WD 01/ 42395 PCT/ USOQ 33418 PROCESS FOR SOLVENT EXTRACTI ON OF HYDROCARBONS
PROVI DI NG AN | NCREASED Yl ELD OF RAFFI NATE BACKGROUND OF | ON

FI ELD o¥9 ﬁ(ﬂék% ON This invention relates to an inproved Pﬁézgg%ﬁ;}%—r t he
solvent extraction of an aromatics containing petroleumoil fraction. Mre
specifically the invention relates to the solvent refining of a | ube oil
stock in a countercurrent extraction operation in which an aromatics
extraction solvent and water are enployed to renove at | east a portion of
t he aromat iRX | hOR SOLMEN T XiRALE (o RO 1A RIBIASKS
| NVENTI ON The $ap@NVaDING 2N aNOREA SEDI VI IDYOF RAeFPONATEEd st reanms
conprising mxtures of aromatics and non-aromatics by solvent extraction is

a progmmlg@miﬁgfed in the refining industry

especi i icating oil. The process involves the
use of solvents such as phenol, furfural, n-nethyl pyrrolidone which are
sel ective for the aromatic conponents present in the hydrocarbon feed

st reanpie PeSE POVERMIBN Ypi cally are conbined with water to provide a
sol vent_Tant_uTé_co_nfﬁ_nT'ng up to about 10 vol. % water. The hydrocarbon
stream and the sel ective solvent or solvent mxture are conbined,
typically and preferably under counter-current conditions. The contacting
resul ts in concerfihiairventioh rehatesdpamatiprocahpacesy fariihe kelvesel ect i ve

sol vent. Because the solvent and the hydrocarbon oil are of different
densi t Exigactinn gewre AEATSLIGSHANSHNBISEpeteflewn athBaelnn-adMarggpredidicalbmati cs rich

the invention relates to the solvent refining of a lube oil stock in a countercurrent

extraction operation in which an aromatics extraction solvent and water are
employed to remove at least a portion of the aromatic type constituents from the

lube oil stock.

BACKGROUND OF INVENTION

The separation of aromatics from hydrocarbon feed streams
comprising mixtures of aromatics and non-aromatics by solvent extraction is a
process which has long been practiced in the refining industry especially in the
production of lubricating oil. The process involves the use of solvents such as
phenol, furfural, n-methyl pyrrolidone which are selective for the aromatic
components present in the hydrocarbon feed streams. These solvents typically
are combined with water to provide a solvent mixture containing up to about 10
vol. % water. The hydrocarbon stream and the selective solvent or solvent
mixture are combined, typically and preferably under counter-current conditions.
The contacting results in concentration of the aromatic component in the
selective solvent. Because the solvent and the hydrocarbon oil are of different
densities and generally immiscible, after the contacting the aromatics rich

solvent phase separates from the mixture thereby resulting in an aromatics rich



sol vent phase separates fromthe m xture thereby resulting in an aromatics
ri ch Woldiadsa5 PCT/ US00/ 33418 2 sol vent phase cal | ed tpoenesetsmet and an
aromatics | ean non-aromatics rich product phase called the raffinate.
Because no sol vent extraction process can be one hundred percent

sel ective, the aromatics rich extraci phase contains a m nor but
economcally significant quantity of non-aromatic hydrocarbon which
constitute good | Eee il nol ecules. Var|ous processes have been proposed
for res8MEntR a‘f%ij dg@s&xmaeb@ AN areEnatias| lean peR-aEpmalics figl PEIAUCACt phase.
Sone of these1 d‘f not ~Pravi for ma(gi m,;ttm recavery of the, desired

ol eculP82s¢ Eilled theraklingts. BecpusenSAX it SHracig plogsss cal BEONe i ner eased
oper at i TRl F vk in
recovel AR BARES: scldtifve NPkBaLEREHLR Auabehi oot IRt SXRREPP L ovi de
gr eat erecah&h%sﬁlg@ sibAWRant QYARITRThoANG oRREICHydREcaFBSH SvhiHADANRYLEF

| NVENTI ON Accordi ngly, a process for upgrading a hydrocarbon oil is

provi dedodubbe bilanofucubss i ntroducing the oil and an aromatic extraction
solvent containing 0.1 to 10 vol % water into an extraction zone for
contact of the oil and solvent therein whereby an extract solution is
formed; and injecting water into the extraction zone_at a point bel ow that
at which the extr%eHP@nPESELSHhaye begmprap@sed &1 repaverijetese spader i s

i nj ect substantially countercurrent, to the extraction solvent. at a

vel oot fybsopt! Snelaet s stes R e caurarh phdrea sims SF edF g Ao SRV B 0 1 1o

about 1.0, ¥R 28&S Y of i A M Blecih " ¥iherR FelihirOhREALRY caBfigCesSed.
costs or result in increased operating expenses. Thus, there remains a need for
improvements in recovering lube oil molecules from a solvent extract which will

provide greater yields at lower investment and operating costs.

SUMMARY OF INVENTION

Accordingly, a process for upgrading a hydrocarbon oil is provided
which comprises introducing the oil and an aromatic extraction solvent
containing 0.1 to 10 vol% water into an extraction zone for contact of the oil and
solvent therein whereby an extract solution is formed; and injecting water into
the extraction zone at a point below that at which the extraction solvent is
introduced. The injected water is injected substantially countercurrent to the
extraction solvent at a velocity of about 0.5 to 3 ft/sec in an amount ranging from
about 0.1 to about 10 LV% based on the amount of extract solution being

processed.



WD 01/ 42395 PCT/ US00/ 33418 BRI EF DESCRI PTION OF THE DRAWNGS Figure 1 is a
si npl i f{yRfh1r@sdsi onal view of an extraction zone useful PoTiUSeV/BEESeENt
invention. Figure 2 is a plan view of water inlet nmeans taken along Section
2- 2" of Figure 1. Figure 3 is a detailed view of the water inlet nmeans of
Figures 1 and 2. Figure 4 is a sinpJified sectional view of a double pass
extraction zone useful in the present invention. Figure 5is a plan view

t aken Ion sectlon 4 4' of Figure 4. Figure 6 illustrates the yield
Cdf DB AN S | &gMM to extracting oil without

addltlonal water injection. Figure 7 illustrates the relationship between
water injection and vyield of raffinate using a 100 N distillate feed.

Figure 8 illustr th i yi el d of
raftinate using 3 €06 Nodi SRR s B IR A Tep
DESCRI FT{@)PI%GIIEHEV&WI ON Extraction towers useful in the present
process i1 nclude those set forth in U S Patents 4,511,537 and 4, 588, 563
whi ch patents are incorporated herein by reference. For convenience,

however, the process wi |l be described only in conjunction with a cascade
| i near type extrdtgirer? tsowelanstuew cdsvatbainlgfmeans taken along Section 2-

2' of Figure 1.

Figure 3 is a detailed view of the water inlet means of Figures 1

and 2.

Figure 4 is a simplified sectional view of a double pass extraction

zone useful in the present invention.

Figure 5 is a plan view taken along section 4-4' of Figure 4.

Figure 6 illustrates the yield advantage of the invention when

compared to extracting oil without additional water injection.

Figure 7 illustrates the relationship between water injection and

yield of raffinate using a 100 N distillate feed.

Figure 8 illustrates the relationship between water injection and

yield of raffinate using a 600 N distillate.



U S. Patent 4,511,537. Referring first to Figure 1, an extraction zone 10
i's show, ggg@{,g sing a tower 12, having a feed inlet 14 fpgr/usSsos®dsci ng a

| ube oil ?ee stock such as a distillate feed, an aromatic extraction
solvent inlet 16, an extract outlet 18 and raffinate outlet 20. Feed inlet
14 is shown extending into tower 10 and termnating at diffuser neans 15.
Tower 12 is shown having three vertically spaced apart tray neans, such as
trays 30, 40 and 50, which preferably are substantially horizontally

di spos@ETAT BXe DESCRIETHMNEE Jédil pNMENBFONr ays 30, 40, 50, are vertical

extending sections, 3 1, 41, 51, respectively, which cooperate wth the
i nner surface of tower 12 to define downconer neans 32, 42, 52 for

directing the flow of solvent fro ea(i]g tray to a | ocation beneath that
tray. Also assockataciion towvesausetul ythspresant preresd ingluds (NOSF Sfkans 34, 44

eyt domhRGT S, Bt Aisfier T RE onaets SuiEE bl pig Rl ERE, T PG, 1
1 ser HRAUR frefditnee tEBREORIALRARb Y ev GO IR hifBsAwiIPbL BRsQfbatibstant i al | y

par al | incli ne Ui d ‘condui ts havi ng varyi ng di stances bel ow

the asspdy #f 86nfun@boh WithgcaRMIERINRhATyPexkia@tibal tdw¥educhtanaat f t he
associated tray which facilitates coal'éscence of the |ight phase. Also

associ 4y sd Patdnb 4e8kch537.ay 30, 40, 50 are seal neans 36, 46, 56,
respectively. In the instant design, seal neans 36, 46, 56 each conprises
a substantially WO 01/42395 PCT/ US00/ 33418 5 horizontally extendi ng seal

pan 60 communi cating with a substantially gerpendi 8u| segnent 62 to
define a vol une aReNFEBGdrstiofHgere §.anfgden zone 10 is shown

comprising a tower 12, having a feed inlet 14 for introducing a lube oil feedstock
such as a distillate feed, an aromatic extraction solvent inlet 16, an extract outlet
18 and raffinate outlet 20. Feed inlet 14 is shown extending into tower 10 and
terminating at diffuser means 15. Tower 12 is shown having three vertically
spaced apart tray means, such as trays 30, 40 and 50, which preferably are
substantially horizontally disposed. Affixed to the outer periphery of trays 30,
40, 50, are vertical extending sections, 31, 41, 51, respectively, which cooperate
with the inner surface of tower 12 to define downcomer means 32, 42, 52 for
directing the flow of solvent from each tray to a location beneath that tray. Also
associated with each tray 30, 40 and 50 are riser means 34, 44 and 54,
respectively, which operate to direct the light phase from each tray to an

elevation higher than that respective tray.

As shown in Fig. 1, riser means 34, 44, 54 each preferably
comprises a series of substantially parallel inclined fluid conduits having inlets at
varying distances below the associated tray to thereby maintain a liquid level
beneath the associated tray which facilitates coalescence of the light phase. Also
associated with each tray 30, 40, 50 are seal means 36, 46, 56, respectively. In

the instant design, seal means 36, 46, 56 each comprises a substantially



cascade weir neans 38, 48, 58, associated wth trays 30, 40, 50,
respect‘i,%qll M2395Each cascade weir means, such as cascade petrmwsoesas 38, has
a series o# substantially horizontally disposed vertically depending
sections, such as sections 72, depending from perforate neans, such as
perforate plate 70 having a plurality of orifices. The vertically

dependi ng sections are di sposed spaced apart in the flow path of the |ight
phase, the depth of the sections preferably increasing slightly with

i ncr eabongomtaHy axtending seq) papéidé@omanictiggewth 6 3ubgaatiallgans 36, 46 and
56 are shown having a baffle neans 80, generally vertical_ sectjons 82 and

drai n peppendicalay sgemeph L |te debiage waumgiabeye agdiim Whielk & dispessd ty to inl et
16 directs th teri t d dly. i 90, havi

o ur al FEFds WESRIESs AB 48 Assasaeq Rat trvis o0 Hha0: Fmreeliar at i on of t he
li ght f t.h | : | Vgt ' i ded with
wnver FROReRelR WP fieER YB3 BrcddiROG! Al a5 BAEL siled S0 VLE%T b e

bel ow %\ﬁaﬁalw&%&:ﬁﬁlﬁgggi%%é&ve%%ﬂg%gg{uiﬁglse,famnsi, Sudiihg oduced into the

zone. _ e‘tower 10 o ure 1 ter"tfeed inlet 17 preferably is
| ocat egedtidbnk 72, dep&tiing ffrom peelopme nfeank OswRsh asepdrforbietplaef 70 Ratingal plate 51

and extends inwardly substantially to the md point between vertical
sect i oplualitgnef gifaces. Slhe Yartically depsebng sectkinguare dspmsed eparaderpawat er f eed
inlet 17 has a straight run portion 17c with arnms 17a and 17b di sposed
subst afit the! flgw path p§the lightqihase.ttbe gepth ofrthe pectiogsnireierpblynidcieagingt end
subst ant i aIIy,%lo, the wall. 12 of. the tO\é\erllo. The g méss g?b ang 17a are
provi deldehily With igetsasing disapce fiom pegendirylarsegient ? §GLMSNE 58ced apart,
and pogjiti d to, permt .the.inhecti f I - W
ubst e ray wbarbSrdabE e FlsRE A eolhf vERAALS ol €2 and

drain pipe means 84. Baffle means 86, disposed in close proximity to inlet 16

directs the entering solvent downwardly. Coalescing means 90, having a

plurality of coalescing screens 92, facilitates the final separation of the light

phase from the heavy phase.

Importantly, tower 10 is provided with a water feed inlet 17 which
is positioned in the extraction zone at a point below that at which the aromatic
extraction solvent is introduced into the zone. With the tower 10 of Figure 1 the
water feed inlet 17 preferably is located in the downcomer 52 below the lower
extremity of vertical plate 51 and extends inwardly substantially to the mid point

between vertical section 82 and plate 51.

As can be seen in Figure 2 a preferred water feed inlet 17 has a
straight run portion 17¢ with arms 17a and 17b disposed substantially at right
angles to portion 17c. Arms 17b and 17a extend substantially to the wall 12 of
the tower 10. The arm's 17b and 17a are provided with a plurality of orifices
17d, generally equally spaced apart, and positioned to permit the injection of

water upwardly, i.e., substantially countercurrently, into the solvent phase.



WO 01/ 42395 PCT/ US00/ 33418 6 In a particularly preferred arrangenent the
orificeycAiashsrected toward the vertical downconer pl averhbo@s3szsr angl e,
oc , fromthe vertical, as shown in Figure 3. In general oc is from5 to
45 fromthe vertical and preferably is 15 and directed towards the
downconer plate 51. In operation a lube oil feed; such as a paraffinic or
napht henic feed, or blends of these, enters tower 12 through line 14 and
diffuser 15 to forma light phase layer, indicated by the small dots bel ow
tray 30. The light phase flows in the direction of the shorter arrows
through the tower. A denser aromatic extraction solvent, such as furfural,
phenol or n-net hyln- qnpar@buladb'rmefm*ﬂd)aramgemﬂéhft arlfyesxm dingritedh has been
prem xed with water to contain from about 1 to about 10 vol % water, and
prefer é%W?@ ﬂ@rN%TISaItQPVS“W‘%HAA@eSr @rﬁr’eﬁfrkgli:arﬂcetfr% thenartgabs®s downwar di y
as sho

f
oxt r actheBfifilgau BhasdndRaeEL ° i Gagh dBuboien 2 Hrd Andbnt act ed count er
cur T eny VD WASEEA BLESLESo VbR ShuhEoRipBADK el 1y upvardly Tt the

downwa ense, extract so the downconer.
Irrportantly the water is injected at a velocity of about 0.5 to about 3
ft/sec. and in the range of about 0.1 to about 10 LV% and preferably from

1.0 to 5 LV% badecperatidiea Wibelsik feadd; exdl aca pariffiaiy obeipigh@tiodesded.
Preferably the water is injected at an angle of about 5 to 30 fromthe

verti cair bdemdls afghesd, &hieys axwarSl X thoomgthbne é Atandaliffusert hetalforecailight of t he
downconer plate 51. The |ight phase ultimately is renoved via |l ine 20
whi | e Phaselayerdndisateskby the dels belew tiaye3Q.8The light phase flows in

the direction of the shorter arrows through the tower. A denser aromatic
extraction solvent, such as furfural, phenol or n-methyl-pyrollidone (NMP) and
especially NMP, which has been premixed with water to contain from about 0.1
to about 10 vol % water, and preferably from 0.5 to 5 vol% water enters inlet 16
and passes downwardly as shown by the longer arrows forming an extract
solution. As the dense, extract solution phase passes through downcomer 52 it is
contacted counter currently with water injected via inlet 17 substantially
upwardly into the downwardly flowing dense, extract solution phase in the
downcomer. Importantly the water is injected at a velocity of about 0.5 to about
3 ft/sec. and in the range of about 0.1 to about 10 LV% and preferably from 1.0
to 5 LV% based on the volume of extract solvent being processed. Preferably
the water is injected at an angle of about 5° to 30° from the vertical and
especially at 15° from the vertical in the direction of the downcomer plate 51.
The light phase ultimately is removed via line 20 while the extract phase 1s

removed via line 18.

Any conventional process may be employed to separate solvent
from the light and dense phases and the recovered solvent may be recycled to the

extraction zone.



Any conventional process nmay be enployed to separate solvent fromthe

| i ght ap@d fiense phases and the recovered sol vent nmay be preryso@sd4d the
extraction zone. WO 01/42395 PCT/ USOQ' 33418 7 Referring to Fig. 4 a dua
pass countercurrent flow extraction zone 110 is shown. In this enbodi nent
the Iight phase is indicated by the,;nall dots and the flow path of the

| i ght phase is indicated by the relatively short arrows, while the flow
path of the heavy phase is indicated by the Ionger arrows. In this

enbodi ment, tower 112 is shown having a feed inlet 114, solvent inlet 116,
extract outlet 118 and raffinate outlet 120. Tower 112 has a series of
horizontal |y di spededingsiodcedt aphral pessesenntggotrent Bowosnimactioazoaepai r of
tray halves , such as tray.halves or segments 130 and 132; 0 and 142;
150" and T 55ShoWRert HomerTteUimapane | RO ipgpdicaies g sanall dats b tray
segnent s, 130, 132 [ i vel y.direct e light..phase fraom beneath each
capoct il Paf un sE TR B i Ch e B bt A SR B BB Ee el r “means
134. Rt BNz Pé&%fthlé%eav,og)ﬁsféﬁ%%ica Y 88 18ng&Tdfswor 1Patal ! el

condui ts havi ng urd inlets at varyin I sttances %eIOM/t e associ at ed

tray. &e@melimens e Vel Is shoanshadds adeed aflabl w4, Gergnt sfst ajgubstantial ly
hori zontal | y di sposed perforate plate 182. Beneath each weir neans, such

as wei extrearsitie84 ] 8 and raffaeid ostief 120erTowar 113 agneredenof sections 190 which
preferably increase in depth with increasing distance fromthe center of

t ower hadzomely disnpseditspacadapart trage. Edil pusavmpaisey @ nrasebdey wei r 134,

redi rect, the upwardly f{a’ow’ ng fluid streamoutwardly. Riser ans 164,

166, abalyes apwd i ¥AY ha ysgé@ﬁ@ﬁﬁgtsﬂzﬁ@,anﬁ4b3,2;r1é*§;%@/l%|lﬁo and 152.

Inclined riser means such as 160, 162, associated with tray segments 130, 132,
respectively direct the light phase from beneath each respective tray segment to a
common cascade weir means, such as weir means 134. Riser means, 160, 162,
preferably comprise a series of parallel conduits having fluid inlets at varying
distances below the associated tray. Common cascade weir means 134
preferably comprises a substantially horizontally disposed perforate plate 182.
Beneath each weir means, such as weir means 134, are a series of vertical
segments or sections 190 which preferably increase in depth with increasing
distance from the center of tower 112. Tray segments 140 and 142, disposed
above cascade weir 134, redirect the upwardly flowing fluid stream outwardly.
Riser means 164, 166, associated with tray segments 140, 142, respectively,
direct the light phase from beneath the tray segments to outwardly disposed
cascade weir means 144, 146, respectively. Weir means 144, 146 comprise
perforate plates 184, 186, respectively, and a series of vertical extending sections
190, with the depth of the vertical sections preferably increasing gradually with
increasing proximity to the center of tower 112. Fluid passing upwardly through
perforate plates 184, 186, is redirected by tray segments 150, 152, respectively.
The light phase from trays 150, 152 passes through riser means 170, 172,

respectively, to common cascade weir means 174.



direct the light phase from beneath the tray segnents to outwardly di sposed
cascade webiiazzeans 144, 146, respectively. Weir neans 144CTI4S006841pri se
perforate plates 184, 186, respectively, and a series of vertical extending
sections 190, with the depth of the vertical sections preferably
increasing gradually with increasing proximty to the center of tower 112.
Fluid passing upwardly through perforate plates 184, 186, is redirected by
tray segnents 150, 152, respectively. The |ight phase fromtrays 150, 152
passes through riser nmeans 170, 172, respectively, to common cascade weir
means 174. WD 01/ 42395 PCT/US&P/3341 8 Sinmultaneously, the nore dense
extract sol ution YiylfancgHslyy thepyqes dense sxiaeiipintien [igeHl eREreOWers and

i. 74 d th to t ts 150, 152.
passes el STl MELE TSNS AT 00, & oot Loy, segreats 150 152
155, 1 , 2 - i , h t
1% LRl MBYSSHIENLS 1301 99% dS0mnditent SEREE} i, each covperalc

156, 188rticAnreatbadifkbsectibid | 39 1157, Y85 11 £RbS Hay SX5ABRIsNB0S€3DI P51 145, 147,
associated wth tray segnents 140, 142, respectively, cooperate to define

downcomner, respostivd, edodf dpeerte bdfl the inkansirfatb®dfpoeken ably defigedi sposed on
the upper surface of common cascade weir neans 134, 174 to minimze direct
i mpi ngelomntcoofertrheardoldtt, 1108 ho,hidy yespretiedy. Swlilarlyomepteadly on | ube oi |
droplets being formed. Sinmlarly deflector baffle means 260 are di sposed
on t he exppeingsgations 196, d4dcasgaciatad with #iny segmeniv b0, 1d3al esci ng neans,
such as coal.esci ng screens 0 be instal lf%nnﬁaﬁ t he base of tower 112
to faclFiACEHECKoSPRTBIGE deftpe QRGNS | Yht Pph&ser H’Pg@? Bty

250 preferably are disposed on the upper surface of common cascade weir means

134, 174 to minimize direct impingement of the downflowing heavy extract

solution phase on lube oil droplets being formed. Similarly deflector baffle

means 260 are disposed on the upper surface of cascade weir means 144, 146.

Coalescing means, such as coalescing screens 230 may be installed near the base

of tower 112 to facilitate coalescence and separation of light phase droplets as

hereinbefore indicated before the heavier extract solution phase exits from the

tower.

An important feature of the present invention is the provision in
tower 110 of a water feed inlet 117 which is positioned in the extraction zone at a
point below that at which the solvent that has been premixed with water is
introduced into the zone. As shown in Figure 4 the water feed inlet 117

preferably extends into the downcomer 148.

As can be seen in Figure 5 the feed inlet 117 has a horizontally
disposed manifold 117a which delivers feed to arms 117b and 117c. Arms 117b
and 117c¢ are positioned below the lower extremity of plates 147 and 145 at

substan;[ially the midpoint between weir 250 and plates 147 and 145. A plurality



her ei nbefore indicated before the heavier extract solution phase exits from
the tOVWRSe1/A8s Nportant feature of the present inventi orcrassSotigs4ps ovi sion
in tower 110 of a water feed inlet 117 which is positioned in the
extraction zone at a point below that at which the solvent that has been
prem xed with water is introduced ignto the zone. As shown in Figure 4 the
water feed inlet 117 preferably ext'ends into the downconer 148. As can be
seen in Figure 5 the feed inlet 117 has a horizontally disposed nmanifold
11 7a ohociticdellilVdrase sparddtapastrams updvardhndirdct@d towandsplatesnl 4 7aadl 117¢ ar e
posi tioned bel ow the [ower extremty of plates 147 and 145 at

subst anéd af py angte, pr.dgscleseribrd ineemngetien 6th wdet bl of Bigurat. dnd 145. A

g'naf3&%%%@%&%@2%5%&5%éﬁéé%ga%n;ﬁep‘%?Ji%‘gﬁﬁforéﬁiie binbe. Cas

_ _ _ al't phs e * _ S ol
ent or s 1EBRPesEIORRHR, e tnaifiudls. i?biahl B s B BPRRE R o pnose
i ndi Ca{ﬁedstmhem?row;a{”r%g&ﬁ{eh@{eﬁ I Bfke BEARE WA Srtfintle afbmghti on of

the shorter arrows t ower. A nore dense, water- contal ning,

ar onat ggtra@idr §SIVERPIEREVRIth AINASR and WillerBmiMBraaNentead Biletn] PG ali®S, enters
inlet 116 and passes downwardly as shown by the | onger arrows. As the

dense phssee dpasverdly iy shoybn Hpwine mper 4d8wiorAd thg demsephasepasses ut i on, t he
extract solution is contacted counter currently with water injected via
i nl et traugdonaconer dédriaomingnapexicass sotdioy theextsassvelutiondescri bed in

conj uncti on \(/i/ith a single pass or double pass . tower, it is clear that the
contacted counter currently with water injected via inlet 117.

While the extraction process described above is described in
conjunction with a single pass or double pass tower, it is clear that the
aforementioned technology is equally applicable to processes in which towers
having more than two passes are employed. Also, while the single pass and
double pass extraction towers shown herein are each comprised of three trays for
simplicity, commercial extraction towers typically will comprise from about 5 to

about 50 trays, preferably 10 to 30 trays

Example 1

In this example a 100N distillate was fed to a single pass cascade
weir trayed treater such as Figures 1, 2 and 3. Treating condition were: 1.6 vol
% H,0O in NMP solvent; bottom and top temperatures of 167°F and 192°F;
solvent adjusted as necessary to maintain a raffinate dewaxed VI of 98 at -18°C
pour point; water injection in the range of 1.4 to 3.7 LV% on extract solution.
The yield of raffinate is plotted in Figure 6. The relationship between water

injected and yield at constant quality is shown in Figure 7.



aforenentioned technology is equally applicable to processes in which
towers y 3)2% nore than two passes are enployed. Al so, pbriusodizeissi ngle
pass and ou fe pass extraction towers shown herein are each conprised of
three trays for sinplicity, comrercial extraction towers typically wll
conprise fromabout 5 to about 50 tyays, preferably 10 to 30 trays Exanple
1 Inthis exanple a IOON distillate was fed to a single pass cascade weir
trayed treater such as Figures 1, 2 and 3. Treating condition were: 1.6 vol
% H20O in NVP sol vent; bottomand top tenperatures of 167F and 192F;

sol vent adjusted as necessary to maintain a raffinate dewaxed VI of 98 at
-18C Qompapafive Exempla Linjection in the range of 1.4 to 3.7 LV% on extract
solution. The yield of raffinate is plotted in Figure 6. The relationship
between water injected and yield at constant quality is shown in Figure 7.

Dol o1 uas 1 ol Fomacahle of PAGRHe L3k RITSHR R et A SREDRREVT © OF

Exanple | was fol er was 1 njec nt o reater. The

yield &f,e&@& {1B3he tlefiicd! a@le%afdta% ﬁhd%egymoglot&ﬂm g 8een the process

of the'tnvention shows a LV% vyi e advant Exanple I In this exanple
a 600 N distillate was fed to a dual pass cascade weir trayed treater such
as Figures 4 and 5. Treating conditions were: 2 vol% H20 in NWP sol vent;
bottom and top t Aspmnaicsees thé pPO@Es afithe2pOEnticobvans a 10 LV% yield

advantage.

Example 1

In this example a 600 N distillate was fed to a dual pass cascade
weir trayed treater such as Figures 4 and 5. Treating conditions were: 2 vol%
H,O in NMP solvent; bottom and top temperatures of 200°F and 220°F; solvent
adjusted as necessary to maintain a raffinate dewaxed VI of 98 at -18°C pour
point; water injection in the range of 1.5 to 2.8 LV% on extract solution. The
relationship between water injected and yield at constant quality is shown in

Figure 8.

Comparative Example 2

The procedure of Example 1 was followed except no water was

injected into the treater. The yield of raffinate is also plotted in Figure 8.

As can be seen the process of the invention shows a 5 LV% yield

advantage.



adj usted as necessary to naintain a raffinate dewaxed VI of 98 at -18C pour
poi nt; % '9Ej ection in the range of 1.5 to 2.8 LV% onpextusa®iz4sol uti on.
The re tlon ip between water injected and yield at constant quality is
shown in Figure 8. Conparative Exanple 2 The procedure of Exanple 1 was
foll owed except no water was injected into the treater. The yield of
raffinate is also plotted in Figure 8. As can be seen the process of the
invention shows a 5 LV%yield advantage. WO 01/42395 PCT/ US00/ 33418 11
CLAI MCLAIMSprocess for upgrading a hydrocarbon oil conpri sing:
introducing the oil and an aromatic extraction solvent containing about 0.1
to about 10 vol % water into an extraction zone for contact of the oil and
solvent therein vvhereby a extra t soI ion is forned and injecting water

into the ext racti lor PEXESS OrauR%? EHREN Qi CRIAPIEHNERe ext ract i on
solvent is introduc t he wat er nj,ect.ed ubst ant| y
count enggueie 75 The L F&Oé??%e’é%‘i“ir}g]ﬁ’[ UFEL DaPER TR 0.5 o
about / Pink 4 o4tvedP LVO% based
on t hegbaorlr%t}?i)te&(g(l rlg[{cgt)é}g%)ft{rj?a J%eﬁ%%mﬁggggfsgeé& épaﬁ(ﬁe preocess of claim
1 wher 'eﬂelh%é‘i@_rﬁ%n'e%tﬂaﬂi £6§6n Eﬁfo?ﬂledaﬁﬁ)&mt rangi ng fromabout 1.0 to
about LV% e process of claim2 wherein the water is injected at an
angl e
injecting water into the extraction zone at a point below that at

which the extraction solvent is introduced, the water being injected substantially

countercurrent to the extraction solvent at a velocity of about 0.5 to about 3 ft/sec

in an amount ranging from about 0.1 to about 10 LV% based on the amount of

extract solution being processed.

2. The process of claim 1 wherein the water is injected in an

amount ranging from about 1.0 to about 5 LV%.

3. The process of claim 2 wherein the water is injected at an angle

of about 5° to about 30° from the vertical.
4. The process of claim 3 wherein the extraction solvent is NMP.

5. A countercurrent extraction process for upgrading a

hydrocarbon oil comprising:



of about 5 to about 30 fromthe vertical. 4. The process of claim3 wherein
the ext{@fdifyssol vent is NMP. 5. A countercurrent extractriusoopegess for
upgradi ng a hydrocarbon oil conprising: WO 01/42395 PCT/ US00/ 33418 12

i ntroduci ng a hydrocarbon oil in an extraction tower for upward passage

t her et hrough, the extraction tower gavi ng a plurality of trays and
downconers; introducing an aromatic extraction solvent in the extraction
tower for downward passage therethrough whereby the oil and solvent are
counter curr entinyrogdowirgrcs bgldtdeerbeimyoil or m extraoticaxtomactfosvpwaidn, t he

sol vent containing about 0.1 to about 10 LV% water; injecting water

upwar diagsags thergtbrauahs He edmationdewien heviag @ Maeality 9f tey's andownconer  at

poi nt bel ow that at which the extraction solvent is introduced, the

i nj ectdVHNGBUNES: at a velocity in the range of about 0.5 to about 3 ft/sec
in an anount ranging fromabout 0.1 to about 10 LV% based on the anmount of
extract solvent being processed. 6. The process of claim5 wherein the

water is injecte {dE an af&?aﬁﬂ: SRR oRsol Ve RUxtPacti®ndBRet 30 from
the vertical. 7. e process of claim6 wherein the extraction solvent is

NMP.  for downward passage therethrough whereby the oil and solvent are counter
currently contacted thereby forming an extract solution, the solvent containing

about 0.1 to about 10 LV% water;

injecting water upwardly into the extraction tower in the direction
of a downcomer at point beiow that at which the extraction solvent is introduced,
the injection being at a velocity in the range of about 0.5 to about 3 ft/sec in an
amount ranging from about 0.1 to about 10 LV% based on the amount of extract

solvent being processed.

6. The process of claim 5 wherein the water is injected upwardly

at an angle of from about 5° to about 30° from the vertical.

7. The process of claim 6 wherein the extraction solvent is NMP.



