WO 01/ 28651 PCT/ US00/ 27717 TREATMENT OF EXTRACTI ON SOLVENT TO REMOVE ACI D
CONTAM NANTS BACKGROUND OF THE |1 ~1 VENTI ON FI ELD OF | NVENTI ON ‘The, pr esent
invention is concerned with the treatnent of polar extraction solvents to
renove aciwoepsdesdn nants. More particularly the .inventi opcyriseégaiio the
use of ion exchange resins to renove organic acid contam nants from pol ar
extraction solvents. BACKGROUND OF | NVENTI ON Sol vent extraction is a
process used in the petrochem cal industry to separate m xtures. of

di fferent nol ecul ar speC|es by contactlng t he nlxture with a sol vent that
sel ectively renoves 2 A ERIALE 1M (HS i in the

m xture. An exanple of a A Af A process invol ves

t he sel ective dissolution of aronatlc hydrocarbons fromparaffinic
hydrocarbons using polar solvents such as N-nethyl pyrrolidone (NW), _
furfural, W@M ‘the dissolved aromatic -

hydr ocar bons—are. - ent by rectification, stripping or
a conbinati-; 2 to recover a solvent containing from about
0.5 to abo 5 A e solvent then is recirculated to contact
fresh feed.. CNer tlne contan1nants fromthe feed and solvent degradation
products accunulate in the solvent phase. These species are acidic and may
i ncl ude carboxylic acThéspresent dgventionisicodeamedowiiti tied treamienit ofipelarcapabl e of
causi ng severe corrosion in various sections of the plant e%glpnent with
which it coRdtchan saivenlsito rempye apid contamingpis, Mers pagtienlarl

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

contaminants from polar extraction solvents.

BACKGROUND OF INVENTION

Solvent extraction is a process used in the petrochemlcal mdustry
to separate mixtures of different molecnlar species by contacting the mixture
with a solvent that selectlvely 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 cbntaining from about 0.5 to about 5 LV% water. The solvent then is
recirculated to contact fresh feed 0ver t1me contammants from the feed and ~

solvent degradatmn products accumulate in the solvent phase These specles 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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111111 2112122 FLEPrrl o 111111 WO 01/ 28651 PCT/ USOQ 27717 -2 Therefore,
there is a need-for a nmethod of treating recovered extraction solvents to
renove contam nants present in them SUMVARY OF || VWENTION Accordingly, a
met hod f orwpHRiRsesng corrosive contam nants from a pol ar eirsediriy sol vent
conprises adding water to the solvent to provide a solvent and water
m>xture and thereafter contacting the nixture with a basic ion exchange
resin to renove the contam nants. The anount of water added to the sol vent
preferably is an anbunt sufficient to increase the exchange capacity of

the resin for carboxy %'ﬂg % r addition.
DETAI LED DESCRI PTI ON gh%fm%%n{%prac I ce oﬁg fpgrceggre]? I nvention
wat er is ad¢fab@orRsdltms to AR édntininahtsqieseatihthem. NVP, finfural and

phenol , that contains corrosive contam nants including carboxylic acids to
provi de a solvent and water m xture. The mixture is then contacted with a

basi c ion emm the corrosive contan nants. The anpunt
of water ad mgn anount sufficient to increase the
exchange capacity of the resin over that in the absence of water addition.

For exanple, a recovered polar extraction solvent such as NVP
Accordingly, a method for removing corrosive contaminants from

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 phenol, 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.
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generally contains no nore than about 5 LV% water. This recovered sol vent
is diluted with water in the volume ratio of water to solvent of from
about 20:1 to about 1:1 and preferably fromabout 5:1 to about 1:1 to
provi de avoesasssiand solvent mixture. This Sheet Has Begipritpgbaepd 1111111
112210 1LEr rer rrrl WO 01/ 28651 PCT/ USOQ 27717 -3- 'y The water and
solvent mxture is then contacted with3a basic ion exchange resin. Both
strongly and weakly basic ion exchange resins are comercially available
and suitable in the practice of the present invention although a weakly
basi c ion exchange rPid watef aiid Sdl0értdhixtde i€hRARotaeiedOvith abdbicabn e weakly
basic ion exchange resin is Anberlite(r) IRA96. In general the mxture is
cont act ed exchhngmsmeswthts;ropalysandqu basicicmr exchamge resing ape2d of resin.

Typically the resi.denc rreof t ture.in he bed is in the range of
About 1 1 SRR Rrsbled Ruitablg a8 ity o be brekEt fndettiag 5 il oo

at terfper%ﬁoﬁ?h%&ﬁéﬂldﬁbiﬂi@ﬁx?@&ﬁ&né&%&ﬁ1§?§ﬁrg&90§neﬁ§n@ééﬁéﬁé of the

contacting of The mxture wth the Tesin orrosive contam nants such
as car boxysuitablecwerkly basic énmexchange resinris Ambertite® IRA96subst anti al |y renoved
fromthe selective polar solvent by stripping. The resin used may be
regenerated by any conventional regeneration technique. For exanple, the

bed of resin may bep 8 nitdré is Wm&mtme&mgﬁsﬁskmeth an
appropriate basic sol Ution. Although the- invention can” be practiced as a
bat ch pr oannﬁmnﬁhﬂ@hmiedmfwemﬂ'wwaﬂy&h&mgnknoﬂhmed&bmmmmt i nuous
basis. Th ‘the be&) 1s mﬁ%ge of?ibout 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 of 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 ona continuous basis. Thus, for example, in a
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 remove contaminants. Then the water is removed from the solvent and the
solvent recycled.




process where aromatics are extracted from naphtha with a polar extraction
sol vent and .in which the solvent is subsequently recovered and recycled, a
slip streamof the recovered solvent nay be treated in accordance with the
i nvention.wopfesss the slip streamis diluted with water, eephRedSEH M th the
I on exchange resin to renove contam nants. Then the water 1s renoved from
the solvent and the solvent recycled. sgrx+omw+bt+~cxarsxw. xai ~. cw .., .
WO 01/ 28651 PCT/USOQ 27717 +*+4 The foll ow ng exanples further illustrate

t he advantages of the invention. EXAMPLES In the exanples which follow the

SRAS, was measuy ed uigoleVng RerpICRrEE TS SR avattBROtHE o} | i
was packed iiﬁv&tﬂiﬁ[ette- The resin was treated wth 4% aqueous NaCOH and

washed wi th deronized water. Test feeds, described in the specific
exanpl es, were passed through the bed at a rate of about 2.3 bed volune

per hour. FWH uent sanples were analyzed for acid contam nants.
From t hese ts breakt hrough curves were generated and the

exchange capacity cal cul ated. COVPARATI VE EXAMPLES | TO 4 Breakt hr ough
measurenments were conducted on the four feeds listed in Table 1. The
exchange capacity for In#shexampisswhighfollowthe ekthange cafacitycofia wealdyr at i ve

Exchange 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 meq/g |
1 1000ppm HCl in H,O 2.16
2 1000ppm HCl 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



Exanpl e Feed Capacity neg/g 1 100 mHCO in H20 2.16 2 100 mHC in NW
2.16 3 100 m Acetic acid in H20 1.25 4 100 m Acetic Acid in-NW 0.53 As
can be seen the exchange capacity for acetic acid in NW is |ess than one

hal f thatwowiagsser and one quarter that of HCl from eit%ﬁxg Pr NVP WO
01/ 28651 PCT/ US00/ 27717 -5- ALES | TO 3 AND COVPARATI V| 5 AND 6

Addi tional breakthrough nmeasurenents wsre nade fromfour feeds containing,
1000 ppm acetic acid in varying anounts of NWP and water. The feeds and
exchange capaC|ty results are given in Table 2 Table 2 Exchange Exanple
NVP/ H O Cagagd: ( Oﬁpnparatlve 5 100/0 0.53 1 40/60 0.95 2 30/70 1.10

3 20/80 1. i‘ A& Fesul ts denonstrate that
dilution .‘_\"}‘1" N “—’ “”‘ NI cased resin exchange capacity

for acetic acid EXAI\/PLE 4 AND COVPARATI VE EXAMPLE 7
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

Table2
Exchange
Example NMP/H,0 Capacity meq/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 C, 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. Breakthrough
experiments were conducted with each feed and the results are provided in Table

3.
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Furt her breakthrough neasurenents were conducted. This tinme sanples of
fresh NW.and NV that had been used in the comrercial extraction of |ube
oils were used as feed. The comrercially used NVP contai ned a m xture of
aci ds incl ygdi ccinic and G to C4 organic acids havin cid
nunber as urrgiads]%re by KOH titration of about 0.5 nmgKOH g. ggf% 1‘('f;\llas
diluted 3:1 with fresh NMP in one case agd with water in another case to
provide two feeds of conparable acid content of .about 0.12 ngKCH g.

Br eakt hrough experinments were conducted with each feed and the results are
provided in Table 3. WO 01/28651 PCT/ q0/327717 -6 Tabl e 3 Exchange
Experi nent Feed Capacity me | 4 NWP/ 3 0.25 Conparative 7 NMP/ Fresh
NWP 1:3 0.19 Note the fresh resin capacity s increased by about—30% when
there is watef mixed with thg NWP. EXAMPLE 5 AND COVPARGHadeeEXAMPLE 8

Furt her breakfhroggh syremgnts were ducted o e(r)
| RA96 whi ch hzﬂ—b&pﬁwﬁﬁw@mﬁmm pl ant

and fresh NWP} and (2% pl ant VP anNM®HRO 18re usgd. Bre@RShrough

experiments wgre ﬁonducted WIA'[h mlﬁr%&%tl}? uged resb.rigand the results

are givenin

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 meg/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.



Exchange Exanple Feed Capacity ne | 5 Plant NWP H20 1:3 0.18 Conparative
8 Plant NMP/ Fresh NMP 1:3 0.02 Note the used resin capacity for exchanging
acids in the 100% NWP streamis negligible at 0.02 neq/g while the
exchange wopsgséstyy from a stream consi sting of 25% NWP aggm?,%y\ﬁt,er and
contai ning the same anmount of acids is substantial at O g/ g

01/ 28651 PCT/USOQO 27717 MAIM | | I1l-42211122 11 11 2111N 1111 C 1. A

met hod for renoving corrosive contam nants froma polar extraction solvent
conprising: adding water to the solvent to provi dﬂ“‘lﬁﬂﬂlmﬂ ﬁtﬂill ter
mxture; epdgMeentacting the mxture with a basi into
renove theé contaninants, wherein the anount of wat‘er “adbed"td tHe sol vent
I s an anount SUffICI ent to increase the exchange capaC|ty of the resin for

carboxylic acids ov t P t he absence pf water, addijion The net hod
of claimi1 wherein t Qﬁ%‘ﬁi 05 FERAYVIBE Comostye cpgtamipants from 3pofaf or 1 o

sol vent irhxrugg?- ‘ﬁwé 0:1 to about 1:1. 3. The nethod of claim?2
wherein the so é@%‘?ls . Sfl.'The met hod of claim3 wherein the ion

exchange resin is a basic resin. 5. The nethod of claim4 wherein the ion
exchange resinis a

and,

adding water to the solvent to provide a solvent and water mixture;

contacﬁné the mixture with a basic ion exchange resin to remove
the contaminants, wherein the amount of water added to the solvent is an amount
sufficient to increase the exchange capacity of the resin for carboxylic acids over
that in the absence of water addition.

2. The me_thod of claim 1 wherein the amount of water is in

volume ratio of water to solvent in the range of about 20:1 to about 1:1.
3. The method of claim 2 wherein the solvent is NMP.

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

resin,

5. The method of claim 4 wherein the ion exchange resin isa

weakly basic resin

_ 6. In the process of extracting aromatic hydrocarbons from
mixtures with naphthenic hydrocarbons using NMP as selective solvent 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
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weakly basic resin 6. In the process of extracting aromatic hydrocarbons
from mxtures with naphthenic hydrocarbons using NVWP as sel ective sol vent
wherein the NMP beconmes contam nated with carboxylic acids, the

i mprovenen i sing: recovering contam nated NWP; diluting the

recover ed m W|”11 water in the volune ratio of water to TUNF$IORAIY e
range of about 20:1 to about This Sheet s Been Replaced Il11i
flU11111111111 WO 01/ 28651 PCT/ US08/27717°-8- 1:1; contacting the diluted
NMP with a basic ion exchange resin whereby carboxylic acids are renoved
fromthe NWP, 7. The_ inproyenent of ¢laimé6 wherejn the volume ratio of

“water to NMPI;eon g Silyted HNMP with @ basic iop ex¢hange resipherely of claim 7
wherein the 1R j i 1 are renoved is stripped to
r enove addeadggwaﬁ?’é{ aﬁ%@?‘e‘g@%&&lﬁf’??imrl 112212 (ULEE 0L T 1t M
s This Sheet Has Been Replaced Jilt Il 111111 11111111111

7. The improvement of claim 6 wherein the volume ratio of water
to NMP is in the range or 5:1 to 1:1.

8. The improvement of claim 7 wherein the NMP from which
carboxylic acids are removed is stripped to remove added water and is recycled.
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