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The Kolbe-Schmitt reaction has been a standard procedure for the preparation of
aromatic hydroxy acids for over 100 years, see for instance A. S. Lindsey, et al..
Chem. Rev.. vol. 57, p. 583-620 (1957) incorporated by reference herein.
However, this process is complex and difficult to run. involving several

25  manufacturing steps, which adds to the cost of the final product. Since the initial
product of the carboxylation reaction is a dialkali metal salt of the aromatic
hydroxycarboxylic acid, substantial cost is usually incurred for the use of
compounds such as NaOH or KOH which are subsequently discarded (as sodium
or potasstum salts), since the free aromatic hydroxycarboxylic acid (or

30  dicarboxylic acid) is usually isolated by reacting the dialkali metal salt with a
strong acid. It is hence desirable to develop an improved Kolbe-Schmitt process
for the manufacture of these compounds. Dicarboxylic acids are also sometimes
available as their dialkali metal salts, and it is often desirable to convert these to
the dicarboxylic acids themselves, and generate an alkali from the alkali metals

35  present in the salts.

' It is known that the salts of diacids or aromatic hydroxycarboxylic acids

can be electrodialyzed to form the free dicarboxylic acid or aromatic
hydroxycarboxylic acid and the alkali metal hydroxide. However, when one trics
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Electrodialysis of salts of organic compounds is in general known, and
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generally requires only relatively simple equipment. However, if one attempts to
electrodialyze an aqueous solution of the mono- or dipotassium salt of PHBA, one
finds that before free PHBA is obtained, the voltage required to effect electrolysis
20  greatly increases and the electrolysis essentially stops (see Comparative
Example 1). However it has now been found that if this electrodialysis is done at
elevated temperatures, good results can be obtained.
SUMMARY OF THE INVENTION
A first process of this invention for the preparation of a dicarboxylic acid
25 oran aromatic hydroxycarboxylic acid from its dialkali metal salt, comprises.
(a) electrodialyzing a compound of the formula (OR!CO,)M, or
[R2(CO4)2]M; to produce a compound of the formula (OR! COH M,y or
[R2(C02)7_]HyM2_y and MOH; and
(b) reacting (OR!CO2)H,M;., or [RZ(CO,),[H M, ,, with:
30 a Bronsted acid of the formula MgH, X whose pKa in water is
about 4 or less; or
an aqueous solution of a Bronsted acid of the formula HT whose
pKa in water is about 4 or less, said aqueous solution optionally containing at least
5 mole percent of HT or MT:
35 to form (OR1CO,)H; or [R?(CO,),]H; and a T or X salt of M, and
wherein:
T is monovalent anion:
R! is arylene or substituted arylene



by a treatnment with a strong acid to effect isolation of a dicarboxylic
- acid or an 15 aromati ¢ hydroxycarboxylic acid.
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BRIEF DESCRIPTION OF THE DRAWINGS
Figurce I is a graph showing data from Example 1 of electrolysis time vs.
pH of the solution in the central compartment of the electrodialysis cell.

20 Figure 2 is a graph showing data from Comparative Example 1 of
electrolysis time vs. pH of the solution in the central compartment of the
electrodialysis cell.

DETAILED DESCRIPTION OF THE INVENTION
The product of the first process of the invention is an aromatic

25  hydroxycarboxylic acid or a dicarboxylic acid or a partial alkali metal salt thereof.
By an aromatic hydroxycarboxylic acid is meant a compound that contains at least
one aromatic carbocyclic ring, and at least one hydroxyl group and one carboxyl
group, both of which are attached to a carbon atom of an aromatic carbocyclic
ring. This compound may contain one or more aromatic rings. and if more than

30  one such ring is present they may be fused, as in naphthalene, connected by a
covalent bond, as in biphenyl, or by a divalent group, as in dipheny! ether. There
may also be inert groups attached to the aromatic ring(s), such as onc or more
alkyl groups. Compounds which may produced by this process include
p-hydroxybenzoic acid, o-hydroxybenzoic acid, 2-hydroxy-3-methylbenzoic acid.

35  2-hydroxy-3-methylbenzoic acid, 2,4-dihydroxybenzoic acid. and a
hydroxynapthoic acid. Preferred products are p-hydroxybenzoic acid, 6-hydroxy-
2-napthoic acid, and o-hydroxybenzoic acid.
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Suitable substitutents include alkyl and halogen.
The starting material for this first process is the corresponding dialkali
metal salt of an aromatic hydroxycarboxylic acid or dicarboxylic acid or its
partially acidified form of the formula (OR!CO,)H,M,_, or [R2(CO,),1H,M>_,,
20  wherein z is less than 1, more preferably 0 to about 0.5 and especially preferably
less than about 0.1. This compound is then electrolyzed so that the value of z is
increased to y, y normally being greater than z. Usually there will be essentially
only one alkali metal present. and sodium and potassium are preferred alkali
metals, and potassium is especially preferred. These dialkali metal salts may
25  originate from any of several sources. For instance, the initial product of the
Kolbe-Schmitt synthesis of aromatic hydroxycarboxylic acids is a dialkali metal
salt. A product of the Henschel synthesis of dicarboxylic acids is a dialkali metal
salt. Both of these processes start with alkali metal hydroxides. Using the first
process described herein, an essentially closed loop process with respect to alkali
30 metal may be envisioned.
For instance, in the Kolbe-Schmitt synthesis of salicylic acid, the primary
product is usually the disodium salt of salicylic acid. In the equations below, SA
is salicylate dianion. These equations represent a first process for the complete
recovery of all alkali metal (sodium) and acid (in this case sodium bisulfate)
35  wvalues so they may be recycled in the process.

Na;SA + electrodialysis — NaHSA + NaOH )]
NallSA + NaHSO4; — 1H;SA + NaySO, (2)
Na,SO, + electrodialysis — NaHSO4 + NaOH (3)
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recombined for use in (5). Again the sodium may be completely recycled in the
15  overall Kolbe-Schmitt process.

Other preferred combinations of M and R! in the first process are M is
potassium and R! is p-phenylenc, and M is potassium and R! is 2,6-naphthylene.

The NaT or other non-reactive charge carricr which is carried through the
processes of equations (§) and (6) nced not be present in (5), but should be in the

20  process stream in (6), since if not done the current cfficiency in trying to convert
all of the NaT in (6) to NaOH would be poor.

Similar reactions in the first process may be envisioned for other aromatic
hydroxycarboxylic acids or dicarboxylic acids, other anions, and other alkali
metals. Indeed, the anion may have any number of negative charges in similar

25  schemes, just so long as the acid employed has a pKa of about 4 or less.

In the first process Y may be about 0.10 to about 1.90, preferably about
0.25 10 about 1.75, is more preferably about 0.5 to about 1.5. especially preferably
about 0.9 to about 1.4 and most preferably about 1. Q may be about 0.10 to about
(s-0.10), preferably about 0.25 to about (s-0.25), is especially preferably about 0.5

30  to about (s-0.50), more preferably about 0.75 to about (s-0.75) and when s is 2,
especially preferably about 1.

Suitable acids for use in the first process that have a pKa of 4 or less
include HSO,", HCI, H3POy4, F3CCO,H, and CF3SOsH. By a polyvalent anion is
meant an anion that has more than one negative charge. It is preferred that X is a

35  divalent anion and hence s is 2. It is also preferred that X is SO4= (sulfate) anion.
and it is preferred that T is chloride anion.

Electrodialysis is a well known process, see for instance B. Elvers., et al.,
Ed., Ullmann’s Encyclopedia of Industrial Chemistry, 5th Ed., Vol. A16. VCI1
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(3) 20  compartment, and solution of the center compartment removed, 4t such a rate so

that “average” solute in the solution is (OR!CO,)I IyMy._y or [R2(C()2)2]HyM2_y,
as defined herein.
In the first process, if any of the salts of aromatic hydroxycarboxylic acid
or dicarboxylic acid present in the ccll has a limited solubility in water, it may be
25  desirable to heat the cell to increase the solubility in water. Limited solubility
may be encountcred especially when y is greater than 1, since “free” (not being an
alkali metal salt) aromatic dicarboxylic acid or aromatic hydroxy carboxylic acid
will be present, and the free organic compound may have only very limited
solubility in cool water. The pH of the solution in the center compartment is an
30  indication of what the present value of y is in that compartment (see Example 1).
When M is potassium and R! is p-phenylene it is preferred to carry out the process
at a temperature of about 80°C to about 105°C, especially when v is about 0.9 or
more. More generally when y is about (.9 or more it is also preferred to carry out
the process at a temperature of about 80°C to about 105°C. If the solubility of the
35 free aromatic dicarboxylic acid or aromatic hydroxycarboxvlic acid in water is
relatively low, even at clevated temperatures, one may not be able to electrolyze
the solution much past the point where y is about 1.
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be recomj ' 1t | . -etely
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recycled in th \ ¢ € { Eroces_. (
preferred conbi Ad MInis obpings.aMQTRisgengratedin thecathqdiq ceflofeachs are Mis

pot assi um and R[ er r ] Thépradudhefithk e5t8nd prddest/of the Rfvledtedh iﬂﬁl}@ﬂx@xﬁieﬁﬁﬁl‘ is

2, 6- napht hyl gne._ . . qt her N-reacti V. arge carrier
which is ca#?i e8°’9 hcr?gﬁlb%n%??etos';mg.pu%%-%%gtshsegsong?&%j}gﬁ%r% f(a%ﬁ and (6) need
not be present btaimpg completsglseiredialysis e “pre” p-hydroxynepeqie acid map seauira (6)
since i f not doagidohdinMelihéutt oféleduiéad Bhergy, Bo it imdyHg nicde s@lﬂmfchl to leave adl | Of
the NaT in (6) . I m.l ar .reactions in
the first proc etgrg'alrlray Aé\%g{rl?g i"gﬁgﬁfge{%rs%ug} salsin the PgrBoAn%’HS%m}ty fie t.ree

hydr oxycar boxy| cempelindgs by ciytallizationy (The meaprpsassigmisalt lefiinselytiommay be her

al kal i 15 Nekédyéled bt @@ the eled@odifly a9 forRtotddy e any nunber of negative
charges in simlar enpl oyed has a

pKa of about 4 or | ggg’? starif FafeRal ot e Is%%f'%gr%?‘fs?isttL‘B??fgegé(gldVgr{ﬁ %68 about
0.10 to about 1dipdkaligneid]salaefRHBA efithe formula (OR!'CO,)HM,  wherein t is zero to

about 1.5, more preferably 0 to about 0.5, especially preferably less than about

0.1, and most preferably about 0.0. This PHBA salt is then electrolyzed so that

20  the value of t is increased to y, y normally being greater than t. Usually there will
be essentially only one alkali metal present, and potassium is preferred. Using the
process described herein, an essentially closed loop process with respect to alkali
metal (usually potassium) may be envisioned.

In the final product of the second process it is preferred that y is about 1.97

25 ormore.

A three compartment cell may again be utilized in the second process
which utilizes an alkali metal salt of PHBA. This starting material is fed to the
center compartment, while alkali metal hydroxide will be generated in the cathode
compartment. In the anodic compartment oxygen is generated, while in the center

30  compartment the compound (OR!CO,)H M, , is made. Fresh solution of the
PHBA alkali metal salt may be added (continuously or intermittently) to the center
compartment. and solution of the center compartment removed (continuously or
intermittently), at such a rate so that “average” solute in the solution is
(ORICO2)HyMs.y. as defined herein.

35 In the second process when y is about 1 or more, the electrodialysis is
carried out above about 75°C. Thus two cells can be used in series if in the
starting alkali metal salt of PHBA t is about 1.0 or less. In this instance the
temperature in the first cell is not critical, but in the second cell, wherein y is



0.25 to about 1.75, is nore preferably about 0.5 to about 1.5. especially
preferably about 0.9 to about 1.4 and nost preferably about 1. Q may
be about 0. 1 0 to about (s-0.10), preferably about 0.25 to about

(s-0.25), is especially preferably about 0.5 30 to about (s-0.50), nore
preferably awosus®sy5 to about (s-0.75) and when s is 2, PCTUPGRE0T al |y

bl boyt Sui tablg acids f use in the first
o1 ocess that rapet Lonmare fhe empprouge s vl 5B e, Yomppregs g e’
H err] P err] , atmpenheficimilieg pqini, of avater O the sola) may bé-hiseBpy alapimpyheadelint  ani on

is neant urider léVagid prédtire, S tHE Pk &lertdRbpS emp&aRtd 1R ?ﬂ?@l’iigﬁ?ﬂ b 1S

referred that s a.3 5. di,valent.anLon and hence s 1s 2. It 1s also
Br-ef erred thatthéeﬂleémgbajysfss'ﬁfl}caﬁog)ngd’r?f'ﬁﬂ?&e aqueous;splution at atmosplieEf r ed t hat T
i s chloridé arpressure. The preferred mininfiine temporiture issibeuti89°G, aneitlis loman pr ocess,

see for instangefeRed HaMBE finimin @Mnperature is abfifl 85°¢J | Mann’ s Encycl opedi a of
I ndustrial Chem str

5th Ed., Vo|. AL6. V . .
5 }“I‘cafﬁ%"é‘gfé‘r?:%sgh%\?‘i“cﬁ‘ﬁﬁ,“"%f thraial megbepit of PHRFYIm 13 and
245- 250, whi cHh¢ aqueous solution thabis elactrbdidlyecdiy notafiticdine notsothigh wetfreedi al ysi s
of netal salt SPHBAWIREERMAIlEe 86 ifl he three com§é+ﬁkbng§e1§ﬁ{wév§9t% kﬁxlﬁreg{éﬁ Eﬁgh are

Fonot1 ons oy dPeH SRS i M RURARIoR e SR PR endifyendscinei ng 5
i ncreased at tdiestrisityelisealsd pryfeared tHdDticisslutibis conoeitragor b6 rebtivelly hightact i on 6
t he _ r atths iQatidh of theHke PEIE AR @EE@(Q&&HE sh@lgﬁh.nggfaggﬁ}gg bg nd MH i's
al so being . fl%&ed. Thus 1t may be sal d_t, ronls e conponent
of the sol uti dfcomplished by cooling ths solytion and separgfing the snigtallized RHBA: The bel | eved
t hat because dilitate containimg some dissolvaddHBA tmyibe rgyeled bickdntothd he el ectrol ysis
processes 1Ber eldeuaddlyss 420 “few ATRAHMAGS! 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 15 to about
30 percent by weight, of free PHBA based on the total weight of water and free
PHBA equivalent in the solution.
20 EXAMPLE 1]
The electrochemical cell used was an ElectroCell AB (S-184 00
Akersberga, Sweden) “Electro MP Cell”, This is was configured as a three
compartment cell using Nafion® N-417 (formerly commercially available from
E. 1. du Pont de Nemours and Company, Wilmington, DE, U.S.A.) membranes.
25  This membrane was a perfluorosulfonic acid polymer with an equivalent weight of
1100 reinforced with a woven perfluoropolymer fabric. The nominal thickness of
the membrane was about 0.25 mm, and it had conditioned resistance of
3.5-4.0 chms-cm?2. Current similar offerings of Nafion® include Nafion® N-450
and Nafion® NE-424. The effective area of each of the anode and cathode was
30  0.01 m2. The anode was a dimensionally stable (DSA) oxygen anode. and the
cathode was stainless steel.
The PHBA solution was placed in a 2 L resin kettle with a lid and clamp.
The kettle was heated on a hot plate and was equipped with a magnetic stirrer, pH
meter electrode, thermometer, and process inlet and outlet lines. The outlet line
35  also had a porous thermoplastic disc filter in it. The PHBA solution was passed
through a glass vacuum trap which was wrapped with electrical heater tape and
acted as an auxiliary heater. The PHBA was circulated to the center compartment
of the electrolysis cell.



10 are al so present, fluorinated nenbranes, such as Nafion[err]

« Perfluorinated Menbranes (fromE. |. du Pont de Nenours and Conpany,
W m ngton, DE U S A) are particularly useful in these processes.
As the artisan will understand, a three conpartnent cell may be utilized in
the first prowes33mwsich utilizes the dialkali netal salt of RIFESAF¥I®ic 15

hydr oxycar boxyl i ¢ acg i ! ! {}ﬁf\ Fhi j pals are
fed to t he ciﬁqgﬁggﬁpﬁéﬁﬁ%hﬁv\gﬂ@%ﬁ'a I lrér%%%b‘ﬁ@pﬁagiﬁ% will be
generat ed in t heeated rescrvois 9 the gathedsrempartmagt ang thep pturnad ip the ESFRYYFt ment
oxygen i s generpieacmpsvhiintesofitie catholyte whdleptelniean tledHBA toletion t he conpound
(O?[err]CQerr]%Hé&F{‘%Merr] or [Rerr](CJerr])[err]]Herr]Merr] is

ol u

generated. Fres ion of the alkali netal salt may. be added to the
center 2 0 5 conpar tHeRpolyigtps 8imls plponesntrated sulfiicae: g AhmLodnpyed,
at such a rate distilled water. Itlvak cireulgtedipyeid pmap from a reserWudr thrdugh theranbde

(CRLer) 0Ol er 110t ShbMISEE o 8 ek e B1¢ ol Bl LM o7 1],

as defined here any of the salts
of aromatic hydr oxychfrdleian of thegdipejassium salt of p-hyfivoxybrogeic P@déﬂﬁ/ﬁAbWé%ent in
the cell has a mhdddyafiss6Ringdi2binlor PHBAGIdEN1A.6 f of ROTIREIRE nomidlyr abl e to
heat the cald L OnleMheES RebhBerahteo, 136 BiBhaho olt! 8, SRINREL 1LY

may be encounter.ed1 especi a fvﬁnan V1S gréater 0o ‘l., since "tree" (not
bei ng an ciggulagadiin fhetcamteroompprtzeny of theccell; ang theoselutioa im@l dresr  ar omati c
hydr oxydcar bO;(}yédn(paﬁﬁxieﬁis were separiitellylcirbglaed &ﬁcﬁlﬂh{ateg_acfl_dﬂqdlfﬂufiﬁgeﬁleor gani c The oH
conpound may ha e ° sol ubi lity I 0l wa e
of rr}tjhe sol u%/i onédlgcrtll%p’{sﬁeé tl)({:ﬁe'%l é’y t%qg%r%gsr F rraé’ﬁtthe’l cgm%c@qir%epﬂs&fugxg{n iwgﬁ%g‘c what P
t he present val ajéhesfary andsatioR°Hl RQ withingbaminrafier the sient of sherebdctrolyyis). The When
Mis potassisum @agroRlsRwak siaftedardt@nitRA 8o tHat the vERRk &k V8idddo aRiMMnQuUt the

process t r ne, of t.8Qlenr] C.to about 105 especially
when y is about'?oé.sgntézrﬁﬂnp'ﬁ OﬂyAﬁowg?rg}?/bq?luerm&gﬁee?l%%rloﬁya\i/)ﬁlérw ayltleriwsas ﬁééoegtaso. 9 or
more it is al songsessaryie eglagyevaperatjvedgsses. the process at a tenperature
of about 80[err]C t orteheiiged Bghivéd ¢sCihe timeldpséddior Rldckddtings dufigg e free

aromatic dicar b&ééﬂoi %is%?ei %oahﬁ@gr{ati ¢ hydroxycarboxylic acid In water is
relatively ].ow, even Bt elavat e tenperatures, one may not be able to

el ectrolyz 0 the solution nmuch past the point where y is about 1.

6 Table 1
Time Voltage
(min) (v)

1 5.09

50 5.09
100 5.19
150 5.42
200 5.57
250 6.27
270 7.03
300 8.63
310 9.62
320 10.14
330 8.94
340 g.19

Figure 1 shows the correlation of the pH of the center compartment
solution with electrolysis time. It is believed that the inflection point at about

9



In the first process in the electrolysis of Merr]X or MI, a two or three

- conpartnent cell may used, the solution of the alkali netal salt being fed
to the anodic cell, or in the case of a three conpartnment cell, the
center cell. The solution in the anodic cell may be w thdrawn at such
a rate that wowshsti on of 5 I\/[err]H[err]Xis Wi t hdr awn. PGY/USIi5797
conpartnent cg, |zal%Ie ani on,

f .
such as chl or |§odmmﬁe$r L rtﬁe ?‘ﬁ'ﬁt w%'c?hf)}s é"%'?’ﬂ%‘tya\/% of?hSr‘f'??’ center
conpart ment opregent msetutleo mpmxﬂmte Iy ¢hel menwpotassiung salt o PEB Avi &G thee of HT

and M is obtmnsaﬂelemwsisappr&aﬁemm:itisﬁehareaaﬁdﬂ@@mc&ﬁing qafte each.

The product of pe ﬁ\a ) 3@ l?ioﬂ}\gem on i s p- r 0X ben20|c 10
acid, contai ni%)" &% a§° %8 rﬁlmé 8{°é§ "ée:?f (y=1.95).
bt ai ni ng T ondinestepued HdBAodi alysis to "pure" p- hydr oxybenzoi c acid nmay
require o Fm i nordi nate agonm QATQ{]@E}(IAWE gnergy, SO it rr:a%/ be {rﬁre
econonmical to | eaw smal I _anpunt, of. th Si alt in the
PHBA and purify th‘ghe‘f‘}pgérams “cha%%ﬁﬁ‘g'g“ﬁ&’ that 'B?’xﬁwéﬁggfg gg‘F Pmiff The

monopot assi unsodution ressfvoin wassaplogen Brienmeyeioliask 5n a hotedste,| apd thszcwas wo t he

el ect (rde' al ysﬁﬁerfo?ﬁuilﬁ&?‘l‘n%té’rmthc PHBA solution lint§€ starting mater ![ a: f Olr t t h?
second pr.ocess is fhe gorr ndi al salt o
BB of TR 1 or il & SCREELP TSRO RpRL Ry bonre arif PHBAS 38t oo
about 1.5, nomedgpedissoiing 129 g o PdAEnd] B.6 gePiROHAbtletsmoafimallybl y | ess t han
about conla.mafds WRitht ner@)?i xmlw&)ﬂ@o miDbSwiEBARSANes 1S then

el ectrolyzed e va

eased y normal |y
bei ng great erslf‘?f'gr’l“ he %‘Gé?ql%l’aﬁn‘&?‘e"%m qe' and the: 'Es‘“’é’gé’éﬂ[\?'ﬁ/l y only one
al kali netal gmsdnteptsavale ppaahi cirenlatedp Thé electedysisUsasrstartet end process

descri bedlsheredﬂanumoq&a%mh eywséme&itdreaﬂmmm@ﬁ%%&émBewsﬁct to alkali
nvi si one In the final

nmetal (usuall
product of thé“‘g’&? n “B‘ir‘g)'(t,‘g§é°'i"‘fd‘ﬁ?‘?}?’%‘?’e‘ﬁsédd‘fqﬁtmf)“?aéy logeefece1. 97 2 5 or

nor e. evaporative losses.
The voltages required vs. the clectrolysis time elapsed for selected times

during the electrolysis are shown Table 2.
20

10



A three conpartnent cell may again be utilized in the second process
-which utilizes an alkali netal salt of PHBA. This starting material is fed
to the center conpartnent, while alkali metal hydroxide will be
generated in the cathode conpartment. In the anodic congartnent
oxygen i s gerNPATEYSt while in the center 30 conpartnent t RETESMASING

(CR[err]CC{err])H[err]N[err] |s made. EEEEE sol ution of the PHBA
al kali metal salt may pe—added—{conttnuousty—or—nternmttentty)—to]t he

cent er conpartnejnt . Tamed sdl utjYahesst 1 Hewaskit er conpart nent renoved
(conti nuously or inteynittentlyks at quch a rate so that "average”

solute in the solutionT3 % 5]LL1qrrj)H[errTN[errj as defi ned
here| n. 35 I n h_o ggcg_n mrovg\_’s \Ah A—\- 43%!\1# —er—fere the

\>a TTOT C

el ectrodialysis is casried outsabove about 75[err]C._Thus twp cells
can be used in series |f |Qothe 64§tart|ng alkali netal salt of PHBA't
is about 1.0 or less. | tlns Hfstance—tte- tenperature—Tmthe first
cell. is not critical, jput ¥ thg secd®d celll, wherein y is
7 about 1 @p norle, thestenperature is about 75[err]C or
nore. Tenperatures aboyve T 5 %§gnspn ric bolling point of water in
the solution nmay be used—bplading—t celd -Hhder—el-evat-ed

pressure, but the preflerredouppdr tetdder at ur{da$bubblds afagedet hi s part of
the el ectrodialysis is|theg,boiliing pgignt of |the aqueous sol ution a

at nospheri c 5 pr esstre—ThepreferredmimrumtenperatureTs—about
80[err]C, and it is nope 150 refBrred that the minimumtenperafure is
about 85[err]C. 1ss In thessecond process the concentratjon of
the alkali netal salt of PHBATN 139 LNE [aqueous solutTon that |s
el ectrodi al yzed i s not erecal+but—Het—so-thi-gh—that—F+ree

165 14.5 Heat off to center compartment

180 154 Crystals forming in PHBA solution

240 204 PHBA iniet line plugged

255 19.6 Crystals at PHBA solution surface

261 50.0+ PHBA inlet line plugged

It is clear that before complete electrolysis of the potassium salt of PHBA
could be accomplished the cell required excessive voltage to operate, and in fact
5  plugged with crystals that had formed in the PHIBA (and/or its potassium salt)
solution.
Figure 2 shows the correlation of the pH of the center compartment
solution with electrolysis time. It is believed that the inflection point at about
150 min represents the point at which y is approximately 1.0, or the compound
10  present in solution is approximately the monopotassium salt of PHBA. As the
time of electrolysis went over 250 min, it is believed that y was approaching 2.0.

11



PHBA will crystallize out in the three conpartnent -cell. However, it is
‘preferred 10 t hat the concentr atji i i nough so that the solution
will readily conduct el ect rﬁmw)mﬂiw:nlﬁﬂmg? preferred that the

sol ution concentration be relativelty hig s '3 that isolation of the
free PHBA af wax97atmsctrolysis is sinplified. Isolation may cTwsyros797
acconpl i shed by cooling the solution Qﬂq“?% arating the crystallized PHBA.
The filtrate contajning sone di d PHBA may be recycl ed back

into the 15  hetisclimed §sis, i.e., "new alkali netal salt may be
di ssol ved in the filtrApscessdorthepreparation cf@ldidartoRrykd £4d srasliapdmyatied. A

Co-about 35, perbivp g nkicghlc Ty daay B MO BBNAE" o apour ' " 50

to about 35 per- y _nor era 30
percent by %weight, of f(@keleptrpialypingacampoundot he farmuls (R COLN@eer and free
E)I—(IE\@P ﬁunilvaI en(RZ(OOEB]M§Qﬂhpi6du|@Ba cémpound of thlc fom‘|u11a (0R15302)H\,M2_y Elr ol | AB

2 e s em cal cell used was an El ectro
(S-184 00 [l{AEgF)gl)%'r%aYa@V@giefr"lgﬁ?El ectro MP CelI". This is was _
configured as a three (b) reacingfOR'COyMny or RGN Manynfithir] N-417
(formerly commercially avaialBibhstedfacief the formila Mqus%x Wit pRig ifNRaeriss and
Conpany, \/ng\%\%br = U S . A) nenbranes. 2 5 hi s menbrane was a
per fl uorosul fohlC" aci q pgfymar wi th an equival ent wei ght of 1100
reinforced with a woven pemfpguspspwiutionof & Brensted agidef therfomaila HEI ckness of
the nenbrane Wasos!pKalin Qatd isiboutalé 1ésk, ARIChqGEA sE1LOSEShtToBRIySdopBEAn®

3.5-4.0 ohns-c rrk. rren LW | gk, offerings of Nafion[éerr] include
Nafion N-450 Qi[lgas[;mgne eﬁ%ﬁ%@ﬂﬁ@iﬂr. The effective area of each of the

anode and cat hode viafomn(OR(CRIHAPERACONHEanddd ondssalt ofiMvengi onal | y
stabl e (DS owweem: anode, and the cat hode was stainless steel.
The PHBA sol ution was pll;]aced i,r] a 2L resin kettle with a lid and cl anp.
The kettle was heated onZWEYA'HaR8and was equi pped with a magnetic
stirrer, pH met erR'db atlang desubstitatedorydner , and process inlet and

outlet lines. The outl g2 ik hj@ocbylencdt HbshtbadhyBREAYsIetdier mopl astic disc
t hrough a gl ass vacuum

Ilr!a:)e\r/\h: ghl ;[/vésT\r/]v(raaEEEQ 9%%%@@0’?@?'0“5&%%2&& t ape and acted as an
auxiliary #Heater. The PHBhewalknesiofdul ated to the center conpartnent
of the electrolysis celyisabout0.10 10 about 1.90;
& q is about 0.10 to about (s-0.10): and
X is a polyvalent anion.

2. The process as recited in Claim 1 wherein y is about 0.75 to about

25 1.75.
3. The process as recited in Claim 1 wherein q is about 0.25 10 about
(s-0.25)
4.  The process as recited in Claim 2 wherein g is about 0.25 to about
(s-0.25)
30 5. The process as recited in Claim 1 or 4 wherein s is 2.

6.  The process as recited in Claim 1 or 4 wherein X is SO4-2.
7.  The process as rccited in Claim 1 or 3 wherein y is about 1.
8.  The process as recited in Claim 7 wherein X is SO4-2.
9.  The process as recited in Claim 1,2, 3, 4, 5, 6, 7, or 8 wherein M is
35  sodium and R} is o-phenylenc. M is potassium and R! is p-phenylene. or M is
potassium and R! is 2,6-naphthylene.
10.  The process as recited in Claim 1.2,3.4, 5, 6, 7. or 8 wherein M is
potassium and R! is p-phenylene.

12 This Sheet Has Been Replaced

(BT

THIS SHEET HAS BEEN |
REPLACED




The catholyte was 1.5 L of I N KCH sol utlon V\/mch was purrped froma
heated reservoir to the cathode conﬂm“mn WL\M returned to the
reservoir. The tenperature of s kept close to the
PHBA sol ution t enper at ur e. " The anol yte was 50 nL of

concent r at ed woBtamsc acid dil ut ed in 900 m_ of di st i PCEWSHASENT | ¢
was circul ated by @ pUTRe biodfds fBREI HTIkimsi BOR, 6,769,300 Gomprising

conmpart ment bac the res Yy S ter.

A sol ution of t %a vl gen ?frrf‘y 5?‘?"‘%?‘“5 Sfﬂgé G%SSeﬁ’g g&l)fémggﬂ J%ISEF@

made by di ssol vinergast 2Bronstdd deldBamponent ofla Slyficofcont@ningpept Ea wdmrm | y 10

contai ni ng 85 wgioght percent KOH, 15% vvater) in 400 nmL of water. This was

circulated in the entrco artment, of .t | 1,. an thes don|n al |

three corrparf ngss%ffélr}%ﬂ’éllg)a'& }0@05‘{'553@8{?%5351 é‘é“‘lt "Wo[err]C

(during the atabethQTGtﬁqbgu@OﬁT(éWbathvlaﬁD@Mh@f&&?err] C and the center

conpart ment sol uti pj V‘?? x%gbs; ?09"tﬂe%rcparatmn%fp—th?@roféib'éﬂimc andifrah ikQlarnr] 1
after

[err]C within 25 mn he start ect

5
el ectrol ysis vva‘§°‘§‘tS&}‘t"é’&’%ﬁb‘&‘é‘?ﬁ‘@ﬂﬁ@'&‘%&“?ﬁ%??“ﬁT‘l’ ‘"\5% ‘%éé’“%ﬁgméaqf ied to
mai ntain a the ﬁnnmtaa(m{'(‘l%ﬁamz ¢ 0F prbBuca a(secupd cepouddroil ty fotneula

el ectrodi alysi S(dﬁwz)“@i OB wherein: N€cessary to replace evaporative

| osses. 0 ta es reqU|red vs. the tine el apsed for
sel ected tinmes during thdSppheny °é'FectroI ysis are shown Table 1. 20

Table 1 t is zero to about 1.50; Ti me Vol t age
(mn) (V) M is an alkali metal cation; and
y is about 1.95 10 2.00;
15 and provided that when y or t is about 1.0 or more, said electrodialysis

is carried out at a temperature of about 75°C or more.
14, The process as recited in Claim 13 wherein said alkali metal cation is
potassium.
15.  The process as recited in Claim 14 wherein in said second compound
20 yis 1.97 or more.
16.  The process as recited in Claim 14 wherein t is 0 to about 0.5.
17.  The process as recited in Claim 14 wherein t is about 0.0,
18.  The process as recited in Claim 13 wherein said temperature is about
80°C to an atmospheric boiling point of said aqueous solution.
25 19.  The process as recited in Claim 14 wherein said temperature is about
85°C to an atmospheric boiling point of said aqucous solution.
20.  The process as recited in Claim 16 wherein said temperature is about
80°C to an atmospheric boiling point of said aqueous solution.
21.  The process as recited in Claim 14 wherein a concentration of frce
30 p-hydroxybenzoic acid equivalent is about 12 to about 35 percent by weight.
22.  The process as recited in Claim 14 wherein a concentration of free
p-hydroxybenzoic acid equivalent is about 15 to about 30 percent by weight.
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1 5.09 50 5.09

. 100 5.19 150 . 5.42
200 5.57 250 6. 27
270 7.03 300 8. 63
310 W@ 27/37751 . 320 FPCTUSYIRGHT14
330 8.94 340 8.19
Figure 1 shows the correlation of the pki?é t he center conpartnment
solution with electrolysis tinme. It is b&%eved that the inflection point
at about 9
150 mn represents the point at which z is approximately 1.0, or the
conpound present in solution is approximately the nonopot assi um sal t
of PHBA. As the time of electrolysis approaches 300 mn it is
believed that z is becompng quite small . so that at perhap@®about 320
mn the solute in the center conpartnent is 5 al nost pure PHB#P
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The apparatus used was simlar to that in Exanple 1 except the PHBA

. solution reservoir was an open Erlenneyer flask on a hot plate, and there
was nho filter or auxiliary heater in the PHBA solution lines. 10

A solution of the dipotassiumsalt of p-hydroxybenzoic acid éPHB@) was
made by di ssovebngy$120 g of PHBA and 114.6 g of KOH (pel | et BCRYMPATYy
contai ning 85 wei ght percent KOH 15% water) in 400 nL of water. This was
pl aced in the center conpartnment of the cell, and the solution in all three
conpartments were separately circul ated.2/the el ectrolysis was started and
15 continued so that the voltage was varied to nmaintain a constant
current of 15 A (anmpere). During the el ectrodial ysis water was added
as necessary to repl ace evaporative | osses. The

vol tages required vs. the electrolysis tine elapsed for selected tines

during the electrolysis are showmn Table 2. 20

o
=
AP

FIG.2
150 200 250
TIME (min)

100

50

11.00
10.00 -
9.00 -
8.00 -
7.00 -
6.00 1
5.00
4.00 -
3.00 -
2.00
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#10 . ' Tabl e 2

Ti OR-9924 Vol t age Remar ks _

L T s 1 mmmmmm
78 _ " 5.83 CuAnﬁslzo

125 Wha? lsQfaimed is: 130 8 03

égg bubbl es at an ob e A process for the preparation of a digl?g}g)oxylic acid or an aﬁor&a:tlg

150 hydt@xyarboxylic acid from its dialkali metal ¥4l comprising, 13.1

160 5 13.9 (a) electrodialyzing a compound of the formula (OR!CO,)M, or

[R%(CO,),]M; to produce a compound of the formula (ORICOx)H M., or
[RZ(COZ)Z]H yM,_, and MOH; and
(b) reacting (ORICOx)H,M,., or [R%(COy),H M, , with:
_ a Bronsted acid of the formula M H, (X whose pKa in water is
10  about 4 or less; or
an aqueous solution of a Bronsted acid of the formula HT
whose pKa in water is about 4 or less, said aqueous solution optionally containing
at least S mole percent of HT or MT; |
to form (OR!CO5)H,; or [R2(CO,),]H, and a T or X salt of M, and
15 ~wherein:
T is monovalent anion;
R! is arylene or substituted arylene;
R2? is hydrocarbylene or substituted hydrocarbylene;
M is an alkali metal cation;
20 s is the valence of X;
y is about 0.10 to about 1.90;
q is about 0.10 to about (s-0.10); and
X is a polyvalent anion.
The process as recited in Claim 1 wherein y is 0.75 to 1.75.
The process as recited in Claim 1 wherein q is 0.25 to (s-0.25).
The process as recited in Claim 2 wherein q is 0.25 to (s-0.25).
The process as recited in Claim 1 or 4 wherein s is 2.
The process as recited in Claim 1 or 4 wherein X is SO42.
The process as recited in Claim 1 or 3 whereiny is 1.
The process as recited in Claim 7 wherein X is SO42.

9.  The process as recited in Claim 1, 2, 3, 4, 5, 6, 7, or 8 wherein said
compound is (ORICO,)M,, and M is sodium and R! is o-phenylene or M is
potassium and R1 is 2,6-naphthylene. ,

10.  The process as recited in Claim 1, 2, 3, 4, 5, 6, 7, or 8 wherein said -

35 compound is (OR!COy)M,, M is potassium, and R! is p-phenylene.

11. - The process as recited in Claims 1, 2, 3, 4, 6, 7, 9, or 10 comprising
the additional step of electrodialyzing said T or X salt of M formed in step (b) to
increase a Bronsted acid component of a solution containing X or T and to form
MOH.
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165 v oo 14.5 Heat off to center conpartnent

180 15. 4 Crystals formng in PHBA solution -

240 : 20,4 PHBA.inl.et line plugged

255 Tol%  The processas etitldn Gl EAvBeFOAishFrieass iunied ont |
261 at ﬁﬁm@SO°C to aboE‘HB)‘5°CﬁM%Tn}hb @Box.&'(l@@leﬂore : It Is

clear that before el ectrol. f. t of PHBA

coul d be acconplis ed t 8p50 ¥ FeHd ?éﬁ g%l ?rg ‘I\%GS)I? ‘J%ng]@ ﬂ)o’b];?e?’h’tcé,ls and
in fact ' 5 phmgdedtm&hcmpwtrﬁxﬁcelhat had forned |2 tﬂe PHBA (and/ or its
otassium sal t) 0, sho

(F:)or rel ation of the %ﬁrﬂf}lésgg%rn Pregaratmn ?h%rw dI% ygenzglglqﬁﬁs% \;\;slap'(ah

el ectrol ysis timmsal sﬂltt qommmgede@mdMyzmgten aqlieloessOlutgorpmﬁétstil §ahpahﬂtdfé Lof

150 min repres 1 _
conmpound 18 qgg?ggﬁi?\iggz W tIS ’%%?83%?3’% ﬁJe&I?mnog%' él'lsel um sal t
of PHBA. As thé 2H3 %t‘f’]@ﬂfs@fs went over 250 nin, it is

beI ieved that y was appRdaspiphenyder; What is claimed is:

. A process for the preparati di carboxylic acid or an aromatic
hydroxycar g@xyl ic acid % qtlosagﬁ'i“all %gl netal salt, conprising, 5

(a) electrodialyzing a Mispmutichliohetaheatibay and a (OR[err]CO[err])lv[err] or

e a conpound of the fornula
Eg[Q[ere;]r](%g:H g I[—I[ere;]r} ggrék}ou%fgg 9% IR err](CJerr])[err]]Herr]Merr]
and MOH; and and provided tl(abyvhseacotrm isgl.Q ORfrere, [saideboctrbdialyetsriy M er r]

or [Rlerr](CO ekkikd Bﬁfﬁﬂa]tﬁf-@é% ?’Eﬁgﬁ 1 or,more.

Bronsted agjd of the err whose pKa in water is 10 about
4 or |ess: f% 5. € process as recite mCa@mlAqu}@Q;g;g seigl alkkaliometaf catioBrimHnst ed
aci d of the fopambgamiﬂT

16.  The process as recited in Claim 15 wherein in said second compound
yis 1. 97 or more,
17.  The process as recited in Claim 15 wherein t is 0 to 0.5.
20 18.  The process as recited in Claim 15 wherein t is 0.0.
19.  The process as recited in Claim 14 wherein said temperature is 80°C
to an atmospheric boiling point of said aqueous solution.
20.  The process as recited in Claim 15 wherein said temperature is 85°C
to an atmospheric boiling point of said aqueous solution.
25 . 21.  The process as recited in Claim 17 wherein said temperature is 80°C
to an atmospheric boiling point of said aqueous solution.
22.  The process as recited in Claim 15 wherein a concentration of free
p-hydroxybenzoic acid equivalent is 13 to 35 percent by weight.
23.  The process as recited in Claim 15 wherein a concentration of free
30  p-hydroxybenzoic acid equivalent is 15 to 30 percent by weight.
24.  The process as recited in Claim 14 which is carried out in a 3
compartment cell.
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‘Whose- pKa-«-ié'h water is about 4 or less, said aqueous solution optionally

t ai ni t | t 5 | t of
((:(C)]r?]{[ 2Ir Pig%[ err]) H?e'rrfazr [R[me)r(ra] E(éa:gpr] ;)[ err] frH[ er rg %@éao% %sal F?of

M and 15 wherein: T i s nonoval ent ani on;

Rlerr] is arylene or substituted aryl ene; Q7 R[@rr_]
hydrocar byl ene or substituted hydrocarbyBene; M i s

al kali metal cation; 20 s is the val ence of X; |§
y is about 0.10 to about 1. 90; about 0.10 to abo
(s-0. 10); and 12. The process as reczj@qlg(aalﬁblq,wg;rgmsaglrﬁrgﬁ‘,pss 1s carried out 2
The process as steabolted°Cno ebaitr0i°Cvhéey ik aboutsd.Qormoted 1. 75. 25 3.
The process as reC| ed i ( 5

4. The process as ?em ogo@ésg%}rewa{'\ﬁhd;?g‘lﬁszqgi é%ﬂ)t]%l bpl(gr%?‘é(g chis

5. The processcaded ediinad dompaitaenictlior 4 wherein s is 2. 6.

The process as recited in daim1 or 4 wherein Xis SJerr].

7. The process as recited in Caim1l or 3 whereiny is 1. 30

The process as recited in Claim?7 wherein Xis SJerr].

The process as recited in daiml, 2, 3, 4, 5 6, 7, or

conpound is (ORerr]CJerr])Merr], and Mis sodi um and Rmi!ﬁl |I|¥Iﬂ "ﬂl"l“l
o- phenyl ene or Mis potassiumand R err] is 2,6-na

10. The process as recited in daimi1, 2, 3, 4, 5, 6, 7, or 8 whereln sald
35 conmpound is (GQ[err]CCIerr])l\/[err] Mis potassium and Rerr] is

p- phenyl ene. The process as recited in Cains 1, 2, 3, 4,
6,7, 9, or 10 conpri si ng the additional step of electrodialyzing
said T or X salt of Mforned in step (b) to i ncrease a Bronsted acid
conponent of a solution containing X or T and to form MOH.
12
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.carried out at about 80[err]Cto a

nor e.
or 12 which is carried out in a 3 conpartnent cell.

13. The process as reci

12.. The process as recit Hn sai u'.pgge is
&g% is a 9 or
t in d al m 1 2 3, /
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