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The present invention is concerned with the treatnment of polar extraction
.sol Vent sW@0¥86slve aci d contami nants. Mre particul arly t heCTAUSI&EZTIDN
relates to the use of ion exchange resins to renove organic acid
contam nants from pol ar extraction sol vents. BACKGROUND OF | NVENTI ON
Sol vent extraction is a process used in the petrochem cal industry to

. qSeparate m xtures of different nol ecul ar speC|es b contacting the mxture
with a solvent that sell&di -Jthr-ﬁ X TRex¢ 2100 LheENG] ecul ar speci es
present in the m xture. VW E A T BIANNTRBvent extraction
process involves the selectlve dlssolutlon of aronatic hydr ocar bons from
paraffinic hydrocarbons using pol ar solvents such as N-nethyl pyrrolidone
(NVP), furfy K Typically, the dissolved aromatic
hydr ocar bam< < ref i : +vent by rectification, stripping or
a conbi nation of these neans to recover a solvent containing from about
0.5 to abdIELD DRIMMENTIONe solvent then is recirculated to contact
fresh feed. Over tine contam nants fromthe feed and solvent degradation
products accunulate in the solvent phase. These species are acidic and may
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extraction solvents to remove acid contaminants. More particularly the

mvention relates to the use of ion exchange resins to remove organic acid

contaminants from polar extraction solvents.

BACKGROUND QF INVENTION

Solvent extraction is a process used in the petrochemical industry
to separate mixtures of different molecular species by contacting the mixture
with a solvent that selectively removes certain of the molecular species present
in the mixture. An example of a commercial solvent extraction process involves
the selective dissolution of aromatic hydrocarbons from paraffinic hydrocarbons
using polar solvents such as N-methyl pyrrolidone (NMP), furfural, phenol and
the like. Typically, the dissolved aromatic hydrocarbons are recovered from the
solvent by rectification, stripping or a combination of these means to recover a
solvent containing from about 0.5 to about 5 LV% water. The solvent then is
recirculated to contact fresh feed. Over time contaminants from the feed and
solvent degradation products accumulate in the solvent phase. These species are
acidic and may include carboxylic acids, halogens and other products which are
capable of causing severe corrosion in various sections of the plant equipment

with which it comes in contact.
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Therefore, there is a need for a nethod of treating recovered %r@tion '
solvents to renpbve contam nants present in them SUMVARY OF |h\5

Accor di n§¥9 0172865kt hod for renoving corrosive contam nants feeamusdzpahar
extraction solvent conprises adding water to the solvent to provide a

sol vent and water m xture and thereaftergcontacting the mxture with a
basic ion exchange resin to renove the contam nants. The anount of water
added to the solvent preferably is an amount sufficient to increase the

exchange capacity of 4he esi for carb lic acigds.pover that in,the
absencg of \R/ateryaddi]{]? A9 Bﬁﬁgﬁ‘ﬁ?’é@%ﬁf’fﬁﬁ@f@ﬁ BovaTsdhe
practice o)ﬁ&g&, gmpol ar  extraction

sol vent su% as %{N%a%?ﬁtrsftg\rﬁﬁ}d &p enoa!n at cont a| NS corrosive

contam nants including carboxylic acids to provide a solvent and water

m xture. The mxture I s then contacted with a basic ion exchange resin to
renove t hesUadM MCENVENTHAMNS. The anount of water added to the
solvent is an armunt sufficient to increase the exchange capacity of the
resin over that in the absence of water addition. For exanple, a recovered

polar extracti on sol vent,sieh, s, IM PRISERldvIng 0HBLAE MRt BBmRDOU!

5 LV water. This recovered®sdlven
a polar extraction solvent comprises adding water to the solvent to provide a

solvent and water mixture and thereafter contacting the mixture with a basic ion

exchange resin to remove the contaminants.

The amount of water added to the solvent preferably is an amount
sufficient to increase the exchange capacity of the resin for carboxylic acids over

that in the absence of water addition.

DETAILED DESCRIPTION OF INVENTION

In the practice of the present invention water is added to a polar
extraction solvent such as NMP, furfural and pbenol, that contains corrosive
contaminants including carboxylic acids to provide a solvent and water mixture.
The mixture is then contacted with a basic ion exchange resin to remove the

corrosive contaminants,

The amount of water added to the solvent is an amount sufficient
to increase the exchange capacity of the resin over that in the absence of water
addition. For example, a recovered polar extraction solvent such as NMP
generally contains no more than about 5 LV% water. This recovered solvent is
diluted with water in the volume ratio of water to solvent of from about 20:1 to

about 1:1 and preferably from about 5:1 to about 1:1 to provide a water and

solvent mixture.




diluted with water in the volune ratio of water to solvent of from about
20:1 to about 1:1 and preferably fromabout 5:1 to about 1: i(}té)%ip@w de a
wat er and solvent m xture. WO 01/28651 3 13 APR 2004 PCT/ USO0 ‘7 The
wat &r anWOsI28éit ni xture is then contacted with a basic | BEI/USKEITAIge
resin. Both strongly and weakly basic ion exchange resins are comercially
avai l able and suitable in the practice-d-the present invention although a
weakly basic ion exchange resin is preferred. An exanple of one suitable
weakly basic ion exchange resin is Anberlite(r) I1RA96. In general the

m xture i s contact edyw ' ; [ ited With 4 Basiggbna bed
of resin. Typically %%&P%é%%@\{%%ﬂ%ﬁ?%ﬂﬂﬁhﬁaﬁﬁi n the bed is in the
range of aBQeuhngde FesiAbBHth GRonkRuie wealllyobasdie iabtychangaeesins atpout 5 to 30
m nutes at tenperatures ranging fromabout OC to about 100C. As.a result of
the cont acddmmerdiallyavailablerandsuitabitin thepractepof s Pressatdn¥eiiothi nant s

such as carhoxylic acjgds are.recovered. Then_t t ' ] lally
removed fralthonigh awe WJ%W%FXMI{FSIB)}S o1 ‘%feg\éﬁhgiﬂ ?*"I%nﬁ gkg%g%% ed may
be regenerated, b 3 | § nahbeitd®@IRUogie. For exanple,

t he bed Ofsugtgg}%%%bggﬁégﬁmgg%%f %’Eq\e/vaﬁta%?&%%@t hen%cJont acted with an

appropriate basic solution. Al though the invention can be practiced as a
batch process it offers particul ar advantages when used on a continuous
basis. Thus, for exaIrpgeneriahﬁmmp:M@ﬁscGM@tédaﬁ’lMﬁ%%‘P}éPéW%g!%d from

ht h i th I t ' ] . . . .
naphtha W mixtgrepfhrglrzgﬁ )fa bre%céf r%rs]in. Typically the residence time of the mixture 1n

the bed is in the range of about 1 to about 60 minutes and preferably between

about 5 to 30 minutes at temperatures ranging from about 0°C to about 100°C.

As a result 6f the contacting of the mixture with the resin the
corrosive contaminants such as carboxylic acids are recovered. Then the water

is substantially removed from the selective polar solvent by stripping.

The resin used may be regenerated by any conventional
regeneration technique. For example, the bed of resin may be backwashed with

water and then contacted with an appropriate basic solution.

Although the invention can be practiced as a batch process it offers
particular advantages when used on a continuous basis. Thus, for example, ina
process where aromatics are extracted from naphtha with a polar extraction
solvent and in which the solvent is subsequently recovered and recycled, a slip
stream of the recovered solvent may be treated in accordance with the invention.
Thus, the slip stream is diluted with water, contacted with the ion exchange resin
to Temove contaminants. Then the water is removed from the solvent and the

solvent recycled.




solvent and in which the solvent is subsequently recovered and recycled, a
slip streamof the recovered solvent may be treated in acconqdamseyu th the
i nvention. Thus, the slip streamis diluted with water, contacted wth the
i on" exchd¥y8i2881n to renove contaminants. Then the water picgiiggRygd from
the solvent and the solvent recycled. 1 3 APR 2004 WD 01/ 28651 4

PCT/ US00/ 27717 The foll ow ng exanples fugther illustrate the advantages of
the invention. EXAMPLES In the exanples which foll ow the exchange capacity
of a weakly basic ion exchange resin, Anberlite(r) |RA96, was neasured
usi ng various feeds. .4l n ese tests.,abput, 10g of resin,was pack in a

bur 68t e The rest n welhd flaRE FRmPIGy Rt ouShatains AdVERiaBES e,

dei oni zed ﬁﬁkﬁﬁn Test feeds, described in the specific exanples, were
passed t hroug tﬁé bed at a rate of about 2.3 bed volune per hour. Feed
and effluent sanples were analyzed for acid contam nants. Fromthese
measur enent s br eakt hrough curves were generated and the exchange capacity
cal cul at edEXZMBIEES| VE EXAMPLES | TO 4 Breakt hrough measurements were
conducted on the four feeds listed in Table 1. The exchange capacity for
each is also given in Table 1. Table 1 Conparative

In the examples which follow the exchange capacity of a weakly
basic ion exchange resin, Amberlite® IRA96, was measured using various feeds.
In these tests about 10g of resin was packed in a burette. The resin was treated
with 4% aqueous NaOH and washed with deionized water. Test feeds, described
in the specific examples, were passed through the bed at a rate of about 2.3 bed
volume per hour. Feed and effluent samples were analyzed for acid
contaminants. From these measurements breakthrough curves were generated

and the exchange capacity calculated.

COMPARATIVE EXAMPLES 1 TO 4

Breakthrough measurements were conducted on the four feeds

listed in Table 1. The exchange capacity for each is also given in Table 1.

Table 1
Comparative Exchange
Example Feed Capacity meqg/g
1 1000ppm HCI in H,O 2.16
2 1000ppm HCI in NMP 2.16
3 1000ppm Acetic acid in H,O 1.25
4 1000ppm Acetic Acid in NMP 0.53

As can be seen the exchange capacity for acetic acid in NMP is less than one

half that in water and one quarter that of HCI from either water or NMP




FeedExchange Exanpl eCapacity me / 1100 m HCl in H202.16 2100 mHO in
NVP2.16 3100 m Acetic acid in H20L. 25 4100 m Acetic Acid in i\lg;% gﬁ%As can
be seen the exchange capacity for acetic acid in NWis |ess R hal f
that in wei@prsend one quarter that of HCl from either wat ercpusédd??ir 3 APR
2004 WO 01/28651 5 EXAMPLES | TO 3 AND COVPARATI VE EXAMPLES 5 AND 6
PCT/ US00/ 27717 Additional breakthrough.geasurenents were nmade from four
feeds containing 1000 ppmacetic acid in varying anmounts of NMP and water.
The feeds and exchange capacity results are given in Table 2 Table 2
Exchange Exanpl eNVP/ H2 pacity neq/g Conparative 5100/ 00.53 140/ 600. 95
2301701. 10‘%@@@1}?.51‘5T%r ative 60/1001 25

AND COMPARA EXAMPLES 5 AND 6

Additional breakthrough measurements were made from four feeds
containing 1000 ppm acetic acid in varying amounts of NMP and water. The

feeds and exchange capacity results are given in Table 2

Table 2
Exchange
Example NMP/H,0 Capacity meg/g
Comparative 5 100/0 0.53
1 40/60 0.95
2 30/70 1.10
3 20/80 1.15
Comparative 6 0/100 1.25

The results demonstrate that dilution of NMP with water results in

increased resin exchange capacity for acetic acid

EXAMPLE 4 AND COMPARATIVE EXAMPLE 7

Further breakthrough measurements were conducted. This time
samples of fresh NMP and NMP that had been used in the commercial extraction
of lube oils were used as feed. The commercially used NMP contained a
mixture of acids including succinic and C, to C4 organic acids having a total acid
number as measured by KOH titration of about 0.5 mgKOH/g. This NMP was
diluted 3:1 with fresh NMP in one case and with water in another case to provide
two feeds of comparable acid content of about 0.12 mgKOH/g. Breakthrongh

experiments were conducted with each feed and the results are provided in Table

3.




The.results denonstrate that dilution of NM' with water results in

I ncreased resin exchange capacity for acetic acid EXAMPLE 4 AND COVPARATI VE
EXAMPLE 7 Further breakthrough nmeasurenents were conducted. Th3 APR oie

sanpl es owomesésiNVP and NVP that had been used in the compggigborzrTr
extraction of cube oils were used as feed. The comercially used NWP
contained a m xture of acids including.giccinic and Cl1 to C4 organic acids
having a total acid nunber as neasured by KOH titration of about 0.5
mgKOH/ g. This NMP was diluted 3:1 with fresh NWP in one case and with

water in another case to provide two s, of conparabl e acid content of
about 0.12 ngKOH g. Breakt hrough expe# s were conducted with each feed
and the results are provided in Table 3, WD 01128651 6 Table 3 13 R 2004
PCT/ US00/ 27717 Experi nment FeedExchange Capacity mag/Jg V\@/ % 30.2p F
Conparative TNVPLFresh NMP 1:80.19 Note the fresh r<s 5:@, 3’ I S
i ncreased by |abofXPeSUMeRbL there is wAte€H i xed wj PACHEBEGE NP E 5
AND COVPARATI VE EXAMiLE 8 NMP/H.0 1:3 0.25

Comparative 7 NMP/Fresh NMP 1:3 0.19

Note the fresh resin capacity is increased by about 30% when there is water

mixed with the NMP.

EXAMPLE 5 AND COMPARATIVE EXAMPLE 8

Further breakthrough measurements were conducted on resin
Amberlite® IRA96 which had been in use for several months and mixtures of
(1) plant and fresh NMP, and (2) plant NMP and water were used. Breakthrough

experiments were conducted with each feed on the used resin and the results are

given in Table 4
Table 4
Exchange
Example Feed Capacity meqg/g
5 Plant NMP H,O 1:3 0.18
Comparative 8 Plant NMP/Fresh NMP 1:3 0.02

Note the used resin capacity for exchanging acids in the 100% NMP stream is
negligible at 0.02 meq/g while the exchange capacity from a stream consisting of
25% NMP and 75% water and containing the same amount of acids is

substantial at 0.18 meq/g.




Furt her breakt hrough nmeasurenments were conducted on resin Anberlite(r)

I RA96 which had been in use for several nonths and m xtures of (1) plant
and fresh NMP, and (2) plant NVP and water were used. Breakthrough
experiments were conducted with each feed on the used resin and tlHeARRHD t s
are given in Table 4 Table 4 Exanpl eFeedExchange Capacity nme / 5Pl ant NWP
H20 1:30.18 F Conparative 8Plant NWMP/ Fresh NM? 1:30.02 Note the used resin
capacity for exchanging acids in the 10016 NVWP streamis negligible at

0. 02 nepApvshi | e the exchange capacity froma stream consisting of 25% NWP
and 75% wat er and contai ning the sanme anobunt of acids is substantial at
0.18 neg/g. 7 CLAIMS: 1 3 APR 2004 1. A nmet hod for renoving corrosive
carboxylic acid x tra t|o sQl vept or ter
mi xt ure therraeof %on‘% a‘ugﬁn?"%gé 1n8t%5 %ﬁ‘f’o )ff\"?c a&%‘”%‘%%ﬂ%’?f“s RY* addi ng
wat er dx@rattieh sdventof water \ﬂﬁkﬁi‘e mefebﬂe@nmhﬁfge@s‘s thdh mﬁt ¥ QMU wWhLeE c@n@islﬁgat er
to solvent or water m xture in the range of about 20:1 to about 1:1
whereby a solvent and water m xture containing greater than 5 LV % wat er
|'s obtai “edaddﬁ%;&bﬁg} ofe 516l of Wkl n(f&%@{h%t%glrg{h%%ﬁﬁné Boii\m'r]a\ér fvat er
with a basic i exc ange resin to renove contam nan ere y the
exchangévenamaeatey mftutetia thesinge bbaboual®dry hbautdcl vhereby h Belventdndrveater

containin reater than LV % wat er creased over that in the absence
of m{xt e%ontaltn?ng greater alan\é \é\//?water 18 obtar}rlede

contacting the mixture containing greater than 5 LV % water with a basic ion exchange
resin to remove the contaminants, whereby the exchange capacity of the resin for carboxylic
acids in the mixture containing greater than 5 LV % water is increased over that in the absence of

water addition; and,

thereafter recovering the solvent.

2. The method of claim 1 wherein the solvent is NMP.

3. The method of claim 2 wherein the ion exchange resin is a basic resin.

4. The method of claim 3 wherein the ion exchange resin is a weakly basic resin.
5. In the process of extracting aromatic hydrocarbons from a mixture with

naphthenic hydrocarbons using NMP as selective solvent wherein the NMP 1s contacted with the
mixture to extract aromatics and wherein the aromatics are removed from the NMP and the NMP
is recirculated to contact a fresh mixture and wherein the NMP becomes contaminated with
carboxylic acids, the improvement comprising: recovering contaminated NMP; diluting the
recovered NMP with water in the volume ratio of water to NMP in the range of about 20:1 to
about 1:1; contacting the diluted NMP with a basic ion exchange resin whereby carboxylic acids
are removed from the NMP; and stripping the NMP to remove added water before recirculating

the NMP.




wat er addition; and, thereafter recovering the solvent. 2. The method of
ctaim1l1l wherein the solvent is NW. 3. The nethod of claim2 wherein the
ion exchange resin is a basic resin. 4. The nethod of claim 3 wherejn gdp 1104
i on exchange resin is a weakly basic rgsin. 5. In the process of extracti ng
aromati c hydrocarbons froma mxture with naphthenic hydrocarbons using
NMP as sel ective solvent wherein the NWP is contacted wwth the mxture to
extract aromatics and wherein the aromatics are renoved fromthe NVWP and
the NMP is recirculated to contact a fresh m xture and wherein the NWP
becones contam nated with carboxylic acids, the inprovenent conprising:
recovering contamnated NWP; diluting the recovered NVP with water in the
volume ratip of e}plgﬁ;t

contacti ng é)'he di uﬁg({%ﬂﬁ%@ﬂ?o? Ela rﬂ% &&?gﬁﬁe%ﬁ@ﬁgka@ %\gihgr ® 1s§nﬂqe

car boxhgecofoil @hs1:1are renoved fromthe NMP; and stri pping the NNP to renove
added water before recirculating the NWP. 1 3 APR Z W4 8 6. The

i npr ovenent of claim5 wherein the volunme ratio of water to NMP is in the
range of 5:4 ge=iols ng
step conpri ses dﬁ%ﬁ%ﬁvén Owrag*%{(rgeam% fthseg(#lghgg éy& dl%lﬁ/ng%ém aLgth

i mpr ovareamtofahidakadvered Mi.ein the volune ratio of water to NWP is |n t he
range of 5 : 1 to 1: |

8. The improvement of claim 7 wherein the volume ratio of water to NMP is in the

range of 5:1 to 1:1.




