; e3e7R+4&& |, ("N(z*6* TR+% i WO 001 46322 A Process for Deacidifying a Crude
Q1 System This invention relates to a process of deacidifying crude oil,
PCl' 1G3B99J04387 Crude oil and distilled fractions thereof nmay contain
anount s of woregasigr aci ds, such as napht heni c aci d, naki ngci/cB®mamnhat
acidic. The acidity of crude oil is neasured in terns of its Total Acid
Number (TAN): this is defined as the anmount of potassium hydroxide in
mlligranms (ng) required to neutralise 1 g of oil. Typically, the TAN of
acidic crude oil lies between 0.5 and 7.0. The acid inpurities in crude oi
can cause corrosion problens, particularly in refinery operations where

t enperatures of 200C and above are encountered. For this reason, it is
desirable to reduce the TAN, for exanple, by reducing th
napht heni ¢ acid present. 10 Various nethods for deaci di f@‘i“mﬂmum“ \mm | are
known. For exanple, in a conventional deacidification process crude oil is
treated with a base, which reacts wth the organic acid pres in the
crude oil to produce a salt and water. \Wen sodi um hydroxide is used as a
base, water and a salt such as sodi um napthenate is produced. The sodi um
napt henate nmay be isol ated and converted to naphthenic acid and sodi um 15
chloride using HCl. However, to reduce the acidity of the oil to acceptable
| evel s, | arge anounts of sodi um hydroxi de and HCO are consuned. Moreover,

t he process generates a A@;%gmpgggci@dn§gdjnmmhgﬂfd@ e, which nust be
isolated via a nunber of cunbersone separation steps and then di sposed of.
As a result, thiTQ'Sp‘P"Gﬁ%‘sfe'ia%eSF‘é?a‘tOFQFéPEd%ﬁé'&‘P&ﬁﬂ‘&°1hnd because of the very
| arge vol umes Oanﬁieloil'a'ﬂHQisﬁ@éa’ﬁagfi&ﬂlﬂﬁe‘?&f%ag;Q&ﬁhiqgﬁa_@{?ﬁt?o%%% acfdd, of waste.
W have devel oped a nethod of deacidifying crude oil by solvent-extraction
Wi th a pol apclsasingphthenigicich meking érspiewhat heidipeFhersaidity pédrade diinmessredbove
process, ang, pLogHeer tal%\QIQQAméng'gKN?:SP%giS\ﬁ%ﬁ&e%'as he Hmamnt ot patassur CCor ding to
t he present Invention) there I's provided a process tor de C|§V¥y|ng a crude
oi | systsemhydmiide pr raitlizsamo@ig) tequiradtotraatraiseDg o0bil. Bypicalynthe@ANGf t he crude
oil systemw th a pqglar, solveng, t hat, . at | east rt. of the organic
acid pr eser?f‘dfcrfr‘fq‘?(?%é'ie? b"r%’”&&# é‘&fﬁ@%ﬁtaﬁ‘dt"ﬁ%“%? \?r—fl‘??d%é’é'.cé?lcaé‘ﬁ ract phase,
and b) sepababsiftpoBlefls Hatticalatly RYefRr sfefatbiewhere ainfrabbdst 20bdC sust em of
step a). )In the present §ﬁpltcat|onﬁ."C{ude oil systenf neans a crude oi

of a parti chperareeneeursered dipr slitireatonoit isgiesirablg to gedneethe TANy forerarprie.oi | s of

di fferent qyg&j I o] Wol The present invention renoves
organic aciq’g rorrrl?cru e&o%ﬂ%g@{‘éer%%?%%ﬁ%tént extraction. Exanples of

or gani cllaci ds t NMariowsayethedsfordeacidifiing drine ajlrapellenowinl Feryexamplejinal ude phenol s,
sul phur - cont ai ni.n cids. and npst cormmun ht heni ¢..aci d. Organi c acids
e napht R Ra Bepd e R R e DPRTA PSR nfishea Man or ude
oi | syst enahao@aniaetdp@ienginthe Wuld oibwl peeducy &kalt Fhid eatdrVWhemsddlven sol vent as
an extractdrpase.,The extract phase 15 is inm scible with the renai nder of
the crude JWFroRifeisaiipd aftbasavae aadp sltehpsspdimcnanthesr Rty ped. The

di stillati apdiuttaptheRPehal B solhbf amillofited B YapRfhehiB SQY BACHdfubP™ the extract
phase and re-used. The isolated organic acids nmay be used in a nunber of
appl i cati orrblorideusingdeh However, toifedyse thewacidity of the oill tq socepsalislevels; lasge a sol vent
for metal i ' 0 j f ' j I he ability
to recycl e hantsbF el BkoREE BHSICIIR s M ofesO, the el 8fbrkidfs

parti cul ar |lgrgeadmowit efisadiunotilortdepwhioh mabtlby isafackdivia 4 munier of cunibersasount of

wast e generated. The process, of th resent .invention i.s particularly
Uset ul “For SPutitionriyos Rl e prosed ff AbRERHLHRRPCDS TERt CRERIETS | 1o 0. 9
and bel ow, #ndetabsUVfYhOvedy R VBRIRYof GINEVIRRAL prBliiesh a6t sMefabid addGntbel ow. 25

The process of the present invention may be perforned on a crude oil system
one or 4for PfiWases. Pref erably, the process is repeated until the Total Acid

Nunber (TAN) of r | n@m LS: g mst
preferably, to 8}0 gﬁdgrg dP‘%gosP ?Hgn eté‘g’g?f%ﬂ@gg?’ggﬁg‘gb’gsr&‘feg{s%’%"%‘srﬁ‘?“s%y
requi re the palocelyenttwhidbecan epplay elibaper matdpials tiadh the abese pfooess,eaand pyldece si x
times. Preferably, however, the TAN value of the crude oil systemis 30
reduced to a desirable value after theprocess has been repeated three
times or |less. The process of the present invention nmay be carried out
usi ng a polar sol vent Suitable solvents include al cohols, alcohol
derivatives and ethers. Suitable al cohols 2 WO 00/ 46322 PC T/ GB99/ 04387
i ncl ude net hanol) ethanol and propanol, w th nethanol ber m

A ycol s such as pol yethylene glycol may al so be suitable. “mmn"ﬂmmumm |1ers
i nclude glycol ethers. Alcohol derivatives such as al cohol polyglkoxyl ate

may al so be enpl oyed. M xtures of solvents (eg water and nethanol) may al so
be used. The ratio of solvent to crude oil enployed may be 1: 99 to 80: 20,
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as sodi um hydr oxi de. For exanple, when sodi um hydroxi de is enpl oyed, water
and a salt 15 such as sodi um napht henate may be produced. Sodi um

napht henat eVA8Y48% converted i nto naphthenic acid, for exwanERe% 0438 t he
addition of a mneral acid |like HCI. Naphthenic acid is a val uabl e product.
The process of the invention may be carried out on a crude oil pipeline.
Part or all lefswast oil flowing through the pipeline is delivered into a

m Xi ng chamber whelBrdidg tb%h@&f&mw&m&g 1ifrd 8}&%&1_.:& QlpY&ls fot &'egbiﬁigh{%’a a
counter-current extraction colum may be used, with oil entering at one end .
and the sol vande it systam, spidprocespéaneprismegthesiepsofie t wo phases are separat ed,
and the oil eithe t he Ri y | ed t r
treatment, whil star)tc é@&g@?@%ﬂ%&’q% lrsgggrgﬂé%g%?ﬁ%s%y%%ggéh tg?t a?ﬁégﬁélgggnt

i nvent i ons mathe atganiclaeid pegsert ddthe oil iscaxtractediintocthe solVensas adextrive ppase @it pr ocess
may be enpl oyed tQ deacidify a crude oil whilst the crude oil is being

[ anspor 1 6d 1 om S aeapring st Rashiies fom medieai e pl VS Bheep 9t 1 ho
present inventi onn\hd presefiippRcaties Ctiubesil Wsleh” hethhy £416€e diloftaRrticlet OW NQ
Exanpl es. Exanples 1- 6 30 |In these Exanpl es, known wei ghts of nethanol and
crude oi |l weFPRogiayandiorprigngar ampye pf §iids oils-phdiffereptromprgitionsiagBed, shaken
for 2 m nutegydyg forman enul sion and then placed into an oven at 40C
overnight to allow the m xture to separate. After 3 WO 00/46322

PCT/ GB991®4387 16Thednuigsent inveation remayes ofiganicabid diopeerudeoihwstemdysalvented i nt o
two phases: exol : . phases
wer e separ at YA ERIpIANL AT ABIEha e, (& TR e HRR R IR e,

anal ysed f or phEotls|sulpbirscontamiey ac{ds,Add)l moFhepnanxind)i, oaphthepicacidt Grgafic adids cr ude
oil were dissolved.in the nethanol. bhottom phase. ce 5 separated, the

ret hano! bot PeABAAtE: Sl bidBH 4 it B RE B epts P er R, 1ot hoas
f f)r recover : fgoririghyanill sefebmélny;) di&ob@tdtﬁmqg&WS& arreﬁdraa&l ﬁhﬁb.slﬂelemdt pli‘a.szI I
Alternatiyvely, se at.iop nenpr.anes, may. be e oyed. The was crude oi
was t henl¥ ot S/ HBHOPE Wihdhe ERaRAeT Giehaavirdil SHEHAPA &0 bR SPIERAbun wei ght of
cl ean met han@dcantihg@nd/endistiabi&s OntORPRdied Sthakdivent Mhy Be febdveredFronPtheor m 10 a

emul sion and then placed into a oven at 40C overnight to separate. As
bef ore, af t efxtragt RiBtRand re-HeednTheisplatedierganipacidsypay beaiseii @ ny@pacat ed i nto two

phases. The - r; [ghgq] I . Thi s

washi ng pr oc%ﬁ?ﬁéﬁ&%%ﬁ@?’é@hﬁ%ﬁm&u eefgl n?‘An(ﬁl aggigﬁlgés&g r%wg'?' bel ow
wer e obser vethe diteet produbtion ofergamnpicd/ad also thevbgitBoarpick the sheatmakeitbed

bel ow. 15, M xi ng_Thhe = nd shaken. i nut.es MoXin tio x.50:50

Tonper at 20 o DoBeoNEF pres Gl BV el o S5 HER SR R BT FOBI R Nunber
of each phasthe @nuitGfirgsteerpargal. ) after washG | Met hanol Wash 0O

(Bl ank) 2. 770WAash 12.140. 9 sh 21.520,.41Wash 31, 220 Wash 41,040, 14Wash
50. 940. 09\Wash 60.é&d’.’%s%ﬁ%\é@‘e%fgseé?‘f‘Yf‘ef'%‘hWa'é‘F‘ﬁ%'FY%G‘F‘fgg’ﬁé"ﬁ@i““%ﬁé’?} = 62% 20
4 WD 00! 4632id Nuimbe£(THN) daaiailcfudd ofl M Bbun@delew, prersiasly 0o anddelowphidse (N
KOH of sanple after washG | Met hanol Wash O (Bl ank) 0. 800Wash 10. 4S0. 28Wash

20. 370. 21\asHog@refesably 8384 balsWAN/ A PCT/ GB99/ 04387 Process efficiency after
3 met hangéd washesyiz 1363 ' 9 ‘d""ﬁl N;.g% . phase
(my KOH Qof sanp?léma{j? ?ceéﬁgv\%gf%g%el\}el?ﬁ%ﬁ% @gigé%e%é?l ank) 1. %%@%teﬁ%ﬁp '
11. 270. 41Wasbr Rdrefiges. F3eiambly e phodest X\éephatdDuill e TotdPAcTidhanter- (T AMof af t er

4 met hanol shes =..49% West, Afri Crude Q. | s_Cr.ud il exa e, 4

(1005 Tan nufBaFas P S SRRBs GO g P icmen ket B S REEH vt nanol vash
0 (Bl ank) 0. 9¢speiially, tb®.3 &r 126}, THIYME redGirSthe proodis $dbeSfdpeitéll Ditidtbahofined40. 03

Process efficgiency after 4 nethanol washes = 7S%
?or exan}/ple, six tlrmes. Pretleragly, however, the TAN valge of the crude oil system is

30  reduced to a desirable value after the process has been repeated three times or less.
The process of the present invention may be carried out using a polar solvent

Suitable solvents include alcohols, alcohol derivatives and ethers. Suitable alcohols
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W O 00/ 46322 Crude oil exanple 5 (100% Tan Nunber of each phase (nmg KOH g
of sanple) after washQ | Met hanol Wash O (Bl ank) 1. 410WAsh 10. 580. 83Wash

20. 360. 24\\¥A 0@#632240. 11\WAsh 40. 180. 05 PCT/ GB99/ 04387 Pr ocESBGEDONIST ency
after 4 nethanol washes = 87% GOM Crude oil crude oil exanple 6 (100% Tan

Nunber of each phase (nmg KOH/ g of sanple) after washQ | Met hanol Wash 0
( Bl ank) 0. 830indlsée methagd) egGvelsind poopad,. withmethar@bbegpretined [G1y@lsz8¢h 34

oSS el S Necd BhED oy TN p SRR S LRI diaplihas SRS SOV

that the TAI\P?]% var rous eren can pe reduced
t 0 accept abl derlvetives sudhyas abbh&pblyﬂkdxybmmgmlm Hehmﬁdyhdiﬂdixturéstofmlbémsbe 10
under st ood, however where it is desired to reduce the crude

t hat g case
oi | TAN | evelc® Watsrafid methanqllmay ®J¥®%Udded to the crude oil after the

crude oilshas beemes@iiyy eMdolveiith @aidedil dinplogahayiCe ovitd Bo. DB Ipaaably, 20. WO
00/ 46322 Eza | e 7 PCT/ GB99/ 04387 In th| s exanple, crude oil sanples were

m xed with a8} Rt bforsErRlnt39:704f 5958 nut es at hi gh shear. The fol | owi ng

sol vents were useg: oné)emﬁocmnéﬁtlb?ﬁue(ﬁfres@x{t'n%é’tﬁdnctt@| ?&Qxﬁ' rReisiihieexyl ates 2) a
m xture of polyethylene glycol 3) "a glyco et her mxture The sanpl es were

t hen pl aced ¢omprisesthe pteppf QOGatingthe extrag@hqm@teptbhmtmam &hig gtepiss  obser ved
to have sepaﬁ 189ariy%€hxffép{eﬁnﬁx?£§lae N rlldnp @eﬂnggﬂ sol vent

top phase sone-cases om p wa rea eg th NaCH.
Tabl e 1 bel ownminabave s desiredrealie) debpite mp&t&impdsbgsadth dpdidresolirerfaBlaeErthel e

oi | Sol vent M xi, i tionSeparation tNot Rat i oof Na

phases) | osse%“t“gg'ecgdl? o‘)'%éﬁff'f‘z??ﬁ é@%@?@?\?@?ﬂﬁﬁé}”&bﬁgwo 50NoY
es403 polar solvent, relatively small amounts of base are requxred for neutralisation.

*Har di ng250: 50YesYesM ni mun¥* Ha 0250Q; 50NoYesM ni nunbHar di ng350: 50YesYes4

06Har di ng350: 50Nosfé%‘h’6?ﬁ95qué¥eal°h§‘1‘5@)e ipliadakalngsath getbndirddessigh: S5oNoYe

54090: 109 FPSY il RAZSSeoBIRaiBAl e U hU 5 BB LRIL N AR0aPDIGYeS M ni m
un®0: 1011FPS/ Har di n 350 50YesYes10090: 1012FPS/ Har di ng35 50NoYes10090: 10 7

WO 00/ 46322 pei np aapdtherdte may be prefuasd. Jadinprapbhsnaypmay brepnyetedSanpl es
3, 4, 9 and : h
U Table o bl Ehefif RaS ToChampll GAEAND UM REHCE Nl D Sho
(ppm 3sol venad&d isghialugble product.

Al kal i ne83030i | 0. 063404s0l yent 0. 452340 | 2. 420. 89sol vent Sl i ght |

A Kal | neniAoG 1 0 EERTRiB el GEvetes RARED ST o A At SRR G OFhe. TAN
of untreat edaltsf e 6 flbwing thi8ughkhepipdiNe &f deliviiréEigtortmixRp/chignttr Rgere®Qs 10) i s

0.36 The oil fraction of sa %e 10 was re-extracted a further three tinmes,

using a ??esHO%%‘?jln‘F“}bq‘he§?}V‘%}’éﬁfpl?ﬂéé&ﬁ“’t‘?rrﬁé'”eﬂfr?é“é%w&E‘PF‘BH‘%%“%eér ried out

in the absengganhefi eM@% atlb%la @&1 éhd'ﬂlé(doRer ffi‘ttﬂecbtﬂ’ér i@tenBQJmnEhﬁ)eW@ phds&s are
shown in Table 3 bel ow. wash 1wash 2wash

ATANO. 280. 23@eresepnrated, sod m@qﬂ glthﬁr mtm)\ed)fo the pipeline or sub]ected to further treatment,
oi l fractionT st%?s %&?432 % ng/ KOH g ofoil) of solventfraction WO
001 46322 C al PCB0dT BA%587 1. A process for deacidifying a crude oil
systen) sai d procEssprocsspof the pgsdnhmvattiop say also be carried out on a tanker. Thus,
25  the present process may be employed to deacidify a crude oil whilst the crude oil is being
transported from one place to another.
These and other aspects of the present invention will now be described with
reference to the following Examples.
Examples1-6
30 In these Examples, known weights of methanol and crude oil were added to a
separating funnel. The funnel was stopped, shaken for 2 minutes to form an emulsion

and then placed into an oven at 40°C overnight to allow the mixture to separate. After
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of a) contacting the crude oil systemw th a polar solvent, such that at

| east part of the organic acid present in the oil is extracted into the
sol vent as WA 0W¥4BI2act phase, and S b) separating sai d extrcamBopbase from
the treated crude oil systemof step a). 2. A process as clained in claim
|, wherein steps a) and b) are repeated one or nore times. 3. A process as
claimed in clcaindnrs’l, tlo:rmnilture/\hsmﬂ:smédle havd separstell s twephabay£duidsoisel ect ed
fromthe grocg cohol derivatives a t hers. 10

[ of al coh I d :
4. A processP lr’}!ff B‘p? mretpag! £ a\"ﬁngﬁ phsqs yeer T)fﬂpf’aﬁateg’o‘i"?}@ffg %el ect ed
from the grouBsmplsbfdatiighacd wmamraah andBisBfe Irotapmamalber @N)ethy | ene

glycol, glycol ether, and al cohol polyal koxyl ate. process as cl ai ned
in any precetfidigeompangats ofthe eude P‘h%’eﬁezﬂﬁS@}V mé‘%?l%'i‘ﬂm‘c@"@m}ﬂ‘éseoppcesyst emis
1: 99 to 80: gfarafed, e néﬂﬁﬁ&%eﬁ&n PRask Wal Hﬁﬂmhﬂ} @Me@fo??@@en&,ﬁb@' m whi ch
further conprises the step of c) treating extract phase of step b) with
a base. 7. Ampthodsfosregavesingmeihandl from the h@twmmleﬂndqmﬂlmve is NaOH. 8. A
process as ¢ n h is carried out on a crude
oi | pipeli neME g'eiy seg%é%@{slgaﬁhc &r@ angér?; preceding claim which is
car ried out on a Tiwrmhed @ud%’ﬂwaﬁtbemﬁmmedtdﬁthesepérwmg Aifieelytapathdr with H

"#9l h d 1 R

cal ca] oa] ca] ROy ERY ERHER BELTPL ST RN R P R APl FRP PR caf cal

ci'vl] ci'vl] ci'ﬂo:i'vl] Qj&}lﬁl?igﬁaﬂ&mhﬁﬁl&ahﬁ@]a@a&rﬁﬁkgai 6vasight ¢ bepadater A6 Bsfbreabfirabcal cal ¢

a] ca] ca] ca] ca] ca

CT UL gaeErs thempiastuge wes gbggryedatp gy weagratedinie preaphasgsc Bl ccdipees ek ca] ca] cal
cepe X f

C? ]( C?]( )Cg% )C?% %ﬁ%*h* * ;*lg Caﬁ]l mﬁ%ﬁ ghk%?]@?g &M?H o]%gdé’]q égkgﬁa’c a]a;:%é"33 (E:}g] cajcalc

a] ca] cal] ca] ou @hm&az]abxaqafa]%athéqvcwmappqua] ca] cal] ca] caU] ca] ca] ca] ca] ca

2] cal oa] oal e oA P IRAAEA AL ERARpE o PRI ] ) o ca) Saf )

ca] cal] c] cWiymg<TiBEEAE ()-Z Hovddhaken-2 hibRdv&' ()- ! 310%WE. () -

1094VE, ()-910@/& 3F10%v& ()- 56’%};')

410%& ()-93 Z0109%VE’ () WVR ()-zY+ 109V () -

% 109! () - #19{% | - 944chC 4109 ! yLO%&: () - 109 () F10%& ()- 10M
10M 10M " s<109%V& ()-" Y100 ()-H_ ' #dEbC 410%v& @ 0% () -

10%& () - 10%& ()-SY 310%& ()- 10o&crthSepCoude «(l}s #91 dEbC

(( U)

4109V #L! O FERYES (5 1s109%& () - &10%& ()-fl hOdEbC
4109%VE y, 10p& () - s*! TOY&° “LDbR ( 10%& ()-S, & 10%&' ()-$10%& ()-: xnmbC
410%vK! Flo%z&' ()- 10 10 Tan Number of each phase (mg
109S8s10%& [)-510%&' () - LdEmbC
410%&' 10% kK () - SmL0% & %ﬁg’(‘@%ﬁ/&’&&()q 10% & ()-!110%& ()-LSNdEnbC
410%&' 10% K () -T 109&& Tnggmr@;g;m- 110%& ()-&
10% &' () - Nh ARl @ 10% & ()-110%&' ()-
1092 &' () - 91pIash OYBRak g & ()177 109%4& () - GCAEMDE 410%VE |
10%2& () -*! oYy 7y tove g {y—m 098

Wash 2 1.52 0.41

Wash 3 1.22 0.23

Wash 4 1.04 0.14

Wash 5 0.94 0.09

Wash 6 0.90 0.07

Process efficiency after 4 methanol washes = 62%
20



10%& ()-S&10% & ()-$10%& () - 9IG@ENDC 4109%VE 610%& ()- | 4AMLO%& () - 2S

10% &' ()-Y110%& ()-/10%& ()-y .10%& () - @GBCDETI

~ @ 4109%L0%& () -

LOYE! () - LOWR Qosxil 10% [ & ()-7 10z 107 107'y8s10%& ()-| PéricBsiatsy @

l'dE~_@ 4109 S _10%& () -

5

109%& () - 10P&' () - s &I66k dil) exd@piR'2(Mid0BE ()-!""""" 9" U'uV/I@
41' 109%&' () H-1094&——3+ ' 2n :
11 109%& () - 1! 109%& () - 1! pprpf gpclnhasedme 1o 7 @ 41! 109& () -
11109 () - 1098 () - ! Tpas g | """ """kL. @-
11109 () - L' 109& () -1! Methanol
1110%& () - hic 0 S ITTLNI0 - %& ()-1'10%& () -
11109 () - L!"?L%&g(ﬂa- 1)! LO9&' ()-""""""""] @ 14 ()-1'109%& () -
1110%& () - 1! 109&sK ) - 1! 109%&' Q45 ' - """ ""'028skMa@! 109& () -
11109 () - H&GW—F—H@W%W #1 #" ### #MEVUS10%E & () -C
“F109% & (]- 10X1280%! 10k! 109 11& () < B1LqW! & () -
T @S10%! &11) - WS SOF P FNFRINZS 1Q%E &olgs-C¢ I(%E & ()-c 10% & ()-c 10%
& ()-c¢ '"( 0% & () -c 10%E_& () -c |#aaaaaa8hl J10%E & ()-c¢ 10%E & ()-c "' (
10% & () 10%@51&4() b 109HAY () c -' (N/########eG+51O%E & ()-c '( 10%
& ()-c 10(%%&“(—)—\,—“&7?& Camy aﬂ10° #######e 510%5 & ()-10%
& ()-c 109 & ()-c 10/¢§_’°§§‘°‘E"i °&e“°3% tef § qpethgnol washes 5 &'( 2 gi#HHHSOM 5
s!10%& ()-10% & ()-c¢ ( 10% & ()-c 10% &' ()-c 10% & ()-c '(
$7SRESSTH Y =1 008 ()an
Crude oxl example 3 (100%)
Tan Number of each phase (mg
KOH/g of sample) after wash
Oil Methanol
Wash 0 (Blank) 1.66 0
Wash 1 1.27 0.41
Wash 2 1.05 0.23
Wash 3 0.91 0.12
Wash 4 0.84 0.09
Process efficiency after 4 methanol washes = 49%
5 West Africa Crude Oils
Crude oil example. 4 (100%)
Tan Number of each phase (ing
KOH/g of sample) after wash
Oil Methanol
Wash 0 (Blank) 0.97 0
Wash 1 0.51 0.44
Wash 2 0.37 0.16
Wash 3 0.29 0.08
Wash 4 0.24 0.03
Process efficiency after 4 methanol washes = 75%



'$ . 1098& ()-m).1098& ()-m .1098& ()-m z1098& ()- s$$$$$$$Si | +5'$

.1099& ()-m . 109%& ()-m.10%& ()-m'$ . 109%& ()-m . 10%& ()-m
SSSSSSSS] J* WOOIBE2T ) - m . 10948’ ()-m . 109%&' ()-m)'$ . 10908EKdB904akDORE () - m
10908 () - m $$$$$$$$hL, . 1099& ()-m . 10%& ()-m'$ ). 109%& ()-m . 10%& ()-m
L109%& ()-m' $ $$3333$$%eG . 109%9& ()-m ' $ . 109%& ()-m . 10%& ()-m

L1099& ()-m'$ . 1099& () -m $- %% Y%a% % %% H, Y(1090& ()- ' ( Y(109%& () -

) Y(109%8& () - - - - d98R888RMG | ) Y( 109B&' () -
Y(1098&' () - |Y( 1098& @zde qil %TBW&E%%) Y(1098& |() - Y(109%& () -
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Process efficiency after 4 methanol washes = 87%
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5
Process efficiency after 4 methanol washes = 72%

The results above show that the TAN levels of various different types of crude oil

can be reduced to acceptable levels by solvent extraction with methanol. It will be
10 understood, however, that in cases where it is desired to reduce the crude oil TAN levels
further, alkali may be added to the crude oil after the crude oil has been solvent extracted

at least once with methanol,
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4 Oil 242 0.8

9 solvent Slightly N/A

Alkaline

9 oil 0.07 N/A

10 solvent 0.07 N/A

10 oil 0.28 N/A

Blank | Oil 0.36 N/A

0.36

The TAN of untreated Harding is 2.78. The TAN of untreated FPS/Harding (90:10) is

The oil fraction of sample 10 was re-extracted a further three times, using a fresh

amount of solvent 2 each time. The extraction was carried out in the absence of NaOH,

using a mixing ratio of 50:50. The results are shown in Table 3 below.

10

Table 3

wash

1 wash 2

wash 3 wash 4

TAN

(mg/KOH/g of
oil) of oil
fraction

0.28

0.23

0.19 0.16

TAN

0.07

0.05

0.04 0.03

(mg/KOH/g of
oil) of solvent
fraction
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5 b) separating said extract phase from the treated crude oil system of step a).
2. A process as claimed in claim 1, wherein steps a) and b) are repeated one or more
times.
3. A process as claimed in claim 1 or 2, wherein the polar solvent employed is

selected from the group consisting of alcohols, alcohol derivatives and ethers.

10 4. A process as claimed in claim 3, wherein the polar solvent is selected from the
group consisting of methanol, ethanol, propanol, polyethylene glycol, glycol ether, and
alcohol polyalkoxylate.

5. A process as claimed in any preceding claim, wherein the ratio of solvent to crude
oil system is 1: 99 to 80:20.
15 6. A process as claimed in any preceding claim, which further comprises the step of

¢) treating the extract phase of step b) with a base.

7. A process as claimed in claim 6, wherein the base is NaOH.
8. A process as claimed in any preceding claim, which is carried out on a crude oil
pipeline.

20 9. A process as claimed in any preceding claim, which is carried out on a tanker.



