ADSORPTI ON PROCESS FOR ORGANI C BASE RECCNERY%%?C%';;— 4
" -AQUEQUS BRI NE SOLUTI ONS Cross-reference to Rel ated Appl I%S%
This application is a continuation-in-part of copending applt ca%n
Serial No. 08/291, 635. Background of the Invention 5
The present invention relates to a procgss for the recovery of am nes, -
am ne salts, guanidines, guanidiniumsalts, or m xtures thereof from

agueous brine sol utions. ' ar, esent invention
relates to a process for l\ﬂﬁ?%rd;g)ﬁvt@“oﬂ!ﬁ‘gﬁss F%gwpounds from
by- product aqueous bri nOBGANICBASEUIREGOVEBY: FROMe i nterfaci al

condensat i on pol yneri zati mg{EQWhmlﬁ aBOLUTION®sgene to form
pol ycar bonates, or fromthe displacenent reaction of bisphenol salts
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wi th the pho fye '@Jhi c solvents include chlorinated
al i phatic hydrocarbons, such as methyl ene chloride, chloroform
carbon tebrachl oride, The préisent inveationrelates toca poocassfonthe

tetrachl or oet paldgens bf Bhiihds, Sl salts, guanidines, guanidinium salts, or
mixtures thereof from aqueous brine solutions. More particularly the
present invention relates to a process for the reCovéry of such
compounds from by-product aqueous brine solutions resuiting from
10 the interfacial condensation polymerization of bisphenols and
phosgene to form polycarbonates, or from the displacement reaction
of bisphenol salts with various phthalimides.

In the practice of interfacial polymerization to produce

polycarbonates, a mixture of bisphenol and a phenolic chain-stopper

15 is phosgenated under interfacial reaction conditions in the presence
of an organic solvent, and in the presence of an effective amount of a
catalyst which may be an organic amine or amine salt or mixture
thereof. The bisphenol is present as an alkali metal salt in an
aqueous phase which is catalytically phosgenated by a suitable

20 catalyst dissolved in an organic phase along with the phosgene.
Suitable organic solvents include chlorinated aliphatic hydrocarbons,
such as methylene chloride, chloroform, carbon tetrachloride,
dichloroethane, trichloroethane, tetrachloroethane, dichloropropane
and 1,2-dichloroethylene; substituted aromatic hydrocarbons such as,

25 chlorobenzene, .o-dichlorobenzene, and the various chlorotoluenes.
The chiorinated aliphatic hydrocarbons, especially methylene
chloride, are preferred.



.and 1, 2-di chl oroet hyl ene; substituted aronmatic hydrocarbons such as, 25
chl or obenzene, o-di chl orobenzene, and the vari ous chl orot ol uenes. The

chl orinated aliphatic hydrocarbons, especially nethyl ene chl ori de,
are preferred. - 2-

An effective amount of phase transfer cafalyst for these reactions is
from0.05 to 10.00 nole % based on the noles of- bi sphenol or salt
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ei t her ba ; uous reactor reactors are, ., r exanpl e,
stirred tank rehainsteppetintothapaqueous phase.p Aqugoys alkali or @“ﬂﬁﬁf‘ﬂuous flow.

Additi onal T g et hifdrkiie 64n B tedts maintaih oe pH of theol umm and
rectreulating pﬁgéjge%%rt]itoln rlﬂ?xtutslrer \?vﬁ%\ocrésri be in the range of between about 7
to about 12.5 and preferably 10 to 12. Some of the alkali metal and
- 15 alkaline earth metal hydroxides which can be employed are sodium
hydroxide, potassium hydroxide and calcium _hydroxide. Sodium and

potassium hydrox_ides and particularly sodium hydroxide is preferred.

Phosgenation of the bisphenol can be conducted in a
wide variety of either batch or continuous reactors. Such reactors are,
20 for example, stirred tank reactors, which may be either batch or
continuous flow. Additional reactors which are included are agitated
column and recirculating loop continuous reactors.

The volume ratio of aqueous to organic phase during

and at the termination of the phosgenation reaction can be in the

25 range of 0.2-1.1. Reaction temperature can be in the range of -
between about 15-50°C. When the preferred organic liquid is utilized,
such as methylene chloride, the reaction may be conducted at reflux
which can be 35-42°C. The reaction can be conducted at
atmospheric pressures, although sub- or super-atmospheric

30 pressures may be employed if désired.

During phosgenation, the mixture is agitated, such as,
by using a stirrer or other conventional equipment. The phosgenation



The volune ratio of aqueous to organic phase during and at the
termnation of the phosgenation reaction can be in the 25 range of

0.2-1.1. Reaction tenperature can be in the range of bet ween about
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bisphenol as well as water soluble chloroformate hydrolysis products.
Thus, this aqueous phase may be characterized as a brine, typically
having a fairly high ionic strength usually at least 10% (by welght)
sodlum chloride.

15 The amines, amine salts or mixtures thereof used as
catalysts in the interfacial condensation polymerization may be
soluble in both the aqueous and the organic phases. Thus while the
organic phase may be conveniéntly recycied after recovery of the
polycarbonate polymer, it may be depleted in the concentration of the

20 catalyst or catalyst mixture. That is, the catalysts used have a finite
solubility in both liquid phases. Consequently as the process
proceeds the amine or amine salt catalysts dissolve out of the organic
phase and into the brine phase. This resuits in an undesirable loss of
an expensive catalytic component. Further, the presence of the

25 amine or amine salt catalyst may render the brine unsuitable for many
other uses even including simple dilution and disposal until the amine
or amine salt has been extracted from the brine by some suitable
process; heretofore typically either an energy-intensive extractive
steam dlstlllatton ora |IqUId-quUId extraction.

30 One step in the preparation of polyethenmldes is an
anhydrous displacement reaction between an alkali metal salt of a
dihydroxyaromatic compound and a monomeric or polymeric nitro- or



15 _ The ami nes, am ne salts or m xtures thereof used as
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reaction, a phas§° FQrpt a?'é?%‘:",n? tally a quaternary ammoni um

hal i de or hexasubstituted guanidiniumhalide, is usually enployed.
Further processing, which US Patert 42872220ddesatibas the preparation of aqueous

al kali sol ution, yLasis taspdndiBfi JortiBle, Mciading StyroPeqsiifine?é chdsslinked
~ with divinylbenzene, and briefly suggests their use as “absorbents for
15 organic fluids”. US Patent 4,729,834 compares such polymers
adversely with certain crosslinked (meth)acrylamides as adsorbents
for organic compounds. Neither of these patents deals with the
removal of organic bases from brine solutions of high concentration.
Moreover, in 4,729,834 it is considered important to use a
20 temperature gradient so that adsorption takes place at a higher
temperature than desorption.

It is therefore desirable to provide a means of removing
amines, substituted guanidines, salts thereof and their mixtures from
brine solutions. It is also desirable to be able to recover the catalytic

25 species therein in a fashion that would permit their recycle and re-use
as catalysts.

Summary of the Invention

There is provided in the present invention a method for
the recovery of compounds selected from the group consisting of
30 nitrogen and phosphorus bases and their salts (hereinafter
sometimes collectively “organic bases”) from aqueous solutions
having a high ionic strength by adsorbing said compounds onto an



aqueous brine containing the phase transfer catalyst and a relatively 10
‘hi gh concentration of at | east one salt such as sodium chloride,
sodi um brom de or sodiumnitrite. US Patent 4,297,220
descri bes the preparation of vari ous suspension polymers, including
styrene pol yners crosslinked W th divinylbenzene and briefly suggests
their use as "absorbents for 15 organic fluids". US Patent 4,729, 834
conpares such pol yners adversely thl$ Tertain crosslinked

(et h) acryl am des _as or bent ani onpounds. Neither of
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conmpounds sel ect ‘1‘%1"1‘”@@?6%8'@9%%’69 ﬁg‘%f'mﬂ?s n| trogen and

phosphor us bases and their salts (hereinafter sonetinmes collectively
‘organi ¢ bases") from aquednsoreoblits aspects, the ilvention is enpwtessifortias rengt h

b L adsorbi ng; gal 4 (CBHRUHEF offliriic Blses from an aqueous solution having an ionic
strength equivalent to a sodium chloride level of about 5-40% by
weight and having therein one or more of said organic bases,
comprising contacting said aqueous solution with a non-ion-
exchangeable adsorbent polymeric resin whereby said solution is

15 depleted in the concentration of said organic bases by the adsorption
thereof onto said resin.

Another aspect is a process for the desorption of organic
bases adsorbed onto an adsorbent polymeric resin, comprising
washing said resin with an effective amount of a solvent effective to

20 remove said organic bases therefrom, whereby said organic bases
are dissolved in said solvent.

Still another aspect is a process which includes both the
- adsorption and desorption steps described hereinabove.

Detailed Description; Preferred Embodiments

25 Preferably the process of the present invention is utilized
for the adsormtion, desorption and recovery of one or more amines,
amine salts, substituted guanidines, substituted guanidinium salts or
mixtures thereof. More preferably, the present invention is utilized for
the adsorption, desorption, and recovery of one or more of said

30 organic bases present either singly or as a mixture. Most preferably,



adsorbent resin. The brine is thereby purified of said conpounds. The

*adsorbed conpounds are washed fromthe resin by neans of anot her
aqueous solution. Mre particularly there is provided in the . present
i nvention a process for the recovery and recycle of such 5 conpounds or
m xtures thereof as phase transfer catalysts used in the I nterfacial
condensati on polynerization to produce pol ycarbonates, and/or in the
di spl acenent reaction of bisphenol salts mnéh i mdes to produce

nononeric or polyneric ether imdes. In one of its

aspects, the invention is a prqocess for the 10 _.adsorption of organic bases
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15 The catalysts employed in these reactions present
process management difficulties which the present invention
alleviates. High molecular weight amines and their salts have a
tendency to function as surfactants in addition to fulﬁllihg a catalytic
role in the process, hindering, for example, the break-up of a

20 polymerization emulsion; thus their continued presence is generally
not preferred. When low molecular weight amine or amine salts are
used as cataIySts, the high solubility of the resulting organic
ammonium salts renders most materials ineffective for separating the
ammonium compounds from the water solvent, aggravating losses. -

25 By providing a means for recovering such amines or amine salts, the
preferred lower molecular weight amine or amine salt phase transfer
catalysts or co-catalysts may be more advantageously employed
because losses due to aqueous solubility are minimized.

Some salts useful as phase transfer catalysts or co-
30 catalysts are

(R1)4Q+X- and



- 6- “the present invention is utilized for the adsorption, desorption,

‘and recovery thereof. The term"amne salt" refers
to the ionic salts of primary, secondary, tertiary and quaternary
amnmoni umions, and these 5 conpounds as well as guanidiniumsalts are

ni trogen conpounds. The preferred conmpounds recoverable by the process
of the present I nvention are tertiary and quatemary ammoni um and
hexasubsti t ut ed guani dinium salts. These preferences arise naturally
fromthe sel ection of catalysts and co-catal ysts enployed in the 10

aforenentioned reactions. T [~ 1\Ng,40 articular starting

mat eri al s and products desi(ﬁgzslgng%ﬁ&cdﬂﬁ?g?éﬂg ‘as ki netics,
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wherein R3 is a C1-g primary alkyl radical or two RS values with the
connecting nitrogen atom form a saturated heterocyclic radical. Such
compounds may be prepared by a three-step method from a
secondary amine having the formula (R3)2NH. The first step is the

15 phosgenation of said secondary amine to produce a tetrasubstituted
urea; the second is the further phosgenation of the tetrasubstituted
urea to form a chloroformamidinium chloride, also known as a |
"Vilsmeier salt" ; and the third is the reaction of the Vilsmeier salt with
further secondary amine to produce the hexasubstituted guanidinium

20 chloride.

The process of the invention preferably utilizes non-ionic
resins that heretofore have been disclosed as suitable adsorbents for
organic fluids as taught in the aforementioned US Patent 4,297,220
herein incorporated by reference. In contrast to the separation

25 processes taught in said patent wherein organic fluids are separated
one from the other, the present invention is a process wherein organic
bases are selectively adsorbed from aqueous media on a resin that
contains no ion exchange sites. More particularly, the present
invention provides a process wherein the organic bases are

30 adsorbed from an aqueous medium having a high ionic strength and



because | osses due to aqueous solubility are mnim zed.

Sone salts useful as phase transfer catalysts or co- 30 catal ysts are
[err] and : : -7-

[err] . wherein each Rerr] is independently CJerr] alkyl, Qis
nitrogen or phosphorus, X is halogen or -OR[err] and Rlerr] is H,
Cerr] alkyl or (Jerr] aryl. Tertiary am nes such as triethylam ne

al so function as catalysts. 5 These organi ¢ am nes and phosphi nes, salts
thereof and the like are “anmenabl e to r&€overy from brine solutions by

the process of the resent invention. = .@Quani di ni um
salts which are siaﬁ?F%W‘ng ﬂ@?vawaéhmdhadesm with Reaqisqus selution haying

conmpounds havi ng ahiew iohig$@end®. [err]

wherein Rerr] is a (Jerr] primary alkyl radical or two R3 values with the
connecting nitrogen atom forg a saturated heterocyclic radical C
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S
driven by ionic strength rather than temperature. Thus, itis

unnecessary to employ a higher temperature for adsorption than for
desorption although such a temperature gradient is not foreclosed.

The process has specific application in two reactions.

10  The first is the interfacial condensation polymerization of bisphenols
as illustrated by bisphenol A also known as 2,2-bis(4-
hydroxyphenyl)propane with phosgene to produce various
polycarbonates, wherein amine or amine salts or mixtures thereof

~ which function as phaée transfer catalysts in said interfacial process

15 are recycled and re-used by virtue of being recovered through the
application of the process of the present invention. The second is the
reaction of bisphenol salts such as bisphenol A disodium salt with
nitro- or halo-substituted imides such as 4-nitro-N-methylphthalimide,
4-chloro-N-methylphthalimide or 1,3-bis[N-(4-

20 chlorophthalimido)]benzene also known as 2,2’-(1,3-phenylene)bis[5-
chloro-1H-isoindole-1,3(2H-dione)], to produce bisimides or
polyetherimides.

The preferred adsorbents for use in the process of the

instant invention are suspension copolymers of monoethylenically

25 unsaturated monomers and polyvinylidene monomers. The
conditions of polymerization, particularly the choice of solvents and
precipitating agents, can be so chosen as to produce a copolymer
that has a fairly high specific surface area along with a useful
microporosity. Such high surface coupled with microporosity leads to

30 a greater accessibility of the adsorption sites, thereby providing a
superior adsorbent. Materials with high specific surface areas tend to
have surface work functions that provide a driving force for



urea to forma chl orof ormam di ni um chl ori de, also known as a

"Vilsneier salt" ; and the third is the reaction of the Vilsneier salt with
further secondary anmine to produce the hexasubstituted guani di ni um 20
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utilizes non-ionic resins that heretofore have been discl osed as
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évuny gomonomer as high as about 70-80 mole percent. Polymers of

this general type are available, for example, from Rohm & Haas under

the designations “XAD-4" and “XAD-7".

The invention comprises a process wherein an aqueous
15  brine comprising an /organic base and containing about 5-40% by
weight of dissolved salts as NaCl, i.e. a brine having a high ionic
strength, is contacted with a resin as described hereinabove. Other
salts, typically nitrites such as sodium nitrite, can replace all or part of
the NaCl on a mole-for-mole basis.

20 A principal feature of the invention is the fact that the
high ionic strength of said brine serves as a driving force for
adsorption of said organic base on said resin. Further, the use of
water during the desorption step as described hereinafter serves as a
driving force for desorption of the base from the resin.

25 Typically, the resin is present in at least one adsorption
column through which the brine passes in a downward direction. The
organic base is adsorbed onto the resin and the resuilting purified
brine may now be electrolyzed to generate chlorine or other halogens
without the hazardous generation of nitrogen tri-halide compounds,

30 diluted and safely disposed, or recycled as process water or brine
with or without any salt make-up that may be necessary.



as illustrat ed by bi sphenol A also known as 2, 2- bi s(4-

‘hydr oxyphenyl ) propane with phosgene to produce vari ous pol ycar bonat es,
wherein amine or amne salts or m xtures thereof whi ch function as
phase transfer catalysts in said interfacial process 15 are recycled and
re-used by virtue of being recovered through the application of the
process of the present invention. The second is the reaction of

bi sphenol salts such as bisphenol A disodiwpsalt with " nitro- or

hal o- substituted i m des such as 4-nitro- hkuﬂthlphthalinide

4-chl or o- N-net hyl pht hal i mi dgnar g rb |é)5§éé\l'§(ées<%’geg bF}’hW'ﬁ'sP'gﬂetS‘S adsorbed

chl oropht hal i m do) ] benzene al so
chl or o- 1H i soi ndoFesin vatiepurg watgrjor a bripe bawving a.smnm@m;lydower salt

pol yet herim des. content, i.e. alower ionic sTl”éﬁgﬂ'f hah tisat ﬁ&ﬁ%ﬁéﬁ‘iﬁe )Fgm fige in

the process of t rs of

i nvent i on ar suspen5| n COpPO
nmonoet hyl eni cal | yE§§e W%ﬁ@&?‘?f%&f’&!“?r&'ﬂ%ﬁ?ﬁ'g QW?M&QQ%E@ FHHEREr .
The cond ti bas ntqenwélwrprefém\pmcmﬁtltcuherdmecﬂbn ot beinepazkage! vent s

fhat has a'fai 1y oArDEdRERMan, £6P exiessh GFING b Fallh Yt i o Y™

m croporosity. Suaksbthgd eigahic base apdaegenerates the pasin whigh hm[obe re-30 a
greater accessi bi thh%%oﬁﬁﬁu%ﬂﬁ?ﬁ é?ﬂbé&ah?eﬁ}t di'iRé 8cé§s°i¥'ad

superi or adsorben ter I C surface area end to
have surface wor k PFORRSS wheretlm&trgmlg\haée l§ aglspthed and desorkad byawater

9- adsor i ORvask:WHich bisd eﬁB?é’fbﬁﬁe ﬁ?é’éhﬁitfblt furthe? aiksofptionsur face wil |
affect the types o m)l ecul e ﬂgr eferent lally adsorbed thereon. This

phenomenon then p sis for adsorption purification of
sui t abl e substrat es. The aforerrent I oned copol yners are suitable for
Various combinations and permutations of process

functions effective for adsorbing organic compounds soluble in brines
ontoa polymeric resin are included in the present invention. For |

15  example, two or more adsorption columns can be used in parallel
with appropriate switching valves such that while one column is being
operated in an adsorption mode, one or more of the others operates
in a desorption and/or regeneration mode. This process configuration
would have the advantage of permitting continuous operation without

20 any need to interrupt the flow of organic compound containing brine
to the resin containing adsorption column. The choice of which flow
scheme would be employed would depend on large part whether or
not the interfacial polymerization or other source process generating
the organic containing brine is being operated in a batch or

25 continuous mode. In the case of a batch mode, a single adsorption
reactor would tend to be preferred from the standpoint of process
engineering and economic considerations. In contrast, continuous
processes would tend to require a parallel adsorption train that would
permit continuous removal of the organic contaminants from the brine.

30 It will also be appreciated that art-recognized
modifications can be made in the process to accommodate the
recovery of guanidinjum salts from ether imide product streams.



5 the purification of organic phases. Particularly

preferred absorbents are highly crosslinked suspensi on pol yners of
aromatic and/or acrylic nononers such as styrene, ethyl acrylate and
met hyl nethacrylate. Crosslinking is typically achi eved by the

i ncorporation of divinyl conononmers such as 10 divinyl benzene. It is .
sonetines preferred to enploy a proportion of" di vi nyl conononer as
hi gh as .about 70-80 nole percent. Polyners of this general type are
avai | abl e, for exanple, from Rohm & Haas adder t he designations
"XAD- 4" and " XAD- 7". The invention conprises a process

wherein an aqueous 15 briReperdpeion whaklypes pimatalysiscareremployediini ng
about 5-40% Dby the syntHebié rédotidng o8 pRitess!of thé indhid invention JiiPhaie havi ng
a high ionic esto,‘r,(e“pggthf |sdc%;o€$€‘ﬁt edtvv!j[rF a.resin asi%rdescrl ed
her ei nabove. O hé&" Rrfeued; mepts,; $hephase transiar calalysts nitrite,
Zan repl ac?a ?I | t'ctypicaﬂy eniployed ir; ahdntisiatiad or athe iﬁtiﬂ@[pr@@éss Q@%mirg]e 20
princi pa a Q o | i C e . .. igh ionic
‘strength of sgi d%ﬁ’f‘n‘;e’ é@\}g@@ﬂ sgﬂg.r i@i‘%%&f%%c%al#soﬁgea&_ex'ﬁh@o‘?’bt i on of
sai d organi c basdooizable ar ioni¢ fornktheinpartitigrebetwear organic andtaguetusi ng t he
desorption step q%gg i £ r L Vi orce
for desorption 01?&{ e ggg@&%@%ﬁ%#@@é@eﬁ sg?@drféﬁ%fﬁ?e Frocess tefids vdrg%ie{:al ly,
the resin is predunetionohthe eraanie selvanter the ignic strength of the agMegUsh whi ch

the brine passes dglutiort@naWRe Gollitta6ads th thbae solutions2r gani ¢ base is '
adsorbed onto the resin and the resulting purified brine may now be

hazar dous genly ati on of i tOHRHFasH WRSR ATREdunaS, catelvet SyREm.ts and
saf el y di sposed, used,@necihat utiizgs bothss quaternany ofiganiccammonium sdit as a
without any salt OBk&s HRnbfe batdiystdnd &Y GRpAténated tertiary amine as a co-
catalyst, it becomes more important to consider the solubility of the
tertiary amine component as a function of the hydrogen ion
15  concentration, or pH. At pH values greater than 7, tertiary amines will
' tend to exist in aqueous solution as the solvated free amine. At pH
values ranging from 7 to 14, the highly lipophilic character of organic
tertiary amines provides a driving force for adsorption onto the
adsorbent resin. Thus the wash water utilized for desorption for the
20 recovery of mixed catalysts adsorbed onto the adsorbent resin should
have a pH below about 7, i.e. in the acid range. The acid conditions
of the wash water solution protonate the adsorbed tertiary amine,
converting it to an ammonium salt and thereby rendering it more
soluble in the aqueous phase.

25 Desorption may be facilitated by increasing the
temperature of the desorbing solvent, contrary to the disclosure of the
aforementioned US Patent 4,792,834. In the case of water as the
desorbing solvent, recovery of quatemary ammonium salt and any
adsorbed tertiary amine is increased by increasing the solvent

30 temperature from about 20° to about 90°C.

There are thus two modes of adsorption-desorption to
be utilized, depending on the type of catalyst system being used in



-10- The organi c base is desorbed by washing the

adsor bed resin with pure water or a brine having a significantly | ower
sal t content, i.e. a lower ionic strength, than that fromwhich the
organic base was adsorbed onto the resin. Washi ng nay be
countercurrent 5 but it generally preferably cocurrent to the direction of
bri ne passage during adsorption. The process of washing the resin
desor bs the adsor bed organi c base and regenerates the resin which may
be re- used. Consequently one enmbodi-kht of the process is a cyclic

process wherein organic base is adsorbed and desorbed by a water 10 wash,
whi ch al so regentheasydhesis reaction.f The finsttis pH indlepepdent;-while thecm@hﬂt i on

cycl es. dsh '
process funléltllllzoer?sa% 'dlé/% h8§|§s §8f§ﬁbﬂ%n orgggﬁgsma%% Eﬁlﬁg‘gl uble in
bri nes ont oCe AR Wﬁa@ﬂ% Ph%%@ raasfer icﬁtﬂliﬁi%(f!’ o theyadgpehentiresinvent i on.

For 15 exanple, two or nore adsorption colums can be used in parallel

wi th appropriate sw tchingThel foltewingdkeniples iid rRduioR2b cﬁc%bfél ng

operated in |on de., o f the thers er at in
a desorpti on%;ndﬂ@g{r% Eﬁ?eﬂgﬁ\é’enﬁ% pg'ﬂb%’@?@ &35)

woul d have t he advant age of permtting continuous operation wt hout 20 any
need to int errupExaMpfd ol of organic conpound containing brine ‘to

the resin containing adsorption colum. The choice of which flow

schene woul d be enpl oyed woul &uﬂﬁf’mﬂté}ﬁaf AhtnsRoHs 2805 ﬂ'ﬂen&‘ih ﬁad 2,7M0t

the interfacial polynerization or ot urce process gene
organi ¢ cont ai ni 8@ diameler,Passeaging gevelume ofn143.h3tach was clrarged withn@dus

nmode. In the cas @f-« mvcﬁ noRd8n- ﬁcﬁhﬁﬁéé’ol@%&ﬁéﬂ”styrene- reactor woul d

tend to be prefe romthe standpol nt roc engi neering and
econom ¢ cond de#ﬁ’t‘“\ﬂhgnzqﬂﬁ EBﬂ?Q n ceeﬁlymfrdiﬁ"ng a proposiit 88s woul d t end

to require a par divirglibenizerieotnitsioh 16 Bradess W@Bbd'nole percbﬁt mrhecaaIMmtli;musl |
W

| of th
5o b appr eci ale8 RATIRRLAFS) BAByiatst 3R HS gl firpdied from the 198 Gface ' 1
the process to atecolodat.eAsithe column wasdilledy\nmtetgwallrdbasedlfm the from

ether imde prodyghoii {FG¥Gvent overflowing. After filling the column-with wet resin,
15 - each end of the column was tightly fitted to restrict expansion of the
packing material. '

t he

A peristaltic pump was then used to pump through the
column, at 24°C, a synthetic brine which was a 20% aqueous solution
of NaCl doped with 560 wppm methyltributylammonium chloride

20 (MTBA). The brine was pumped through the resin-containing column
at a rate of 20 ml/min, which is a space velocity of 8.4 column or bed
volumes per hour.

The column eluent was monitored to determine the
efficiency and completeness of adsorption. Breakthrough, defined as
25 when 1 wppm of phase transfer catalyst was detected in the eluent,
was observed when approximately 6 kg of brine had been passed
through the column.



Dependi ng on what types of catalysts are enployed in the synthesis
reaction, the process of the instant invention wll have one of two
preferred enbodi nents. The phase transfer catal ysts typically enpl oyed
in an interfacial or ether imde process are anine 5 salts or guanidinium
salts. Since these salts already exist in an I oni zable or ionic form
their partition between organi c and agueous phases in the various
process streanms of the process tends to be.3g. function of the organic
solvent or the ionic strength of the aqueous ~ solution and the solute

| oads in those solutions. 10 : In contrast, when a m xed or

bi nary catal yst system|s used, one that utilizes both a quaternary
organic annoniun1§§ﬁ?"ﬁgea2 phase transfer catal yst and an
unprotonated tertiary amne as a co- catalyst, it becones nore

i nportant to consider the scThédprodeduré of Bxample 1 wasirepeatedrusimgc@nponent

Greater than 7. t SYDHEHY SR dbB itn 585 Sih FrrBR. HieaRirolign el ™ 1°°

sol ution as the sdbsenet after12kgef brinie had passed thtough theroglurgnf rom 7 to

14, the highly lipophilic character of organic tertiary am nes
provides a drigi ngefontfef @ adsorption onto the adsor bent resin.
Thus the wash water utrlirzed for desorption for the 20 recovery of m xed
catal ysts adsorbed onto the adsorbent resin should have a_pH bel ow

about 7, i.e. in the acid r ahiy@ pragaduseiaf Fc_’?@ﬁ'éﬁ"ﬁibW@ repeategk using ash
water sol ution proiypigét: bfife #0peawith § $2 Wi MTBAE. BreakthroG§RWds | Ng it

t ' It and th 4l t I th
aguggugmgﬁglsgm Sé obsélved & re?% krgeglcfrrlﬁen Rad paréggg through the cuotfuﬁml. nine

Example 4

10 . The procedure of Example 1 was repeated, using a
synthetic brine having a salt concentration of 13.5%. Breakthrough '
was observed after 6 kg of the brine had passed through the column.

Example 5

The procedure of Example 1 was repeated, except that
15  the synthetic brine was replaced by a reaction brine from the aqueous
phase of a commercial interfacial polymerization of bisphenol A,
containing NaCl, low levels of phenols, methylene chloride and
carbonate salts and doped with 560 wppm MTBA, and the column
temperature was 20°C. Approximately 8 kg of brine solution was
20 passed through the column before breakthrough was observed.

Example 6

Regeneration of the column used in Example § was
accomplished by stopping the flow of brine and washing in a
countercurrent direction with deionized water. The column was then
25 eluted with a catalyst-free commercial reaction brine containing 1000
wppm methylene chloride (1 g methylene chloride/ 1000 g brine).
After 16 kg of the brine had passed through the column, breakthrough



25 : Desorption may be facilitated by increasing the
tenperature of the desorbing solvent, contrary to the disclosure of the
af orenmenti oned US Patent 4,792,834. In the case of water as the
desor bi ng sol vent, recovery of quaternary amonium salt and any .
adsorbed tertiary amne is increased by increasing the solvent 30
tenperature fromabout 20[err] to about 90[err]C

There are thus two nodes of adsorption-desorption to be utilized,
depending on the type of catalyst system b_ei'ag used in

-12 - the synthesis reaction. The first is pH independent, while the
second utili L.di qd .Ssol ution t.p wash,Qr.desorb e

adsor bed co- cas %a@%&gﬁﬁ%ﬁaéggﬁﬂﬁﬁfoﬁh% QE%%BV‘E{‘E qhﬁ)glléjq ﬁ%u"a‘?fi&}eoe nt
resin. column to swell. f ol | owi ng exanpl es of a reduction to practice
are 5 illustrative of the present invention. Al percentages are by

wei ght. Exanple 1 A simi : | 560 i | 4 j ons
25 cmin length and 2 glr%nl(ljalrbnne doped\mﬁﬁl w&@/ﬁ‘?ﬁ@%@%%%?& cc,

: Z. apeter, possessi ng _
was charged with $frough thg calumpandibrealihignghvasebseivgd a%i8&-ka ok brinent
styrene- 10 divinyl benzene suspensi on copol ymer having a proportion of
di vi nyl benzenesunigyaraplé hg order of 70-80 nole percent. The colum
was partially filled wth water and the resin introduced fromthe top of

e o e ol b HegtRuigh R 8 SELRRS el Sormete, 15
each end of the cd,dhe idertical brinewds used exceptethat antadditionad i1000akpprine '
of triethylamine was added. The pH of this brine solution was about
10.5. After 3.4 kg of this doubly doped brine had passed through the
10  column, breakthrough of the MTBA was observed. Both MTBA and
the triethylamine were adsorbed onto the column. |

Example 8

The procedure of Example 5 was repeated and
additional brine was passed through the column and the level of
156 MTBA in the eluent was monitored. The results are listed in the
following table. '



packi ng materi al . | A peristaltic punp was then used to

punp through the colum, at 24[err]C, a synthetic brine which was a
20% aqueous sol ution of NaCl doped with 560 wppm :
met hyl tri but yl anmmoni um chl oride 20 (MIBA). The brine was punped through
t he resin-containing colum at a rate of 20 M/ mn, which is a space
vel ocity of 8.4 columm or bed vol unmes per hour.
The col urm el uent was nonitored to deterni i@ 1 He ef ficiency and
conpl et eness of adsorption. Breakthrough, defined as 25 when 1 wppm of
phase transfer catal yst was detected in the el uent, was observed when
approximately 6 kg of brine had been passed -t hrough the colum. .
- 13- Exanpl e 2 The procedure of Exanple 1 was
repeated, using a synthetic brine doped with 280 wppm MIBA
Br eakt hr ough was - observed kg of brine ha ough the
colum. 5 Exanple 3 grir?é, i(% The procedure%(wgég:ﬂa-%1 was
repeat ed, using a synthetic brine dopedlevelnh wppmppm MIBA.
Br eakt hr ough was observed after 28 kg of brine had passed through the
col um. 8 1.16

9 3.02

10 . 11.7

11 | 139

12 79.1

13 ' 143 °

14 163

15 _ . 236

16 395

17 427

18 476

19 459

20 464

Example 9

The procedure of Example 1 was repeated, except that
5 the column was charged with “XAD-7", a non-ion-exchangeable
adsorbent copolymer similar to “XAD-4" but having methyl
methacrylate units rather than styrene units, and the synthetic brine
had a NaCl concentration of 17.6% and was doped with 480 wppm



Exanple 4 10 - The procedure of Exanple 1 was repeated, using

‘a synthetic brine having a salt concentration of 13.5% Breakthrough
was observed after 6 kg of the brine had passed through the col um.

Exanpl e 5 ~ The procedure of Exanple 1 was repeated,
except that 15 the synthetic brine was replaced by a reaction brine from
t he aqueous phase of a commercial interfacial polynerization of

bi sphenol A, contai ning NaCdl, |ow | elbl-s of phenols, nethylene :
chl ori de and carbonate salts and doped with 560 wppm MIBA, and the
col urm t enpTBAurApprexinately 2180kg shdoped hminel sol@tidrowas passed@ sol ution

was 20 passed tthfwwhb%'ﬁﬁ*ﬁ%@e}ﬁgeféﬁﬁﬁnﬁ t@sgé%gﬁmobserved.

Exanpl e 6 ed in Exanple 5
was acco ishe? b¥ stopping the flow of brine and washing in a
count ercurrent X2plen1Qi t h dei oni zed water. The col utm was then 25
eluted with a catalyst-free commercial reaction brine containing 1000

IS e e (e Oty
) egbri se r ou he, \

-14 g s ﬁ@?@gaﬁqé%asaag ?%qu&&fcﬂk 'W?"Ecﬁiﬁ%yg HFReWatRrovasie caused

t he col urm passeddhtaugh the resin-containing column-at 20°C in a '

- countercurrent direction at a flow of 4 ml/min which is a space velocity

of 1.58 ml/hr. No significant levels of MTBA were observed in the first

70 g of water exiting the column during the wash. As the wash water
10  exited the column, the level of MTBA rose quickly to a maximum value

of approximately 30,000 wppm. Use of 1,000 g of wash water

allowed for recovery of approximately 90% of the MTBA adsorbed

onto the column. The level of MTBA in the wash water after 1,000 g of

wash water had passed through the column was approximately 1,000
15 wppm. ]

Repeating the water wash at 80°C, the peak level of
MTBA was observed in the wash water exiting the column is 46,000
wppm. Again, the level of MTBA in the wash water after 1,000 g of
wash water had passed through the column was approximately 1000
20 wppm. ' '

Example 11

The desorption procedure of Example 10 was performed
on the nearly saturated resin as prepared in Example 9. Peak MTBA
concentrations in the wash water varied as a function of wash water

25 temperature. At 20°C the peak MTBA concentration was 50,000
wppm and at 80°C it was 141,000 wppm.

Example 12

The desorption proéedure of Example 10 was repeated,
using the resin from Examples 5-6. The MTBA desorbed in a fashion



A siml af bri ne doped with 560 wppm MIBA was passed t hrough the col um
-and breakt hrough was observed at 8 kg of brine. 5 Exanple 7

Fol | owi ng regeneration of the colum used in Exanple 5, the identical
bri ne was used except that an additional 1000 wppm of triethylam ne
was added. The pH of this brine solution was about 10.5. After 3.4 kg

of this doubly doped brine had passed through the 10 colum, breakthrough
of the MIBA was observed. Both MIBA and -17-the triethylam ne were
adsorbed onto the col um. Exanpl e 8 The procedure

of Exanpl e 5 wassimitardodtiatobserved indtidampleal 1 withnhe exeepliors titatthe ough t he
colum and the | pygh é?icr?lgrﬁas'%%){lé;ﬁ gﬁlo‘?idéeﬁgo‘%iom)éﬂ.tored' The results

are listed in the

oW ng .
-15- Brine, kg El uent MIBA
| evel , wppm Example 13 8 _ 1.16

Recovery of MTBA from the sorbed resin of Example 9,
5 which contained added triethylamine, using pure wash water
appeared to proceed in the same manner as a normal desorption.
However, a subsequent adsorption using a brine also containing 560
wppm MTBA failed to treat the expected 8 kg of brine. Pure water
washing apparently failed to remove all of the adsorbed triethylamine.
10  Washing with a slightly acidic water solution, pH below about 5.5, did
- remove the remaining adsorbed triethylamine. At pH's above about
9.5, the free triethylamihe did adsorb well onto the resin.

Example 14

The resin used in Example 11 was washed with pure
15 water at a flow rate of 2 ml/min, which is a space velocity of 0.79
mb/cc/hr. The peak concentration observed for the MTBA was 11,000
wppm. Essentially all of the adsorbed MTBA was recovered with a
200 ml water wash.

Summarizing Examples 1-14: Examples 1-3
20 demonstrate dependence of breakthrough on the concentratior: of
quaternary ammonium salt present in the brine, suggesting a fixed
adsorption capacity for the resin. Example 4 demonstrates that
adsorption of the quaternary ammonium salt onto the resin is
_independent of salt concentration in the brine. Examples 5-6 show
25 that while other organics such as methylene chloride may adsorb
' onto the column, the adsorption of the quaternary ammonium salt is
not inhibited thereby. Example 7 shows that the addition of other
nitrogenous compounds to the brine proportionally reduces the ability
of the resin to adsorb the quatemary ammonium salt. Example 8
30 demonstrates that the resin still retains adsorptive capacity even after
breakthrough. Example 9 demonstrates adsorption using an



9
11,7

12
143
15
395
476
20

3.02 10
11 13.9
79.1 _ 13
14 163
236 16
17 : 427 18
19 459
464 . Exanple 98- - The procedure

of Exanple 1 was repeat gd, except that 5 the colum was charged with
a non-i oriterwdtivegesin. e Exampéel 40 rdeenonstaies gountescurrératr t o " XAD- 4"

"XAD- 7",

but havi ng net hyl

synt hetic brine

480 wppm

10

15

20

cospyFT "ELANIE e o oty Uiy, o

desorption with an increasing temperature of the wash water.
Example 12 demonstrates that swelling of the resin by adsorption of
an organic compound such as methylene chloride does not interfere
with desorption. Example 13 demonstrates that recovery of a mixture
of amine salts and tertiary amines is facilitated by the use of an acidic
water wash desorption. Example 14 demonstrates desorption using
the alternative resin.

Example 15 '

A column similar to that of Example 1 and packed with
the same resin was employed in the same manner to remove
hexaethylguanidinium bromide from a synthetic brine consisting of
914 g water, 247 g sodium nitrite, 9.14 g 50% aqueous sodium
hydroxide solution, 9.08 g hexaethylguanidinium bromide and 700 ul
toluene. The resin was initially washed with 1 | of deionized water
and was then preconditioned with 1 | of 20% aqueous sodium nitrite
brine. Synthetic brine, 1 |, was then introduced at 20°C and 20
ml/min. The process was followed by calorimetric analysis of the
effluents at various stages and dilutions, using a methyl orange-boric
acid indicator. Breakthrough was observed at 600 ml. Desorption
was performed at 20°C with deionized water.



- 16- MIBA. Approximately 2.8 kg of doped brine solution was passed

“through the colum before breakthrough was observed. Exanpl e 10
Recovery of MIBA fromthe XAD-4 resin used in 5 Exanples 1-6 was nearly
identical inall cases. Pure water was passed through the

rowor a o A AAMAMMMARILECE Vol Sy °%of T atvamrimer e e ”t ’
significant |eével’s 6f MIBA were observed LRgt-he firgf RERQAGEDf wat .r

exiting the colum during the wash. As the wash wate

columm, the level of MIBA rose quickly to a maxi num val ue of |
appr oxi matel y 30,000 wopm Weat @ clailB@ist of Wash water al I owned for
recovery of approximately 90% of the MIBA adsor bed onto the col um.

The | evel of MIBA in the h wat er a wash wat er had
passed t hrough the col um sAaRf PS%F&rtbefd%owg)mo%orgapmases from an
Repeat i ng thehvvataquemsrsdmlcﬁﬂhavmbt@n tdm? strekgtred |v§|fent to a M%nwiaal "
bserved in the

the level of WBAW“"!%‘&@éﬁ%bg? e by @ggb%aa aving thergicy o ok had
passed through t fecEPhsaiderganishasesywompri cogtactipgsaid aqueotdrxanpl e
The desorpti sofft f early

sat ur at edpr eg?npaﬁ? %ﬁéfgﬁltﬁ 3 ﬁéﬂ%h%ﬁ%ﬂa\gﬁéﬁﬂ%éﬁﬁgm po"'“ﬁ%&e&%@t ions in
the wash water vYRIgb¥said poltionds @P’%énn\xhe@pneentmmpefaandm;ganic

20[err] C the peabmaxbm@cmgdrpﬁmmémféﬁt&%d resin.Wepm and at 80[err]C
It was 141, 000 wppm Exanple 12

2. The process of claim 1 wherein said organic base
- comprises an amine.

3. The process of claim 1 wherein said organic base
comprises an amine salt.

4. The process of claim 1 wherein said organic base
comprises a mixture of an amine and an amine salt.

5. The process of claim 1 wherein said organic base is
selected from the group consisting of tertlary and quaternary
ammonium salts.

6. The process of claim 1 wherein said organic base
comprises a guanidinium salt.

7. The process of claim 1 wherein said resin is a’
suspension polymer of an aromatic or acrylic monomer with a divinyl
comonomer, said divinyl comonomer being employed in a proportion
of about 70-80 mole percent.

8. A process for the desorption of organic bases
adsorbed onto a non-ion-exchangeable adsorbent polymeric resin,
comprising washing said resin with an amount of a solvent effective to
remove said organic bases therefrom, whereby said organic bases

5 are dissolved in said solvent. '

Thls Sheet. Has Been R

W fill



.The desorpiion procedure of Exanple 10 was repeated, using the resin
from Exarrpl es 5-6. The MIBA desorbed in a fashion

-17 simlar to that observed in Exanple 11 with the exception that
t he res;v#lm mm(rlﬂmmtlm | ene chloride als ehad Exanpl e 13
Recovery of ed resin of Exanplip TS SHE®hHAR HEeRf i ned
added tri et hyl ami he, " udl nd plire wash water ppeaiREg$LacEPr oceef] in the
same nanner as a nornal desorption. owevers : rption
using a brine also containing 560 vvppm MIBA failed to treat the
expected 8 kg of brine. Pure water washi ng apparently failed to renove

all of the adsorbed tri etg1yfﬁggg@cesg(bf %ﬁhé%%mha sqdl\'l&ntléﬁvsag di c water

sol ution, pH bel ow about 5.5 enove t remal nl g a
triethylamne. At pHsa bout thefreetrlethylamne did
adsorb wel | ‘onto the resi eTﬁe prom&ﬁciaan wherein said organic basgse resin
used in Exanpl colﬂpnmeam/aahnd, with pure 15 water at a flowrate of 2
m/mn, which is a space velocity of 0.79 m /cc/ hr. The peak

concentration observed faorg t Es entlally al |
of the adsorbed MIBA wasqr1ec-g@e:¥g%\gaﬁ éém?gq"h?%’ ﬁ?\lﬁfﬂgg

Summari zi ng Ex&ﬁmmeelammmmm es 1-3 20 denonstrate dependence of
br eakt hrough on the concentration of

12. The process of claim 9 wherein said organic bases
comprise a mixture of an amine and an amine salt.

| 13. The process of claim 9 wherein said organic bases
are selected from the group consisting of tertiary and quatemnary
ammonium salts.

14. - The process of claim 9 wherein said organic base
comprises a guanidinium salt. _ -

15. The process of claim 9 wherein said resin is a
suspension polymer of an aromatic or acrylic monomer with a divinyl
comonomer, said divinyl comonomer being employed ina proportion
of about 70-80 mole percent.

.16. A process for adsorption and desorption of organic
bases, comprising:

adsorbing said organic bases from an aqueous solution
having an ionic strength equivalent to a sodium chloride level of
5 about 5-40% by weight and having therein one or more of said
organic bases, by contact of said aqueous solution with a non-ion-
exchangeable adsorbent polymeric resin whereby said solution is
depleted in the concentration of said organic bases by the adsorption
thereof onto said resin; and

10 desorbing said organic bases by washing said resin
with an amount of a solvent effective to remove said organic bases
therefrom, whereby said organic bases are dissolved in said solvent.
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quaternary ammoni um salt present in the brine, suggesting a fixed
-adsorption capacity for the resin. Exanple 4 denonstrates that
adsorption of the quaternary ammonium salt onto th¢ I
i ndependent of salt concentration in the brine. i
whi | e ot her organics such as methyl ene chloride nay
colum, the adsorption of the quaternary ammoni um salt
i nhibited thereby. Exanple 7 shows that the _addition of ot her

ni trogenous conpounds to the brine propor tfi®nal | y reduces the ability

of the resin to adsorb the quat er nary ammoni um salt. Exanple 8 30
"denonstrates that the resin 2 retains sor% %e ca ath even after
br eakt hrough. Exanple 9 dendfist @§°§§§8Fﬁ Bn' Q¥ ﬁbe'ﬁ he solvent is

-18 - al t ermaterve resin. Exanple 10 denonstrates countercurrent
desorption. Exanple 11 dermnstrat es an increasing efficiency of
desorption with an increasi

12 denonstrates that swelli ﬂg of t g&%gg?:;}%[) sg@% |'(¥)*?1§ag ° anlc b?éggﬁ
compound such as GRIPRY$R A8 @MNA-i de does not |nt erfere W|th
desorption. Exanple 13 denonstrates that recovery of a mxture of

ani ne- sal ts and tertiary amigesTtigpitestiof eleth 7 whefohiaidlorganiotiales
wat er wash desor &REBS%%%FF gem)nstrat es desorption using

alternative resin: A col um S|mlar to
that of Exanple 1 and packed W|th the same resin was enployed in the
“sane nmanner to renove ROx akhenprapessiodickainn Hwhereia said orgasigrbdsesi c

brine consisting @mprise a mixture of an amine and an amine salt.

21. The process of claim 17 wherein said organic bases
are selected from the group consisting of tertiary and quaternary
ammonium salits.

22. The process of claim 17 wherein said organic base
comprises a guanidinium salt.

23. The brocess of claim 17 wherein said resin is a
suspension polymer of an aromatic or acrylic monomer with a divinyl
comonomer, said divinyl comonomer being employed in a proportion
of about 70-80 mole percent.
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914 g water, 247 g sodiumnitrite, 9.14 g 50% aqueous sodi um 15 hydr oxi de
sol ution, 9.08 g hexaet hyl guani di ni. um brom de and 700 [err]| t ol uene.
The resin was initially washed with 1 1 of deionized water and was
then preconditioned with 1 1 of 20% aqueous sodi um ni tgit=e BT 1T,
Synthetic brine, 11, was then introduced at 20[err]C &f
The process was followed by calorinetric analysis of t
vari ous stages and dilutions, using a methyl_ orange-bo&E=e

i ndi cator. Breakthrough was observed at 60 %1 . Desor ption was
performed at 20[err]C with deigni ter. What is
clainmed is: 1. A pr oce@é@%ﬁﬁ@'&dfcﬁ%ﬁﬁsofgﬁ al yst-derived

salts sel ec'éled fr_o;ln_ t he grolL?Rmmet BASEf RECOVERY2/'FROM quat er nary
amoni um and guani di ni um sal t s, f, ague r g an ionic
strength equivalent to a sodi Mﬂ%eaﬂggﬁ 5@"2@38@@40% by wei ght and
havi ng therein one or nore said catal yst g%rttl%gg salts, said brine being
produced in a displacenent reaction betw@ | kali metal salt of a
di hydr oxyaromati c conpound and a nononeric or polyneric nitro- or halo-
substituted aromatic conpoudih adgopiinp Rracessbses epnon-ionyexechangaablest er
catal yst and at | A ialaf o s 1 de,
2asbriyi gylﬁﬂé?c TBdift of B Hdn'o%tl';ﬂ%rblieﬁyj %nﬁtu?&t@ﬂ‘

conpri si ng: tacting sal

aqueoy -
non-i on- exchangea®iQnomer such as styr, ﬂgc?r"ﬁ’e%g’ Iylidene meaemeRsUFRAS sai d

brine is depl et ed divinylbenzene for thetdtisonstivreot ofjanitbases; aiuth amines,
cat al yst-deri vgd sal.ts by the ‘z,ivﬁ_sorﬁt lhg.n thetr eof., ont o sai d
2. 19

resin. amipg & cﬂfpsgu%'?idw'ﬁprﬁaits e ki %E?r%ﬂtpsqq%&‘isved :
salt is selected fsolutionse Desorption nsaysbe employea faritheyeconeryoitsaichar y

amoni um organic bases, and said adsorbent resin may be regenerated.




1 J

salts The process—of claim1l wherei | ngeri ved
al t corrprlsesa uani di ni um s 4. %m?&j iim 1
vvhereln said re lT“ wllﬂl Hﬂ nﬁlon pol ymer of an jrjomatic or acryjlijc
nmononmer with a sai d d| vi nyl coponore] MARI 1889 erfpljoyed i n
a proportion of about l‘70 80 nol e perce 5] The procegs jfor the

adsorption aof catalyst-derived salts sel ect ed from the group consijsting of
tertiary amne, quaternary amoni um and guanidiniumsalts,_ conprisiing:

- 20- ad\i\lhaiiiaglaimed isat al yst-derived salts fr om an aqueous
bri ne hav an | ren th iva nt. t m,chl ori de
| evel : ﬁ‘ﬁﬂﬂ?e%s @5 Jéeb P ‘Nf 0 Wﬁtﬁﬁﬂ"?‘ﬁ%ﬁ?‘ %ﬁ@d nor e
of from fivd @réi?d b&nsi%ﬁhgl dirteffarpeimifieP Ratsrbdny BnimshitiRl apgment

reacti on between an al'kali netal salt of a di h%dr oxyaromatic
conmpound anguanidinidme salis ofrofolameaqueonst bdneohawingoan ionic strength

caral yst - anupaepk fo 83T nRAEIBUR It BIRRA by wejght and haihg™' ¢
broni de, bythepsihasie 6F nore Sarfibgalyst-derived valtd) shidBfiné Being produced _
exchangeabl e adsorbent polyneric resin mhereby said brine S

depl eted i nint hd clisRlaegnant ofeastionaiketwaen| \an - alkali v metah salt of a by
the adsor pt yg0qfe/afthafil LBmpuld'afd &' mdfidtheric or polymeric nitro- or halo-

substituted aromatic compound and compound and comprising phase
transfer catalyst and at least one alkali metal nitrile, chloride or bromide,
comprising :
contacting said aqueous brine with a non-ion-exchangeable
adsorbent polymeric resin whereby said brine is depleted in
the concentration of said catalyst-derived salts by the
absorption thereof onto said resin.

2. The process of claim 1 wherein said catalyst-derived salt is
selected from the group consisting of tertiary and quaternary ammonium
salts. |

3. The process of claim 1 wherein said catalyst-derived salt
comprises a guanidinium salt.

4. The process of claim 1 wherein said resin is a suspension
polymer of an aromatic or acrylic monomer with a divinyl comonomer, said
divinyl comonomer being employed in a proportion of about 70-80 mole
percent.

5. The process for the adsorption of catalyst-derived salts
selected from the group consisting of tertiary amine, quaternary
ammonium and guanidinium salts, comprising :



desorbing said catal yst-derived salts by washing
with an anount of a sol vent effet;:tive to renove

e

*

the solvent is water." 7. Th& process o

. n
catal yst-derived salts are selected fromthe group consisting of t
and quaternary anmoniumsalts. . .. Th B~
sai d cat'al yst-deri veoﬁ@ﬁﬂrp@gﬁﬁ%P?@Y%‘%ﬁyﬁF’cﬁq?ﬁsﬁm@zﬁ“c aqueous brin
process of claim6 Wé\ﬁh@raﬁa?lﬁﬁ%géggméq@véléﬁ%é@@iuﬁ%

conononer , sa”ﬂ8§|V|n

aromatic or acrylic nono VI ny
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-21 - 17., . The pr oqgss of cl.aim 18u&@§riﬁig éi

wat er . said salts, said brine being pro

reaction between an alkali metal salt of a dihydroxyaromatic
compound and a monomeric or polymeric nitro- or halo-
substituted aromatic compound and comprising phase
transfer catalyst and at least one alkali metal nitrile, chioride
- or bromide, by contact of said aqueous brine with a non-ion-
exchangeable adsorbent polymeric resin whereby said brine
is depleted in the concentration of said catalyst-derived salts

- by the adsorption thereof onto said resin; and

desorbing said catalyst-derived salts by washing said resin
with an amount of a solvent effective to remove said catalyst-
derived salts therefrom, whereby said catalyst-derived salts

are dissolved in said solvent.

6. The process of claim 5 wherein the solvent is water.

7. The process of claim 6 wherein said catalyst-defived salts are

selected from the group consisting of tertiary and quaternary ammonium

salts.

8. The process of claim 6 wherein said catalyst-derived salts

comprise a guanidinium salt.

he solvent is
splacement

9. The process of claim 6 wherein said resin is a suspension

polymer of an aromatic or acrylic monomer with a divinyl comonomer, said

divinyl comonomer being employed in a proportion of about 70-80 mole

percent.



18. The process of claim 17 wherein said organic bERQPLﬁ@EMH\EFSE Eg |

19. The process of claim 17 wherein said organic b3s [ I ne
salt. 20. The process of claim 17 whe¢re¢in slai d orggan c{ bases
conprise a mxture of an am ne and an am ne salt. 2 7 MAR 199921 he

process of claim 17 wherein said organic bases are{s cted fromthef group
consisting aof tertiary and quaternary amon?ltm sal {s.
process af claim 17 wherein said organi c base conprrses—a—guani-dinium salt.

23. The process of claim1l7 wherej id resin_is suspensi on pol ynmer of

an aromatic or acrylic mnomr&ﬂéﬁ%&ﬁnfﬁR%EMB&ai d divinyl

conononer bei ng enpl oyed i n QRBANICt BASEl RECOVERBOFROM percent.
AQUEOUS BRINE SOLUTIONS

Abstract

An adsorption process uses a non-ion-exchangeable
adsorbent polymeric resin of a monoethylenically unsaturated
monomer such as styrene and a polyvinylidene monomer such as
divinylbenzene for the adsorption of organic bases, such amines,

5 amine salts and guanidinium salts, from high ionic strength aqueous
solutions. Desorption may be employed for the recovery of said
organic bases, and said adsorbent resin may be regenerated.



