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PROCESS FOR THE | SOLATI ON OF ARQVATI C XYLI C ACI DS FI ELD OF THE
| NVENTION S This invention rel ates to”m r the i 93IDdcenoben20G
aromati c hydroxycarboxylic acid fromits rppes or dialkcali nmetal salts.
More parti oM ae/Oys3this invention relates to such a process gdar/wdvoahsgshese
salts are electrodialyzed in the presence of ot her sel ect ed al kali netal

salts to reduce overvglpnggggbRt TIGI@@@AR@MR Al kali metals
and their hydroxides may e nom ca y recycl ed in the
process. BACKGROUND CF THE I Q§xycar boxylic acids and
di carboxylic acids are | nportMngm@MENmome manuf act ure of

comrer oi & P oduC s flng8X AIRLE NSl BEKRI0IRGE R0h BB 15 Used to

make parabens and TS 51 yesters, and

sal i cyclic abydroxysarhpaybixgeie frewiits raenad pr dlgikalswtal@altﬁau\éommqmm Y,

Tradi tional | shis iventRin rélatey & %Hﬁ%imz‘symlvﬂu@ﬂhéb‘é smeemu&aﬁ?wla@diuftsl ng the
netal, sa or an

Kol be- Schm t t K
KoL o SO s SaEhL o ekl 8561 s SHE e B Sl
t enper at ur e eftlie glectslysis. Alkadi el endSthkimhydroxidesmiay he berapletdynamd 20 st andard

procedurﬁ)fogco;lgﬁl&lggggy@fe[i%thg prReQmat i c hydroxy acids for over 100 years,;
see for instance al . Ch _ . 57, | . 583-620 (

1957) incorporated by referefe y 3 ocess is conpl ex
and difficult to Ammatxcrhyﬂkowya@b@qﬁemus mramiéaibcixyrlmragxdshﬁqmpommch adds to

car boxyl at 1 osoroieff in Bedfdfipenat B ommcinlibbi BOOBURNE, 10 |
hydr oxycar boWb’d@xﬁbﬂnaOlC@Q@s(?Hﬁﬁ)aﬂ used & mpke pasabgns gnd is@lsorused 403 t he use of

conpoundss s UgBnérherNa Grakirg sterd) B sali %Bﬁf(oﬂl&ﬁroiybéﬁg}é%ld ¥s di scar ded
roxycarboxyllc

d t t d
gglsdsfjsl 3rsnug'lr'§ g? &?ﬁé%ﬁ%y*ﬁ@@?ﬁl&gaﬁoﬂ’énﬁgéﬁﬂ ma ‘fa"éé‘f fwith a strong
aci d. The di mhkshéturediuaingsid Kolbé- Sahmmewmoawmohgdacaammbmaﬂmyl al so be
conpletely ejggi Eﬂpdfainﬂﬁﬂaﬁc%gmg?{ ggoe{m b&b&}mmﬁx BQWMA%? aci d, but

when one trlgs t o, conpl et el ese cqggg as one
appr oaches ¢ FFfﬂt"edc'émé’F@BFFG’P‘i/B‘F%s)“e FﬁiarcE s Bat he current
effici ey deardaasmocedups fbiryhe pAepasatior i kiiomatib y¢dropy esds faeypverecone
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describes th ectfro SI's of an a erep alic acid
to terepht ha{lPe7)arerpamteday referears hmvaﬂowmro%moceﬁamewwxde
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25  dialkali metal salt of the aromatic hydroxycarboxylic acxd, substantial cost is
usually incurred for the use of compounds such as NaOH or KOH. These
compounds are subsequently discarded (as sodium or potassium salts), since the
free aromatic hydroxycarboxylic acid is usually isolated by reacting the dialkali
metal salt with a strong acid. The dialkali metal salt of a hydroxycarboxylic acid

30 may also be completely electrodialyzed to the free aromatic hydroxycarboxylic
acid, but when one tries to completely electrodialyze these compounds (and as one
approaches compleie electrolysis), the voltage increases and the current efficiency
decreases rapidly. As a result, the process may become impractical and/or
uneconomical.

35 Japanese Patent Application 40-11492 describes the electrodialysis of an
alkali metal salt of terephthalic acid to terephthalic acid and an alkali metal
hydroxide.

Japanese Patent Application 64-9954 describes the electrodialysis of an

alkali metal salt of hydroxybenzoic acid.
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el ectrolysis/electrodialysis of alkali netal salts of various acids. None
.of the above references, however, describes an electrodialysis in which an
‘alkali” metal salt is added to prevent overvoltage of an ar Fgpember 2002
hydr oxycar boxylic acid. Therefore, it would be desirable to inprove these
el ectrodi al ysis processes by reducing or eliminating the overvoltage

wi thout adver sel yméﬁgvmgmh@ma@dmmgg anSIBBRIOEF T fAMFMII ON
There is di sclos(g % E]&eiﬁ roc s for the preparation of an
10 aromatic ﬁlﬁ‘iﬂ' X B“o'%s ]IyE‘SQ 1 RPRUF At al salt, conprising
el ecl rndi al yzi ng Nnnaofmeabowmﬁaéﬁamrﬂoweebﬂ dmnaquaoukc&odhulyismm of a first
conpound of of the

forml a NKHZB%P a’%“é‘@?ﬁg)‘@&wﬂé gﬂ‘d"‘%réﬁﬁg?gf %{%&%Eglmz) Hy M-y
and MOH, %ehﬂrmycmboms'hmvdeﬂ“bereiose,tlt woulddedlesigabde taumprowtthessach M i s

i ndependent | ye@fodddi{as bro@ﬁs@i b§ Addubig of Blitniratiag tlfb%v%?vd‘l‘ﬁ@é@qtﬁ&(iy ugate acid

has a pKa of bou SS; Cﬁ' I s an integer of or nore zis 0 or
an integer frsﬁ Bnggreem &fagg$at x+z is equal to the total nunber of

negative char ges on Q 20 Msimmvr@pmﬂmm IQNci ated with HZQ at a pH

of 2.5 of about 0,03 to.ahout a 0200 BRI EF
OESoR P 0 oF TrEe R8s se Thudikd ndfing %‘H%"é“ﬁ%%ei’fﬁpﬁ&? i8R GEFSt 0od upon
havi ng rH¥f er anmatic bydrhey@%cawd:iormdrfpdmgs diatialingetaFsalfcamprising a f r ont

el evati onal yd-R¥aRfin b1 oot BfhqleDRsdlutbddf Rt céifpobiR®flnd imbile Exanpl e
and Conpar atlve Exagl!pl e di sc osed herein, DETAILED DESCRI PTI ON OF THE

| NVENTI ON THOBSn)EMat and@ seepndirompound gEthe formmda MR, fRprodhes s an

aromatic hydmtm)campbmwbﬂ‘memdna (OR1C@3)M, My pamt MOH)yehieeiircar boxyl i ¢ aci d”
as used 30 herein magp lcorrpound that contdins at | east one aronmatic
carbocyclic ring; an BV E%%t one hydr oxyl group and one carboxyl group,
both grofps of whi chtiazerodotahetdd®®0 a carbon atom of an aromatic

carbocyclic ring. |f.JapnNgid Ra éﬁa&tﬁlﬁl‘hlﬁlpﬁ@{aig tfdn?9 i s present they may
be fused, as in nap %ﬁ e#ne1 Q%nnecte by a (:ovaallerll1 bond, as jin biphenyl,

or connected by a di é‘ﬁ%“ﬂ}‘%b( °%Fs°qnwgé?epﬁ?§jn%s 2P 9labput Zrprless; may al so
be inert groups atta;cmlmgemwmml and'z BYP(&)an iftegér f @rgore) nore al kyl

groups. gﬁﬁo{ﬁ%d Yiﬂ't §+Z 15 ertg &E,@a]gxm%@ %f&%gﬁ@ez&& g%ﬂﬁgt hyl benzoi ¢

p- hydr oxyb I C acl enzoi ¢ aci
acid, 2 ﬁ‘/i)ydr oxy- 5- weMstmzlmr@aaem GSSOQaWdGYIHyHEQ%ybE 24i2¢5 efabgut and 2
0.03 to about 4 molar; and
y is about 1.95 to 2.00.
BRIEF DESCRIPTION OF THE DRAWINGS

The invention can be more fully understood upon having reference to the

25  accompanying drawing. Figure 1 is a front elevational view of the apparatus and
their layout as used in the Example and Comparative Example disclosed herein.
DETAILED DESCRIPTION OF THE INVENTION
The product of the inventive process described herein is an aromatic

hydroxycarboxylic acid. The term "aromatic hydroxycarboxylic acid" as used

30  herein means a compound that contains at least one aromatic carbocyclic ring; and
at least one hydroxy! group and one carboxyl group, both groups of which are
attached to a carbon atom of an aromatic carbocy'blio ring. If more than one such
aromatic ring is present they may be fused, as in naphthalene, connected by a
covalent bond, as in bipﬁenyl, or connected by a divalent group, as in diphenyl

35 ether. There may also be inert groups attached to the aromatic ring(s), such as one
or more alkyl groups. Compounds which may produced by this process include
p-hydroxybenzoic acid, o-hydroxybenzoic acid, 2-hydroxy-3-methylbenzoic acid,
2-hydroxy-5-methylbenzoic acid, 2,4-dihydroxybenzoic acid, and



17 Decenber 2002 hydroxynapthoic acid. Preferred products sire

‘p- hydr oxybancei oi ¢ aci d) b-hydroxyZ-napt hvic acid) and o-hydroxyl enzoi c
acid; while p-hydrflxybcnzoic acid is dally preferred 2A1ﬂ%@9mi3935ﬂ@@¥
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one or two arbnmﬁvécﬁﬁg@°¢“®ﬁ@@?'ﬁ@°’%ﬁﬂ°‘%é§r vl ene' as used

her ei n neans ianiglpPéterrddadi cal contai ning carbon and hydrogen.
"Substituted' as used herein neans one or nore substitutents that do not
interfere 5 with the reactions described herein. Suitable substitutents

i nclude al kyl and hal ogen. ' The starting naterial for the process of the
invention is the corresponding dialkali nmetal salt of an aromatic

hydr oxycarboxylic acid or its partially acidified formof the formula
(ORLCOz) Ht M2-t, whereint is O to about 1.90, nore 10 preferably 0 to about
1.0 and especially preferably I ess than about 0.1. This conpound is then

el ectrolyzed so that the value of t is increased to y which is about 1.95
to about 2.00. Preferably there will be only one alkali netal present.
Sodi um and potassiumare the preferred alkali netals, with potassium being
nost preferred. These dialkali netal salts usually originate as an

i nternedi ate product 15 of the Kol be-Schmitt synthesis of aromatic

hydr oxycar boxylic acids. The Kol be- Schmtt process starts with alkal

net al hydroxi des. Using the process of the present invention, an
essentially closed | oop process with respect to alkali nmetal my be
envi si oned. For instance, in the Kol be-Schmtt synthesis of salicylic acid,
the primary 20 product is usually the sodiumsalt of salicylic acid. In the
equation below, SA is salicylate dianion. NaSA + electrodialysis -> SA +
NaOH Not e that enough NaOH is produced in the process to be recycl ed back
to the beginning of the Kol be-Schmtt process. 25 Electrodialysis is a well
known process, see for instance B. Elvers., et al., Ed., Ulmann's

Encycl opedi a of Industrial Chemstry, 5th Ed., Vol. Al6, VCH

Ver | agsgesel | schaft nbH, Wi nheim 1990, p. 209-213 and 245-2S0, which is

i ncorporated by reference herein. It is believed that because al kali netal
hydroxi de is generated in the electrolysis processes of the present

i nvention and 30 organi c conpounds are al so present, fluorinated nenbranes,
such as Nafion Perfluorinated Menbranes (fromE. |I. du Pont de Nenours and
Conmpany, WImngton, DE U.S. A ) are particularly useful in these and ot her
el ectrodi al ysis processes. As the skilled artisan will understand, a three
conpartnent cell (having 35 cathode, center, and anode conpartnents) may be
utilized in the process of the invention and which utilizes the dialkal
nmetal salt of the aromatic hydroxycarboxylic acid. These starting materials
are fed to the center conpartnent, while alkali netal hydroxide will be
generated in the cathode conpartnent. In the anodi c conpartnent oxygen and
protons are generated, while in the center 17 Decenber 2002 WD 00/ 01653
PCT/ US99/ 15305
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conpartment the conmpound (ORLCO2)HyM2_y is generated. Fresh solution of the
dialkali netal salt may be added to the center conpartnent, and the
solution of the center conpartnent renoved, at such a rat &7 fgcember 2002
"average" solute in the solution is (ORLCO2) HyM2-y, as defined herein, or
two or nor ewoellosssday be 5 oper ated in series (the sol ution POTAUB®/ G805t er

conpartnent going f£yom ope e_next r s of t.he
invention, if any @i’ gt asrgﬁ{x% %gfusf‘?tg rﬁ’rn%%'s ar%dléﬁgv%@c%%ﬁf%?ﬁ Ie8c15s
-present in the cagion atrass of dng or twalaroolatib rings. yFmrﬁlemh@teImr"hydragarbéemesr rabl e
to heat the C&'dse&ﬂeﬂe&%&ﬁf?dﬁ En?f&dt&l éd&téﬁnin@c%hﬁrandhy&b%&ﬂ solubility 10

may be encountered es y IS greater "free" (not
bei ng an al kaf$ub ﬁ%‘t‘?ld aarsed hS’ECBh'BF*PE qﬁ‘?&FWE‘&’F%@Fﬁ@a@&‘WW‘?’fe’%e
present, and Wik tie regtiongdestibedidivpannSuitatie subgituentsyinsiade/alkyirint ed

sol ubi | i ty mklagool water. The pH of the solution in the center conpartnent
is an indicatTor0f what the present value of y is in that conpartment (see
Conpar at i ve Exanpl Bhelstyrtingymateripd foz &mraeqss afithe snvgptomRisthe eprrespandingl ene it

is preferred axﬁlkﬁﬁtﬂevat QMt of! dMCarBAEEHRIr caongymo@d oY 18 PHirtialyoleldifaC to

bout 105C, I Iy wh

s about 0.9 G %%fm“@g?gﬁst,@pﬁﬁ% SRy It | SN HRocess at a

t enper at ur®e ofrefepably 0 8Oabouo!.aad espEoaly pirdfaablrydcha(thanﬂ’ootxmlp'rl'btsess of the

i nvention -- g H?{&tsnétmr ﬁéag??@aiﬁg“gglﬁé&ﬁ%ﬂcreaseﬁ(w %rmauep to 5 mole

percent of the assl um sa Inin
ei ect rodi al ys@bs’ut b9 fupbout %Oﬂyﬂmén%? wilh be gn me%&aﬁrﬂreéﬂa?rrsmtor di nate

amount of el edeimﬁ&hd aefmamhé fé‘rﬁsamlchtlsmbzersmﬂhpbmdtmmmgmsalt is
al so present.

about 1.98 or ﬁt?ﬁg ?latugae()dgtg sr?ﬁf g%lkaﬂtyp n%gr} éﬁaslas”hémq%ﬂt&{ ﬁw harru?/al >
MkH2Q, atldn @fdhm&rolmrscbnutzsseatherse cémmmtmlysieowcarhOtﬁ@taCtﬁenﬁbaK@llnas a

ol Lt on a2 a RS Rehdrty APl ol b e B 2 el s
bei ng pr esentBfesqﬁbP‘VF?'Fs‘tnaﬂb%sse’it’fahbcic’ée‘iﬁ’oﬁrﬂr%‘?s M}Fﬁﬁpacté‘? ﬂbﬁemﬁ ative
charge, then mhgbeemjisigidde acid of Q is HQ which has a 30 pKa of about 2
or yess. Hovever WiGindhdes lﬁ%eaﬁme@.srrtrnabs@arest;%\f@at@rleatx aene@ a.ﬁ/:gat' ve

charge the situation ca ve 3
negat i ve ¥harpfeduct jousually te S@@H{“LF@BP@ salicylie agifle ’}-EJ‘QC‘W e .

Ceneral | y speslitylgte didich. protons in the conjugate acid equates to a hi gher
acidity (and a | ower pKa). Qs anion, the pKa's are
2.1, 7.2 and 35 12.7. This m'é1 ﬁ&{}’%wg%p_) BRt h@ggﬁgsphate salt were to
be added to the diMpledhdt en@tgblN%(H'ﬂtS mrpd\mdam theareeeshipdiegrepetedbesdoi ¢ aci d

t he dom nant ﬁ@gg%gos%q{mgm prb&4ds. (and perhaps even P040. This is

because sg) utions e.dial k sal ts_.ar.e e basic
Csaai 1y M th o prElsproffags b aop e oy froc et G atiP ot Enele-Jhtt on
cont ai ni ng t hed.abtimati’s Engyhlapegizenfindusinial Chemistry, Sibdutabéol. 206V D 00/ 01653

PCT/ US99/ 1530¢e344 ?es@ﬁééhkﬂ ﬁxb%%i'wam&’&ﬁr ? @bb' 2 M%ndM358i58ChhARh %si S, the
ort ho- phosphat e an arly At a pH of

about 2.S (whi@F¥P iy, gﬁ%&et%* aivfbgﬁ i’g%‘r‘ﬂgﬁs‘tg‘ efah t he

pr ot onat ed f ohiydroxideis,generated irsthlete)ectrbiysis rpmms of the pradembinentipn ardbon nant | y

as H2P04'4 . n® kal i netal
salt present %#g@gﬁﬂ%ﬁﬁ%%;&&?E’%]%nna?et?ﬁ;uﬁg?afnep'éu&§rgi;ﬁ on. Thus
there woul d bRerSxeringied Mambranestrom Ral. iduRontde Neraewsand 6pmpamh equi val ent
of ortho- phosptirifgeRBIUS AY) &8 pardiculell ekefilinfthbse and other dlediodiiysikul f at e,
oxal ate, chloride iodate, nitrate, and picrate (inorganic anions are
.preferred). FFRESSIFH ons may cause el ectrochem cal side reactions at the
anode. Z 0 For insAattn;ekillcdmismwlhayddnmmﬂ;adhmedommn@pﬂh@avinm ch may

o roa. 15 hudeened I hGld RiaRatiipey i (7t °°°S§‘8f“?‘ﬁet KAl
‘salt is M2SO 4‘“V1=’H‘°n“rﬁ“§ Q@‘é@’e‘“ﬁ% the g}aékqlme@hsﬁh\pg%&ﬂrgmapc BYdroXY- metal canon
present per nuirBoxylic acidf dhesepstartmnatetialsAnofeles theagntef c(snpunmegt whie t he

ani on nust haé(lﬁat?‘m%&t‘h%tﬂ ??@@]Qegéﬁeﬁtéd e Q4thGRUSn fgmment%ihés that if
an anion that may potentially havé nore than one negdt|ve charge associ ated
with it, at |&dic compagmentRxygemandyprotons aregengiateg) W ‘FIE‘ hefENe al ani ons
must have a pKa of about 2 or |ess. As nti oned above, a certain nunber of
al kali metal cations are 20 associated wwth the anion present at pH 2.5. At
th s pH the concentration of alkali netal cations associated with Q should
be about 0.03 to about 4 nolar, preferably about 0.0S to about 1.0 nol ar,
and with a nolarity of about 0.1 to about 0.3 especially preferred. There
may be addi t| onal aI kal i et al catr ons present in the solution that are

o - . o D — e e o peem — —— NN ———  —— g "




This second al kali netal compound may be added directly in salt form or 3S
in another formwhich will make the desired conpound in situ. For instance,
al kali netal sulfate may be "added" as M2S04, NHS04 or H2(¥4Deddmbamr 2002 at e
or sulfuric acid is added to a solution of the dialkali metal salt of the

aromati ¢ lwolowesar boxylic acid it will sinply partially preetrandbessobe
dialkali netal salt and form sul fate ani on. 17 Decenber 2002 1~BEJIr

00/ 0l 653 PCTIURRASIRENS the CAmpevncb@lf‘tip)Hthe|i%&nr=@éﬁda|Fy%sb§ol@épn of the ar omatic

h?/ldr oxycar Eodﬁ}llkani netal ¢a1mayhzle allded ta tigckehted Borhpretnzent, uhd ﬂi_&,sofuﬁbn;?ﬁﬂﬁm e by

al | owm ng t he_ S 1L on C n e It [ &Cl t.ate. e partltlon

coefficient ?e(%’%r#ég@aﬁu%g‘?tdg'ﬁ?‘ée%sgﬁs@gb %?thg@tl arg}%xﬁ%ﬁ 58‘3‘#“1 lgﬁgc bet ween t he

aqueous phassolutian is IG@%@D@)@‘_;MW fiefined dexsiny entinootymare cellsirday ke bel i eved to

greatly fsavosperdid fitdekies @HPIoNItIE ih ﬂxéé&ﬁteﬁébiﬂﬁ&'&leﬂbg’cﬁﬁﬁéﬂntcﬂ@ eefrtpne shoul d
n

preferably a%m d’é’bnd usi ons of the aqueous phase i e precipitate). This
means that aF8Ff%¥ively pure formof the aromatic hydroxycarboxylic acid
can be obt ai ned winithé presesssif e invdnyioh,dflanynofdhdksallts ofithe atomatic content. After

ti t L Cys . i i d. e . | ph ,

Do o ous. WSt/ Hoklic S SIKERTR BOCch Bolf iflikd UG IAWEE P! | RS

recycl ed i n terdesizplle to et theywsl! o inersasesthe prlubjlitydn matesgLimifedolubilityi salt of

E Ee alr Ofl?t i gr_nb*% enatud fe@d&?ﬂ)d;[cir;all@@t@niyfls igfela(\ﬁlﬂﬂmﬁh?ﬁx?deo‘@iea’f ot Bélnéiull) D}glri ntg"
e el ectrodi S S or . Ltne,secon a al | a CcO ou e oS
by e eosr o YRl Behl S Brran R5aRRE atei i Boig MR prsall Sulfee R o0 ) 10

al kal i et al organio nompoundooaychave pnlyevesylimited soluthlity s oo weatqsh The pHrofor der to

keep the congeRbinabh Bhe teditoRfparentdl kldichBoPS IRBR ML eRL vaulte desired
val ue. This can, he . done before or after .th dlﬁélﬁ.}l metal salt of the
g’&“’? e

aromatic hydtdilyda s sempattment (see Compawtys SEO1IFER. | n the
process 16f tdnd Rniserplicaplend it issprpfeaté to @trytduathe Broces apa pdgpeyitaresf 2~

o- phenyl ene, e - [ erred). It is
al ways pref earb(r&{el%jgovaﬁ{ﬁ%g%thﬁéﬁ’&é%%&ﬁsgygﬁﬁ o’tgrs?é% t§ %ie%{f{al i metal
cation of t heenswdlyivcheadripabmil 0i90rmare ddpelsyprefered 49 aaty outtheairoeest i on of the
di al kal i netala teabdraite s od SOYELLH abdit dosPcycar boxylic acid. Wien R~ is

p- phenyl ene or 2,8-naphth ne it i referred that Mis potassium and
Phen R 5 o phenbitadyt 858 rocsss gt b¥ BYSHRT 4 Mprb iy R0y e e
concent 28t i ovarteixylihecidl-kedntaimseureto Ssmble pefcentiof thermenapplassiyrsalky car boxyl i ¢
acid in the gay8sysos@initd mpitiaklebPodiaifhs o0 Purr Yafdrdxybétdbicdeid | cal , but
preferably not so hlag.t”l t free a:og tic hydroxyc rbox&ql? acid wll
crystal | i ze B®¥ 'SaHIre “PFFi‘%CEE‘Hﬁ'& ftricel Fr.gYM‘?/%?F? felscled et erred

t hat the 30 alkaicmatal sdlf ionlso presermgh Irethediphl srodich af the pmocesslivisipeaferved | readi | y

conduct el echhiFist¥out tod & R0 Preferred that the solution concentration
be rel atively ﬂf?lpsh g% t hat l{litééol ation of the free aromati c hydroxycarboxylic

aci d af 28r el ect ri®ithe pasondsalkalypetal perpound of theiformulalyixbR Qs atdvastyal hed by
ﬁogl i ng thg obiRisake &ndnT ﬁx&ﬁ?ﬂtﬁiﬂﬂ@co&ﬁp@uﬁd astardohjugstd acid aviké K, isd _

ydr oxycar bo | . ilhra | i ed aromatic
hydr oxycar boX Hgoggel‘c‘%(ﬂr%“gib%n.rggg%fﬁgé)@&&n%g%%ﬁgé e?%%’g@?gin;éll ysis, i.e.,
"new' al kal i sotusion) wighgut P drdtsgriisbingpresant); [Fer iistapgeaifd s anipa sol uti on
el ecL r odi % mf@maibﬁigglegeg&iedcﬁ?%%r@é %q[?ﬁhg@fe a%id‘o’f'(%‘i b,kvhﬁogmafhgzsgl ution
i s abou u per cen | nore prefer abq o}
about Zéoperlggh? %ﬁ“b\gf’tglﬁfs; %wegg%wﬁ?tbﬁést %%%‘P’@‘%E’Q}’ %63%@?’&? d based on
the total 6 onchégéeshbrge tROGRalR GGl THGS cEaflex)SBeia8aRs, if€l egnt of wat er
and &ee aro | ] is ' | At =ut i on. The
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alkali metal sulfate may be “added” as M;SO4, MHSO4 or HSO4. If bisulfate or
sulfuric acid is added to a solution of the dialkali metal salt of the aromatic
hydroxycarboxylic acid it will simply partially protonate the dialkali metal salt
and form sulfate anion.
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30  concentration is high enough so that the solution will readily conduct electricity.

It is also preferred that the solution concentration be relatively high so that

isolation of the free aromatic hydroxycarboxylic acid after electrolysis is
simplified. Isolation may be accomplished by cooling the solution and separating
the crystallized aromatic hydroxycarboxylic acid. The filtrate containing some

35  dissolved aromatic hydroxycarboxylic acid may be recycled back into the
electrodialysis, i.e., “new” alkali metal salt may be dissolved in the filtrate and the
solution electrodialyzed. A preferred concentration of alkali metal salt in solution
is about 10 to about 35 percent by weight, more preferably about 12 to about
25 percent by weight, of free aromatic hydroxycarboxylic acid based on the total
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electrodialysis cell 13 (which represents two 3-compartment cells connected in

parallel, as described above), and back to reactor flasks 1, 2, and 3, respectively.
30 Heated fluid passing through heating jackets 4 and 5 using line 14 is heated by
heater 15, while heated fluid passing through heating jacket 6 and heating jacket
16 (which heats purge tank 19) using line 17 is heated by heater 18 (pumps not
shown for heating lines).
Experimental solutions were prepared as follows:
35 Anolyte: 1.800 | distilled water and 100 g of concentrated (100% by
weight) sulfuric acid were mixed together and charged into a 3 liter jacketed glass
anolyte reactor flask 1.
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Process Fluid: 1.691 1 of distilled water were mixed with 487 g of
KOH/water mixture (45 wt % KOH). Next, 540 g of PHBA were slowly added
into this mixture with stirring. The mixture was heated to about 50°C to facilitate
dissolution of the PHBA. When the PHBA was completely dissolved, 68 g of
KHSO4 dissolved into 100 ml of distilled water were added to the mixture and the
resultant solution was poured into a 3 | jacketed glass process reactor flask 3.

Each of the reactor flasks 1,2, and 3 was heated by circulating hot water,
and had its own circulating pump 10, 11, and 12, respectively, to deliver solution
to the appropriate section of the electrodialysis cell 13 as shown in Figure 1.
Circulating water temperatures were set to maintain a temperature of about 90°C
in the three reactor flasks 1,2, and 3. Two individual power supplies (not shown)
permitted independent adjustment of the voltage applied to each cell of 13 in case
there were significant differences in internal resistance. In this way constant
current flows of 15 amperes was maintained to each cell through the length of
each experiment (except for the few minutes at the end of the experiment where
cell voltages increased dramatically due to gas blinding of the membranes. Under
these conditions the power supply was unable to maintain the 15 amperes current
flow). The pH in the process fluid reactor flask 3 was continuously monitored by
a Cole-Parmer pH electrode (Model # JU-05994-27) suspended in the process
fluid. Hydrogen and oxygen formed during the electrolysis were vented from high
point vents (not shown) in each of their respective circulating streams (hydrogen
from catholyte, oxygen form anolyte). A small amount of water was added to the
reactor flask 1 at about mid point in the run to make up for losses due to
electroosmotic transport of water through the semipermeable membranes,

Cell voltages and pH were recorded as a function of time as shown below:



10Z 10Z 10Z&9! 109&& ()-M 489! 10% 6 6& ()-M 109%&Z& ()-| U w3~ _=!(z
10967T& ()-!1S z 109 ()-!S z 109 ()-!S z 109%& ()-!S)z

109& ()-18,t!1109& ()-MBO !i!wld~ = 4S2 10%@& ()-! X % 17®agemper 200%
109& ()-!S%. 109%@d& ()-!$&I0YBSE ()-!Y “z 109& ()-i!""""####uVT!

f10% & ()-g"S1090%53) s10% & ()-F'&310% & ()- 10 10 10!|°S2 PCT/US99/15305

109& () - #USS$SU' A ( ZX6U V7! YI10% & ()- +1t Y 10%)\ & (3 +1 ~Y| 10%\&'()-
+@0% & ()-!" sy Mﬂgﬂ(ﬁg) 109 () -~(pH . . wxyvBr! 1CellYo
10\ L<t10% & ()-!~ Y1 10% & ()- + ~ Yl 100@3&' ()- +t Y 10%3334()-

+IN YL 109 ()- +. . (/0aQ11}[ OMB7! | ;é@t)/&'()-S!s 109 7—S‘f!19%
& ()-1"F110%/j/& ()-! f!lO%t&()-lGloo 124R4561 7z[ OMB? 1 1\
109& ()-'1 10% 65 4.72

95 5.12 48
] 125 4.74 4.97

155 4.42 5.34

185 3.86 6.16

200 3.29 6.89

215 2.4 7.28

230 1.62 7.54

Although some minor fluctuations in cell voltage were noted at the very
end of this run, current flows of 15 amperes per cell were maintained throughout,
and at no point were voltage spikes over 8 v encountered. A small amount of

5 PHBA solids precipitated in one of the unheated circulating process lines
momentarily before the current was shut off.

After the electric current was shut down the heaters 18 were also shut
down and the process solutions allowed to cool to room temperature. Solid
PHBA precipitated during cool’'ng. The solid PHBA was recovered by filtration

10  and washing.
COMPARATIVE EXAMPLE |

The preparative technique was the same as that for Example 1 except that
the process fluid was prepared by mixing 1.341 | of distilled water, 974.7 g of
45% K OH in water solution, and 540 g of PHBA in a flask. The mixture was then

15  heated to about 50°C and stirred until the solids were fully dissolved. The
“resulting solution was transferred to the reactor flask 3 as described above. No
sulfate ion was present in the process fluid. Cell voltage and pH as a function of
time are presented below:
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As the process fluid pH dropped below about 4.5 the cell voltage began to
fluctuate as the power supply attempted to hold a constant 15 amperes current to
each cell. These fluctuations got larger as the pH decreased, and finally as the pH

5  dropped below 2.5 they got so severe the power supply was not able to maintain
the current flow. Observation of the cell outlet flows showed the presence of
many very large gas bubbles in the both the anolyte and catholyte streams as the
pH dropped below 3.0. The combination of high gas generation and high cell
voltage suggested that significant amounts of water vapor were generated due to

10  the very high resistive heating that occured when the process fluid and membrane
electrical conductivities fell from loss of potassium ion charge carriers. Once the
cell resistance started to increase, resistive heating caused local boiling which led
to formation of gas bubbles which blanketed the membranes and electrodes,
further increasing cell resistance, voltage, and energy dissipation rates which in

15  turn lead to more steam bubble generation. All of this clearly shows the difficulty
of not operating with added potassium or other alkali metal ion, and the waste of
electricity due to overvoltage when this additional ion was not added.
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9. Tho process as recited {n Claim 4 wherein Q is sulfate.
30 10. The process as recited in Claim 3 wherein y is about 1.98 to about
2.00.

11. The process as recitod in Claim 6 wherein said sulfate is added as
sulfuric acid, potassium bisulfate, or potassium suifate.
12. The process as recited in Claim 1 wherein said second compound is
35 recycled in aquoous solution through said process.
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