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PCT/ KR99/ 00338, METHOD FOR MANUFACTURI NG CLEANER FUELS
FI ELD OF THewb Biv&ssads ON The present invention FEI/RRON003BE
general, to a nmethod for manufacturing a cl eaner fuel and, nore
particularly, to the renoval of NPC (Natural Polar Compounds) from
petrol eum hydrocar bon feedstocks ranging, in boiling point, from 110
to 560[err]C, in advance of a catalytic hydroprocessi ng process. The
removal of NPC i nproves the efficiency of the catalytic process and

produces envi r onne METHOD FORMANUFACTURRG CLEANER FRREES al | v

di esel fuel with a sulfur content of bel ow 50 ppm (wt) by deep
hydr odesul furi zation. Al so, the present invention suggests the usage

of such NPC tg.lI ricity. DESCRI PTI ON OF THE PRI OR ART
15 &L%E%MQNQ envi ronmental pollution problem

especially, air qual ity degradation, has brought stringent
envi ronnment regul atory policies t hroughout the world, and devel oped

countriessare i NPOSTROprebdi invEufbn talates, in geh@8ll kb infitRod/ RP MiduFatafhg at | on
fuels. O such fuels, diesel fuel is considered to be a 20 maj or

contri but or ofleange Hehranly | merel patiowady,ado Sbx, removalared . NRC( (Rlaturalu Palas
matters). The,nbst sgvere requl atory standards are bein | i ed, to, diesel
fuel s. Compoundsyfomepesbiamfufare Gderisods gt it ffes Beint o,
content, aro | £S t p : ' e , 195
(95% di st 11 Ao $8T, advanpe of o P WhliobideERialibucef AT iR, |

af fect gener aNPQrinfrovdiahé bfficiiiey bf thecshtdhrid proddit Gnd prddubés etfvironfeitafigt has
becone the nobst critical issue because. it forns su[ fur dioxide when

conbust edld Fufavtmable petpadeum produktss espleciallylidierél doel with aamiifuy comanteof bdowo
Ul Ot O b e hydioddhuliRSion “Atsh S réethe RAGAS ggakS k2 "0

usage of such NPC to improve fuel lubricity.

. DESCRIPTION OF THE PRIOR ART
15
The ever-worsening environmental pollution problem, especially, air
quality degradation, has brought stringent environment regulatory policies
throughout the world, and developed countries are impésing tight quality
regulations upon transportation fuels. Of such fuels, diesel fuel is considered to be a
20 major contributor of such harmful pollutants as SOx, NOx and PM (particulate
matters). The most severe regulatory standards are being applied to diesel fuels.
While such diesel quality specifications as sulfur content, aromatics content,
polyaromatics content, cetane number, T95 (95% distillation temperature), density
and viscosity are known to affect generation of the aforementioned pollutants, sulfur
25 © content has become the most critical issue because it forms sulfur dioxide when
combusted. Further, a portion of sulfur dioxide is readily converted to sulfur trioxide,

which, with moisture, forms PM. Besides contributing to the formation of PM,
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PCT/ KR99/ 00338 sul fur-contai ni ng conpounds such as scgéj fH di oxi de
and sul f at eI orobi le - enmission after-treatment defiICGEERIAP0338
poi soni ng the noble netal catal ysts therein. Recent |y,

aut onobi | e manufacturers have clainmed that the sulfur content of
di esel fuel should be-.reduced t.o -bei-ow 30 ppm () for their new diesel
engines to 5 neet the future tail-pipe em ssion regul ati ons.

Consequently, a ULSD (ultra |ow sul fur diesel) market is now energing,
especi al | y isulfdésbntaming compouridéesuthial! slfur dioxideUsid Sulhd hank altdigetiRd to
repl ace the conventional 500 ppm sul fur diesel fuel mar ket .

I n keepi ng ugmitsion afteetredtplentdavings bg poisaningise nablé menadrpataiysts thawia. been 10
maki ng | arge i nvesa ments to prQduce environnent-friendl %/}l pet rol eum

products, for | atomgbileamanutactyresshave iclagmed; that the silfupconteaefl | | ng

new processe ' i It her. existing
nor newy de‘\i)ie og@%}] %?%Ig ebsesreeg‘_(}‘%ﬂalg]b%b% g?gp‘?’a%)eggr}m%ygéwe@%ﬁ%ﬁf%gﬁ’39
f easi bl e sundgmeet! fhe futire abil-pifd Efissioh Ueptlatordl CRRidgREMWNa ULSIP (e b
Therefore, the United States and many countries in Western Europe have 15

i mpl enent ed $udfur dieselnaiadiehds powiepiasgingycipecially aix Westarn tBureps. Eventially,
rei nburse dditional cqQsts ipcurred in prodqucing cleaper fuels.
e Da ¢ by ar BisboBRlR e Bxhestest oy mRBES the chbtnoRHl-SiA ProsSURY dlipe be

sul fur cont eﬂﬁdgegom di esel fuel by converting sul fur conpounds into

hydr ogen sulfide. In the late 1950's, the HDS process was first
introduced as a prhi kegjingp with 20e tightunliphregiRtions) dildcOmPAEES have 6&en
catalysts were prone to poisoning by sulfur "~ compounds. Since then,

vari ous HDS prabkigsletge inyestmpats o graduce paviranmentrfrigudly petroleumpmoedists, for LGO
(l'ight gas oil psar ed in the.1960.s... Novvad.a%ag. nost refineri %s are
equi pped wi tﬁ"%ﬁ%g’p ¥ eXmRIng existing ,facilities Or ipdafling agw processs, Froman, ) ¢
capaci ty of kels6BStaAGoihCRoWEVePAAGRS 8RSt ndrte HE\FEI@K%E'& b Qhugsl %0 Of
25 that of the cruge gﬁ%t Il Ioat i 5’?\ uni ts. g iy nyPo‘f%i%%e i—pTDS
processes cufarepptar tbberegonomidalby feasiblenarder the @urrent-price structbieasfipeardleum
processes, and npost of related patents pertain to catalyst preparation and
2 ] products. Therefore, the United States and many countries in Western Europe have
15 implemented refiner-inducing policies such as tax incentives, which reimburse
additional costs incurred in producing cleaner fuels.
An HDS (Hydrodesulfurization) pfocess is most commonly used to reduce
sulfur content from diesel fuel by converting sulfur compounds into hydrogen
sulfide. In the late 1950’s, the HDS process was first introduced as a pretreatment of
20 paphtha reforming process since catalysts were prone to poisoning by sulfur
compounds. Since then, various HDS processes have been developed and an HDS
process for LGO (light gas oil) appeared in the 1960’s, Nowadays, most refineries
are equipped with HDS processes, and statistics shows that, in 1994, the unit
capacity of kerosene and LGO HDS processes in the world amounted to 21 % of
25  that of the crude distillation units.
Many of the HDS processes currently being used by refiners are non-

licensed processes, and most of related patents pertain to catalyst preparation and
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PCT/ KR99/ 00338. nodi fication. Cenerally when the pr var| abl es
are propeerﬂ?@i"?"ised and suitabl e catal ysts are sel ect %&%ﬁ&%’g’@”f uel
with 0.1 weight percent of sulfur can be produced. In order to reduce
t he sul fur content below 50 ppm however, innovative i mprovenent in
ternms of the followi ng operating paraneters is required: catalyst 5
activity, reaction tenperature, bed volune and hydrogen partial pressure.
Cat al yst activity has been doubl ed since the first generati on LGO HDS

cat al yst wasmédificatitnc eQeneraltyhoviieat thelpOess viviablesraret propady invidifiedaadt o be
further | mproved to attain deep HDS to desired levels. Deep HDS is
under st.ood HuHablg catalysts aresghested; diasglfeliwichy 0 luwieight ipercentaofosuliyr eam de t han

95% An i d I Vit b 0 t f.o3. d to that of th
Fi'ret genor PRIty to b A ity (osting Belod S0 pbim, Beesriposiiveont
from 2, 000 pgiprémensiy iﬂﬁ%@&ﬂt@fdlﬁ%f@e’ §g?£l§ngn?ax§ﬁxtefe\‘§ isy#%iré’d: cataly{tact or

of 17.6 is needed to reach the 50 ppm S nmeans t unl ess’the

cat al yst Sactactivity, reactibnaempéraniird, betl volumecshd Hybeogen phgial pfessug@ct or s must be
I ncr eased or the charge rate must be decreased to achi eve deep HDS. To
make the matters 1Gatalygfopdivityt has beanadqubled sinee thet firsh genenatiom AGOHBS

expensive becauyse of the .increase i t he anpunt .of inpregnagted netals
enpl oyed in ‘fﬁi%ly'{ia‘?'%ﬁ ygrtogug%dmt lg{_'}p]rﬂﬁgf'ilé%‘f’%‘ffr’n&'e actigby :l‘Fr?E"ag? gﬁ’r"&f
support str Uﬁﬁﬁb@ch Wittfin Q@éffﬂﬁ td Udsfrbd T@%'eis.sDrcégFﬁﬁdist Ghdttstoot! Rer@h to
conventional catalysts, as reaction conditions get severe.

React i on t enyeferatoubyirodasylfimizationr mtescgiedter thad (0580t AR isiprdwed fivitg by 220
However, singce nost HDS processes were designed for a 0,2% sul fur |evel,

the 10 fufastrofdn compareddehat ofdhp Sist senespionatatalystx isceanireg toiredussi gn
ooy aat | on Bl sontent from 308 Feh {d's0oSHHRE it dh S FoveneR W hcBVY'BY s £0L"

degradation ant _ tidl t he
past, many refcidtesS1PBti8thekded 06 rédch tgelcbot%ﬁﬁqbvdx.e@ﬁstﬁlémISOzhmeemeééﬂa\e25

regul atory standards because it seened to ‘be a sinple and straightforward
appr oach. catalystoaotivity is dnainatically impreved, thearundfer € acdctors mustrbehiacrzdsbad

because there exist space éi imtations, pressure drop considerations
across react 8F &he chages fje mushbe sl Eq%smf gpueve deep HDS. To make the matters
3 15  worse, the catalysts are getting more and more expensive because of the increase in

the amount of impregnated metals employed in the catalysts and the sophisticated
modification of support structure, while catalyst lifetime is reduced to 1/2~1/5 of
conventional catalysts, as reaction conditions get severe.
Reaction temperatures may be increased to reduce the sulfur content.
20 However, since most HDS processes were designed for a 0.2% sulfur level, the
furnace and the reactor cannot be operated exceeding the design limits. In addition,
increase in temperature results in product color degradation and/or reduction in
catalyst life.
In the past, many refiners opted to install additional reactors to meet the
25  regulatory standards because it seemed to be a simple and straightforward approach.
However, only a finite number of reactors can be added because there exist space

limitations, pressure drop considerations across reactors, and huge capital costs for
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PCT/ KR99/ 00338 addi tional reactors and conpressors. -
| ncreasi ng WiRI¥ET345sure of reactors, as nentioned previ ousl PCTAORIYPORRS
another alternative. Yet, the revanp costs for high pressure reactors,

conpressors, punps and heat exchangers are significantly high, not to
mention the hydrogen 5 consunption increase. Besi des sul fur,
it has | ong been di sputed whether the aromatics content shoul d be a

part of the quality standards of diesel fuel. Nevertheless, autonotive

di esel fuel sadﬂiﬁdshdlmy@mb&n?@gg@gt are already manufactured and sold
regionally in the United States and Northern Europe. To saturate

aromati c conpoundsinctéasinghthee prassure. dfaregetomsmas nhentionkd predeusly,scodd drsar y
wi th nobl e net a| Cﬁt al ysts., and energty consunption al so i ncreases
noticeably. peptheriterasiive; Wet, t8e repmpotasts Tophigh pressure Fagiops COMPEFSISes an

" or der to BPuRhRE P RARRRR, P 3o At sk R by R s byarBbe e

catal ystss laonsumption incredge. t he catal ytic hydroprocessing processes that
are designed to produce cl eaner diesel fuels fromLGO by renovi ng
sul fur and ar onat i Besidepoulfurs it bad jong been dispfuted whethéretheagrematicsreonteat | y
avai |l abl e, an hey can b ategorized, i pto, t.he foll owi ng three

gr oups. sl(\jou d%e a ppst ofitt e[qqg};té( qtgndardsrqfd%g%el fuel \Nevast s, automotive
(hydro-desul fgr. | QD: : I -ggqg | [ re .
acconpl i shed dﬁs%@%igﬁé%ﬁ%aﬁ%&%ocgnﬁxgﬁgg eﬁp ra tﬂ?%dt&r% aﬂﬁ'é%]? ’E%‘Sﬁa"y

pressure Wt hin ahei Ulited rSthted dedu Nobhemnd Earipe] Vot siratt) @fonaiid ¢binpolnitisa
single reactor. The process is, however, not w delg used because high

t enper at e howeveraadargegimoung of lhydroger iy necessary wishatohlsr mesat katalystsyand
processing rate, significant

still cannot CHEIEYERADSUmBURY alsf inorzpsotii eg@gf,} 5@@%&}2@? #F Phoghie !_ngtn
ARoComy P OSSR HhEE s LGSR AR PSAE Sk MRENE SRR i
et al process in order to prevent sulfur and nitrogen compounds ffom deactivating the
catalysts.
15 Of the catalytic hydropiocessing processes that are designed to produce
cleaner diesel fuels from LGO by removing sulfur and aromatic compounds, only a
few of them are commercially available, and they can be categorized into the
following three groups. '
First, there is a process in which HDS .(hydm-desulfurization) and HDA
20  (hydro-dearomatization) are accomplished -simultaneodsly under a high temperature
and high pressure with a nicke!-molybdeﬂuﬁa-based catalyst of high activity in a
single reactor. The process is, however,-.not widely used because high temperature
and high pressure facilities, together with a low processing rate, significantly
increases the investment cost and still cannot achieve a desirable aromatics
25 conversion rate.
A second process utilizes two reactors placed in series. Deep HDS is

achieved in the front reactor while the rear reactor charged with a noble metal
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PCT/ KR99/ 00338 catal yst, reduces aromati c conpounds. The grocess
i s usual | y WOrP8s6TMdEt ed by addi ng a new HDA unit in t hePCEERIYPIPBe
exi sting HDS unit. HDA conversion rate is significantly inproved
conpared to the stand-al one HDA unit. However, investnent 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

efficiency by utilizing countercurrent flowin a single reactor. The

Syn- Sat caft e qeducs aRimAi I otiPRLnds) THE pidces i§ ahRllyRfstARYed By 8dding
processes, and the process econom Ccs are superi or to two-st age

reacti on praceewddDAvantt inhe Spar- dathe pexisting HDS unitstHDA cenyafsicrs rate is
significant ampyunt of investnment cost as well as_ogperation cost 10

conpared to atly impgoved sompared to the stangralone HR A unit Elomweyer, pugstmemty HDA

¥
cat al yst poi ' | i S ak. t. S exit stream contains no nore
than 10 °%§€¢#a?°\&°f”{9?‘a°§ﬁwg"r s Qostfﬁfgg&“h'? As not ed above,
conventi gnal procemigs théred tHeBynlEa: PryRsd IRGRNLIF BIDS and HDA el @nldfBed\Whi | e
breakt hroughs in catalyst activi'ty have not been realized. 15 Ther ef or e,
met hods usi ryg adiigh effreidncl dydailnmgcoumetonaentofiow (Hh singleusactor. iThadyatSate
reaction pat hways, are heing studied and practiced in manufacturing cl eaner
di esel progess enables higher conversipn) rafe thank piig oWeO BRICSESS, 41 thg DPERSsSVacuum

nroh sul fur CoRPRRe TRguRryrgFREREL el oMbl M. Beriy-oe hidihs "1V

hydr ocr acki ngill eagiifesNsSighificataimb@l OinvieltnienD c6itage well as dpefstionr sodt hi gh
tenperature and hl‘gh pressure. Kerosene and diesel distillates

obt ai ned o r ornmmiyared do adsepnDSr prasesses. yins addition, folese attentioonteaanding0HIDAs s
TR R M R A Ve A= X
o L oncy | ek o b, 25 Lriestrent cost s o st (hree
Anot her process suggensted dbdve,0 copletiBal Zgrotuaidsr freatihgs DGO Havd ugehsicali esel
limitations while breakthroughs in "catalyst activity have not been realized.
15  Therefore, methods using different feedstocks instead of LGO, or using innovative
reaction pathways, are being studied and practiced in manufacturing cleaner diesel
fuel. o
‘Hydrocracking processes, using VGO (Vacuum Gas Oil) instead of LGO,
exemplify such methods. Since VGO has very high sulfur content and nitrogen
20 compound content, HDS and hydrocracking reactions are carried out in two-stage
reactors at high temperature and high pressure. Kerosene and diesel distillates
obtained from hydrocracking are nearly sulfur-free and contain 50% less aromatic
compounds compared to that of the products from LGO HDS process. However, due
to the high viscosity of the feed, the reaction efficiency is relatively low and the
25  investment cost is almost three times higher than that of conventional deep HDS
processes.

Another process suggested is to polymerize natural gas to produce a diesel
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PCT/ KR99/ 00338 distillate such as Shell's mddle disti]l

synt hesi s (WKI¥8K673ocess. In the SMDS process, natura?’caggﬁ?gzbt[’%?
converted into syn-gas through the Fischer-Tropsch reaction, then it

under goes pol ynerization to produce diesel distillates free of sulfur and
aromati ¢ conpounds. However, since the feed is fairly expensive, and since
the 5 reaction is carried out in three steps, a high investnent cost is

needed. Consequently, it is difficult for nost of refiners to attain
an econoni cadistibnefsiuch asBhelb's mtiddlentistitlate syntliesisi (SMIVS) protessaln grsSHDE d and
gas-to-liquid conversion process near the natural gas field.

Recently, a prodcsscundtucl gayisuconmerted intoosynegasltiough thef Eisched Tropsah rédrtion,

bi odesul furizati,on grocess,. is under deve] opnent. Regarded as_suppl enentary
for HDS{!}?P JE dstlemEocs polyaenzRtRn 1 Prodvcs diesek ﬂw@ﬁgtev Grasvets sulfer and

refractory s . ' r I.ffd.cqul t to.remve .b

conventi onal Hx{g%é'ixc I%’m%og‘g?g?#&g%venmbgé:é%ofef Seld‘_s tfla”llg.ly %ﬁ?@gﬁﬁ%dﬁ‘engflpé? itl}eat i on
process dpesréapfion/Ricafriedout nethved ftbys, @ Righl ARG cost is neédéa.cc&&egu&ﬁmce
velocity is about 0.1 hr-1) appllcabfe for oil refineries where 15

| ar ge- scal e itrisdiiffientt Sonmost efjrefimers. toBittathean E¢anoimical ibenefitl wdesycthey htves

byproduct s . such as pheng| s. - U S Pat. . 5,454,933
i scl oses antEiFSYHORFA gs BElkand Bas toriguid conyersin process near b pRBTLERS el
by renovi ng ﬁgd‘ur conpounds froman HDS-treated LGO stream Despite

using the simflar adsorption principles, t he present invention differs from
20 that patent'sRéeétlys@dnewveaedhinolbgynubiigt aNRo-cataly80eférred Neé eag of
sul fur conpounds, ‘upstream of an HDS unit to inprove sul fur

conver si & r diwlesflfurizatipiprocess, is wnder. development. Regardeddasosupplemrentary for

general, is k] to be ineffective.inr vi.ng _the sul.fur coppounds
Prom " pet r SRS nProRstFSC HSRIBERLOR SIHeRY ComBaatio dotracsey b
relatively | semeh@asl, Liieh GRMBATAH! {1 réthdveOBf RoRVenBiS HACADSO THRAVEARS it 3d an
adsor bent which can adsorb as much sul fur conmpounds as 0.05% of feedstock
is di fréportedtthatcthe biodefulfuridation prioeeks daedmot et havtel the seffcient ceagtianiual | y

| ose its adsorption L. . . .
efticiency (space velocity is about 0.1 hr-1 ) applicable for oil refineries where

15  large-scale treatments are required. Biodesulfurization also generates byproducts
such as phenols,

U. 8. Pat. No. 5,454,933 discloses an adsorption process to produce sulfur-
free diesel fuel by removing sulfur combounds from an HDS-treated LGO stream.
Despite using the similar adsorption principles, the present invention differs from

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 general, is known to be ineffective in removing the sulfur

compounds from é pétrole{xm hydrééé;ﬁc;;n 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
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PCT/ KR99/ 00338 ef fecti veness as desorption is rep
per f or med. WO¥€BSt e, to maintain sul fur renoval rat ega’ﬁ‘gg%{@%? bent
nmust be regenerated nore frequently. This will, however, result in

yield loss and increased operation cost with | ess amunt of feedstock
treated and nore anount of solvent spent in an operation cycle. 5

Since the disclosed invention of U S. Pat. No. 5,454,933 does not indicate
whet her sul fur renoval rate is maintained; a series of experinments was

per f or med byffectivenessi asodesorptioat is depratddbyn pedierwiedg Therefore) tqp maiitaial sulfur
properties to that used in U S. Pat. No. 5,454,933: it was reveal ed
that  sul f ur TOTBRNA) Eate, the adspataen wustbg fegenssated more frequently. Ehis will, hosvevoml rat e

d d | d th ' f d [
ot ract .t nEesBoRodsid Yosf b, FRFRA nodine P "SRR IR Bpl fEmechRR ™ "
tabul ated | freb{afTAd ldr¥ EmbuAYGY s8lvER:t BRI an operation cycle. U S. Pat. No.

5,730, 860 discloses a technique In which the'limt Tn pr oduci ng

gasol i nes pr oduct s Saftepthend(selopedinvestiom ofitUsSiU Hatr Noo5\484033 doeshmt indicaone

t hrough a conventi onal hydroprocessi ng process. Accaording to this

t echni que, Yehether saifiyrgmponyalratg is mwt@ﬁe@@rﬁ@réﬁ& phexnsrimests was perfermed by ogen
and oxygen ¢ ounds (for exanmple, percaptan, .amne Ltri Legyand

por o .o DRTE R0 sgroppy palio SRR BryfiE §RGeRTes BT ed pHbSBRCG! f ne,
a hal f-fini 3fgds §94933:Ne vRsORVESIed Ma® suIfBAtRboM trkte was notPsdtiSHBIORY, the
current-type fluidizing adsorption process and the adsorbent used’is

r egener at ed shifur semaofdal rete decteasgdbas dasdrptionviwias repéateda ddrthbatgeneratior i r at ed
with 20 het er o-,conpounds ig subj ected to HDS. _But thjs techni que has the
limitatil8n tdeaerpipn extract, the, byprgdugtypas sicessive. Resitical Hsnexpenmsmisaii ng a

boiling ran . ' " In addition, since the

by- product sgtg?‘g%ﬁég'gbgh{p%%é&égg\%g&%rlg)sc%eé%w'wst be treated in t he
di esel HDS processJ. ShepatleRel f917302800 divclosesl o1 tablitigue. il axhitie ale At in
condi tions may be negatively affected. Therefore, applying this

t echni que i sprpdudibg gasolipe produsts 32ppm (wikrordess inisuifar cantenttean be evercomg | ow
sul fur diese rc];uugﬁl a h&snvgz?tio%%l ry?igo”p%&%s&x?g” Cp%ée%gt lA)écordmg tc\aNi t;:p.s ggﬁxgquixé]e'
15 hydrocarbons with high concentrations of sulfur, -nitrogen and oxygen compounds
(for example, mercaptan, amine, nitrile and peroxide, exemplified by fluidized
catalytic cracking (FCC) gasoline, a half-ﬁnisﬁed gasoline product) are treated with
a counter current-type fluidizing adsorption process and the adsorbent used is
regenerated by use of hot hydrogen, after which the adsorbate concentrated with
20  hetero-compounds is subjected to HDS. But this technique has the limitation that it
can’t be applied to a hydrocarbon stream having a boiling range of 260 or higher.
In addition, since the by-products produced in the above process must be treated in
the diesel HDS process, the desulfurization performance under deep HDS conditions
may be negatively affected. Therefore, applying this technique is problematic to the
25  current situation wherein ultra low sulfur diesel fue! has to be produced concurrently
with gasoline.

Besides, bio-diesel products which are prepared by formulating existing oil



Besi des, bi o-di esel products which are prepared by fornul ating existing oil
7 WO 99/ 67345

PCT/ KRO9/ 003G 99/67345 products with the oils extracted friSm/BRRIFPGEn an
anount of about 20% were found to produce pollutants at a
significantly reduced anmount. These bi o-di esel products, whi ch are

devel oped as an alternative fuel in sone countries rich in agricultural
products, cause a significant problem so they are suggested to be
fornmulated at the 5 amount of about 20 % w th conventional diesel fuels.
In this caseprdiueivweith thdsilseedtacted frona*;@gzsq«amaﬂommwﬁiz@amw@f%hﬁm in
storage stability. As expl ai ned above, various attenpts have
been nade t otppoiluce pollutantsrat a significhntly feddacet mouat. Thesé bivrdieseb pooduntd, | v

unf avor abl e begause qof | arge-scal . inyestnments or, technical,

i mitations. Wiich are developedratan BHEmative: fighin sorop sountrice Sichriaragsicultyzal
manuf act ure £l e fugl s ri 0 b he, preesgnt J nventors,
resulted in ﬁu%m hglglﬁlsﬁ' %ﬁgﬁxﬁtcﬁ%t pﬁ?ﬁe:lg {negtfﬁ)gxtd}eoq.\égastedf %r?aﬁiag%ﬁﬁt '\%ﬁl I
known techni GHRMneSS A6 2D Wit EonVehiVSRI dide) Hitdd. 1R this BSeThdwevdr, there igF €at
i nprovenent over ‘the HDS performance of the catalysts used in a deep HDS
zone. Q| fr atsoicansed @ signifitank probigm instqragetstabditpent step of the present

i nvention are 15 0 sed,of variaqus kinds of conpounds having such
functional groups eés ¢ d abovg, Héﬂﬂ‘t‘%%ﬁ"l?tsag?‘ﬁ’s‘)‘ien-"G‘ije(‘ﬁﬂérﬁé‘l“?) Cleaner

-N(pyridi nes).and - N yt.r ol , r- o] .ol ounds
havi ng hi gherm%’o?%urti 'lt-tb ot her eft ﬁ%irn “’?ﬁg‘%’ﬁ‘{é#ﬁ’ﬁi‘B‘é%"z"é%*ﬂ?og%%‘%% "of ?é’r&g-ss%ﬁe
exenplified ijfAvdsxasis or fechhebldmitiMidnsogen- cont ai ni ng conmpounds are nainly
het erocycl i ¢ compounds such as carbazol es, benzocarbazol es, indol es,
pyridined0 20  quiThs intensiveaand thormgh resedrch esnr thia yulanudacture | of rebeane Ehenis,

t hough saturated and arqmatic conpounds ar | so_contained in these

fractions, tH@medey; by, thepresent ipvaptors. i'isé‘ﬁedgy‘ f‘-_%e %nﬁmgetbatttihsgr?rqmwt of
olarities d”@%b ' bl Q. o)k CETAY .

gs described a o%&ﬂgj&ggéﬁgﬁgonpo Hgg;asgdéf@?&ﬁloﬁ acei gxntga%%tg%géngrs A ,

in pet r greglimpry démean ldventhe HDS effofmanct @ ehepaatAystousdiih @ deepIgDRds
are defined 25 herein as NPC (Natural Polar Conpounds) so as not to be
confused wi t hzangnOHdractions removed during the pretreatment step of the present invention are

15 composed of various kinds of compounds having such functicnal groups as -COOH
(naphthenic acids), -OH (phenols), -N(pyridines) and -NH (pyri'oles), and sulfur-
containing compounds having higher polarity other than that of dibenzothiophene,
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



i

pol ar conpounds, such as process additives or chem cals, and the |ike.
Dependi th de oi l i it d treat
V\nggl If}ggﬂfg&o”%&rsu e oil sources, viscosity and pretreat mpaL Qfsojolfis

PCT/ KR99/ 00338 distillates, NPC have different physical pr Opért i es
and conposition. Being al nost electrically neutral, the NPC separated
fromLGO can be grouped into acidic, basic and neutral conpounds.

Al t hough NPC content becomes hi gher in petroleum products with higher 5
boiling points, NPGexists in relatively small quantities, so that the
renoval of tdistillates, NRfaheve differert physicalepropérties ard camposition [Being almastd
chem cal progert remai niigg fraction, such as, for exanple,

J of the :
viscosity r E)g“&ﬁg’ P%r“i;&h? SRC sapaatpd: fiom LGO cambe growpad into asidis hasis .
Ther ef or e, atal ysts or catalytic processes unli ke
byproduct s %%ﬁ@?ﬁ’g@%‘é’c have not burdened the achi evenent 10 of the
sul fur conversion Agh&§th Wdé&t&@%eﬁn%%?x&?@ﬂe&&%*’pr&ﬁ@@m Kighat i vely
hi gh polarities and densities conpared to tThe distillates that NPC derive
from 5  boiling points)\MRG rexisty inelatiely rsthaliyquainitiqs) =s dnat themeammvabof theat
even small quantitiges of  NPC have a, si.gnificantly negative effect

upon t he HDlscwafel&dg has little wdugnce on thﬂaegmwﬂrqnégf cqcaloproPesics 9f then be
b e oyt bR RR S, AR e BEAS SRR e BT B e

Consequent | yand hRoMaRS Qidimpoli )t Phdefort) ANBC edb 6t SiasiV Satal9SS abC Rafdfytic

renoval of NPC, and it is found that such well-known technol ogi es as
adsor pti on processengnkke byprodusts onmpuoties NP G baveswd buriened thefashievoment

pre-trea nt ., upstream of  ,an H nit, to produ cl eaner fuel]s. 20
BT erpuld T nEEAIS LT SomsEcH e B DS P PR LBE N C RGeS

or solvent e | ':ﬂlgﬂay : I k AB exanpl e, U
S. Pat. &%ﬁlﬁg&q §f§ﬁ§?§%\?o esed't{ Eg&u&slgem]oa se&ﬁﬁ gqpl:(:;na vifgésxg'r bent such
as a carbon nol eculHowever, it easfivumnd bynthe preaentnigvehition ahatseveh amail upiantities

materials. U S. _Pat. No. 4,912, 873 al so di scl oses an adsor pt.i on
process t hat of NRE shaye e signififantiy megitive effest uppn theaHIXY praceso i the despn t o

ol cour e comirBtgielfl fhie, menho SRl W HRBEL ot IS, bbb o,
benefici 5  dibenzbiRfophRA® (BB T)2hAd 4318infkIR [ APerBSiRIPpheNE (18- DRDBE I afs an
adsorbent for the present
converted. 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‘re-treatment, .u.p.stream of an
HDS unit, to produce cleaner fuels. |
20 To remove impurities or polar con@pounds from hydrocarbons, adsorption
or solvent extraction has been widely uéexj fore long time. For example, U. S. Pat.
No. 5,300,218 discloses the use of an optimal adsorbent such as a carbon molecuie
complex in removing diesel smoke-causing materials. U. S. Pat. No. 4,912,873 also
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
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PCT/ KR99/ 00338 I nvention. Moreover, the applicati t he
car bon nol e¥fP ¥l ex or pol ymer resin are different %@%ﬁgﬁgﬁgf
the present invention, which is related to the I mprovenent of the
catal ytic activity of hydroprocessing. O petroleum and
petrochem cal manufacturing processes, catalytic 5 reacti on processes
take significant portions, and protecting the catalysts from per manent

performance |oss is an inportant issue. To prevent pernanent
per f or mance inyentiomi Mgreavet\the rapplicationanadgesr of theucarbore snaleculé mampiex bom

for mer stages or, feegstock vggnous pretreatnment processes are being
utilized. AnB £¢pIn are 1%1%!@9? fram thatiof thegresent nvention srhisteis selatedsorthe i on

or solvent e ' L v. lied .thereto. Typical exanples
I ncl ude rrecﬁg%ll%g'%*ngﬁ ﬁtg? §ﬁm§§§3§‘ﬂ’tl“?/n°gf h%%pfogg%rﬁﬁjl ation of mcro
inpurities; a causigfc peRsiung fmal YeltodoRditul NaRbifeAihga prélesses, cdtdlytigW
materials are neutralized and extracted 'to protect baSiC catalysts In the
Mer ox 5 prexctes; pracessen taet sigaifieantc pagtions| arh prdtattired tee loatabysts dronand
olefins prior to napht ha reform ng process., 15 Particul arly,
t he isomeri zmeahdpﬁqmam dats dh pR oHERestaRt dsspgl nke apieyenty permanent

or et eat nont PROAT g Bl By aRRilc b kel BRE S Rl e RebRE G

di sclosed  stapkd olfeedstobiatvaridis pﬁtéﬂtﬁmfﬂ{;grgce;ssése‘ﬁe%%ﬂxg wiled A%&Bsuch

5,271, 834, 5,170,881, 5,082, 987 795, 545 and 4,409, 421. However, the

appl i cati on mpactgaemet prhessses, phscipleafsadsaription of folvenpreatrect iomsare fcotrinamdy

references, are_djfferent fromthat of the present inventjion. )

U s Pail ngpplichathersto. Jypisd coumples ainslde eduechriiedi rfiltess a pswveptingn

t echni ques f [ LRAQ.. nat: -sedi : LUV r i

doposi £ HepBhUBh (PR iihordath SRR AR b SR RAMBANE 4B%s .

subsequent  in raw yslérddls SRt e0Galited a8 eRFactetbto protect basic catdlysts inRaé Mé¥ox

4,176,047 discloses an adsorption pre-treatnent process usi ng waste

al uni na cat alBFeecss; and (e Fdivased (clop ieelunyy dhat pdsehssulfpe vedtalefing poen-to

based anti foanry' R&‘aag{ent s from having a negative influence on subsequent HDS
p reforming process. _ _

15 Particularly, the isomerization and etherification process are vulnerable to
impurities damaging the catalysts, and extensive research has been done on
pretreatment techniques for removing such impurities, as representatively disclosed
in U. S. Pat. No. 5,516,963, 5,336,834, 5,264,187, 5,271,834, 5,120,881, 5,082,987,
4,795,545 and 4,409,421. However, the application ranges of these, the feedstock or

20  processes of these references, are different from that of the present invention.

U. S. Pat. No. 4,344,841, 4,343,693 and 4,269,694 pertain to adsorption
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 havir;g__a.ngggtive,inﬂuencé on subsequent HDS

10
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PCT/ KR99/ 00338 processes and processes that inpro

nunber . WO 9967345y S pat. No. 4,033,861 disclose a newggr)&ﬂ_s
reduci ng nitrogen contents i n hydrocarbon by pol ynerizing nitrogen
compounds that are difficult to be renmoved by hydrodenitrification,
and separating themw th their increased boiling 5 poi nts.

U S Pat. No. 3,954,603 discloses a nethod of renoving catal yst-poi soni ng
contam nants, such as arsenic or selenium froma hydrocarbon stock, such
as Shal e processes argl/procesdes thatlinfirovenmotaneinambet. Wo- st ep pr et r eat ment
process using iron, cobal gk) ni ckel , oxides or sulfides of these
metals, or m xtureY ShBaledfo. 4§33,86] disclosesse methodifer rasiucing nitrogan cantents as
expl ai ned abgv rption [@r. sol.vent exiraction ar sed only
for product g‘uz'i’f’@%g‘ﬁ’r"rgr Ege‘r’éﬁ@gaﬁﬂé lé’Sge@agggxp e?@f& are c?igiqu!q YPi Ee
reacti on proggssved N RYdBRediiifitafian, dhd RBIAME 1Y wWith AEH ! ihdr ' Ities
or byproducts ori g?fr}gt?ng froma ?l(k)'rmar gt ageéaan / or ft?loml%eégss%?o%@hg'hus
far, ther® pointshas been no pretreatnent that is devel oped upon the basis

of the fact that the NPC remgval , the kernel of the invention, has a
great influence onP’t- Re E‘aiqg’} 9@34&9? Hiprlosese method phremeving eatalysicpoisning

SUMVARY OF T I . . resent inventi.on ai Mgt
achi ove an 1 SomsbRl Shh asHimis prseleniunl FoRATREE oy AR Rudabestale
natural |y expff Sifcride'dfd Githmednih & W8 stdpUBirSatbnt proceé\slp\girlfkoiraﬂ,t cSBAlSe a

fatal influence Oon the activity of catalysts used in genera
nickel, oxides or sulfides of these metals, or mixtures thereof,

10 Scrutinizing the prior arts, as explained above, adsorption and/or solvent
extraction are used only for product qué,lity improvements and for cases where a
catalytic reaction process cannot be physicﬁlly operable due to additives, impurities
or byproducts originating from a former sfégé and/or from feedstock. Thus far, there
has been no pretreatment that is developed upon the basis of the fact that the NPC

15 removal, the kernel of the invention, has a great influence on the catalyst activities
in the deep HDS zone.

SUMMARY OF THE INVENTION

20 The present invention aims to achieve an improvement in catalytic
processes by removing NPC that naturally exist in crude oil. The constituents of
NPC do not cause a fatal influence on the activity of catalysts used in general
processes, and are normally converted according to their own reaction pathways in
catalytic processes. However, where certain sulfur compounds, which require high
25  activation energies for their removal, need to be desulfurized in order to approach a
desulfurization rate of 97% or higher, NPC is found to have a significant influence

on the reaction pathways and reaction effectiveness of the sulfur compounds.

11



processes, and are normally converted according to their own reaction

pat hways in catal ytic processes. However, where certai '
compounds, W ¥$#4¥quire high 25 activation energies for &@M%‘]ﬁ%ﬁal ,
need to be desulfurized in order to approach a desul furi zation rate
of 97% or higher, NPCis found to have a significant influence on the
reacti on pat hways and reaction effectiveness of the sul fur conpounds. 11
WD 99/ 67345 :

PCT/ KR99/ 00338 . According to the present invention, the

i nfluencing factor Accomdirights thepresefit invention|Niie, inflaéhchify Rers, Min tR et of

t hrough adsorption/ desorption or solvent extraction t echni ques, and

t he NPC-r enoWNPL, faaadbe eesilyerdmved thidDgh radsarptign/esdftionihorssolvent ektractioron of
I mprovenent may seemto, he rginal . ver, this [tional 1-2%.1is 5

si gni fi cant F‘??¥‘P‘ngﬂe%‘}5l BBS@ W%ﬁ%%?@f‘pfd’i‘ﬁ%ﬁ 'ﬁ?eo&clez%r St f uel
wth a : ) . ' - 0 h CA) . yay
than any ot hZ’#ulw ofﬁxﬁ%@g%xgge&griﬁoﬁﬁﬂﬂ[té‘ﬁ%g@émhﬁ%ﬂ&eﬁx?a@@%&ug?}\’?éwous
t echnol ogs es sfg@ifidafif irflfifeUddey HD8.ZoAE Adldng RPoRETHIE 18 Prodite diesel Rkl WidsE!
distillates have been devel oped, oil conpanies do not regard themas 10
economni cal | y selfars comtent of SO ppm (wt) or \lgsshint mereagepnomical ovrynthealdny ptheduci ng
petrol eum product s ?c?}nt ai ni n% | ess sul fur, nitrogen and aromatic
conpounds f oPTPEHTE BWH&PIQ‘F | tail pi pe enission “from diesel vehicles,
the present invent LGdaflvaH5es tddfindiGHRY Mr L b MicR e aromarizAANR T ©
mentioned in the prior art, 1 nproves e effrcrency of existing catalysts,
15 and has ofddiesel atistillabeschaver bevn devieldped Coid sompatiies kior astUieprdethes a ve

I nvest ment s and operation costs. As a consequence of the intensive
and t hor d@gh esppamicaliyfeasible.  that the present inventors repeated, in an
effort to apply th Inciple of the. i.,nvention to commercialization,
it was reveal ed t hgwﬁéotﬁﬁ ﬁﬂs%fﬁ‘é%"gm&a_&w preducing pegglﬁl‘?‘nﬂr PSS CREENEPE: ed

i n such adsoripid QIFLf &6 Fn 218 2AGHRACAIhFIuRds f edtidinl HAFRRA GilpiRNaNision

| nproves the performance of subsequent catal ytic reaction processes for
vari ous feedsframkiiesel vehicles, the present invention includes the removal of NPC, which was

nowhere mentioned in the prior art, improves the efficiency of existing catalysts,

15 and has advantages over prior art processes which require excessive investments
and operation costs. As a consequence of the intensive and thorough experiments
that the present inventors repeated, in an effort to apply the principle of the
invention to commercialization, it was revealed that some a_dsorbents can be
continually regenerated in such adsorptidr’n_ldesorptibn applications, and such NPC

20 removal improves the performance of subsequent catalytic reaction processes for
various feedstocks.

In addition, regarding the lubricity degradation resulting from deep
desulfurization, it has been found that concentrated NPC, obtained by adsorption, is
effective as a natural lubricity improver.

25 Although fixed bed adsorption technology was adopted to prove the
invention in most cases, the application to other types of pretreatment, which can be

selected depending upon feedstocks, including fluidizing bed adsorption and solvent

12



In addition, regarding the lubricity degradation resulting from deep
desul furization, lt.has been found that concentrated NPC, ol&hReReb/e43s
adsorption, \Yg99/6‘}345 effective as a natural lubricity inprover. 25
Al t hough fixed bed adsorption technol ogy was adopted to prove the
I nvention in nost cases, the application to other types of pretreatnent,

whi ch can be sel ect ed dependi ng upon feedstocks, including fluidizing
bed adsorption and sol vent

12 WO 99/ 67345 | .

PCT/ KRO9/ 003g8raction, is alsodnelndest indhe sdope af the iiventionled i n t he scope of the

I nventi on. BRI EF DESCRI PTION OF THE FIGURE 5 Figure 1 is
a flowdiagramillustrating a basic concept of the present - i nventi on.
Figure 2 is ER&E?ﬁﬁéééﬁﬁﬂﬁb@ﬂO?Qﬂﬁg?gﬂﬁRE” adsorption process according to
t he present 1 nvention. rgure 3 is a graph of product sulfur
concentration versus reaction 10 tenperature for two kinds of NPC-renoved
f eedst ocks, and base feedstock, in ~accordance with Exanple 13.

Figure 4 s a grapligire thés ai flowgdiagresmiinatratingt @ basicscancepte of: v resefit
regeneration, in.accordance wi th Exanple 10. 15 DETAI LED DESCRI PTI ON OF
PREFERRED E Rirs The present invention pertains to the

substantial removalggfre YRCa ifified flow scheme of an adsorption process according to
the present invention.
Figure 3 is a graph of product sulfur concentration versus reaction
10 temperature for two kinds of NPC-removed feedstocks, and base feedstock, in
accordance with Example 13.
Figure 4 is a graph of the nitrogen removal rate versus the number of

regeneration, in accordance with Example 10,
15 DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

The present invention pertains to the substantial removal of NPC from
petroleum hydrocarbon fuel stocks, which improves activity of 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 560C and preferably ffom 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

experimentat studies carried out for this invention.

13



petrol eum hydrocarbon fuel stocks, which inproves activity of catalysts in
subsequent hydroprocessi ng processes, thus facilitating eco '

product i on 3?0%5)734% eaner fuels that enit |ower |evel of p(%ggh?lg@ss
especially PM NJerr] and SO err] upon conmbustion in engines. The
overall concept of the present invention is illustrated in Fig. 1.
The petrol eum hydrocarbon fuel stocks used in the present invention range
in boiling point, from 110 to 560[err] C and preferably from 200 to
400[err] C. NPC, naturally exi sting in these petrol eum hydrocarbon
fractions, can be Hydmcerbohy fumll sprogecedn imrac2ardings eithe rthe eprtesent t inventidienoval
of NPC t hrough adsorption utilizing one or nore adsorbents is found
to be the noBteferablychas\achoiling poiat inctherangepfild0L $0APRE @nd preferably has a

igper i ment al s urg:'gﬁ%yg%%sr {h?ig 564 tpprfn%\rt R g}uf miors]tvﬁ'gfeira%?y less than.SO ppm (wt).. |
PCT/ KR99/ 00338 Adsorption is, therefd¥&ll Q8&isRRR $48!in Rﬁé)?’diﬁﬁﬂnF rr]E:xt gﬂ:rs,d L@ W th

the present invention preferably has a boiling polnt range of

110[ er r] G t oeX¥idiments Greacutiriga editewit aysitgle calumn to sitplifyrthe dbistratioh @fthé han
500 ppm (wt), and nost _preferably less than 50 ppm (w). L
Adsor ption i Bresgmainyension. Thet PEISESY, SaPeTformyadspeptiopindgdeseertioneid a and 5

' t . ' t i th i . | t ' lify th
1 st rati oncRmiiRis mind ek Suehias 4 RERelL iR Behctos can perform
adsor pti on and des g Hcb@ahdd Fith the iaAHcRUNIT BRNPBIoRY Fbieh R

switching two or nore fixed beds. In accordance with t
i nventi on, NE&@davoskr facticed té rsubstantfablyr decrease the cdneeutsatimmk of INBCi m the

Feadst ookl 1 r RENPSHR TedSatlh EFRIAR dihecubRaRist derronen ARG ompRHRD, 8 s
| t 50% T ' t Unf ' |
feedst ook 1ot p0%, That SRl AR of NECHERIR Foxt AR B BTRGSRET (o

NPC are renp\egtion. Preférably! bawaat asdh@ B4 dedl abairloobs o€ the NPC are removed
As shown in the exanples below, NPC are renoved .easily from 15

hydr ocar bon ffessml sheoprtraiguna feedstaek fragjiondsor pti on and desorption in a single

adsor pti on colum. e N enpred, o eX' LSS ol U A RSMed! SHIR Gesa! 00k

15  hydrocarbon feedstock by alternating adsorption and desorption in a single
adsorption column. The NPC removed or extracted from a petroleum feedstock
fraction preferably comprise between 5.0 and 50wt% oxygen-containing compounds,
between 5.0 and 50wt% nitrogen-containing heterocyclic compounds and sulfur
content in the range of 0.1 to 5.0wt%. The NPC removed or extracted preferably

20  constitutes between 0.1 and 5.0wt% of the petroleixm‘feedstock fraction.

Generally, as the boiling point of. fixe feedstock increases, the viscosity
increases and the amount of NPC extracted (and the nitrogen content in the NPC)
tends to become larger. So, depending on ﬁie- 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, h') 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

14
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fraction preferably conprise between 5.0 and 50wt % oxygen-cont ai ni ng
conpounds, between 5.0 and 50w %.ni trogen-cont ai ni ng hetero %;c
conpounds aw® Y7343y content in the range of 0.1 to 5.PW'£}<}9% 8\PC
renoved or extracted preferably 20 - constitutes between 0.1 and 5. 0wt % of
t he petrol eum feedstock fraction. L Generally, as the boiling
poi nt of the feedstock increases, the vi'scosity I ncreases and the
anount of NPC extracted (and the nitrogen content in the NPC) t ends
to becone | arger. So, depending on the feedstock, the operation paraneters
of t heofatioadsoritramt pﬁi&iine@ierr?smﬁxrgoe € Whith s of Rasdrptiod, fs-oduct
to Adsorbent), 25 tenperature and LHSV (liquid hourly space velocity,
h[err]) may purging dnd regenératien step in eriesnds RPA iRRAwersdf the swaityi o thet ant

operation paraneter of the pretreatnent process. RPA is further
defined as a2¢SQINLPNGOEasEa dsqrptien performancednefeasisct to t hat

14 WO 99/ : . . . : .

PCT/ KRo9) 00333 EkaiiRles of avgilable sdsorbents include active alumina, acid white clay, |y o

consi sts of REBEGTPéArd) actbe- carbon, zedlité, Hydfate dlumBae Sidica iged And idtPesichas@y | €S.

As RPA is |lowered, the severity of the adsorption process and the

adsor pti on peesinsr Fiydeated abuming @nd silica gel have no strongadeerption siges andbech

adsorbents include actiyve,alunmna, acid white clay,.5 . Fuller's tth,

active carbo H‘?s%%‘bq“i ‘F‘E?haﬁy“m %&w%ﬂet’}rch%g‘,ngé? M"sagfgéie,s"%hla ?rd'ﬁgeé'f@% He

resins. Hydr ahedsabimhdhed lsctblitt ol He 1AV fr ARhARTA AIREP LAY 'S and
y ondi y | e

such adsorpti1 on mechani sm as rogen ng 1's unique gsira

for regener ardget Ycombinatiohhtnadf esileines tadesption dfectieerieds;meilichegetisetd idh

conbi nations of two or nore, and a - proper conbinati on may_ enhance
adsor pti &0 efekelaniy sesirs svhicl) are charged insaniadsemption columncinzssges. pedfound tohbeh ar e
charged in an ads&r tian um iR ser.i.es 125 § ‘f ound ;t“g&?bee . _hore
effective i n NPEHEHRNAP o ‘é’agu“F‘f‘%a‘ ‘5@5‘3 o PR E%a’ﬁélg a}cggel. n al one.
A preferred adsor b\\hrefér&d Adsebedtls; siﬁ'@Vgé!,ghﬁir%Oi Pofé gi%e raiSigFoln’ 400 to
200 A, a specific surface area ranging from 100 t0 1000 nferr]/g, and a
pore vol une 200 A, z aperifin sirfave abesranging. fione 409 to 1000 m’/g, and a pore volume

»,

ranging from 0.5 to 1.5 cc/g. -

15 With reference to Fig. 2, there is shown an operation scheme of an
adsorption process according to the present invention. First, liquid hydrocarbon
stream is fed for a predetermined period of time into one of two or more adsorption
columns, alternately, wherein NPC is adsorbgd. _While the NPC-removed
hydrocarbon liquid is fed to a subsequent ca't;'al.yti‘c px;oceés, the NPC adsorbed in the

20  adsorption columns are desorbed by the use of a desorption solvent so as to
regenerate the adsorption column. The desorption solvent is usually selected from
among alcohols, ethers and ketones containing 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 distifled 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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15 Wth reference to Fig. 2, there is shown an operation schene

of an adsorption process according to the present .invention. First,
i qui d hydrWeA9s3Hs streamis fed for a predeternined BEFKRPIWP3I e
into one of two or nore adsorption colums, alternately, wherein NPC
I s. adsorbed. Wiile the NPC-renoved hydrocarbon liquid is fed to a

subsequent catal ytic process, the NPC adsorbed in the 20 adsor ption
col ums are desorbed by the use of a desorption solvent so as to
regenerate the adsorption colum. The desorption solvent is usually

sel ected from ' Thacmalgtialreazkioh procesdes, whish dolloat tieafisepfibaipiétiatBem’ | €SS
carbon atons, which are exenplified by nethanol, .
met hyl - t er t | Sef;-osntbe e HRYS, andAB: etmild hydteoracking,ya hydrocracking process, or

G 91111 e anPraanakE et T GHANBLER i fese Riscesser Bi\s Y abhes Stes
f ti { Lol | kol | th
Pl Ui i 2f ng oaey AlFs A1 et sl Skl A Girulid doct s B~

BS /S g;g Z . 5 catalysts’ activities due to the tendency of these compounds to be d&forbed onto theV¥O

PCT/ KR99/ 00388ive sites, while they do not deactivase the watalystseamanentlyr ocesses, whi ch

foll ow the adsorption pretreatpent . .step, can _be an HDS, an HAD, a
m | d hydrocracki ng‘f‘?%’: H&fcﬂ’&iﬁ“&&%’?ﬁ'@"‘b?%@é@s‘? thy use °fI‘?P&)%? Aaturad habriqiy, eof .

The cat al yst | 2 gﬁ&? L g i | — on the
cat al yst gur?nal(s:%ggradr%"ﬁgtﬁ%?g%‘? m g%?g%%ﬁgﬁggrgﬁ%%ﬁ)uﬁié ézcart SAses the

5 catal ysts' actwvisidhesn dpplidationhthet NPOds ecynoehiriteé acte drap ehncentem b -
adsor bed onto the | active sites, while they do not déactivate the
cat al yst K0 pepieagentn ghe NPC becomes substantigily higher thae sherfeedstackqby o fager ofai ns

1, U5 AR BB, SO ok HEIGE S SBOAB oS
1 Shch o0 edoliare ROV R0 e ity i o, 1
factor of highet NRC isprgferably poedentratel \byadsdrpties prgresaese peferablytilizimpnt ent
of oxygen- co%éaoir tienqg selected from the group consist.ing of activated carbon, zeolite, hydrated
15  alumina, silica gel, ion exchange resin, and combinations thereof.
As more NPC is extracted by.adsorption, nitrogen content, sulfur content
and total acid number decrease. Nitrogen content, in particular, turns out to be
closely related with NPC removal ratio, as illustrated in Example 4. While it is also
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. HoWever, the measurement takes
impractically long time. Consequently, NPC removal ratio is represented by changes
25  in nitrogen conteni 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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R
organic acids or phenols is in the region of 10 % or greater and preferably
15 % or her. NPC is preferably concentrated by ads
processes, ‘BPe"P"é%‘éBI y utilizing adsor bents sel ected fgmma?%up
consisting of activated carbon, zeolite, hydrated 15 alum na, silica gel,
i on exchange resin, and conbi nations thereof. As nore NPC is
extracted by adsorption, nitrogen content, sulfur content and total
aci d nunber decrease. Nitrogen content, in particular, turns out to be
closely related with NPC renpval ratio, as illustrated i-n Exanple 4. Wile
it is also expect ed t hat cont &XAMPLEXYgen- cont ai ni ng conpounds

should vary with NPC 20 renoval , tracking down the changes in oxygen
content of treated hydrocarbons is extrenely difficult since the

change occurs w thif~th ror of nt ent anal sis. The
NPC renoval ratio P{}g[}& ‘e‘i?’&&et?‘&&q@% ‘%X%% flg?ds&‘f?&ﬁﬁg? Rrfsent wmven

wei ght are RBASIREr pRsheARENREGHing 8RR Glide b #'E the btfierties and

i mpractically l ong t| me. Consequently, NPC rerdval ratio Is r presented by
changes 25 theicompositipns of vatiews LGOstand ah &0 adergivenx Thpdeasils ase Bmusivélyogen

content is easy o anal yze with reasonably small error pmargins as
shown in Ex dngconnection with the present invention. As mentioned previously, the 1g

\é%?a{?g;?ggﬁglposmon and properties of NPC may vary with the feedstoclE%&m,L@tlsuch

LGO and | i gRlariahieh @od hol il theUSRsbnfSnRBnfiGE Rl Pfe 1 N“ANEBF GREHC™ are

i nventi on, vary in their properties according to the cruge oi | type.
In Table 1, LGOs p\nmpchffereasbexhdg points, helﬁnmup&atstandnntragen\camentsswhlﬁ&‘Dand an
LCO are iven. Sse oils are exclusively used in connection with the

present WnydREnorCO %&%?‘E\HMHW“’E’H% (AR) flugd, pgalytic i cORVersgD
roperties vary with the feedstock used, but such
Dary S@d’iﬁw‘*‘é 1

variation d mt the present invention. In Table 1, "A", "B" and
"C' are
TABLE 1
Feed Characteristics A- B C- D
Sulfur, ppm(wt) 12,286 15,420 14,056 8,738
Nitrogen, ppm(wt) 226 173 156 2,503
Distillation, C
IBP 228 220 227 285
10% 270 261 274 323
50% 311 308 306 343
90% 367 375 353 35S§.
EP 388 382 368 n/a
IBP= initial boiling point
15 EP= end point (final boiling point)
EXAMPLE 2

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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P

LGOs with different boiling poi' nts, sulfur contents and nitrogen contents,

while "D'" 10 i LCO produced from an atnospheric resi dugghtkodidosd
catal ytic cwwgfes’?‘%n (FCC) process. ? o903
TABLE 1 Feed Characteristics A B C D
Sul fur, ppmw) 12,286 . 15,420 14, 056 8, 738
Ni trogen, ppn(w) 173 156 2,503
Distillation, [err]C | BP 228 220
227 285 10% ' 270 261
274 323 5C0PABLE 2 311 308
306 343 0 s
355 sec| 1D AdsorbenEUP; Po:;e Aégg"gre JET 368
n/ a BP=initial boiling poi ¥ 15| Si%% E%F'%!%‘F}j%im
(final boiling—peint) - B BMPLE| 2
Silica gel, allunirh and ionS8ie@nhBthe rekin@38unich 2% commmni®B3&ed ifn 20
col urm chromatlogr dbhy. fwere sel ected as|ad84bbemt s 2H9t he|pred6d27
i nventi on. Rhysi ¢al properties of |t h@74dsor bet8ts5 used ane7@bveniin
Tabl e 2. d - 105 |- 6898 17  608.05
99/ 67345 e 1.07 104.39 Hy05§R997 00338
TABLE 2 £ 1.16 16434 283.47
g 1.16 234.4 198.24
h Alumina 0.79 50~70 100~200
i Ton Exchange Resin 0.55 450~500 >400
EXAMPLE 3
5 To compare the NPC removal effectiveness of different adsorbents, a series
of experiments were conducted using the silica gels in Table 1, identified as "a"
through “g", having diameters ranging from 0.3 to 0.5 mm. The adsorption /
desorption procedure was as follows: . -
1) 40 cc of the adsorbent “a” was loaded in the inner tube of the concentric
10  glass column. |
2) The temperature of the adsorbent bed was maintained constant by
circulating water through the outer jacket of the concentric column at 50C.
3) 400 cc of the LGO "A" was fed at a flow rate of 200 cc/hr into the inner
tube where adsorbent was charged.
15 4) Upon completion of step 3), 80 cc of a non-polar solvent, hexane, was
pumped into the inner tube at 200 cc/hr.
5) The inner tube was purged with nitrogen.
6) The products obtained from steps 3), 4), and 5) were mixed together.
7) The products of step 6) were separated from the solvent by a rotary
20  evaporator, keeping the remnant as "NPC-removed LGO".

18



. D. Adsorbent Por e Avg. Pore BET

Vol . Size Surface Area - PCT/KR99/00338
cclg wo 99’67345 mMerr]/g a Silica gel
0. 38 20. 19 733.2 b

0.45 25.9 700. 27 c

0.74 48. 55 607. 95 d

1.05 68. 98 608 05 e

1. 07 104. 39

1.16 164. 34 8) Upon chggleg?n of step 5), 80g;c of a highly polar solvent, methyl-
(1)' % 8 é%%@é’-butyl-ethe&%%%@uced at 200 cc/hr*tq the inner tllil%anlE)L(l ?hgﬁg e Resin
0.55 450~500 9) The mne?‘l% was purgeda ain with mtrogen

EXAMPLE 3 5 To conpare renmoval effectiveness of

di fferent adsor bent® Pradiwe biained from ﬁépfﬁaﬂed'shwas mxmﬁl’tﬁgﬂbﬂdUCt ed using the
silica gels in Table 1, identified as "a" , having

h n
di amet er § rangi ng ¥ Fhecrraded of stepnif) W#esea%rgtsﬂpfrqrortg¢ solvent byctheryse
procedure was, as cc of the adsorbent "a" was

1 ¥ »
| oaded in tﬁ&‘ﬁ"}ﬁﬁzﬂ’?@‘f}é kS?plPﬁéhechﬁ@gﬁt )gﬂg gl ass col um.
2) The t t satleggﬂemra,s&, (¥
ci)rculeatiegge\r/\gt g:et rougﬁ ﬁ%ﬁﬁg&h?ﬁg&et O?TB'[ he concentri c&%(;llrﬁér(rsn at

50[err]C. 13) For3he 4@sbrbent 6b” thireughGR”, fie prasedued frat stegsl Ywor ke of
200 cc/hr into the inner t ube where adsorbent was charged. 15
4) Upon conp‘?"éﬂe@ﬁatéﬁi "§¥I§ﬁt‘g‘)ly 80 cc of a non-polar solvent, hexane, was
punped |1Q)to the inner tube at 200 cc/hr. 5) The i nner tube was
purged with nitrogen. 6) The products obtained fromsteps 3),
4), and 5) were m xed toget her . TABLB3 7) The products of step 6)
?’gﬁﬁaﬁf pg;a:t' ﬁgcf:g?of/gg ‘éakﬁé&bexfts Nxtfogen Removal I{atlo(‘/) kpeping the
18 WD 99/ 6734 Ist 2nd 3rd
PCT/ KR99/ 00338 a 6 5 7

b 22 21 21

c 53 - 52 52

d 62 61 60

e 51 54 53

f 46 47 47

g 49 50 50

Nitrogen removal ratio is determined as [(feed N - product N) x 100}/(feed
N content), wherein product N is the nitrogen content of adsorption-treated

15  hydrocarbon.

The comparison between the performances and p_hysical properties of
adsorbents showed that their adsorption pe'rfo_m@arice'v'vas closely related with their
pore volume, pore size and specific surface drea: the larger the pore volume was, the
better the adsorption performance was. As the pore volume increased, the pore size

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

cc/g, pore size from 40 t0 200 A and specific surface area from 10 to 1,000 m?/g is
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8) Upon conpletion of step 5), 80 cc of a highly polar solvent, nethyl-

tertiary-butyl-ether, was introduced at 200 cc/hr to the in §3
9) The i nneWQ¥WH348as purged agai n with nitrogen. q’%mi)g 9(;?9?6%uct

obtained fromsteps 8) and 9) was m xed together. 5 11) The
product of step 10) was separated fromthe solvent by the use of
rotary evaporator, keeping the remant as "NPC'. 12) The

procedure fromthe steps 3) to 11) was répeated two nore tines.

13) For the adsorbent "b" through "g", the procedure from-steps—i—to—12)

was repeat eddesirablecfot tresting LGO. For e{ample, if the pore volume is less than 0.5 cc/g or

TABLE 3 . o Adsor bent s Ni trogen Renoval Ratio(%
1st ~ 2nd if the pore3side is less than 40 A, adsorption would not be effective. On the othér

5 7 b 2 21

21 hand, if an adsorbent has too large a pore volume, phygsical strength oggle adsorbent 5o

d . . . . e

51 5l s@émﬁcantly \%?fﬁt]med and the &Hace area is drastically reduce?. 46
47 5 47 49 50 50

Nitrogen renoval ratio is determned as [(feed N - product N) x 100/](feed
N content), wherein product Nis theEX BB content of adsorption-treated
15 hydr ocar bon. The conpari son between the performnces and
physi cal properties of adsorbents showed that their adsorption

o orence e ! as g S RO vy PP S gt

specific surface area: ore vo er the
adsor pti on pgslicwsance was. As the pore volune increased, the pore size 20
i ncreased while the specific surface area decreased. From

the resul®s, the ad3di0Be&dts @00 iml ofesilicasgelh(Meorck Silicaas! 0o 70239 mesh. 5
(rfr{:/e?,r] /pgr ?SSi/ESel‘I\f/li O“%réoc}}a?ge 09:1 % %ﬂ%'s B u%'mf i(fms:lc”{.ggn?) For %ﬁ{?&l?ﬂrln plr%ss:[uge 1,000
chromatography.
2) 10.00 g of the NPC obtained in Example 3 were dissolved in n-pentane
and this solution was poured onto the glass column, followed by flowing 500 ml of
15  n-pentane, S00 ml of a mixed solvent of 1:1 n-pentane:toluene, 500 ml of toluene
and 500 ml of methanol, in sequence, through the column,
3) Six effluent fractions F1 to F6 were obtained such that the aliquot
amount was 250 mi each for the first four fractions (F1-F4), 500 ml for the fraction
FS and 300 ml for the last effluent, F6. '
20 4) Each fraction was introduced to a rotary evaporator for sofvent removal
and the residue was weighed. B
5) Qualitative analyses were conducted using an Antek Analyzer for
nitrogen and sulfur content, a FT-IR analyzer, and a GC-MSD and a GC-AED for N
and S species.
25 6) Using a field desorption (FD)-mass spectrometer, a semi-quantitative
analysis was done for cerfain ch.ei;xical spe.cies in each of the fractions through

molecular weight comparison. A series of mass peaks were selected at a mass

20



WD 99/ 67345

PCT/ KR99/ 00338 desirable for treating LGO For exa | '
pore vol umeWMeI¥YH3% than 0.5 cc/g or if the pore size irqu@ggbgt/%%%?4o
A, adsorption would not be effective. On the other “hand, if an
adsorbent has too |l arge a pore volune, physical strength of the adsorbent
Is significantly weakened and the surface area is drastically reduced.
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 (mmerval ofi14 ifxopsidedoyithio-thselloveshlimit of meST Mjffevence cffhOfaxith n a
glass colum (1m . X di um pressure chr omat ogr aphy.

2.5 for
2) 10.00 g ofOMPpAIISQPEe dﬁ%mﬁﬂlﬁ@ategerm@e&ﬁlpr weghtorhichjare smgaededias archemicahe

d thi | ut i t h | fol | d fl ow 500
o of 15 il mHE AB3E RhaBReS Y el 3R AR T e SeciPTn el tee: e,
500 m of top¢gfiRement

, a n?d3§ coféktifly eindaRe (paNRIhyldnR sIFHISFREG) he
col um. :a%) Six eff ﬁl%ent fra@t%iﬂg&nhsylé&)%%’o F6 Wervevtdg%?glg%ee% such
t hat the &l i gftetthe mass meanmermnemad tibskmylese Thé PEGrmadsandastiet vaswonsiseat i on

(F1-F4), 500 m for tage fraction, F5 and 300 m for the |last effluent,
F6. 20 with the galciated mass pithinan,greor raegef®3d to a rotary evapor at or
for solvent renova . k s wei ghed. 5)
Qual itative anal yslg!sle\r/\?es}ﬁés%%%c’i%%%eeﬁ ué’?%lgg\b]a " Ant ek Anal yzer for

nitrogen and sulfur content, a FT-1R analyzer, and a GC-MSD and a GC- AED
for N and S species. 25 6) Using a field desorption

(FD) - mass spectroneter, a senmi-quantitatiTABLE4 anal ysis was done for
certain chefical Speqi esgyn epcippf Negsrac Oty T NTOUggs nopgcuhar
wei ght  conpan B Seg5 O FyS eafSg e 3:-:5::»1 et 553 THSS 1o
S.ppm(wt) 1746 44496 42514 31077 16365 17569
N,ppm(wt) 0 0 1688 30450 20434 27798
FT-IR Typical - Aromatic { Pyrrole | PymoleNH | COOH
n-alkane NH Aromatic
spectra . Aromatic. | COOH
GC-AED- Non- DBTs DBTs | DBTs: DBTs: nd. | DBTs:n.d
MSD DBTs CBZs: nd. CBZs CBZs:nd
nd. CBZs Amines
.. pyridine
FD-Mass Acids, Phenols : 29%
' Pyridines, Quinolines, Carbazoles, Benzocarbazoles,
Indole, Acridines: 32%
Paraffins:5%
Naphthenes: 4%
Aromatics, Sulfur compounds & Unknown :30%
10 * DBTs (Dibenzothiophenes); CBZs (Carbazoles) ; n.d (not detected)

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, ji.ndoles," and such oxygen-containing

15 compounds as organic acids, and phenols, comprise over half of the total weight. In
fact, the change in the properties and compositions of LGO before and after the

adsorption resulted mainly from changes in its nitrogen and o:éygen contents.
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20 WD 99/ 67345

PCT/ KR99/ 00338 interval of 14 if coincided within th cﬁj %3# m t
of mass diff¥ERE3EF 0.05 with conparison to the cal cul ated no

wei ght, which are regarded as a chem cal group with al kyl substitutes.
In order to confirmthe accuracy of the mass = neasurenment, a nass
correcting standard (polyethyl ene glycol: PEG was anal yzed 5 after the
mass neasurement of the sanples. The. PEG nmass neasured was consi stent

with the calculated pmass w-t-hi-r—an—error—range—of 03 The
results are gi ven bEhedata rof Tablect also demonstrate that most of the sulfur compounds in
TABLE 4 F1. . F2 F3 F4 F5
= vi el NP6 have aflgnger retentiontime than thatof DBTs. Also, thegulfur compoumds are
42.9 S, 6 42 16

17569 r?&{, pp&%tfd tolce mu%ﬂ"la%q}%'rs it ?e%ms 1°§8‘§° num%ersaigtylecules %&6543 4
27798 Fedehhlly knowPtifatlpolycyclic sulfuflceiBbids, e.BYidvil morE akém

COOH g y n-alkarltlleyy : s Eyﬁ I§e30r b roma%é
spectra 5 rings, have stronger adsﬁmm'wityi than DBTSGHIthe gas oiK}%EE: it can N@rdeducedDBTS
DBTs DBTs: . . . DBTs:n.d

CBZS: nthat po!ycychc(ggglr conmdsrpra concentratcd n NPC However the change in

Rc?ds . Ph gﬁgls gulfggq?nté%%gﬁﬁe and after the adsorptxonp\Xr mly graﬁ% gmo&}[ IB? maégn Ty

ggg/obazol es, Beiut RALORNeR! 6Sthe pol%cryg%x? IsglgurS c/ompounds in unit voRAY 8f fRkiodkd1es:
Napht henes: 4%as extremely low. From these analyticalr datat itomp &Hé@meddhﬁouxygm&
ghgn?mt : g&’/oe Bitepen and polycyc[:ﬁz sulﬁx%cggtrz]xfn%g <|:o hoeu?ﬁs whxc(,ﬂ3 end rog s%)?llaglson !
the active sites of the catalysts in desulfunzatxon or denitrification reactions, were
separated and accumulated in the NPC duf_in_g the adsorption pretreatment, resulting
in a significant increase in reactioﬁ 'f_a.»te coﬁxpared to the case in which NPC
remained in the reactant and played the role as “activity inhibitor”, especially in the
15  deep hydrodesulfurization.

To further examine the correlation between physical properties of NPC-
removed LGO and the NPC removal ratio; the following experiments were
conducted in a similar manner to Example 3, but adsorbent, "¢" was used to adsorb
feedstock “B". Physical properties of NPC-removed LGOs were analyzed and

20  compared, varying with the RPA, -

TABLE 5
RPA 10 20 40 80 R?
NPC over Feed 486 |- -3.11 1.99 1.11
LGO (gr./Liter)
Nitrogen Removal Ratio,% 55 39 29 13 0.973
TAN reduction rate, 94 74 66 26 0.849
Sulfur Removal Rate, % 3.7 2.3 0.7 1.7 0.721

22



As is apparent from Table 4, NPC was found to be a polar m xture of polar

conpounds, in which such nitrogen-containing conpounds as pyLlL.di
qui nol i nes, WO 9%6734% | di nes, carbazol es benzocarbazol es, i ndo#é'&!(ﬂgﬁﬂm’g%ch

oxygen-contai ni ng 15 conpounds as organi c aci ds, and phenols, conprise

over half of the total weight. In fact, the change in the properties
and conpositions of LGO before and after the adsorption resulted

mai nly fromchanges in its nitrogen and oxygen contents.

21 WD 99/ 67345

PCT/ KR99/ 00338 ’ The E}oAMPIfE Sabl e 4 al so denpnstrate that
nost of the sul fur conpounds in NPC have a longer retention tine than
that of DBTs. Also, the sul fur conpounds are concentrated twi ce as much
as DBTs in ternms of_ the nunber .of nolecyles. It is neral | y _known that
Dol yoyel i ¢ sul far  TBpRRPREAEe RRVREAGHE Ve SRsAts Sxaret Ehde have

2T Sl s Vi A8 ol B

that pol ycyclic sulfur conpounds are concentra ver,

change ins “d” st und ctintamdt theeémmsinatichsafhiefsof.t 200 2ESEl Plebdyiocka B 0WRY
trace anmount. The reason is that the content of the polycyclic sulfur
conpounds i nintreduced|ainke rate afe2Gfk colbk shrough the dedcharged| with dbe adsarhenthese

anal ytical data, it, can be deduced that oxygen, 1 ni troge d

ol yLyCh e oGMIENE B AT AEh Jrah Orbihihs. ™ T HF. PIocRRirE 3 dBeRey otms to

the active si I L de ] i ! Lbpdfi iQn
eact s ons. aird the bdbdiBei it rLBLRNGTTINE ¥ 60 BY nRfqel dbbbval il of

adsor pti on priRé sk fromahe fdedsteck B d\mﬁ%@oMi ficant increase in

reaction rate conpared to the case in ich NPC remai ned in the
react ant 18nd played the role as "activity inhibitor", especially in the 15

deep hydrodesul furization. TAE rther examne the correlation
bet ween physical properties of NPC ved LGO and the NPC renoval
ratio, the follow ng pAgsarbendsit s war e Nitcaged Retmeslali Ratie @6)ni | ar _franner to
Exanpl e 3, but adsor bgGhargéd" was ysed3sdo apsokth btheds| odRth' B .
Physi cal properties ofdNPC-renoved [LGOg2were amgl yzed gad 2D 7zonpar ed,
varying with the RPA ;- T 48 n/a a/a n/a

d:h=1:1 92 90 85 80

di=1:1 76 73 74 n/a

dii=1:2 77 77 77 nfa

In the above Examples 2, 3 and 4, it was revealed that the NPC removal

could be achieved by various adsorbents, siich 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 remaval ratio impm\./ed as much as 3~ 5%

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

EXAMPLE 6

23



TABLE 5 RPA 10 20 40

80 NPC over Feed 4. 86 3.11

1.11 WO 9/678¢30 (gr./Liter) Ni trogen Rermoval Rath |%l]"@8‘8%°§%8
39 29 13 0.973 - TAN reduction rate,

74 66 26 0. 849 Sul fur Renoval Rate, % 3. 7
2.3 0.7 1.7 0.721 o

22 WD 99/ 67345 ' C

PCT/ KR99/ 00338 EXAMPEE—S

The sanme procedur ¢éThe sameEpeacpdure 3asnirs Exapple 8d wasxreppdted,hexcephethat the

f eedstock B used, ,;al“ﬁgg“ th 40 cc of an adsorbent selected fromthe
adsor bent s 5feedstgeks | and; T Y’ weee Wmmﬁhéoﬁﬁ@fé‘lﬁa@wbe@&“dﬁ

L eeUetck, S8 aul HEASACSF 3, Bk SR AU,

The procedur gaedRRcks PAL eR”12Ct BRE “D? were de§|§1§atted: I?@laqlﬁl)r@ii‘téndc 95-
regenerability. Table 6 shows the nitrogen renbval ratio of

adsor bents f respedtively. dthd stitoegenBeneopali ratial ob fheMRiCtiodHA-1, B-1, C-1 and D—l are

TABLE 6 L Adsor bent s ' Ni t rogen Renoval Ratio
(% given in Table@aar ged 3rd 6t h 9t h
12t h d 72 73 74
73 i 48 n/ a n/ a
n/ a TABLE 7
A-1 B-1 C-1 D-1
Nitrogen Removal Ratio (%) 60 61 61 13
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 viécosity 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 c¢ 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 pofar 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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d: h=1:1 92 90 85 80
d:i=1:1 76 73 74 n/a -
d:i=1:2 ~ WO9645 77 77 77 n/fa  PCTKR90W33 |,
t he above Exanples 2, 3 and 4, it was reveal ed that the. NPC renoval
coul d be achi eved by various adsorbents such as ion exchange resins; the
nitrogen 15 renoval ratio, however, may -vary- w-th different adsorbents I n
addition, it was al so found that combinations of two or nore
adsor bents coul d enhance the nitrogen removal ratio. For exanple, in
the case of d:i in Table 6, where an adsorption col um was prepared
with ion exchange resin "i", which was charged i nmedi ately after the
silica.gel "d", then the nitrogen remd#BLE®tio inproved as much as 3~ 5%
20  pointsfcomgied O fBfe£asSe ~d ., wWN T ENfrogEE 2 o1 GP%&UFGVQ)
ggf‘g/% 55 6 Rate LGO RPA Removal to L Dxfference
PCT/ KRO9/ 00paelel) (cq) The—sand M‘L%ébr , Xg‘:&?‘i%x. LECPANY
r epeat ed, e><ce bhat thga00 fee%%t ocks "AM - B, "@40and{" D' were ysed,
along with 550 the a8Brbent ha®f ng & paPlcl el|di aPdber of
0.3t0 0.5 pm_FEffluent 4i%98am ffr ad@ibns lf r ond8 he 0f28edsfocks "A", {"B",
"C' and "D'|were desipgna2d®0A-1, B-30 C 1 andé®- 1, { 5 040espéctively. The
ni trogen rehov@000ati p oB,000e fract¥éns A-1, &1, ¢ 1 epd D1 areos
given in Taple 7. 4,000 10.0 52 0.20

2,000 5.0 59 0.40

4,000 3,000 7.5 50 0.27 1.50
4,000 10.0 46 - 0.20

10

15

20

As the space velocity increases at the same RPA, the pressure drop

increased while the nitrogen removal ratio decreased. On the other hand, as the RPA

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 wefl.

The particle diameter size of an adsorbent is closely related to the pressure

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 more sensmve to the space velocities. In

addition, the NPC removal tends to change with the adsorption temperatures, and

the optimal bed temperature is found to be in the range between 40 and 80TC for

LGO. Such a temperature range happens to be very close to the storage temperature

of the LGO.

EXAMPLE 8

25



B —

TABLE 7 A-1 B-1 C1 D1
Ni trogen Renoval Ratio (% 60 61 61 13

As is appar &R %¥BAT Table 7, no differences in the nitrogen l;;l(Ee)rr{l)K\l}é‘{ 033 os
were found anong various LGOs, while an extrenely | ow nitrogen renoval

ratio was given to the LCO which contained al nost ten tinmes higher
ni trogen conpounds content and was al so high in viscosity and
aromatics content. Therefore, adsorption turned out to be an

effective pretreatnent technology fertGO-that—has—a retarively 15 [ow
evel of nitrogen cDie eame proceduresastin Examhpde 3 rwtsi repeatéd, texcept thatt ofily enegood
one fordlg(% ] waw EXAMPLE 7 20
The same pro r solvent; waspused alengs with 40 e efthe pdserbertyid” rapginghia particle

f eedst ock A of. S ] ! f 000,
2., 000 Niastto s b Brintt A% folehb o536t B Bdelck R s
adsorbent d r@Qen i0Tablé9, below. di aneter size, fromO0.85 to 1.0 nm Toget her
Wi th pressure drop across the adsorption bed and the anmounts of the
pol ar sol ¥ent used, Anleaperithendgreas condunted asrfallows:25 - for LG is given in
Table 8, below. Alsg, there is shown the pressure dro variation with
space vel ocity. 1) 40 cc o?the ajsorbent d wasploafedum the {nngr tube of thcggoncentr{]c

WD 99/ 67345 Jumn '

PCT/ KR99/ 003381255 columi.

2) The temperature of the adsorbent bed was'maintained constantly by

circulating water through the outer jacket of the concentric tube at 50C.
10 3) 400 cc of the LGO “A” was fed at a flow rate of 200 cc/hr into the inner
tube where the adsorbent was charged. '

4) Upon completion of step 3), 40 cc of MTBE vapor was introduced at a
rate of 200 cc/hr through the adsorption bed. To vaporize the solvent, a preheating
tube was installed and heated to 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 80C. | |

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 S),' 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,

.26



TABLE 8 Fl ow Tr eat ed Ni t rogen Sol vent

Pressure LGO RPA Renov

D fference WC'99/6"3"‘5( cc/ hr) (cc) qJCT('%&%Ow
Ratio  (kg/cnR) 2,000 5.0

0.40 1, 000 3, 000 7.5 64 0.27
0.75 4,000 10.0 58 0.20
2,000 5 0 66 Q.40 2,000 3, 000

7.5 95 4,000

10.0 Exagxple 8 employed) quy one polar solvent, but resulted 000 similar mtrqgem
3927 _ rqmgbal ratio. 4Tlgg) gesuf% bears ig getgrmmglg what r%neratSmn technigues) should

As the space a t ORy

I ncreased v\,hlblgg‘!“iyf;i f°¥ k ?%gﬁ%rg%rsmt%‘f ﬂfst egéggtsdlg wcﬂélt%geﬁ t?e{qé lﬁg’md as
the RPA cdfsdtebe eépe%ite& h&ith oW iﬁﬂ‘é‘x@ntv%l%dt& .Y coll@ebdiabpi&dle fBKe!
ratio increased. The sane t endency,_ which constitutes a basic

oper ati onél radserption phetreatment atepof NPC by adsorption, is expected for
ot her adsorbent types or adsorption techniques as well. The

particle dianmeter size of an adsorbent is closely related to the pressure
10 drop: the pressure drop is invergghymiggortional to the square of the

particle dianeter. Increasing the particle size may reduce the
pressure drop, but also reduces t he adsorption performance of the
adsorbent. As the particle size increased, the nitrogen renoval ratios
were shown to be rmlmeadsietm tq 0@°¥R§109h6 sepescel %YQB&PKV&IOHIQ’FPW“WM&WM on,
the NPC r rmvald s to ch hhth q‘ tion tepperatures gﬂ’%,

the opti gl LEPIBCAR Bsig f PIAICSaINSR tp Vet avhefiel sofuent exactipD gmoN e NP d

?ﬁ[ee;[ Lfa;gr t%nr‘rip gsrrtgetﬁf}rre&G&ta :%tf‘d%ﬁ@ﬁ %&)ﬁ&t%@%‘m’f@%&&% b€ ifiBrotRinknC @S€ tO
EXAMPLE 8 20 adsorption did to the HDS process. The fo!lowmg procedure was usefl,

1) 500 cc of the feedstock “B” was mixed and stirred along with an equal

volume of methanof in a mixer. _ _

15 2) After completing the mii:ing hnd'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

20 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) Waé‘reéeéted, except that
the feedstock was “D” instead of “B”, The hitrogeﬁ removal ratios, varying with the
volume ratio of feedstock “D” to methanol, are given in Table 10, below.

25 5) In order to prepare the feedstock for the deep desulfurization reaction
tests, steps 1) to 3) were repeated to obtain 14 .Iiters of the LGO deprived of NPC,

which was designated as “B-SX”. '
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WD 99/ 67345

PCT/ KR99/ 003 The same procedure as in Exg dﬁﬁﬁ

r epeat ed, %g)p?'q%gt only one pol ar sol vent was used a ong w th 40

cc of the adsorbent "d" ranging, in particle dianeter from0.3 to 0.5
mm The nitrogen renoval ratio for the feedstock A was - given in Table

9, below. 5 An experinent was conducted as foll ows:

1) 40 cc of the adsorbent d was |oaded in the |nner tube of the concentric
-glass..colum._. 2)—The-+-erperatture—of—theadsorbenmt —bed—was -
mai nt ai ned const ant f)/Step 5) was fépfﬁéﬁdl. axqengthahﬂwerfeedsmkgnast‘rw’imeed of §8et  of

t he concentr:,\for 0.cc of the LGO "A" was

fed at a flo “ﬁtlfgg[‘g‘rw dFPFf‘(thquP Coiidbiich was4 gsigrateding ' B-$Xe

adsor bent was charged. 4) Upon conpl etion of step 3), 40 cc
of MIBE vapor was introduced at a rate of 200 cc/hr through the
adsorption bed. To vaporl ze t he sol ventrABqa,Em)eheatl ng t ube was

i nstall ed and heat 7 ' -
was 15  naintaine Rt By ci rc&l"i nYrrRese 3 t HEOZM er| j acket
of the concentric tube_at ﬂgﬁmﬁ’l@‘m 10 J‘V) removalgmttth(%)[ oduct :
obt ai ned from st epg_3)25866:%80c%er ¢ ni xed Thget her hnd the 65 sol bent was
renoved by the use}lof 3B3cow&i¥sc evapor at or 65 keepi ng{ t he reénmant as
"NPC-renpoved LGO'. |20 500cc:500cc  §) Upon s®npletion of stepg 5), 80 kc of

nt bed

| i quid MIBE was i njjectggcaizz2&d cc/hpg to thel 1 nner tube:

7) The product of $TEP7RJcHBBccEPdr ated rgpm the sprvent by the usej of a
rotary evagorator, keeprmg- theTemmant—as— NPC* 25

TABLE 9 Ni t rogen Renoval Ratio(% 62

'22 contrast to Ex am) n 3rde} tb w&rﬁﬁné R nﬂ'rggfeg TSGhSval glaﬁ/a%ﬁy of me{h%ngf 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 .
10 fraction was extracted and designated as “B-8X2”.
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.

15 TABLE 11
Feedstock B-SX1 B-SX2 B-SX3
Nitrogen Removal Ratio(%) - | S5 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)

20  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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PCT/ KR99/ 00338 Exanpl e 8 enpl oyed only one pol ar so
resul ted i Wa96M4Far nitrogen removal ratio. This reshﬁ%ﬁ&@?’?n

determ ni ng what regeneration techni ques shoul d 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 5
adsorption pretreatnment step.

EXAMPLE 9 . In addition to adsorption, a series of solvent
extracti on eexpraciiorepemnitcremdh@l of BRC: fiont petsolagn fegistotk cdataiehedvy gy i fy
whet her sol vent extraction renoved NPC, and whet her sol vent extraction
br ought t he eilsthavihgp Braldoilingpaintarvend0QE, FCC cyaléodl; pud eokergas ¢ib t he HDS

. The foll i d ) . 1 Q f.th
Peedstock "5 vas. 4% Mihstadl S H5e i afeE il snsteatin oty amontt of qbifales '
met hanol in gl X8 extraction i create, ot)asAhé ﬁamsarqa* s%yeag écg]aeqhesewa%
stirring, the mxture was aﬂowe to settle for % n to giveé phase

separati @, #hielogewpandial eitini gradiallly @ocreakddc Which means kg thesslubitity 6NNPC
extraction, fromthe bottomof the mxer. . . 3) The extracted
LGO was t r eatnethesotvientaphase approeched dhexsasuration peint With the properssedeetionraftahanol |
t hereby vyi el di.ng pure LGO depti v f .. The nitrogen 20. renmoval ratios
varying the SOPhERS pTROtE Mgt ROCosRubilty, (Bt iRxReion, ighh Jei . Bood

Tabl e 10, be : ;SAd18; cedure as in steps 1) through
3) was repea%%g?eefgggeﬁoﬁlﬁypc#ami?ﬁé feegisaﬁegbk was "D' instead of "B".
The nitrogen renoval ratios, varying with the vol une ratio of
feedstock "D' to nethanol, are given_ in Table 10, bel ow. 25 5)
In orderl®o prepare the feedstock foEXAMPIRLD desul furization reaction

tests, steps 1) to 3) were repeated to obtain 14 liters of the LGO deprived
of NPC, whi ch was desi gnated as "B-SX".

The silica gel “d” (Example 2) was tested for its regenerability using the
feedstock “B”. The LGO that was passed through the adsorption bed was designated
as “B1”. After 40 cc of chromatographic silica gel was charged in the inner tube of

15  the concentric column through which water of S0C was circulated, 200 cc of the
LGO “B™ was passed through the bed. Immediately after this, 80 cc of MTBE was
passed through. Fractions of “B1+MTBE” and “NPC+MTBE” were collected after
repeating the above procedure 10 times ai\d then MTBE was removed from the
fractions by the use of a rotary evaporator.. By measuring the nitrogen content of

20 “B” and “B1”, the nitrogen removal ratio was calculated. The results are shown in
Fig. 4.

After having undergone 400 operating cycles, the adsorbent did not
produce a degraded nitrogen removal ratio at all, as shown in Fig. 4. Such
regenerability is very important for industrial application and the economics thereof.

25 In general, the adsorption me;:}iaﬁiém of sifica gél is known to be through
hydrogen bonding. Silica gel does not. have strofxg adsorptive sites, unlike

activated alumina which has many strong acid sites. Such characteristics explain
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27 WD 99/ 67345
PCT/ KR99/ 003 6) Step 5) was repeated, exc hosshe
f eedst ock \/\é’gg"’%nﬁstead of "B" to obtain 14 liters o?ﬁ@%epr?ved

of NPC, whi ch was desi gnated as "D SX".

TABLE 10 Feedst ock: MeCH B- SX, nitrogen D SX,
nitrogen Renmoval ratio (% r enoval
ratio (9 250cc : 750cc 72 :

65 .. 333¢c; 667cc - 65 . : 500cc: 500cc
55 why silica gel shows superior regenerability; 7Adsogptinncto strong acidic or bagic

750cc: 250cc . 31 5 . . Je | der, to det.erpm.ne the

ni trogen renougt n@é‘ﬁﬁéﬁ {Pvgfserf"é;flﬁ‘ér@ﬁSP%'PB)pé)ﬂiﬁ“q“ i cai} pe Qmﬁ%‘?%‘;}rgﬁbmeed to
prepare the < ' ; ?Qa?dg‘i’e eg) ¢ hinati ho= 1 A
fresh feedst%ggﬁra%éflt ag ing’l ?\’P%Q?ﬁgqgngo;g%?%réﬁ?én ,m};{nddhst|l'rlrseh s

for 20 mn, thkigktniteogen temovahrdtiol ingheehiiy srage, Hut thepitedgen réraovdl atio Fallg ur e,
an LGO 10 fraction was extracted and designated as "B-SX2".

9) "B- SX3'5 washamply s theonumber of segenergtion deralyns increasgs.sane manner .

The nitrogen renov rati os for another fresh feed and wi.th the sane

met hanol sol vent ar &NgTSRERCTA Oﬁ-ggf‘{gs‘f%§°fgg‘}?§,{,§. posslg)g%ydheatmg or %y the Use of

TABLE 11 a highly ﬁphF%Sﬂf‘éﬁto%ich is also included in tShSe scopedt thisBiznveﬁi(ﬁ),(%ut is22

B- SX3 i trogen Rerpval Rati o(%

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 concentric glass column. _
2) The .temperature of the adsorbent bed was maintained to SOTC by
circulating water through the outer jackef. S
3) 4,000 cc of feedstock “A” was“fed af 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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The nitrogen renoval ratio for feedstock "D' was very |low as shown in

Tabl e 7 of I . However, by using the solvent extracti $YRfdsagt he
ni t rogen re%@arq%m?%ﬁgi o of the feedstocks such as fluidized cgt&g ytic .

cracking (FCC) 20 cycle oil, coker gas oil, or vacuumgas oil, which tend
to make it rather difficult to renmove NPC t hrough adsorption, can be
I nproved to al nost the sane | evel as that of LGO obtained by
adsorption, as shown in the data of Table.10.. Sol vent

28 WD 99/ 67345

PCT/ KR99/ 00338 6) Produeis pbtaineddrom stepid), &) andrb) wereahixeb@getheni pet r ol eum
f-eedst ock contains 5e§¥,¥ %is oils gﬁ?\/i ng a final boiling point over

400[err] C, FCC cycl e, solyeat wascrempyed frgm the products of steps6) by & fe@ied in
Tabl es 10 ande‘;ajpbreﬁgr kg%’iﬁﬁ"iegg&@ﬁﬁthﬁ“ npunt of oil to that of sol vent

for extraction rncrease e nunber of solvent recycle increased,

the 5 nitrogen regyUponcairpletitnisfigtep \5),0500" @26 fettiMiéiaryEuti-dthét whhe
solubility of NPC in the sol vent phase approached the saturation
poi nt. Wth tindroduogstto the pdsorbent bed ata flow rate of 2,000 cethut pronot es hi gh NPC

solubility, solvent _extraction m ght be a goad . schene for renoving NPC
from heavi er distil P);[fgggnner e wad purge% agaif ith nitrogen. EXAVPLE

10 b1y { o I f |
regenerability usi ngbfﬁ‘gh p&&&d ?’géegg{}‘o%é&%% gh‘éasl_@é?thgt% E‘ﬁg‘s“g‘%‘é*é‘té‘ t of
through the agegr7)aimointeddo Waditetesi gnat ed as "Bl1". After 40 cc of

chromat ographic silica gel was charged in the inner tube of 15 the
concentric col um t Atb¥eh thehfeeAstaek & and G ohe procahwe Srom rsteps Hetg, 1D0wagc of

e rae - repeatid® aff SRS CroiaRi90s 'sfp 15 Wert TR Ys WL hll S0 ©°

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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passed t hrough. Fractions of "Bl1+MIBE" and "NPC+MIBE" were collected after
repeati ng the above procedure 10 tinmes and then MIBE was rem)v/ﬁ&f} t he
fractions bYOIRMETH48e of a rotary evaporator. By neasuring t RET 9?8@‘5?1
content of 20 "B" and "Bl", the nitrogen renoval ratio was cal cul ated. The

results are shown in Fig. 4. After havi ng undergone 400
operating cycles, the adsorbent did not produce a degraded nitrogen
renoval ratio at all, as shown in Fig. 4. Such regenerability is very

i nportant for industrial application and the econom cs thereof 25

In general , dunentiylsbeipg i used ninc hacommercial SHDS cprogess pmackoedvbyt thebpresémtough
hydr ogen bondlng Silica gel does not have strong adsorptive sites, unlike
activated alappherntuis ohysieal Drepsytiestare giyeactogethen with its chemisah compesitien, cs

SSPE%Z5 in Table 13, below. . 29 vo
PCT/ KR99/ 00338 why silica gel shows superior regenerability.
Adsorption to strong acidic or basic sites makes the reverse action
(desorptison) difficult. It can be rec'ogBLEeld fromthe data of Table 6

ol trogen rembval [SEPRCRCORRORE 27 d PR BIQDEL soce s ompud 1ot o
falls 5 sharply UP, o0 1, [’6%}"{1/;\(}909 Iosurface Area 1314 pdle oo es.

The regeneration ek wt¥s poPorpMelume heat i| Adlec/thy tthe use of
a highly polar sof Nt , whi ch| 0.81 a8 i ndlAsgeBoiersizehe sddpelof t hils
i nvention, but is{Na0Q consi des.egwi® have IspaRednsity M t8ds ke’ cgtion.

Desirabl e adsorbenm;_oat NETeT Of Balance  NUS| AVp2YenghCh | CHapRYI At Ve o
adsor pti on characterrstits—as Nydrogen pondr ng, — t0—exenprifred—y silica

gel and hydrated alum na. The performance of the adsorbent aI SO

depends on the str |

f eedst ock pr g?fé% ?Aggﬁ@%ﬁﬂﬁ&gg&gt«:ﬁaﬁﬁ%ﬁ r%%ggﬂggpfég% ?y andd?ef?e

f eedstock’s G@émﬂ?ﬂzhﬁ&ﬂand 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 teniperat_,ure 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*/K1 : 170
Reaction Conditions LHSV, hr ) 1.88
Catalyst Volume, cc 400
Rxn. Results,
Product Sulfur Feed A A2
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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EXAMPLE 11 15 In order to exam ne whether and how the
NPC-renpbved LGOs affect the catal yst performance int ess,
the feeds f¥O¥E345%eaction unit were prepared as bel o\Ikec'ljia%9%’09:;x

1) 400 cc of the adsorbent d with a particle diameter from0.88 to 1.0 nm
20 was | oaded at the concentric glass col um. 2) The
tenperature of the adsorbent bed was maintained to 50[err]C by

circulati ng wat er 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 Asis apparent ﬁ)onuﬂmrdata;rtbe&uebnf silfistreductipn iBQhe peoduict
hexane was punped |ntg adsorbent bed at a flow rate of 2,000
cc/hr for collygroyedgu stanﬁaﬂy with the adsgrptine-peatecated tfeeshabthe seme ppergting wi t h
ni trogen. 30 WO

99/ 67345 temperatures, compared to the feed that was not pretreated.

PCT/ KR99/ 00338 6) Products obtained fromstep 3), 4) and
5) were m xed together. 7) The solvent was renoved fromthe
pr oducts 6f step 6) by a rotary EX/AMPTE13r, keeping the remmant as
"A-2" 8) Upon conpletion of step 5), 800 cc of

nmet hyI -tertiary-butyl-ether was 5 I ntroduced to the adsorbent bed at a

flow rate of 2,000 ¢cC €, \as ed..agai n
wi th nitrogen. 1o é)pamme "Tﬂ)"“i‘ﬂ’é’ %@%&ef gm%lp %ré%@gg deﬁ? d[eglﬂg% ﬂ%ﬂgﬁ’
repeat ed untigests hereCo@nRE Bt using 3! Biffefont ANPENeRBvEL f&é’ds{dckﬁ rtﬁat were
11) For the feedstock B and C, the procedure from steps 3) 10) was 10

repeat ed and adserptiemtizated voith diffgvert )R B8 ef Exampledl, aad "B-ZZ' anﬁrT’CBJS'Cof :
respectlvely 12) For the feedstock B, the procedure from
steps 3) 100" yample 11.epeat ed,

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 améimt. 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 354C 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 (wi) at the same HDS
operating conditions that would have produced 300 ppm (wt) product sulfur for the

33



Com— -

except that 2,000 cc of feedstock "B" was fed in step 3) and the remant of

step 7) I gnated as "B-3". 15 13) For geiRadot 3
liters of am{&%gﬁgved LGO fraction "D SX' was prepared in gﬁ?ryg‘?mer
simlar to that of Exanple 9, except that NPC was renoved by sol vent
extraction using the feedstock D at nethanol ratio of 1:3.

The resulting nitrogen renoval ratios are given in Table 12, bel ow 20
TABLE 12 A2 C2 B- 2 B-3

D SX Ni trogen Renoval Ratio (% 55 60 60 72 64

EXAMPLE 12 sameLGOfeed.  For the purpose of exam ning the inprovenment of
the catal yst performance 25 as in Exanple 11, deep desul furization tests

were carried out using the feed A of Exanple 1 and the feed "A-2" of
Exanple 11. Tested in this exanpl e Wasy avppkalsy st
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PCT/ KR99/ 00338 currently being used in a commer.cial HDS process

practiced by the present applicant. Its physical properties are given,
together With its CMQ:@?TSW?H)'G% takemfrom eabhcﬁﬁwlpeodgms hydresigsulfurized at

[P 00 3T ducibedyn Exaghie 1o sealvaadcler SeyRoafar ygne Minoti”

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 LGOQ' “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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L S

Mo err] 16.35 wt. % Pore Vol une 0.41 ccl/g Ni O
0.01 wt. % Avg. Pore size 76 A Na[ err] 9
W . % PO Densi ty 836 kg/nferr] Al [egﬁrfageg(n(raf&

Bal ance Avg. Length 1/ 20 inch 400 cc of the

catal yst was charged in a HDS pilot-plant facility for deep

desul furi zati on and was subjected to pre-sulfiding in which

di met hyl - di sul fi de was m xed at an anount of 1 wt% w th an LGO. Then,
the raw LGO "A" was introduced 10 to the reactor and the product sanples
were collected for sul fur anal yses at TABLE17 di fferent reaction

tenperatures. Bffore sanpling (ne AVAS S O[E
mai nt ai ned for 24 hours at the sa%i’ @PPres{lﬁéf f?l st abi I%o' [ i on.
TR ikt

Determi nation off Rxn. Coddifigrst lact i p dsorptionffireated LGO
"A-2" was done ifn the sane manng. % »Tesults arp gi in Table 14,
atalyst 12 10

bel ow. 15 olume, ceTap) £
H err] Partial Rressure, kgf/cnier®Feed 59 8A A-2 CReacfrdn
Condi ti ons H[g(r]éO’ll Rat|i BAXr324/C ||/ K348 77917D 1,355 | 846
LHSV, hr[err] n. Resut88 |"BAT334°C | 684 | 281 | 774, | 426
Cat al yst Vol une,| Bmoduct sulfur, g —Resttt9 Feed
A2 Product SuBAT334C | 296 | 155 ({355 71 180
BAT 300 3,943 ppm 2 SUBATRMATC | 115 40 158 75
BAT 320 1,960 ppm 1,298 ppm :
BAT 340 756 ppm 325 ppm *BAT: Bed Average
Te;rper ature Regardless of the difference in boiling points, sulfur conte®?and nitrogen WO
99/ 67345
PCT/ KR99/ 0033@ntent 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 Exaxhple 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’°::;‘ (s‘v‘,’t‘)ﬁ” BAT 344°C 279
_-BAT 354C 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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As is apparent fromthe data, the level of sulfur reduction in the product
| nproved substantially with the adsorption-pretreated feed

operati ng 0 %/ rﬁ)seratures, conpared to the feed that was no?{‘lg'&?’&ggﬁ ed.
5 EXAMPLE 13 To exam ne
and conpare inproved catalyst activity, deep desulfurization tests
were carried out using 3 different NPC-rem)ved f eedst ocks that were
adsorptlon treated with different RPAs: "B" of' Exanple 1, and "B-2" and
"B-3" of 10 Exanpl e 11. 100 cc of the sane catalyst as in
Exanpl e 12 waemevalrigtias iare thensagie. Thereforgr thesnitregencremdvalicatio of the sadwenttor |

d bj | fi whi ch di et hyl di sul fid
mxed at an FBEHOTHALE a@%m&wtgae;eﬁ?mcmmn %h@eﬁre%ew%%?@aé%wst ne
same condi ti QRf,eas it ﬂg@uﬁdo%ll b%f{%r?é 0 [}@-Fﬁ“ bathe +ﬂ Aisthodb ffnlhﬁe X

reaction terrperature urs e was co
sul fur FAGW Y, an &&tﬁssﬁﬁ&;ﬂaﬁﬁtﬂf&o&dﬁﬁﬂas ﬁbcﬁé@i@aétﬁevélﬁh Sane mtrogen
TABLE 15 Product Sul'fur Content Versus reactjon Tenp. (wt.

ppm 5  removal rAve g@s obtained by the adsorptiondn fact, solvent extrggtian would reqBird

1??6,\1[ 2??1[ (ér ] c%wo or m%rfeldtgtag)a%lon columagdfor sglvent ri@Zery, of which capacxtx%qo@g;ﬁer e
301 [

29 asgl?)rge as the sublequent deepI HDS Pﬂé’?ﬁ% Thé _FS@{elngi’gracuﬁn rﬁ%&? is,

f eedst ocks Wrmeﬂe&wer disddvdritd ef:h@dntdpei'dlﬁ‘m and m@)&tfn%ﬁt WstsOAf %only ah'sﬁﬁﬁr by
adsorptive pretreat ment  of t resent invention resulted

product s wi t hemeeunk @of feasistaskts b)s @ treated withsolvant extraction, mhmlxm:xtage can

operat | ngloconéiel E)\Ife?'cr:]gmg %Eh \sl\xﬁt%)fie so%/eent p§uc?, &%ng—g,g{ dfaa tggep i\gxgg&t}r U| Fur
for the

99/ 67345 not limit the scope of the present invention.
PCT/ KR99/ 00338

EXAMPLE 17

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 mlxtures to deep HDS. The results

are given in Table 19, below.
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sane LGO feed. EXAMPLE 14 5

100 cc of sy taken from each of the products hydrodege/kitosgnss at
334[err]C descm%ﬂ?l n Exanpl e 13 and anal yzed for Saybolt col or using

M nolta Digital Colorimeter CT-320. The results are given in Table 16,
bel ow. TABLE 16

Feedst ock B feed B-2 feed B-3 feed

Product Col or +12 +20 +18 Pr oduct
Sul fur 671ppm . 399ppm 182ppm Wi | e product col or
degradation is often _encountered in d %’59 t he adsor ption
pretreated feed sigpificantly ingroved propmcps?()@mengs shown Lrp Tabl e

16. Such results suggmcﬁ&g;meep FeedB70v A0SOl PLFNE BB wegat ent of the
pr esent i nvent|{on can bri ng ja %eeait@§t,/antl keéc{rﬁrsyggg%wmn t he
product color as weft 'fﬁ to—t e

EXAVPLE 15 st 4 uehbR QB Say dut with
the feedstocks "A" and @344%0  qaf Exhp®epm Sand f he NEQipmnSved LGOs "A-2"
and "C- 2" of Exanplé 11@3547C 1,060 gpmare hijgh 49§, cPnt I nuous
type reactor and ca arya36qieécrl ed 1 %65 m S XA € L2 T used and the
results are given, tegettier—wth *h"AML H-enrss i n Table
17, bel ow.

Even in the case that cycle oils were added up to 30% of the feedstock,

significant deep HDS improvements resulted, which could be ascribed to the

5 removal of NPC. This is believed to have some economic significance to refinery

operations to desulfurize middle distillates with a high portion of cycle oil in the
feed.

COMPARATIVE EXAMPLE 18
10
A series of experiments were condugted to investigate the difference
between U. S. Patent No. 5,454,933 and the present inven-tioh 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 '"4'00, 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 Arca m'/g 800~1200 627
Pore Size A 20~100 435

20 The adsorption/desorption procedure was as follows.
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H err] PartiViP%%®43ure, kgf/cnferr]  40.0 Rxn 1 gug&g%mms
Herr]/GIl Ratio,Nnferr]/K1L 250 LHSV, hr[err]

1.35 Cat al yst Vol une, cc 100
Feed A A-2 C C2 BAT
324[err]C 1, 348 779 1,355 846 Rxn. Results, BAT
334[err]C 684 281 774 - 426 - Product sul fur, ppm BAT
334[err]C 296 1) Agivated caglion (A@ROS drganics, DARCO 20-40 mesh) was dried 6 BAT
354[err] C 115 - 158 75 Regardl ess of the

di fference i rp%‘&’rhlrﬁgém nts, sulfur content and nitrogen content of

II%)?ii\/PE:EmllfSar deep I_BS46 %rglgeeptaw#dg%agﬁ a| n?i% e ig t@gripnegdtugﬁtoffmg the
s o P e s e el AR & ey ©
descri bed5i n draieing lanalehnoaghlthesaumrgacket of the comcentrictiatizl e 18, bel ow.
TABLE 18 3) 250 cc of toluene was fed at a flow rate of 8 cc/min into the adsorbent
bed.
4) Upon completion of Step 3), 400 cc of deep ‘}zydrofdesulfurized 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.
5) 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 T1.
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 Steb 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 steps 4) to.8) was repeated once more.
10) The procedure from steps 4) to ﬁ) 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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Feedst ock Ni trogen, ppm (w) 57

Sul fur, ppm 5,400 Product Sul ol
TKR99/

3a4] er ]G P bdrge . BAT 354[err]’%¥ 9910038}

118 15 The purpose of this exanple was to exam ne whet her

I dentical or simlar effects could be attained by other NPC renoval
nmet hods such as sol vent extraction. The LGOs obtained in Exanple 9
were found to have a simlar effect inproving the HDS cat al yst
activity conpared to the LGOs obtained by adsorption if the ni t rogen

35 WD 99/ 67345 Table 21

PCT/ KR99/ 00338 No. of[ég%ﬂ&!ﬁ& ratros[arg the Spne. re org T T4
nitrogen renovat—TatTo sorvent EXta ot "§ fr 51m—: cgsc
as adsorptidn proposed i e previous gx Ie*s.0 e 8 )I 3
extraction qould well be. one.of the pregr ment ~ tkoaqs ?or 98
However, an Y. % Loﬁg.cmgi > 481y
nitrogen 5 | renoval rati*d2a& obt ai ned By e pd98R ptli oh00 | i flé’é’t, sHI0/ ¢

extraction

recovery, of}

HDS process.

di sadvant agejoRatié afﬂmatdvem?aad Mwe%)r ng.7copt 9.5 1f] o3ty a gred | | 38.1

uld require RPA  two or nofde 8stjl118tidn @8 ums2Pbor | sBlSvg
whi ch cBpaudfurizetionul d be 26 as| | &3ge |as SBhe {sudeqiier d
The sol vdbhitraekfgtaact i on net hod3its,! 323 tjhe3xione3l.7 324

nt
nt
eep

amount of feedstocﬁg a t exjractron,

di sadvant age can 10 E’r‘l{gﬁ‘é‘i W“g’&“ﬁgﬂ %‘\SI‘@ el’%l?@ﬁcx‘g?merci al
di sadvant age, however, does not limt the scope of the present

i nventi on. EXAMPLE 17

10

15

20

Since Filtrosorb 400 was not available, DARCO activated carbon, having
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,
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
adsorbing sulfur compounds, byproduct .g_e.neratien 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 coi;ld be greatly disadvantageous for the

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

The NPC obtained as in Example 4 was added to a ‘diesel fiel “LL” with
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15 A series of tests were carried out to exam ne the deep HDS

ef fect of NPC- renoved LCO. At first, eedst ock
"D was nmi x¥P WEHSF eedst ock "B" at a vol une rati o of %&P%
by subjecting the m xtures to deep HDS. The same cat al yst and HDS

conditions as in Exanple 12 were used. The NPC renoved LCO "D-SX', 20
prepared by solvent extraction in Exanple 11, was also m xed with feedstock

"B" at a volunme ratio of 3:7, followed by subjecting the m xtures to
deep HDS. The results are given in Table 19, bel ow.

36 pworolbaicdysas much as 100 ppm (wt) and 300 ppm (wt) respectlvely The

PCT/ KR99/ 00338 TABLE 19

Product S CoPfep#fed samples were then subjectrd e lubdaitntests by the use oflarBHFBR/(High

d, D.30.Vv. % +Feed
E_eggi( 507 \C/) V. éequent reciprocating rig), M lérar?t@dard ISO d?sal4§‘°bg}h"3‘t¥ mgasumg

1,859 ppm S instrument. The results are %&ﬂiﬂneﬁﬁi 22 below. 1 649 ppm S

1,201 ppm S 4 err , 060 ppm S 749
ppm S 5 @64[err] C 665 ppm S 393 ppm S
| : 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

remove NPC in the same way as in Example 6, and then, was subjected to deep
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Even in the case that cycle oils were added up to 30% of the feedstock,
significant deep HDS i nprovenents resulted, which could be ascribed to the
5  renoval WRYNF®45 This i s believed to have sone econom ¢ SEGHRPYAIRE (o
refinery operations to desulfurize mddle distillates with a high
portion of cycle oil in the feed.

COVPARATI VE EXAMPLE 18 10 ) A series of experinents were
conducted to investigate the difference between U. S. Patent No.
5,454,933 and the present invention in the follow ng aspects:

adsor bent r ed$ resotibn ay33LAtcaprddine- desolfirided LGO,WhicH ovasalesigatedihs dA-
conmparison, an adsorbent, of which surface features were closed to that of
adsor bent 15eém-2sed in the disclosed invention, Filtrosorb 400, were

i T . [ f th :
-?—g[)?;u'zl)?/ Eg: g\% ed 3) I%!%mmercmllgra.?}?u‘?zgl:)tltlz %ro%enet wﬁh tamgxltgrq chﬁtgz?t”t L@é@s v?t\)m 'n
BET Property ' : nhon_1» _ed By, ' Eﬁp %ﬁ? .
0.5, Patr 5, 4o G-t SHBRETAIAN 1RCS 620 ORI T Bitpkst Wsion test

800~1200 5 fuels which had simf&7 distillation charactbigstiRs Scépdyable to that of
20~100 . . .43.5 20 . The adsorption/desorption
procedur e wasogundreially\gyailable diesel fuels and designated “A-em-1-D” and “A-em-2-D”, 37
WO 99/ 67345 ctivel

PCT/ KR99/ 00338°PECHVvely-

4) The above two samples were tested in 2 diesel engine along with the
reference fuel to stabilize the engine. Commercial diesel fuel (SK Diesel) was used
10  as a reference fuel. The characteristics of the samples are shown in Table 23, below.
5) The emission test was carried out with a bus diesel engine having a
displacement of 11,050 cc, such as sold by biewoo Mdtors 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 with 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 éddition, 4 pre-tests were carried
20  out with the same reference diese! fuel to ew}aluate .the repréducibility of an MDT

(Mini Dilution Tunnel) used for PM measurement and an exhaust gas anatyzer.
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1) Activated carbon (ACRCS organics, DARCO 20-40 nesh) was dried 6

hours at 150[err]C. 2) 40 cc of dried activated carbon was

| oaded in t NEOPHBBASt ube of the concentric glass colu 3
activated carbon bed was naintained at 90[err]C by 5 circulating hot’

wat er through the outer jacket of the concentric tube. - 3) 250
cc of toluene was fed at a flowrate of 8 cc/mn into the adsorbent

bed. 4) Upon conpletion of Step 3), 400 cc of deep

hydr o- desul furi zed LGO, whi ch had been produced fromthe LGO HDS
process of SK Corporatlon and had 10 TABLE 23 ned 240 ppm(wt) sul fur, was

o

7L i, PO, T TS | gL T
of LGO, was co Jé%’ﬂ?é’dl%dcsenarat ed 1ron? B33 i olluen@ 808, §299 v

evapor at or, kebASTM D3e, r@mant as T}. 6) Th¢ rest of the
product m xture®ms coll ected and separat s fromh the 159 tollueneléy rotpry
evapor at or, keg p(im,g the remmant as T2. 190 20D Upon conpbgti on| of
Step 4), 250 cgg t ol uene was i ntroglucedsyde r eggner ate thgg;gctivat ed
car bon at aflp Jate of 8 cc/mn. 344 8) THag sul flu ggents of

"T1" and "T2" Ag;? anal yzed by an ANJEK _ Syl fur 3%§al yzer .70

9) The procedu romsteps 4) to 8) |was 5 eatgd ic re.

10) The procedy from steps 4) to 8 epeatied t e nore t'ﬂ%% except
Step 4), in wh doe, wal. %6f deep hydio- degtﬁ anal s lintrdduced

i nst ead of FIa&B(Pomt, T The-resulits ar@3given in Tble 2.
25 S ppm (wt) 330 22038 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 1die - - 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 ldle - 0.25/3
Smoke 3 (Smoke measurement) -~ - L

Mode Engine RPM % Load

1 1000 100

2 1320 100

3 2200 100
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PCT/ KR99/ 003 Ta

No. of regené&?%g ‘ﬁ‘s -0 1 2 3 m@‘/@l}fwloosa's
T1, cc 35 35 35 35 35

RPA 0. 88 0. 88 0. 88 0. 88 0. 88

Desul fuzri zation, % 80 64 66 47 48

T1+T2, cc 400 400 100 100 100

RPA - 10 . 10 . 2.5 . 2.5 2.5

Desul furi zation, % *RPM at maximgl engine gutput: 32005pm 43 42

Extract, gram 3 32..3 32.1 37 32.4 Rati o of
Extract over Feed FWW%}{}‘einﬁi?t maxigial engin€ gitpnt: PJ)Qng‘ 38.1

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

Since Filtrosorb 400 was not avail abl e, DARCO activated carbon, having 5
physi cal properties simlar to FiltrosGABIEZS was used in the experinent.

For RPA of 88—t te—adsorbent STUP ERm0090rof; = ds
froma deep HD fés{;ﬁem?r eated LGO}s '%‘OZéJjﬂﬁT e rbent Su vier dd to
| ose its adsor ptd ; K Weh)y oA s
conduct ed. Ther rﬁmf}"lpr is questi ana®i’é Bher [t hBOH7 <o) nsat®

i nvention can bpAceai2tBuousl v operlabl @39 t h{1- 10.040 RPA. 4005 evien w8 h
Filtrosorb 400.| nyrodemedt®sed i nvgnti o2 of Pat. No. 5,/4542833 does4not

provi de exanpl es de ' fﬂ&f e :gpneration, where adsorption and
desorpti ongl ar }Q%:%fﬁg uc lggj}géﬂﬁg@l an one cycle. As
given in Table 21, approximtely 40% of feed was converted to the

byproduct at RPA of 2.5. Should Filtrosorb 400 be much nore selective in 15

adsorbi ng sul fur confoshewn isydeblgudl, thenbP&ticmoved-tirpAleop-hydrpdesiifivized be
consi derably hj.gher. ,The b ct _canno used ot her than, as_,a hl endi ng
ctook oY odifhel et hpwpd RS tpver FR kM sScion Gprmprred gp du piper sl

di sadvant ageoyge i@inet Bifyr tevet!l ShORP dmpRVEREACH Shnidslih RRLEAL IR Ry
econom ¢ st andpoi nt. 2 EXAMPLE 19

The NPC oliDai neshlted from remopaleofpreassondahretial foraPM| sigchl précursor atériali 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 i#ith_ the same sulfur contents.

15 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 qu.a_lities of the products therefrom.

Due to the .ever-_tig.‘l"'ntetjlit.xg s.tr.in'ge:nt't_:nvi_ronme‘ntal regulations, refineries

20  call for effective and econ:oiﬂic deep desﬁlﬁrization technologies to produce cleaner
diesel fuels. The present i;lvention sugéests 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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PCT/ KR99/ 00338 poor lubricity as much as 100 ppm ( 00 ppm
(W), respe™AVPHES The prepared sanpl es were then subj &@gﬁggﬁm’”

| ubricity tests by the use of an HFRR (high frequent reciprocating
rig), which is a standard |1SO di esel fuel lubricity measuring

i nstrunent. The results are given in Table 22, bel ow

TABLE 22 Anmount added ppm (w) 0( Base) 100 300

Avg. Abraded Dianmeter, HFRR 588 . 498 415
The above rethgl catalyatdlifet eedueing hydeogerGionsimption and sayingr operatiorofcosthby

adsorption pretrea nt progess, can _be used as an effective diesel
lubricity admascmﬂeé‘ggeﬂf‘{ﬁﬁ"gﬁ’c"%“a“ By feedptoeks. di esel fuel, which tends to

resent | nvent i on, e, fos, e sams,sp{feg oBEH bl RbRHoE HRkey), aesel
processes tofpOgheaR bétidraehid¥on UtatdctdridfitsS thid cERALGAAVAIERE fuel. When
solutions to the lubricity degradation problens of the fuels by using the
by- producf combasted; ddsbaptionitseated diigsel/fuel ébits lower amounts of PM and NO,, two
EXAMPLE 20 ) ‘I;éiqts were carried out to .exam ng. how t he NPC
removal i nfl QEMMmost grictly reguated; polintants, comparedsto; coaventiongldissel fuele dhgi esel

el 0SBy e i LRS! b MR .,
356 C under £he S e PO o e e S e paACni fiogeap DS &l

desul furized LGD \dperatingasontlitionsnaf dbie pretreatraent ' proeess 1are 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 6ther conventiona! reaction

units. The investment cost of the': ;%refreatment process is estimated to be

approximately 10 % of that of HDS process. Since the pretreatment process uses

15 common adsorbent and solvent without cata!yét and hydrogen, the operating cost is

éiso 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.



25 2) The feedstock "A" was subjected to the adsorption

pretreat mentyhQosraqs €MOVE NPC in the same way as in Exanpper/Rrosiogsg hen,
was subjected to 3eep 40

WD 99/ 67345

PCT/ KR99/ 00338 HDS reaction at 339[err] C to protduce—desul furized

LGO, which was designated as "A- em 2". w mrercially
avai |l abl e kerosene with a sul fur content of 10 ppm (M,’"MI@U HU ded
with the "A- ﬁ’gﬁa]t ar;? %dA-gm 2" at 30% | evel «to prepare e 5

fuel s which AP stillati on characteristics conparable to fhat of
comercially avail abl e di esel fuels and designated "A-em 1-D' and

"A-em 2-D", respectively. 4) The above two sanpl es were
tested in a diesel 1epgmitthod ehmamafabiuting hydrocarbéh diictnehe methbd compirialigt | ze
the engine. Commercial diesel fuel (SK Diesel) was used 10 as a reference
fuel . The chdakrsmaving naturahpolangomperide from & pstiolanmi fredstaskdrazgon ipsiopte

5) The enissiop,tes s,carried oyt with a bys.di esel engine having. a

di spl acenént @ lﬁf,"@%\éﬁ%‘%‘,’p@ﬁ?ﬁmﬁsHL‘OPW‘Q?’%&\‘R%“%D?@F@”%&" E'E%“""%(‘)Y ea,
identified a e%%q O HFHAR e SSi rdi ng
to - the 3 %Dggz&&ﬁncgﬁﬁg an emalgéoll%nl\éd@soﬁl ﬁérlr%g'e&? re@ﬁgezl\%?%g%ﬁgl esel
vehi cl es in ¥hactioKohepetrbRusdifbeditotk figctiinchavy A1BaifinE Pindiih thd hngs ! es
according to snmoke 3 node. Details and nmeasurenents are given in

Tabl es 24 and19X; toeS{ECt iand| (p) catalytically hydroprégessing rtheiipetreleunr feedstodkie t o
envi ronnent al, changes, the test S conducted continuously. The

engi ne was cﬁé@k‘@ﬂ%ﬁ@“ﬁ%aﬁ‘%%@&%r\gﬁ'i‘ﬁq'y using a ref erence fuel
before ang after the test session. In addition, 4.pre-tests were carried 20
out with the sane reference diesel fuel to evaluate the reproducibility of

an NDT (M ni DiThetmethodToflain 1 shesihahe Ridroeabon frbhis absiliag peibaust

gas anal yzer.,
in the range of 110°C t0 400C and a sulfur content less than 500 ppm (wt).

3. The method of claim 1, wherein the hydrocarbon fuel has a boiling point
15 intherange of 110°C 10 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% rédﬁétion in sulﬁxr éotife;ﬂt, and greater than a 60% reduction in
total acid number, as compared to the original feedstock fraction.

25 6. The nieth;)d of claxm _.1? v;herem the r.latu;all_ polar compounds comprise
between 5.0 and 50% (wt) oxyéeﬁ-bontaiﬁiﬁg .compounds, between 5.0 and 50%

(wt) nitrogen-containing heterocyclic compounds, and sulfur content in the range of

45



41 WD 99/ 67345 D
PCT/ KR99/ 00338 TABLE 23

Char act er i SW@$9/67345 SK Di esel A-em 1-D A-RGRASRPP/00338
Gravity 15/4 [err]C 0.8374 0.8218 0. 8209
ASTM D86, [err]C | BP 152 159
165 10% : 190 200 204
50% 259 - I “ l | 282 90%
N
368 0.1 19 8X0% ﬁwt), EP 376 382
378 Resi due, vol. % 0.8 1.6 1.5
Flash Point, [err]C 63 63 S
m (w 330 . 220 220 N m
(p\l?w ) (we) 7. The method gg claim 1, wherein %he natural polar gompounds rgmpred PP
resi due, w % . , Q. o * SK
b esel . commEPE the rstoleymeekiods tastion polisHns berween 0.13nd%.0 % (1) of the
TABLE 24 &  petroleum feedstock fractionOper ating condi tions by Test Mdes
D- 13( PM Measur enment s) Mbde Engi ne RPM % Load
W . factor
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 thé”pe-troleum 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.



1 [ dl e - 025 2

0 b i e
0. 08 | 5 nin "!f "'HHM')" 0] 75 0. 08
6 1920 100 $ *0.25 7

I dl e - 0. 25 8 3200
100 0.1 9 3200 75
0.02 . 10 ] 3200 . 50 0.02
11 3209 The method of-glaim 11, wherein ghe)adsorbent is selected from the
?200 _ Olgigl}p};%onsisting of agﬁ%agéd él‘{@%kﬁci‘?@ﬂg[ﬁ g[ag,ﬁ?)dler's earth, activatelldl ©
Mode & "Ry dRM atumina, silica h in, and combinats
1000 carbon, zgcglg O,”ﬁ‘y alumina, silica Qekqgﬁ’ exchange resin, and com i%azt%ns
100 thereof . 3 2200 100

42 WO 99/ 67345

PCT/ KR99/ 80338 *RPM at maxi nal engi neout put: 3200 rpm
60% of the RPM at ltral Iy N t : 19 m -

TABLE 25 oy TR mEtu 6 Qhin'th, whettid, (B Ragprbent is seleptod from wg ¢ ¢
Smoke group consisting of silica %el ion exchargd/ré38, Ahd combinatiofk thiebs. (9
A-em 1-D 0.766 0.051 0. 007 50

16. The method of claim 15, wherein the adsorbent is silica gel, having a
10  pore size ranging from 40 to 2004, a specific surface area ranging from 100 to
1,000 m?*/g, and a pore volume ranging from 0.5 to 1.5 cc/g.

17. A method for improving the lubricity of diesel fuels, the method
comprising adding natural polar compounds extracted from petrolic hydrocarbons

15 having a boiling point in the range of 200 to 400°C.

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 adsorptioﬂusing 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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A-em 2-D 0. 596 0. 040 0. 005 48

| npr ovenent , % 22 21 28 4 5
SOP ( Sol ubl sva»wem4 Fracti on) As _shown in TaRFEKRS043E
NPC- r enoved- t hen- deep- hydr odesutfUuri zed di esel fuel showed 22% | ower

| evel of PM enission conpared to lm‘ﬂ“mﬂu‘mﬂ Lumts the same sul fur
| evel . Such an inprovenent in em ' "Wstics likely 10 resulted

fromrenoval of precursor naterial®*for PM "such precursor material m ght
wel | be renmoved as part of NPC. Such em ssion characteristics make the
pretreatment process of the present invention even nore attractive because
it can produce cl eaner diesel fuels, which are |ow in sulfur content
as well as emt |e23. The mpthbold wifacihine @@pwhedint theoddserbedi és silich gl swhichh t he
sane sul fur contents. 15 . Al t hou gthe present invention may be
applied to vAevisgs porefiza japging frorpA@ct@sﬁé)g sfeospegifisoefane arsadengingfiom

fuels, it is re ferably applied to the sf ream of deep HDS
processes md@paeéﬂipﬁﬁ@/&@ﬁggﬁgegﬁam&fmg ﬁ:&gpsyﬁof.gcc@. i nprove

ef fectivegess of the HDS processes and qualities of the products therefrom
Due to the ever-tightening stringent environnental regulations, refineries
20 call for effe@2 vVEhamtethebroniet fdethpindekithf 18,i wheieirn the qlanaabgiotst t o
produce cl eaner di esel fuels. The§present i nvention suggests a sinple

but effici entcompenpdntpenta nitrogen mogtent S0 Hates \greatercHup| that of Jhe epstralisal
HDS process tho £89 om caldl roduce Ibl\g@ from hi(ﬂ{‘\-.s.ul fur LGSO .

f eedst ock. ydrocarbons and, eaTeater thAR 10, Wik OXYBSRGCOINAIBING QTERRIG ASidS
advant ages asypdiRAstsnY - 43

WD 99/ 67345

PCT/ KR99/ 00338 the catalyst life, reducing hydrogen consunption
and savi ng operation cost by maki ng the best use of lowquality

f eedst ocks. Furthernore, for the sane sul fur content |evel,

adsorption-treated diesel .

This Sheet Has Been Replaced

[T
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fuel shows better enission characteristics than conventional diesel fuel.
When 5 conbusted, adsorption-treated diesel fuel emts |lo of
F uﬁ? an{!si %ﬁ

PM and NJ ewp]95/67346 of the m)s# s}rr iqctl'y regul ated pol
conpared to conventional diesel fuel. The col or of diesel fuel is
i nproved because HDS reaction tenperature is decreased and col or body

precursor |evel gets substantially reduced in the pretreatnent process.
Operating conditions of the pretreatnent process are close to anmbient 10
tenperature and pressure. In addition, the pretreatnent process can treat a
hydr ocar bon stream at hi gher sp ities _than HDS processes, and
therefore the si ze requireffent becones supstantially smaller than

ot her conventional reaction unig g sihe inyestnent cost of the

pretreat ment process is estinmatgd t& ey approximately 10 % of that of
HDS process. Since the pretreat ﬂrentao@ngss uses 15 common adsor bent and

sol vent wi thout catal yst and hycrog&g e opeftating cost is al so
estimated to be around 10~20% of] t h&t eo% HDS pjocess. : The
present invention has been descii be@ ighcan illdstrative manner, and it is
to be understood the term nol ogy used*i ¢ intended to be in the nature of
descri ption rather than off 1ir§ (tip @n ny nodifications and
variations of the present inventlion®@ ©&@ e pgssible in [ight of the above
teachings. Therefore, it is to He ufﬁi@sﬂﬁ)d t hat wi thin the scope of
t he appended cl ai ns, the inventijon @ya@g)r actli ced ot herwi se t han as
specifically described.
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What is clainmed is: 1. A nethod of manufacturing hydrocarbon
fuel, the nethod conpri sing: (a) renoving natural pol apcgaiRuass from
a pet rol eurWPSH2¥M5ck fraction priog tp % catalytically hyg‘i’oprocesm ng

t he petrol eum feedstock fraction to substantially decrease the
concentration of natural polar conmpounds in the petrol eum feedstock
fraction, the petrol eum feedstock fraction having a boiling point in the

range from 110[err]C to 560[err]C, and (b) catalytically
hydr oprocessi ng the petrol eum f Bedst ock fraction to produce a
hydr ocar bon fuel. 10 @ 2. The nethod of claim 1, wherein the
hydr ocarbon fuel has a boi ling i nt in the range of 110[err]C to
400[ err] C an -sul fur ntent ess than 500 ppm (w). 3.
The net hod o %hllfe erein phe hydrocarbon fuel has a poil}ng goint] 15
in the range of I10[err]Cto 408 err]C and a sulfur content |ebs tHan 5p
ppm (wt). 4. Thewmret hod of claim 1, wherein| thejhailling
poi nt of the petrol eum deedstock fraction is in the rlange f-gom 200{to
400[ err] C 20 §~ Tk nethod of claim1, where ng neSpdt rol gum
feedstock fraction resulking fromstep (a) contains gfest ergthala 30%
reduction in nitrogen content greater than a 0.5% redugl om | nﬂ!;ul fur
content, % reduction in t otal ac dé ngery, as
conpared ito the original feedstock fracgi on. 25 & | orhe| det ?uod
of claimfl, wherein the natural polar ¢@nBounds conprise ‘dl&tw&\ . 0
and 50% (mwfj—oxygen=gont ai ni ng corrpoundﬂ etween 5.0 and 50% D1yt
ni t rogen-xqgnt ai ni ng Keterocyclic conpougd”si and sul furfcon{ed |i'B the.r rgnge
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WD 99/ 67345

PCT/ KRO9/ 003380 99/67345 0.1 to 5.0%w). 7. The net hod of
claim 1, wherein the natural polar co@poyndg renoved f r AAWKR99/00338

petrol eum f eedstock fraction constitute between 0.1 and 5.0 % (wt) of the 5

petrol eum f eedst ock fractt+ofr- 8. The nethod of claimg]l,
wher ei n hydroprocessfng is selected fromthe group_Of procgsses
consi sting of hydrodpsul furizing, hydrodearomatizing, mld &
hydr ocr acki ng, hydrogracki ng, or m xtures thereof. 10 9. The
met hod of claim1, erein_the natural polar conpounds are renmoved
fromthe petrol eumf edsngE—By—EBHvent extraction. 10. The
met hod of claim?9, ereitn the petnol eum f eedst ock contai ns heayy 15 gas
oils having a final poiling point ¢ver 400[err]C, fluidized Caghl y¥dc
cracki ng (FCC cyclie oigl , sangl coker gas oil. o @ 1. The
nmet hod of claim1, ereim t ﬁ&t ral pol ar conpounds aré? r enoved
fromthe petrol eum fleeds{ 68k oir ggt f on by adsorption with ond offf nore 20
adsorbents. . : ¥ %2.:Th¢ nethod of claim1l, whefeilp]the
adsorption occurs irn two| & re adsorption towers. 25
13. The net hod of clain1l§g eC®i h the adsorption process focdfifs i a
fluidized bed adsorgtion ogess?of an ebull ated bed adsor ptidh prg;ess.
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46 WO 99/67345 - 7 = 14 The method of claim
11, wherein bent is selected fromthe group consi sting of
activated aIbﬂ?ﬁggﬁgéid white clay, Ffiller'gs earth, activat edPCT/KRI40338N,
zeolite, hydrated alum na, silica gel, ion exchange resin, and conbi nations
t her eof . 15. The nmet hod of claim 14, wherein the adsorbent
is selected fromthe group consisting of silica gel, ion exchange
resin, and conbi nations thereof. : 16. The et hod of claim
15, wherein the adsorbent is silica gel, having a 10 pore size ranging
from40 to 200A, a specific surface area ranging from 100 to 1, 000
nerr]/g, and a pore volune ranging from0.5 to 1.5 cc/g.

17. A method for inproving the Tgprierty—et—eiresel—fuels the nethod
conpri sing addi ng natural fpol ar gonpoungds4®extnactied from pgtrolic
hydr ocar bons 15 having g boijlling point ®h the riange off 240 to 400[err]C.
18. The nmethod as set fortlh iph clfaim 17, erein {t he] naturdl pol ar
conmpounds are concentratedq by|adgorpgtion. 20 9. e met hod of
claim 18 where adsorptionl]is $el ¢gctdd ffro®the¢ grjoup of cesses
consi sting of fixed bed adqsorpti¢n usi%g t ¢r rnore adsor pti okgt owers,
fluidizing bed adsorption,] or{an ebLIIatg. beq¢ adsoripti on process.
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20. -dhe nmethod of claim 19, wherein the adsorption process utilizes an 25
adsor bent sel ected from t he group consisting of activated alunina, acid
whi t e-'cl ay, WO996T3/%| | er' s earth, activated carbon, zeolite, P (1299409338

alumna, silica gel, ion exchange ~resin and the conbi nati ons thereof.
47 . - VO 99/ 67345
PCT/ KR99/ 00338 0006 ®1>Fhe nethod of claim20 wherein the
adsorbent is silica gel \/%190 having a pore size ranging from40 to
200A, a specific surface area ranging from 100 to 1,000 nferr]/g, and a
pore volunme ranging from0.5 to 1.5 ¢cc/g.. 5. . 22. The nethod as
set forth in claim 18, wherein the natural polar conpounds have a
nitrogen content 5@l iThesmgthed: ef claim2Q héereni thﬁadmbmbliiscsilica gel which

0,
g Car PO Fainerepare size thngini from 40 to 300K , 2 Spectic surtace arca rebging rom

100 to 1,000 m*/g, and a pore volume ranging from 0.5 to 1.5 co/g.

22, The method as set forth in claim 18, wherein the natural polar
compounds have a nitrogen content SO times greater than that of the petrolic
hydrocarbons and comprise greater than 10 wt% oxygen-containing organic acids

and phenols.

R
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(57) Abstract

A method is provided for manufacturing cleancr fucls, in which NPC (Natura! Polar Compounds), naturally existing i 1 iti
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