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Pat ent Application Field of the Invention The invention relates to the held
of re-refining used oil s prddas£iobDEERIdrineiHgland DEARuIAQERNt i On rel ates to

dechl orinating and reducing the fouling tendency of oils to a | evel

consi stent wth packed colum distilation. Background A nunber of processes
have been proposed to re-refinepagg %’é pifcatf¥ly successful used oil
rerefining process must satisfaCrorl addre t he profound tendency of
used oi lFI%@JfQHJ inbbfant emper ature heat exchanger surfaces and distillation
col ums. al |y successful processes heretofore have dealt with
this fouling issue by elimnating high tenperature shell and tube heat
exchangers and conventi onal vacuum colums al together In processing

undi st i | fiednintsh Riatesdd thelfieMat RotefiiiRedbildl Mordisanshii i hverdfifreRE®C) , and
instead enploy w ped or thin filmevaporators in their place, not

Wi t hst anglcRrifdlifg WRd tedlickiyihe fetidgendeneofie tol 18ve! REsistdnt Whh Sacked tol@hin
distlllation apparatus. These shortcom ngs include their mechanical

conpl exi digtilationabi ity to take side draws, and Inability to distill with
nore than one theoretical plate in a single step. US patent 4,941, 967
represents an exenplary process. Qther prior art processes have sought to
deal with the fouling Issue by enploying sane pretreatnent nodality which
seeks toBaskdraugwd f act ors presuned to be the key source of fouling in used
oil prior to high tenperature vacuumdistillation in a substantially
conventional vacuum columm or its exposure to high tenperature shell and

t ube heat exchangers. US patents 5, 286,3803 4,381 992, and 5, 308,419

r epr esenf NETBARATArGCopsesdiave been FrAROsEY) i erreling used oilsy Ay guqgessfis giged @ilier i ence
of these processes indjcates that these effor ave not heretof ore been
fully su@ggg%fp{ﬂc.es%%ﬁ' a‘?tfﬁéﬁ?fﬂytwgmﬁﬁm ﬁ'@h“'g‘i}‘é‘gﬁw Heusegr W E’o{?ﬁil RIgh and
mul ti-faceted, th previ ous thourQI rt

| h icul arl i.d f
Used of | ETiaEHY den HEgRS HeR A suyBBh o 'osl RS el fuMHAF ©

successf e f i |

consi st eé?? L%sémﬂ%gtﬁﬁé{)@eto?glhhﬁgm{s?@@ﬁ@ ﬁ%useggcf u%ﬁﬁ‘?‘ gg&él@' feglp?rg%?él’ﬁleg a?)%c ked
distill %B?He%g%#ﬂm b BnPEdrtoRb veBasth cBlich®Y aiBGdindr Gt froddsBing OndMiRRRRaFS have
consi der abl e di |c%ﬁty In processing used oils, such as used netal worki ng
oi I's, Whpich ctvitedicBierafires BEyhil BEouE SEOFL(260COY, aft] A& ELIGply WiPtddritkia Fifel
paraffins. These difficulties stemfromthe corrosion generally resulting

t her ef r ogapblatrd N QEENIAEcephdt wltystariding ltremediicdovern perfoirnianck @@rtcomings bf thiowarst r eam
processi ng units such as hydrofinishers, and the unacceptability of

el evat edofaiitittation eppazates. These shogcomings dyshide thels nfechanidabebmpéexity firiahiitl tptakeluct s,
such as distilled fuels or rerefined base oils. Summary of the Invention An
obj ect otide g@wsandringbdity te slistihwithereredhasys gne dheerriigal Riele B @stings yteie (SRakept t he
fouling tendency of used oil to a | evel consistent with subsequent

di sti | | at-Pbhe§7TeRrepais @ QMBEM A SN col umm under noderat e vacuum and
steamdrive. A further object of the inventionis to efficiently and
concurrently renove the great majority of chlorine fromused oils

cont al ni ﬁ?}eg%ﬁéiag%ﬁtga[s ' ﬁwei ghtt Qeﬁgap*itﬁ "tﬂé‘@&duﬂ& Iéslagi t{y Xﬁblgﬁnga%rﬁe fuel

and faci tl eam pr océessi ng.
pretreatment modality which seeks to address factors presumed to be the key source of fouling in
used oil prior to high temperature vacuum distillation in a substantially conventional vacuum

column or Iits exposure to high temperature shell and tube heat exchangers. US patents

5,286,380, 4,381,992, and 5,306,419 represent exemplary processes. The commercial
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In accordance with a first enbodi nent of the invention, there IZEer)CI-ijDZ
et hod for reducing the propensity of used oil to foul, conprising the
steps of heating a quantity of used oil to a tenperature in the range of
204C to 372C, maintaining said oil within said tenperature range for an
average residence tine sufficient to destabilize any fouling conponents in
sai d oi | ; expeiiefice etthege pmeeasssiingjcaias thabthesaseffpds havssnotdwreiaford beerdfulpas
duri ng saistceassfuliepesordinglg, the fpHisg issye snaydbeyaore eqropigh agdimultbfacetedithan

accor danc@reviauslyatheegidnparticiiartyi wieen aofide rangencfeused @ils musébe drecessed.i ded, a
met hod f oithe el orgior lag prddess inae soesesefutly cfduced thei foalingdtenténcycdmsed silmg t he
st eps of Heat ilevgl xogsistani mjthofelighie draible tfreeasubsepeentt distlation tinea racked of
204C t o 3ttiatieniootumdmi ng said oil within said tenperature range for an
average residence time sufficient to reduce the chlorine content of said
oil; and directly contacting said oil with steamduring the said residence
time. |n dn bdditidre mastrpiati arenetrefinihg piocessesihane abssidgrableidifécultyrin prdcegsing essed
by the fiused eriiboducteas wfedt metdlwarkingi oils, whichamod thigh éntebltirinendye tddhe

i nvent i on ppesencel ef chlodidted ipacffang. ol Hesprdifficdias stgmt inem rtbe ltodosidn igeeeratycond
enbodi nentesuRingc treseffoes cthepincompatibilit ob devatéd 26BAnd\ lbesds avitndownsteaim of

t he i nventpranessisg amitersath cal hydrafinishets; anddthe runtabee atnlityd refe vage d ehiptine

capt i oned lévelsgimr most' prdspectivbfinishied refrefinear ptogueind sschrpb i distillgd foels taui re-
punps, heaefered bapepilsig details, etc. which would be enployed in the process
and whose | ocation and node of operation would be within the scope of those
school ed iSumnhery &f thellaventibbeen omitted, as have t he subsequent downstream
processi ng steps which would be or could be practiced on the effl uent
streans. Usetbjaxt bf ihetirventiomisttb eeduek teffiwiencp phd costldffectivety the éddingléndepasses

t hrough defwstéroint andvelecdnsistanhgvithnsubs&quérit Difatlon’ jn aThackedndistillation

pr ef er abl ywoluemweter triveletate kaculunt drel stedredrivé.i ght fuel bol ti ng bel ow about
300F (148.9C) and at |east a portion of certain comrercial cleaning
solvents and antifreeze glycols which often contam nate used oil. These
bypr oduct A fuyriiec adbject lhviee tilentiawes to efficientiziand saicugesthd removet the gese of

t he wat er mdjordy lof ghlesibe diospossd oitsosdrtainiag chirieated giazaféibs, therebp ethhangindgrout
condensat ithair véhenasea el avd Ehcllitating dewnstogeany prbicadsingd.at i on neans) as in the
preferred node di scussed below) in the facility's furnace, where they can
meet the bulk of the plant's fuel requirenent. Alternatively or in

addi ti on, Imapcortamoe witty abiestcinntengdireehttad tiee garentiam; lhere ig) providedi angethsitfem t o
produce elreducirigcthp eweprenaite dieaseldyoiltth doyd| @mbprisinigt the atepsaihektisg agaabtiploé f or
sal e. D\WDhaséd bib tqps efnapendntlise i tise replge of ROPrE @t3T23QhaaiIntairng said wilwithinesdid uni t
or two st agapdérhfaisd rdrajentos Enesvetadeotdstevied time waftitiemt) toudestgbilidet dnyf tatindheat ed
al | or i ncpmpbnents iic Gaidesit; i apwadirectiglicostattinye sdid exlchkilkgthué wated withrizagas
convent i onating bait Iresichce tire bhasssioy chrlgpstieuyh saitifviloi | cooling later in
the process (such as after vacuumdistillation}. However, as the oil

remai ns highly subiect to fouling, the skin tenperature of such exchanges

i s prefer abbgcardanteavitiea sbedtraverabadimedtOfRh¢ A04nidD), there is podvidedhemethod

t enper at ufer sedueing die chierine icontent of theginatedooif, camprisingathe eategst plvbéatingoaubl e
banked andjuentity ppeald wil td adenpeatiald the assgd afl20d°C lto 320PQ; ogintaintaysatd) oil

syst ens t avithirabdi¢ températurerangd fontanopesrade ossidediced tins saiffidieny toe redduae dleg
fouling. [ehlorin@gonfentst bait@dty anddipestie dcontactiog kaidgilpwitin steasre duringd thet said

t enper at uresidertvetimeabout 300F ( 148.9) may be further mitigated by

mai ntaining a high rate of turbulent flow through the exchangers though
appropriate design practices well known to those schooled In the art,

| ncl udi ng Iagy figter eenbpdimenito il snventidmalsusprdvides i 8t rbcddsed exctrengets. I n
3 embodiment of the invention.

In another embodiment, the invention provides a chiorinated oil produced by the method
of the second embodiment.

Process Description




250 CT 2002 the preferred node, overheads from DADF-1 are 2d5r Q&IdZQGZ
~ plant furnace 20 ("PF-1"), where they are burned w thout condensation to
neet the bulk of the facility's fuel requirenent, with supplenental fuel
pr ovi dedAthasiPrenbotiotent batne isvention| s sahamatically illuettated edthe Asscerhmanied euiibing and
dechlorination reactor unit 30 ("i~X-1") which follows will incidentally
renove wedptionedriiglire ght Fdruihe sake ofrplarityeandisimplidityj cortainiptinps, hBstBNS; dipiogddtaiispy
optionally be omtted. Following DADF-1 if enployed, or otherwi se directly
f r om useetcovhichstauidtipesmptidyed ti the process apsbhose kocatiop any mbde 6f'dperbiidn) wauld be
ot herwi se passes into RX-1 via a pipe or other conduit. As w thin DWF-1,
this conwiin theagcope cif tbtiksecishealest inothallart havertkeer dmited, @rchesades wilisaquent
cooling later in the process) however as the oil renmains highly subject to
f oul i ng, devinstredm proceasiva stepsiwvaicvould keor e bsprectised on theieffiuen sidamsabl v
mai nt ai ned bel ow about 400F (204.4C), or such other tenperature at which
. 0il would begin to foul, and punparounds should be enpl oyed beyond about
300F (148.9C). Commercially avail able chem cal anti-foulants such as Nal co
| Exxon Bsed-ahenterion theled ap optierally Bt perferalivpassesthesugh ﬁﬁ‘é’ﬁ'@ﬂw dgdusliag t o t he

oil at this stagl% at vendor, reconmended parts | evel s, or may

m ||
al t er nat ¥Rfe1Q, ("BWOEdk dTHIE LM RIeeiARl removes thehulk &rﬁ‘q witer, |"ﬂ'(‘!l“dﬁ!éﬂ"'"%@lw

conprise I SINSAS ShataRtiflds 28\ lyhRs
o ome ofl AGSF s Y5 3Bt st SEABER G ok RS LBaniF BINNG Shal e oy o at

et con el G eRinR gtecicl” Dieme Pobiodti ennr e e B PR VA" ner

It I d
in FZESP%'%%‘M G o ¥ Rt tCtipeRCppficolhd &3 prbrabdimp Sl 210
this is edHdehgation vigBﬁ sB &’faﬁﬂrﬁﬂﬂésﬁﬁEeJraﬁlé{mﬁbnhﬂ%\éeras% "Ré 8@& SR AHoé S as
| ow as abut 400F (204 4 and ‘as high as about 700F (371.1 may al so

provi de ggédssdBEIOWY in" @8 Lrhéu&y s RFIERET Wheib %yb@dnomaabmatbuw&ﬁné it ruepr €
unlikely to provide a appreciable de-chl orination or de-fouli ng of the oil,

and t enpriqakdniens AlSNRivalpatiin addBén, 3bitiod nay b @rebtel @ ¥ da® turiiRd bdnetdling
excessive cracking of the oil. 4 2 5 OCT 2002 Final heating of the oil to
be treat sgtarmtoifdedlicsd eletiriepdwee ndedbdibyibe pibnty with sy pupfue medilalle &t kaleved vi a

di rect heat exchange with the oil already present in RX-1) to avoid the
fouling which would result fromexposing the still highly fouling prone
incomng oil to RX-1 treatnent tegﬁqﬁiatures on the nmetal surface of a

heiat er oPWREAt ieRefesrRier. sindp f"ﬁ%e e Wan;%tﬂF%ﬁ ueft 9 "F?déﬁgé figsh t he h
33
2 the. 1 ieshe Pl oo of 4B prbiae e B hpn SRipcedart BaRte i
") Shownheelt %‘%‘Fﬁ%o(lﬁ‘ﬁ%‘e tv?aréoﬂ n icma?s Pf??rfc_?' t[:gelﬂe Hl cﬂarlggﬂ?). ﬁm &{cﬁmlﬁ% l?(e_r in

t emper at ure enperature o e ol erei
essenti alleVy, t lhy the
Fonet L oblorbcsh 1A NGB! Yo Ghathd, HoFGE o R YERARSIIOY 156
desired dJdeuingatheskindemppetureof uchrexcimnbdsilaprdiofably nminyairal Baowosdoidt adoEn20d avn st r eam of
P-2 fromwhich oil may be directed to storage or to i mredi ate downstream
pr ocessi &gh chir herfseratareLal Whith e il veduldbegln @ foul) draitémBika@lyaioulld bankef-and) ,

whi ch woul d preferably heat the oil to preferred vacuumdistillation

te mper at equirped rwithiemrancially aivailable [clog &l B Cleaning] systemautn ahiable ichhtmtiousrplardl umm
50 ("DX-1")) which would preferably be of packed design, enploying steam
drive anqpéraﬂpsmommmn@lwamhamet fo@lingomfnmm af0@changgrsr expgesd toifedling: prone Rx- 1,
as noted above, the oil at el evat ed tenperatures bove 400F
(204, 40) MHPIEKERRSBER DS AR 93&@ by fyrbsr g p b maiag At e
contacting mechani smor system known in the art, or conbination thereof
can be efruignéflow threyghithe pthﬁ@ﬂfﬁoﬂ]?tmgapewaﬂ%ﬁe&lwrspnaeﬂcs# weh knquindg thasp j s
taken Into acc unt bubbl e col unns, cascade. s cked
col umms, Sgogled rtfa&éﬁs'yc'ﬁngeﬂ?gw%‘awpewamanéh%%ﬁ?dw&swgeath prci‘ﬁm\@ﬂp,
however, RX-1 is a vessel or other contained volune with liquid in the
conti nuous . phase, though which gas passes at least In part fn the form of
bubbl es. Small bubbles are preferred tQ maxim ze surface area in relation
to volunme and to reduce the rate of bubble rise and thus increase their
residence tinme and maxi m ze the contact between the gas and oil at a given
| evel of gaseous flow. In addition, dispersion of bubbles substantially

t houghout RX-1 Is preferred, to increase the proportion of contained vol une
that is effectively treated. Accordingly, RX-1 5

N




250 CT 2002 preferably contains one or nore gas dispersing a%éar&@lszoﬂz
rsuch as spargers) jets, diffusers, or agitators) all designed to assure
good bubthe greféregdemedep everherdsdion @WﬁFdoﬁfpa’if gated, 9] Blard uhacelPR-19i wheare These
apparatus may al so be included in any re-circul ation Ioop associated with
RX- 1. Subey arereurned without censienssden adipeti theiinalk b teateclit's gl requilemget, with

i mpi ngerment aerators adapted for use with the appropriate gas, pipeline
cont act otupplementglefislprovidesy tol BE1 famiamecstahiizaianaas waulpmdnpAs theetsfouling and so be
a gaslllquid contactor if operated within its cavitation limts. A high
shear agiechiptinaion yesctomaho E%d")w@uthf@l!owa &dll ingidantatly Fenqve we@uaind ohd Hieehr

agi tati on nmechani smwuld tend to break up bubbles and thereby offset the
tendencyf"QS‘P‘hBUPBBh'éiﬂ“’@bDW%r%é‘aUGPq%ﬁ'@ebﬁ°§I“§?€ bubbl es, and may i ncl ude,

for exanple, high velocity re-circulation punps. Sonic or ultrasonic
transducers may al so be included w thi n RX—l if desired to break up bubbles
and to p bee achi eved

i e
P tar ) i O ot RE padtes %&'@Qh@ a@e%a%gshg AN %W?%y e

P ount - of e B 1S f“ye"\i‘o'aa‘ et Rt B 8 43 S°“§°fg°f"ﬁe? "B Pt o
onl oei 'ngﬂ%“?"fvf?ﬁe%o‘#"? ay Prbdine gy SXRLES é&“ﬁ'ﬁ)g‘gﬁ“?’@%ﬁ"&(‘m o3 xcBRER £1°0, 52

| ow cost still @RFctally mgiatamiea below abdit 40064 .4°€hlor Q.ﬁ:hfoﬂfeﬂﬁmbecatlﬁé(wﬂldaml wogaul t s
have been achieved in lab trials with steam superheated to 425F (218. 30
and t hi s begin thifeghad panemmdseshpaiba bupleyed bayendmbas 209F 18.pIC fCemmerdially aldilébtau gh
given that the steamand oil tenperatures will rapidly equiltbrate via

di rect heminicak aftafogents istich & Mol /cBxach Efengy CleamiedsaliP EOS4R5ATING A¥BUZATNRE at ur es
will also provide satisfactory performance. It is believed that the

sust ai nepreferabiynadded taethe i@t thisi stdgie @t RXddr resarsrended patitsper inzillidn/levals taiag
conponents of the oil which could form tenacious fouling deposits to
deconposaltermativalybéradded within DWDF-1, 3 this gnitds weloded? Y bat h envi ronnent, rat her

t han on subsequent heat exchanger or columm surfaces where they coul d cause
fouling) and that the stream of gas concurrently acts as a transport nedium
to rapid renove fromthe oil nst eco Sjt

br ottt SR REsa R e rdhench ¢ Nesee el R B ogte FashroaleE prhe

suscept | bngtct&?/act QEV\%\QeanQ H éé%gsdurce QQEt él%%qltﬁﬁﬁrﬁué?%\(/@ (2054@%5' on,

t hermal & Sea reve € reaction in a chem cal

equi | i bridiiad §a Grdapblot E@eésldl&u%lme%”coh%{ Mub&téﬁéﬁﬁ@é‘-&h]brﬁxaﬁ”ﬁé Q:)("aﬂd al one,

certain l1ght reaction products ara fornmed from foul’ing susceptib

ant ecedefghder |bh§se ﬁrﬁm t6VXlirige NVbrf GoddEr@SUMR inaga bébn! RERVES natlamm&y
original nol ecul e. e stream of gas nmay renove |ight reaction products
from t hetriais gt tde @hvaRe1 asictaitkdi avE25E (223.9°0panit! thishis dutieritin®e prbfarrddh@npdtatuect | on of
conpletion. Finally, when the 10 preferred gas - steam- is enployed,
hydr oxy| Sowsvehgtierdgmperpiutes asHew 9% @buh48Pe (204dighandtas High ps pbout ¢edft @irh1°C)

unst abl e open bonds and to reduce the ultinmate concentration of unsaturates
and may also provide satisfactory results. Temperatures below about 400F (204.4°) are unlikely to

provide a appreciable de-chlorination or de-fouling of the oil, and temperatures above about 700F

(371.1°C) are likely to result in excessive cracking of the oil.



i ncortpati bl e asphaltenes (the role of Inconpatible asphaltenes gn
fouling of oils is discussed in detail in US Patent 4.762, 797?2 &/npml %002

i ncorporated herein by reference) which can also lead to further fouling.
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[ Il ustrat 1S IS because e mnl mum

exper i engrg%.zgfe@usg%%u've i it EEhaH 95r@gasélglﬁe%qrbgr8g,59§r &g kR Ao the

outlet o expecte to be an 0 nport ant

det er m Naeq eraénl?@oﬁsﬁ&q?\nﬂ'ythgfdeﬁr@é“avdﬁﬂe%ﬂbéﬁcﬁ Qmb Q}I{hln%( § by %ﬁo%grté?ééh ation

heat exchanger or on heat exchanger surfaces and columm intéernals

associ at edwhdtledmdsr e tfora Whidh il Imdyaid BIFcRdUb dade or\b RERSHIA QoWhdieaM
residence tinme is nost readily. achi eved when the average residence tinme (s

conpar at iprsessing 8gehr as Veeurp iifilatidreda destcg Medtbr FXCHXIaM, &hieh Wollusersrably ow
configuration is a conproni se between on the one hand achi eving the

gr eat est hpatdisa &il te prefenietnasun@siistitatioretetpanatufesrin megangenf&iﬂér(%@e?°9b%1dd/éﬁ&‘@ tinme
t hrough vortices, baffles, and other design optim zations which strive to
appr oach distilagior coumh (56D 3t which wauld: preferablyi becofoprckdsedasione emplayity steam

mai ntaining turbulent flowin all associated piping and heat exchangers to
m ni ni ze dieperd flasbronsivacuvn indeJRPESP 100 Pesget s that may arise therein.
Because the anti-fouling and de-chiorinatlon benefits of .RX-1 require
residence tinme to achieve) and are nost preferably achi eved on

substantlally the entire oil after de-watering and de-fueli not Just
on the he¥{fipthe B{shﬁ&ﬁ‘é?ﬁag°vfﬁﬁ‘?‘@d§fma'ﬁtad"ei‘%‘eb}’*’éﬁf"g PEFYFe3 a'ﬂ??’?)v@ﬁ%%é%ﬂ%“"to

retain t [ e gas
and hoat | BStER) 8 Spith b s Wb g AR hacidRefl o e IhC, 870
in a |labgg %%yor%%rngwnqﬁérw MhBE EmSibyRRAM RR-161TRd RYRY AsrabBfstig 8fthe LisaP! ace
a short (eight Inches (20.3cn) has been used to good effect wwth a two
liter vesne thkdhafts @ecdunt. mameﬂﬂwp%dbbmbmmgb caktia8é systersd, padkb@bdivmdd, pla@ases
and vapors nust pass, and then setting the crossbar tenperature of the

col umm, ttbwers,aih evensspray@hérmissm®samlbeaked. nsul ati on) and active (bl ow ng
corrpressed air thereon) neans, at Just above the boiling point of water.
This permits steamto pass essentially unhindered fromthe vessel, while
causing nost of the i er conponents of the oli) which have nonethel ess a
hi gher bdireferalypbowaver, %ﬁ(ﬂ Bcd ugsseltqs othen geriaieed yriyras witky figHi¢ & the coRiaERUS nt o

t he vessel
phase, though which gas passes at least in part in the form of bubbles. Small bubbles are

preferred to maximize surface area in relation to volume and to reduce the rate of bubble rise and
thus increase their residence time and maximize the contact between the gas and oll at a given
level of gaseous flow. In addition, dispersion of bubbles substantially thoughout RX-1 Is preferred,

to Increase the proportion of contained volume that Is effectively treated. Accordingly, RX-1



To achieve simlar ends in a production system it is pr esentZﬁ @@Teﬁﬂ%
that RX-1 be a pressure vessel or vessels, operating at between about 10
(68,9 kPa) and 75 (517 kPa) psig, with an overhead contractor 60 or short
colum thereon, such as the CTR-1 shown, having at |east one theoretical
stage, t Ipraferghly wpiteins oreef o) 4gs, disperping apparatuy such rast SPRToeEs, {etfa difusass, or
contractor 60 or columm be refluxed with cooler a 2 5 0cT 2002 oil. in
this enb@gitaierniall desigredite assyre gogd Bukble disparsiep apd maintaimeonyarativghnsinaliibubbie t he
outlet of RX-1, as represented by the dotted line in Figurel, and cool ed,
pr ef er ablS{zet oThase apRAEAtET TRk alse PRRTdsd tranyegircuistion deprsirgrcigted pith Rk by
shel | and tube heat exchanger 61q¢iﬁ"HX—2"¥ns whi ch preferably al so

cont ri butSuEh A &areirquigtien lpor-aas{ligd confpcion may ngluda; Epingpmeny aetaiprd adapteg doryise
reflux. Hi gher pressures beyond 75 sig 517 kPa% ggn be used for RX-1, but
present $BHdhe prAoRsietegAsy pIRTING SPNMRREFrS fOT Veriurbgzzies, JBR de-cirylaiomepympatiselin i s

2t 1 on. e Rpe AR P ¢ T RLS EHBIENE: onal "cost of hi gher |

pressures woul d be economcally justified by the small anount of additional
oil that could be retained therein. Contactor or colum CTR-1 is

03 P Pl L B 0 P RIS S SR
G TR T N e e

syangyfﬁﬁcﬁﬂeﬁw B RZAYPFodely AL GlimGOO! €1

sinply o
refl ux oi al?écegg??p?%eg?&%\f@{%ﬂut cKi ng or ot I nternal” structur ubj ect

to the chaynRCl-@itfasdric FarRbudeREmdiSasb 1 hciRBl WENIRTFICE§ Y84hed !t BreBR ES BuLBRIS NY
t hrough CTR-1 may 1 nclude material quantities of acid gases such as HCL

whi ch becpagn srsimbRERVIMtISGOINdRkiING On condensation, it is preferred that the
vapor stream passing through CTR-1 be directed to baronetric direct contact
condenser 65 ("BC-1") where it can be essentially instantaneously cooled to
t he condensation point of said acid gases via direct heat exchange with
cool ed r dixcelleol mbults dravenbeasn ackienediimia giajshvithesteamafdetved groanieatig water) as the

Al ternatively, other corrosion resistant condensing systems) such as

f | uor opolgaaebutdiris blieyed hat et substaetislly eerdeddizingsgasany irudingpyiggedimitaton
subject to the characteristics of the used oil being treated) conventional
condens eréragendydiwgen mathspecthang) 3G iMRPriBc Tay #Re PRYHR &RlisEGoH Tesitsn Ae

Sebar ot et e B S 8 gt Aoy OB e 8
processi ng.can. t e, %glpéelg%a{e?fgg% 9B i"GeviRl SEmagtuRsk! s@%@g@gsésr BG 1 as

appropri ate. or exa esire en steami1s enp as the treati ng

gas, as thf‘Jrlfjé lof HuorinB Suré tfReshtRO! 8darh §s el fratbAdd B YRdels oW UsCBRGNEE Ng to

the condensed steam can be treated to the requisite standards for boiler

feed, andyspBiatish] Ad dRcdlt IpBHorMBHRY PEXAEHoRY resultd ha{ et Bbdreadnieved inath #aisnaitht he
pl ant' s dependence on outside water or water disposal. The small anmount of

ol i passi ggarh BigeHmhtes &1 H6 (D18 3T Fand thigbitighessesmt feiviperatukgsaime rlesertly prafarred,

ot her gas enployed in RX-1 via said baronmetric condenser BC-1 and ot her
convent i caithbugheghen that tyeseaml bnd sillitdnaieraturéo wils adpidiya squilibhate | via dirddheneatas | s
or after blending. Mowever, if desired to reduce the volunme of overhead oil
or to sub$xebangehit isohedievedabiat somewirilawep atarmiteroparaties will aleo prgvige setisistonr t he
condensed overheads may be returned to CTR-1 as additional reflux or
direct|y Resfomyenee. Of course, if this I's done, CTRL nust be sized
appropriately for the additional volunes of material which shall pass
through CTR-1. An outlet also nust be provided to enable the ultinate exit

ot 7l B ot A s S B35 B o
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achieve the desired residence tine for the light oil components, could
enpl oy even higher pressures or solely enploy thermal treatnment w thout

gas, which generally provides satisfactgpry de-fouling and dechlorination
performance for the light oil conponents. W have found, that the |ight oi
conponents separated overhead In RX-1 are | ess susceptible to

pol yneri zation than the body of the oil) and may, for exanple and w t hout
limtation) be satisfactorily post-treated for three hours at 150 psig
(1034kPa) at a tenperature of 650F (343.3C), without gas treatnent. A snall
anount of carbonaceous particulate is forned when these treatnent

conditions ara enployed, ~ which can be readily separated by any nunber of

. o o 4 g .




'Fol l-owi ng treatment in W-1, the outlet oil is substantially @QoypQ&TF13002
‘freed of the chlorine associated with chlorinated parafflns and unable to

rapidly form substantial tenacious fouling deposits. Tenacious fouling
deposits are defined for all purposes herein as fouling deposits that 5
cont i nuebétb emdinemeent, gatherhtbart enl sshseduroichdab pxabangeg oa cofumhnl sbiifaces wheresthey
Al t hough | aboratory tests Indicate that a light) |oosely adhering, mnucous

| i ke nat eecdldkausajouting, kid thetthe dream(oftrstcongyaently @cts as artfansnost mudium soamdipi | s,

it is easily removed with Ilght fluid flow such as the turbulent flow that
woul d be rempledipetiths il aélnorqslléuhm'dwl&ﬁhblhdaqomdﬁmm@dus*sanm 2hBCE shictizodr ay
t hat woul d be enpl oyed over col unm packi ng .r ' Accordingly, the oil
f ol | owi nduriRer darmagedhs @lbamh@ak@ftsmyptghr*@weweddovlm #motimmedistelyamerkd. Bef oul ed
oil may be put, including direct use as a fuel, or a nunber of downstream
conveht i Gdditions thetraal seray siane may G2y §reweraible reastin iy WthB aghemical lequiiibsimiis a
packed vacuum col um such as DX-1, which preferably enpl oys steamdrive and
convent | GfaPlshed Fdus o éﬂ@"@i‘i r‘@?‘@&“‘r‘%ﬂf‘ﬂl&yeﬂ\?@ﬂevé&ﬁﬂ“ HeR kedsterpRERAUCS 218 wash
down any |oosely adherin @?OSI ts., DX-1 woul 3 or di nari I foll ow
convent i defEeRd HESR |?|~{y"9re‘f‘gﬁ98 BteFRdEMS, P Roce d gmay 15‘? f?e'%%‘ﬁ?'@ﬁ' tW—

(whi ch |s?érefer

blant tur pers ofoivel Bkt Tpa o3 “H%%S%@aﬁﬁeb%?éh&mj”dwﬁa%?@ess P &
St L abi o L AIRTS REY 4hfe, °r‘é9‘“ham§8war b8 dieien' & 2Evaielaly R, R0 e
turbq{)ent f%ﬂ_e\q[ and ther Q-R al%x\hss ‘“/d?f’?le'ﬁﬁc’@ﬁ“%”% %Jnoa{?e'&%ﬁ@lit'l?}q erein

the f ce I'n urn hea
ut d t th
putsic :n%én%*ﬁwwa@@s A S5 FERRA LAl U (e

processi fgtoRiphtitid %hé@n@é’(tﬂmlem Piesutifd adghbifenbsHand ro@rhg a%us 8 dvs%udse&nom
to those schooled in the art, HX-3 may beneflcfally incorporate re boile

and re- Ciif gathibth Ugsrpmm.sszfm WhigHOs int@porstbd hérein 8§ Rferbrice] Whith éanGisoRgdto 25
Fol  owi ng such distillation, as Is well known to those schooled in the art,

t he over Hgtdr fo0kthgs iTdaachlevtheselbeneditsait BMst necesshry ad prievdistlibthetigialoll tanggbnersts wel |
as be(ng de-chlorinated and de-fouled, and is 11
15 from the oil in a steam stripping operation; only the vaporous decomposition products need be
removed, allowing the valuable light lubricating il components to be fully subjected to the anti-

fouling and dechiorination treatment and preserved for base oil finishing.

It Is believed that significant benefits accrue from treatment of the oil in RX-1 within a period of
20 time as short as several minutes. However, much longer treatment intervals ara presently
preferred. A three hour residence time has given excellent results in batch laboratory trials, and is

presently the most preferred average residence time for praoduction designs.

A relatively long average residence time is particularly desirable in a continuous flow unit which
25  does not closely approach piug flow, as would normally be employed in a production design as is
schematically illustrated In Figure 1. This is because the minimum residence time, experienced

by a molecule moving relatively directly from the Inlet to the outlet of RX-1, is expected to be an



250CT 2002 well suited to such purposes as a denetaliized a
oil can be put, including Imedi ate use as a deashed distill a@fﬁm@?z
feed to a field catalytic cracker) or finishing of the |ube fraction

ot 455 R Ry BB i RO Rl St o
(-0, - andt e ababevoathe’ A4S @ BB TREmal bt Blad P cpufionrh Yaulelpt oc.,
ASTI O L1800, 5SSttt 200 ) e PAE TP Yo 1,
al ter nat 'réfs?deﬁggﬂkaggg%ﬁﬁ%raﬁ\}} |Eﬁ‘aéﬁ”fﬂe° afefth g% Ht ﬁg-‘lt th 'oﬂlﬂr?cuﬁl?sn}l??{\DF -1

ls fed as're€e rather- than 1njec heater re-circul ation

crrea ( 165 RdeRhT Rl p R HRRRA of e bho hirp Bl B reflbthogaindnifh 12,
forth in rﬁ!c&%f tirthe ém glg?A SvePile! re§iébnbs AL 'ﬁ%r&&h%ﬂke&%ﬁfé&%&dhﬁhér%ﬁlﬂﬁ ng oil

is typica al ready cdol'er than treatnent reactor tenperatures.

addi ti On1op{|ﬁ\lzf\|oh§’%lcﬁ0§1rﬂvett9 PBoSchCHIRS fdw &R HIEth TR, Whiddod eVetndiapyse of
reduced recycle of oIl fromthe outlet to the inlet. However, in this

confi gur ghdianingtibulent flovs Al eRédclted piphgfaAd hbdl GxéHangerd & Minink ddpeEnng oi |
untreated oirl and fromreactive vapors energing fromRX-1 (130).

Accor di nghy dedbnipesiticht prédudtsitieg mag edsa tierdin. desi gn for CTR1, such as downwardly
oriented spray nozzles through which the incomng oil is punped, w thout
internal structure or optionally with "shower deck baffle plates conprised
of fouling resistant material such as titanium is particularly inportant.

I n a secdedadetthe arttfoviing @nth detchierimatianfbeoefits ofif¥6 Y sequire rgsidenesstinie Réchieve
constructed of two or nore sequential vessels piped together, and served by
a conmon godrape wast praferably adtievad on sulstantiatly thetantig dil @fer. deTwateringand idgdedind.on | s
illustrated in Figure 3) wherein the first sequential vessel is |abeled

RX- 1A ( 230AnokiHet onHie Besvisherrapsgershingraet. t isseferraddo peayidp arpapsdoreigintherelg) . As
in the enbodiment illustrated in Figcm ). the e illustrated in

;
H gure 5 1o PUR:eE ety G abens 2 ekl hich 5o @5oent noiy wopkretievas o

preferably i epent.ed i.n thi nfjaqurati.on with_lnternal ru e 282 to
D ¢ vagireops cFBgn grd Refel Rl b R0 il W B it GRS
condensat i,0fe 34 1o place®a &or&efghtm% d0Bch)Has bR uddh tof38dd effect Wi SwatlithrQ¥Relf he RX1- A
/ RX1-B systemto nore effectively approach plug flow. If, on the other
hand, coQlagghdt sRtresh Ril1 thiduSWhIGY @lstaftiallf AVEdes SRNVAREOhudt @hédand thed
multiple reactor configuration, as in the enbodi nent of Figure 1) plug flow
W || be netthg teafesharadigefaas ethe toldmiintough padserb idosdl biiasuitien)dind active al |
condensate to the final reactor in the sequence. Alternatively, when

nmul ti pl e (sleying tbmptessesisaretherean) eneang [abjpstdabbey thRXolling péird of avater.r Gib aeimits | oop
33 may serve sinply the initial vessel(s), with the remainder in a passive
quasi - pl Lgeam dov Reen fasgantiallyi wiinderegfepm dhe sergpl ivbienl capsing dwst of therlolder t he

bl eed stream directed to additional downstream processing. This variation

i s il ustSeHIPeReNthofHhe @ihewhich have deppitelass ayhigher befing; poly tham Waterp facandenss s
conprisin -1 be erated at progressively higher tenperatures from
ori gi nal ‘ﬁ?r%@"f‘g&‘ﬁﬁ’?ﬁ@ﬁ%‘“adﬁsa‘t, however) this necessitates a separate
punp and heat exchanger re-circulation | oop for each vessel, and the cost

of this is not presently thought to justify any additional fouling

reduction.benefts. achieved. This.variation is not illustrated. Laborator
Procedur QT OrATe8 IS RE AYSHP SRERHEHON TYSigey ftdt 8@sedy tpéqf?‘fregstB%tc@g 1.5e & prassure Y

i nvent i'o r\/egge;fi gH%gfeﬁsé?F%é{ﬁwg aTQ&wQéner‘ﬁﬂtﬁ% g@&?ﬁae %Ec??éﬂs'@ PSR Wi Un RBHead

.dewat eri ng re acconplrsh concurre
contractor 60 or short column thereon, such as the CTR-1 shown, having at least one theoretical

stage, through which vapors flow. Further itis preferred that the contractor 60 or column be refluxed with cooler



with thermal and steamtreatment. Stade 1: Therma and Steam Pr3a@eht2082
«three necked) two liter, angle necked flask is enployed for RX-1 fn this
procedure, which is performed on~ a batch basis. St eam i s generat ed by a

S del.. | MBA3 el boi | fl |_ed
e SR b R Bk i ol M P R Y o
e OB Psoshy s oSSR S

tub” Wi t {y4B1bd) RbB0SFTREb°CHRR Y WhEFarRNiRN1B8Ck:@RMdbr A (FIOUIN| WhicKprdi@&hly al
(1.27cm t11d| arreter gﬂ% Cqﬁ%sgydl st% tlend Acemarss cat al og'ciﬁlgpr -ﬁ,sowith

a groundc@ttmesjheatnto.péaanermlumgpracega)spﬂor@hts usead retdnd h the flask neck, and
sized to place the distal end just above the bottom of the flask. The

remai ni ng side neck contains a thernoneter, placed within a ground gl ass
joint adapter to achieve a gas tight seal, and with imrersion sufflcisnt to
pl ace thé"gbﬁfepfﬁmse?emm 185 ensidi 547 WPBEP@Wb@ Hiée@utvff&)é-é bt pragendispme|rigk eofl
within the fl center neck contains an eig i nch (20. 3c r’r) Henpel

distill aP?'HHe’LZB '%‘n‘ﬁmeﬁtﬁ‘e leglegd sPabaenFign i Bsibty a@’é"e“baﬁq@édef iR profgeqisbeyond

(0. 406¢ steeI PRO, PACK di st cki.n nd f t.ted at
he top Rk 8 PoR ARy of Ruqsh e afsbhly hlh O BaPF “ollbrwRit o o
feeding gRsdlréd \D&locw&:%ﬂéﬁ&anéﬁaﬁtuefﬂw% én?*an*éﬁm%ﬁ%( RYaitldRR Bh tr%Pgo !)ooafé‘%tamed

el ectric mantl es under variable thyfistor contro 100 6’ grans of
used oil tHefeimdded to this vessel through one of the necks prior to final
assenbly of the apparatus, and is heated therein as rapidly as possible to
525F (273.9C) and nmintained at that tenperature for three hours W th

st eam f eedmh dr%lﬁrﬂn BIrRAAP St b Bl hsun%g%mtﬁa%a&w&)apam n

t hr oughout . e ol 1s then cool ed by owng air on the ou de of the
vessel , %%Qte%noqa 660 OflsEver NGO WPy ERigHS Whil KRN Rethewy sahwsd iB®e k&,

(148. 90) he quantity of steam feed does not appear critical, aIthough
tests W &lthl & §6d pagkiat aénos panidngC ¢Heeridghiat miat etanteudpaateresnmimumd doedzbiéde Si ze
can be significant considerations. In the two-liter vessel, equally

sat i sf actshowerrdeskll iafflevpates, ac hinplycme ar meppdavavatdyedriented Gpapy dozggsrtoougat el y
200 grans per hour. Hi gher rates were also satisfactory but wasteful of

st eam | whichaeclervigfluk of islpomaed Mihasitipacidngertothenintamab sifuciyed-k of st eam enpl oyed
appears to pass through the oli without reacting with it, it is expected
that, in production scale equipnent) materially lower rates of steamin

o b R b o B b A Spited U pRRIR oo
product i Pngyve “?ﬁ énatellﬁl %Jaatlté? Qf a%d q’ag%?s%cﬁa‘g HEL wi %co%@ gt?énlle )ﬁoglfomﬁ];'bé

process 1S eamt I St

the dist t:% df3hddAbn, Ck %?F@érretdeﬂgteﬁt@t débﬁj bifsaP ba¥s b rtﬁ.%uw%tmaqbsyedtraé@f t6 1000)

in the | aboratory configuration by adjusting the degree of Insulation and
ai rfl ow ggroinfic CdiebtEbntazP chritBhser A5 (BBIUN WHBROK @8M $6 CosBérRialy iRGENtARBAIPUS
cracking and reaction products pass through the colum essentially

uni npededdolsd! fosthatbhddnkatioal doint besdid gdid gadek vieditedk Reat RRcHangenwith tdutedf leask and
is subjected to the entire treatnent cycle. This causes substantially all

t he chl orcircuitingl water adontainingopitl asutralizing laenines]  Alternatildly, asther eqotrasion ogsistant

chl orinated conpounds to be dechlorinated) and permts substantially the
entire okbndensihe: gystews.seligh fas altotopelrmerdod fuctonatsmer clinad déosdanseras imsy be

apparatus, |f desired, rather than mtgerfect separated in Rx-1 with Its
smal | comtMaicyest °b?‘-‘b&9$ aribe cheragisristiea Pl the Kesd o Ging H?%%PW&H\?P@ copgensers

d(fferent used oil feeds) general conpar.abl e equi pnent

capaci t i 8@y b8 employed.| § ‘t"@‘f’@gagﬁdth&l%'?déf‘%@@@? pe F‘ﬂ’ér eg;fogn tg‘l? %’tdérésr‘?tﬁfaf‘ﬁw to
oi | vol une whi re believed t i ncon uent i eI|C|tedthefoIIOW|ng
foul i ng t’%g’f"“‘ag%%‘f’?tg’ BRI atqr%vgy WG °'%%°P?V§8®§H BE®s propensity to
foul was neasured on the Al cor Thernmal Fouling tester, enploying a 750F
(398.9C) tube tenperature, a one cc per mnute flow rate, and a three hour
test cycle. The Al cor Thermal Fouling Tester is an adaptation of the Al cor
Jet Fuel Oxidation Tester described in ASTM Vol. 50 D 3241, and neasures
the increase In tube weight - a proxy f,or the weight of tenacious fouling
deposits forned on the tube - followi ng a defined test cycle in which fluid
is punped at a uniformrate past a heated tube nmaintained at a uniform
tenperature, and the tube Is cooled and lightly rinsed manually with

hept ane. The change in fluid tenperature exiting the test cell is also
nmeasured, and provides an indication of the change in heat transfer
efficiency aver the course of the test. As the flowrate is extrenely | ow,
and there i's no rlnse prlor ‘to tenperature nmeasurements, the tenperature

o e o Y Y T g,



15 250 CT 2002 . tenperatures should be readily conpatibPehv)CT 2002
‘downstreamdistillation In a distillation colum at noderate flash zone
vacuuns in the 10 to 100 mm Hg range, such as In a packed colum with steam
drive. Aurtherl posberdcessirgi cenethgn be pedoringd dnliye wates @nd ol estrbards fromtB@&1 aast , such
distillation apparatus has numerous advantages for production scale

di stil | eppmpriaié. Fobexaoate| Higeskietl whemgtearniid enpiyed ab ¢thel treating gasped praferred,
significant factor. The effectiveness of this procedure in reducing fouling
acr oss dhepeess covladfregkadatiop etet, sorrdspensiingde the copdenbes stedm, can he trealeptar i sons:
Ther mal Foul i n4 Test Tube Wel aht Gain Thermal Foulino Test Delta T fF) Sa_
nol eUnpribe espisite Gidridands dorl ealeCidetingndoemplexed a8 boilbemakeupdwated, Gubstdntlallye O i #
1154.6 ngt0.1 ngllOFZ(43.3C)3F (-16.1 C)CrankcaseO | # 265.7 ng0.3

ny55F( 1 2liededig the pln?CHereaddnca 98 OHisidg wWater 2r watgyy dis@saly BsF-¢mall 8@upiof oil

(-16. 7C) Metal workingG i # 182.4 ng0. 2 135F(57. 2C) 30F

(1. 12C) Meassingubracich gantacter szﬁls!.zaﬂer@@paratm”gwm&ﬁtm grother gsympleved iMBXH#i ng 011
# 3 62.3 ng 0.1 ng 127F (52.8C) 68F (20C) 'Unprocessed oils had not been

pr ocessedp said baramatgc cendenger BEr bafd iber SerYeationd AT Rt peneraly sdiekle fesfsalehi s

i nvention, but nay have been prevjously dewatered. 16 250 CT 2002
Teat o A BopiEhay BACATe HAoO G HOTSIEY I SSHHH P Bairadhe YoUS ol aveFned aln;

g SRS e BB PR SR L GEUNBSS, ol

b h ' i fi ' ' | #3,
o 000 b Pod g TR L IR 5 S0l ol Y ARECEL! #2,
oreSet A 30 o) - 5 Andl (UEhaoR BREHUhERShal b ond

were repea contrer Cl
anti f oul c 1.4l ' ' ; at ed
W th 360f T Iorn i oo siisl Bk et el RS onter B PR e T
Chemi cal § oD 4RRAgh theTrmbARt& trIRKE! syt dufres!ls RIX1 1§ QUHRIahGAI midegam ne al kyl
phosphate salts, ?or one hour at 650F (343.3C). Then 50 ppm of EC5425A and
150 ppm of Nalco ! Exxon Energy Chem cals 94BU260, a gl ycol ether and
pol yol ef I n ester dispersant, were added to two sanples .prior to testing
t hem on hheldiiortar edteradtivelybals or a pertiereefithis overheadsdiloney bee Bubjecteitte additidoalr
Thermal Foul ing Test at 750F Tube Tenperature and 1 cc per Mnute Fl ow
Ther mal tFeaimentgn Fesmalirdedicalesi yasse! dastriluptiatediavhich vessely toashieyse the desirgdr|
Sanpl e Unprocessed O|' befouled Ol Unprocessed Ol' befouled Qi
Met al wor 1eFiignaeitimegfortha Bght ofgpmponentsy cquichempleieren tiaherpresspmss or splelsempley
6.670) t%Zrmal treatment without gas, which generally provides satisfactory de-fouling and de-

g

chlorination performance for the light oll components. We have found, that the light oil
components separated overhead In RX-1 are less susceptible to polymerization than the body of
the oil, and may, for example and without limitation, be satisfactorily post-treated for three hours at
150 psig (1034kPa) at a temperature of 650F (343.3°C), without gas treatment. A small amount of carbonaceous
particulate Is formed when these treatment conditions are employed.‘ which can be readlly
separated by any number of conventional means, such as gravity settling in a dedicated receiving
tank or vacuum flashing wherein the overhead product Is sold as fuel and the bottoms are
combined with the main oil stream after RX-1, or later in the process. Gas treatment may further

enhancs overhead oil treatment.

10



"2 5.0 C T 2002 ' Unprocessed oils had not been processed aCCO@'E”QGT 2082
‘de-fouling and de-chlorination process of this Invention) but™ ha
previ ously de-watered and chemically treated with comercial anti-foulants
as discussed above. "Higher than w thout anti-foul ant chem cals. Range over
separate iterations of test. Tube weight ga(n was 0.1 ng for both

Liﬁrg?{ LﬁE@glwﬁgesg{eﬁg%it st e o ﬂﬁﬁi%_ﬁﬁéﬁ%?vﬁé%%%t?'psf’fge%ﬁe%&hé'crw
tonact ouesaeBRa B Y q BRF AFF Shani Bl sbosMndBREREE log o1 o1
ef f ect Oﬁep%gﬁ&%aa%sw% : o@@dargﬁéo‘llr}H ﬁgggﬁ%ogé hbJehuést (oahggﬁp%éﬁg B

fol |l ow ng 'conpari son w e antli ct to ree er mal

Eéﬁf}%ﬁ”“r%@bueifé S B Db Slce lowing it fud 1 @‘ﬁ%ﬁqﬁ?’gﬁ%ﬁ%‘?{r&:ﬁ' |
T eat mont RGP A KAl gt s I BBl FRY sHE R b o ool %Z_le
4134 OB KaRaEn gl 33 todp oy S ud pd) s o brioert RO RRECC

of crankgasg Y bmpidyedBin dINddinEtrdae Aedd lekéHanddPs GRIMAL AR sErdf thad vl pdTENt
mal f uncti on) but none-the-less provided nmarked | nprovenent over

convent i gnploydden®dlunid izkingeint noted with respect to tube weight gain. To
provi de anot her point of reference at | ower tenperatures, another test
sanpt@ was alternatively subjected to 1 '/z hours of thermal treatnent or 1
'/z hours of thermal and gas treatnent at 425F (218.3C) prior to being

it ést ed i Actdndingly, tter oilfollovingtRXal §30if2bled@ 2ng OYrposelie whishdeshivrinated, defouledidi t i on,
the Al cor tubes were pretreated with EC 5425A and bot h EC5425A and 948U260
wer e addedy e puhdnchiding ditect 4ae BS adHeh o 8 numherl &b pwieptresre coaveptiapalontedessess and

procedures di scussed above with in connection with Metalworking Qi #3: 19
Particularly preferred is its distlllation in a packed vacuum column such as DX-1, which preferably

employs steam drive and conventional means such as sprayed reflux over each packing bed to
15  wash down any loosely adhering deposits. DX-1 would ordinarily follow conventional heating
methods and mechanisms, such as furnace heater HX-3 (which is preferably a part of light fuel,
solvent, and glycol buming plant furnace PF-1), to elevate it to the desired vacuum dlstillatloq
temperature, unless the processing within RX-1 itself is conducted at suitable vacuum distillation
temperatures. HX-3 preferably employs turbulent flow and other known means, such as

20  convection heating wherein the flames of the furnace indirectly heat air which in tum heats the

.

outside of the furnace tubes, to limit surface temperatures and prevent the appearance of hot
spots, which could lead to coking or fouling even in processing oil treated by the process of this
Invention. As is well known to those schooled in the art, HX-3 may beneficially incorporate re-
boiler and re-circulation means for a portion of the asphalt flux from DX-1.

25 . ”
Following such distillation, as Is well known to those schooled in the art, the overhead and side

draw oll Is aimost completely de-metallized as well as being de-chlorinated and de-fouled, and Is

1



S250CT 2002 Three Hour Thermal Fouling Test at 550G | 287 1 maﬂ
*Tenperature and 1 cc per Mnute Flow TherrL Fouling Test Tube ig 02
Thermal Fouling Test Delta T (F~ Sa__ npl _e Thernmal Treatnent Thermal and
Gas Th_, ermal Thernmal and Onlv Treatnent Treatnment Onlv Gas Treat nent

Met al wor WisingLit€l totsbciBpiipasys Bs 9 dergetdlided distila@2Tantfe put(IachiRyg Ihinediste 0pgss sons
wWth respect to tube weight gain, which is indicative of tenacious deposits
whi ch doareasheé diiillete fudl s deddie e fluldreatiivtidicsackeryvarfinisling ¢ftiesiatd fractorgthdrasfn
process, and are noteworthy given that thermal treatnent alone is a state
of the ass iprosesdinisidr, fooa thase wil tshitallenfor reuse iim formolated flabricahtpatRenticalagyich as
5,447,628, 5, 306,419 and 4,512,878. O her sanples, we have found, can be
adequat ebpnefati@d fio frishthgbthe tphitierss dfdioe diSlidEe ofl 27 BreOdesirabiec basal lubiricatay ol ibiliad one.

In such instances, the innovative process of the present invention provides
fully corfdpsiBp-abevagaut &HOF (Bhi-E) atpnsphethravivgient ialing RofitypeT ASTM B! 18P0 G5 3B 8- 9C)
Tube Tenperature and 1 cc per Mnute Fl ow Thermal Fouling Test Tube Wi ght
Gai n Theviaathe Folyentnaxtrclion protasa of quFico-ganding appliestioml seTielc#t G826,2THi filed
Crankcase G| #2 0.3 ng Therrmal and Gas Treatnent 0.3 ng Thermal Tfeat ne, ~t
Onl v 5F SeptemperMdd¥tal and Gas Treatnent 5F (-15C) 20

In an aiternative embodiment of the invention, oil incoming to RX-1 from DWDF-1 Is fed as reflux
to CTR-1 rather than injected In the heater re-circulation Ioép. This alternative embodiment is
ilustrated In Figure 2. Refluxing CTR-1 (160) with incoming oil eliminates the need for the HX-2
(61) set forth in Figure 1, which Is omitted from Figure 2, because the incoming oil is typically
already cooler than treatment reactor temperatures. In addition, it allows RX-1 to more closely
approximate plug flow, because of reduced recycle of oil from the outlet to the inlet. However, in
this configuration, CTR-1 is susceptible to fouling from both the incoming oil untreated oil and from
reactive vapors emerging from RX-1 (130). Accordingly, a robust fouling resistant design for CTR-~
1, such as downwardly oriented spray nozzles through which the incoming oil Is pumped, without
Internal structure or optlonally with “shower deck” baffle plates comprised of fouling resistant

material such as titanium, Is particutarly important.

In a second alternative embodiment of our innovative process, RX-1 Is constructed of two or more
sequentlal vessels piped together, and served by a common pump and heat exchanger re-
circulation loop. This conflguration Is lllustrated in Figure 3, wherein the first sequential vessel is
labeled RX-1A (230A) and the second sequential vessel Is labeled R;X-1B (230B). As In the
embodiment illustrated in Figure 2, the embodiment Iflt;strated In Figure 3 directs incoming feed as
reflux to CTR-1 (260). CTR-1 Is preferably implemented in this configuration with internal structure

262 to admit vapors from both RX-1A and RX1-B, and to direct all incoming oil and condensation

12



2 5 4 CT 2002 Conbi ning chem cal treatnent w th di anmoni um phozg?ijgj(m
W th subsequent thermal treatnent, as (s suggested in US Paten I 2H7 | ,
4,381,992, and 4, 420, 389 al so produced far inferior results on the one
sanple tested to the typical response of the present process with respect
to tube tehgidp ¢feRXt-A.. THihalleers HieIRXTFAJIRIEIB Bystdm togmdesdffectivelp apfieéch ghég Tube
Tenperature and 1lcc~er M nute Fl ow Thermal Fouling Test Tube Wl 4ht Gain
Ther mal flawu! I, oA theesther Bahd, @zodied fgatéBanthid empld)ad taprdvidéenntaator fefeal ramiitiplAP and
Thermal Treatnment Crankcase Ol # 5 5.6 ng 17F (-8.33C) The Invention
process (eactereonfiguyationcasds tielembbdimensabiElgurg 1 ciigofownvell koombrertoselp approachédar | y
chlorine content arising fromchlorinated paraffins. This is particularly

r emar kabif ETR# s Ihtatnal dtectore directs ell condensate dnthe 8ralireactonindnersequente: wi t h t he
anti-fouling benefits of the Invention. Several sanples processed according
to this procedure were used netalworking oils high in chlorinated
parafflns: Sanple ppm Chl orine before Processing pam Chlorine after

Pr ocessi AllernetiRelnuwhancnuligte saquontiekyeasplacare emplopBidior Risrh e ve-psuiation 1gop 33

Metal working O O1 #2 5200 ppm - 300 ppm 94.2 / Metalwrking Q1 #3 8900
ppm 300 Pk Sevecsmply thep inftiah vessplisloath The remeiodsrnid pepasoel quREPILgSEAW oi | S
appears to evol ve overhead substantially as HCl. In several iterations of

t he procéddigurgtionateoprayigs wddiiignalresidence diste e theeblesd staspnAiERcled tRepdditiensyy
wherein cooling and neutralizatio ter S re-circulated with a punp to
condens e IMRBIRET PFOgPSSiNG- (THIS Vﬁ%?%@ﬂ'\é\g@gﬁ?&m@gu@ﬁ' this apparatus, the pH of
the cooling and neutralizing water was tracked to ascertain when the HC
evol ved overhead. Fromthese iterations) it appears that substantially. all

N, e L o H TR b
L1t SUORUAG A SRR BT Wk S o BER) O1 M kP S "

def oul | nsurﬁeo’ﬁh&ﬁbalt §xénshéegveleaﬁzbeumo&ph@r dadrS Gdssel; SRS B0t brahis BoPpreddpdy | S

believed to have occurre I kew se within several m nutes of gas contact.

St age 2: théagiiwuSdnpadyl daatibrntolithg $6446ton bendntl Rhib@aS TS vdrBfonadst Augfaaedur e,

the two liter flask contents follow ng stage one were allowed to cool bel ow

300F (148-9C) (solely to prevent exposure to the atnosphere at oxidi zing

tenperatures; a step not required in a closed system) and poured into 8

five |it aaberatony Bratedurel | ati on fl ask and distilled under approxinmately 1 mm

Hg crossbar vacuum through a 19 inch (48.26c¢cn) long two inch (5.08cm

di aneter distillation colum packed with 6mm porcel ain Berl Saddl es and

insulated with several |ayers of heavy duty um'numf? ting S via
k

| il. He
upper and"® doliowing| eresqdues fasscepln) Fsaects Gft%rf?e.'"d?@f’i‘iq"l&t'ﬁsﬁ?l PYsk 'afRd
o Ho.andreHTEd Greiiace e e eente Rl 1 FErRlsTed Hheydy ' 2°

distilli i se oil distillation range up to 850F (343. 3C)
at m)sphe%kﬂé&ﬁg\%ﬁg{ﬁ?w(%%%ﬁg@to 300F (148.9C) at 1 mmHg), was collected

and set aside, and a new collection flask nmounted, taking care to maintain
vacuum t hroughout to prevent oxygen damage to the oil. Distillation was
cont i nuegagaty: rhdrigl dnddsdant at ure had reached 690F (365.6C) (well above
tenperatures previously assuned to cause unacceptabl e cracking wth used
oil), at which point the crossbar tenperature had reached 840F (448.9C)

A three necked, two liter, angle necked flask Is employed for RX-1 in this procedure, which Is
performed on-a batch basis. Steam Is generated by a Sussman Model IMBA3 electric boiler,

piped to the flask through a coiled tube of galvanised stesl, and superheated to 425F (218.3°C) by electric

heat tape wound around the steel tube. The steam is introduced into one of the two side necks of

13



22 - 250 CT 2002 atnospheric equival ent (450F (232.2C) at
hi gher maxi num at nospheri c equi val ent distillation tenperat urz MCD-CZOUZ

anticipated froma production vacuumun(t, which would normally operate

ti I . O .
base 1 ubedbasallrd SRR, Seiat e il sHed bt Sk SEAR £kSUahf 4 10, o
fouling @ih (1@cﬁ1§9§lbm6|tb§t§dl||a|t€stdlélél cAPPRE Aidds céthB&#@E@HJH Wia BFoQﬁr?Q!aHs%ntnor in
subsequent iterations of a simlar protocol whi ch general |l y conparabl e

cqu Tent oo . &4 h Oy A7 TR A BEUEAIE 0BV sl SHEOR Lo 0

c%l
were enplio ate ristics were consis e-ashed

fuel of §+t€bﬂ1 g,utﬂg %gf() ﬁ@p{e%{g[ﬁgtszf@%ﬁ?c&ltél Ehfe}%ér#bté}' Elbfe'd Wilhf#C& éoLMd and

i mredi at ~or m nor sul ta road I esel and

fuel oil oY W%daa\sr W bénide argaswgal Aeantanaeﬁm rnﬁnasmvgmcm« &@Zﬂacawt her

base oli I ng process such as the solvent extraction process set forth

in our ¢ eﬁﬁd?ﬁétaébu?oom myasénawe%@ﬁé@l of theDdhfiacad 4/fifin tihd Mk STRE BRI MeBk 1997
23 250CT 2002 ~Ubat Is clainmed is: 1. Anethodfor reduci ng the

pr OpenSIéo){ ik & g?wt (ﬂ'lch id)ﬁr@qjlemp%ﬁ%ﬁlat%nr&lu s étglg&%aééﬁ-% Skt 'ty

of used 0| to a tenperature in the range o mai nt'ai ni ng

sai d oi lwiwd.te" 30 SG8chh) BETRBInRE StBel FRTIRACIR Gas@ﬂl&héh%?efcﬁ@& dn8 HitEtLRARe fdbWith a
sufficient to destabilize any fouling components in said oil; and directly

cont act i gwss sdstitlation |croskibdr eantl hanss sbee atherchomietel) feedirgSard Allihm gorsi@hskr.r eERediBIC e ti me
by passing said gas through said oil. 2. A nethod according to claim1l

f urt her hestegby spney acblawercdactiiy mentles under vatiathe thyrisiat eendral bon stream prior to
passing said gas through said oil. 3. A nethod according to claim2 wherein
sai d hydrocarbon streamis provided to said gas at a tenperature in the

range of 76 Cto 278 C
1000 to 1500 grams of used oil Is added to this vessel through one of the necks: prior to final

assembly of the apparatus, and is heated therein as rapidly as possible to 525F (273.9°C) and maintained at
that temperature for three hours, with steam feed initiated at approximately 250F (121.1°C) and maintained

throughout. The oil is then cooled by blowing air on the outside of the vessel, and decanted once

its temperature declines below about 300F (148.9°C).

The quantity of steam feed does not appear critical, although tests with larger apparatus indicate
that steam dispersion and bubble size can be significant considerations. In the two-liter vessel,
equally satisfactory results were achieved at approximately 100 and approximately 200 grams per
hour, Higher rates were also satisfactory but wasteful of steam. In that, with laboratory equipment
the great bulk of steam employed appears to pass mrough the oll without reacting with 1t, it Is
expected that, In production scale equipment, materially lower rates of steam In relation the
volume of oil will prove adequate because of the longer steam contact time provided by the much

larger vertical column of oil in a production vessel.
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4. A nmethod according to any preceding claimwherein said red §eﬁf}aTt%UﬁQ| S
*inthe range of 0 to 180 mnutes. S. A nmethod according to any proceedi ng
claim

75 psi % BT PosRPR P S PceRE I T L S AoRE (o5 PP ey Bl
i the additi I " of . : o : ¢ id oil
77 et el B gy B Bielh s AP T R B3t e ther or
both of the fol ' : L nt ai pi bl i t
From of P BOFPBHE dede LARDoUTTRI TRy 8L Efintt iy S0Puh SeondFebbor at ur e
b 204 C f lod of ti i th 0 180, m nut t
pr essur So9 Gy vEEe N e eopibace s it hegvob dodiRiRh "Seediabnaab ¢
| ¢ | : . . : ¢ nt d
O o OTBARS Rl £ 28Rl B RS it S0 Mo BRM ASLORAT SR D, >
COMDI | S {rfilmoR S, QL CTiRébahs b Al kel SITRY Lrtfinkbd BARLAR n@hor HRlo s Aflad | N
fuel having a borling poirnt below about H at atnospheric pressure, at

| east a | ' ' i from
oo ot et sfibriRfl SRRERIS o (N REleg, A TeHUSHARAN S PR AR 0T

sai d r egpyideRels HaPondted G QdWsirsdPalstiliation apparatus, If deslred, rather than imperfectly

separated in RX-~1 with Its small contagtor or column.

Minor variations of this procedure, with different used oll feeds, generally comparable equipment
with flask capacitles up to 17 liters, and differences in the ratlo of steam flow to oil volume which
are belleved to be Inconsequential, elicited the following fouling test resuits on the treated oil. The
treated oil's propensity to foul was measured on the Alcor Thermal Fouling tester, emplaying a
750F (398.9°C) tube temperature, a one cc per minute flow rate, and a three hour test cycle. The Alcor
Thermal Fouling Tester Is an adaptétion of the Alcor Jet Fuel Oxidation Tester described In ASTM
Vol, 50 D-3241, and measures the increase In tube welght - a proxy for the weight of tenaclous
foullng deposits formed on the tube - following a defined test cycle in which fluid Is pumped at a
uniform rate past a heated tube maintained at a uniform temperature, and the tube Is cooled and
lightly rinsed manually with heptane. The change in fluld temperature exiting the test cell is also
measured, and provides an Indication of the change in heat transfer efficlency over the course of
the test. As the flow rate is extremely low, and there is no rnse prior to temperature
measurements, the temperature measurements measure the combined effect of both tenacious
and lightly adhering deposits. The test Is offered by Alcor Petroleum Instruments, 919 ‘Isom Road,
San Antonlo, Texas, and is sometimes referred to by Alcor as an “Antifoulant test using the Alcor
HLPS". The 750F (39-8.9°C)\ temperature was selected because it is well above the temperature levels

normally thought to initiate coking and fouling In used oils. Moreover, olis which do not foul at such
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using a distillation process. 10. A nethod according to cl ai %
*conprising the additional step of subjecting a m xture of sa?dg\/\g"tce'rp,zqq ht

fuel, conmercial solvent, and glycols to incineration conditions for the
| i ght f ueinpersturasshaouldibe serdiesrmpatifde withy dawnstréany distiietiogyin e elistilatiory calirtietut
condensation. 11. A nethod according to any preceding claimfurther
conpr i si mederdte flashezone vacusma imindi18te ﬁ’qq Mg kg rapgs suchaasplo ra paskedodolusan withus ed
oil in a vacuum colum to produce at |least one distillate fraction and a
heavi er steam dins. A willberimnrasiigtelic teeeanizag by dhasp achaoted invie at, rsuci distilatian al
pressure of said used oil is reduced below its absolute pressure during
sai d vactnpatatisshas inumarpus eeyantages fopprediqlien seaecdstiiation of dtbdsatingrotl tange ofis?
wherein said vacuumdistilling step occurs with an absolute flash zone
pressur eW'@ﬁnf@H"nGEd@ta&lm'ﬂﬁ?fN-%gOfi4. A met hod according to claim12 or 13
further conprising the step of finishing a base oil out of said at |east
one distillate fraction using a solvent extraction process. 15. A nethod

accordi nﬂ.l to any precedi ng cl a'k‘m‘{ ulirgt her conpri si n%_ubreaki gﬁ up bubbl es in
sai d uselhedifiecttyangss gt BigipgrcgdiLe SRS ﬁt‘qu[lf@%cf B 2 SREUR ghsadofs Bdlustradg to
claim 15 erein said hreaking up step is perforned by one of physical
agitati OW\A{B?%i?"{’]F%%PéTEPaa“ﬁSTti on of said oil or application of sonic energy
to at least a portion of said oil. 17 A nmethod according to any preceding
claimwherein at |least two sequential reactors acconplish said step of

mai ntaining said usggl alleWid el B Kol BES 2t UfenhABiing Test Deita T (F)

Sample Unprocessed Oil* Defouled Ol Unprocessed Ol'  Defouled Oil
Crankcase

Oll # 1 154.6 mg? 0.1 mg 110°F? (43.3°C) 3°F (-16.1°C)
Crankcase

Ol #2 65.7 mg 0.3 mg 55°F (12.8°C) 2°F (-16.7°C)
Crankcase

Ol #3 152.6 mg 0.3 mg 55°F (12.8°C) 2°F (-16.7°C)
Metalworking

Oli#1 82.4mg 0.2mg 135°F (57.2°C) 30°F (1.12°C)
Matalworking

Oil#2 65.4 mg 0.1 mg 58°F (14.4°C) 5°F (-15°C)
Metalworking

Oll#3 62.3mg 0.1 mg 127°F (52.8°C) 68°F (20°C)

'Unprocessed olls had not been processed according to the defouling and dechlorination process

of this invention, but may have been praviously dewatered.
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18. A method as in claim17 wherein at |east two sequential r t @y,
‘acconplish said step of contacting said used oil with a gas. ES ﬂ@tm
accordi nfq to any preceding claimfurther conprising the step of reducing
oi | port TTested at 850F i(280.8°CY @bdne@gbrdnye Githic6mmaddid) attitiburt@t rSigifing cBémicals2 The O C T 2002

20. A nmethod according to claim19 wherein said reducing step is

.acconpl i emeaidingipsteatiohrreraxpaduatbd 4t F50F 3396.9908 ttibe tbrpbratarepitesisant-ouentckentiialng
approxi mately 34. SkPa above at nospheric pressure; or using a contactor

t hrough which said oil portions carri ed overhead are passed. 21. A nethod
accordi ngsto claim19 or 20 further gg;rl sing the step of condensing a

hydr ocar B®Arther eafaberiRihatihg sigqicand gmp R 98 Im Metaivinridee ©8 #§n9ve|5r@€éd| ng

i mut b, TesmeR %%‘% Fsio BBl aPiaghd Spparly vﬁiﬁge@ﬁ&d% @F?@efggﬁ%péélﬁﬁﬁégm

conpr 1 si H&dﬁ%@ n SPEpEE, D e G e ledl o Sfeaai‘ dad ﬁar%n%%?”#a%f’a&”;w”
one of the Fag tﬁ&&ag@ calsz%rstpbt%? Eolme te rt&éjeu\%ésnpare rea(?eac wltho:gclcrg%egont ent

of chl or *H8
minute of a 2500 ppm solution of Nalco / Exxon Energy Chemicals EC5425A, a surface active

antifoulant comprised of amine alkyl phosphate saits, for one hour at 650F (343.3°C). Then 50 ppm of
EC5425A and 150 ppm of Nalco / Exxon Energy Chemicals 94BU260, a glycol ether and
polyolefin ester dispersant, were added to two samples -prior to testing them on the pretreated

tubes. The results are shown below:

Three Hour Thermal Fouling Test at 750F Tube Temperature and 1cc per Minute Flow
Thermal Fouling Test Tube Weight Gain Thermal Fouling Test Delta T (F)

Sample Unprocessed O Defouled Ol Unprocegsed QI Defouled Qil

Metalworking

Oi#3 15.3 mg 0.1 mg 180°F* (82.2°C) 17-20°F° (-8.33°C to
-6.67°C)
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the steps of heating a quantity of said oil to a tenperature impgt
‘of 204 Cto 370 C maintaining said oil within said terrperaturz5 D%Iam

an average residence tine sufficient to reduce the chlorine content of said
oil; and directly contacting said oil with steamduring said residence
time. 27Ungiecensph sliehadinot Hees aoeesses, aconeditgeth 8¢ d4-foslingi and2 @e-ciigination
. AE. Ah9. AL. A&{ % A( Y. A2. Aa. AaF. A" . Aa. A Y. AL;

| A9Y. Aairogrss afthisAmyentionabyt had Afpv]qqshp\de ﬂqte;qmangs\nhgnlpallﬂtqegt@wﬁh commercial
snd) . =t zupﬂ e [V]ca]ca]c(a]ca]c”ha]ca] ca] ca]ca] ca]ca]c”a]ca]ca]c&al c&a]c&a]c
Ra] c<a] caftideularishascdisasseedapevgl ca) ca Ul c™alc”alcaljcalc(a t AnTnbj 0

"R&) )+, /1 $/ 3/ 1/ _l1zupkfa\W]ca] ca] ca] c(a] ca]ca]ca] ca]ca]c(a]cal]ca]ca]ca
] ca] ca] cighar ey WQ@P&%T]*U@-]‘%P@Q]’Q@ U] ca] caU] ca] ca] ca] ca] ca] cal _1267~77779r9)
Ll H <k<<4===(>?Z?
Q@ @@@@Wweﬂegmmaﬁ kesgtiony ef(est-cEPe upisbhgRlnaTRed) kg apetiiteralieng] cal ca] ca] cal
ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] c( a)J ca] ca] ca] ca] ca! ADbHI J
JKIMNQBRt Ry RRXW [ \ g\ \(]1”"0___M " $bbKccc} xsnid_Z] V]]ca] ca] ca] ca] ca] ca] ca] ca]

cal ool Gabshgabbant Hateimiemsdbe Sha ol hbiabel sttt alicadied oo ol

U ohaj caiaiBafeps HEpahienlfe 8’15{’]%"8f‘!?&]°8‘él]°8‘§f’8aﬁ‘%““é]‘%Yal]“é%f%?]‘%ﬂaﬁ"m'\%’ﬁ }}o_be
G

E‘IS’E]VESI 22]”’3?:?%%1’5@%11 AR COTt ) ool chal l cal cal o*al cal cal ol ¢l

g] kgbU] cet {upj e ZUj e’ ZU] cal] c™a] ca] ca] c’\a] ca] c”a] ca] ca] ca] ca] ca] c”a]c”a] c*aU

]Ca@]xlgg]h(r:rﬁlec@n%nﬁ sﬁYi &Z(f chinc(]a Cti&r@g U?Jcaf4 IcIﬁ ca} (t:’)a]thceao'ow]‘gcaU] caj
cal cal WHL %]&@]wt e]a @@]Lmeg] g#&h&%&%%%mmmammm@m@ | Ox<
ca{'c a c(' aJ cal] ca

} xsni d? ca] ca] cal ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
caj] ca] ca] ca] ca] ca] ca] ca] ca] ca] c*a] ca]ca!
#%98NybR(P_etr| wmhc”Y] ca] ca] ca] ca] c(a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] c(aUl c(al r~9j WP_etr|w nhc”Y] c
aJca] ca] ca]c(a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]] ca] ca] ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca?Ri 3i K-9, "10%& () -
"10%r& () - &1L0%T& () - 3s@O0%r& ()-s10%r& () - @/IlO%r&' ()-s $10%m& () - 3@gE79
10&8&! 7109%&&& () -3710%r& ()-L,, "10%r& ()-z9
"10%& ()-&LO0%r& ()-9310%& ()-p gHI 10&&! ! 109%& () - 1090& () -

110908 ()-!109%0& () - %40%& ()- 10&&
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1088&sm) dEHO 108&710%08! () - 4! 10%08! () - 25 0CT 2002
. 11 10%08 ()-)! 10%0% ()-1110%08 ()-! 10%0& ()-)+ - .=t bCO 10&&L

"109& ()- 1 10%& ()-L "10%& ()-#10% ()- 100 100 100 10%0&' ()- AnT6dELCY

108& * 3F" 100& ()- " +3"100& ()- ) 10%' ()-L"4" 109 ()-sL' "10%& ()-Y

F! 109 () - 6] 4?}9;99 EQMEW%%%?Gs?/étQ%FgTthk‘Teﬂaﬂerl@re agd 1cc per %Inute Flow
10S&9" 109%&' ( Z €& () -

910% & () - 93" 10% & (thadinl BN ¢t TuBE WeldiPBdin () - FRerdalFcbiid) TaS0H4
10&! 8" 10%z& () - IUW"&"TT‘%‘TW‘&'%Q—IO Z g
Z#1096 & ()- )+ /1/"/# $/3//bC9 10& ! 10%& ()- 0#10°/<z&' ()-, 10z

_S_amplg Thermal Treatment  Thermal and Gas Thermal Thermal and
Only Treatment Treatment Only  Gas Treatment

Crankcase

Ol # 1 3.1 mg 0.1 mg 52°F (11.1°C) 3°F (-16°.1C)

Crankcase

Oil#4 13.4 mg 0.5 mg® 60°F (15.6°C) 58°F° (14.4°C)

%The thermal and gas treatment run of crankcase ol #4 was interrupted prior to completion due to
equipment malfunction, but nons-the-less provided marked improvement over conventional

thermal treatment noted with respect to tube weight gain.

To provide another point of reference at lower temperatures, another test sample was alternatively

subjected to 1 %2 hours of thermal treatment or 1 ¥z hours of thermal and gas treatment at 425F (218.3°C)
prior to being tested in the Aicor unit at a 550F (287.8°C) tube temperature. In addition, the Alcor tubes
were pretreated with EC 5425A and both EC5425A and 94BU260 werse added to the oils as anti-

foulants, employing the same quantities and procedures discussed above with in connection with

Metalworking Ol #3:
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10z 10z9t10%& ()-y, F'10%& ()-Z s! "10%& ()- @/ _1267~7dELCO

*10&! 6" 10% & ()-<4!10%& ()--#10%& ()-{ "10%& ()-z 25 OCT 2[]02
"10%& ()-!10%& ()-3~ 77777779r9 @ 10&#10%&' () 1109 () f910%& ()-M
109 ()-Z Qge T ﬁxlt V& \ ~ i i

10&@ 10%&' - ; 9%

e 0% () - Hhgi Tﬂege ¥ wth 2 om %«%u@ﬁe;toc/gf&a@mf>>°2”
10&! 4! TO%&' () - Fy2Ms109%&: () - 0! 109%& () -, - 109%& ()-!,)&10%d& ()-!,)&L0%& () - @@
@aEEAELCY 10& "10% & ()-  "10%& ()-Z&$F10%& ()-F 10 10 10f
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Qnly Treatment Treatment Only  Gas Treatment
Metalworking
Oil#4 8.0 mg 0.9 mg 19°F (-7.22°C) 41°F (5.0°C)

The comparisons with respect to tube weight gain, which s indicative of tenaclous deposits which
do not readily rinse free, markedly favor the present Invention process, and are noteworthy given
~ that thermal treatment alone Is a state of the art process set forth, with minor variations, in US

patents such as 5,447,628, 5,306,419 and 4,512,878.

Other samples, we have found, can be adequately de-fouled by three hour 525F (273.9°C) thermal
treatment alone. In such instances, the innovative process of the present invention provides fully

comparable results:

Three Hour Thermal Fouling Test at 750G (398-9°C) Tube Temperature and 1cc per Minute Flow

ermal Fouling Test Tube Welght Gal Thermal Fouling Test Delta T (F)

Sample Thermal Treatment  Thermal and Gas Thermal Thermal and
Only Treatment Treatment Only Gas Treatment

Crankcase

Oll #2 0.3 mg 0.3 mg~ 5°F (-15°C) 5°F (-15°C)
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Three Hour Thermal Fouling Test at 550G (287.8°C) Tube Temperature and 1cc per Minute Flow
Thermal Fouling Test Tube Welght Gain Thermal Fouling Test Delta T (F)

Sample DAP and Thermal Treatment DAP apd Thermal Treatment
Crankcase
Qil#5 5.6 mg 17°F (-8.33°C)

The invention process Is equally successful in reducing chiorine content, particularly chlorine
content arising from chlorinated paraffins. This is particularly remarkable In that the chlorine
reduction occurs concurrently with the anti-fouling benefits of the invention. Several samples

processed according to this procedure were used metalworking oils high in chlorinated parafﬂns:

Sample ppm Chiorine before Processing  ppm Chiorine after Processing % Reduction
Metalworking

Ol #1 8800 ppm 500 ppm 94.3%
Metaiworking

Oil #2 5200 ppm . 300 ppm 94.2%
Metalworking

Oll #3 8900 ppm 300 ppm 96.6%
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overhead vapors. In this apparatus, the pH of the cooling and neutralizing water was tracked to

ascertain when the HCI evolved overhead. From these iterations, it appears that substantlally all
the chlorine svolved as HCl was evoived within a fifteen (15) minute period after effective de-
chiorination treatment temperatures were reached, and that substantial evolution occurred within
several minutes. “Henca. to the extent the dechiorination of the oll tracks the progression of the
defouling (which Is believed to be the case), substantial defouling is belleved to have occurred

likewise within saeveral minutes of gas contact.

Stage 2; Vacuum Distiliation

in saveral iterations of the above procedure, the two liter flask contents following stage one were
allowed to cool below 300F (148-9°C) (solely to prevent exposure to the atmosphere at oxidizing
temperatures; a step not required In a closed system) and poured into a five liter vacuum
distillation flask and distilled under approximately 1 mm Hg crossbar vacuum through a 19 inch (48.26¢cm)
long two inch (5.08cm) diameter distillation column packed with 6mm porcelain Berl Saddles and insulated
with severat layers of heavy duty aluminum foil. Heating was via upper and lower electric mantles
applied to the distillation flask and controlled via a variable transformer to maintain flask pressure
below 20 mm Hg and thus preclude the possibility of column flooding. The il distiiling in the below
the base oll distiltation range up to 650F (343.3°C) atmospheric equivalent (or up to 300F (148.9°C) at 1 mm Hg),

was collected and set aside, and a new collection flask mounted, taking care to maintain vacuum throughout to

prevent oxygen damage to the oil. Distillation was continued until the flask temperature had reached
690F (365.6°C) (well above temperatures previously assumed to cause unacceptable cracking with

used oll), at which point the crossbhar temperature had reached 840F (448.9°C)
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immedtately or after mlnor blendlng suitable for many off road dlesel and fuel ol markets as well

as an excsllent feed to a hydrofinisher or other basa oll finishing process such as the solvent
extraction process set forth in our co-pending application, sertal # 08/925,279 filed September 8,

1997.
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1. A method for reducing the propensity of used oil to foul, comprising the
steps of:

heating a quantity of used oil to a temperature in the range of 204° C to
372° C; maintaining said oil within said temperature range for an average residence time
sufficient to destabilize any fouling components in said oil; and directly contacting said oil while

thus heated with a gas during said residence time by passing said gas through said oil.

2. A method according to claim 1 further comprising contacting said gas with

a hydrocarbon stream prior to passing said gas through said oil.

3. A method according to claim 2 wherein said hydrocarbon stream is

provided to said gas at a temperature in the range of 76° C to 278° C.

4, A method according to any preceding claim wherein said residence time is

in the range of 0 to 180 minutes.

5. A method according to any proceeding claim wherein said method is

performed at a pressure in the range of 0 to 75 psig (0 to 517 kPa).

6. A method according to any preceding claim comprising the additional step

of agitating at least a portion of said oil.

7. A method according to any preceding claim further comprising either or
both of the following steps:
(a) maintaining a condensable oil component from oil portions carried
overhead by said contacting step at a temperature above 204° C for a period of time in the range
of 0 to 180 minutes at a pressure higher than atmospheric pressure; and

(b)  returning a condensable oil component from oil portions carried by
said contacting step into said quantity of heated oil.

8. A method as in any preceding claim further coniprising, before said
heating, removing from said oil water and light fuel having a boiling point below about 149° C at

atmospheric pressure, at least a portion of any commercial solvent, and glycol contamination from
said used oil.

24



Y, "109% & ()- )7~ ")*2: CQ vVebWA& #1 , "10% & Y, "10% &

"10% &'()-Q, ')'10% &')()- Y, "109% & ()- ) -l " ab{J]) abchK>1&13(s?19gIc%q02
@ 1098) & ()- s "1098)& ()- '1098)& ()-, "10% & ()- )2~ "cet|[: K>1&10S
“3S10%K (K& ()- "~ @O% (k& ()- “LY '10% & ()- ='10%(7& ()- 9AOY%K (k& ()-Z

LlO%( k& Kgl1&10 %
L () W1 S2LLOR iy W KRt oo

210%(k&51pgad@111@mkr&w5)s Y110%<(k&'() @ 109 (k& () -
109 (k& ()-.:=>?@WU4&1 | y!10%2) & ()- " 10% & () -

#Y100R) & () ZlOk( Ok( 1 9100 3 L0 ke &1, !
1%"10% "' & ()-9 L 00/4 ?“%f&‘gd@”%@éﬁi ‘E‘%‘“‘B% < 9y ‘“@)‘ﬂ‘)sa“dda%% ,
109R) & (sl)b vdﬁ%@hrﬁ xhdebsdid )Natfﬁ?,llﬁ)@l@t%?el(c)mtitﬁé’rbihﬂ?&lﬁ&ﬁ)anajg@%%ls?to(u)mneratlon
£ 1004 & él)l " 109 & () - 9] obU4&1 y#lO%?/(x$%&' ()-210>$10>$10>$ 810%$& () -
- S#10%$ Ctlslonszor'ti’e%g éﬁ'@ compencigkselvent sndiglycqly frygrergy recovery without
$1096& (Yade Qa(%%&oww(iocyw% 9109k $%& () - y! 109K $%& () -

" 1098 $IE: %‘ [:vUAl @10%& ()- °$10968& ()- LM 1098& ()- @10%& ()-
1098& ()- yl 109$& ()-& |[:vU4&L :10%& ()- @OY%& ()- 109%& ()- 3

109%8&' () - 100/&5&' (M. y J_Aommo(l)accbrdﬂng:wammecﬁﬁng claim further comprising the step of

vacuum distilling at least a portion of said used oil in 2 vacuum column to produce at least one

distillate fraction and a heavier residue.

12. A method according to claim 11 wherein the partial pressure of said used

oil is reduced below its absolute pressure during said vacuum distilling step.

13. A method according to claim 11 or 12 wherein said vacuum distilling step

occurs with an absolute flash zone pressure of at least 10 mm Hg.

14. A method according to claim 12 or 13 further comprising the step of

finishing a base oil out of said at least one distillate fraction using a solvent extraction process.

15. A method according to any preceding claim further comprising breaking up

bubbles in said used oil during said gas contracting step.

16. A method according to claim 15 wherein said breaking up step is performed
by one of physical agitation of at least a portion of said oil or application of sonic energy to at

least a portion of said oil.

17 A method according to any preceding claim wherein at least two sequential

reactors accomplish said step of maintaining said used oil within said temperature range.

18. A method as in claim 17 wherein at least two sequential reactors

accomplish said step of contacting said used oil with a gas.

19. A method according to any preceding claim further comprising the step of

reducing oil portions carried overhead by said contacting step.
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24. A method according to claim 23 further comprising the step of condensing

25. Oil processed by the method of any one of the preceding claims.

26. A method for reducing the chlorine content of chlorinated oil, comprising
the steps of:

heating a quantity of said oil to a temperature in the range of 204° C to 370° C;
maintaining said oil within said temperature range for an average residence time sufficient to
reduce the chlorine content of said oil; and directly contacting said oil with steam during said

residence time.

27.  Chlorinated oil produced by the method of claim 26.
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