EF(O 2’!8 693, BL Descri pti on BACKGROUND OF THE | NVENTI ON 5 Waxy oils,
preferabl y waxy petroleumoils, nore preferably waxy |ube or speC| alty oil,
such as transforner, refri geratcm:,oﬁmarmcal white oil, etc., which have
been dewaxed by neans of conventional solvent dewaxing process or catalytic
dewaxi ng processes in. nost instances- contain residual quantities of wax.
LubQ_pl Pescripion ypi cal | y dewaxed to a pour point of about -3 * Cto -15 C,
whil e speciality oils require even | ower pour points (e.g., for transfornmer
oi | -BQMMMS detrimental to the oil as it can 10 i npart
haze to the o1| detract| ng fromits visual appeal, but, nore irrportantly
the prese Reeler 3&“’%?9‘?9 H“‘ afpre REefeY Mﬁ’&le‘“b%glté%caﬁ 9" » guch

t enper af" gner fP%l?ﬁ’i‘?’oﬂ&‘f‘ %& 1§'“' 82§ Bt e ony “"

ve ) | tlc
the qua eaﬁx are. dew edQ our om of a out equ re

pl Pgl?Sl an eclllt 0| 0 Thls
deep de Iergr ? c}m E ?bp % (9 w¥)tt can
asso% a@ f.gl%l vﬁ@aﬂ %ﬁ “& }EJ Hcghtﬂ
to the peGhs n&o -‘é?f‘ﬁald iﬁ\z dQédRFd‘e%(ed €aét
sol vent ylanim 6 u%tyCHf re%l%&éi‘ %I;Sr&se GV iRkl de i p?oﬁl\{&rﬁns%@ S WSS be it
DESCRI Py SbWehtd g~ biChdic lb@ting, HasTaSsoBiad MR Rirot m%mf%ard%@e)@n&l%r&f RS S
enpl oyi figaddhtagéls Qiid) & thet HeBebkity 8 FUnBGBSHS thio OconViRiicAM Edewaiig? Process; NBRE T béne
per f' Q§ maswasing®br caalytitaddivaxilgy @hdedoverdddndimns - St ocks and fornul ated oil
products. Figure 2 shows the relationship between pour point of the oil and
wei ght PEBSCRIPTION OF THE&IGURESadsor bent to oil used to renove wax. Figure 3
shows that adsorbent treating inproves the | ow tenperature performnce of
f orymyl at eFiguiglids gis¢homsticod prdewaxitg procqss smpleyiro\an adsothentditing process REBERYSTY ON OF
THE ZP\I\/ENFPFTGNFGIHQ”QTW@”'%P%@B% deveediuledigs d fasmyippdeil Rgyeds.peen :
traditi onﬂq"  Zienans g relasionshin\pPeweenoReHr PYH gf 1) 8if #daveight retiocof siicalie awfbawd?,:t
[err] t@! ”% 'a@vz%fzx st andard condition solvent or cat al%t i c dewaxi
processes :a at&i’?‘:{:é?té'ﬁ?q"&f"é"“fvf'%ﬁ? B &RPeER ey ™AT eéﬂm"??dé‘f?ﬁl byi ng
nor e se%‘f“’ PREY, 191 ISt BT deWR™Mave the residual wax renoved and thereby be
deepl y gﬁﬁﬁﬂo&%qﬂg N%e@f on the order of -12 Cto -20 C or nore for
t ypi cal err] to [err] for speciality oils, such as
transt or Mgt y4QpleSerd WrvéhGkaRy bR Wyrith hsJaeer@ doftlly Bowaadias Ednoenweé. ,Ior, nidlf Of |
onto a Ry P&%bzﬁ-ﬂﬁﬂb%‘ﬂb% ﬁbﬁ&&dﬁd%&ﬁ & Sotver %Y%W@ &bl br # he
feed gb 0 gftbtbrtiald oM daby ¥éwalkifig ProcaBUESdnibibyif RioRSSBverd EuRtiilit)en ReVY tuaaaswua wax
hy dr oc atdafdtedtind Rfleb bé BB ldevkixed )0 Poinis Gn iolorder CH2C & 1\2b Cdlor rhorélRMgied | N
or der t Qb @adesiodks iafd C2TURG GACAL fastetiaty bR suckias aiiArhér Coils By @@stkplicn 61 By e
adsor be nfs@ual aparBiinwasidni halbi bt a Bydriphétic maelier sisve adsbdentt Ang dawksed (it dao be Of
nor mal &wdestetr this nedsonstive rins aéwaing \peocess, inbhiding 4nly omtirah tpdbacprbon/ er petolears or
deeplsy epitesicedi @radect anhichfigrdewdxed dd oldyr fobdhiisadnig opintmiarciet appiicatioh. diydroghobic es  of
t ypi cal molatidar sieve adbdrbpris leuchagsesilicalites exhititepreferanpe| fori thejadsorptianl efthernabind nepfoduct
exhi bi tQOWrﬁa@ﬁ'm@é 40 superior to that of essentiall y SI mlar oils which
haq_been d¥ep saeaﬁaez@ue (PepoRRs, fepely éﬁ?‘f’a"ﬁﬁ’ el arenfomylated e e stardd ¢ i ve
package d¥aniitie @P"éﬁ' Qi &g-napk materials, ey (regytting fosmulpted, i “cﬂx\“ PEERIERE® such
as erfgu ﬁ'é’ef"ti ‘H E‘a?f? ‘B sg“"a'g?'éag' “"‘dtbﬂ‘?’b‘feﬁ@" Brveged tp 8‘?“!"?‘&'8 PReyPUgtef 8o ot .

to i rrpa 1 Ve esaree N er?ei;']a og ho‘fil f%%ﬁe%r &ISE: cts 's
depr essqg & .fég 599 B:;&ist o g@\ ok %@i ﬁ&ﬁ%y A
typi cal fpaciarnidt ol nd$9.n p@anig VOERkL SHaki3h a.tgqm pgnts,
VI i T QUG bR adalid cmm&onml RRRDRAS 2rhgonents) 1 FRIASS S o uNHIInEdbp@SsahtS 1 he

add- packsmgdshtd RfcrigRiiol ddd-phtke AndP BB qusMtity WBacOper Ybilmd bEM! tredd fo fatilial iodthosh O
those slkileh@t thie TarttaR@ vaHy tromHil maridbcturdrit® O Miahufdtturerf RBéndIE bn e akticular desired
manuf acipbifoRhancsl GRAIEHED dodired R tHRdIshaaLYil PodlAS IThE BmELAt SIQKIGRVAE @dded to typical

char act @nd i6 piofucd @Bfreftdorintikted biEprédutts Blemtedin |Tatp6 oducts. The anmount of

addi tsbves added to typical

65



o

0|Is ;to produce dlfferent formul ated oil products is recited in Table I. 50 -
55 2 EP 0 278 693 Bl [err] Therefore, a process is described for the
production of fornulated oils ofEE0Res 698 Bper formance 55 conprising the
st.eps of conventignally dewaxi ng & waxy hydrocarbon oil to a conventi onal
pour-_poi nt of between about -3'"Cto [err] deeply dewaxing, said oil from
t hexgonvent,ional step by trim dewaxi ng, consisting of contacting said oil
wi th a hydrophobi ¢ nol ecul r i eve adsorbent to a pour paint of between
about [err] to [err], and ining the deeply dewaxed oil wth an
effectjve anmount of an addﬁta e pack @ . EP 0°278 693 Bl to produce a
formulated oil product. A kgydyophobi c?m)l etul ar-o sieve is a crystalline
adsor bent having uni form pereldi anetee and | owdaf f i ni ty for polar material.
Silicalite is just one of this type of adsorbent (the pore dianeter is
about 6 A units and its po olume is 0.19 ccfgm and particle density is
about 44.4 g/cc). Silicalit&®$ descrifBed in defail in U S 5 Patent No.
4,104,294 and U.S. Patent ]gp‘? 4,061, 784 aggj ind'Silicalite, a New

Hydr ophobic Crystalline Silica Ml ecular Si evep,__ Fl ani gan, et al., Nature,
Vol ume 271, February, 19784 .page 512-516. The use of silicalite to renpbve a
specific n-paraffin from nBxtlires of she same w th-branched and cyclic
paraf fisns is dem onstrat e@’g"1 U S ®atery Noo 4,455, 444, Any non- pol ar,
non-aci di ¢ sieving materiafl, can probafily B coru5| dered a hydrophobic

ol ecul ar sieve. This incl Edeg zeol i t®s, & wefl as non-zeolite materials
(i.e., 10 carbon nolecul ar sjeve). However, there is a narrow range of

pore,opening (5-7 A) consi g ?d to beguseful fgr separating wax nol ecul es
&

from!®be o0ils. It isb t hat |,£. i s-®ossidple to convert hydrophilic
zeolite into the hydrop b| c form’by ghysidcal er chemical neans, such as
silination, steamtreat&gnt to remve - OH groups, dealunination to increase
silica/alumna ratio angin&utjalizing acid groups with base, etc. 15

This agsorption step of hE b esent process conprise contacting from1l to
50 weight units of cepv® tl-og |1y dev@dxed oil r weight unit of adsorbent,
preferably 1 to 20 wg g r4s of oily, pergwei ght unit of adsorbent. Si ngle
pass or multi-pass c8ntg&Ettigngjcan be gnpl @yed, &r multiple adsorption
zones, depending on TheRfinal target pour point desired. 20 Thi s
contaabing i s perfor rred t between about [err] to 250 C, preferably 50 Cto
[err] Tenperature may agie®@CWhax adsoRpti® inggwo different ways: a higher
tenperature is favorabl g]i fg 8dsorpti oRf |szate5|mted but too high a
tenperature can al so caB$e &cgdcki ng/ cdki ngy whicch is undesirable. A |ower
tenperature may benefit the adsor bentmcapaazl ty° The upper tenperature limt
is tyffcally set by the tenperature:of. the sol vent dewaxed oil feed
recovered fromthe oil/sol \mq recovery un|t of the conventional 25

dewaxi ng unit. a < < w
\./ 2 :?l : [~] -t
g‘-u § ) [} oot
3 S a3 - o
40 ::g - v < 'E
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Thorefore,- a process is described for the production ‘of formulated oils of superior performance

55 comprising the steps of conventionally dewaxing a waxy hydrocarbon oil to a conventional pour point of
between about -3°C to -10°C, deeply dewaxing said oil from the conventional step by trim dewaxing,
consisting of contacting said oil with a hydrophobic molecular sieve adsorbent to a pour point of between
about -12° C to -40°* C, and combining the déeply dewaxed oil with an effective amount of an additive pack
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Cont act| ng is al so perforrred at any conveni ent pressure sufficient to
mai ntain the systemin liquid phase, such as at atnospheric pressure to
about 250 psig, preferably 20 t epipsrggps®mifor from 15 to 120 m nutes.
Longer contact tine benefits adsorption of wax fromoil feed in a batch
m xi.ng operation; 1 to 2 hours is 30 sufficient, a higher tenperature can
redyce ®heodeuomtiermulaied pitproduguii red. \Wile diluent may be required for batch
oper at i onA hygrophobip grolepidar siewis ¢ clvstelling gdsashentiaving Hniform o dipmeder 2nd low ZffiniYS\/,
pr ef er alet Rplap matetial Silicalite ipgst onp &f thiprype pladsorimet @helpareidismeter is gbqut § Awpitstand Bugh a
fixed DRAP ¥iumeds 8118 sr{gmiagd pprticia,density; ip @bpup -4 @fcr) Silicalitp isqessriped, F‘pqefaéﬁl Y ﬁe
wax- Padeaerhie 1B§?ﬂ4 d USe %{?“é{“%cf WB%%@ &@Vﬂﬁ?eﬂ NeyY Hydraphebi ftica s
o s %@?éergéin"@qfqﬁng %ﬁ%& syBh 5g°?<i§£§f w;s ﬂ?'?% >
N2, ot h8r [ I

St materia
used 1o e ﬁﬁfh ol SRR sl THS 1iRe] ﬁe%n"ﬁ @sé}lu % o bl e Gehd g

preferr used
in t%e % oggrg Inh Qi b é;g,es %e?e:é nprﬁér&érg setog m n%ymﬁg be cri t | ca? ] ust '

enough bekRgndasiah MR ist fRsditis 1B\eBnvih Ry dr il 88diite lirtto thBﬁ&lﬁJb‘ﬁSl@é fof by tghyﬁi@aﬁ ber med
by enpl @¥iniesl meds V¥ BDsiffRtione Bbant Gedirthérit Ro FeiRve\eOH bloG®) biduks elhe 40
dewaxi n@.csﬂhmmmasc, SHabaiiRahgi 26id lghbuss Wi BRSRCSEt i on step can be sel ected from
ket omes, ahis Glasdriion &tepedtSthé pebsehit XiratbsS cdntplisec 6dntacting BN ar @l 50 deigaXinig of
sol vent cdneantiangflyadelinae toil permedight uditanf adsoenewt! preferabipll [te 20 twhbighn uhitseof pib per vebightret er
of adsowit®htds¢rbend. , silicalite) can be used as desorbent. For exanple,
propane, Sigihypbsser mylti-prestaontectiidEr)be iy edneramultipleradsaiting 2aapss derfendng dnvtes f or
renpyi nipaliergetpoirdein desiretly om si | i cal i t e adsorbent. Propane and MEK are 45
pr e & r ed Thig Fenisgting '%)Eeéfe@@dtaﬁ@t“ﬁfafbﬁt@sf§5l@W@f%@éﬁfﬁ@'y teWEE with
convent i oﬂamp%r%w ﬁé‘iﬂdw ﬁ ign inctwe Jifferept,ways; ¢ hig d éa“‘é%& '\%Ef@bl&r‘fa
bei ng u liog igyatRdint te"‘EﬁQH? also et ffacid F‘t

oI ent

d b at ram?af% d or telnBerTurT rgrt 'fyrF
Zn3°2d§§w3%ﬁv:g%° e R fsrtﬁm fonep L W "gr e

'l

pr ef & aff I"&r.ﬁ R a*;r sunmr ¢ SERGE Ailidhe STRLANE HePGAB. R liadifast
enough ras t9&§ 5 e aerne fr'? ‘r%g.gcer& 464450’ pggff& romCigl 16 Yot | ON
or st at i tions. O rcu ation O WaXI ng SO vent over the saturated

adsor be nt Lb@dr doftalt e DBifoHifE Tab SR ebtibRRds Waklfrork GIEB&HA & bhtaEhiRg oferaBen; 2 & ARMrshS| 0

ey Be sl#REnt @ highérNbraperatird) BantiadiRy itelcoftadt \ifaireduited. Wikiid! tifherst infdly beabquites fF Pt i ON

t enper abaidheoperARPLNIE IndktineEd3sdr} 15a AdWOdybtEm iBWIidh (L2 21LHEW prifficedblyl 05 B HAHBY,iON

step. Exsmgfidyed.iParzolatdE uf diidebditrough affikedardd bidsdriepeia o pidfeiad pragienids on t he

t enper at uneersBsttbtion. the gexiadenl adsotbert i1 saparated fors the fdbwaxeddil, thé Bdsorbent Bhveasheelte f r ee

adsor bemmovegre®eg anaiapded diland thh edsadrnt repdeamatatiewaxi ng sol vent . by

set t 1% ng/ dlecethardnertoges, $uch ias LrquprZeraceabler gab. g catsamnpurgst ean berused for eamoving pibm

whi ch i tseppedin dheradeprirent hod Sioam Ruegetis Bfenedhe wax-| aden. dewaxi ng solvent is

pr ef er abl yopeRiEwe apd pregspigysecdhia PP'@ é’ﬁé?eaﬁa@a aaa@fdrss%mthe @s°’°t'°Eﬁ°E> Anpgnteb3 B1
eqgBes %?agbf“%\'d‘:?b‘?eo‘é'ﬁ‘ia' just Q"H‘@H girg epp! 35’ '°'P o {he a sor tion cycl

For] oyt Fegermetonds PN RpIoft 8 oty g Zaagqrﬁ?g ot s

much “4s® 29 ?ﬂ 8“‘8P“‘P'ﬁ¥e°dd 98?”‘1?85‘6??6 B P9 00T s PBRR "

Resi dual™t 9839.0&? R Tf %resaar%an@g§ gmsmhan 48 l%ed.&ir Jaloaced
W aeumAs ! s e eE ofdlorbpsile

adsor bemeart o e A b o el U o Y
regengr glfy d':l %@&,ss QL FORER HEIFRoIS Moyl viR toMBntoRst 6iveHE déviing pro-

0i | /'sol y&sds ik ﬁﬂ&vﬁédénélﬁthEKrhrJ bifingdd bs HOWaKAG bokdAMAXI Ng process or sent to a
smal |, senawaimg ssivént i8Rkt & Bdhent t6 adsorbent weight ratio of 10 to 1, preferably 5t0 1

The dewaxing solvent and adsorbent are contacted at a temperature of about 26°C to 150°C,
preferably 50°C to 150° C,.the minimum temperature employed being at least enough to liquefy the wax.

50 Contacting can be under reflux, circulation or static conditions.

Circulation of dewaxing solvent over the saturated adsorbent bed is the preferred method. Pressure
ranging from 20-150 psig may be used to maintain the dewaxing solvent in Ilqgivid state at desorption
temperature. Regeneration time should match the time used in adsorption step. Exact time required for a
fixed-bed regeneration depends on the temperature used. In general, 1-2 hours is sufficient.

55 The wax-free adsorbent is separated from the wax-laden dewaxing solvent by settling/decantation,
filtration, centrifugation, etc.

In a flow system, which is preferred in this invention, the wax-laden dewaxing solvent is preferably
pumped out from-ttie regenerated adsorbent. | ; .
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renmove t he small amount of residual sol vent. The regeneration dewaxing
sol vent (desorbent) can be separated fromthe wax by sinple distillation or
ot her separation techniques, suc@mzmasﬂarmne permeati on or even
refrigeration to precipitate the wax from 10 the solvent, followed by
filtration. The adsorption step of the present invention is integrated into
a sQlvent deovegenetptadradeorest is then dried piins fp thengyt agearplion Sysfevent handl i ng and
regener at i ¢et} ?’b%é@e@“’&%ﬂ’ & §lop IPE'H? iscBHggesPG '@d VPﬁs BHehcas Patstplecch e grount
readi |y @fs{egorbent frapgedhinthe @'SQ’PPé’t Ealdgfﬂ" IE% %@‘EPR"F?sPé BPhtPhg
the adsoP% 'm'aoewmwwa.feed 6‘8@!&3&'}? %&@e'éﬂq Py e adgprkem Y'md’@um ng
processelr® tog ds fhaatcantainingsom 9" ‘g jﬁ‘. rom
waxy  hy dpLRAFS f ésiffw ,& i‘Z. j;, ) Ee s et ‘?)FP'B? o STBEE PR R g
then separ Wh\% &fﬁ?’ Jrlg’én %arI Ee%}wirfkg le ans llation or .
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dewaxir6 g cgssesC Basss Tanbe reiionedairaningky Giydrodatboiolisetsy anflling tr@ ciiad petipitatnalit thia evax
chill ed tm thenceppitingithe sbildovanparticdes filomrtie qeavated ©ll by liquit/solidysepagdtion proeaderbs/such
form ng as #iralion. \Ceotdfugations isettijng elci iddustial dewadngmrassssemidclizdes olesr dewaxingf prebessasx ed
oi | cont #hewimtie dexeoniainipa Sbh|in/ e absertiqeof slvanty iy chilied fieegfystalize outthe wee paticies whick e .
f | kter, eetthe prgesed opicon a fierr i gpnemle ogwlioht vdrecarhee @il iraglions: pra treatad ¥ Prese |
dé’9va5!? ing, 6‘?‘9\/’811’!30059() F"V'@H?“sd'@%}\ﬂ:@ ? SRlverisdowaxing propessgs onroim 8 xaxyeqil i) |

f ract i on§""§ ¥t 3§°’Y°ﬂb?"f’é'%?f‘|°ﬁ ddP Ip'°2' %\8’?’? ;RFFQ"'?fr‘?' P/Pta'§ E?R% f°"‘7'ﬁ)? cal
dewaxi ng 3¢ W%“QWqﬁ af" axe ‘B“i‘fﬁtf
refriger 5PV % Visls ﬁ?;ﬁ? ﬂt:?‘? 5"? Q""t %de 'naé‘;
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hydr ocar Be# s ShHzbnet Biubie bicdlyléRiis MRA afakiuro 8f IRRMESHR arfticRidhocdonT buich UG €S
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dewaxishg asstdhep@pylndct i ced utilizing either indirect chilling means wherein
sol vent i s Soivée dewdxing ciriss prEcliyedQitikzing Behel Mdiect dhdlingimebnsr vihediii solv&l istiyixed with

i ndi r ect lthg veey binardrienStheTmixiure ahille By indireeiyadogiating 3ame incnidlal dxclesigdfas bleenplifiad bl e
wal | ed sby #eatutdaivdliad scraged lsirtace crdler, o disct chitling meansgvhaneia esid \sblentis added ltaithe

sol vent wsxyznilcthatetiydo prieeipitateroyt tog Wax. t her eby to precipitate out the wax. 35
Preferssed direfered dirpgt|chifling) meensresploming. o9l ﬁqvqrzbmctsd)a'mm nynjer ol ages fereiy. a
nunber ofughes gloniostages e highhyraittied todfsumpislative gstanipasous mixingi | ﬁl'-?“'ét feneson. t o
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nDIecuIes mhlch coul d be cracked by exposure of the catalyst at the nore
severe conditjon of tenperature, pressure or exposure tine needed to

achi eve the | ow pour points. Bygplyepmreaggice of the present invention waxy
oi | s are dewaxed by conventional solvent or catalytic neans down to the
practical commercial limt of those procedures, i.e. down to a pour point
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finished luhe oils, autonmatic transmission fluids, refrigerator oils,
turbi'ne oils, electrical insulating oils; etc. are added via line 22 in
conventional quantities and a firepoers egg@uct is recovered via |line 23.
35 Exanple 1 - Adsorption of Wax The effectiveness of Union Carbide
silicalite, a hydrophobic molecular sieve (about 6 A in mcropore dianter)

in {enoving residual wax from sol vent dewaxed raffinate oil is shown in
Figure 2. Batch slurry 40 testi NG é@ﬁgliz (on a once-through basis) showed
that the reduction in oil pour poi ased with increasing wei.ght ratio

of silicalite to gﬁ;cf@n@
reducell the pour Por MHTN [err] For

conparison, the, sane Ol ' Uni on Car bi de

nol ecul ar sieve 5A under the sarre cpé@utlbns Pour point reduction was not
observed with 1/5 to 1/3.3 weight ratro or adsorbent to oil in nolecular

si eve pA t IRt {EEN; bide 4S nol ecul ar_sieve 5A is a hydrophilic

mater|1al ofsqﬁinlt ce'ﬁiacf' rfE%{I onlg YA and possJe/s%‘? ng %/H/pl cW2formula [err]
Transf or re¥igld hadk 4% neet a very |low-pour pIgng spejgicagjofn (-39 C

maxi mum . B e, Yo it is nade frolrzibgon Waxy nap heni c%éjr stillate,
t hus, a dewa tep is not required wever’ there re big’incentives to
éﬁ??ﬁ&ge%n din B

produoe tr paraffinic distillate. It has been proven
that the pro®@gtion 50 of very |ow pow baseoil soj£ly bylédeep sol vent
dewaxing is not only difficult to acconplish in conmmercial Units, but also
resul ts i n—peet—y+ele—e—have found that silicate is quite effectrve for

| ogeri ng p8®°Choi2ntowi sa Badrcth &lue solMmianinglewaxed paraffinic transforner
0i | "h&#%e (-18 C pour). Results shown in Table Il indi cate that the effect

of silicalitg t etk r ion i ronounced for
t ransf or rrer( gr | v Wﬁ' @ﬁ} &ggﬁe?o\%gg qt{e %ﬁax%ﬂ%é}_ g‘gaBi TARE ||

S| LI CALI TE TREATI NG PARAFFI NI C TRANSFORMER O L BASE FOR POUR PA NT
REDUCTL ON EgedtactliohOcondiltiion's:t eifB + ¥teal2li0 ggyg, He0 4%;

hlrcalrteto oi |

o

1/ 20 1/ 10 1/2 Yield, W.% Tem o < 99.4
98.6 94.5 Pour Point, [err] 53/55“.“"“' C (Top/Bottem) =, 30
36 Reduction in Pour Poi nt, 15 - 12 18 [err] 2 Hours
Bat ch Sl ur Dywmxinggcmd@t)onulw @dlrmhe;doamd kenoggﬂevmg(@;zlum tern
Canadisgan VGO. 25 Extraction CorS@r/tSquns-Zl”NVll'xl'Beea = 80% [err] 4%

Tenperature, [err] (Top/Botton) = 55/45 Dewaxing Conditions: Solvent/QOl =
2.5/1; MEK/ M BK, :

Example 2 - Regenerability of Silicalite

35
The wax saturated silicalite, after washing with isooctane fo remove the trapped oil, was batch mixed at
80° C under reflik with methiji-ethyl-ketone (MEK/silicalite weight ratio = 5/1). The slurry was then filtered
and the filtered silicalite was dried at 100° C with air purge. The performance of the dried sificalite for wax
removal was evaluated with separate, fresh samples of the same oil and under the same conditions as that
40 used in the first adsorption run. The results shown in Table Il indicate that after 5 cycles (4 regenerations)
performance of MEK regenerated silicalite for romoving residual wax from a 150N dewaxed oil (pour point
= 6°C) is essentially the same. It is interesting to note that the selectivity of silicalite for wax removal is
very high since almost all adsorbed species are wax molecules.

50
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30 | . 50/50, [err] filter. Exanple 2 -
Regenerability of ‘Silicalite 35 The wax saturated silicalite, after washing
with isooctane to renove the trgpmexra®o B1was batch mixed at [err] under
reflux with nethyl-ethyl-ketone (MEK/silicalite weight ratio = 5/1). The
slurry was then filtered and the filtered silicalite was dried at [err]

wit air purge. The performance of the dried silicalite for wax renoval was
evaluated with separate, fresh sanples of the sane oil and under the sane
conditions as thatjused in the first adsorptiongun. Theiresults shown in
Table 11l indicatg that after & gycles (4 regendtati @ns)S performance of MEK
regeflerated siligg ite for Fefviing residual wag from 8 £50N dewaxed oi |
(pour point = 6 C)| is essengiall® wegsspms? It s int-aec&ti%g to note that
the selectivity of silicalite for wax renoval i very Rifghgince al nost all
adsor bed species are wax nol ecul es. 45 50 EPQ278683BR [ r] 55 Exanple 3
- Copparison of Residual Wax Renpved by Sol vent ™ewagitg agl Silicalite

Tri m Dewaxi ngaf'he {above-nenti ghed 1 50N dewaxedoi | pa@® ¥solgvent (MEK/ M BK)
dewaxed and shjicglite tringd&waxed, respectivepy, tg;jerrr]m pour. Sanpl es
of residual Bt ai ned frgm<sol vent dgep, dewax ng &ne ot h& 8 EP 0 278
693 Bl desori®@d from silicadi +e were anal yzed by caphl-ﬁﬁrym C. The results
shows in Tabl@| |V ¥ndicate that |n-‘¢orfparison WS h-cBM¥entidpnal sol vent
deep dewaxi ngaprocesses, silicalite preferentiaBy rBrbves ™N-parrafins in
trin1demaxinqa re specifically, silicalite tfPeatig referentially
renoves shortgchaiin n-parrafi @ g£Table 5). TABLE IV ARMSON OF RESI DUAL
WAX REMOVED VENT DEWS®( §GANR SI LI CALI TE ¥R M I IﬁG Vi ght %

Sol Vént (ME /B BK|'  Siligalyt® [ peraffdns . 38.9
61. 0 2-nmet hyl 9.2 6.6 3-net hyl
10. 7 24. 7

O0g4 25
26,3035

GE

3.7 4+-net hyl
St 5.4
- 11.1

The fil

w
e&axed {t

1.4603
29.02

98.6
4.95

-y
- T | ¥

Feed*
150N
solvent
dewaxed
stock
1.4600
28,12
4.89

35

80°C under reflux with MEK f
dried at 100°C prior to being

§ilicalite/oil weight ratio =
weight ratio = 5/1).

six hours.

40

REMOVAL OF RESIDUAL WAX WITH MEKCRE

The‘feed was phenol extracted and ketone 4
subjected to trim dewaxing with silicalite
Each run was performed on a fresh feed sam

50

Regeneration Conditionsz-

Viscosity @ 100°9C, cSt
Wescan Cloud Point, °C
Adsorption Conditions:

Vi

Cycle No,

$ 0il Recovered

RI at 759C

Viscosity @ 40°C, csSt
Pour Point, °C

*
*

65 Example 3 - Comparison of Residual Wax Removed by Solvent Dewaxing and Silicalite Trim Dewaxing

The above-mentioned 150N dewaxed oil was solvent (MEK/MIBK) dewaxed and silicalite trim dewaxed,
respectively, to -15°C pour. Samples of residual wax obtained from solvent deep dewaxing and that

.o

8



,40.45 50 55 9 ° EP0278 893B1 TABLE V DI STRI BUTI ON OF N- PARAFFI NS | N WAX
REMOVED BY SOLVENT DEWAXI NG AND SI LI CALITE 5 TRI M DEWAXI NG Wi ght % Sol vent

10 . ( MEro'd7B!6b3 B1 Silicalite Cl4
0.124 C15% __ . 0.311 C16
o 101 0.773 C17 0. 263

4 [ edesdrbed from silicalite whredp@lyzed bR Zcagiieuyp/@B.C. The BEuts showipin 5@g%| dndic xte that in
comparison with conventional solvent depp J€Y@GXiEP pyocesses, silicalite prefggentaily removes -parrafins
20 984 2Jp trim dewaxing. More g@gﬂcaﬂy, silicalite treating prpfayentially removes short-chain n-parrafins (E%ble402

C22 5). 22.922 17. 447 [err] 14. 543
9. 666 5C24 7.251 75. 676% 4. 383 57. 495%
C25 3.575 TABLE 1v 1.723 C26 1.749
0.619 [err] 1.098 - 0. 255 35 Exanple 4 -

Basestock Qual ity For gOMEARISON ORrRESIDUNE WAX TREMOVED tBYperature

propert| es and pergoLVENT DEWAX NG MND | S DEICAGITE OT REM DEWYXIWE procedur e

of th& present invention, (conventional solvent dewaxing to [err] C

foll owed by adsorptive tri mdewaxing to. [err] using silicalite) were

conpared to the properties and perfor r rareight 150N oil dewaxed to [err]

sol ey by conventional sol vent devﬁ&l bg‘;qcedure practiced under severe

condi 4 ons (deep dewaxi ng).. The el YiesSh¥tcabibRre in Fi gure 3. In

t he conventional sol vent demaX|ng process practiced under severe conditions

(deep dewaxi sol vent ra was 1:2.5, vent conposition was

50/50 MVEK/ M Eﬁ)pan%eﬁﬂr%ser terrperat%éfggwas 3to [%?r | ower than the [err]
Qc/t pour poimethythe two oil sanp?ed were form#ePed into a 15W0 product

orbi nat i (ylnygg Bn additive paggape contai ni ng 2 det ergent/ nhi bitor

corrponent a | ow ethylene olefin cppolymer (OCP),V |rrpr over and a
di al kyl fumar &tsng acetate pourg‘gb p0| nt depr%‘%s%
Cyclo Cg St
25 Cyclo Cg Br 11.1 3.6
30
35
L
40

45

50

&6



.The conventional dewaxed oil, and the oil dewaxed by the conbination of
convénti onal dewaxi ng/ adsorptive trimdewaxing were formulated to a

ki nematic viscosity target of 1Ep@ 278eeaB1100° C by varying the VI inprover
treat (but close to approximtely 13.5 LV%, at a constant
detergent/inhibitor treat rate of 13.5 LV% Slow cool ninirotary visconetry

at Jerr] were then obtained in twl ated oil 55 sanples. The

conventionally treated oil plus or mul at ion exhibited a test

vi scosity at %Qﬁﬁfmﬁ%hp(ﬁfeh- A gvrp t he procedure of

t he present i nvemtTgHTERR s L : foll
by sPli coll it i .,lﬁ%ﬂ%ﬁ%ﬂﬂiﬁﬂ ol ugraﬁﬁéﬂi Lo o cad
a test viscosity at 10 EPO o- C of 183 poise. The feedstock

oil dewaxed to -6 C, prior to elther xing using solvent or trim
dewaxi ng using silicalite8%; :-— mr’d H-ated-wi t h t he adpack
exhi ited a viscosity at ) 1160 poi se. w Cool MRV procedure
i's p?act iced as follows, &.L set up conei-lhecaiﬁh refrigerated 5
met hanol bath, a standard I\/RV bI ock (with cells andthernocouple) a
Mcricon m croﬁﬂ.dcessor/cont rolyer and a sol en@i2z8t¢ control flowto the
MRV. The m cr('\)/s%gcessor controls the sol enoin%, rétcyuu bt ing coolant flowto
mai ntsai n t he bl.ock at. the ogranmed te rg¢ profile (nonitored via
t he thernocoupfap. I n pr&eididde [ he net hanol iba'ﬂcae" s kept at a tenperature
10 to 15 C bel gyqt-he fi n@l.zlglgv est terrperatLiL >exarrp| e of the

eheat

progranned coolrng cyle clu sanple pr (s presented in Table A
TABLE A TENPERATURE PROAPPE Pgr‘ 1b 42.5@58psed
%bl e TinmeCyog 6.433 errperature QI‘ iogdig pn (Hrs:Mn.)
[err] (+ -4e )] tb 0:20
+80 C20  15%071 sanpl e%"gﬁgg 20 2:20 |
+80 ' 1.0 2: Q ' 'G _ 1.0
® 0.2 3t 5.0 132462 0.2 25 5
26.0 Ca2 0. 823922 ’ 17.4477 {0 0.2 9
?000 C23 0.31%2543 . _ 9.666°- ‘ 10 0.2 15
0 2 a1 caa 72230, F 75:876%  4.383 » %57.495%
-13.0 C2s 032523 1.72314]0 . 0.2
30 cze 10749 d.819
C27 1.098 © 0.255

35 / S

\—  Example 4 - Basestock Quality Formulated Oil Performance

The low temperature properties and performances of 150N oil dewaxed to -12° C by the procedure of
the present invention, (conventional solvemt dewaxing to -6°C followed by adsorptive trim dewaxing to
-12°C using silicalite) were compared to the properties and performance of 150N oil dewaxed to -12°C
soley by conventional solvent dewaxing procedure practiced under severe conditions (deep dewaxing). The

45 properties are compare in Figure 3. In the conventional solvent dewaxing process practiced under severe
conditions (deep dewaxing) the oil-solvent ratio was 1:2.5, solvent composition was 50/50 MEK/MIBK and
filter temperature was 3 to 6°C lower than the -12°C target pour point. The two oil samples were
formulated into a 15W40 product by combination with an additive package containing a detergent/inhibitor
component, a low ethylene olefin copolymer (OCP) VI improver and a dialkylfumarate-vinyl acetate pour

50 point depressant. :

The conventional dewaxed oil, and the oil dewaxed by the combination of conventional
dewaxing/adsorptive trim dewaxing were formulated to a kinematic viscosity target of 15.6 ¢St at 100° C by
varying the VI improver treat (but close to approximately 13.5 LV%), at a constant detergentinhibitor treat
rate of 13.5 LV%. Slow cool minirotary viscometry at -20°C were then obtained in the formulated oil

65 samples.

The conventionally treated oil plus adpack formulation exhibited a test viscosity at -20° C of 400 poise,
while the oil treated by the procedure of the present invention (conventional dewaxing to -6°C pour point
followed by silicalite trim dewaxing down to -12° G pour point) plus adpack exhibited a test viscosity at

10



35 "33 ' 7 -16.0 0.2 36

-17.0 . ' 0.2 39 -18.0 0.2
42 -19.0 EP0278603B1 0. 2 45 -20.0
0.2 ) Hold for 15Ws 40 45: 24 -21.0

0.2 45:48 -22.0 ' 0.2 46:12 '

-23.0 -20° C of 183 poise. The fe@isPcli@!: d@Raxed to -6 ° C, prior to either-dedp dpwaxing using solvent or trim (. 2
47: 0 dewaxing using silicalitep gdsgrbents, when formulated with’ t[lp adpack exhibited a viggesity at 287 C of QW s

45 1160 pajse. -26.0 0.2 47:48
-27.0 The Slow Cool MRV gprogedyre ig practiced as follows. The SCW gptup consists of a refrigerated ) 2
48 36 5 methanol bath, a standazré N@V block (with cells and therm oup! le ICOI’I mrcroprocessor/contro"e

and a s°'°"?—6 ‘L F’°‘” ‘8 p@%esfﬂ’ 'F’H" dA‘PE"gc‘i?ﬂ‘ “B"éd t 0

QY O O]

(r:nolrolzeltTLPI %'TICS}E § X llgg a@%&g‘ng qéug '%?o R& e mal %araure
respegy |ve o TT f g@%“ﬁﬁ |% 3 s os?%ﬂ |E Ebntrstokes
(cst) |s converted to [err] by nultlply|ng by 1 x 10-6. Gauge pressure in
pounds per square inch (psiq) is caaBuB el to kPa equi val ent by mul tiplying
by 6.895. "RI" des{HEMABRATUNE amo m Si:.ow codr MMrvlesi gnates "cnB”.

"@designates "at". "add-pack" "adpack" esignate "additive
package" @ﬂépﬁﬁdlo 1. A proceSS forrﬁkﬁﬂxnbtp61fornulated dewaxed | ube
oil or spe&'i‘&‘lelt oi| prIGHMRIE %] n Varisdian/drocarbon oil stock is
dewaxed i n{8EEEMRdenaxi ng Bt ocedure ety sol veGRmmRAESi ng or
catal ytic dewaxing to produce a dewaxed oil having a pour poirnt Tn the
range of fr8m28bout -3 C th@T err] deeply lddnaxi ng tSemplencbemxhexdt in a
sec nd°dema¥rﬁ§ procedure #8) yi el d an oi L« ock having a pour 15 poi nt
.of fronr[er o [err] wher& n the second«®ewaxi ng procedure conprises
contacting s dewaxed oi l TQ(Nnthe firstO«Pewaxi ng step with a hydrophobic
mol ecul ar sgévd adsor bent, coﬁblnlng‘kﬁk dewaxed oil fromthe second
dewaxi ng pr@cedure with an— tive pack %runnnising a

deterﬁ%nt/r hi'bi t or conponél 'o a viscositya ndex inprover and a pour point
depressant.q0 2. The proce%§oof claiml0 erein the hydrophobic nol ecul ar
sieve is a gpystalline, nongdg ar, non-ag'dc

15 _ -10.0 - 0.2
50 18 -11.0 0.2

21 -12.0 0.2

24 -13.0 0.2

27 -14.0 0.2

30 "1500 0.2 N
35 33 - =16.0 - 0.2

36 -17.0 0.2

39 -18.0 02

U 42 -19.0 0.2

45 -20.0 0.2 Hold for 15W's
40 45:24 °21-0 0.2

45:48 ~-22.0 0.2

46:12 ~-23.0 0.2

46:36 -24.0 0.2

47:00 ~25.0 0.2 Hold for 10W's
45 47:24 "26.0 . 0.2

48012 -2800 002

 48:36 -29.0 0.2 -

49:00 -30.0 - 0.2 Hold for S5W's

60 '
NOTES

55
Dimensions in A are converted to m by multiplying by 1 x.10~1°,
Dynamic viscosity in poise or centipoise is converted to Pa.s by multiplying either by 1 x 10~ or 1 x
1073 respectively.
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material having a pore diameter of fromabout 5 to 7 A (fromabout 5 x
[err]* to 7 x [err]® 3. The process of claiml or claim2 wherein the

hydr ophobi ¢ ol ecul ar_ si eve is sPlo 2@lgob®1 25 4. The process of any one of
clains 1 to 3 wherein the contacting of the dewaxed oil fromthe first
dewaxi ng step wi th the hydrophobic nol ecul ar sieve adsorbent is perforned
at a 't enp&ingmalic @is¢osityt i eentisigkge(C8Y isfeoryentddde méeTh b noktiplyifigyr 1 x 100°.250 * C. 5.
The Pr oce&8ugsfrrespye dmeounds pear siypee inchy (psid) is eafyeitesii 1o kPa leguivalentt yemuliniving T
regener%@qf’n t he adsorbent after 30 contacting with the oil by

separ at i ngRit AIGARELPKACHN® MdPHm the oi |, stripping the adsorbent of any

t r apfed 0|,,‘f° d%ﬁﬂ’}atPsengheratl ng the adsor bent by washi ng the adsorbent with a

dewaxi ng g at ur e, fro apout [err] to [err] C. 6 The
process of® dl(?]"%ﬁn"% aflpees ginﬁ”{sﬂ%pa{? \i&?’i"?\@a CE¥Pvent used to regenerate the

adsorbe@,Li ss sel ected 35 from ketones, al cohols, ethers and m xtures
therc,aoof Ich solvents have kinetic nol ecul ar dianeters snmaller than the
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40 1. Un procédé permettant de produire une huile lubrifiante ou un produit d'huile spéciale, déparaffinés et
formulés, dans lequel on déparaffine une matiére premigre & base d'huile d'hydrocarbure paraffineuse
en mettant en oeuvre en une premiére étape une procédure de déparaffinage, consistant en un
procédé de déparaffinage par solvant ou en un procédé de déparaffinage catalytique, qui vise & obtenir
une huile déparaffinée dont le point d'écoulement soit de -3°C & -10°C environ, le dit procédé

45 permettant d"achever le déparaffinage complet de I'huile déja déparaffinée en une seconde étape, une
procédure de déparaffinage permettant d'obtenir une huile dont le point d"écoulement soit de -12°C &
-40° C, I'huile déparaffinée, obtenus lors de la premidre étape de déparaffinage, étant amenée lors de
cette seconde étape de déparaffinage au contact d'un adsorbant tamis moléculaire hydrophobe, le dit
procédé combinant I'huile déparaffinée obtenue & partir de la seconde étape de déparaffinage, & un

50 cocktail d"additifs composé d'un additif détergent/inhibiteur, d'un additif améliorant 'indice de viscosité
et d'un additif abaissant le point d'écoulement.

2. Le procédé selon la revendication 1 caractérisé en ce que lo tamis moléculaire hydrophobe est
constitué d'un matériau non-acide, apolaire et cristallin dont les pores ont un diamétre d'environ 53 7
56 A (de 5 x 10—10 47 x 107 m).

3. Le procédé selon la revendication 1 ou 2 caracténsé on ce que le tamls moléculalre hydrophobe est
constitué de silcalite.
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8 93 Bl -40 C, I'huile déparaffinée, obtenue lors de la premiére étape de déparaffinage, étant amenée lors de
' cetle seconde étape de déparaffinage au contact d'un adsorbant tamis moléculaire hydrophobe, le dit
procédé combinant I'huile déparaffinée obtenue & partir de la seconde étape de déparaffinage, & un
50 cocktail d'additifs composé d'un additif détergent/inhibiteur, d'un additif améliorant I'indice de viscosité
et d'un additif abaissant le point d'écoulement. ’
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2. Le procédé selon la revendication 1 caractérisé en ce que le tamis moléculaire hydrophobe est
constitué d'un matériau non-acide, apolaire et cristallin dont les pores ont un diamétre d'environ 5 & 7
55 A (de5x 107" 3 7 x 10~'° m).

3. Le procédé selon la revendication 1 ou 2 caractérisé on ce que le tamis moléculaire hydrophobe est
constitué de silcalite.
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