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- 1 - STEAM CRACKI NG OF HI GH TAN CRUDES FI ELD OF THE | NVENTI ON [ 0001] The
invention relates to treatnent of crude feedstock and crude fractions
containing high Total Acid Number (TAN). BACKGROUND OF I | ON
[ 0002] Oonve‘ﬁ???fwg‘ﬁ@, crude feedstocks are subjected ?Sprag*“f’%\;ﬁﬁgtreat ment
I ncl udi ng desal ting, atnospheric distillation, vacuumdistillation, and
other steps to separate out various fractions, which are typically then
subjected to further treatnment to yield useful products. It is conmon, for
i nstance, to use fractiSTEBAMUCRAGKINGIIF FACH KA ERVDESIS feeds to a steam
cracker, where they are pyrolyzed to ethylene, propylene, butylenes, and
ot her nol ecul es which can be oligonerized (e.g., fromlight olefins to

heavi er ol efins), polymerizedr{B.I90F TP® DRAESIEGRe, pol ypropyl ene), and/ or
functionali zed@&e. g., acids, alcohols, aldehydes and the |ike).
[ 0003] Cer t ai n 10®&bondhe duvephionn gelatosy ine tragtmennpfo e Headptacky aad g8 t hey can

negatively effﬁ%@ﬁon?&ﬁltaﬁﬁ%gﬂ?étﬁrﬁlﬁ ﬁ,ﬁﬁé’rgjﬁg)_steps. The nature and
obj e nen

concentration of these Ccti1onable conp ts can affect the value of the
crude. [0004] Naphthenic acid, a generic name used for organic acids present

in crude oils, is highly O@A@ﬁbﬁ@fﬁ@i@ﬂ’[@ﬁmﬁ\ﬁﬁbﬁi ng of crude. The

presence of such acids can cause various problens in the refining process,
particul arly @08 r eSpoentionaly orude Seadsiodsfs ag aibjreisd tto sefiningatseatngenbr s and heat

exchangers. NSV aj, e . US| . i i i ' LiiV and/ or
expensi ve rretEﬁc ur gy %ahié]g’ges %?%ncs%&r%eﬂ@?%é’ requdl’lér?%%t?&[ %gg@#gfegf Acid
Nunmber, or TAN, sdpsraieans ivatene dractions,ashicle acf typiballyntheh subjoted tadarthecont ent of a
sanpl e. High ,%\

Total  Acid. Nu r_  (TAN) . crudes are typicall h | ess val uabl e
than crudes t H%%tmﬁ% t%&eldhuﬁﬁf) Rﬁ"éﬁ’ Schd Emg%tf?ra’?%‘%%@%f%ﬁ%%sed her ei n,
I's/det er m nedsiey adtaphihaatidgedoiDasfeddsand steak @gackdnewhens they a pypmly2éd11/ gm oi | ;
for econony o escription the nmetho f asurement and..uni'ts will not be
r epeat ed. [00{963?’3?’ e,g?qp%@pg,tbgtfy}egﬁsr ?‘ﬂ‘?ﬁqﬁ' %W@glh?aé‘??? ofigps s or crude
fractions (e.g., from light olefins to heavier olefins), polymerized (e.g., polyethylene,

polypropylene), and/or functionalized (e.g., acids, alcohols, aldehydes and the

like). -
[0003]  Certain components in the crude are objectionable because they can
negatively effect one or more of the refining steps. The nature and concentration

of these objectionable components can affect the value of the crude.

[0004]  Naphthenic acid, a generic name used for organic acids present in
crude oils, is highly objectionable in the refining of crude. The presence of such
acids can cause various problems in the refining process, particularly with respect
to corrosion of equipment such as towers and heat exchangers. = Extensive
) | treatments using anti-corrosion additives and/or expensive metatlurgy clianges are
sometimes required. ' -
[0005] Total Acid Number, or TAN, is considered a measure of the
naphthenic acid content of a sample. High Total Acid Number (TAN) crudes are
typically much Jess valuable than crudes that do not have high acid
concentrations. TAN, as used herein, is determined by ASTM method D-664 and
takes the units of mg KOH/gm oil; for economy of description the method of
measurement and units will not be repeated. '
[0006] = The primary effects of High TAN content in crudes or crude fractions




E

- 2 - on steam cracking include increased corrosion rates in the furnace
facilities, inlet piping, upper half of the convection section, and primary
fractionator bottons due to organic acids in the feed; . sed_corrosion
rates and waRtW B Iinitations in the recovery sec?%&g{?ﬁ%‘m?‘ >acidic
byproducts (e.g., C®2, light organic acids) and specialty additives (e.g.,
phosphorus) added by refineries to inhi"bit TAN corrosion. Such additives
have been linked to increased coking rates and radi ant tube damage in steam
cracki ng f ur naneseafor gaking fichele yneciastli chirexdonsties in the Anheee faoditids inlft0007] I n t he
past, high TAN.cHrludes glgl%@gbe ay. ided.becaduse of .t he azugdan e of other
types of crudd@® SRR SF Odd® fHE DA SERT, PO HFIRFDY SiiRatos DOUGTs §ige o e
i nperative thas oigasic atids RiRNfetd) tRebafRd @birexith res addverSefbr isgaasdi ngly, it
woul d be benef,igal if an effjcient _agd cost-effecti yg% net hod ,gf
treating/ procdSSTECRFRPeetiRR dup iRiaddic Brefugts (88w Sedieht oraHs etifPent |
commer ci al  pr gf® $HeR t?yaamﬁaésloé.gr,;ﬂno@hwg mémugheﬁwﬁssfwmit PARestill to
separate the crude into various fractions, such as_a gasoil fraction. The
pi pesti |l st epoyesias. Sugh additivenbave fyendinked todncrepsad sakineantes gWirediadint amount of
TAN. The gasOiypeldaifafd B steARRBKAE MehRes FOY Rncty RRGAUCRELY cRpRRM Cracked to
yield light olefins. A basic material, such as an amne, may be injected to
neutral i ze théefenai ning acidity (generally light aliphatic acids such as
acetic and fokggos aCifshe bikt L6, Sit EAGKAE t Al SheckBOQH & S Patent
No. 1, 953, SSST({nga]ch treaetkrerit %1! éﬂ?ee stolgla conpr s?ngecorgg’%i c‘eaci ds like
phenol s and nalpmtnse pEotheritybes obgrudes.dHawever, as thesimpliceffcrudegivandlespiper at ur e
treat ment of . 4 : er
BELHE SRy @ARe r:ﬂea?glg l‘d{r?r ﬁ@neagﬁl??eg]g.%r: GARAa, .&Q@al F%pg

atqospheri c pressure, pre erern e oil"ITs a dist t hat has
first been sullj ewulid beo teneficisht Hemp wificken! | apdi doselEaiive dimsthiode of Thi s
heat - soak tre . has Qﬁqg Ei Pf at a tinme when energy was
relatively chg‘%%fﬁghr@t@&éen%g%gge terf‘%%ra ub%e%eﬁ%%lat nments are to be avoided if
possi bl e. [ 00[00D8). S. Citzené nemmverciabpr8&Bsed Spidally almsorudt themgk d refinerenoval  of

petrol eum aci . S : I FEE . TE ] i conpri ses
heating the f@é%fkpggr}'aegéggm%rca dﬁrr“ggg g?h{cggé BG‘IEa %B%%?&’fg‘ggm preferably
at | east 600Pipextidstep G5 Astiltatiof)atoadiof destroy o sighifitant about o) Thor a peri od
of time suffigie r e bstantial |y T f th e ile constantly
cveep! ng. avay POl ARy BHOLE SR8, ibstbert yin (e Pl
deconposi ti omleftnsg. A basd entexidpach afae amdie) thay be tiljectphbtoensbitrdlize shepr ocess is -
said to be useful.for..crudes .t AN .above about i n.order.t.o reduce TAN
Co |evel o1 edtipine St KRty el aput bl s e ol pBRRTAP [ 2000, 1
process for riathestean coachaipraductaci-ds conprising thermally treating a.
petroleumfe nt gk Qi ina I action zope, conprising a plurality
of stages i ne@%@?esa[?g E&?&ﬁ@él’gﬁ%ﬁq‘%}% e %ﬁs‘fgﬂrg%?%r" i ng
hydr ocar bon forgamici aidsalikt pienely cind tniaplehednjed acbdsa b andittillatet theneof, tto @at i ng t he
vol atil e hydrocarhon . fracti t 0 _ngut, i 0 iLc.aci ds,~and then
bl.endi ng t he t?%%%?rﬁ gg?%‘cﬁmvoglrgg%e?ne&#ﬁf%g‘é?%%ﬁfa?%ﬁbl %ﬁab\ﬂfttﬂ’ﬁth nonvol ati'l e
hy)jr ocar bon fundertatmoesphehio @rdsiuee, pedferstly ohereintthd ¢l iata distillateet hAdsufireg of 400F
(about 205C) ,to 800F (about. 42 .. TLea nt .to .peutrali the organic acid
i ncl udes t he PEELST tgéjf%taatb agnegg h%(gﬂﬁﬁgdlfﬂ 3 @%ﬁ?ﬁ’aﬁgﬁsﬁm and '
nmagnesi um anataygisave [baehl tisfaBoryPata tiive. wien Odi€rgy Sdast ileativetys cheap bufuce t he
napht heni ¢ a%ép%ra eotgﬁlggrtam treatments are to be avoided if possible.

[0010}] U.S. Patent No. 5,820,750 is also directed to removal of petroleum

acids from crudes by thermal treatment. The treatment comprises heating the feed

' to a temperature of at least 400°F (about 205°C), preferably at least 600°F (about
315°C) preferably up to 900°F (about 480°C) for a period of time sufficient to

reduce substantially TAN of the feed while constantly sweeping away inhibitors

C




of . crude by a process conprising flashing crude to renove substantially all
the water therein, followed by a thermal treatnent in a reactor at 650F
(about 340Qyohsy8Ref (about 425C). [0013]U. S. Patent Apphiksigddsads Nos.

2004/ 0069682 and 2004/ 0069686 are directed to upgrading of heavy petrol eum
oils that are typically not suitable f.ar pipelining without the use of
diluents. It utilizes pyrolytic reactors operating under conditions that
result in a rapid distillation with coke formation, and is said to reduce
TAN. The procdadigenewiasdored dumng theidecPrposiioBas.g. wetpryapoh edtcordingtPer to

i nt eract W'thﬁéﬁt&ﬁ%ﬂ@ﬁr@&&is%ﬁ@%@ds@ﬁlﬁpﬁuﬁé@%ﬁlsrﬁaﬁﬁeaw&’ﬂiﬁt stream
fromthe heat carrier, and regenerating the heat carrier using a calcium
conmpound. [ 00PeTiogeduceTANto levsielssschan ahonid.Ssur pri si ngl y di scovered that high
TAN crudes an Lgh ef i per e_diLrect |41 into a

st eam cr acker %d}!rlgl ygjlﬂs\lﬁrjl ltﬂgﬁ'%lﬁ%ﬂ%ﬁt Ee %goc% golc?s)%/ ilg%/régﬂﬁféé?&sg%ak t r eat ment
and/ or w t houtacitth eom@Esigsthénnally tredtog < ptirdlauen fest mbntaihing dhtaathernaal pr oduct from
the steam cracker that is si.gnificantl educed .i n,. TAN _ .

SUMMARY OF THEFARIERIFP CREPETES} A oL A o 1oRPRiee % vlaf oces s

conpri si ng feefhang deidghcohialing- hidrocaftoe dbicti@anmd tronaokiilkahydedcadblser , wWher eby
napht heni c aci.ds.in the feedstrea re substantial.ly converted to CO CQ2,
and | ow ampun{@sp tfe&gﬁﬁ’ﬁﬁ?@@ﬁﬁﬂgg og ffac Eit‘ﬁlge“("@L.@%/t!’ePWE‘f‘ acetic,

propi oni ¢, angndthey biegdiag bdSthus-tFatdl WeMisd hyiedthibon Baeioar with theanddi gh TAN

feedstream conpri.sing crude or high TAN feedsteam which ha vi ously been
subj ected to XOlf Llﬁg?“;?fbﬁ? Gestion. T ot Hpenctt ?&P&emﬂ%{?ﬁgf esi d.

[ 0016] The i nVEBbitQ05ICY ted0BeF (hho@AReT).! TredtnidiOn ASEraliad e iofdatid aéi@edi ng hi gh
TAN feedstream{q the convection section of yrolysis unit to preheat the
feedst ream ofpelegssdhe yeeof sURPL galssach asd il Ca ?’ﬁ:"’g\()ﬁ’laé‘gwfﬁﬁﬁd drop out
the heavi est ffaftgh.i on (e.g., asphaltenes), and further processing the
overheads fromthe flash drumin_the radiant section of a_pyrolysis unit.
[0017]1n a prt00¥d, ecp-én%%tﬁl?rérﬂs,ﬁ’7§hEa‘B’F%@tf8‘?‘{°°&eWﬂl@hﬂ%ﬁ‘{/)@@ ur nace
conprises a V@@&ﬁdem}%ﬁobdaﬁh&ﬂgrrﬁﬁgeﬁagﬂdﬁgaﬁde B RRYE8datamtislifRB the and a |iquid
phase conprising C5+ species. The liquid product of the pyrolysis furnace is
preferably di WPy thesein, flloyed by gdfepmal ingatpieptin  reapfosat 50 F(aRAEI48°@h over heads
conprising stgame@piegsagpht ha fraction (i.e., C5-CL0 species) and steam
cracked gas oil fraction (i".e., a boili n&qrange of about 400F to 550F, e.g.,
C10- C15/ C17 OPEdi ey-S. Bstent AnpbicationsNasy 2004/0069G88 rpdi Z0§049486 @re . | a

boi I'i ng 1 angesiRfed® RPNRrRARRWE heaR petrBietin oilctRl é tyiRAG P iuitalP§Hh3] | n a nore

preferred enbodi nent, "any remai Ning acids in the efflTuent may be

subsequent | y mieshiping|withewt g vse Bh diventyat ke uiilizes pyrobytisrTawatgs aperaiiigne, and nore
preferably by, aed Bfditidhs Bt 10t MSHapill BRtIRAHLARAN cSlcAbinMOR 0] isduANCh zone and

prior to water condensation. o ) . '
to reduce TAN. The process. comprises introducing a particulate heat carrier to

=

interact with the feedstock, separating the vapors of the product stream from the
) heat carrier, and regenerating the heat carrier using a calcium compound;'

[0014] The present inventors have surprisingly discovered that h1gh TAN

crudes and high TAN refinery cuts may be directly introduced into a steam

cracker pyrolysis unit without the necessity of a heat-soak treatment and/or

without the necessity of chemical treatment, to obtain a product from the steam

cracker that is significantly reduced in TAN.

SUMMARY OF THE INVENTION
[0015]  The invention is directed to a process comprising feeding high TAN




[0019] 1t is an object of the present invention to avoid the refinery process
and attendant distillation step(s) and/or avoid separate heating steps such
as a heat-soak in the production of usefid products from hi gh TAN crudes,
parti cul ar | yOge@&#2tr acki ng products such as ol ef i ns. PLOORYPIAR341E al so an
object of the invention to provide a process for treating high TAN crudes
and refinery fractions while avoidi ng-$teps of adding materials to the feed
that require subsequent steps of separation. [0021] These and ot her objects,

features, and puABRAYES st orabRE Sferddl RASHIAICHial B Bk Mdifkelnis fBUC 1O Lhe

follow ng detailed description, prefer I ments, exanples, and
appended cl ai rebstapEaliv coEmrRESCEOPTOORR] oy 2@jonnts of thiwey molecelirewéightent | on, hi gh

TAN f eedst r eang;ar-e, PrQVi: 0 . St e . (yOr I olysis unit),
wher eby napht %ﬁ?égg'tiﬁgéhgﬁag%%é p?t’gleogisct %ﬁaﬁﬁs@gér(g&g%hver% g%di%s C®2, and
| ow anmount s ofprefersily erbigic TAN f{eedsiyegn tanprising @edet orchighp TN feedstrearand but yri c

aci ds), optional L ncl udi;ng a si.e f flashing the feedstreamto renove:
heavi es such Xg‘mﬁzﬁﬁgﬁ‘"@ﬁ& ,gee&fsflé'F‘R?cﬁtfg afrglglbeg_’f B’g’ﬁ?sﬁﬁg"fhbaég%tnb%ﬁégt ed in the
convection segdmaveraid.t he steam cracker and prior to passing at |east a
00251 The t or HUL6E oq e EXERISR- b0 ALmiFHa proms CaPEgmEBHRaPe. gener al | ¥
as a thermal mANDFag@star o tthe Sirvadtion abdtion WM pRbivEnakit th rénkiiwel | y added
inter alia to_reduce hydraqocarbon partial pressure, to control residence

time, and to fefitDcoRtigraly; dasipg the feedsteagy B & Hathydrumte frorAttths he st eam may
be super heat efeaviestGficién (el., hipRalfeRstY, 9hd fuPtRerSRsceisay 18 oveiBadd Yo tHS1 S uni t,

and/ or the steam may,  be squr or,  treated process steam 10024]A preferred

hydr ocar bon f Sestsriivfhemiigriseion of 4pYEJ¥HSY%n t o naphthenic acids, crude
with resid anﬁlﬂmV' NG I ANfRfred ABddRhent, NAB RbMREWRIthd PyRiyRis fRfage Preferably
about 1.0 or higher, still nore preferably about 1.5 or "higher, yet still
nor e pref er ab$gpPpises, a vapor phase including ethylens, propylene, butenes, and a liquid

phase comprising C5+ species. The liquid product of the pyrolysis furnace is

preferably distilled in a primary fractionation step to yield an overheads

comprising steam-cracked naphtha fraction (i.e., C5-C10 species) and steam

cracked gas oil fraction (i.e., a boiling range of about 400°F to 550°F, e.g., C10-

C15/C17 species), and a bottoms fraction comprising tar (i.e., a boiling range of

above about 550°F, e.g., C15/17+ species). - '

[0018] In a more preferred embodiment, any remaining acids in the effluent

may be subsequently neutralized by a basic material, preferably an amine, and
more preferably by amine injection near the primary fractionator quench zone and

i prior to water condensation.

: ) [0019] It is an object of the present invention to avoid the refinery process and
attendant distillation step(s) and/or avoid separate heating steps such as a heat-
soak in the production of usefnl products from high TAN crudes, particularly
steam-cracking products such as olefins.

[0020]) It is also an object of the invention to provide a process for treating
high TAN crudes and refinery fractions while avoiding steps of adding materials
to the feed that require subsequent steps of separation.

[0021] These and other objects, features, and advantages will become
apparent as reference is made to the following detailed description, preferred




[ 002511 n the case where the feed conprises crude or atnospheric resids that
contain an appreci able anount of resid, the high TAN feed, after being
preheated ig,t ection section of a pyrolysis uni IS d through a
flash drum ?’é’%g’éﬁﬁowut t he heaviest fraction (e.g., sﬁg{dgﬁ’t"?@ﬁ‘fﬁg all the
asphal tenes). The terns "flash drunt, “§lash pot", "knock-out drunt and
knock-out pot" are used interchangeably herein; they are per se well-known
inthe art. In a preferred enbodi nent, the conposition of the vapor phase

| eavi ng t he f|eashedanenin exemples endappénded ¢lainise same as the conposition of the
vapor phase entering the flash drum and |ikew se the conposition of the

| i quid phase |l eaving the flash drumis substantially the sane as the
conposition of the |iquid phasBEBAI&D DESCRIBTIONIsh drum i.e., the
separation in flash drum consi st.s es kally of a physjcal- - 6 -
separation of [E’@]t\/\gfcﬁ?fg’%%o &?t%%?ﬁ?’ﬁé%%ﬁd%%ﬁmﬁ%ﬂ ed flash
pots and t hei rstdatt egelat i (6N otet pyRlys¥ wsit)s wikieby inphikeric aridpusl thebeen
described in .. Pat ent | i,cation, Publication Nos. 2004/0004022,
20040004027, gﬁ@%@&ﬁffo@%@%ﬁ@ %&eﬂﬁdé&%ﬁwg}“‘ﬁ’f i’i"éﬂr |®F€ation Serial
Nos. 11/068, 6%8mfit,| fetid Qepictia 28, budRfR5acid) SibnAGGintlukiag Motwp 28, 2004,

10/ 851,546 filed , on I\/angé, 2004, 10/ 851,?8528&% | ed Ma 2% 2004, 10/851, 494
filed on May Zpshisgdbe Toedstigam legremqve chpayisy, spoh a9 gephalionsygafierstha | ed May
21, 2004, 10/ §5kstftl8 Had bR pidhdatedlin 1208 0vech B Btfbn 62 Grelsich@Grdidf agd . 2004,

10/ 851,500 filed May 21, 2004, 11/134,148 filed May 20, 2005, 10/975, 703
filed October PHEL topeRsing ahlggspaportiomof piddeedsipap inte thexpdiant secfipmofithe gy £ | ed
July 14, 2004, LRsB8%t. 716 filed July 16, 2004, 11/009, 661 filed Decenber 10,
2004, and 11/ f% 076 _filed July 8 2005. Anot her preferred apparat us
effective as d002PhshThotem i gre §s w¥ed herein s dendmown mashgmeally s descri bed
n U S Pat enbs Nhemf frtelydornif Suéi, YRRAL btk s SERANAURED ueflng a1 as the

present inventors are aware, such devices ‘have not, Heretofore, been used to
process hi gh Toaxruce hpkracaghed pitislawesine te pantiebresidence ime,and) to minimige pr esent
invention. [004Llehakdie &g : ' i ' t'%@%- ash drum
preferably opgcrﬁ%tfeslaa?é@?%nperg’?&?&éﬂ%@%g?\?&ﬁfaggﬁ}%%%% a %blut 425C) and
about 850F (aboihe carysation s¢ation 8f the parolisisfuaity end/os iisothiamemey, be $edir phvention is
directed to gﬁsf cracking a hydrocarbon feedstock conprising crude
i ncl udi ng re;ﬂ%ﬁ%ﬁj naSS%t&rﬁ'eni c adds, and having a TAN nunber of greater than
or equal to al¥82dl 0.4 myferal ydmckrbompieedspeanf egomiptisesalinuadditio gy KOH g oi |
or higher, stj . Or r ¥ oYy BV i i gher, yet still
+4§;ht§._§%£ %@Kﬁ_ﬁ \ﬁgz! r|¥51@ &v%F T AR St dateP mh br %ﬁ:ﬁgé ?B

nore preferab g 5 sal ocess “conprising heating said
hydr ocar bon fmedgraferbly shouhb0 oohighass stilmare prefeeablyofbout oy erdiighef, yetunit to
produce a vap, @Q?@@ rably at a tenperature of about 1000F to about
1200F (about %Ell %%W%SOC), flashing said feedsfreamto drop out the
heavi est fr aci0PZih( s)In the. agse whespithefeedreoniprises atids obaimgspherid rpsids thatki ng sai d

vapor phase i e r.adj ' RV Y : erably at a

tenperature o n%%oﬁ?@ﬁ%%%ﬁ%t%%%é& ﬁ(ﬁ%ﬁg oufail:ﬁ E@%ggrgg{a? 000, to

pr bﬁ?ﬁe an efi_hlthaemvepb'up:jtc@tbmgf a)pri?l_ysis ugitcis mwﬁéd;@rmgh g;dlldemm un]'E OL t

napht heni ¢ ac - - I r - a feedstream

havi ng resid d|cr)r e?;'ftct)lbes%?wr e%o%%é?gghgﬁsg@%%%g tgeeﬁlﬁagtr ye%ieg{epst{ﬂﬁsl , and havi ng

a TAN nunber "@hshaboot, I{l@h nppiKCltherkeduk dowm'hiagh dmpckant epqtt efeemsedl y about 1.5

ng KOH g oil .or hi AN e pr é K i]l.s [0030]1n

anot her prefer ’%Eéng%%’d?e?r%d}it¢et gﬁeﬁggﬁgléﬁhﬁ%%eer%@ eﬁgmgé&ﬁlocess
embodiment, the composition of the vapor phase leaving the flash drum is

substantially the same as the composition of the vapor phase entering the flash
drum, and likewise the composition of the liquid phase leaving the flash drum is
substantially the same as the composition of the liquid phase entering the flash
drum, i.e., the separation in the flash drum consists essentially of a physical




for cracking a hydrocarbon feedstock conprising napththenic acids wherein
resi de has been previously renoved, such as by a refinery pipestill, and

having a TAN n er of about 1.0 ng KOH g oil or high referably
about 1.5 ﬁﬁok‘&rjﬁﬁ”& or higher, still nore prefer ab?éT’E%&??é&ﬁO—Vg oil,

sai d process conprising heating said h)édr ocar bon feedstock in the convectl on
section of a pyrolysis unit to produce a vapor phase, preferably at a

t enperature of about 1000F to about 1200F (about 540C to-about 650C),

optionally pampmrgnmhéﬂzhemlﬂmesemdatgtmmhr ough a flash drum and
subsequent |y I Ng,sal he .radiant sec n, of a pyrolysis
furnace, pref 36% Sf"?"éfﬁg@?%tpﬁg 31551%) n‘fh P’(’S@&‘a g‘ to about
1750F (about Qﬁﬁ@u,slyt beqr Qidseeibedarin eUfd. UPMEnt C Apjlfcationn Publiekibid SNod. 0031] I n
Feedst ock. v eHOkPRuPiABb Aok L RE0ME el T esHTECE DS section of
pyrolysis uni tAppHeaiion SéiaCRGs. @I/@Gﬁ@lﬂ%ld‘d%ﬂﬁ&?)zs 12005,30/851,4% Mkd Ma@ast a portion
of the high TAN feedstock. Subsequent to convection section, in the case

where a fl ash Zbot00s 10/886H46 Hied ‘P%M?é’tzdc%om‘s 19/$§5\37§efﬂ§1 May Pl 0% d f1 ash
druminto a vapgs: MPesed aﬂﬂ@ i gomdm?ﬁm@vmm ;ﬁtﬂ%o@&%?dsﬁ%@s (if

present in said f éedst ock he va hase, shoul now cont ai n

substanti al | yfilpd M@pﬁbl&o%el@/%l:é%‘ ’GQM&? théo%dﬂ/ﬁfﬂt»ﬂé)e&lpd dMaydAl, a pyrolysis
t. Th t f th
uni e Vap%m?h@@ﬁ 50‘6 ﬁég%gﬁme yll?l@@%i?ﬂleﬁﬂdak%cﬁoﬁg 175 [flgf) ion o e

pyrolysis furnacée to |'uent "conpri si i ns. 32]In a
preferred enbﬁ&drﬁé‘vmber %&19004911%{1391&9@ ﬁé@ﬂd@ lﬁrﬂQOHel%E%J%éﬂBdM I4e neutralized

downst 1 eam of 20a 16/ ABEaCRYY RF 200 T1/BIAR AU DERERGRAN e GRP Of 1 he
gg)rrary fractl onat or bver ea rfor er-con ensa Ioh, by a basic
erial, pr eilét%?tm?ﬁéﬁdJBIMSnEOSNAu@hqmafmdbﬁmau&@ﬁd@vms&ﬂ&h@fﬂfI uent are

tralized Of . ; | & t b
used st oad SFPapps Ui Batl 1 0B R & SRR R AT Lo ot
base or - 8 a'"vapm{iigtideeparatort. oAsfeyzstiepredent imentrd aue gyargfsuckhdevioes nar y

fractionator Oy n&eﬁ‘%tbfo%?geeﬁ‘ﬂged‘%§ g%{ﬁ.‘é‘sgﬁifgﬁ r'{‘rqﬁsésrﬁcg %g{ﬁ@g@ﬁ{ﬁer‘é@ft er

condensati on GCEUrEs T resrs e as dupl ex
stai nl ess st emslchimal inthetprasent diverfiieny i t e and aust enite in various proportions

and/or with v us a itives) 0033 h nt nt i provi des a
process for c@gi m&“ ?’IP sﬁ“ﬁl(lt% Elb ﬁ?see%g?‘ ’ferahﬁ(a furnace
which is corrmpemteslaim‘tempﬂamtofbMenmbomwﬂmr(sbmzsmpwﬂ\abdnssmﬁd| ant heat
and hot flue asblgsg a convection section conprised of nultiple banks of

heat exchange Orrprl si ng: (a) preheating the high TAN heavy
hydr ocar bon f[mmptodka(mefaiadohmbgdimﬁﬁ, theeinmhnﬁmpistdneaéd:toaa:pmse)ss fiavi ng a TAN

val ue of at t r ef er abl . 0 r.e pr era sti,l| nore
preferably 29 aﬁf‘ gﬁyrﬁpoﬁa%?%ﬂig%%@é( hdé’ﬁ\ws%dcf%%ar’%cg 58%4 oaélﬁ (b)
optional | y mnxphtignicheidgraad bavirech Mhuﬁﬁdolﬁgmnlyrhmdomaﬂbmabdue&dst ock with
water to form heav Loc hen injecting .
primary dil uﬁ%ﬁ% lrlnIP?‘TFgm?%gblﬁl %ﬁ&rﬁ”ﬁ&%ﬁ ?rolgﬁé cﬂmrﬁ/at er - heavy
h@ir ocar bon bfbférﬂﬂﬁ‘al&buﬂﬂ)ﬁtmg K(E{/geﬂrar higher, yétch)nllhﬂaélprejerhMg 20mgure streamin
a bank: of he%tOIEXCHana%f process comgnsmg heating said hydrocarbor feedstock in the

convection section of a pyrolysis unit to produce a vapor phase, preferably at a

temperature of about 1000°F to about 1200°F (about 540°C to about 650°C),

flashing said feedsiream to drop out the heaviest fraction(s) (e.g., asphaltenes),

and subsequently cracking said vapor phase in the radiant section of a pyrolysis
~ furnace, preferably at a temperature of about 1400°F (about 760°C) to about
1650°F (about 900°C), to produce an effluent comprising olefins and having a

reduced amount of naphthenic acids.




indirect heat transfer with the hot flue gas to forma hot m xture stream
(e) optionally controlling the tenperature of the hot m xture stream and/or

control li ng%(%%ﬁéﬁ o of water to hydrocarbon by varyt,%z%l;&%/v rate of

t he water owrate of the primary dilution s or- varying the
excess air and/or by the use of auxiliay convection burners; ' ()

"l ashing the hot m xture streamin a flash drumto form a vapor phase and

| i qui d phase and separating the vapor, phase fromthe |iquid phase;

(g) feeding tH@O%pormmﬂmarefem‘:d)f&ﬁﬂ&éremm/e@ﬂed&m&séaﬂnpmmprMﬂyur nace to be

further heated b h di he furnace
to forma heat %%X%égb%r(:ﬂ%%légé?&gn P 1pesh9fpa1€ﬁav%ngeaaﬁﬂg ﬁtqgerl?gglfoélg apor phase
to the radi antm§K61H/g)mlbtmngmr,oﬁoréﬁefefabmcﬁ viheg EIOH/g bt ohlighiep,csilbons i n t he

vapor phase thernal to the radi ant heat. [0034]In preferred
enbodi ment's, HHEF B© t%%’i\fﬁ?g dBleoltt or the high TAN feedstock is heated in

t he convectloqom;tlmaﬁ&heapﬂafe&edaiﬁboﬂMttthetxﬁveaﬁ@ﬂm@.&ecved\taagfocess 9 - phase
and prior to crackcgl i.n. the I‘%dl ant secti.on of a yrgl ysis unjt, the

f eedst ock, whifRifr ﬂgﬂ@w@rp%hoy seistorkqomprisipgnaphhenit AEdt Fheaem Rside 0o to 650F
(about 150 tOhmhp%mlylrénW%dcmStﬂy SteBARY pipbdtld, a8l mvRgheaged and/ or

sour or treated stean) whereby is heated to a second tenperature, hi gher

than said fi rgmbgn?feﬁbaﬁtu]r@mq 5@9@ pih oa higher; enore preferabbtiphahd.5 mpe ef f | uent
of 'Lhe pyrol VCHIUA or St 881 LS. BIAGS) 20 nf LE0I b, APRorefOTPI | SO onc

or nore of ethylene g) | ene, but enes, 'Co+ ste apht ha, and Cl2+
st eam cr ackedceprrisgig b aamamgi Wydrppathon fedstocks @rﬁﬁ@%‘@'@?ﬂ seiéani of aicid, with

|1 of 5%
vy SRl | Syl 000D B bR Rt b e
preferably | e3@O0FT imn abam 2G9FF (@eﬂtnﬂ@fﬁwﬂwuhéﬁﬂig)améwﬂr passingifbe f eedst r eam
based on TAN yal el%e(ﬂtreal&lﬁ; T BE 4544 ea!nﬂ”‘%hﬁé T}e&]c}}npor%ayﬂ%c of the

product obtai ne(fuf rom-t Fluent. Oh m no as |ight
al kanes; al dephasein theradiap seetivn Géﬁ@mbelslﬁmn@c,e, preferablysd atsmpecatirt of present .

about 1400°F (about 760°C) to about 1750°F (about 950°C), to produce an
effluent comprising olefins. :

[0031] In accordance with the process of the present invention, the high TAN
feedstock, with or without resid, is provided to the convection section of a

n

=

pyrolysis unit (e.g., steam cracking fumace) to vaporize at least a portion of the
high TAN feedstock. Subsequeni to the convection section, in the case where a
flash pot is used, the feedstock is then separated in said flash drum into a vapor
phase and a liquid phase comprising asphaltenes (if present in said feedstock).
The vapor phase, which should now contain substantially no asphaltenes, is feed
to the radiant section of a pyrolysis unit. The vapor phase is subsequently cracked

u

in the radiant section of the pyrolysis furmace to produce an effluent comprising
olefins. . '

[0032]  In apreferred emBodiment, any remaining acids in the effluent may be
neutralized downstream of the radiant section, preferably in the quench zone of
the primary fractionator overhead and prior to water condensation, by a basic
material, preferably an amine. More preferably, acids in the effluent. are
neutralized by amine injection at or near said quench zone. Caustic may be used

instead of amine. Another option, which may be combined with use of base or




" [00361The preferred products are the olefns, principally C2-C4 olefins The

specifics of the products and how they are recovered (e.g., as overheads or
bottons fro nt fractionators) may vary from nt as woul d
under st ood ge)’/é%ﬁé&g#&or dinary skill in the art. In a B‘l&ﬂ}esrzéﬂg/ eﬁbodl merit,

the effluent of the steamcracker is separated into a vapor phase consisting
essentially of C2-C4 olefins, CO and CO2, and containing substantially no
al i phatic acids and no Cl2+ naphthenlc aC|ds and a |iquid phase consisting
essential |y of casbaris & wrgkede thﬁalpetalﬁmgxmhypnmaincmmwergm liies (SO0,

tar, light ali o) aci ds),

and resi dual nggiﬂg*]glﬁ?g%sgéltﬂdg Qénsu&hﬁig’gﬁ%%g%nd%%ﬁ}nz%)ﬁspre gf%% ?%I ess than
20% nore pref mhbg/stéee&scﬂdsdnpléﬁMnbﬂslstehls;mﬁmmdffah&tﬁnx] aheattetidhan 10% of
t he: C12+ napht heni c ae%_g sen in thg Lee stream based on TAN val ues of
the feedstream TP ?’{?a{‘ a&%‘fs @Y%)t he product obtained from t he

]effl Eent) In {1)033]! le&eﬁﬁ@feﬁﬁdmoemk ﬂ?x}@bessfdﬁbﬁc]bhgalh@hmgﬁe may be
urt her separa i.nstance racti,onator _ at about 560C at
at nospheri c pré e‘Ym‘?“ﬁ’PBf?fa Wgﬁég‘ n‘%&‘é’é@@ﬁ‘#ﬁ?l@ﬁﬁ‘&“@@"ﬂw SCEO, and
li ght aliphat i puridé WichPshidRs Paidn® WBat fahd Gbt MR OMRd b oMbolicH seafish I esi dual
Cl2+ naphthenic acjds (such as |ess than 25% preferably | ess than 20% nore

preferably Ies@ﬂ%ﬂof%ﬂtlpﬁq@ks%F%e’mm%ﬁ?mPE%gthan 10% of the Cl2+
- 10 - napthenic a(@ds ?,@ ﬁ%]t\lth Fﬁ heg‘ggﬁfa@@@gonq?@@gcp@h val ues of the
u

feedstreamrel ative to es of thée product obtained Tgr omthe

ef fl uent). [oeecrmﬂaahthm@s}leﬁmgaﬂh@w@e%ﬁd@%mﬁr@&lQ | arge portion,
such as about 151{3 reRR36ly £5, sBE ANYe fRABMPb R ol DRRLSGONPri si ng
S gstantl al am)?Jn s of asphﬁﬁtenees aﬁd an ng TAN of at I‘gast 0.5,

ferably 1. dﬂydmﬂ@fpﬁ@?@ﬁlﬁbly 1.5, and still nore preferably 2.0. The term
"substantial anmunig g hhenes, ) fouI ing in the
| ines of the steamcractgB i C eﬁﬁE I&%etermn gg%?one of ordinary skill
inthe art in fmdstg@fs\siﬂbwateftofwapvaéqemwdw@rmmm@m@dch f eedst ock coul d
conprise, by way ofsn 1&%%&: Bher am cracked gas
oil and residues, gés an g?l ng 0|il jet uglih’a els%I&hédk rosene,
gasol i ne, ref @me@bonmwamh@whyd@wmtoﬂmmmmrgmm ne, distillate,

virgin naphtha, all}, ‘QQ'”P ﬁ%g? of the flash
pot, and also cr ud 0| Ih rmsp)ﬁ/erl C pIpestl Pflq)ewk?bﬁané vacugm pi pestill
streams i ncl udndirget et trowsfer with the Hobflid gagtorfamyehat apiiitestream;gas  oi | '

G2 of 1o, heavy i@ of (HoET e SRLBE RBDeBbF TR ik BRAEHAEL ' °2) menher c

resid,. heavy edorgontmllingtheritiesf whte taltjdrocaorby vanzingithp Bowaate efthdue
adm xture, al C i | v Al . i ._the flash
pot is used. Ikvﬁ%ganpr et %ﬁ%é OQ%W%@&%%%%?RF%B?QG%% W th feeds

conpri si ng at aldéady il e et aMxiGary comvectmndiiness conpri si ng asphal t enes (the

term "non-vol atil eg" b at the

oegr ating terrperaf(tf?re ?ﬁ?ﬁ@eﬁ%hﬁl&e t?éﬁ’llﬁlgﬁa& e?drf%ﬁyv %gl ment, the
flash pot is memaqumwemwmmwhmmmmhqme 0.1 W%

non-vol atlles co h mhe t conprlses | ess
than 5.0 wt % non- at| @E@og‘%ﬂfgﬁ%}n&sﬂ%ﬁg&? 8’%8308?11% referred that the
feed be dil utbcbeﬁnﬁbﬁﬁteﬂhp%hatﬂuecga&ﬁamﬂ:elmhmt $elothon tﬂlﬂmfhm@ce]tovw %

non-vol ati | esgconp g s‘hal enes so that asphaltenes (or other
conmponent s of Fh B raction) do not create problens in the
lines. In another (]pr ef&ed@&ehwivmphasbm&mdﬂﬂmmmomen distilled or

fractionated or is .othe tain froma refiner ill wth |ess
than 0.1 wt %@?ﬂ?‘?a lfeé%@m‘h?"ﬁ %ﬁﬁoﬁmiléesv@p?rﬁ %?"Qtdﬁ%teﬁh?/entl on does
not require tradadtseatof a flash drum and the feedstrean1nay be fed directly
into the radiant secgtio ft elng reheat ed |n nv.e n section

to be crackeo[ﬁl !00%% “§§ Fg’f’ &F%Fﬁuse{l’ %é‘dﬁprl ses

heati ng heavweedmm@ﬁmwﬂem&m&e&ﬁﬁafhgyfags@mht @f]mm&i ac@pélent of at

|l east 0.5, preferably 1.0 and higher hi gher, or 2.0 and hi gher;
the process conprising heating said heavy hydrocarbon in the convectlon
section of a pyrolysis uniit, mxing the heated heavy hydrocarbon with fluid
to fonn a mxture, flashing the m xture to forma vapor phase and a liquid
phase, and varying the amount of fluid m xed with the heavy hydrocarbon in
accordance wth at |east one sel ected operating paraneter of the process,
preferably selected from(a) the tenperature of the heavy hydrocarbon before
the m xture is flashed; (b) pressure of the flash; (c) tenperature of the
flash; (d) flowrate of the m xture; (e) excess oxygen in the flue gas of

t he furnace and feedlng sald vapor phase to a pyroly5|s un|t The fluid can i

~ NN N T




[ 0042] Anot her preferred enbodi ment is explained as foll ows. When using a
flash drumto separate the lighter volatile hydrocarbon as vapor phase from
t he heavy non-vol atile hydrocarbon as |liquid phase, the flash stream
entering tyy047/403521012 - conventional flash druns usuBFTYSERMISes a vapor
phase with liquid (the non- volatile h drocar bon conponents) entrained as
fine droplets referred to as a "mst f regine. In this nmist flow regine,
fine droplets conprising non-volatile heavy hydr ocarbons are entrained in

the vapor phagBaseWhd firkor kosordching Wotha Fdlafit M @E @ pYreRSis il tRibdaspal, | v steam In

a preferred enbodi ment, of the process accord|%to the invention, effective

renoval of noWh%‘@IIéﬂJFq‘%iah]lX/atr%@§F WPGT&%PB&@PB ReS50H @Pﬂté5ﬂ9’drocar bon
vapor in the GhaBagicy inbeASABTHS RGN BYsob @ikl diillr s Br Greptgd St T OW

regine to an "annul ar “fl regi ne and enc SI gni |cant y en ances the

separ ati on of staagn) wheraby Iltelsémfesl'd@at pecendh {enporabire; drighet thapheaidt Bgsbh drum | n
this prefei refgrrgggpﬁj ment, the heavy hydrocarbon feedstock having a high TAN
content of at as .5, preferably 1.0 and higher, or 1.5 and higher, or

2.0 and hi ghe[0,035]nd hpapmfeabd smipnglipent, she gfflsent afrthe ipyrofysishmits axih as t he
convection se %du%’t otast bﬁ%? k:'nnx%eé %ﬁengﬁcgloﬁox/gﬁ)ygrlez{erga)g%%t ion of the

f eedst ock and FMa mSe streant ¢ r|S|ng I qui rising
nonvol atile hylderws,e(iﬂﬂfummmrachédataphtba laydicmabaatéamrrwkpcbgas ofpalomgveitd y wit h

steam the m reahuo | eavi convection s on having a first
Tl ow vel oci tyCankCx PpE Ao srSfR perd arifcysy Pratemetit oFEe apriietan 1 o
coal esce the &md:susudhdﬂesﬂ tﬁﬁ:szs%,lpﬁeférﬁmﬁlesmmCMrmm pg:féraulgsressrmdum ng the

flow velocity followed b n | direction, se aratlng at |east a
borti on of W% TR Kot T 01 5 ToRtERcls s gRRR D  f or m &

va O|r< _ phafse aﬂéﬁs&edlni,qh@edoﬂ}l‘ﬂﬁﬁwabﬁﬁlﬁfbtﬁﬁﬁéﬂé&ﬁarﬁl??ﬁvaﬂﬂﬂmF!‘hﬂst@lui‘:@oﬂ he the][ Imal
cracking furnace. In err odi the treatin e m st ow
conpri ses redgﬁpwg“?tﬁgtaﬁiegﬁ"% Bé ﬁﬁén’ﬁ?rs‘f‘m@f’?%f&é 3gts by at | east
40% or such aman&s;alti&@aestiba@kﬁaaﬁ&&bdxﬁé}ﬁ&%o@ﬁ)&ﬂryﬁﬁsmtn anot her preferred

enbodi ment, the mst_streamflow velocity is red d en I s subjected
to at heast A3 entTieprrieTed pHdncts “§G@P1?ﬁ¥étpmﬁ€ify€%% Bes coal esce,

and/ or. the mgpbeifids’ 6Foiik GBS 288 HoRChey ateDreBbvete@a@le., oaaemekhaaﬂeorl nits flow
di rection, such as by fl|ow through a B ath that corrprlses at | east one bend,

and/ or the mitoftoms o whscdwsat Satiio £ Ve fognplnlnerlank gawerld. [ 00431The

present invenii&fod B ofd Qﬁ/érdﬁﬁryaskﬁl' RCES srtf BY a plefdiel RehbbaimEntT A hydr ocar bon
feed according to the invention in a furnace, the furnace conprising a

radi ant sect iSRS Seamgraskeniereparaled ntgye Haponphase coupisting eswatialling hot f 1 ue
gas, and a. CQR\(e0t4 OBfifeCO, @l COTRt ThRGinihg AhbsanEARNELaliphhifSacidshe Process

conpri si ng:

-

and no C12+ naphthenic acids, and a liquid phase consisting essentially of steam-

cracked naphtha (SCN), steam-cracked gas oil (SCGO), tar, light aliphatic acids
(formic, acetic, propionic and butyric acids), and residual naphthenic acids (such
as less than 25%, preferably less than 20%, more preferably less than _'15%, still
more preferably less than 10%, of the C12+ naphthenic acids present in the
feedstream, based on TAN values of the feedstream relative to the TAN values of
the product obtained from the effluent). In a still more preferréd embodiment, this
liquid phase may be further separated, by for instance a primary fractionator at

o

about 560°C at atmospheric pressure, into an overhead fraction comprising SCN,
SCGO, and light aliphatic acids, and a bottoms fraction comprising tar and
residual C12+ naphthenic acids (such as less than 25%, preferably less than 20%,
more preferably less than 15%, still more preferably less than 10%, of the C12+



.- 13 - (a) preheating the hydrocarbon feed in heat exchange tubes in the

convection section by indirect heat exchange with the hot flue gas fromthe
radi ant section to provide preheated feed; (b) adding water to the preheated
feed in a fiW%?“‘:’%’Bﬁ‘E’@er and adding dilution steamto tRETHFEMEALY feed in a

" second sparger to forma feed m xture; ﬁ]c) heating the feed m xture in heat

exchange tubes in the convection sectidn“by indirect heat transfer with hot
flue gas fromthe radiant section to forma heated feed m xture; and (d)

feedi ng the hegheledieatdsProstit iethb Gelidh@arh, adbadth THOEVANRE oMAE FRiidtrebii ©

~ hydrocarbon in the heated feed mxture is thermally cracked to form

products; wher &lpfiverie el dY Valugs pijie predustiepieingd fromtha pluent)- of from at | east
about 1%to 10 Psemﬂem&cﬁﬁmﬁme%éd%ewsbrﬁ;{rﬁ@sr@ Mgewt suchl flash drum

step is option i'n the case of feedstreans w'thout resid anhd required in
the case of feebwtredasS0t.tof heasy donohiile] serponents [semprsing ewbstadtidnbodi ment

is a process f r f (of0) .Sl resid,
napht Eeni c aci g@o&%tﬁgfg%?gl?eﬁezsg b%@gﬁﬁwgr%g?&ggd%tpr@%#ﬁal% I??f?t her
conpri si ng nonpsefdratdy 18, ewhgtidneort praferaily 8i0nglhedtin “nbktantialparoniis wifat e matt er,
conprising: (a til id hydr rhon f.eedstock ta.a first tenperature;
(b;rp addi nS s'g eéﬁmﬁﬁgm?%g“%%ﬁ%é‘é&’ﬁ@“ﬁ%?“g%g’é‘p%ﬁ&“(' @5‘63 gﬁeﬁé"r’mh"é%#‘f‘ﬂg the
hydr ocar bon f eeilivh @ak bé detarmied bydnt efudinatyuskél] @ribairein pdssessiérher the r st
tenperature, said cond te re.bei such that a suffici.ent portion,
sucr:rﬁ as at Ieag?sef?%fsg@/gur%r r%%?éégm%‘f “f"ﬂ‘gcﬁ’?’?ﬂs&c B6H Fels grgmati ns in
E g;a :ci qgi d phﬁaﬁnﬁ)gss,r’tﬂlbmt:)ﬂlbmfofsﬂgﬁm mddeag@aﬁeﬁ/id%@gﬁaﬂ%ﬁfeaﬁng oﬂulspe?si) on;
‘eedi ng the rocarbon feedstock to a fla eparation vessel; (e
sepﬁr ating the'ehg' G'E%Fiﬁ‘ﬁ’r?s &éﬂ@%&ﬁ&?ﬂ%"’ﬁ“&%ﬁ °B$?é§é‘at3¥’i‘ggaé°lﬂequi d phase,
sai g iquid phégdlatsviigin magiihd, a1 RO Whith Ingdyl Yecpre@pgo Rehbet thdtkeSeithe Vapor phase
bei ng substantja ll% déanﬁlaagted f ponvol atil e comnponents; ‘gf) remvi ng the
vapor phase f ik ??/E‘B%%P%t?tﬁ‘ﬂs griss pipestifl fottgmsy; yaguium PIpeSHlL, ¢ he vapor
phase; and (h)stesas kichding Rtvay Gridd Baley tage niphtiadbtgas ofl idofden@itesd pYyr ol ysi s
furnace to produce an . effluent conprisjin | efins, said rolysis furnace
conprising a rhéaYYa‘?PP"’g’@H’(l?ygF?cng@Wﬁﬁf‘%ﬁ?ﬁ%@@f‘l@ﬁ“[’%H@?} ourse, the
numer ous enmbodjilrpRsiEhe &fitdaBkhteADONE aspMAIRhRE htndbeRE bR, Béavi QbsidiirRy be

conbined in countless ways as woul d_be recogni.zed b ne,of ordjnary skill
in the art in (traeudus smigiure gad panbitha fesi 35%%Wed?ﬁd§f°%fwl°?q¥stance; it

goes W t hout. S@ianGuifaht fkie tH e TRt o dsedl Tuk préfemdd @Wolfen) Mea09r aph - 14
- concerning treatnment of crude having salt and/or particul ates therein,

that the stearfiagis@qt ih %@eﬂ@h(%ﬁdsa??awg?mﬁgﬁf Igagt Sfle wEBUPL Ben-TRIEHSss st eam
[0046] It will cbﬁﬁﬁéiﬁé BephaleABy GRd @ Cnbi vé1B@led WBgStbtcHAd tik takSAGR | N

possession of the present disclosure that although details of operating

condi ti ons mayoltlized: ¥ thenersrabpe feprsraiye of) thecllashpod- ¢ dnihereferdar y and

Detai | Descri RidbodimBROUR flaf pdt Rendt 8RN iBS fo® Qprifihg Wsd MM hbdkP0E t han
routi ne experinentation cer?,a_l n conditions may be noted as, preferred, such

as: (a) the pre%dgpolatles srmnrisig asphaltsacs; lpaspswhsredhe fesbrammmisetlesibout 275 to
about 1380 kPashaitowis f}&-v‘r&ata’éatapﬂﬁﬁsmfg ﬁ%ﬁteﬂe@ﬁ?fs%ﬂ&feﬁm{ fic¥ediple vapor

phase enteri naﬂt he radi ant section o Sis furnace is, preferably

from about 80@ilpted snythakithe teedeontains dess th&'zsbqugx-gg‘ﬁétm’?(yﬁ'@}u,‘as COMPIEEE preferably
about 50 to 9zspphitedes s60that aﬂfhﬁfk@%&fﬁ} YiheRpofistd? tiRiRHIvofileHaclén) Of the high

TAN hydr ocarbon feedstock i's in e vapor phase after the flash drum if

used. Experi nénngt crepsopreblvpe in dhe Bugsnglnesunthsr guefered erabpdimend e ustrate the
present invenids@dresiithal 't BistilbdCRMPRTibmRE WM & bWl obfakb FenaRd the

products produced therefrom Nunerous nodifications and variations are
possi bl e and tefin¢gry pingstbwiinlgesrtbangdbtiwi’ asphalteanps, in whieh easofhe pricessiof appended

clainms, the i ' [ (A t@@@ LfLcally

descri bed hergﬂgn. Itgd&gl ;RQ?T@%@%%%%%&?%%E?M%& eeds ﬁ%gﬁgﬁﬁéthe cracki ng
experinments afed dijesthednio theTzddiant dectian, arftgr being prihsated buthieosonpéctidAN i n t he
products obt a;e%a&%%erlgac@edprocess according to the invention.
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[0038] In a preferred embodiment, the process comprises heating heavy
hydrocarbon feedstock comprising a high TAN content of at least 0.5, preferably
1.0 and higher, or 1.5 and higher, or 2.0 and higher; the process comprising |
heating said heavy hydrocarbon in the convection section of a pyrolysis unit,
mixing the heated heavy hydrocarbon with fluid to form a mixture, ﬂashmg the
mixture to form a vapor phase and a liquid phase, and varying the amount of ﬂlﬁd
mixed with the heavy hydrocarbon in accordance with at least one selected
operating parameter of the process, preferably selected from (a) the temperaﬁue of
the heavy hydrocarbon before the mixture is flashed; (b) pressure of the flash; (©)
temperature of the flash; (d) flow rate of the mixture; (¢) excess oxygen in the flue
' \) gas of the furnace; and feeding said vapor phase to a pyrolysis unit. The fluid can
be a liquid hydrocarbon or water. ‘ _
[0039]  In a more preferred embediment, the step of mixing with fluid to form
a mixture occurs in the convection section of a pyrolysis unit either before,
simultaneously, or after also adding steam in the convection section (as described
.herein elsewhere), i.e., prior fo passing said feedstream to the radiant section
where it is cracked.
[0040] In a more preferred embodiment, the high TAN hydrocarbon feedstock
is heated in a first convection section tube bank of the pyrolysis furnace before
mixing with steam and/or fluid, and after mixing with steam and/or fluid is again
heated in a second convection section tube bank of the pyrolysis firnace. Note
that heating of the high TAN hydrocarbon feedstock in the convecﬁun section is
) by indirect contact with flue gas, e.g., the high TAN hydrocarbon fegd‘stoc’k is
passed in tubes through the convection section,
[0041] In the case where a fluid is mixed with the hydrocarbon feedstock,'
with our without steam, in a still more preferred embodiment the mixture
comprises from about 2 to about 75 wt % of the heated mixture in the convection -
section (based on the high TAN heavy hydrocarbon feedstock, fluid, and optional
steam).
[0042])  Another preferred embodiment is explained as follows. When using a
flash drum to separate the lighter volatile hydrocarbon as vapor phase from the
heavy non-volatile hydrocarbon as liquid phase, the flash stream entering typical
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conventional flash drums usually comprises a vapor phase with liquid (the non-
volatile hydrocarbon components) entrained as fine droplets referred to as a “mist
flow” regime. In this mist flow regime, fine droplets comprising non-volatile
heavy hydrocarbons are entrained in the vapor phase, which is the volatile
hydrocarbons and optionally steam. In a preferred embodiment of the process
according to the invention, effective removal of non-volatile hydrocarbon liquid
from the volatile hydrocarbon vapor in the flash drum is accomplished by
converting from a “mist flow” regime to an “annular flow” regime and hence
significantly enhances the separation of non-volatile and volatile hydrocarbons in
the flash drum. In this preferred embodiment, the heavy hydrocarbon feedstock
) having a high TAN content of at least 0.5, preferably 1.0 and higher, or 1.5 and
N higher, or 2.0 and higher, and optionally comprising steam, is preheated in the
convection section of a steam cracking furnace to vaporize a portion of the
feedstock and form a mist stream comprising liquid droplets comprising non-
volatile hydrocarbon in volatile hydrocarbon vapor, optionally with steam, the
- mist stream upon leaving the convection section having a first flow velocity and a -
first flow direction, treating the mist stream to coalesce the liquid droplets, the
treating comprising first reducing the flow velocity followed by changing the flow
direction, separating at least a portion of the liquid 'droplets from the vapor in a
flash drum to form a vapor phase and a liquid phase, and feeding the vapor phase
to the thermal cracking fumace. In a preferred embodiment, the treating of the
mist flow comprises reducing the flow velocity of the mist stream, such as by at
) least 40%, or such as to less than 60 feet/second (18 m/s). In another preferred
) embodiment, the mist stream flow velocity is reduced and then is subjected to at
least oné centrifugal force, such that the liquid droplets coalesce, and/or the mist
stream can be subjected fo at least one change in its flow direction, such as by
flow through a path that comprises at least one bend, and/or the mist stream can be
subjected to at least one expander.
[0043] The preseﬁt invention also provides a process for cracking high TAN
hydrocarbon feed according to the invention in a furnace, the furnace comprising
a radiant section comprising burners that generate radiant heat and hot flue gas,

and a convection section comprising heat exchange tubes, the process comprising:
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(a) preheating the hydrocarbon feed in heat exchange tubes in the convection
section by indirect heat exchange with the hot flue gas from the radiant section to
provide preheated feed; (b) adding water to the preheated feed m a first sparger
and adding dilution steam to-the preheated feed in a second sparger to fofm a feed
mixture; (¢) heating the feed mixture in heat exchange tubes in the convection
section by indirect heat transfer with hot flue gas from the radiant section to form
a heated feed mixture; and (d) feeding the heated feed mixture to the radiant
section wherein the hydrocarbon in the heated feed mixture is thermally cracked
to form products; wherein the water in (b) is added in an amount of from at least-
about 1% to 100% based on water and dilution steam by weight, The ﬂash drum
) step is optional in the case of feedstreams without resid and required in the case of
feedstreams with resid. S
[0044]  Yet another preferred embodiment is a process for craclung a
. hydrocarbon feedstock comprising resid, naphthenic acids, characteﬁiqd by a
TAN of at least 0.5, and further comprising non-volatile components including
salt and/or particulate matter, comprising: (a) heating said hydrocarbon feedstock
to a first temperature; (b) adding steam to the hydrocarbon feedsto’ék’;-(c) further
heating the hydrocarbon feedstock to a second temperature greater than the first
temperature, said second temperature being such that a sufficient portion, such as
at Jeast 2 wt %, or 5 wt %, of the hydrocarbon feedstock remains in the liquid
phase to maintain salt and/or particulate matter in suspension; (d) feeding the
hydrocarbon feedstock to a flash/separation vessel; (¢) separating thé hydrocarbon
) feedstock into a vapor phase and a liguid phase, said liquid phase bemg rich in
) non-volatile components and said vapor phase being substantially depiéfed of non-
volatile components; (f) removing the vapor phase from the ﬂash/separéﬁon
vessel; (g) adding steam to the vapor phase; and (h) cracking the vapor phase in a
radiant section of a pyrolysis furnace to produce an effluent comprising olefins,
said pyrolysis firnace comprising a radiant section and a convection section.
[0045] Of course, the numerous embodiments recited above, whether
preferred or not, may be combined in countless ways as would be recognized by
one of ordinary skill in the art in possession of the present disclosure. Thus, for
instance, it goes without saying that the process recited in the previous paragraph
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concerning treatment of crude having salt and/or particulates therein, that the
steam used in steps (b} and/or (g) may be sour or process steam,
.[0046] It will be further appreciated by the same skilled artisan in possession
of the present disclosure that, although details of operating conditions may be
determined by reference inter alia to the Summary and Detail Description above,
or the examples below, or without more than routine experimentation, certain
conditions may be noted as preferred, such as: (a) the pressure in the radiant
section is preferably from about 275 to about 1380 kPa (about 40 to 200 psia); (b)
the temperature of the vapor phase entering the radiant section of the pyrolysis
furnace is preferably from about 800 to about 1300°F (about 425 to about 705°C);
“) and {c) preferably about 50 to 95 wt %, more preferably about 60 to about 90 wt
) %, of the high TAN hydrocarbon feedstock is in the vapor phase after the flash

drum, if used.

Experimental
[0047] The following examples are meant to illustrate the present invention

and provide a comparison with other methods and the products produced
-therefrom. Numerous modifications and variations are possible and it is to be
understood that within the scope of the appended claims, the invention may be
practiced otherwise than as specifically described herein.

[0048] The lab properties of the feeds used in the cracking experiments are
listed in Table 1, along with distribution of TAN in the products obtained using a

process according to the invention.
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TABLE 1. Feed Properties Distribution of TAN (%)
Feed (example) Cut (°F) | TAN OH BTMS .GAS
Distillate | Distillate | (Balance)
Bunga Kekwa (1) 68-1000 | 0.13 12 15 73
Topacio (2) 68-1000 | 1.10 35 5 60
Duri (3) 68-1000 | 1.82 28 13 59
Zafiro (4) -68-1000 | 0.59 22 7 - 70
Zafiro (5) 68-1000 | 0.59 28 9 - 62
Zafiro (6) 68-1000 | 0.59 31 18 50
Zafiro (7} 68-1000 |0.70 23 20 56
Zafiro (8) 68-1000 |0.70 22 9 - 69
Doba/NWS admix (9) 68-100¢ |2.21 26 16 - 58
J VGO (10) Full 0.51 29 16 54
VGO (11) Full 0.51 25 9 67

[0049]

The crude feeds in examples (1) through (9) were fractionated to

produce a cut simulating the vapor fraction that exits the overhead of a flash drum
according to the preferred embodiment of the invention. The VGO (Vi acuum Gas
Oil) of Examples (10-1 1) were obtained from a refinery pipestill.

[0050]

in Tables 2 and 3, below.

Operating conditions in the steam cracking pilot unit reactor are given

Table 2. Operating Conditions using He diluent (Examples 1-6)

Feed Name Bunga Kekwa (1) | Topacio (2) | Duri (3) | Zafiro (4) Zaﬁro (5). | Zafiro (6)
’:) Preheater temp, °C 600 600 600 600 600 600
Reactor temp, °C 804. 780 740 790 760 735
Reactor pres, kPpag 110 50 50 50 50 50
Severity C;H/CH, 147 1.24 1.62 1.26 '1.52 - 1.68
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25 9 67 [0049] The crude feeds in exanples (1) through (9) were fractionated
to produce a cut sinulating the vapor fraction that exits the overhead of a
flash drum_accordi ng to the preferred enbodi nrent of the invention. The VA&
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pi pestill. [0050] Operating conditions in the steam cracking pilot unit
reactor are given in Tables 2 and 3, -B8row. Table 2. COperating Conditions
usi ng He diluent (Exanples 1-6) Feed Nanme Bungs Kelcwa (1) Topacio (2) Dud

(3) Zaf TR OferinE Cohdions Shg Jrend dtlient (Examples 7-11)
Feed Name Zafiro (7) | Zafiro(8) | Doba/NWS(9) | VGO (10) | VGO (11)
Preheater temp, °C 600 600 600 600 . 600
Reactor temp, °C 770 840 770 815 865
Reactor pres, kpag 120 120 120 120 120
Severity C;H/CHy 1.64 1.20 ' 1.73 1.74 1.14

[0051] Example (1) - (6) were run through a steam cracker pilot unit using
helium as diluent. Examples (7-11) were run through a steam cracker pilot unit
using steam as diluent. The ratio of propylene to methane, measured in the

- effluent by GC, is used as a measure of reaction severity.

) [0052] Bunga Kekwa crude, having a relatively low TAN, was selected as a
base case feed for comparison against the crudes run using He diluent. Topacio
crude and Duri crude were selected to evaluate TAN distribution as a function of
feed TAN with He diluent. Zafiro crude was selected to evalvate TAN
distribution as a finction of furmace severity and diluent - helium in Examples (4-
6) vs steam in Examples (7-8). Doba/NWS (50/50wt mix), having a relatively
high feed TAN of 2.1, was selected to evaluate TAN distribution at a high feed
TAN level using steam diluent. VGO (Vacuum Gas Oil), a current commercial
feed typically ran admixed, was selected as a comparison and also used to
compare the distribution of TAN in Tar between a small-scale pilot unit and a
commercial unit.

[0053] Feeds were introduced at normal unit feed rates (60 g/hr using He

) diluent and 2 lbs/hr using steam cofeed) and cracked at the conditions shown in
Tables 2 and 3.

[0054] The vapor effluent of the steam cracker pilot unit consists essentially
of C4 and lighter components (C4-). The liquid fraction of the steam cracker pilot
unit consist essentially of water (w/steam diluent) and CS5 and heavier éomponents
(C5+). The liquid fraction is subsequently fractionated by distillation into a steam

- cracked naphtha overhead fraction (C5-C10 SCN) and steam cracked gasoil
(boiling range of about 400 to about 550°F; e.g., C10-C15/17 SCGO) and tar
bottoms fraction (boiling range above 550°F; e.g., C15/C17+ tar).
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[0055] The composition and boiling range of the hydrocarbon products were -
determined by gas chromatography. TAN of the liquid hydrocarbon feeds and
products was obtained using potentiometric titration per ASTM D-664. The acid
content of the product water was determined by ion chromatography.
[0056] The percent‘ of TAN appearing in the overtheads and bottoms
fractions were obtained from the potentiometric titration data. The percent of
TAN appearing in the vapor phase from the steam cracker pyrolysis unit was
obtained by difference between the feed TAN and the sum of the overheads and
bottoms from the fractionation. This data is shown in Table 1.
[0057] As can be seen in Table 1, high TAN containing crude feedstreams
according to the invention (Examples 2-9) may be cracked in a pyrolysis umt l'to
) . yield useful products having TAN values substantially similar to or even better
than that obtained using low TAN crudes (Example 1) or using feeds obtained
from the refinery pipestill (Example 10-11). ‘This is very surprising. ‘_ .
[0058] = The invention may also be modified by one of ordinary skill in the art
to incorporate advances in flash drum/knock-out drum design as well as advaoces
in furnace design for thermal cracking (e.g., ceramic fumaces), as well as catalytic
cracking. : |
[0059] While the illustrative embodiments of the invention have been described
with particularity, it will be understood that various other modifications will be
apparent to and can be readily made by those skilled in the art without departing
from the spirit and scope of the invention. Accordingly, it is not intended that the
. scope of the claims appended hereto be limited to the examples and descriptions
) set forth herein but rather that the claims be construed as encompa_ssi;._t;g all the
features of patentable novelty which reside in the present invention, including all
features which would be treated as equivalents thereof by those slﬂlled in the art to
which the invention pertains. Preferred embodiments include; a process for
cracking a high TAN hydrocarbon feedstock comprising naphthenic acids, said
high TAN hydrocarbon feedstock selected from (i) crude feedstock further
comprising resid (and in a preferred embodiment having non-volatiles comprising
asphaltenes present in the amount of at least 5.0 wt%) and having 2 TAN of at
least about 0.5, or about 1.0, or about 1.5, or about 2.0, or about 2.5; (ii) feedstock
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from a refinery pipestill having asphaltenes substantially removed therefrom (in a

preferred embodiment less than 0.1 wt% non-volatiles comprising asphaltenes);

and (i) mixtures thereof, said process comprising: (a) heating said high TAN

hydrocarbon feedstock in the convection section of a pyrolysis unit to produce

vapor phase; (b) cracking said vapor phase in a radiant section of a pyrolysis

furnace to produce an effluent comprising olefins, said furnace comprising a

convection section and a radiant section; with the proviso that when said feedstock:

comprises non-volatiles including asphaltenes or when said feedstock consists

essentially of (i) or (iif), said process further comprises passing said high TAN

hydrocarbon feedstock from step (a) through a flash drum prior to step (b); and

) also, separately or as a species of the preferred embodiment just recited, a process
i wherein a high TAN hydrocarbon feedstock having a TAN greater than or equal
to about 0.5, or about 1.0, or about 1.5, or about 2.0, or about 2.5, and further

comprising non-volatile components including reside, further characterized by:

heating said high TAN hydrocarbon feedstock to produce a heated hydrocarbon

. stream comprising & vapor phase in the convection section of a pyrolysis unit; -

feeding the heated hydrocarbon stream to a flash drum; removing a vapor phase

from the flash drum; and cracking the vapor phase in a radiant section of a

pyrolysis furnace to produce an effluent comprising olefins; and also, separately

or as a species of either of the ‘preferred embodiments just recited, a process for

cracking a high TAN hydrocarbon feedstock comprising salt and/or particulate

matter and non-volatile components, said process characterized by: heating said

: hydrocarbon feedstock to a first temperature; adding steam to the hydrocarbon
) feedstock; further heating the hydrocarbon feedstock to a second temperature
greater than the first temperature, said second temperature being such that a

sufficient portion of the hydrocarbon feedstock remains in the liquid phase to

maintain salt and/or particulate matter in suspension; feeding the hydrocarbon

feedstock to a flash drum (vapor/liquid separation vessel); separating the

hydrocarbon feedstock into a vapor phase and a liquid phase, said liquid phase

being rich in non-volatile components and said vapor phase being substantially

depleted of non-volatile components, salt, and particulate matter; removing the

vapor phase from the flash/separation vessel; adding steam to the vapor phase; and
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cracking the vapor phase in a radiant section of a pyrolysis furnace to produce an
effluent comprising olefins, said pyrolysis fumace comprising a radiant section
and a convection section; and also a process for making C2-C4 olefins comprising
passing a hydrocarbon feedstock to a pyrolysis unit and cracking said hydrocarbon
feedstock to produce an effluent comprising said olefins from said pyrolysis imit,
wherein the improvement comprises passing a hydrocarbon feedstock comprisihg
untreated crude (preferably having 5.0 wit% non-volatiles comprising asphaltenes)
and having a TAN of at least about 0.5 (preferably about 1.0, or about 1.5, or
about 2.0, or.about 2.5) directly to the convection section of said pyrolysis unit
and preheating said hydrocarbon feedstock to produced a2 heated hydrocarbon
: feedstock comprising é vapor phase, passing said hydrocarbon feedstock to 'a flash.
) - drum to obtain a vapor phase from said flash drum, passing said vapor phase to
the radiant section of a pyrolysis unit, and cracking said vapor phase to obtain said
effluent; and also a process for making C2-C4 olefins comprising passing a
hydrocarbon feedstock to a pyrolysis unit and cracking said hydiﬁcarbon
feedstock to produce an effluent comprising said olefins from said pyrolysis unit,
wherein the improvement comprises passing a hydrocarbon feedstock
characterized as crude treated to remove resid and/or as the product of a refinery
pipestill, (in either case preferably having less than about 0.1 wt% non-volatiles
comprising asphaltenes either inherently or by virtue of having been diluted to
contains less than that specified amount of non-volatiles comprising asphaltenes)
and having a TAN of at least 1.0 (more preferably 1.5, still more pfeferably 2.0,
yet still more preferably 2.5) directly to the convection section of said pyrolysis
} ) unit and preheating said hydrocarbon feedstock to produced a heated hy&rocarbon
feedstock comprising a vapor phase, optionally passing said hj'drbcarbon '
feedstock to a flash drum to obtain a vapor phase from said flash drum, passing
.said vapor phase from said convection section or optional flash drum to the
radiant section of a pyrolysis unit, and cracking said vapor phase to obtain said
effiuent; and alse a process for making olefins comprising refining high TAN
erude oil, said crude oil having a TAN of about 0.5 or greater (or about 1.0 or
" greater, or about 1.5 or greater, or about 2.0 or greater, or about 2.5 or greater), -
comprising (a) a step of treating said crude oil to produce a feedstream having a
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lower the TAN than said crude oil; then (b) a step of refining said feedstream to

produce a refinery fraction, then (c) feeding the product of step (b) to a pyrolysis

unit and cracking said product to produce an effluent comprising olefins, the

improvement comprising eliminating steps (a) and (b) and feeding said high TAN

crude oil directly to said pyrolysis unit, heating said crude oil in the convection

section of a pyrolysis unit to produce a heated feedstream comprising vapor,

flashing said heated feedstream in a flash drum to remove a bottoms fraction

comprising asphaltenes, and a vapor fraction comprising hydrocarbons, and then

cracking said vapor fraction to produce an effluent comprising olefins; and also

any of these process optionally having one or more of the following

modifications, which can be applied as would be apparent by one of ordinary skill
) in the art in possession of the present disclosure: wherein steam is present in said
convection section (wherein the steam optionally comprises sour or treated

. process steam, and/or wherein the steam is superheated in the convection section

- of the pyrolysis furnace), and especially preferred wherein the hydrocarbon stream

is at a first temperature from about 150 to about 340°C (abont 300 to about 650°F)

before mixing with the steam, and the heated hydrocarbon stream is then further

. heated to a second temperature higher than the first temperature before cracking in

the radiant section, and/or wherein said high TAN hydrocarbon feedstock is mixed

with a fluid (other than steam) prior to the cracking step in the radiant section,

and/or wherein said high TAN hydrocarbon feedstock contains salt and/or

particulate matter; wherein the high TAN hydrocartbon feedstock is further

_ characterized as comprising one or more of gas oil, heating oil, diesel,
_ ) hydrocrackate, distillate, heavy gas oil, crude oil, atmospheric pipestill bottoms,
vacuum pipestill streams including bottoms, heavy non-virgin hydrocarbon

streams from refineries, vacuum gas oils, low sulfur waxy residue, heavy waxes;

wherein the effluent from the pyrolysis unit with an amine or caustic; wherein the

process is further characterized by passing said effluent from the pyrolysis unit

into a primary fractionator to obtain an overhead phase consisting essentially of

C2-C4 olefins, CO, CO,, and a liquid phase comprising SCN, SCGO, tar, and C1-

C4 aliphatic acids, and/or wherein the overhead phase from the primary

fractionator comprises at least 50 % of the feedstream TAN, said overhead phase
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ceram ¢ furnaces), as well as catalytic cracking. [0059] Wiile the

illustrative enbodi ments of the inventi have been described with
particularity, it will be understood that various other nodifications
w Il be apparent to and can be readily nade by those skilled in the

art without departing fromthe spirit and scope of the invention.
Accor di nng}*ﬁlhs not intended that the scope of the clainms appended
hereto be limted to the exanpl es and descriptions set forth herein
but rather jthat 4 Bl ahaln PRk HAd 198 R RRIb ML ot rishBhaphthen
features of 'patenPaB g novg[q'?nﬁv\ﬁl%%h reé}?’%rg g|1}n t he preseonrplulsngerﬂﬂllo%%lc
i ncluding all feaidsrsa#l highchAMduyldcbchdot rfeatsedk asleggdiifval éntfeedstoelt dother

by those skilled in . the arf taq whic e i nyention in

Preferred embodicHERTENE ﬁ%f{ﬂ@%aé{m&rag@%gé’f% eaﬁ_&ﬁmﬁﬁéﬁ%ﬁgiﬁm D-664);
hydrocar bon f eegﬁ} REKst &R 21 86h PRPRENBINC IR FAN oFak Ralll OO mEARDLH/g oil
hydr ocar bon feedstock selected from (i) crudé feedstock further

conpri sing resi dAFEANUDHI$4h apd bieng expheltdnos substantidbvicngverbtherefiont iahe §ii1)

conpri sing asphal.t nej g(g(sen in the ampunt of at least 5.0 wt% and
having a TAN of "MW EALF U] Pocess cpPugfit 1.0, or about 1.5, or

about 2.0, or about rRafig &did highaRd$ hpdkcarbonlBedstdek @iMiR cof¥dchi6N Yection of a
pi pestill having asphal tenes substantially renoved therefrom (in a
preferred embodi nentPresys whwheren sigag ig reses fapiodees epeitiass: ng

asphal t enes) ; d (iJp).mxtur t her eof , i.d ess$ CQ i.Sing:

(a) heating sa?% hi gdﬁééi‘}i%l ﬁ%}%r‘%@%r oaﬁgfl eeadl's? loagf(g]{cﬁg? h‘% acgﬁg{géltsi %ﬁmce fo
section of a pyrol ysirsduesi tant efffuestd uosipyisip@r oleias e saif bfurfidcac komgrisiag da
vapor phase in a radiant section of a pyrolysis furnace to produce
an effluent conpri si§gvestienseréion &ag gradiAnhsrcEo®onpri si ng a convection
section and a radiafl 566k Aar Wbh LfE rREQYLS QobBAles"ENvAREEs includ;
f eedst ock corrpr‘?ses n n-vlo+ at?tl es ?ncfaﬁé%gg aspﬁé#t enes o‘rfﬁ\%e% 12%}@ ne
f eedst ock consi sbstasd embinah b asphal(danys, e#id (prdaceds, fusbérdompass yassing datieiigh

conpri ses passi ai.d high_TAN rocar ban, feedstock from step (
Chrough a f1ashl ANAREERER fdde f?rsfﬁepgﬁdhrg}lglb? 8 v*atpélpytoo%tepa(§3-a
species of the preferred enbodi nent just recited, a process wherein a
hi gh TAN hydr ocarbon feedstock having a TAN greater than or equal to
about 0.5, 2.0or abeaprodes9of Glainahowherd¢inghe sseannbouprises Gur or tredveipro@sSsteam.
and further conprising non-volatile conponents including reside,
further characterized by: heating said high TAN hydrocarbon feedstock
to producesa hepliestobisslbPCRIAAN whbicBRIR: GRARIIE SipRehedted PMe BRRRB0A Section
t he convection section of a pyrolysis unit; feeding the heated

hydr ocar bon st refghe pgokysis fes#cedr um renovi ng a vapor phase fromthe
flash drum and cracking the vapor phase in a radiant section of a
pyrolysis furnace to produce an effluent conprising olefins; and

al so, sepa#.at el Yheoproasss afspsiai eSwhdreidi thb@pdroarbdiestpgasl Rrat adfirst temperature
enbodi nents just recited, a process for cracking a hi

proc h TAN . .
hydr ocar bon f ecli@fgbrutdshse paqus d4&°%] @bairdgPBiio vt PR Fgf’@oﬁdﬂx&g R

non-vol atile co ’%E& %fte;%%‘t &ﬁ%%g@%&?%@c%%ﬁ?ﬁaﬂ is 6P MG Rl to

hydr ocarbon feedstock to a first steamto the

hydr ocar bon f eedstconkienbeantinehighaahamige fike tduydrancabbiore fige@d3t ock to a
second tenperature greater than the first tenperature, said second
tenperature being such that a sufficient portion of the hydrocarbon
feedstock semaifig hdcdheridigH o RhasH i ﬁ‘i?h AtaN My&dLdrb &N Fe@ftock is mixed
particulate matter in suspension; feeding the hydrocarbon feedstock
to a flash drunwithapord ihiagditidn segieanapiiorovepéel ) ; separating the

hydr ocar bon feedstock into a vapor phase and a |iquid phase, said



- 20 - lower the TAN than said crude oil; then (b) a step of
refining said feedstreamto produce a refinery fraction, then (c)
feeding the product of step (b) to a pyrolysis unit and cracking said
product to produce an effluent conprising olefins, the inprovenent
conprising elimnating steps (a) and (h% and feedlng said high TAN
crude oil directly to said pyrolysis un %7 heating said crude oil in
the convection section of a pyrolysis unit to produce a heated

f eedstream_conprj si ng vapor,. fl ashi ng salg heated feedstreamin a .
flash drunfto r&noprocessdilaing If vhsieMmospid Sighr TANNydspspban desdaiock sorfains

vapor fraction Qa@t%ﬁ)o?bél? hydr.eg@r bons, and then cracking said vapor
fraction to produce an e ?I uent conprising olefins; and al so any of
t hese process optionally having one or nore of the foI | owi ng

nodi ficati ich can applied as nt by one of .
ordi nary sk1 I I *ﬂ e Piogesy %ﬁ?f“{ig ?W&hmgtghdh‘gﬁﬂtﬁ if%e)éFtB&JF‘gnpnseS
wherein steami Sndd¥r8R&R b 'gé‘s S He20 %ﬁ%ﬂe%l‘ tﬁ@ﬁicta%ﬁaté Wﬂﬁﬁl@ét@ HeB\?y gas oil,

steam optional |y conprises sour or treated process steam and/o
wherein the steends spllsu@ewmnedplpwtmlhbomszemqunm s@@tttlbmtr@ﬁmst hecludmg

pyrolysis furna and especi.al | referr dr ocar bon
Y eam i o at o Foou PenvgaRErn FBhrbh falt b Rubifes St ERRdRS
300 to about GSIAEI)Suhxef%@ﬁmgh@gna\hédq ttheest eam and the heated

hydr ocarbon streamis then further heat ed to a second tenperature

hi gher than the first tenperature before cracking in the radi ant
section, apd/or r 1 X
With a fI u? d (oﬁtr%{l\@ﬁm %] 0?2{1%%‘1"% %J@No{i%ﬂ g%&p&gﬁg%ﬁ% tfﬁ&éﬁt 'w?tthrgét a%gine
radi ant secti oner canglicor wherein said high TAN hydrocar bon feedstock
contains salt and/or particulate matter; wherein the high TAN

hydr ocarbon feedstock is further characterized as conprising one or
more of gag, oi Irh@gefctgagofoctam qi %&ater cmﬁgﬁeﬁg qﬁ&gtoesmai'eﬁtdett RtSa primary
heavy gas oil, crude orl, atnospheric pipest ottons, vacuum

pi pestill str eaﬁmuonabud} ptainodit onsheaddgamye namsising gisentintlyr afc@?Kdnolefins,

ety waxes: whEPe Ot At 8 RCREAE FORPHEE S0 Sore: He Iy ipbarc

am ne or caustigsdamerein the process is further characterized by
passing said effluent fromthe pyrolysis unit into a primry
fractionator to obtain an overhead phase consi sting essentially of

o Ch oTh0s: R oy el o W R R R R Siehted ST bbb or

primary fracti ofain@hat &:QI¥RF ths §Serkh zbRAsHtsaddrita0f fibkdiRnheedst r eam TAN,
sai d overhead phase - 21 - further characterized by containing

substantially no Cl2+ naphthenic acids, and/or distilling said |iquid
phase fro he f r

conprisi ng]lfSC]\l 'gl:i] dﬁg%of éﬂ%@gg&? eﬁtsagggdogxge?@e\ég Rhcﬂ;g cgﬁpgsle% p E@ﬂ%@# of dthe
further conpri sfeagst@aat MANICisaidpoeshedd iphagn f@ﬂﬁlmﬂntha'ﬂzictdrﬁad;tbﬁrbdﬁfaﬁiﬁﬁg
of nmagni tude greater tgan any oth r .aliphatic acid, said overheads
further charact 8ostaadnl yloccblr%t*éta At EP‘%&‘B@% antially no 02+ naphthenic
acids, nore preferably wherein the bottons contains substantially all
the 02+ naphthenic acids remaining in the effluent, and wherein said
bot t ons i slZhar dtt gnbesssl dfthmimeSasﬁnﬁdr TANptisss d‘ihﬁlin;@ai% bduid hehase and
measured TAN of sai d hydroc on feedﬁﬁ&ﬁ %rﬁ the bot t ors
contains subst alt?4rfy a’éPVer S ET2R oD Eis ?rtﬁtni‘ﬁ TRPRISIOE R
effluent, and Waes §idihcaaé fhirtiet t&tA(ﬁt r% 2@ AGd prekgeth hymﬁoﬁm@etseqnm&
less than 10 % of the measured TAN sai d hydrocarbon feedstream
(agai n recogni zdingnaghaude greatdr taseany witice salipbttive ragids esagbhavetheats, PR

| k h d di
e poaay. | Trattfctdizd nlthaling sl A A R G hod b



a. heating said high TAN hydrocarbon feedstock in the convection
section of a pyrolysis unit wherein steamis present to produce vapor
phase; b. cracking said vapor phase in a radiant section of a

pyrol ysis furnace to produce an effluent conprising olefins, said
furnace conprising a convection section,and a radi ant section; with

t he proviso that when said feedstock c'o%%’ri ses non-vol atiles

i ncl udi ng substantial anmounts of asphaltenes, said process further
conpri ses Fassi ng said hi Eh_TAN h drocarcgon feedst ock from Stgrf (a
through a fi-ashltrRIRssst Poflag dy wherel saibbotfomsgogiaas substantjally gl the C12+
wherein the st ri .0r s1reat C Ty .
process of d aﬁ%@i@%&‘iﬁe?élﬁ% 1t ﬁgfnggaél% th gg})‘%ﬁﬁegﬁid@?eﬁé?h%ﬁd Bitoms is
convecti on sectdharncefiz¢chby pymedsysdsT AN lagscthan £0Thef preomesmsaredf TANavfngaid
1, wherein the h droi)grl%oeg streamis at a first tenperature from
about 150 to abBlioc8WEBITHBER™ 300 to about 650F) before m xing with
said steam and after said m xing the heated hydrocarbon streamis
then further heated to a second tenperature higher than the first

t enper at ur ¥4 bef Direepretasp of plaimsl [Thhelgmosaek bottpimsGloatamnslsubstiraially all dlzd @12+
hi gh TAN hydrocarbon feedstock is m.xed w a fludjin.additi to .
ot sam pri ot o CPRReip) B4R Galing™ ipthe BB i Cyneeif Shid B s
sai d hi gh TAN hydreeacabby hepestRakT SRNka hsn 984 oA REasAdt TANI 6t &id
matter. 7. The process of Claim1l, wherein the high TAN hydrocarbon

f eedst ock conprivsEeasades fepdstise of gas oils, heating oil, diesel,

hydr ocrackate, distillate, heavy gas oil, crude oil, atnospheric

pi pestill bottomnms, vacuum pipestill streans including bottons, heavy
non- vi r gi n1fydrDigapbedss atdoeding td Chatinr i forheein edd hwhCDAN lgdfocaibbs feddstatk
sul fur waxy residue, and heavy waxes. 8. The process of Claim1, .
further conprisiaig WONEEeier fynoararabis 198he-> g hORhem il dad Brrihen¢amnrises
5. The process gf (il dmpdidhi MuEURLLShARRASSLAA, Rk ef f] uent
into a primary ractionator to obtal m an overhea phase consi sting
essentially of £2- Cheotief isasl, hi@D TEIR, hanctaebdni digedsioghas epwdngr ias heged

SCN, SCEO, tar, and Cl-C4 aliphatic acids. ) . X
hydrocarbon stream comprising a vapor phase in the convection section of a

pyrolysis unit;
b. feeding the heated hydrocarbon stream to a flash drum;
c. removing a vapor phase from the flash drum; and
d. cracking the vapor phase in a radiant section of a pyrolysis furnace to

produce an effluent comprising olefins.

16.  The process according to Claim 1, wherein said high TAN hydrocarbon feedstock
further comprises salt and/or particulate matter and non-volatile components, said

process further characterized by:

a. heating said hydrocarbon feedstock to a first temperature;
b. adding steam to the hydrocarbon feedstock;
c. further heating the hydrocarbon feedstock to a second temperature greater

than the first temperature, said second temperature being such that a



10. The process of Claim9, wherein said overhead phase is treated

W th caustic or am ne at or near the quench zone of said primary
fractionator. 11. The process of Caim9, wherein said overhead phase
conprises at |east 50% of the feedstream TAN, said overhead phase
further characterized by containing subz%antially no Cl12+ napht henic
acids. 12. The process of Caim9, furtfirer conprising distilling said
| i qui d phase and recovering an overheads conprising SCN and SCE0 and

a bottons conprising tar, said overheads further conprising acetic
acid present in an awé@mntéwaéla%fttL%ﬁYfg'P%l?ono\ge@%%l‘fﬂaa@sg‘}ﬁﬁtl&mwyﬁe
any other aliphatic @chnahahtlafYerieadtd Huhlich seBerdgheri zed by

cont ai ni ng substantially no Cl2+ naphthenic aci - 13. The
process of d aidn 11, feeding thehydacadbboicedueckcontfasidspsabet aestélal | y al

t he Cl12+ naphthenic acids r ining . in.the effluent, and wherein said
bot toms i 5 Ghar ot er oAU & PRSP epNpiRIBie | Fior Do GPd ¢ flgtid phase.
measured TAN of sai ds;ly dE@aasHed bR ded RARbN-GlallBCcRIRAEHS 88 sHdaldPor
11, wherein said bottons contains substantially all the Cl2+

napht heni ¢ aci ds r eniasd hging rsubstentally| depleted ah dommelpgliencogariogetiat 1admend

is characterized by a measur e er‘_I'AN | ess than 10% of the neasured TAN
of sai d hydrocarbon SEdSTT & >15. The process according to Caim1,

wherein sai d high TAMmdYEE kv penpieeH6ihakkilaGegardAN @sRat er than or
equal to about 0.5 ng KOH/ gmoi|l and further conprises non-volatile
conponent s i ncl &di ngadding siganf tgrtheapoephseierdri zed by: a. heating said

hi gh TAN hydr ocar bon C dyc hea r.o
conprising a va%or ﬁﬁ%%@g?ﬁ%tﬁgkggﬁ%%bﬁﬁgﬁ%%%%t%%ﬁmg¥ f’%@%§?§§$§ﬁ8?qa
unit; b. feeding theprbéatked difftinocanivingdlefas)stio pgrolysissirhect 6dmprising a
renovi ng a vapor phasg,fron1the flash drum and d. cracking the vapor
phase in a radiant S@ERRGKCHM AWdZOBYSFEPRSEtPhace to produce an
ef fl uent conprising olefins. 16. The process according to Claim1l,
wherein said high TAN hydrocar bon feedst ock

17.  In a process for making C2-C4 olefins comprising passing a hydrocarbon feedstock

to a pyrolysis unit and cracking said hydrocarbon feedstock to produce an effluent
comprising said olefins from said pyrolysis unit, wherein the improvement
comprises passing a hydrocarbon feedstock comprising untreated crude and having
a TAN of at least 0.5 mg KOH/g oil (ASTM D-664) directly to the convection
section of said pyrolysis unit and preheating and injecting primary dilution steam
into said hydrocarbon feedstock to produce a heated hydrocarbon feedstock
comprising a vapor phase, passing said hydrocarbon feedstock to a flash drum to
obtain a vapor phase from said flash drum, passing said vapor phase to the radiant

section of a pyrolysis unit, and cracking said vapor phase to obtain said effluent.
18.  The process of Claim 17, wherein said TAN is at least 1.0.
19.  The process of Claim 17, wherein said TAN is at least 1.5

20.  The process of Claim 17, wherein said TAN is at least 2.0



further conprises salt and/or particulate matter and non-vol atile
conponents, said process further characterized by: a. heating said
hydr ocarbon feedstock to a first tenperature; b. adding steamto the
hydr ocar bon feedstock; c. further heating the hydrocarbon feedstock
to a second tenperature greater than thf first tenperature, said
second tenperature being such that a - %5 _ sufficient portion of

t he hydrocarbon feedstock remains in the |iquid phase to maintain

salt and/or, particulate_matter in suspension; d. feeding the

hydr ocar bofil-f et B8RSt BT aingsh-SE A TSI CORPEEg 8pssing 2 dperden fepdbtaek
hydr ocar bon fe LRto: : kOl {

QUi d phase bermg Ty e B PR e B uen
phase bei ng substmgmsingl kaid delpfigt étbnof saitb pyvodysat ivng, odrepometht simpsetement

and particulate matter; r.enoyi t he vapor phase frgmth
1 'ashi separ at | GiTEEEUlsSE A Rliberup BT Eb B oais0 ® prids sy hmove
cracking the vapeH JRd8s8es e pRodudbPdiefRESTHi AR and RYIGlYBAR Jrl R8G9 .0

to produce an effluent conprising olefins, said pyrolysis furnace .
conprising a raw&Hgewt (AWM 6a4)cdirartr tte the coaredtion sectipn dfsaid pyrolysis

process for makin - | efins. conprisin ssing a hydrocarbon
Peadstock to a ByPate pideding i uf IR i k% BGRH) Sedo B0 T 2eiBebee
to produce an efeédstRRtto CproANES h MYatS@hodiotbom fecliftodl Sombpiisimgr O Mo Phase,
unit, wherein the inProve.rrent conpri ses passing a hydrocarbon

. . g y .
f eedst ock conpremiopybumspiagtsald kydiesarbendeerdsiockdo & fagk drmale hizigta aper
nmg KOH g oil ( )y Al Y, j i . i
pyrol ysis uni tAgI{r%(%é g?@%égt@ﬁg%% l?arrsl%é%%q %ggﬂg)\rfi%%gre?% (ﬂ? ?%@ icgﬁveg{l%@%cgon
into sai d hydr omaipional ffzeh dihoe ko the pdiaaiueetian dfeapadlybiy dhocardoaacking said
f eedst ock conpri sing a vapor. phas passi ng sai d hydrocarbon
feedstock to a YAPSSPRAEs (9 %n%‘?aﬁeiw%t vapor phase fromsaid flash
drum passing said vapor phase to the radi ant section of a pyrolysis
unit, and cracking said vapor phase to obtain said effluent. 18. The
process of 22 ai Thelpfpceahel @am 2 iwhefAlsaid TAN Iseakhstl.D. 19. The
process of Caim1l17, wherein said TANis at least 1.5 20. The process
of Claim17, wherein said TANis at least 2.0

23, The process of Claim 21, wherein said TAN is at least 2.0,

24.  In a process for making olefins comprising refining high TAN crude oil, said crude
0il having a TAN of 0.5 mg KOIH/g oil (ASTM D-664) or greater, comprising (a) a
step of treating said crude oil to produce a feedstream having a lower TAN than said
crude oil; then (b) a step of refining said feedstream to produce a refinery fraction,
then (c) feeding the product of step (b) to a pyrolysis unit and cracking said product
to produce an effluent comprising olefins, the improvement comprising eliminating
steps (a) and (b) and feeding said high TAN crude oil directly to said pyrolysis unit,
heating said crude oil in the convection section of a pyrolysis unit to produce a
heated feedstream comprising vapor and injecting primary dilution steam into the
heated feedstream, flashing said heated feedstream in a flash drum to remove a

bottoms fraction comprising asphaltenes, and a vapor fraction comprising



- 26 - 21. In a process for making C2-C4 ol efins conprising passing a
hydr ocarbon feedstock to a pyrolysis unit and cracking said

hydr ocar bon feedstock to produce an effluent conprising said ol efins
fromsaid pyrolysis unit, wherein the inprovenent conprises passing a
hydr ocar bon feedstock characterized as géude treated to renove resid
and/or as the product of a refinery pipéstill, and having a TAN of at
least 1.0 ng KOH g oil (ASTM D-664) directly to the convection
section of said pyrolysis upit and preheating and injecting prinmar

di I ution steamd]P FARNY wﬂﬁ%f‘@a% NE o ¥S RN IFCHRb Ao Redlt edfluent
hydr ocar bon feedsi gk AL Sing a vapor phase, optionally passing
sai d hydrocarbon feedstock to a flash drumto obtain a vapor phase
fromsaid flash drum passing said vapor phase from said convection
section or optional flash drumto the radi ant section of a pyrolysis
unit, and cracking said vapor phase to obtain said effluent. 22. The
process of Caim?2l1l, wherein said TANis at least 1.5. 23. The
process of Claim 21, wherein said TANis at least 2.0. 24. In a
process for making olefins conprising refining high TAN crude oil,
said crude oil having a TAN of 0.5 ng KOH g oil (ASTM D 664) or
greater, conprising (a) a step of treating said crude oil to produce
a feedstream having a | ower TAN than said crude oil; then (b) a step
of refining said feedstreamto produce a refinery fraction, then (c)
feeding the product of step (b) to a pyrolysis unit and cracking said
product to produce an effluent conprising olefins, the inprovenent
conprising elimnating steps (a) and (b) and feeding said high TAN
crude oil directly to said pyrolysis unit, heating said crude oil in
t he convection section of a pyrolysis unit to produce a heated
feedstream conprising vapor and injecting primary dilution steaminto
the heated feedstream flashing said heated feedstreamin a flash
drumto renove a bottons fraction conprising asphaltenes, and a vapor
fraction conprising - 27 - hydrocarbons, and then cracking said
vapor fraction to produce an effluent conprising ol efins.





