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REMOVAL® OF | MPURI TI ES FROM A HYDROCARBON COVPONENT OR FRACTI ON

TH' S | NVENTIOR 9488@5es to the renoval of inpurities froma FPCHI 98¥%ar bon
conponent or fraction. In particular, it 5 relates to a process for
renoving inmpurities froma liquid hydr ocar bon conponent or fraction.
According to the invention, there is provided a process for r enovi ng
impurities fromthe hydrocarbon conmponent or fraction, which process
conprises 10 mxing, in a liquid-liquid extraction step, an

I mpurity-containing liquid hydrocarbon conponent or fraction,
as an inpure liquid hydrocarbon feedstock, with an

acetonitril e-based solvent, thereby to extract at |east one inpurity

fromthe hydrocarbon conponent or fraction
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REMOVAL OF IMPURITIES FROM A HYDROCARBON COMPONENT OR
FRACTION

THIS INVENTION relates to the removal of impurities from a
hydrocarbon component or fraction. In particular, it
relates to a process for removing impurities from a liquid
hydrocarbon component or fraction.
According to the invention, there is provided a process for
removing impurities from the hydrocarbon component or
fraction, which process comprises

mixing, in a liquid-liquid extraction step, an
impurity-containing liquid hydrocarbon component or
fraction, as an impure liguid hydrocarbon feedstock, with
an acetonitrile-based solvent, thereby to extract at least
one impurity from the hydrocarbon component or fraction
into the solvent;

withdrawing from the extraction step, as a raffinate,
purified hydrocarbon component or fraction; and

withdrawing from the extraction step, as an extract,
impurity-containing solvent.

When a hydrocarbon component or fraction, ie a hydrocarbon
feedstock, 1s worked up to obtain particular products
therefrom, impurities present in the hydrocarbon feedstock
can adversely affect the quality and purity of the products
obtained, can cause catalyst poisoning and increase
catalyst consumption when the working up involves catalytic
treatment of the hydrocarbon feedstock, and can cause
unwanted side reactions to form during such work-up. The
process of the present invention thus provides a means of
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15 into the sol vent; wi thdrawi ng fromthe extraction step,

as a raffi purified hydrocarbon conponent or fragii.on.
Wi t hdr awi n%?%sr%%e extraction step, as an extract, Periiboo ity

i mpurity-containing solvent. 20 When a hydrocarbon conponent or
fraction, ie a hydrocarbon f eédsock, is worked up to obtain
particul ar products therefrom inpurities present in the hydrocarbon

feedstock DPurifyimng agivehsdan impere tligujdal hydroerirhon i theedstock,

products  prio®MAigedectagtaUSEoCRRE! H5tt IO SRPRGANG] RELEAERe25
cat al yst consunption whén the rking up 1 nvolves catalytic

treat ment ofPHIEIRAURENBAE é’ﬂ’s‘ilbc%‘,‘&bn‘ﬂo@&TPEaﬁgethe hydregpaRead si de
reacti ons t Edentatalik,i Eresath leask- npdudsd. process of the present

i nvention thus provides a neans of
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PCT/ | B99/ 00&e  hydrocarbon feedstock may be an 2 olefiniquenidy/iomg such

an inpure | gt HRHIIOCAYABACE ARSIt Fekkdstock, RiNUh t RagUbisetd g ik to the
further work-up, %%J Qgt t he 1 .problnﬁgs associated W th such work-up of
t he hydrocallﬁtﬁj#t 5 (P¥IREBLICIef s, enddor nrRRtReges. The olefins
and/or naphthenes may typically contain from 8 to 14 carbon
atoms, ie the feedstock may be a Cg to C,, olefinic and/or
10 naphthenic feedstock. Instead, for example, the feedstock
may comprise a narrower cut of olefins and/or naphthenes,
eg it may be a Cy to C;3, a Cyy, @ Cy3/75 Or @ Cy5/y, olefinic
and/or naphthenic feedstock.

The hydrocarbon feedstock may, in particular, be Fischer-

15 Tropsch derived. By ’Fischer—Tropsch derived’ is meant a
mixture, component or fraction obtained by subjecting a
synthesis gas cémprising carbon monoxide and hydrogen to
Fischer-Tropsch reaction conditions in the presence of an
iron-based Fischer-Tropsch catalyst, a cobalt based

20 Fischer-Tropsch catalyst, an iron/cobalt based Fischer-
Tropsch catalyst, or a mixture of two or more of such
Fischer-Tropsch catalysts, with the resultant Fischer-
Tropsch reaction products being worked up to obtain the
mixture, component or fraction in guestion.

25 The impurity or impurities presént in the hydrocarbon
feedstock may be at least one carboxylic acid, oxygenate,
phenol, aromatic compound and/or cyclic compound. At least
one of these impurities will thus be removed f£from the
feedstock in the liquid-liquid extraction step.

30 Typically, the hydrocarbon feedstock may comprise, on a
mass basis, 40%-60% olefins, 10%-30% paraffins, 5%-30%
oxygenates such as alcohols, ketones and/or esters, 0,5%-1%



5 The hydrocarbon feedstock nay be an olefinic and/or

napht hehi ¢ hydr ocar bon feedstock, which may contain at ﬁ(by
mass) ol ef | YO 8M6F napht henes. The ol efins and/ or ng{;méﬁ'@

typically contain from8 té 14 carbon atoms, ie the feedstock may be
a (Jerr] to (Jerr] olefinic and/or 10 - 3 naphthenic feedstock. Instead,
for exanple, the feedstock may conprise a narrower cut of olefins

and/ or napht baeasis and/oﬂgctéscm?é’ he -83Chatbbxy i €lotids, and errBp%a
Cerr] or a (Jerr o efinic and/ or napht heni ¢ feedst ock. The

hydr ocar bon GEKCREDCURGAS nar ticul ar, be Fischer- 15 Tropsch
derived. By 'Fischer-Tropsch derived' is neant a m xture, conponent

or fraction SBUSEDEHDY SBUBLAE! G 2 2t 1eaV NHACYSLAADIOMDEL SkhgeCar bON

nonoxi de and | séher-T Tropsch reaction conditions in the
presence of MEtonltrFLilén Wk Fﬁsch@ﬁlﬂ?%hwéﬁhal%% by dr98arPoBased 20
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f eedst ock may t one carboxylic aci genat e, phenol ,
aromati c comeRATAtde®m Of thel PEtEahbORiStage e‘fék% Cost ot P SSAUSREs e
| mpurittd es Widdividhies rieoeePY eshd reiB mlt@hod usedf eedstetol ntHdevater
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esters, 0’59@£g68—clo olefinic and/or naphthenic feedstock, be between
10% and 20%, preferably about 15%; for a Cp;,;; olefinic
15 and/or naphthenic feedstock between 15% and 35%, preferably
about 20%; and for a Cy3/;, olefinic and/or naphthenic
feedstock between 20% and 35%, preferably about 25%.

The solvent to hydrocarbon component or feedstock ratio is
determined by the degree of impurity removal required, and
20 by the impurity species which it is desired to remove. In
other words, it has surprisingly been found that by
selecting the appropriate solvent to feedstock ratio, the
impurity which is removed can be selected. Thus, for
example, for almost complete removal of carboxylic acid
25 impurities, the mass ratio of solvent to hydrocarbon
feedstock may be between 0,3:1 and 2:1, typically about
0,5:1. However, for removal of carboxylic acid, oxygenate
and aromatic impurities, the wmass ratio of solvent to
hydrocarbon feedstock may be between 1:1 and 8:1, typically
30 about 6:1. Thus, at low solvent to feedstock ratios,
virtually only carboxylic acids will be removed; at
intermediate solvent to feedstock ratios, oxygenates will
also be removed; and at high solvent to feedstock ratios,
carboxylic acids, oxygenates and aromatics will be removed.
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3 phenol nd/ or cresols, 1% 6% carboxylic acids,
aromatic c @ﬁ@g Wil e the solvent can, at |east gcﬁl{%%?"é%?pl e,

be pure acetonitrile which is immscible with the hydrocarbon 5
conponent, it will usually conprise a mxture or solution of
acetonitrile and water. The water content of the solvent will be
det er m ned e f ackquisd-slicuiat ekeraetjionedstep mayel ethi \@ézyticaﬂrlaﬁ:apaci ty
of the soly Lhesg SAREJ age t he
cost of subs&gél ? 150 &é&r ?nreecovercs%lqp Q-[ d‘?&% o Tontrol

t he water Streafbaloénc’éh$nhh’ﬁ§°§@rb§ﬁt feﬁﬂﬁ-c%epm%ﬂi é—@nc@mntzﬁn‘-on in

the acet oni gfitt&€ndagfsh i \tfi‘:l”'h cBAt fnfiBeS A ¥ hef eélvent rhe
Jerrl-Cd er%t_eol ef i ni c_and/,or ght h ni c .feedstock, be b 10%

and 20% pr&FEFABHICRANGRY: f%’O/PaF Feular orhs E?flf@ﬁtl’ﬁdcl%a w %o?‘?ﬂ‘g
napht heni ¢ 1kgusdelkabed wextrab¥iand &Bgmpr efereaxtizactor, wabhuttl'?é)% and

for a qerraﬁgbgég&c xgg%ﬂ'ig ra@téa%}h& near i LeB9§£§rﬁocar ST, and

35% prefer ven on conrponent or
f eedst ock r%ﬂ'—%r%%g the cgbyBR nngadF blyt?e héoﬂegr‘é‘@e offaﬁlﬁaaﬂ‘r-?y heing al

required, awgdtB8rawnbycttBei tHYI bt Y B@CEBEMNI £Kd | $hd Seklesd dethd thg emove.
In 10 withdrawn at the bottom of the column. The extraction
column may operate at about ambient pressure or higher, eg

up to a maximum of about 10 bar(a), and at about ambient
temperature or higher, eg at between 30°C and 150°C.

The raffinate will normally contain some solvent, in

15 addition to the purified hydrocarbon feedstock. The
process may thus include, in a raffinate stripping step,
separating solvent from the purified hydrocarbon feedstock.
The raffinate stripping wmay typically be effected in a
multi-stage stripper column with solvent being withdrawn

20 from the top of the column and being recycled to the
extraction step, and purified hydrocarbon feedstock being
withdrawn from the bottom thereof.

For a Cg-C;y olefinic and/or naphthenic feedstock, the
raffinate stripper column may operate at above atmospheric

25 pressure, eg at about 1,5 bar(a); however, for C,,-Cy,
olefin and/or naphthenic feedstock, the pressure may vary
from below atmospheric pressure to above atmospheric
pressure, eg the operating pressure may then be between
0,1 bar(a) and 1,5 bar(a). The actual operating pressure

30 will be determined by the maximum allowable bottom
temperature in the column, since the purified hydrocarbon
feedstock will usually be heat-sensitive.

The raffinate may be preheated before entering the stripper
column, eg preheated to about 60°C.



other words, it has surprisingly been found that by sel ecting the
appropriate solvent to feedstock ratio, the I mpurity which is
renoved can WO 988@8ted.  Thus, for exanple, for al eI et e
removal of carboxylic acid®25 inpurities, the mass ratio of solvent
to hydrocarbon feedstock may be petween 0,3:1 and 2:1, typically
about 0,5:1. However, for renoval "of carboxylic acid, oxygenate
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in a u i d_extrac c
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at the bottom he co extraction col unn_ na O?er e at
about anbi entoﬁég%Weaﬁ@/Wgﬂwl}tlt%}nc feedstock, to avoid having to

operate the column under vacuum, which would reguire the

uge of a chiller unit to accommodate low overhead
15 condensing temperatures, and larger equipment.

The extract from the liquid-liquid extraction step will
contain, in addition to the solvent, also the extracted
impurity or impurities, and, usually, some co-extracted
hydrocarbons. The process may thus include, in an extract

20 stripping step, separating the solvent from the impurity
and the hydrocarbons, ie from an impurity/hydrocarbon
mixture. The extract stripping may also be effected in a
multi-stage stripper column, with solvent being withdrawn
from the top of the column and being recycled to the

25 extraction step, and the impurity/hydrocarbon mixture being
withdrawn from the bottom thereof. With a Cg to Cy,
feedstock, co-extracted hydrocarbons are usually recovered
overhead with the solvent.

The extract may be preheated, eg to about 60°C, Dbefore
30 entering the extract stripper column. The column is
preferably operated at above atmospheric pressure, eg at a
pressure up to about 1,5 atm(a) or higher. If desired,
water can be added to the extract stripper column in
similar fashion as hereinbefore described in respect of the
35 raffinate stripper column. The water, when used, will



up to a maxi mum of about 10 bar(a), and at about anbi ent tenperature

or hi gher, %et ween 30[err]C and 150[err]C. Th&ﬁ@ﬁ%&ﬁ%ﬁ w | |
in 15 [

normal ly ¢ one sol vent, addition to the p

hydr ocar bon feedstock. The process may thus include, in a
raffi nate stripping step, separatgng solvent fromthe purified
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The raffinate,nmay be preheated beforeleterin t he strlgger col um,
eg preheat etd"oil.ldméﬁoﬁlﬁ 6 fi@ recycled to the extraction step. A
10

water balance is ensured in the process by either using a
membrane separation process, as a first mode of the
operation, or by purging excess water from the bottom of
the extract stripper column, as a second mode of the
operation. The optimum operation is dependant on the

15 composition of the feed material. When the membrane
separation process is used, then the overheads or recovered
solvent from either one or both the stripper columns is
passed through a suitable membrane to separate water
therefrom.

20 The invention will now be described by way of example, with
reference to the accompanying drawings.

In the drawings,

FIGURE 1 shows a simplified flow diagram of one

embodiment of a process according to the invention for
25 removing impurities from a hydrocarbon component or
feedstock;

FIGURES 2 and 3 show simplified flow diagrams of other
embodiments of processes according to the invention for
removing impurities €from a hydrocarbon component or

30 feedstock;

FIGURE 4 shows an equilibrium curve for a Cy,/Cq,
olefinic hydrocarbon feedstock; and :

FIGURE 5 shows an equilibrium curve for a C,;3/Cy,
hydrocarbon feedstock.
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esire wat er may be added to the raffinate strj
col um, pref’%‘?%ﬂﬁsﬁzsoel ow t he hydrocarbon feedstock entry *’Bﬂgﬁ&?ﬁ?s.”The
water is then preferably preleated, eg to about 80[err]C. The process
may then include wthdraw ng a bottoms S5 product fromthe raffinate
stripper colum, and, in a phase separation step, separating the

POtEj O{TB Erodm@few&ﬁgarto E’lguﬂﬁuepuﬁréhé:ﬁ@n@éldnﬂuétrh tiledi by dfepeaaday

eedst ock or finate, wt e agueous ase heing.re edtothe
raffi nate st F'F‘Gﬂ'lcﬁﬁeéol Brmprbcﬁ/ﬁﬁe cf'ﬁ’ré)t H‘é‘fll’uﬁ.é'tfgs tf%& ed®t o the
phase separ ahydrostaepohoconporental mdlnlihe:o a finggt embadidimentnodpti on

will nornall )&ge %tE.BE a Cerr]-Cerr] ol efinic and/ or napht henic
feedstock, to av0| aving to operate the col um under vacuum which
woul d require the use of a chiller unit to accommobdate | ow overhead

15 apndensiyag ﬁ%@t mneinca.aaelsara@eremwm column 12, Thaviext r act

fromthe |iquid-|l id extractio tep ion to
t he sol vent, aﬁ'ﬁr SAPIEES 3 %o HWN%EW‘?%/ orA OFlagé %%etd
usual |y, sorré.:sm_» ex4 r hed@sl into thbhydodumnbdds.atTher pneaesthﬁ:aqutm@m

pelude, 10 AhePrCknide a s?édwem' 88:3' fihe g%p%ahgngnwecﬁéﬂaeqﬁw rom

t he |rrpur|ty rocar bons roman inpurity/ h ocar bon

m xture. The léximeat ©heitm rfg}’%ﬁ;%Pfal s beaffimatec grithdgawal 1S - st age
strippgy col Ll@'&dé’“ﬁﬂbﬂﬁ@ﬁéerﬁoﬂ)%mg:w tdidiradtion columhomet, hamh.(lﬁ eh t he

pur 1 hy eSSy e RPEPEber i 20 9545 ERaRaGRcr PORECRTS
t her eof . Wth a (Jerr] to C[err] f eedst ock, co- extracted
hydrocarbons gre uspal Ly LeGNE" ek 1eads AWRLNERAd 4irElinkBE S MGer
column 22, hereinafter alsc merely referred to as 'the
raffinate stripper’. A solvent withdrawal line 24 leads
15 from the top of the stripper column 22, and leads back to
the solvent line 16 to the extractor column 12. A purified
hydrocarbon product withdrawal line 26 leads from the
bottom of the stripper column 22. If desired, an optional
water feed line 28 can lead into the stripper column 22,
20 below the inlet of the raffinate line 18.

The extract line 20 leads into an extract stripper column
30, hereinafter also referred to as 'the extract stripper’.
A solvent withdrawal line 32 leads from the top of the
stripper column 30, and leads back to the solvent feed line

25 16 to the extractor column 12. An acidic product
withdrawal line 34 leads from the bottom of the stripper
column 30. If desired, a water feed line 36 can lead into
the stripper column 30 below the entry point of the extract
feed line 20.

30 In use, a Cg-Cyjy, a Cyyy9p Or @ Cyp/i3 olefinic and/or
naphthenic feedstock is introduced into the extraction
column 12 along the line 14. Typically, the feedstock has
a composition, by mass, of about 40%-60% olefins, 10%-30%



The extract may be preheat ed, eg to about 60[err]C, before 30 . entering
the extrac col umm. The columm is pref erabl ed at
above at m@&éé’rg“ pressure eg at a pressure up to agﬁ.{]g%? tm(a)

or higher. | f desired, wat er can be added to the extract stripper
colum in simlar fashion as hergi nbefore described in respect of
the 35 raffinate stripper colum. The water; when used, w |
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then i nclude w thdraw ng a bottons product fromt extract stri pper
colum; and, in a phase -separation step, separating the bottons
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e aqueous then, parti C to the extract
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The o%er hea@@lwnnrie%d&mr@ml'smhﬁeﬁ-nn’er oM boThESd:mmq:gJetrat:Lon ablwatex may
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in the procesg %aelt er using nbrane s ration process, as a
first node Bfdypearbon fmkoﬁ"mwlﬁs &sr‘&nmgﬂéfc’ébss ﬂEPEF— 20%MH¥ he
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25% by mass when the feedstock comprises C;3/y, olefins.

10 The hydrocarbon feedstock and solvent thus flow in
continuous counter-current fashion through the extraction
column or extractor 12. Depending on the solvent to

feedstock mass ratio, one or more of the categories of
impurities, eg the carboxylic acids or the carboxylic

15 acids, oxygenates and aromatics will be targeted for
removal from the feedstock by ligquid-liquid extraction.
Thus, when the solvent to feedstock mass ratio is 0,5:1,
carboxylic acids will primarily be removed f£from the
feedstock, while when the solvent to feedstock mass ratio

20 is about 6:1, oxygenates and aromatics will also be
extracted from the hydrocarbon feedstock.

The extraction column 12 typically comprises 4-10 stages,
and .typically operates at a pressure of about 1,5 bar(a)
and at a temperature between 40°C and 150°C.

25 It will be appreciated that, by means of the solvent to
feed mass ratio, other contaminants, apart £from the
carboxylic acids or aromatics, can be targeted for
extraction £rom the hydrocarbon feedstock, such as phenols,
other oxygenates or cyclic compounds. Thus, by means of

30 the solvent to feed mass ratio, it can be ensured that a
particular undesired contaminant, bearing in mind the end
products to be formed from the purified hydrocarbon



operation. The optimum operation is dependant on the 15 conposition of
the feed material . When t he nenbrane separation process is used,

t hen t he ovev®essBs2%r recovered sol vent from either oRETEBIMIBIA t he
stripper colums is passed through a suitable nenbrane to separate
wat er t herefrom 20 The invg@tion wi |l now be described by way
of exanple, with reference to the acconpanyi ng draw ngs. I n

the drawi ngsfeedstock, cahl HBE Lashoveqa &b Plddd el ¢ragr amnaf one
enbodi nent of a process accgrdln to"the invention for 25 renovi ng
impurities fYEFPCATPARIEEEEPHOFX: component  or f eedst ock;

FIGURES 2 and 3 show sinplified flow diagrams of other ~ enbodi ment s
o Processes oA RIS adSET sy pucd IR M eS| Om
equi I'i bri um digedstosk duf alelg Ganteaining somel sbilNepthy paseashad ong
feedstagk; anRGe line 18 to tHSIREippePONSith ©3UI | TRE T MR GiHMe dQlm
Cerr]/Cerr] ) h{drocarbon feedstogk. . 99/ 58625
PCT/ | BO9/ 00822 typically may have from 10-30 theoretical stages. In a
first mode of operation thereof, the water addition line 28
will not be used. In this case, the stripper column 22 can
be operated at a pressure in excess of 1,5 bar(a) when the
10 hydrocarbon feedstock comprises Cy-C;, olefins and/or
naphthenes, and at a pressure between 0,15 bar(a) and
1,5 bar(a) for a C(Cy4-C;; olefinic and/or naphthenic
feedstock. As indicated hereinbefore, the operating
pressure of the stripper column is determined by the
15 maximum allowable bottom temperature, since the final
hydrocarbon product, which is withdrawn from the stripper
column 22 along the line 26, may be heat-sensitive.

The raffinate enters the stripper column 22 near its upper
end, and is preferably preheated to about 60°C. A reflux

20 ratio of approximately 0,5 to 3:1 is typically used in the
stripper column 22. The reflux ratio will mainly depend on
the number of stages used.

In a second mode of operation, water is added along the
line 28. The water addition thus takes place below the
25 point of entry of the raffinate line 18. The water is
preheated to about 80°C, and a reflux ratio of 0,5 to 3:1
is still typically used, depending on the number of stages
in the stripper column 22. A bottoms product comprising
both purified hydrocarbon feedstock and water is then
30 withdrawn along the line 26, and must be subjected to phase
separation, in a separation stage 38, with the aqueous
phase being recycled along a flow line 40 to the flow line
28. Make-up water can be added to the phase separator 38,
along a flow line 42, to ensure a proper water balance.
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col um The owaker addittion tdpdiesf can bef isedt ehent thle dwedrddaxbd8 10

| eads from gbggtopcPf gxiragtign cq 2, J exd.ract

wi t hdrawal | igne 20cl egd‘gﬁ?r%én%,t ﬁ%l f)&(}'t“t or#ltf%g%ecﬁpw&r? rﬂbhtlﬁ%neesr'af II{ nat e
line 18 | eaB%AfHt §0a VoG havdng rippaperate theophFirper welammafdZr al so

nerely ref ean@ért @agtumihe To operh8éf ithe! esttipgier coldmiokgenindd hdr aval

line 24 | eads 15 r.omthe top,of the.stripper col 22, and | eads back
tore 8% TpEeldn, weeh e o, B BLOR! BEo i rE bR ALt
hydr ocar bonapeodmedag t hdiewal dviexbe2@s| eadonflepminge temperdmiresn of the

stripper CoAYAY:22naliydepis Q@111 b ieegleed line 28 can
" lead into the stri?)?oerycol urffn\éi'ﬂ@f bellow tﬁerie%et Eof’ the raffinate

line 18. The extract line 20 leads into an extract stripper colum
30, herei nafherestsact ep@sses] fronathet bRtextEdoh OIUWARCI2.along the

30, 'and 1 caBsoBadiit the tor Chn ToRacH ttogber "fglumg e ol actor
col ubf 12. strippencicdlumnpdfddapically centhdsesalll-i3e Bdedreitscdk om t he
can lend infgrost PBRE 4o pre e RSB Bt Che et 1o S et T the.
ext r act pressure. The feed to the stripper column 30 is preferably
preheated, eg to about 60°C. The stripper column 30 can,
as in the case of the stripper column 22, operate in two
15 modes, ie with and without water addition along the 1line
36. If the water addition route is used, then the water
will be preheated, typically to about 80°C. When the water
addition option is used, then the hydrocarbon product
withdrawn from the stripper column 30 along the flow line
20 34 will also be subjected to phase separation (not shown)
similar to that employed in respect of the stripper column
22. The aqueous phase recovered from the separating stage
will then be recycled to the stripper column 30 in part,
with part thereof being purged to achieve a proper water
25 balance.

Solvent recovered from the top of the stripper column 30 is
recycled, along the flow line 32, to the solvent feed line
16 to the extractor column 12.

Referring to Fiqure 2, reference numeral 50 generally

30 indicates a process for removing impurities £from a
hydrocarbon component or feedstock, according to a second
embodiment of the invention.



feed line 20. 30 In use, a (err]-Cerr], a (err]/[err] or a (Jerr]

ol efini ¢ and/or napht heni ¢ feedstock is introduced into the
extracti on W099/5862%| urm 12 along the line 14. Typically, thBCTBSI8ZK has
a conposition, by mass, of “abbout 40% 60% ol efi ns,” 10% 30% WO
99/ 58625 © 11 PCT/ | B99/ 00827

8 paraffins, 5% 30% oxygenates, 0,5% 1% phenols and cresol s,

1% 6% car boxyid Grifirds ANkdfoHetrd’ WHRkhCare the samél B (FARAQWT Yo a
sol vent, conmprising a m xt,ure_or sol acet ani tr{'j:‘e and water,
e

ti . ., Of
enters the tdROE ¢ RBOWRt il Fogues 1, g{]ﬁ%nﬁnﬁég?ﬁ? udh

FnEHE  The
concentr at i onceffers@mice’ numeralgn the solvent wll be about 15% by nass where
t he hydr ocar bon feedstock conprises CJerr]-Clerr] ol efins, about 20%
by mass when the feedstock conprises (Cferr] olefins, and about
25% by mass Wieh phece¢sed§fodie ceapriadardyersyitsideffors. proggssingha
hydrocag bon d eedst pekastasek . solvent thus flow in conti nuous
counter-currerft f&shion t hrough the extraction colum or extractor
12. Dependi ng on the solvent to feedstock mass ratio, one or nore

of the categam ahedfprocess EOputhe ismsivesy wHehdaawaXylime azd dScam thiee
carboxylic top of the raffinate stripper column 22, 1leads to a
condenser 52 where gaseous solvent and hydrocarbon
recovered as an overheads stream in the stripper column 22,
10 is condensed by heat exchange with water. A ligquid product
withdrawal line 54 leads from the condenser 52 to a phase
separation drum 56. A return line 58 leads from the top of
the drum 56 to the top of the stripper column 22. Thus, in
the phase separation drum 56, condensed light (hydrocarbon
15 rich) phase is separated out from a heavy (solvent rich)
phase, with the light phase being returned to the stripper
column 22 along the line 58, as reflux. The drum 56 thus
also functions as a reflux drum. A heavy phase line 60
leads from the bottom of the drum 56 to the extraction
20 column 12, for recycling recovered solvent to the
extraction column 12. However, a reflux line 62 leads from
the line 60 to the top of the extraction stripper columm so
that some heavy phase is also used as reflux in the column
30. The overheads or solvent withdrawal line 32 from the
25 stripper column 32 also leads into the condenser 52.

Referring to Figure 3, reference numeral 100 generally
indicates a process for removing impurities from a
hydrocarbon component or feedstock, according to a third
embodiment of the invention.

30 In Figure 3, components which are the same or similar to
those shown in Figures 1 and 2, are indicated with the same
reference numerals.



15 acids, oxygenates and aromatics wll be targeted for .

[ﬁgo\slg: vfeF]\?'Qt%}g&@%eedSt ock by liquid-liquid extraction. FF'E/I%?@&Z\QC\AGPI

dstock mass ratio is 0,5:1, car boxy
primarily be renoved fromthe f eedst ock, while when the solvent to
feedstock mass ratio 20 Is about  $21, oxygenates and aromatics wll
al so be extracted fromthe hydrocarbon feedstock. The

extracti on The uppodess ypidlalilsy protpdudesly- hitteaefor procesaimgt wpi cal |y
operates atema pressul e of abflé'léd ar (a) : and at a tenperature

bet ween 40[@11/?13 antijé 15678t r]C. écoz'%gp It will be appreciated that, by
nmeans of the solvent to feed nass ratio, other contam nants, apart
fromthe - iIn thePrzsveds 108G dheOlighONFhALS, 1568 5 frmd ehRd phake

extraction fromthe ocarbhon feedstack, such,as nol s, ; ot her
oxygenat es soc?paczgquqrf %e r‘?ﬂ’@ﬁr%él.m %ﬂ?,a%ﬁy 1??%%51’& rg%%ma?'ﬁe 1agevdht to
f eed Jrass rfmamw, the extrbeténpucedumhatl2s ie intpartthiecufesd undesheed

cont am nanty,, A6a{4¢0 dey P fRd-o products to be forned fromthe
ourified hyfaahqil sekd RLufHI22) o605

PCT/ | B99/ 00827 _ 9 f eedst ock, can
be targeted fwatext Faeti Qinkr a2 Meeads intydtRearbewihaedsts?dipper

column 30. The heavy phase from the drum 56 is used (i)
partially as reflux to the raffinate stripper colummn 22, by

10 means of a line 104 leading from the 1line 60; (ii)
partially as reflux to the extract stripper column 30, by
means of the line 62; and (iii) partially recycled to the
extraction column 12, by means of the line 60.

. Laboratory and other experiments were conducted, as
15 hereinafter discussed.

EXAMPLE 1
Liquid-Ligquid Equilibrium Data (Simulation of the step 12
of the process 10)
1.1 Experimental Procedure

20 Cross-current extractions were done at 45°C. A 20/80 mass
ratio water/acetonitrile mixture was used as solvent for a
Cy1/12 ©olefinic feedstock, and a 25/75 mass ratio
water/acetonitrile mixture for a C;3/,, olefinic feedstock.

The solvent and feedstock (0,1:1 mass ratio) were mixed for
25 30 min and allowed to phase separate for 5-10 minutes at
45°(C. The mass of solvent, feed, extract and raffinate
were measured for each stage, and the samples were analyzed

for acids. The acid analysis was based on the ASTM method
D3242-93.
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A raffinate, conprising mainly purified hydrocarbon f eedst ock but

al so containing sone solvent, passes along 5 the line 18 to the
stripper colWM$9/38625 The Stri pper col umm 22 typically Wﬂmsﬂom
10-30 theoretical stages. In-a first node of operation thereof, the
wat er addition line 28 will not -be psed. In this case, the stripper
colum 22 can be operated at a pressure in excess of 1,5 bar(a) when
the 10 hydio‘garmegﬁﬁt&clfesgggpri ses C[ err]-Clerr] olefins and/or
napht henes, and at— a sure vveen 0, 15 for

as), and 1,5 ba‘;rég\)
a (err]- C[ ef ¢ a%‘ldeﬂ v Eﬁﬂ‘f'w rr%?&? FFQn?E mg KOH/g, WRTE CRuver
i ndi cated hetginded 0¥ cacidde THErAldrAge acid podasumassf asemsd riqper

colum is det Eﬁg} egﬂ/lt‘)?y Oﬁ_@glﬁ% egﬁékggpcyggmg%bl g‘namf%hdra rature,

since the rocar bon “produ I'ch 1r3e5M=the
strippeb fec@ﬂsm*l@h«l ong the line 26, may be heat-sensitive.

The raffinate enters the stripper columm 22 near its upper end, and
i's preferably preheated to about 60[err]C. A reflux 20 i,0

appr oxi mat el yUB1BI SFhese jreqilhisg| e swg jFraities X’st ed'[%‘% c®F umm

22. The refl usomtep/vwéigrxfal mify gdepand-pree feed t kolotdba) oindt apes

used. Ny sec tig de
i ne 28. The(uﬁf ad@dtti oﬁP‘g‘fﬁfs; Qpegggl%pl a%e \t%'% g\q/-‘vet %rgg QXEJ;QQQ%{\%](
entry of the saltvémtal eweieecdalgrulatide wdther one relatlpnéhmtbthw@b%ut

80[err} 6. andaﬁdr?fié”f:lfeahhgtﬁm@t?oﬁ Q:o%fjflc:‘ent hS §fdded W gallyxused,
dependi ng on the nunber of stag col um

bott oms pr odu'@FléohﬁrF]%? n%ﬂuatlon (5t Wllﬁutei%lé&bﬁ}ﬂﬁno@é?%oﬁnf %eﬁg‘?Bc‘Rf and
water is theny3Ggaingt hRrawnasl ang testiiieat2ion andeffstidet sulkyj ended to

phase SSRALALL Ollved i $GRGALLEN 51 208, S8y ML 1508 FFUEQHSea

and passes through the point (0,0).

15 The other relationship between X and Y for systems where
the feed and solvent are essentially insoluble, is F'/S’ =
(Ypxrract) / (Xreed — Xraffinate) Where F’ is the feed rate on a
solute free basis and S’ is the solvent rate on a solute
free basis. This is the equation of a straight line of

20 slope F'/S’ passing through the points (Xgeeq: Yextrace) and
(Xpaffinates 0), called the operating line.

With the equilibrium and operating lines plotted, the

theoretical extraction stages required can be stepped off

from Xpeeq d0WN tO Xporrinace USing the standard McCabe-Thiele
25 method commonly associated with distillation.

The results are shown in Figures 2 and 3 for the C,;,, and
the C;3/;, olefinic feedstocks respectively.

Figures 2 and 3 indicate that 5 theoretical stages will be

required to reach the acid specification of 0,1mgKOH/g at
30 a solvent to feed ratio of 0,5:1 for the Cy;,;, olefinic

feedstock and 0,8:1 for the C,;5/;, olefinic feedstock.



phase being recycled along a flowline 40 to the flow |line - 28. -

Make- up wa e added to the phase separator 38, | ow
l'ine 42, t&ﬁ;e%z%?ﬂeé)a proper water bal ance. WO QQIPQ'I@%E’%‘&J

PCT/ 1 B99/ 00827 10 The wat er
addi ti on option can be used when the hyldk ocar bon f eedst ock conpri ses
Cerr]-Cerr I ns and/ or napht henes, in - order to avoid having to
oper at e the%ﬁggﬁgé% colum 22 under vacuum To operate the
stripper colbxmoef22fucdacept runvacuum woul d require the addition of a
chiller unit %0 gpqui gommodate | ow overheads  condensing

t enper at ur es. ionally, larger equipnent will be required.

The extract Bpadki®n f ipkathe Rkt i RACkRA urpKtzACiQing wae used ftow |ine
t20 _toslt Ihe emtst&wfgpg érﬁ@iﬂﬂ[b@ftl-he eIBQaéQtion céiﬁngpfz. C(i',fsﬁmcglo

ypical |y cqnpr.i ses 10- eoretica . _stages, and.is préferably
operat ed at q‘%ov@?‘zisﬁo%zﬁﬁ ig (tra emBF&sE?‘EQSTﬁ@r?eﬁﬁe@anhBaQ‘H‘Sper
col um 30 i £our eher @bl y1, olefinprefieadstbcley (Thealpark ifd] eas] Chatbed

stri pper col L 1.t he t ' r I 22,
operate in ttvfl‘/(r)n1 1%@“ Q&rrlolélesh,oulsee \%n%t 1’%5_%9‘ vs\nE? %g&? Is\?vap gFéng‘?g?oﬁggFgﬁg t he
line riggs| (fehethft Shaaddi Plefinbut epdstiock, tohcinerrasmt the

will e prelraalcedonbdpiveadl drka 8bothe §9h@kded Bedhen the water
addition option is used, then the hydrocarbon product wi t hdrawn from

the stripper colum 30 along the flow |line 20 34 will also be subjected
to phase sefpexiaitdon nft tBhmwhract stripper 30 was demonstrated on an

80mm packed glass column fitted with 1,5m Sulzer CY
(trademark) packing.

Operation of the raffinate stripper 22 was demonstrated on
15 a 50mm glass Oldershaw (trademark) column wmodified for
aqueous systems. The column had 45 actual trays.

2.2 Operating Conditions and Material Balances -
Cy1/12 olefinic feedstock

Extraction column 12: _
20 The solvent feed rate was 3,2kg/hr, while the feedstock

feed rate was 5, 74kg/hr. Thus, a solvent to feed mass
ratio of approximately 0,5:1 was used. The column was

operated at ambient pressure (85kPa(a)) and temperature
(27°C). 5,4kg/hr raffinate was produced, as was 3,54kg/hr
25 extract.

Raffinate Stripper 22:
The raffinate stripper was operated in two modes. In a
first mode, it was operated at ambient pressure, ie
87kPa(a). The hydrocarbon feed entered at stage 20 from
30 the top at a rate of 2,78kg/hr and was preheated to 60°C.
The stripper top temperature was 76°C. The stripper or
column bottom temperature was 191°C. A reflux ratio of 2:1
was used, with 0,15kg/hr solvent being withdrawn for



simlar to that enployed in respect of the stripper colum 22. The
aqueous’ phas€e recovered fromthe separating stage w ll then be
recycl ed to Wo®958628pper col urm 30 in part, with part RGTEB&¥I8Yei ng
purged to achieve a proper ‘water 25 bal ance. Sol vent recovered
fromthe top of the stripper colum 30 ils recycl ed, along the flow
line 32, to the solvent feed |ine 16 to the extractor colum 12.
Referring to ﬁwhr& are} kg hyurbexeosObginer sefiuwesd. 2Gika/ies a

P O0eSS ! O BT Gy duide oy eBroBhOFT s wichdraihd! 00ar bon conponent or

f eedst ock, accor a second nbodi nrent of the invention.
WO 99/58625 _ _ PCT/ | B99/ 00827
11 I'n ﬁhgiJrs%c%ndcﬂﬁﬂ@rk@ﬂtdpéﬁﬂt@bnaw&téﬂawﬁﬁlﬁd%ﬁ 8bnthércdlumn

tnB?rZrGaisgom '8 % rr’oﬁ e%é% 9 teﬁ?&%ﬂ#&&%‘” S lfggdfg?ug{;eésgtgagqeng a5
derr]- SIerr]20bedﬁﬁxiﬁ<operat1ng the stripper at atmospheric pressure,
ie 87kPa(a}. The water was added to the column to reduce
the bottom temperature. The addition of water will enable
the operation of the commercial plant at atmospheric or
higher pressures at acceptable bottom temperatures
10 (temperature sensitive bottom product). The alternative to
adding water is operating under vacuum which implies adding
a chiller unit to accommodate low overhead condensing
temperatures and larger equipment.

The column bottom temperature was 100°C for this wmode of

15 operation. The water feed was preheated to 65°C, with
water being added at a rate of 0,3kg/hr with a raffinate
feed rate of 1,03kg/hr. The raffinate was preheated to
60°C. The stripper top temperature was 73°C. A reflux
ratio of 3:1 was used, with 0,06kg/hr solvent being

20 withdrawn for recycling, and the reflux being 0,18kg/hr.
The bottom product was phase separated with the aqueous
phase being recycled to the column. Make-up water was
added to the phase separator to ensure a proper water
balance.

25 The aqueous phase was generated at a rate of 0,345kg/hr,
while the purified product was produced at a rate of
0,925kg/hr.

Extract Stripper 30:

Water was added to the extract stripper to achieve a lower
30 bottom temperature. This will again ensure that a

commercial plant can operate at atmospheric oxr higher

pressures at acceptable bottom temperatures. Too high



In the process 50, the solvent wthdrawal |ine 24fromthe - top of the
raf fi nate | r. colum 22, leads to a condenser gﬂﬁ eous
sol vent anM%?@ ar bon recovered as an over heads strg ﬁﬁw@@

stripper colum 22, 10 I s condensed by heat exchange with water.
liquid product wi t hdrawal |ine 546]1eads fromthe condenser 52 to a
phase aration drum56. A return line 58 |leads fromthe top of

t he drum Sé’ot P EFRREIALUIRE 37 pheFullol Bmcoyrosher apd unwantede phase
separ at i on tdmperEtureorGdtaleded phtirohydiocoedernidds. rich) phase is
separated out froma heavy (solvent rich) phase, with the |ight phase
being returned to the stri pper colum 22 along the line 58, as
reflux. Th&h@ umdemrhuyas opezatedf ualkct i atmespherief lppesturea, Aeheavy

phase l'i ne E@Q{pa(a) I eafle fﬁga}g,ggrp&tlt @GOt wi fer dird3o6e %@e]{.%g Xkl action

col u for_ rec 8 recovered sol vent _
ext rattion O 5m L EhR e he at Rf | uXbej rdgocprhgr tfreGﬁlFtOCk waghe |ine
60 to the tpmsma‘attéf& text 6aeci andst:heppelteczoluﬁn"etsm The ferldstedr heavy

phase is aI S t ol The over heads or
sol vent wit réajtv\g I |Slne glf]/th ‘f’ﬁ§1§ t‘}ﬁ'@“ %f)era:a%&tll?ﬁl 3PEE s8¥Feads
into the cdhdakehs2, A reflumeret:mng:ﬁ oll-?|6guﬂ-e Basr eisgdnceritlurer al

100 generall akg/hr sdRAHRRYRS Ry Q:rélﬁz‘?ﬁ%df Oﬁﬂh&‘i@\ﬁ'h@g z‘e{fﬂ.‘cﬁc‘ tt:'h‘3e§:eforfo m a
hydr ocar bon corpanen or feedstock accor gﬁto athir nbodi ment

of tHe i nvefRS dn2k9/ The PEIFR TP uGSn‘d dPR%s%\/rﬁ%Hﬁra?té’—‘q hé’1§£lne or
simlar tothe agudduseplstEswn(0,21KYHYos phraidldy dedngndieedicaddnitich the

Sanme tHe fc%ﬁﬂ&? Mgeﬁgqcéially being purged to achieve a water
balance. The acidic product rate was 0,18kg/hr. The
column bottom temperature was 98°C, while its top

15 temperature was 72°C.

2.3 OD_eratinq Conditions and Material Balances - Cy3/14
olefinic feedstock
Extraction column 12:
A solvent to feedstock mass ratio of 1:1 was used. The
20 column was operated at ambient pressure (85kPa abs), and at
both ambient (27°C) (Mode 1) and at elevated temperature

(43°C) (Mode 2).

The operation of the extract and raffinate strippers was
similar to that for the C,,,,, run.

25 Mode 1: C,3/C;, feedstock rate 2,08kg/hr; solvent rate
2,04kg/hr; raffinate rate 2, 06kg/hr; extract rate
2,06kg/hr

Mode 2: C,3/C;, feedstock rate 1,89g/hr; solvent rate

1,97kg/hr; raffinate rate 1,71kg/hr; extract rate
30 2,16kg/hr



12 The process 100 is particularly suited for processing a

Cerr] or err eedstock In the process 100, the_lLight phase
line 58 froM % separator/reflux drum 56 | eads ?ﬁf&@f”ﬂg‘u
raffinate line 18 5 from the extraction coluim 12, ie. into the feed
to the raffinate stripper colum 2z Awater feed line 102

| eads into the extract stripper colum 30. The heavy phase fromthe
drum 56 is used (Q&M&aﬂgﬁnﬁg as reflux to the raffinate stripper
colum 22, by 407 i of Aerhhie rddudsading from the I|ne 60;
(i) partiall G¥rUx {0 the extract str er columm 30,

means of the &Gtk g 394 |“}a'ifa‘?t?%1i}933rsec%}?§é3)£ ttl’hé“e""‘sure“@‘,@ttrsact| on

col um 12, bwemaamibna‘ d:hest}JemteGOStreams dxl:ﬁtm;]g aile testy toomiRiitor
experinents e te s 15 her i SC
EXAMPLE 1 e prco I"qui d %w I BH‘EI Eﬁ’f‘gg rﬁ.ﬁdat i S‘Lgtfset%e a8 ep 12

of the proceﬁlnm@)rlzed in] Tablexperi nental Pr ocedure 20 Cross-current
extractions were done at 45[err]C. A 20/80 nass ratio

wat er/ acetonitrile m xture was used as solvent for a derr]

olefinic feedstack, ? aolgiﬁﬂc f@&Sstodiat i 0 wat er/ acetonitrile
m xture for a (Jerr] ol éfinic feedstock.

Acid, phenol and water analyses and density measurements
were done on selected streams during the tests to wmonitor
10 the process. The results £from these analyses are

summarized in Table 2.



BWARTst age,

30-mn
C. The nmss

45 er‘rsél
The aci d anal ysis was based

wer e nmeasur edP€

aci ds.

-10 m nutes at
18

of sol ventWOfB8625ext ract and raffinate

f or

The sol vent and feedstock (0,1:1 nmass ratio) were mxed for 25
D3242- 93.

and all owed to phase separate for 5

and t he. sanpl es were anal yzed
on the ASTM net hod
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1.2 Processing
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Usi ng these results,

of solute-free feed solution) and Y=

sol ut e-free @¥doagésNg
bet ween X 10

X.
extractor the equi
(0,0). 15 The jjot,he
the feed and sol vernjt

[ (X[err] X err] %ﬁé
and S' is the solvgng ™
equati on of a straijjgft
points (X[err], Y[grr])

the two quantities X= (Wi ght of

sol ute)/ (Wi ght

(Wei ght of solute)/ (Wi ght of
sol vent) were cal cul ated. The orrcwBbHe8ZNShi p

i s not

and Y is the distribution coefficient m defined as Y = nX
This is the equation of the equilibriumljge in a plot of
As the distribution coefficient

Y agai nst
constant over the

T 11 1e 1
r relatio
P essent |
e F
At e on &
ine of 2
and

b Curved
nshi p bet
al 1y inso

g§2 he feed

50| ut e
D slo

(X[ err

e

=
0)

| and passes through the point
veen [[X and Y for systens where

ubl
atelfon a

, Is FIS = (Y[err])
solute free basis
ree basis. This is the

S passing through the

, called the operating |line.
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CK.

0, INgK
bf I ni C

P

Ol

g

<10

at 30 a solvent to feed
f eedstock and 0,8:1 for the

Water
%

TABLE 2
Mass

25
0,03
0,06

24,8

24,4
0,03
0,06
24,2

3

@

Density
20°C kg/m

836
817
809
845

836
817
809
844

Stream Description

Linear Olefin Feed

Raffinate

Extractor Mode 1
Extract

Solvent Feed

Linear Olefin Feed

Raffinate

Extractor Mode 2
Extract

Solvent Feed

Extract Stripper

Bottom Product - Light phase
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14 EXAVPLE 2 Proof of concept run 2.1 Equi pnent A
47mm gl asswWouaIsS8@Spacked extractor was used to 5 denons PEEABIINGERTat | on
of the extraction colum 12. 1,5m of 1/ 8" gl ass Raschig (trademarKk)
rings were used as packing for the Cferr] olefinic feedstock. The
packi ng was changed to 1,5m of in-house nodified stainless steel

m ni cascadgxampr.e 3rings for the Clerr] olefinic feedstock to increase the
10 fracfional yo rea of the packed bed. Qperation of the
extract- strﬁ%%%$98%—$%é53%nnnstrated on an 80mm packed gl ass col um
fitted mAth3115nE§u preniCY (trademar k) packi ng. Qper ati on

of the raffinate stri gqf 2%e@ﬁ§t§8¥$§§tgﬁéed on 15 a 50mm gl ass

A der shaw itra enark? aqueous systens. The
col unh had TBeacauipmengyyas essentiadly Grlr aup ndnCaatiqrdansearndi it eri al
Bal ances - rigure 2. Clerr] olefinic feedstock Extraction col umm

12:
Extraction _
A 40mm diameter glass packed extractor was used to generate
design data for the extraction column 12. The column was
10 fitted with 4m Sulzer BX (trademark) packing.

Solvent Recovery
Two 78mm diameter stainless steel packed distillation
columns were used to generate design data for the extract
(30) and raffinate (22) strippers. Both columns were
15 fitted with 4m Sulzer DX (trademark) packing. The columns
thus had the combined overhead condenser 52 and reflux drum
56, as shown in Figure 2. Phase separation took place in
the reflux drum 56 with the light (hydrocarbon rich) phase
being refluxed to the raffinate stripper 22 and the heavy
20 (solvent rich) phase being partly used as reflux for the
extract stripper 30 and partly recycled to the extractor
12.

3.1.2 C,o-feedstock or cut
Extraction

25 A 50mm diameter glass pulsed packed extractor was used to
generate design data for the extraction column 12. The
column was fitted with émm glass raschig rings to a total
height of 1,5m.

3.1.3 Cy1/12-28nd Cj3/,4 feedstocks or cuts
30 The equipment was essentially set up in accordance with
Figure 3.



20 The solvent feed rate was 3, 2kg/hr, while the feedstock feed

rate was 5, 74kg/ hr. Thus, a solvent to feed nass rati o of
appr oxi nat el Wwo®9sse2swas used.  The col umm was oper at EETABI%0B7ent
pressure (85kPa(a)) and tenperature (27[err]C). 5,4kg/ hr raffinate
was produced, as was 3, 54kg/hr 25 exyract . Raffinate Stripper
22: The raffinate stripper was operated in.two nodes. In a
E;L;t( ?Dde Exthractasn gperated at anbi ent pressure ie

a( a Tﬁe—h_dﬁﬁr on feed entered at _sta om 30 the top at
a rate of 2, PRRGBAM-SAATREST pFEAIRIGSRF 566 BP%]G‘Q‘% eXtraCt%é"' Hsﬁﬂerpt op

t enper at ure was géheatellessgni fges fur the extcabuﬁunb@mlwmntbhpeﬂﬁkure was

191[err] G Ac‘l;\ﬁ.uftglxwfagt EPe Ol Wi 495715%%1“%% (P4L Befla ok Yl 139 .Vent

bei ng wi t hdr
PCT/ | B99/ 00827 15 recycling and

0, 3gg/rg t*“”ééi #ﬂﬁ @@cb%gkﬂxed 2, 63kg/ hr purified hydrocarbon
product was W In a,second node of o erat

added to the T uffmm diamgter stainkess ogieale| BW: téﬂﬁro‘\g@ragd‘r?nf eed
poi nt (stage é‘nlum&))wex\mndsedoper génagat@edeﬁgmpmtaatfcm nispherdimact

pressure, 34, e 84kRA(An T0e VRLeT YeEAdted toadiie 8IS Wd:RAuCe

fitted with 3m Sulzer DX (trademark) packing. The columns

10 thus had a cowmbined overhead condenser 52 and reflux drum
56. Phase separation took place in the reflux drum 56 with
the light (hydrocarbon rich) phase being recycled to the
feed of the raffinate stripper 22, and the heavy (solvent
rich) phase partly being used as reflux for both strippers

15 22, 30 and partly recycled to the extractor 12.

3.2 Operating Conditions and Material Balances
3.2.1 Cy-C,oolefinic feedstock

Extraction Column 12

The solvent rate was 1,2kg/h; while the feedstock feed rate
20 was 2,2kg/h. Thus, a solvent to feed ratio of

approximately 0,55:1 was used. The column was operated at

150kPafa) and 45°C. 1,75kg/h raffinate was produced, as

was 1,65kg/h extract.

Raffinate stripper 22
25 The raffinate stripper was operated at 150kPa(a). The

hydrocarbon feed entered at stage 20 from the top at a rate

of 1,75kg/h and was preheated to 55°C. The stripper top

temperature was 80°C. The bottom temperature was 128°C.

A reflux rate of 0,7kg/h was used. 1,95kg/h purified
30 hydrocarbon product was withdrawn as bottom product.

Extract stripper 30
The extract stripper was operated at 150kPa(a). The feed

entered at stage 20 from the top at a rate of 1, 65kg/h and



the bottomtenperature. The addition of water will enable the
operation E‘F 925% comercial plant at atnospheric or hi gher pressures
at accepta %; ﬂsomterrperatures 10 (temperature sensit‘%f@%’g‘fopym

product). The alternative to addi ng water is operating under vacuum
whi ch inplies adding a chiller ur2t to acconmodate | ow over head
condensi ng tenperatures and | arger equipnent. The col umm

bot t om t enp¥REt BrehrasedotpPer5]°C -f orThehi st nipReftab temppatatieowas The
water feed wgscprefratBek téin Gupidddeurtd Was 164°C.Wahe£e9ﬁ'¢£9%£’9§e%at a
rate of 0,3 glegr ﬁnth a raéfln te .., feed rate of 1,03kg/hr. e
raffinate whsSpPéReNpEquFSA: © G pEodupk. Yate; Yasr Ov 8 KefBer ature
was 73[err]C. A ref lux . ratio of 3:1 was used, with 0,06kg/ hr

sol vent bei Rg,2 it h . ling, and the reflux being
0, 18kg/ hr. 39222 Th\gt ﬁ%#mf%%vggg%hase separated with the aqueous

phase5bei ngExbrgetdant Golwmn ch? um. Make- up water was added to the
phase separeher sboveAtUrgtd wAPRHr M Yetween E,Qﬁbﬁac‘?ﬂ k&%tfh:lﬁg%
ile the

aqueous pha s generated at a rate of 0, 345kg/ hr,
purified prgﬁﬁ\é\?eﬁgs WaSHdtRRbd GensEauh Al 0/ 6 kg/h@, o Fhegy/gplumn was
Extract Stroppeatd8:at 85kPa{#) eandveesaglded to the extract stripper to

achieve a | ower 30 bottom tenperature. This wll again ensure
that a comercial plant can operate at atnospheric or higher
pressures aB-dedept abfer hotedafinbpcfesdstack Too high

10 Extraction Column 12

The solvent rate was 175kg/h; while the feedstock feed rate
was 350kg/h. Thus, a solvent to feed ratio of 0,5:1 was
used. The column was operated at 150kPa(a) and 45°C.
333kg/h raffinate was produced, as was 192kg/h extract.

15 Raffinate stripper 22
The raffinate stripper was operated at 150kPa(a). The
hydrocarbon feed entered at stage 10 from the top at a rate
of 3,6kg/h and was preheated to 66°C. The stripper top
temperature was 87°C. Water was added to the reboiler

20 (0,8kg/h) to reduce the bottom temperature. The addition
of water will enable a commercial plant to be operated at
atmospheric or higher pressures at acceptable bottom
temperatures, which is desired for temperature sensitive
bottom products. The bottom temperature was 127°C. A

25 reflux rate of 0,23kg/h was used. 2,97kg/h purified
hydrocarbon product (after phase separation) was withdrawn
as bottom product.

Extract stripper 30

The extract stripper was operated at 150kPa(a). The
30 hydrocarbon feed entered at stage 10 from the top at a rate

of 1,8kg/h and was preheated to 50°C. The stripper top

temperature was 86°C. Water was added to the reboiler

(0,1kg/h) to reduce the bottom temperature. The addition
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16 " bottomtenperatures can result in corrosion and unwant ed

t enper at ure wollsge8d hydrol ysis reactions. The col urBCTAR89/0082% at ed
at atnospheric pressure, ie - 87kPa(a) . The: hydr ocar bon and wat er
feed entered the 5 colum 0O,5m from 3he top. The hydrocarbon feedstock
was preheated to 60[err]C and the vvater to 80[err]C. The feedstock

rate was 1,4 /vFHt:eMiﬂ tiaprRt @r c@ﬁtﬁke&walrﬁisnwa@o be opfrk@@/dt. A

reflux ratio 67:1 was use hr solve ei
recycl ed, \/\hlﬁ“@“‘?ﬁi@lﬁ%‘fq uPht hBF-EBFIICPressWa‘%?SZ ?ﬁg/ RFCePERR f%otbk?%% oduct
was phase s e peérpxhturtdd) wh:Lch idled@ﬂimﬂJsfmasmﬁ&&hhgé heengitrivenl | y

bei |
vater Ve oo cproayhlf , o0 il LA it enortgl Syl 68-£0 Sl eve @
col um Hot t omre¢Ehpereate efivds 7589éhr‘]7® wied.e The aspdls PrOd\@@ﬁp@%ﬁ ure

was 72[err] Cyag 0,3 3 Operating Conditions and Material Bal ances
-Cerr] o} efl nic feedstock Extraction colum 12:

A solvent to feedstock mass ratio of 1:1 was used. The 20 col um was
operated at agbpent pre@ls#{g d1&¥4Rd calgepdsBpek at bot h anbi ent
(27[err] © ('\@%‘?r&%tfo caolurr e\ﬁt ed tenperature (43[err]C (Mode 2).

The solvent rate was 215kg/h; while the feedstock feed rate
10 was 215kg/h. Thus, a solvent to feed ratio of 1:1 was

used. The column was operated at 150kPa(a) and 45°C.

200kg/h raffinate was produced, as was 230kg/h extract.

Raffinate stripper 22
The raffinate stripper was operated at 150kPaf{a)}. The
15 hydrocarbon feed entered at stage 10 from the top at a rate
of 2,4kg/h and was preheated to 66°C. The stripper top
temperature was 88°C. Water was added to the reboiler
(0,75kg/h) to reduce the bottom temperature. The addition
of water will enable a commercial plant to be operated at
20 atmospheric or higher pressures at acceptable bottom
temperatures, which is desired for temperature sensitive
bottom products. The bottom temperature was 117°C. A
reflux rate of 1kg/h was used. 2,2kg/h purified
hydrocarbon product (after phase separation) was withdrawn
25 as bottom product.

Extract stripper 30
The extract stripper was operated at 150kPa(a). The
hydrocarbon feed entered at stage 10 from the top at a rate
of 2,7kg/h and was preheated to 50°C. The stripper top
30 temperature was B87°C. Water was added to the reboiler
(1kg/h) to reduce the bottom temperature. The addition of
water will enable a commercial plant to operate at
atmospheric or higher pressures at acceptable bottom
temperatures, which is desired for temperature sensitive



The operation of the extract and raffinate strippers was simlar to
that for the %%§%%] run. 25 Mode 1: Cerr]/Cerr] feedstock rate

2, 08kg/ hr; Wt rate 2, 04kg/ hr; raf fi natfETIBI00827
2,06kg/ hr; extract rate 2, 06kg/ hr Mode 2:
Cerr]/Cerr] feedstock rate 1, 89kg/ hr24s0lvent rate

1,97kg/ hr; raffinate rate 1, 71kg/ hr; extract rate 30

2,16kg/ hr bottom proADc2®/.5862Be bottom temperature was 106°C. A
PCT/ 1 B99/ 00

8a£1 t 1 : 4_Anal yti cal
Resul ts ZUE 11-a © %fer'rlfSkoq/el} i"nr e eegdstglgﬁ ac}ach%’f%l‘?‘u%%e%%gand

wat er anal y¥as§ Qn&3dﬁﬂéhty measur enent s were done on sel ected streans
during the tests to nonitor 5 the process. The results from
t hese anal yses [ . u rized in Table 1. 2.4.2 Cerr]
olefinic feédstu‘éﬁafwlcal léé?—‘@sphenol and water anal yses and density

measubPenent &cid and ofher denalysesel svtedensidynsnehsurenerits i eséset 0

moni tor  10gone W€ sdleREed streamd® aurisy ihe ffedPs WESRonANGL YOGS are
processes. The results of these analyses are summarized in
Tables 3, 4, 5, and 6.

TABLE 3
10 Cq-Cyp olefinic feedstock
1 e ———— —————— —
Density @ Water Acids
Stream Description 20°C kg/m3 Mass % mgKOH/g
Extractor
Solvent Feed 791 9,90 '
Olefin Feed 756 0,16 18,00
15 Raffinate 750 1,40
Extract 800
ﬁ'Raffinate Stripper
Hydrocarbon Feed 750 0,16
Reflux 736 0,17
20 Bottom Product 738 0,02 0,06
Extract Stripper
Hydrocarbon Feed 800
Reflux 791 9,90
Bottom Product 834 0,09 46,5




summari zed in Table 2. WO 99/ 58625
PCT/ |1 B99/ 00827 18 [err] WO 99/ 58625
PCT/ | B99/ 003%Q 99/58625 19 [err] PCT/1B99/00827
25
TABLE 4
C,p olefinic feedstock
Stream Flow Rate kg/h Total Mass %
Description Oxygenates/Aromatics
5 Extractor
Solvent Feed 2,30
Olefin Feed 0,65 20,20 i
Raffinate 0,55 2,28
Extract 2,40
10 Extractor
Solvent Feed 3,62
Olefin Feed 0,65 20,20
Raffinate 0,49 0,37
Extract 3,78
15 Extractor
Solvent Feed 5,40
Olefin Feed 0,65 20,20
Raffinate 0,43 0,07
Extract 5,62
20 Extractor .
Solvent Feed 7,30
Olefin Feed 0,65 20,20
Raffinate 0,37 0,03
Extract 7,58
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20 3 Desi gn Data Run 3.1 Equip 3.1.1
qerr]-qewggéastock or cut 5 The equi prent was essg?p}rgfl?gfloogze"t up

in accordance with Fi gure 2. Extraction A 40mm di anet er
gl ass packed extractor was used to génékate design data for the
extraction colum 12. The colum was 10 fitted wth 4m Sul zer BX
(trademar k) packing. Sol vent Recovery Two 78nmm di anet er
stainl ess steel packed distillation colums were used to generate
design data for the extract (%d raffinate (22) strippers.
Bot h col umms were . i h 4m Sul zer DX (trademark) packing. The
col ums élh“?haégﬁéﬁlfheé%§%%$%éd over head condenser 52 and ref |ux drum
56, as showr==a=Frgre—_—=_hsse—taEarai+on—to0k=ttate—it— aes refl ux
drum 56 wit n Derdityplese water bei ngugigdd uxgd to

the raffinajl e stréapebe@riputidrhe heavy Rg/m3 | ( Miseent im’@qu@sebei ng

partly used|as LeTqu‘Tor the extract sfripper 30{and partly
recycged to %ﬁ%vgggpégggr 2. 815 18,40
Olefin Feed 801 0,03 7,26
Raffinate " 789 0,28 0,02
Extract 828 16,78
Raffinate Stripper
10 Hydrocarbon Feed 786 0,28
Water 280
Reflux 815 18,40
Bottom Product - 786 0,05 0,03
Light Phase :
15 Extract Stripper
Hydrocarbon Feed 828 16,78
Water 280
Reflux 815 18,40
Bottom Product - 896 2,02 88,0

20 Light Phase




3.1.2 Clerr] feedstock or cut Extraction 25 A 50mm di anet er

gl ass pul sed packed extractor was used to ener ate design or
the extracti o VEBRM 12. The col um vvasgfitted vvitl"r(%m’ggf’@i
raschig rings to a total hei ght of 1,5m 3.1.3 derr]
and C[err] feedstocks or cuts 30 The equi pnment was essentially set up in
accordance with Fi gure 3. WO 99/ 58625

PCT/ | B99/ 00827 ' TABLE 6 21 Extraction

A 168mm di aneter stainless steel packed extractor was used to
generate desi @,¢p! alfefintice fertishotkon col um 12. The col um was

fitted with 4, /m Sul zer SW_(tradenark) packing. 5 Sol vent Recovery

Twod78nn1d|a er stalnless steel pag o Jé%l@ at | r C

used to generdte design_data.for the - %o andg

(22) stripper SQﬁﬁPﬂ-PﬁﬁﬁﬁﬁgEﬂglef ég%g;;éd v}{.;3ﬁ1°'!m

(trademar k) pglczb’gi;mgtdlﬂne col umms “
5 Solvent Feed 833 25,62

Olefin Feed 816 0,08 3,47
Raffinate 800 0,46 0,04
Extract 837 24,24
Raffinate Stripper
10 Hydrocarbon Feed 80O 0,46
Water 980
Reflux 833 25,62
Bottom Product - 795 0,04 0,09
Light Phase
15 Extract Stripper :
Hydrocarbon Feed 837 24,24
Water 980
Reflux 833 25,62
Bottom Product - 922 1,32 59,0 it
20 Light Phase

It was surprisingly found that, in the processes 10, 50 and
100 comprising liquid-liquid extracting wusing the
acetonitrile-based solvent, effective removal of acids,
oxygenates, phenols, aromatics and cyclic compounds from an

25 olefin and/or naphthenic feedstock, can be achieved.
Additionally, it was found that by changing the solvent to
feedstock mass ratio, specific impurities or groups of
impurities can be removed from the feedstock material.
This removal can thus be tailored to the downstream

30 processing requirements of the feedstock. Another unique
feature is that, in the range of Cyz-C;; olefins, where the
olefins solubility in the solvent is appreciable,
acetonitrile forms an azeotrope with the olefinic and
paraffinic material. Any olefins co-extracted are thus

35 recovered in the subsequent solvent recovery stages, and
recycled to the extraction stage. Olefin losses in the
C;,-C;4, range are negligible.



10 thus had a conbi ned over head condenser 52 and refl ux drum . 56.

Phase sepa\%tign ook place in the reflux drum56 with the Iight
(hydrocarb 863 j ed to the feed BFTARAOO8K:; nat e
stripper 22, and th i sol vent rich) phase partly being used as
reflux for both str$ﬂi’iﬂﬂﬁnmlﬂmﬂﬂ! 3ggand partly recycled to the
extractor 12. - R Condi tions and Material Bal ances

3.2.1 Cerr]-Clerr] olefinic feedstock Extraction Colum 12

The sol ventegRfiggWas 1, 2kg/ h; while the feedstock feed rate 20 was

2, 2kg/ h. —Thus, a solvent to feed ratio of approxi mately
0,55:1 was used. The columm was operated at 150kPa(a) and 45[err]C

éé;?kg/h redfinate Wgszppﬁduﬁﬁﬁ, ﬁ?¥_ removia§ 1i§5&9&ﬁiéétr%93m a

inate str r raff.inate stri r was_operat ed at

150kPa( a) . Sﬁy'hf%ggargon éscmpc? ocar B6n fF@EE"gﬂt e‘?'lggcetétp@%%% AP R%he top
at arate miping,75kip h andligmsiprlepeidd extragtaron CstBpg star pper
top ﬁ;qp% mas, 8 er ik Gy Thg]‘%,tgﬂ:t AP SPe S [err] C
A refsl ux r%te o,é%%%/ h wa usfe%. ) ld'l k(g/é’l puri ieégéﬂéﬁeﬁﬁyd%%‘gar bon
pr oduct mast?tF&H%va%tsalbo%W%rb’em&%d hydrocarbamy ifesdstaak ppairt1B0

The extractaftacensii sl ol doalehdOkPabasby dHCekteRtbt at lesi ered at
stage 20 frc%pat Qﬁpﬁggtet t"?‘roqnat&e()f h}}'d::@oSgan{’kt]or? ngcmponent or fraction

into the solvent;

10 withdrawing from the extraction step, as a raffinate,
purified hydrocarbon component or fraction; and
withdrawing from the extraction step, as an extract,
impurity-containing solvent.

2. A process according to Claim 1, wherein the

15 impure liquid hydrocarbon feedstock is an olefinic and/or
naphthenic hydrocarbon feedstock containing at least 20%
(by mass) olefins and/or naphthenes.

3. A process according to Claim 2, wherein the
impure liquid hydrocarbon feedstock is Fischer-Tropsch

20 derived, with the impurity present therein being at least
one carboxylic acid, an oxygenate, a phenol, an aromatic
compound and/or a cyclic compound.

4. A process according to Claim 3, wherein the
hydrocarbon feedstock comprises, on a mass basis, 40%-60%

25 olefins, 10%-30% paraffins, 5%-30% oxygenates, 0,5%-1%
phenols and/or cresols, 1%-6% carboxylic acids, and 5%-30%
aromatic compounds.

5. A process according to Claim 3 or Claim 4,
wherein, for removal of carboxylic acid impurities, the

30 mass ratio of solvent to hydrocarbon feedstock is between
0,3:1 and 2:1.

This Sheet Has Been Replaced
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22 ’ was preheat A \“!The stripper top tenperature was
86[err] C. Thegoloossam t i‘ j Eg 4[err] C. A reflux rat #C3IBI900827
1, 6kg/ h was used. The cC product rate was 0, 25 kg/ h. 3.2.2

Clerr] olefinic feedstock 5 Extraotlgn Col um 12 The sol vent
rate was varied between 2,2 and 7,3 kg/ﬁ whi | e _ the feed was kept

Seleriyc o 2K Z%Tﬂfq¥er?’? cBiding o oGThEhCG SoroSUEA) ANC,
Col umm 12 wherenma sEpyermemoyed \RE mhgmr 1%.46@4 heCK¥88RRER k Feed

rate 3k /dbmpollESimpust Nt the maed ratio of hhréntas

used. The coI S oper Pa(a nd err] C 333kg/ h
raf finate m&%ﬁ%ﬂﬁ?\g’g’d’ %?eaﬁg"ﬁgﬁ@ﬁ??k@ﬁﬁ%&al n%SE 1 Raffinate stripper
22 The raffinate stripper was operated at 150kPa(a). The

hydrocatbon f.eed entergd %C§E§g§cé?ﬁa{9§11%@eaﬂfﬂzr?é &€ '@lfims 2 to ¥

3, 6kg/ " and was preheate e stripper top
t enper at ur e \VicBRE{isrE,] CW ermerthﬁassmt§oﬂlﬁ€1%5ma} efizgure oxr
(0, 8kg/ h) to geducienrt heotdifchepelat uakd Jaaeﬁddlwim the watfemater

i gher  pr eos O SREREIER 481 EBoR POt 2 1 st SPRTEEC Vi oh T Tiesi 1 o
for tenperat Wasienstdxr v@ Cg-Cyy oheEinir pandfict spaphihen bot feadserer at ur e
Vas 12.?(9 %eing between 10% and 20%; for a Cyj/93 olefinic and/or

naphthenic feedstock being between 15% and 35%; and for a

Cy3,14 ©Olefinic and/or naphthenic feedstock being between

20% and 35%.

8. A process according to any one of Claims 2 to 7

15 inclusive, wherein the ligquid-liquid extraction step is
effected in a multi-stage liguid-liquid extraction column,
with the hydrocarbon feedstock entering the column near its
bottom, the solvent entering the column near its top, the
raffinate being withdrawn at the top of the column, and the

20 extract being withdrawn at the bottom of the column, the
column operating at about ambient pressure or at a higher
pressure up to a maximum of 10 bar(a), and at about ambient
temperature or at a higher temperature between 30°C and
150°C.

25 9. A process according to any ome of Claims 2 to 8
inclusive, wherein the raffinate contains some solvent, in
addition to the purified hydrocarbon feedstock, with the
process including, in a raffinate stripping step,
separating solvent from the raffinate in a multi-stage

30 raffinate stripper column, with solvent being withdrawn
from the top of the raffinate stripper column and being
recycled to the extraction step, and purified hydrocarbon
feedstock being withdrawn from the bottom thereof, and with

This Sheet Has Been Replac
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25 reflux rate sed. 2,97kg/h purified .
hydr ocar bonoproduct (3““ " ",Bglgt I on) vvas W t hdr awn as _bottom
pr oduct 99/S8625y t r act cst K ppers extract gFT’l“ﬁ?@P”\X/as

oper at ed at 150kPa( a). The 30 hydr ocar bon feed entered at stage 10
fromthe top at a rate of 1,8kgah and was preheated to 50[err]C
The stripper top tenperature was 86[err]C. Wat er was added to the

reboi l er  the raffideyehpptdonadigebelingbottiosatederidting ehterdad tion
vo 99/ 5862%ne ratfinate stripper colum. PCT/ | B99/ 00827

water w comercial plant to be operated at
at nospheric or higher pressures at acceptable bottom t enper at ur es,
which is desgred for i%‘ﬂ%é’éé‘r&é&f@iﬂ Vi€o c1amb9ttme§10@fféﬁdes The

bottom t enpe ure s_105[ | ux r of . 1,76kg/ h was
doed " The SAAtHY BHERECEo dte Tartifphe urigper cOLtmd bglgwsthe Jer ]
ol ef i%i c f eeddtaxdecbon feﬁsthentf;olpnimﬂQ withdrdawengohvddttioaise was
215kg/ h; Lleatidte kesflstioek foeiL S Lh.; h sol vent
to feed r\g,tréo o‘% 1.:% was t used‘-ﬂ"tee %gn%%%@rrﬁ%\%gggé elrnat é-d'ﬁ{as%SOkPa( a)
and 45[ er r|¥gparation step, separating the bottoms product into an
agqueous phase and purified hydrocarbon feedstock or
raffinate; and returning the agueous phase to the raffinate

10 stripper column.

11. A process according to any one of Claims 2 to 8
inclusive, wherein the extract comprises solvent, the
extracted impurity, and some co-extracted hydrocarbons,
with the process including, in an extract stripping step,
15 separating the solvent from an impurity/hydrocarbon mixture
in a multi-stage extract stripper column, with solvent '
being withdrawn from the top of the extract stripper column
and being recycled to the extraction step, and the"
impurity/hydrocarbon mixture being withdrawn £from the
20 bottom thereof, and with the extract optionally being
preheated before entering the extract stripper column.

12. A process according to Claim 11, which includes
adding water to the extract stripper column below the
extract entry point; withdrawing a bottoms product from the

25 extract stripper column; in a phase separation step,
separating the bottoms product into an agueous phase and
the impurity/hydrocarbon mixture; and recycling part of the
aqueous phase to the column; while purging the remainder
thereof to achieve a water balance.

30 13. A process according to any one of Claims 9 to 12
inclusive, which includes recycling the overheads or
recovered solvent from the stripper column(s) to the
extraction step.
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200kg/ h raffinate wamzwkg/ h extract. Raf fi nate

stripper 22 ° The r v m was operated at 150kPa(a). The
15 hydr ocCWP9848628 e d “ 1“‘ \ﬂﬂﬂ 10 fromthe top at aﬁq$ 339/00827 of

2,4kg/ h and was pr eheate to 66[&rrfC * The stri pper top tenperature
was 88[err]C Water was added to the r{£poi l er (0, 75kg/ h) to reduce
the bottomtenperature. The addition of water will enable a

conrercial plent to beglprlﬁﬁ,\?ﬁcbﬁdcégls for atémﬁh!yl:tlnpﬁlt::{?sgfﬁ‘om a G
pressures at,__acceptabl e el at ur es G esjred for
t enper at ur e 5@(@? #&Leb O%?Retrbtm p‘?’bdu%’fgg 1%%me %%?%%‘r??’é?@égatu e was

117[err] C. described rafd udlusatratedf het&ipih was used. 2, 2kg/ h
purified hydr ocar bon product (after phase separation) was w thdrawn
25 as bottom product. Extract stripper 30 The extract
stripper was operated at 150kPa(a). The hydr ocar bon feed entered
at stage 10 fromthe top at a rate of 2,7kg/ h and was preheated to
50[err] C. The stripper top 30 tenperature was 87[err]C Wat er was
added to the reboiler (1kg/ h) to reduce the bottomtenperature. The
addi tion of water will enable a commercial plant to operate at

at nospheric or higher pressures at acceptable bottom t enper at ur es,
which is desired for tenperature sensitive WO 99/ 58625

PCT/ 1 B99/ 00827
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24 bott om pr oducts. The bottom tenperature was 106[err] C. A

reflux rate oﬁzo]”g@&g/h was used. The acidic product rate ,l%ﬁmg,,ls
kg/ h. ) Anal ytical Results 5 Acid and ot her a yses,
density neasur emsnts wer e done on sel ected streans durl ng the tests
to nmonitor the processes. The results of these anal yses are
summari zed in Tables 3, 4, 5 A4M 6.
TABLE 3 10 Cerr]-Clerr] olefinic feedstock
Density @ Wat er Aci ds Stream Description 20[err] C
kg/ merr] Mass % ngKOH g Ext ract or Sol vent Feed
791 9, 90 A efin Feed 756 0, 16
18,00 15 Raf fi nat e 750 1,40 Extract
800 Raffi nate Stri pper drocar bon Feed 1 750
0,16 Ref | ux 24" 736 0, 17 b Bot t om
Pr oduct 738 0, (({ 0, 06 tract Stripper
Hydr ocar bon Feed 800— Ref | ux 791
9, 90 Bot t om [Pr oduct 834 1 0,0 46, 5
18 \
16 28 22
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25 TABLE 4 Clerr] olefinic
f eedst ock WO 99/58625t r eam FIl ow Rate kg/h Total MASHIRGS/00827
Description Oxygenat es/ Aromatics 5 Ext ract or
Sol vent Feed 2,30 O.efin Feed 0, 65
20, 20 Raf fi nat e 2]45 2,28
Extract 2,40 10 Ext ract or 50 Sol vent Feed
3,62 A efin Feed 0, 65 20, 20
Raffi nate . 0, 49 Extract
3,78 15 Bﬁq act or Sol vent Fee 52 h8. 40 Aefin
Feed \O, 65 ——b— 29820 {Raf#i nate
0,43 0»07 ract ﬁ-}iz
12 e T
22 /
56
| 26 ™
30 62 60
— —>
SN 32 )
34 _,
FIG 2
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20 Extr act or Sol vent Feed 7,30 A efin-Feed

0, 65 20, 20 Raf fi nat e 0, 37
0, 03 WO (58626 t 7,58 WO 9PCTAB2%00827
PCT/ 1 B99/ 00827 26
TABLE 5 Clerr] olefinic feedstock
Density @ Wat er Aci ds St ream Descri ption 20[err] C
kg/ merr] Mass % ngKOH g 3/4 extractor 5 Sol vent Feed
815 18, 40 A efin Feed 8011';‘. 0, 03 .
7,26 Raf fi nat e 789 0,2 0, 02
Extract 828 =16,78 Raffinate Stripper 10
Hydr ocar bon Feed 2 786 o 0,28 Wager
980 Reflux 5 » 815 18, 49 Bott om
Product - =86 ONO5 % 0, 03 iz
2 w s
g §
s a
2 g
£ -4
& 1s
Q
3 iz <
& © 3]
(e

EQUILIBRIUM CURVE AT 45° CFOR C11/C12
H20 = 21%
% SOLUTE | % SOLUTE FREE FEED
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Li ght Phase 15 Extract Stri pper

Hydr ocar bon Feed

828 16, 78 Wat er 980 Ref | ux
815 98)s8625 Bott om Product - 896 PCT/IB99BB827
88,0 20 Li ght Phase WD 99/ 58625
PCT/ 1 B99/ 00827 - 27
TABLE 6 Clerr] olefinic feedstock _ -2
Density @ Wat er Aci ds 4/4 Stream Description 2PPerr] C
kg/ n{err] Mass % nmgKOH g Extractor 5 Sol vent} Feed
833 25, 62 A efin Feed = 816 D, 08
3, 47 Raf fi nat e , &0 0, 46 0 04
Extract 837 24,14 Raffinate Sripper 10
Hydrocarbon Feed 800 0,646 Wat er
980 Ref | ux$ 8&3 25, 62 Bott om
Product - S 795 0, 04 §o?09 Li ght Plgase
= =
S s
s =
g S
©
o 2
=y tubd
s !
= . w
- &bd
; | ng L_g E
= < =2 _
e n = L0
o =)
= -4
(53—~ 4
s = y
= 5
5 . -2 S
! ] oA s o
O 3
= 2\
E V2
a
—
. =)
=]
ekl
8
[¥e]
Ll
O
=
[ 12
1 1 1 L 1 .
T 3 1 ¥ 1

INIAT0S ONILIVYLXT 3344 3LN10S %/ ILNT0S %




R I
R

15 Extract Stri pper Hydr ocar bon Feed 837

24, 24 Wat er 980 Ref | ux

833 25, 62 Bottom Product - 13 922 1,32

59,0 20 Li ght Phase It was surprisingly found that, in the
processes 10, S@eamkocess 1000 :.sccyarti:lamlgvlyl i spdtred | ford prexesadhona
usi ng t he agst %nl ril e % sgl vent, effective renoval of acids,
oxygenates, pheﬁb(%z ar oha 11~6§4 c ¥ corrpounds froman 25 ol efin
and/ or naphthenic feedstock, can achi eved. Additionally, it

vas f]9und t hat ztb;ytﬁéa@&b%stsh%@ol taet ugm; pn?seffﬁ?étsg@kffaﬁstﬁ@ iHase )
Specl |C|rrpur| | es r s of r,tles n e e
f eedst ock nat eFFERTE fg’rreﬂwf% ey P4l I&%ﬁpiu é‘-(i’t“aﬁa&{éd‘n%& C&H'é"e ¢
downstredn 30 Eromprijeesskbgactdonr evdntms Osz,t htef datdst e fdéodt her ghe que

feature'is tha af.tﬂntattl_% r&%gg gfr goiil&l-%err] ol efins, where the
' Ity 1n the I S '

ol efins sol ubi sol ven “appr eci abl e, acetonitrile
forms an azeotrope with the ol efinic and paraffinic material. Any
ol ef ins co-exty agiedramddUsing 102 IAEANET 2debn diie éﬂé&ﬁ&ﬂe@tﬁgwt
recovery stages, .and regﬁcl ed to the extractlaﬂéstage e
| osses in the column A%y r | TRE HPFVY PRRSSr EXPRERGI 56 is used
CLAI V5 partially as reflux to the ratfinate stripper column 22, by

10 means of a line 104 leading from the line 60; (ii)

partially as reflux to the extract stripper column 30, by

means of the line 62; and (iii) partially recycled to the
extraction column 12, by means of the line 60.

Laboratory and other experiments were conducted, 2as
is hereinafter discussed.

£ :0C 10
1.1 Bxperimental Procedure
20 Cross-current extractions wexre done at 45°C. A 20/80 mass

ratic water/acetonitrile mixture was used as solvent for a
Ciys1z ©lefinic feedstock, and a 25/75 mass ratio
water/acetonitrile mixture for a C,, 114 olefinic feedatock.

The solvent and feedetock (0,l:1 mass ratic) were mixed for
25 30 min and allowed to phase separate for 5-10 minutes at
45°C. The mass of solvent, feed, extract and raffinate
were measured for each stage, and the samples were analyzed

for acids. The acid analysis was based on the ASTM method
D3242-93. '
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1. ’ A proce F 'ang an inpure |liquid hydr ocar bon
f eedst ock, whi ch\mﬁ QJE!““E“‘!M 3B mxing, inaliquid-liquid

extraction step, em- * Tropsch " derived inmpure liquid

hydr ocarbon feedstock conprising a liquid hydrocarbon conponent or
fraction containing at |east one inpurity selected froma carboxylic
acid, an oxygeRBIME a phenol, an aromatic conpound and a cyclic
conmpound, wth an acetonitrile-based solvent, 10 t hereby to extract

the inmpurity, _ or at |least gne of th .{G%H:f. e fiy e hydrgepr bon
o PTOCESS, hgf°§ol \Pelﬁ%;" ﬂé an l\aﬁ’}% S

coiponent or fraction i ( . rawm ng from
t he extracti ohydreparhsnafeefistngke, which ppocess cinmli@d®®ar bon conponent

or. fraction togethgi Mbph 43 5 li?{ifﬁ-%.@.@ﬁ%ﬂt extraction stép| hermiwargdr om
the extraction step, as-an extract,

| prpurity containing SO vent;
in a raBfinat Bropechpi APEvEs SHPRRES | nbig’éﬁen Y%'FBHE"‘%°” %ﬁﬁ,ﬁsrtaﬁ‘#ﬁ nat e
in a raffinatgg E&g@_@@ cgl lemﬁd_?@ hydrocarbaddi ogmpetentt oot hefraftfliomt e
stripper colum bel e rafg'l

,OW t i nate . .entr oL ]t :
wi t hdrawi ng sGPPERFBAPENRENESRTD W FARPW ALY %5#88&'8 Ero‘%t?i%aprebro% Fm:
wi t hdr awi ng aakdt!, omn pnodertatennps i shenplatan angmasic cpmpepnddand a

hydrocar bon  GOARGRENoufourld, ACKMH  farPMaddtenitrile didddatsy sigrmper
colum; and Fn a ph

. ase separation step, .separati nﬁ th trJFgﬁtoms
producili nt o SRezghvolke prstreadhdtper APRgihydr 8adfonteast © Eor?%o or

raffinate.  3QmuriZies, from s (oRFroRdYN cagpbneftacm Aractiboriinta he

I mpure liquid drocarbgon feedstock is an olefinic and/or napht heni c
hydr ocar bon f& sFSER/e At ai ni ng at | east 20%

withdrawing from the extraction step, as a raffinate,
purified hydrocarbon component oxr f£raction together with
15 some solvent; '
withdrawing from the extraction step, as an extract,
imourity cortaining solvent;
in a raffirate stripping step, separating solvent from
the raffinate in a raffinate stripper column,
20 adding water to the raffinate stripper column below
the raffinate entry point;
| withdrawing solvent £rom the top of the raffinate
stripper column;
withdrawing a Dbottoms product comprising water and
25 purified hydrocarbon component or fractiom from the
raffinate stripper column; and
in a phase separation step, separating the bottoms
product into an aqueous phase and purified hydrccarbon
component or raffinate.

30 2. A process according to Claim 1, wherein the
impure iiguld hydrocarbon fesdstock is an olefinic and/or
naphthenic' hydrccarbon feedstock containing at least 20%
(by mass) olefins and/or naphthenes. ’
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AVENGED & o " éﬂ“{m “I mwﬂﬂm A process according to Caim 2,

wherein the
40% 60%

o

hydrfocar bbn ¥ eedst ock £Npri ses, on a nmass basis,
lefins, 10% -30% paraffins, 5% 30% oxygenates, 0,5% 1%

phenol s and/ o}. cresol s, Al%zﬁ:%m ba)cxcbh:dlﬂgi dsp aldkinte 30%@erelzardmﬁ i C

conpounds.

e di ng,.t i
wherein, fcr h%nov%‘lér% car oxy ‘lg% gémggg%%uf %n g gp%smba%:.%r c"EC@'Jsrgroatlo
of sol vent tookgfiinegar bbe® 14 s pecRifdnset WEN30% ‘oxygemuesind ©58-1%10

5. - Ap
renoval of c¢
inpurit5es,

Fbox

t BE

@ﬁélecaﬂaﬂbﬂgcws&@' M2 & QAMdRyiic acids Wa@faels&,-sof% or
cﬁ%ggc aci d oxygenate or aronati c conpoun

r GPFBO8RdS 0 vent to hydrocar bon feedstock is

between 1:1 and 8:1. 6. A process according to any one of

Clains 2 to 5,15

10

15

20

25

30

47

wherein, fcr removal cof carboxylic acid impurities, the
mass ratioc of solvent to hyd:ocarbon feedstock is between

0

5.

,3:1 angd 2:1.

A process according téd Claim 2 or Claim 3,

wherein, for removal of caxboxylie acid, oxygenate or

ax

omatic compound impurities, the mass ratio of solwvant to

hydrocarbon feedstock iz between 1:1 and 8:.1.

6.

A process according to any one of Claims 2 to 5

inclusive, wherein the solvent .comprises & mixture or
solutier of acetonitrile and Wwatex, with the watexr
concentration in the acetonitrile-based solvent, on a mass
bagis, for a C3-C;, olefinic and/or naphthenic feedstock,
being between 10% and 20%; for a C;y;9; olefinic and/or
naphthenic fzedstock being between 15% and 35%; and Zoxr a
Cy3/14 ©lefinic and/or naphthenic ' feedstock being between

20

7'

¥ and 35%.

A process according to any one of Claims 2 to 6

inclusive, wherxein tihe liquid-ligquid extraction step is

ef

fected in a liquid-liquid extraction column, with the

hycérocarbon feedstock entering the column near its bottom,
the solvent entering the column near its top, the raffinate
being withdrawn at the top of the column, and the extract

be
op
up

ing withdrawn at the bottom of the column, the column
erating at about ambient pressure or at a higher pressure
to a maximm of 10 bar(a),. and at about ambient

temperature r at a higher tempe:tature between 30°C ané

15

0eC.
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sol ution acet ter, with the water
concentr at | on in tlmmﬂwlsmmm ased solvent, on a nass basi s,
for a (Jerr]-Cerr]*olcefini e aﬂ naph}@eni c feedstock, bei ng
bet ween 10% and 20% for a C[err] oI efinic and/or 20 napht heni c

feedst ock beBng bet weeh pE%resd 28%prdadgf ao any one c@[@‘lra]mml af ivo @7
and/ of napht gRl el GEUSLACAIG! BADSRERS char 187UsRHALALS

A process according t o Usi ve v&1ere| n
the |iquid-|¥+gBi a:fem%cﬁéﬁ-éfs%a BErigper «fladtedis nracw:agﬂdm ha

extraction CekdpBetibhh dtt®, and wh&ééﬁﬁar&?ﬁn fepeon ek gpt eitdiedtid

| t nt th | t
R R Lt N

extract bei ng wi thdrawn at the bottom of the colum, the colum 30

operating at?about anbj egpoggggsg%gpa?% gghgg?e[mgr Siswl%lms 1 ey tO

a maxi num o 10 bar(a erature or at a
hi gher tenperacdpsivet webhcBoleetpdeanteturning igog eaqqapus phase from

GNE:\'EEDE{"EE&E phad€ separation step to thé ?é@f%étﬁcét?r‘fbﬂ& e 13Rh one of
10. A process according to any one of Claime 1 to $
10 inclusive, wherein the extract comprises solvent, the
extracted impurity, and come co-extracted hydrozarbons,
with the prcecess including, in an extract stripping step,
separating the solvent from an impuricy/hydrocarbon mixture
in an extract stripper celumn, with solvent being withdrawn
from the top of the extract stripper column and being
rscycled to the extraction step, and the
impurity/hydrocarbon mixture being withérawn £rom the
bottom thereof, and with the extract optionally being
preheated before entering the extract stripper column.

14
L]

20 11. A process according to Claim 10, which inciudes
adding water to the extract stripper column below the
excract entry point; withdrawing a bottoms preduct £rom the
extract stripper column; in a phase separation step,
separating the Lottoms product into an aqueous prtase and

25 the impurity/hydrocarbon mixture; and recycling rart of the
agqueous phase to the column, while purging the remainder
thereof to achieve a water balance.

12. A process according to Claim 10 or Claim 1I,

which includes recycling the overheads or recovered solvent
30 from the stripper columns to the extraction step.
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|nclu5|ve,'mhere|n is withdrawn fromthe top of

the raffinate stri d’ml |mllm:"“ rntecycl ed to t he extraction step,

and wherein the raf te I's psehea ed prior to entering the
raffinate strlgper colunn A process accordlng to any

one of Caims 1°to 8 n°Vell@ﬁbaesse;oﬂﬂtéhdﬁﬁﬂ f% ?rhg

0 the raf t &

aqueous phase Hydwocarbon coly se.sepagati.on step
stripper colu gs"@ﬁ@ I¥oor FHeEtantiallyie of

Clains 1 to 9%siﬁbedi%¢ﬁwtmmram extract conprises solvent,
the ~ extracted inmpurity, and sonme co-extracted hydrocarbons,

with the process including, in an extract stripping step,

separating the solvent froman inpurity/hydrocarbon m xture in an
extract stripper colum, with solvent being w thdrawn 15 fromthe top
of the extract stripper colum and being recycled to the
extraction st ep, and t he i npurity/ hydrocarbon m xture
being withdrawmn from the bottomthereof, and with the extract
optionally being - preheated before entering the extract stripper
col um 20 11. A process according to Caim 10, which includes
adding water to the extract stripper colum bel ow the : extract
entry point; wthdrawi ng a bottons product fromthe extract
stripper colum; in a phase separation step, separating the
bottons product into an aqueous phase and 25 the inmpurity/ hydrocarbon
m xture; and recycling part of the aqueous phase to the col um,
whi | e purgi ng the remai nder t hereof to achieve a water bal ance.
12. A process according to Claim10 or Caim 11, whi ch

i ncl udes recycling the overheads or recovered sol vent 30 fromthe
stripper colums to the extraction step.
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AVENDED SHEET 31 13. A novel process for renoving
i rpurities froma hydrocarbon conponent or fraction, substantially as
described and illustrated herein, 114
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(57) Abstract

A process for removing impurities from a hydrocarbon component or fraction comprises mixing, in 2 liquid-liquid extraction step,
an impurity—containing liquid hydrocarbon component or fraction, as an impure liquid hydrocarbon feedstock, with an acetonitrile-based
solvent, Thereby, at least one impurity is extracted from the hydrocarbon component or fraction into the solvent, There is withdrawn from
the extraction step, as a raffinate, purified hydrocarbon component or fraction, while there is withdrawn from the extraction step, as an
extract, impurity—containing solvent.




