&ifiric
continuously operable with 11.75 RPA) 10 even with Filtrosorb 400. the

di scl osd® i nglessdodemaf Pat. No. 5, 454, 933 does not provi de exanpl es

descri bi ng conti nugus.operation ere adsorptjon and desorpiion are
conducted at nore ?L:l;beoffénpc‘f/%?fé’. %{'@i@é‘?{gi"ﬁ l?%d;

N SR SPRMABE DY 2006
0o b ' 2. Fi l t b
200 bo mich MM Gale? thibeFUIRNMA ke danETacBhic comE AT || oo

ur conpounds, byproduct
generation at RPA 8) 400 cd bf thedl GOU'A "cessfed @t alfloy tategdfe00 chva ibiopthe dnroer
cannot be used other than as a bl endi ng stock for high sulfur heavy oils)
and this coufuperhegs adsargentwas §hargedgeous for the disclosed invention of
the pate from an 1 L C i as
in Exarrpﬁe 4 was aégg@?@ (r)Ta ognpgiétgd;igpf)%tgé}P),?@LW::]\%-@&J&@J&&, é@g@’%g N Q
V 2002 PG'f/ kixhpeddidSheimper fubd it 200 ¢c/ms much as 100 ppm (wt) and 300 ppm
(W), respectively. The prepared sanples were then subjected to lubricity

tests by the use of5)ThefErRRtutei wis purgedwith niteogepr ocating rig), which is a
standard |1 SO di esel_ fuel lubricity asuri n% instrument. The results are
given in Table 22) Sdhsprodycts obtained from steps 3), 4), and 5) were mixed together.

7) The products of step 6) were separated from the solvent by 2 rotary

20  evaporator, keeping the remnant as "NPC-removed LGO".
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TABLE 22 Amount added mwt 0 Base 100 300 AVR Abraded Di amet &5 W@&B
498 415 TI&? gﬁ/az% results indicate that the NPC, which is op®dykRoOMdsAE Of
the adsorp¥? % &t r eat ment process, can be used as an effective diesel
lubricity additive 10 for ultra-low sulfur diesel fuel) which tends to have
very poor lubricity. The pretreatnent process of the present invention,
thus, not only inproves subsequent catalytic processes to produce ultra | ow
sul fur fuels but also provides solutions to the lubricity degradation

probl ens of the fuels by usjng the by-product as . a |ubricity additjive. 15
EXAVPLE 20 Tests 8&;’@%8??‘? oppf step éﬁaﬁﬁ‘i sfeofiavhighly ppher saliensamethylt yenced

i csel ana SHiPaRS-Eher shfinfoglcdf PRSI e Rier Wi wore cub ected o

t he em ssion test ; |l ows: 1) The feedstock
"A" was subj ect e??@%ﬁ‘iﬂ‘%ﬁ@gﬁgﬁ"’%ﬁ%@ﬁ "t?tﬁ%é@arre conditions as in
Exanpl e 12, to prid)Pesdute sbiainedifrom slepdB) andiQ) wasanixed sogeeirred as "A-em 1".
25 2) The feedstock "A" was subjected to the adsorption pretreatnent to
remove NPC in t hel 3 dthe praguetsof siept@nyre seppragedifromethe spdvent byjthense ofo deep
40 2 6 NOV, 2002 WD 991,67345 PCT| KR991(Qf HDS reaction at 339'C to

pr oduce de§9§af¥1FYazpé)5atB’é(l§°eB\ﬂ5é £ (Ranaghas &E‘?ed as "Aem?2". 3) Commercially

avai | abl e er 05engyWrilprfcsid BomHELERH 316 11PwaPFeroleh (18 Ttk BRGI W {1

the "A-em 1" and 2" at 30% Il evel to prepare emssion test 5 fuels
whi ch had si m | ar13)iFdrithe atdsarbent ' ahtoaph 1, abe provpdureifrem tsteps 3 ttooF2)
comercially avail able diesel fuels and designated "A-em 1-D' and

" A-em 2- D' )Waskeperted.FesRectivelyThe above two sanples were tested in a diesel
engine, along with the reference fuel to stabilize the engine. Commerci al
di esel Tuel (SK Diesel) was used ' 10 as a reference fuel. The
characteristics of the sanples are shpABLER Tabl e 23, below. 5) The

em ssion test was carri tr—arbtsogrese—engrE-haynga

di spl acement of 11, 050 fc, E@ﬁ?fﬁe’é@ sc!d,ﬂi.“ol R0 (4l Batio (4) —Ht d., Korea)
identified as Mddel D23g6—The anpunt ' i seidn Jag 3 red according
to the D-13 node) whichlis_an ®ni ssidn t st de $or Heaw/ dutl diesel
vehicles in 15 Korea. |j_addithon) srpke23as headlred lwitBlthel 3 sanpl es
according to snmoke 3 node. Det@ils and nmf3asurknerdi?s arle gb¥en jn Tables 24
and 25) respectively. 6) To nmdinm ze lerr62s due t&d enyi rofdentpl changes,
the test was conducted pontinugusly. |[Thesgéngi he vBi#s checkésl fof its
repeatability using a rgeferencg Tuel [pefqge ahd aff er [thegyest]session. In
addition, 4.pre-tests & cargied 20 OUggW TT 1t sajﬁ‘l"g'b’é'_rence di esel
fuel to evaluate,the re';r'crd'u-ci-g'ﬁﬁy of Z‘g O (@ri Br+utTom—Tunnel’) used
for PM neasurenent and an exhaust gas anal yzer. 41 WO 991 6?34S TABLE 23 ~
; NV 24D, PCT/ KRagL 00336, QA B61.oh kTl PSR A-ofRodidt X FORAGES 21
| 0p152159106 14587 OQRE/ERD BIBAAASRE 10 B A5y cA° 29mNC O STRETBAIFAIIL e |
ue vol. 99.81.6 ~1. " SFlash Point) 'C 6363S mw 330220220N m wt - 23810% C
resi due}lsw Hydag@rtpt0. 02 * SK Diesel: commercial SK corporation diesel

products TABLE 24 Operati.n ondi ti gns by Test Mdes,-13 ., YM .
Measur ement MbdeEn CRMPRIS §8we.e“ ﬁ‘ﬁc?ﬁy%ﬁ‘i“%ﬂse%gﬁ’hys‘“l properties of

_21920100. 0%%&%%%%85}19%&QRﬁ‘théPQdRﬁEé&?QJﬁﬂmQﬁ&l%QmQ&y Felited \itHy their

0. 258320010

. ?50_. 02103 26126 00Iudk] pam06iZ2d ndspeeificiface diedt Shellaeged tROpaSwvolomedwasthe
measur ement ModeEn i ne RPM4 Load110001002132010032200100 42 WO 991 67345
*RPMat maxi rigtter ghgyadsorpsionpparfor@anee wpsnAs the pore volume increased, the pore size

20 increased while the specific surface area decredsed.
From the results, the adsorbent, silica gel, with pore volume from 0.5 to 1.5

cc/g, pore size from 40 to 200 A and specific surface area from 10 to 1,000 m*/g is
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60% of the RPM at maxi mal engine output: 1920 rpm TABLE 25 2 62N NO\L2802
PCT/ 1 CRO9/ 00338 Test ItensTotal PMr/KWhSOF CWhSul fate :

W hSnokeA-vepwd,sDas 76b0. 0510. 00750A- em; 2- D0. 5960. 0400. 005481 PET/KRIHBOIIB
92221284 5 SOF (Sol uble Organic Fraction) As shown in Table 25, the

NPC- r enoved-t hen- deep- hydr odesul furi zed di esel fuel showed 22% | ower |evel
of PM em ssion conpared to the other fuel at the sanme sulfur level. Such an
i nprovenent in em ssion characteristitstl-ikely x O resulted fromrenoval of
precursor material for PM such precursor material mght well be renoved as

P o N es B or Rt L GO FOL HRTpIL i BT yhlSn bR edp 0SS, ©f

t he present I nvention even nore a ive ause i (%aner
di esel fuelifiheviore siZ i3 l@Vthai 40UAT hdscFRitnoWbuldSnotPe! effetiSd! On RS dther

pol l utant conpared to other diesel fuels with the sanme sulfur contents.

Al t hough t hangdyri€ apatdsorbentrhas too lasge dporepiohimel physivalrstrengthoafithé gdsorbent
processes for, producin dr,ocarbon fuels, it i§g re . preferably applied to
t he upstreéﬁf'@ﬁ'f&éé y %Fgéégég%s'ﬂ%qﬁiﬁﬁj‘t'&F’f%@c"z&r'@g\é‘ﬁ’@' and di esel fuels
to inprgve effectiveness of the FM5 processes and qualities of the products
therefrom . ., . Due to the ever-tightening stringent environnental

regul ations, refineries 20 call for BXAMPLEW and econom c deep

desul furi zation technol ogi es to produce cl eaner diesel fuels. The present

i nvention suggests a sinple but efficient pretreatnent process that wll
enabl e a conventi.gna S, process.to ecopom cal | rqoduce ULSD fr.om

hi gh-sul fur LGO fﬁ%@ﬁ?b&%ﬁa’&dﬁﬂ@ﬂﬁ fﬁ’@r?)@é%]é% ?va%hﬁ‘?' $PeEPS ASs such
advant ages 1?, ofvst ending 43 2 ~ Nov 2002 WO 99/6734S PCTI KRO9/ Op338 t he
catal yst [i Zl) reduci ng hydrogen consunpti on and savi ng operati on cost by
'maki ng 10he best ubE 103.47 oy(20GIm) yoff sitidstgek KMerdkuSilicar geir &), 700230 hweshane
sul fur content |evel) adsorption-treated di esel fuel shows better em ssion
char act er i s&STM) pugre datget inoAaglags colymy (dm x\Bpmd {05 pedinmy pressure

adsor ption-&gr«aﬁa%k'g‘g el fuel emts |ower anounts of PMand NOx) two of
the nost strictly gul at ed pol | utants) conpared to conventional diesel

fuel . The col or op) 10.60¢] of theINPC obtamied mExuneple! SevdrBdissohet iinm-pekgiey at ur e
i s decreased and col or body precursor |evel gets substantially reduced in

t he plr et r eadrthis pelytion wvas pgurediante) tbmglm Godrgn.ofollowed ggeﬂqv@'as FRmMIwHcess
i 0 . . i g
o ot r eabrent-Ponngy 508 B ot FRd Sy B orP P SenineiBly8AE o0t pf Efuene

vel ocities hh@BOGRF FNRARMIE In séfUente) RhRLGK thelddfurin.ze requi rement becones

substantially snmaller than other conventional reaction units. The
i nvest ment cost oB)tSie ¢ffluentcliactions Pl dodibs wese obtained: such thabdhe aliquot

approximately 10 %0 hat of ~H QCcess i nc pretreat nen rocess
565 15 conIuRYaF B M gath €65 e Reipen et BE (- Mo R B i
oper ati ng Ce&tandSod mPfof tid MRtedfudd, B¢ around 10-20% of that of HDS
process. The present Invention has been described in an illustrative
manner, 2@and it is 4)Eadok fractien stasdntroduzet eo airotanpgvapurater fos sbivest@amdvab be
in the nature of description rather than of |imtation. Many nodifications
and vari at i Gnd the residue yyasusighednyenti on 20 are possible in iight of the

above teachi ngs.  THeGRkMafve dnalyied SuliS, UAISLRA R WAL AL ABalylfr S6PP° O

the appended cl ai e Inventi‘on nay be practi ced other\

speci fi cal | miﬁ@%ﬁfaﬂ&ﬁlmﬂcomem%-ﬁiﬁﬂﬂyi%ﬁdnd' SGCLMBIEshd § GCRAEDNRY N002
PCTI KR99100338 1. A method of manufacturing hydrocarbon fuel, the nethod
conpri si ng: and)S speeiesi ng natural pol ar conpounds from a petrol eum f eedst ock

fraction_prior to atal ytj cally hydraoprocessing the petrol eum f eedst ock
fracti ot o subst ang g@@fé&i%ﬁv’% (gb)ﬂ?@ﬁﬁ SRECLOMELT, FateaHguanidptye

conpounds i . Q t oGk f.racti th rQl f t QCk
fraction haC?&ﬁ@%ééog‘;&%Idlog‘gr?Bgﬁﬁﬂ?l n%"ielc@aéﬁﬁgﬂf rlhrﬁ%iﬁj%&éﬁﬁﬁ%eﬁi%gﬁéh (b)
catal yti cal |Mof&ﬂ¥a?ﬁﬁﬂgﬁt5 émsraﬂsbﬁ. e sEesC b i 38 GRhIC veld 3€letied dia piaggluce a
hydrocarbon fuel. i t 10 2. The method of claim'l, wherein the hydrocarbon
fuel has a boiling point in the range of 110 to 400'.C and a sul fur content

| ess than 500 ppm (wt). 3 . The method of clai'm 1, wherein the hydrocarbon
fuel has a boiling point 15 in the range»xpf 110'C to 400'C and a sul fur
content |less than 50 ppm(wt). 4. The nethod of claim1l) wherein the

boi ling point of the petrol eumfeedstock fraction is in the range from 200
to 400' C ..




20 5. The nethod of claim1, wherein the petrol eumfeedstockzsaﬁgvomz
cresulting fromstep (a) contains greater than a 30% reducti ' | en
content, gWQP¥6T3#han a 0.5% reduction in sul fur content, aﬁg'ré&é%’@%g‘?han
a 60%reduction in total acid nunber, as conpared to the original feedstock
fraction. ., Co e , , 25 6. The nmethod of claim1, wherein the

nat ural pol ar conpounds conprise between 5.0 and 50% (wt) oxygen-contai ni ng

~ ~

conmpounds) between 5.0 and 50% (wt) nitrogen-containing heterocyclic
and sul fur content
RESVEREO 1 9 #38dincidedT withiretheadlowed Ginsit 6T Masy\BifferérteldTD. 08 twiER!
pol ar conpounds renoved fromthe petrol eum feedstock fraction constitute
bet ween 0. 1comparison % thetdalauated endlequidrrwodightywhichd steoregarided asiaocheical he

conpounds,
5.0% (wt).

met hod of c
_ processes C
hydr ocr acki
claim1l) wh

laim 1,

SFRUPs Wity

eastPéfHeRE

erelrn e
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na

in the range of 45

i n _hydr oproce

S

f eedst ock byfeptheanissenddsareinent of the sathpRs EieEG lass nivabirBd wildonkidtenbe

petrol eum f eedst ock contains heavy 15 gas oils having a final

over 400' C, withuthgicalsulated messtwithiprmaasitiongangga)03cycl e oil) and coker gas

oil. 11. Th
renoved fro
nore 20 ads

occurs in two or

e neth
m t he
or bents.

f im.l, '
Tondtsare ki PR b,
12. The method of claim 11, wherein the adsorption

nore adsorption towers. 25 13. The nethod of claim1l)

e

nat ur al
n by ads

pol ar conpounds are
orption with one or
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As is apparent from Table 4, NPC was found to be a polar mixture of polar

compounds, in which such nitrogen-containing compounds as pyridines, quinolines,

acridines, carbazoles benzocarbazoles, indoles, and such oxygen-containing

compounds as organic acids, and phenols, comprise over half of the total weight. In

fact, the change in the properties and compesitions of LGO before and after the

adsorption resulted mainly from changes in its nitrogen and oxygen contents.
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In the above Examples 2, 3 and 4, it was revealed that the NPC removal

could be achieved by various adsorbents, such as ion exchange resins; the nitrogen

15 removal ratio, however, may vary with different adsorbents. In addition, it was also
found that combinations of two or more adsorbents could enhance the nitrogen
removal ratio. For example, in the case of d:i in Table 6, where an adsorption
column was prepared with ion exchange resin “i”, which was charged immediately

after the silica gel “d”, then the nitrogen removal ratio improved as much as 3~ 5%

20  points compared to the case “d”, where silica gel is used alone.

EXAMPLE 6
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10 As is apparent from Table 7, no differences in the nitrogen removal ratios
were found among various LGOs, while an extremely low nitrogen removal ratio
was given to the LCO, which contained almost ten times higher nitrogen compounds
content and was also high in viscosity and aromatics content.- Therefore, adsorption
turned out to be an effective pretreatment technology for LGO that has a relatively

15 low level of nitrogen contents, viscosity and aromatics, but may not be a good one
for LCO.

EXAMPLE 7

20 The same procedure as in Example 3 was repeated, except that the
feedstock A of 2,000, 3,000 and 4,000 cc was introduced at a rate of 1,000, 2,000
and 4,000 cc/hr through a bed charged with 400 cc of the adsorbent d ranging, in
diameter size, from 0.85 to 1.0 mm. Together with pressure drop across the
adsorption bed and the amounts of the polar solvent used, the nitrogen removal ratio

25 for LGO is given in Table 8, below. Also, there is shown the pressure drop

variation with space velocity.
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decreases at the same space velocity, the nitrogen removal ratio increased. The same
tendency, which constitutes a basic operational rule in the removal of NPC by
adsorption, is expected for other adsorbent types or adsorption techniques as well.
The particle diameter size of an adsorbent is closely related to the pressure
10  drop: the pressure drop is inversely proportional to the square of the particle
diameter. Increasing the particle size may reduce the pressure drop, but also reduces
the adsorption performance of the adsorbent. As the particle size increased, the
nitrogen removal ratios were shown to be mbre‘éénsitive to the space velocities. In
addition, the NPC removal tends to change with the adsorption temperatures, and
15  the optimal bed temperature is found to be in the range between 40 and 80°C for
LGO. Such a temperature range happens to be very close to the storage temperature
of the LGO.

EXAMPLE 8§
20
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4) Upon completion of step 3), 40 cc of MTBE vapor was introduced at a

S 10%& ()- SS& 10%v& ()-S$ 10%E& ()-"@OWR' ()=, bCllL10%-& /\ $10%-&—=

rate of 200 cc/hr through the adsorption bed. To vaporize the solvent, a preheating
tube was installed and heated t0 90°C and the temperature of the adsorbent bed was
15  maintained constant by circulating water through the outer jacket of the concentric
tube at 80°C. J
5) The product obtained from steps 3) and 4) were mixed together and the
solvent was removed by the use of a rotary evaporator, keeping the remnant as
“NPC-removed LGO”. ‘
20 6) Upon completion of step 5), 80 cc of liquid MTBE was injected at 200
cc/hr to the inner tube.
7) The product of step 6) was separated from the solvent by the use of a

rotary evaporator, keeping the remnant as “NPC”.

25 TABLE 9
| Nitrogen Removal Ratio (%) [62 . |

In contrast to Example 4, in which two different solvents were used,
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Example 8 employed only one polar solvent, but resulted in a similar nitrogen
removal ratio. This result bears in determining what regeneration techniques should
be used for the adsorbents. For instance, ebullated bed or fluidized bed, which

cannot be operated with two different solvents, could be applicable for the

adsorption pretreatment step.
EXAMPLE 9

In addition to adsorption, a series of solvent extraction experiments were
conducted using a polar solvent to verify whether solvent extraction removed NPC,
and whether solvent extraction brought the same degree of improvement as
adsorption did to the HDS process. The followmg procedure was used.

1) 500 cc of the feedstock “B” was mixed and stirred along with an equal
volume of methanol in a mixer.

2) After completing the mixing and'stirring, the mixture was allowed to
settle for 5 min to give phase separation, followed by draining LGO, which
underwent solvent extraction, from the bottom of the mixer.

3) The extracted LGO was treated with a rotary evaporator to remove
residual methanol, thereby yielding pure LGO deprived of NPC. The nitrogen
removal ratios varying the volume ratios of feedstock “B” to methanol are given in
Table 10, below.

4) The same procedure as in steps 1) through 3) was rei:eated, except that
the feedstock was “D” instead of “B”. The nitroger; removal ratios, varying with the
volume ratio of feedstock “D” to methanol, are given in Table 10, below.

5) In order to prepare the feedstock for the deep desulfurization reaction

tests, steps 1) to 3) were repeated to obtain 14 'liters of the LGO deprived of NPC,
which was designated as “B-SX”.
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TABLE 10
Feedstock:MeOH B-SX, nitrogen D-SX, nitrogen
Removal ratio (%) removal ratio (%)
250c¢ :750¢cc 72 65
333cc:667cc 65 -
500cc:500¢cc 55 23
667cc:333cc 40 -
750cc:250¢cc 31 -

7) In order to determine the nitrogen removal capacity of methanol, steps 1)
to 3) were repeated to prepare the NPC-deprived LGO and designated a “B-SX1”.

8) A fresh feedstock “B™ was fed again into the mixer, mixed, and stirred
for 20 min, together with remaining methanol of step 2). From this mixture, an LGO
fraction was extracted and designated as “B-SX2".

9) “B-SX3" was prepared by repeating step 8) in the same manner.

The nitrogen removal ratios for another fresh feed and with the same

methanol solvent are given in Table 11, below.

TABLE 11
Feedstock ' B-SX1 B-SX2 B-SX3
Nitrogen Removal Ratio(%) | 55 32 22

The nitrogen removal ratio for feedstock “D” was very low as shown in
Table 7 of Example 6. However, by using the solvent extraction method, the
nitrogen removal ratio of the feedstocks such as fluidized catalytic cracking (FCC)
cycle oil, coker gas oil, or vacuum gas oil, which tend to make it rather difficult to
remove NPC through adsorption, can be improved to almost the same level as that

of LGO obtained by adsorption, as shown in the data of Table 10. Solvent
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5  sharply as the number of regeneration iterations increases.

10%#&

The regeneration of such adsorbents is possible by heating or by the use of

a highly polar solvent, which is also included in the scope of this invention, but is
considered to have somewhat limited application. Desirable adsorbents, therefore,

must have such regenerative adsorption characteristics as hydrogen bonding,

10  exemplified by silica gel and hydrated alumina. The performance of the adsorbent
also depends on the structural characteristics of the adsorbent and the feedstock

properties, such as boiling range, NPC content and the feedstock’s composition.

EXAMPLE 11
15
In order to examine whether and how the NPC-removed LGOs affect the

catalyst performance in the HDS process, the feeds for HDS reaction unit were

prepared as below.

1) 400 cc of the adsorbent d with a particle diameter from 0.88 to 1.0 mm

20 was loaded at the concen;ric glass column,
2) The temperature of the adsorbent bed was maintained to 50T by

circulating water through the outer jacket.

3) 4,000 cc of feedstock “A” was'fed at a flow rate of 2,000 cc/hr into the
adsorbent bed.

25 4) Upon completion of step 3), 800 cc of hexane was pumped into the
adsorbent bed at a flow rate of 2,000 cc/hr for co-purging.

5) The adsorption bed was purged with nitrogen.
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' 6) Products obtained from step 3), 4) and 5) were mixed together.

7) The solvent was removed from the products of step 6) by a rotary
evaporator, keeping the remnant as “A-2".

8) Upon completion of step S), 800 cc of methyl-tertiary-butyl-ether was
S  introduced to the adsorbent bed at a flow rate of 2,000 cc/hr.

9) The inner tube was purged again with nitrogen.

10) The procedure from steps 3) to 9) was repeated until the remnant of

step 7) amounted to 14 liters.

11) For the feedstock B and C, the procedure from steps 3) to 10) was
10 repeated and the remnants of step 7) were designated as “B-2" and “C-2”,
respectively.

12) For the feedstock B, the procedure from steps 3) to 10) was repeated,
except that 2,000 cc of feedstock “B” was fed in step 3) and the remnant of step 7)
was designated as “B-3".
15 13) For comparison, 3 liters of an NPC-removed LGO fraction “D-SX was
prepared in a manner similar to that of Example 9, except that NPC was removed by
solvent extraction using the feedstock D at methanol ratio of 1:3.

The resulting nitrogen removal ratios are given in Table 12, below.

20 TABLE 12

A2 |C-2 {B-2 |B-3 |D-SX
Nitrogen Removal Ratio (%) | 55 60 60 72 64

EXAMPLE 12

For the purpose of examining the improvement of the catalyst performance
25 as in Example 11, deep desulfurization tests were carried out using the feed A of

Example 1 and the feed “A-2" of Example 11. Tested in this example was a catalyst
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currently being used in a commercial HDS process practiced by the present .

applicant. Its physical properties are given, together with its chemical composition,
in Table 13, below.

5 TABLE 13
Chemical Composition Physical Properties
ICP, CoO 4.09 wt.% B.E.T surface Area {214 m’/g
MoDO, 16.35 wt.% Pore Volume 0.41 cc/g
NiO 0.01 wt.% Avg, Pore size 76 A
Na,O 0.09 wt.% Loading Density 836 kg/m’
Al,O, Balance Avg. Length 1/20 inch

400 cc of the catalyst was charged in a HDS pilot-plant facility for deep
desulfurization and was subjected to pre-sulfiding in which dimethyl-disulfide was
mixed at an amount of 1 wt% with an LGO. Then, the raw LGO “A” was introduced

10 to the reactor and the product samples were collected for sulfur analyses at 3
different reaction temperatures. Before sampling the product, the catalyst bed was
maintained for 24 hours at the same temperature for stabilization. Determination of

catalyst activity with the adsorption-treated LGO “A-2" was done in the same

manner. The results are given in Table 14, below.

15
TABLE 14
H, Partial Pressure, kgf/cm? 58.8
. . H,/0il Ratio ,Nm*XK1 170
Reaction Conditions LHSV, hr . 1.88
Catalyst Volume, cc 400
Rxn. Results,
Product Sulfur Feed A A-2
BAT 300 3,943 ppm 2,547 ppm
BAT 320 1,960 ppm 1,298 ppm
BAT 340 756 ppm 325 ppm

*BAT : Bed Average Temperature
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As is apparent from the data, the level of sulfur reduction in the product
improved substantially with the adsorption-pretreated feed at the same operating

temperatures, compared to the feed that was not pretreated.
5 EXAMPLE 13

To examine and compare improved catalyst activity, deep desulfurization
tests were carried out using 3 different NPC-removed feedstocks that were
adsorption-treated with different RPAs: “B” of Example 1, and “B-2" and “B-3” of

10 Example 11,

100 cc of the same catalyst as in Example 12 was charged in a high-
pressure, continuous type reactor, ;and was subjected to pre-sulfiding, in which
dimethyl disulfide was mixed at an amc;‘unt of 1 wt% with LGO. Deep HDS was
‘conducted under the same conditions as in Example 12. After being stabilized at the

15  same reaction temperature for 24 hours, the product sample was collected for sulfur

analysis. The results are given in Table 15, below.

TABLE 15
Product Sulfur Content Versus reaction Temp. (wt. ppm)
Feed B B-2 B-3
BAT 324°C 1503 756 .| 470
BAT 334°C 671 , 399 182
BAT 344°C 301 99 63
BAT 354°C 108 39 18

20

As illustrated in Table 15, the LGO feedstocks which were denitrified to the
extent of 60 % or higher by adsorptive pretreatment of the present invention resulted
in LGO products with sulfur content below 100 ppm (wt) at the same HDS
operating conditions that would have produced 300 ppm (wt) product sulfur for the
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EXAMPLE 14
5 100 cc of sample was taken from each of the products hydrodesulfurized at

334°C described in Example 13 and analyzed for Saybolt color using Minolta
Digital Colorimeter CT-320. The results are given in Table 16, below.

TABLE 16
Feedstock B feed B-2 feed B-3 feed
Product Color +12 +20 +18
Product Sulfur 671ppm 399ppm 182ppm

10

While product color degradation is often encountered in deep HDS, the
adsorption pretreated feed significantly improved product color, as shown in Table
16. Such results suggest that deep HDS after adsorptive pretreatment of the present
invention can bring about a substantial improvement in the product color as well as

15  to the product sulfur content.
EXAMPLE 15

Deep HDS reaction tests were carried out with the feedstocks “A” and “C”

20  of Example 1 and the NPC-removed LGOs “A-2” and “C-2” of Example 11.
The same high pressure, continuous type reactor and catalyst described in
Example 12 were used and the results are given, together with the operating

conditions, in Table 17, below.
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Regardless of the difference in boiling points, sulfur content and nitrogen

content of LGO, similar deep HDS improvements were obtained.

5
EXAMPLE 16
A deep HDS reaction test was carried out for the NPC-removed LGO “B-
SX”, prepared by solvent extraction in Example 9, under the same deep HDS
10  conditions and employing the reactor described in Example 12, The results are
given in Table 18, below.
TABLE 18
Nitrogen, ppm (wt) 57
Feedstock Sulfur, ppm (wt) 15,400
BAT 334C 680
P’°:::f (s;:‘:f‘” BAT 344°C 279
~BAT 354°C 118
15 The purpose of this example was to examine whether identical or similar

effects could be attained by other NPC removal methods such as solvent extraction,
The LGOs obtained in Example 9 were found to have a similar effect improving the

HDS catalyst activity compared to the LGOs obtained by adsorption if the nitrogen
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two or more distillation columns for solvent recovery, of whlch capacities could be
as large as the subsequent deep HDS process. The solvent extraction method is,
therefore, disadvantageous in operation and investment costs. If only a small
amount of feedstock is to be treated with solvent extraction, such disadvantage can
10  be overcome with suitable solvent. Such-commercial disadvantage, however, does

not limit the scope of the present invention.
EXAMPLE i7

15 A series of tests were carried out to examine the deep HDS effect of NPC-
removed LCO.

At first, the LCO feedstock “D” was mixed with feedstock “B” at a volume
ratio of 3.7, followed by subjecting the mixtures to deep HDS. The same catalyst
and HDS conditions as in Example 12 were used. The NPC-removed LCO “D-SX”,

20  prepared by solvent extraction in Example 11, was also mixed with feedstock “B” at

a volume ratio of 3:7, followed by subjecting the mixtures to deep HDS. The results
are given in Table 19, below.
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COMPARATIVE EXAMPLE 18
10
A series of experiments were condusted to investigate the difference
between U. S. Patent No. 5,454,933 and the present inveﬁtion in the following
aspects: adsorbent regenerability, RPA and by-product amount. To make a valid
comparison, an adsorbent, of which surface features were closed to that of adsorbent
15 used in the disclosed invention, Filtrosorb 400, were carefully selected. BET

properties of the two adsorbents are shown in Table 20, below.

TABLE 20
BET Property Activated Carbon suggested by | Activated Carbon,
U. S. Pat. 5,454,933 DARCO
Surface Area m¥/g 800~1200 627
Pore Size A 20~100 43.5
20 The adsorption/desorption procedure was as follows.
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1) Activated carbon (ACROS drganics, DARCO 20-40 mesh) was dried 6
hours at 150°C.
2) 40 cc of dried activated carbon was loaded in the inner tube of the
concentric glass column and the activated carbon bed was maintained at 90°C by
5 circulating hot water through the outer jacket of the concentric tube.
3) 250 cc of toluene was fed a; a flow rate of 8 cc/min into the adsorbent
bed.
4) Upon completion of Step 3), 400 cc of deep 'hydro-desulfurized LGO,
which had been produced from the LGO HDS process of SK Corporation and had
10 contained 240 ppm (wt) sulfur , was introduced at a flow rate of 15 c¢/min.
S) The first 75 cc of the product mixture of LGO and toluene, which is
equivalent to 35 cc of LGO, was collected and separated from the toluene by a
rotary evaporator, keeping the remnant as Ti.
6) The rest of the product mixture was collected and separated from the
15  toluene by rotary evaporator, keeping the remnant as T2.
7) Upon completion of Step 4), 250 cc of toluene was introduced to
regenerate the activated carbon at a flow rate of 8 cc/min.
8) The sulfur contents of “T1” and “T2” were analyzed by an ANTEK
Sulfur analyzer.
20 9) The procedure from sieps 4) to B) was repeated once more,
10) Ti\e procedure from steps 4) to 8) was repeated three more times except
Step 4), in which 100 cc of deep hydro-desulfurized LGO was introduced instead of
400 cc.

The results are given in Table 21.
25
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Table 21

No. of regeneration 0 1 2 3 4
T1, cc 35 35 35 35 35
RPA 0.88 0.88 0.88 0.38 0.88
Desulfurization,% 80 64 66 47 48
TI1+4T2, cc 400 400 100 100 100
RPA 10 10 25 25 2.5
Desulfurization,% 26 23 55 43 42
Extract, gram 33.0 323 32.1 31.7 324
Ratio of Extract over Feed (w/iw%).| 9.7 9.5 37.8 37.3 38.1

* RPA : Ratio of Product volume to Adsorbent volume per one cycle

Since Filtrosorb 400 was not available, DARCO activated carbon, having
5  physical properties similar to Filtrosorb 400, was used in the experiment. For RPA
of 0.88, the adsorbent removes up to 80% of sulfur compounds from a deep HDS-
treated LGO stream. The adsorbent, however, tends to lose its adsorption
effectiveness as desorption is repeatedly conducted. Therefore, it is questionable
whether the disclosed invention can be' continuously operable with 1~1.75 RPA,
10 even with Filtrosorb 400. the disclosed invention of Pat. No. 5,454,933 does not
provide examples describing continuous operation, where adsorption and desorption

are conducted at more than one cycle.
As given in Table 21, approximately 40% of feed was converted to the
{ byproduct at RPA of 2.5. Should Filtrosorb 400 be much more selective in
’ 15 adsorbing sulfur compounds, byproduct generation at RPA of 1~1.75 could be
considerably higher. The byproduct cannot be used other than as a blending stock

for high sulfur heavy oils, and this coillld be greatly disadvantageous for the

disclosed invention of the patent from an economic standpoint.
20 EXAMPLE 19

The NPC obtained as in Example 4 was added to a diesel fuel “LL" with
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poor lubricity as much as 100 ppm (wt) and 300 ppm (wt), respectively. The
prepared samples were then subjected to lubricity tests by the use of an HFRR (high

frequent reciprocating rig), which is a standard ISO diesel fuel lubricity measuring

instrument. The results are given in Table 22, below.

5
TABLE 22
Amount added ppm (wt) 0(Base) 100 300
Avg. Abraded Diameter, HFRR 588 498 415

‘ The above results indicate that the NPC, which is a by-product of the
adsorption pretreatment process, can be used as an effective diesel lubricity additive
10 for ultra-low sulfur diesel fuel, which tends to have very poor lubricity.

The pretreatment process of the present invention, thus, not only improves
subsequent catalytic processes to produce ultra low sulfur fuels but also provides
solutions to the lubricity degradation problems of the fuels by using the by-product
as a lubricity additive.

15
' EXAMPLE 20

Tests were carried out to examine how the NPC removal influenced the

emission characteristics of the produced diesel fuel. NPC-removed diese! and
20  ‘“regular” diesel with the same sulfur level were subjected to the emission test and
the test was conducted as follows:

1) The feedstock “A” was subjected to deep HDS at 356 C under the same
conditions as in Example 12, to produce desulfurized LGO, which was designated
as “A-em-1".

25 2) The feedstock “A” was subjected to the adsorption pretreatment to

temove NPC in the same way as in Example 6, and then, was subjected to deep

40



) 109 & ()-) 109 & ()-) 109Q & ()-'.) 109 & ()-) 109 & ()-hL, 4) 1%&QNQV( mlo

YUY & ()-'.)10%Q & ()-)10%Q & ()- )10%3 & ()-'.WC 4) 1090 f 162 109 & (

SS4 1090 &VE)9/67M5109KQ k& ()-)10%0 & ()-'.) 10%Q & () - \/\Z[\]NUKR99100338

S8109B(& ()- al (109 & ()-[ | Qz( 10%6’ m& () - [

@ QZ(10%o0' K& ()-[10Q 10Q 10Q SsL910%Q & ()-4A8| [:vU4 S d@ &109B( & ()- Sf
109B( & ()- SSF& 1098(& ()- SS@OMB(& ()- S@1098(& ()-

S 1"1098(& ()-]obU4 S10%' & ()-108(108(108( S9109B(& ()- S\#j 109B(& () -

Sy9-109B(& ()- 0@ &10WB(%& () - &67IKaEbU4 S101 109&&' ()-ul 10%&& () - ul

10%&& () - u BDYAERcHsh 40339 'C M6 rdtice deshifurized 1950 Oichk vGQr&KL%ﬁ%EE’aQ% Sl

109&& ()-ul 10%&& () - ul 10%&& ()-ul 109%&& ()-ul 10%&& ()

1098&' () - ulexﬁ@/&& ()-u':1 109%&&' ()-ul .10%&& ()-ul 10%&& ()-u':eGHal

109%&& ()-u': 1 109&& ()-ul 10%R& (I) ul 10%&& ()-u' 1 109%&&' () - ulLeD+4l

109%R& () f@109R 3) Gpmm@@eﬁmvaa gble kenassgeewit msulﬁllr cgomog‘)l Oppm (wt)

igég&&(%) UD;V %%@Z}ﬁk ﬁmefs 19 ﬁ”én )“&/emé‘%’o /é} % %@&)}to ;Jrepare err/l(%g%gr(x&teg?

Sy/ 109R & (Ea i/ wHIR $a0) sﬁﬁ{léﬂ‘@tﬂutboﬁ%&ﬂé&&:és) c%)f{pln%% & )th
109 & () - 3L, 4sy/ 109%R & () - sy/ 1 )~ SyT 0) Feyl 10042 & 05 - sy/lO%?
& ()-'dW —emhﬂxﬁ%ﬂlﬂw h0allable B?lesélsﬁ&[t"xﬁid&de{sjgnataﬂgm-@m@”( and “A-em-2-D”,

sy/ 109R & ()-'sy/109R & ()-,b|[:W=sy/1 Sy' 10984 & ()- ' 10%{%{\/& () -
f#10984 & () Tespe®IMRIX- N8’ ()- f#10%' & ()- fl&L0%WE& ()- bl | [: W=sy/ 1

Sy 100 eh (& ()| | SIS el Wore teel o Ml iphns, Yohp éﬁ{ﬁ e -
X' &10984 & ( }efere%@m tE&iab)Itzth&bﬂﬁﬁxe SCommerdTai1dieel fifel (SR MBsel) Whs used

AT10UR & ()- fU3109R & szf@low& ()-S f &IOWR & ()- 100% 0% CBC=10
AT 1098 80 () as arsference fuel oTke ¢h ctemtmems 1esamstmm1 te28p bplowy. ()

18yl SO SR O ol i A e e
AMI0MR & () -didpl AU df) 11,050 cc, such as sold by Daewoo Motors Co. Ltd., Korea,
identified as Model D2366. The amount of PM emission was measured according to
the D-13 mode, which is an emission test mode for heavy-duty diesel vehicles in
15 Korea. In addition, smoke was measured lwith the 3 samples according to smoke 3
mode. Details and measurements are given in Tables 24 and 25, respectively.
6) To minimize errors due to environmental changes, the test was
conducted continuously. The engine was checked for its repeatability using a
reference fuel before and after the test session. In addition, 4 pre-tests were carried
20  out with the same reference diesel fuel to evaluate‘the reproducibility of an MDT

(Mini Dilution Tunnel) used for PM measurement and an exhaust gas analyzer,
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Flash Point, 'C - 63 63
S__ppm (wt) 330 220 220
{ N ppm (wt) - 23 8
10% C residue, wt% 0.10 0.04 0.02
¥ SK Diesel: commercial SK corporation diesel products
TABLE 24
5 Operating conditions by Test Modes
D-13(PM Measurement)
Mode Engine RPM % Load Wt. factor
1 1dle - 025
2 1920 10 0.08
3 1920 23 0.08
4 1920 - 50 0.08
5 1920 75 0.08
6 1920 100 0.25
7 ldle - ~ 0.25
8 3200 100 0.1
9 3200 75 0.02
10 3200 50 0.02
11 3200 25 0.02
12 3200 10 0.02
13 1dle - 0.25/3
Smoke 3 (Smoke measurement)
Mode Engine RPM % Load
] 1000 100
2 1320 100
3 2200 100

42



1096#& ()- f ~1096#& ()-10'10' 10' £910% & ()-nx{_?vU510  10%#82(5 NOV 2002
100648 ()-#3E  1096#& ()- 10%6#& ()- 10%#& ()-cG+5  10YGHE& ,&2

1096#& () - WOOUETEES () -  1096#& ()-#3E 10%#& ()- 10%#& (BCYRKBIY00338oy3E
1096#& ()- 1096#& ()- 109%6#& ()- 10%6#& ()-#3E "D+5 10%3E '
1096#& ()-#3E  109#& ()- 109#& ()- 1096#& ()- 1096#& ()-{_?+5 10%¢
1096#& ()- 1096#& ()-#3E  1096#& ()- 1096#& ()- 1096#& ()- _?+5 109%¢
1096#& ()- 1096#& ()- 1096#& ()-#3E  1096#& ()- 1096#& ()- $_?+5 109%¢
1096#& ()- 1096#& ()- 1096#& ()- 1096#& ()-#3E  1096#& () - $9#8>CD <+5
10%H+3E

10

15

20

1096#& (YRPMUR Whdkime) engidO0@pa: §200 rpaD%6#& () - #3E DTVV\ [ d” D+5
10%H3  1096#& () - #3E

60% of the RPM at maximal engine output: 1920 rpm

TABLE 25
Test Items Total PM SOF Sulfate Smoke
(gt/KW-h) | (g/KW-h) | (z/KW-h) (%)
A-em-1-D 0.766 0.051 0.007 50
A-em-2-D 0.596 0.040 0.005 48
Improvement,% 22 21 28 4

SOF (Soluble Organic Fraction)

As shown in Table 25, the NPC-removed-then-deep-hydrodesulfurized
diesel fuel showed 22% lower leve! of PM emission compared to the other fuel at
the same sulfur level. Such an improvement in emission characteristics likely
resulted from removal of precursor material for PM, such precursor material might
well be removed as part of NPC. Such emission characteristics make the
pretreatment process of the present invention even more attractive because it can
produce cleaner diesel fuels, which are low in sulfur content as well as emit less
pollutant compared to other diesel fuels with the same sulfur contents.

Although the present invention may be applied to various catalytic
processes for producing hydrocarbon fuels, it is more preferably applied to the
upstream of deep HDS processes manufacturing kerosene and diesel fuels to
improve effectiveness of the HDS processes and qualmes of the products therefrom,

Due to the ever-tlghtemng strmgent environmental regulations, refineries
call for effective and economlc deep desulfunzatnon technologies to produce cleaner
diesel fuels. The present mventlon suggests a simple but efficient pretreatment
process that will enable a conventional HDS process to economically produce

ULSD from high-sulfur LGO feedstock.

In addition, the present invention provides such advantages as extending
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making the best use of low-quality feedstocks.

Furthermore, for the same sulfur content level, adsorption-treated diesel
fuel shows better emission characteristics than conventional diesel fuel. When
5  combusted, adsorption-treated diesel fuel emits lower amounts of PM and NO,, two
of the most strictly regulated pollutants, compared to conventional diesel fuel. The
color of diesel fuel is improved because HDS reaction temperature is decreased and
color body precursor level gets substantially reduced in the pretreatment process.

Operating conditions of the pretreatment process are close to ambient

10 temperature and pressure. In addition, the pretreatment process can treat a
hydrocarbon stream at higher space velocities than HDS processes, and therefore the
size requirement becomes substantially smaller than other conventional reaction
units. The investment cost of the ‘pretreatment process is estimated to be
approximately 10 % of that of HDS process. Since the pretreatment process uses

15 common adsorbent and solvent without catalyst and hydrogen, the operating cost is
also estimated to be around 10~20% of that of HDS process.

The present invention has been described in an illustrative manner, and it is
to be understood the terminology used is intended to be in the nature of description
rather than of limitation. Many modifications and variations of the present invention

, 20 are possible in light of the above teachings. Therefore, it is to be understood that

within the scope of the appended claims, the invention may be practiced otherwise

than as specifically described.
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1. A method of manufacturing hydrocarbon fuel, the method comprising;
(a) removing natural polar compounds from a petroleum feedstock fraction prior to
5 catalytically hydroprocessing the petroleum feedstock fraction to substantially
decrease the concentration of natural polar compounds in the petroleum feedstock
fraction, the petroleum feedstock fraction having a boiling point in the range from
110°C to 560°C, and (b) catalytically hydroprocessing the petroleum feedstock
fraction to produce a hydrocarbon fuel.
{ 10
2. The method of claim 1, wherein the hydrocarbon fuel has a boiling point

in the range of 110°C t0 400°C and a sulfur content less than S00 ppm (wt).

3. The method of claim 1, wherein the hydrocarbon fuel has a boiling point
15 intherange of 110°C to 400C and a sulfur content less than 50 ppm (wt).

4. The method of claim 1, wherein the boiling point of the petroleum
feedstock fraction is in the range from 200 to 400°C.

20 5. The method of claim 1, wherein the petroleum feedstock fraction
resulting from step (a) contains greater than a 30% reduction in nitrogen content,
greater than a 0.5% rédﬁction in sulfur contént, and greater than a 60% reduction in
total acid number, as compared to the original feedstock fraction.

25 6. Thp method 6f clalm 'l., v;h‘er.‘tla:m fhe natu’ra’l polar compounds comprise
between 5.0 and 50% (wt) oxygen-conta'i'ning ,compounds, between 5.0 and 50%

(wt) nitrogen-containing heterocyclic compounds, and sulfur content in the range of
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7. The method of claim 1, wherein the natural polar compounds removed

from the petroleum feedstock fraction constitute between 0.1 and 5.0 % (wt) of the
5 petroleum feedstock fraction.

8. The method of claim 1, wherein hydroprocessing is selected from the
group of processes consisting of hydrodesulfurizing, hydrodearomatizing, mild
hydrocracking, hydrocracking, or mixtures thereof.
10
9. The method of claim 1, wherein the natural polar compounds are

removed from the petroleum feedstock by solvent extraction.

10. The method of claim 9, wherein the pefroleum feedstock contains heavy

15  gas oils having a final boiling point over 400°C, fluidized catalytic cracking (FCC)
cycle oil, and coker gas oil.

11. The method of claim 1, wherein the natural polar compounds are
removed from the petroleum feedstock fraction by adsorption with one or more
20  adsorbents.

12. The method of claim 11, wherein the adsorption occurs in two or more
adsorption towers.

25 13. The method of claim 11, wherein the adsorption process occurs in a

fluidized bed adsorption process or an ebullated bed adsorption process.
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18. The method as set forth in claim 17, wherein the natural polar

compounds are concentrated by adsorption.

20 19. The method of claim 18 where adsorption is selected from the group of
processes consisting of fixed bed adsorption'using two or more adsorption towers,

fluidizing bed adsorption, or an ebullated bed adsorption process.

20. The method of claim 19, wherein the adsorption process utilizes an
25  adsorbent selected from the group consisting of activated alumina, acid white clay,
Fuller's earth, activated carbon, zeolite, hydrated alumina, silica gel, ion exchange

resin and the combinations thereof .
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hydrocarbons and comprise greater than 10 wt% oxygen-containing organic acids

and phenols.
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