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The Kolbe-Schmitt reaction has been a standard proccdufc 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
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 potassium salts), since the free aromatic hydroxycarboxylic acid (or
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 atkali from the alkali metals
~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 tries
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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

or an aromatic hydroxycarboxylic acid from its dialkali metal salt, comprises.
; (a) electrodialyzing a compound of the formula (ORICO,)M; or

[R2(CO4)2]M; to produce a compound of the formula (OR'COQ)H),MZ_}, or

A[RZ(Coz)z]HyMj_y and MOH; and

(b) reacting (OR;COz)HyMz,y or [R2(C02)2]H),M2_}, with:
| a Bronsted acid of the formula MgH;.oX 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:

) to form (OR!CO2)H; or [R¥(CO,);]H, and a T or X salt of M, and
wherein:

T 1s monovalent anion;

R!is arylene or substituted arylene
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an aqueous solution of a Bronsted acid of the fornmula HT whose pKa in
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provi ded that when 9’S(ﬂb°t“q £0 tybant 5-M1 Vi anfor e, said el ecirodialysis is
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that contains at |eas one aromatic carbocyclic ring, and at |east one

hydr oxyl -group and ¥hieagakkalbmgtal cation; and
y is about 1.95 to 2.00;

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.
BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a graph showing data from Exémple I of electrolysis time vs.
pH of the solution in the central compartment of the electrodialysis cell.

Figure 2 1s 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

, hydroxycarboxylic acid or a dicarboxylic acid or a partial alkali metal salt thereof.

S By an aromatic hydroxycarboxylic acid is meant a compound that contains at least
one aromatic carbocyclic ring, and at least one hydroxy! group and one carboxyl
group, both of which are attached to a carbon atom of an aromatic carbocyclic
ring. This compo-und may contain one or more aromatic rings, and if more than
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 diphenyl 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-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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di al kal i netiadressed tosy,iymormally 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
originate from any of several sources. For instance, the initial product of the
5 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
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)
‘values so they may be recycled in the process.

Na>SA + electrodialysis — NaHSA + NaOH (1

NaHSA + NaHSO; —» H,SA + Na; S0y (2)

Na,SO4 + electrodialysis — NaHSO, + NaOH (3)
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“After el ectaEHPRT @é?@fﬁie%ﬂéﬁ@d\@l@ﬁ theINaT mdsNa&I;l sblgtionsemeyrbé ned f or . use

in (5). AgadcBmbhRdFerdise i (B}y A@ﬁuﬁﬁgﬁ’écﬁﬁ:ﬁlrﬂayrt?c%ﬁ{p?&ely 'Fectyeﬁ:d 1%&%"18‘! ! th
In e

Kol be- Scl vnj ttI R ﬂﬁ%si ref erred conbi nations” of "M an

first procRLallfe “mgé’f ‘umand RL is p-phenylene, and Mis potassium
and Rl.is 2,6- n@#mm;dfemicomﬁmtmaiobm olderinnbnArsepotéss arcchidege carri er

whi ch is C%Lﬁésﬁﬂn bhi RUg, hﬂ@g%eca‘%ﬁ%ﬂﬁs BliaSRHRLAPR? 15(25g—nﬁ1@§lh§1621 need not be

present in (5), 0Cess s ce if not
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processes of equations (5) and (6) need not be present in (5), but should be in the
process stream in (6), since if not done the current efficiency 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
schemes, just so long as the acid employed has a pKa of about 4 or less.

1n the first process Y may be about 0.10 to about .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
to about (5-0.50), 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 HSO4 , HCI, H3PQy, F3CCO4H, and CF3SO5H. By a polyvalent anion is
meant an anion that has more than one negative charge. It is preferred that X is a
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. VCH
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t al hydr oxi de’i s enerate €lée n an
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processes. F%t[é)ré:ro f"l’é%wew tth C%’fﬂa%‘r“?t COpHpMpe Oébl?wﬂ&qﬁbdﬁpl\fb lis may be
utilized in geﬂﬁéteﬁl Fseshsoloties of tiviatitaliuhéthl sarsndye idad i camtal salt of

rboxylic acid. These starting
L ert al s aipitea Lo ne et o occonsdcoleifhimevaf Rafich dtronyar oxi de

will be genéﬁ%t BYETRES tSﬂ te in the solutxon is (OR‘C07)H),M2 y Or [R”(COQ)Z]H M.y,
as defined herein.

In the first process, if any of the saits of aromatic hydroxycarboxylic acid
or dicarboxylic acid present in the celi has a limited solubility in water, it may be

desirable to heat the cell to increase the solubility in water. Limited solubility

S

may be encountered 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

“indication of what the present value of ¥ is in that compariment (see Example 1).
When M is potassium and R! is p-phenylene it is preferred to carry out the process
at a lemperature of about 80°C to about 105°C, especially when v is about 0.9 or
more. More generally when y is about 0.9 or more it is also preferred to carry out
the process at a temperatui‘e of about 80°C to about 105°C. If the solubility of the
free aromatic dicarboxylic acid or aromatic hydroxycarboxvlic acid in water is
relatively low, even at elevated temperatures, one may not be able to electrolyze
the solution much past the point where y is about 1.



cat hode conpartnent. In the anodic conpartnment oxygen is generated, while
in. the center conpartnment the conpound. (OR] CO2) HyM2-y Of popry 2004
JR2(CR)21HYyM _y is generated. Fresh solution of the alkali et Al sal t may
be added to the center conpartnment, and solution of the center conpart nment
removed, at such a rate so that "average" solute in the solution is
(ORICO )H M-y or [R2(CO2) 2] HyM as defined herein. In the first process, if
any of the salts of aromatic hydroxycaf boxylic acid or dicarboxylic acid

present in the gglie r@celsifﬁithgglél%l thfﬁ&é)ﬂd}mt%odrtt gy be desirable
to heat the cell t0|Bcreaset leted solublllty
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the process at erha%maa&f%@se%n@ﬁ%éss%@{%e 9\:&1991'1'5 >81€en££ sol ubility
of the free, arorratlc g ?%eélc a? or arorratl car oxvlic acid
in water &% r%‘?"é‘i‘i“\‘/‘EI“P t"I’ WOlRRERTH O @Fé’()%‘tO@Htaﬁ%‘h‘Bé?l - one nay not be
abl e to el @ittainingzempleleel saodial ysis th@hreb@Siyd'i’di@bﬁmon:taciﬁ}ﬂéﬁrdqmrﬁ about 1. 3
February 2 I Si:S f M2X or MI, a
two or thrggé}%%%ig{ra a%%{l Fdﬁeﬁcup‘!apgl%%@d ngt He 50l 1%§| éaﬁo% ﬂg éﬁak"élal nmet al
-salt bei ngsmel aﬂ@ﬂﬂwth@mm@t@@wm saffrin ihe REHBA @ad puify the fie ee conpar t nent

cell, the cempeiindalty. chéf@hmﬁehutrh@ﬁ]o:g?(p&Hﬁnﬁm%ﬂ IR EesdIuiBmBppd thdrawn at

such a rate_ t a,sol uti.o is withdrawn. A three conpartnent
cell i's pré&f% é?%hl l?‘f"l‘HT%l ‘gq%é@éﬁh@g’rwvﬂyzabl e anion, such as chloride.
Here the sol uti dihe saytidgenateridl docthe s¢ooodnptdeess is dem:bmf:sp@ﬂdﬁﬂgmimnb: of a three

conpar t meniy; n,Jn psamﬂbgm P@g%@d@@@%ﬁh Q/ﬂ%%tii?ﬁé}gttgl ned. MoH

i's generated In the catho e second
process of 2P r%M?P{S’ifFT?QY B perit Syh svpeeialy p&éfrrabl}fémﬂammbﬂ'gt up to 5 nole

percent of ot lhenmﬁmgméta&al}lmﬁﬂh 0. (WRPIIDA salt (hhél abdglEenRb @it
ot o bt s Bl G L e 8L
amount of th @Sscnmib*pnﬂ)agm alialsmEtal presanhenPiiBisamd ipprefdnedt Wsifeartee
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
_ or more. '

' 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
compartment the compound (ORICOQ)H},MQ_y is made. Fresh solution of the

- PHBA alkali metal salt may be added (continuously or intermittently) to the center
compariment, and solution of the center compartment removed (continuously or
intermittently), at such a rate so that “average” solute in the solution is
(OR!CO1)HM, . as defined herein.

In the second process when y is about | 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 tis 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

pr—
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conmpound as by crystallization. The nonopotassiumsalt left in solution may
be ,recycled back to the electrodialysis for recovery. Th% I-Séb?u%yﬁﬁﬂtl
naterlal for the second process is the correspondi ng nono- of

metal salt of PHBA of the formula (OR 1 COR)H M2 t whereint is zero to_
about 1.5, nore preferably 0 to about 0.5, especially preferably less than
about 0.1, and nost preferably about 0.0. This PHBA salt is then

el ectrolyzed so that the value oft i$ increased toy, y normally being
great er t hanahkout Usnaiorss thehemperaiturk is #wutdEnirimadiky Tempyratins sblokalie met al
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Fresh
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in the solution. is ere second
process V\henelfpt’i‘%‘tyaﬂél?talsf rieferrsd ghat Obqt'@atc@wpmtm ke ieltivelgrhiglesb out
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al kal i et al HBA t IS I nst
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wher ei n y i dilgaEshniatmiye mdlssol‘edﬁd?}ﬂBAmybm%;cldndkmmﬂfeat ure i s about

75C or nore. el%@ﬁﬁlﬁtsufgs“rﬁewva@k&lmeta anEQ'ﬁ dlg QLY e‘lll evafﬁgat%t pg&%%?;er b:J'[]

t he solutlon[m f pl acing the ce
the preferredt %B«? ecf’@%ﬁlé’?“ﬁ uP@riEiTRY Ccf%'meEﬁ'PE 0}5&’#\911 gietal tsﬁélre‘-wél@tm‘odl alysis
is the boil iingbqoilGtto afout B&p&ﬂﬂﬂ&ﬁw&@h@hﬂo%@fer&ﬂﬁmmﬁ kFaboRf eSsure. The
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concentrati gil eﬂwe(alanﬂdalthc Mtlf@an salt of PHBA in the aqueous sol ution
that is el ectrodial yzed i's not critggapprf not so high that free PHBA

Wil crystalllze,ﬁ in the three conpartnent cell. However, it is
preferred i€ 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.

This membrane was a perﬂuorosulfonic acid polymer with an equivalent weight of
Cy 1100 reinforced with a woven perﬂuoropolymér fabric. The nominal thickness of

the membrane was about 0.25 mm, and it had conditioned resistance of

3.5-4.0 ohms-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

© 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

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.



that the concentration is high enough so that the solution will readily

conguct electricity. It is also preferred that the sol uti ation
be relatively high so that isolation of the free PHBA af tsgfbbg'?ée}g?p%{iysi S

is sinplified. Isolation mwy be acconplished by cooling the solution and

separating the crystallized PHBA. The filtrate containing sone dissolved

PHBA. may -be recycled back into the elgctrodialysis, i.e., "new' alkali

netal salt nmay be dissolved in the filtrate and the solution )

el ect r odi al yzed.Th qgthetyse wesll.6dnefel KatH sslutdn ﬁhﬂéﬁk»@as'ﬁﬁh?led $@hfain solution
bl'y

is about 1Mhehrd28RHLiI35 i ght re prefer about 15 to
- about 30 p%int F[b% &e&éﬁﬁaggpgfﬁg%ag%ggﬂr%tﬁ“lﬂﬁéof tEfeTl- ght of wat er
and free CTBEUPWE Yrite fathalpe veasikapt cdose tEXENILBA Isollitien el ect r ocheni cal
cell used wempaatukd.ectroCell AB (S-184 00 Akersberga, Sweden) "Electro MP
Cell". This'is igured as.a three caoppartnent cell using Nafion(c)
N-417 (former] ngl%r?’rﬁr@%ﬁ‘g#lsﬁ %Gng%F%tr?t?%ﬁQP”%PaE‘.d Hlutgdgp®08eniNefrour s and
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reinforced with a woven Rer .l uor opol yner

the nembrane wad' %%%lﬁ“ & edingtassatm sqlt ofprlty drendientainedd (BB ance of
3.5-4.0 ohmade R dissivingriR0 giafiPHBA ahd Brd.@g%fﬁoweillgﬁ(x%%i{;ﬂg ude Nafion(c)
N-450 andcdahinpi(gs Ty ctive.a f .each of ' the anode and
cat hode was. Q. gg Wu%ggéﬁ%tdlgé&gggg’Wt?ﬁﬂéé(&iﬁﬁlﬂf@feébﬂ@s(m) oxygen
anode, and“YfEate¢ Ht e aeristcemparmanteafshetadiohnd thasoBtBAISAl tiéon was pl aced
in a2 L reshparketrt @cmistfuraelyldi@uad aal 80Red 1o | &pwas heated on a
hot plate é@&rdﬂ@s ﬁﬁ%ﬁ%@?? W ty&;ﬁu rrggr?et [ %Rt‘éc% ‘.°r§rb§?lf(8%?'{%fhe met er el ectrode,
‘ther momet er, ant process i nivat Safrdg ke ntarcpmpartmpens solutibawasi8aeC al so had
a_porous t Mehaiprtaandiat 9L tiithine5 mim after 1ENearPsBAe sRLHSIV Q. passed

t hrough a gkassyNaaEdikddand Mohs ped with electiical heater tape
and acted as an auxi Itle]?{g h\gg{]'@?{eﬁﬁé%ﬁ%&@\% ©OTY Wit B aainRe cent er
conpart mento S6f fHEEP EITGRSTe)- dring the Eletiradialysi®06wr YaT hédedatshol yt e was
1.5 L of [McEShySolreglacerevagurabveiagepunped froma heated reservoir to the

. cat hode conpart returned to the reservaoir. The tenperature of
the cathol yte was Oétg?&cr%lg%dtv& l#{ﬁé"r}g S ‘EFQEISFIS?W? Bmseduting @e  The anol yte
was 50 ni Ofctobtiesenie phaverTaple f.uric acid diluted in 900 ni of

Table ]
Time Voltage
{min) {v}
1 5.08
50 . 5.049
i) 100 5.19
A 150 5.42
200 5.57
250 6.27
270 7.03
300 §.63
310 9.62
320 10.14
330 8.94
340 8.19

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



distilled water. It was circulated by a punp froma reservoir through the

anode conpartnent back to the reservoir. The anol yte had a
heater. A solution of the dipotassiumsalt of p- hydroxyber?;%bi&&?@%PHBA)

was made by dissolving 120 g of PHBA and 114.6 g of KOH (pellets nominally:-

cont ai ning 85 wei ght percent KOH, 15% water) in 400 niL of water. This was
circulated in the center conpartnent of the cell, and the solution in all

three conpartnents were separately cilfcul ated and .heated .to 90C (during-
the el ectrol Ponin reprsent the pyine anwikicB 86 appiotimatetye hOeor thebmapsurnt sol ution

was 83C at Slirbﬁnﬁﬁﬁolutioﬁ@ﬁaﬁroﬁﬂ%te@ me%xi[&géé:gﬂ%rﬂ saf bEpHBNE Al ?{%t of the

el ectrol ysis). TE% ellectrol(%/sl_ls was star | continued 'so that the

vol tage was WBF PLUCSHEPIRS sAPLpashes 3QUgRuy ihisibelipyaddhat zos be®mng gwiser e) . Duri ng
the el ect rodinallysé thanttperhapmabad d20 nAs theBNRS BAKY céifled RMRAMAVAPOr at i ve

| osses. The MQbL ?fPIflﬁSl‘.Ji red vs. the tinme el apsed for selected tines
during the electrolysis are shown Table 1." Table I Tinme Voltage (mn) (v}
15. 09 505. 09 1005.19 1505. 42 AOIBARA DINHEXAMPIN/103 3008. 63 3109. 62

52010. 14 3308, 94 TitQppdukiuged @ad sish1el® thiten REREIA LBphe pBAPH of (he
center conpalipRnt. solution wt It el1eved that

electr Sis tlne. IS

the inflection point. at’ ‘ﬁﬁfoat?t(’%“%é]ﬁ}lﬁﬁﬁ}’%ﬂn ié?m Rlaisgand thesegpaseent s t he
poi nt at whifdter zr pexibigp hoatemmttied PHBAOsohationtliies.conpound present in sol ution
i's approximately A ReufiBNonat afaladflsdal o? b-HydRAyb&Rold1Rid (PHBA) was

mad¢ by dissolving 120 g of PHBA and 114.6 g of KOH (pellets nominally

containing 85 weight percent KOH, 15% water) in 400 mL of water. This was
, ) placed in the center compartment of the cell, and the solution in all three

compartments were separately circulated. The electrolysis was started and

continued so that the volfage was varied to maintain a constant curfent of 15 A

(ampere). During the electrodialysis water was added as necessary to replace

- evaporative losses.
The '\foliages required vs. the electrolysis time elapsed for selected times
during the electrolysis are shown Table 2.



time of electrolysis approaches 300 mn it is believed that z is becom ng
quite small, so that at perhaps about 320 mi n the sol ute bml’g}f%ﬁ@i
compartnent is alnost.pure PHBA. COVPARATI VE EXANPLE | e app used
was simlar to that in Exanple |I except the PHBA sol ution reservoir was an
open Erlenneyer flask on a hot plate, and there was no filter or auxiliary
heater in the PHBA solution lines. A solution of the dipotassiumsalt of

p- hydr oxybenzoi ¢ aci d (PHBA) was made By di ssol vi ng 120 g of PHBA-and .
114.6 g of KOH (pellets nom naIIy CQIA'B@,IEI’IIzng 85 wei ght percent KOH, 15%

Water) in 400 nL of—water—This—was pracet—h the—eenter uunpul—t nment of
the cell, and the $al uFMSn i al | Veitgeee cRemedest nent s_were separately
circulated. The el éctroliysis|was st@arted pnd continued so that the voltage
was varied to mai nfaln g congtant-turrem|of 15 A—(anmperej—Dburing t he
el ectrodi al ysi s wat-er wHs added as-¥ecess ry to replace evaporative
| osses. The vol tages reruired vs. stshe electrolysis tinme el apsed flor
" selected tinmes dufing ,;he elfectral ysis are shown Tablre 2.3 Febriuary 2004
11 TABLE 2 Ti neVol agc.\crra k9—35.-85° °705.-82 785 83 120.6.43 1257 (5 1308. 03
1359. 96 14010. 7Gas| bubBtses atf anod@s14511] 8 15012. 2 15513.1 16013.9
16514. 5Heat off to cent‘.ﬁ)r Corrpartrg%gt 18015.4Crysta| s formng i n|PHBA
sol uti on 24020. 4PHBA—t#tet—tHirRre- pl UUUUU -
: 135 9.96
140 10.7 Gas bubbles at anddc
) 145 11.8
- 150 122
) 155 13.1
: 160 | 13.9
165 4.5 | Heat off to center compartment
180 15.4 Crystals forming in PHBA solution
240 204 PHBA inlet 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
plugged with crystals that had formed in the PHBA (and/or its potassium salt)
solution.

o 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
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.



25519. 6Crystal s at PHBA solution surface 26150. 0+PHBA inlet |ine plugged It
is.clear that before conplete electrolysis of the potassi al t HBA
coul d be acconplished the cell required excessive vol tagelérp %"ba@(g{)%f and
infact plugged with crystals that had forned in the PHBA (and/or its
potassiumsalt) solution. Figure 2 shows the correlation of the pH of the
center conmpartnent solution with electid@ ysis tine. It is beliéved that
the inflection point at about 150 min represents the point at whichy is
approximately 1.0, or the conpound proxa@Ms in solution is approxinmately
the nonopot assium salt of PHBA. As the tine of electrolysis went over 250

rnin, it is believadd QEecsys fpsshepsppasationiof g- fgdmwhcqf@mm#@wrzo@@ll&am CLAI M5
1. A process fmetalishle cpmpriging} ¢lmﬁfal}mdmraqnbthﬁ@6muﬁn adird cbmpound 6f al kal i

netal salt, gﬁp& ¢ | Wi naflrst
conmpound of t th ?R &(:%qﬁ@%;ﬁ@&%ato pro ucpsé)"’ﬁ&)gg@lo ?rpound of
the formul a LW%WWCf%erel n: i s pphenylene; t is zero
to about 1. 50 M i's anRaIukapheﬁmé;@I cation; and y is about 1.95 to 2.00;
and provi ded that when { %1%} nore, said electrodialysis is.
carried out at a terrpe ZﬁFO ocﬁbo‘é out' 75C or nore. 2. The process as
recited in Caim potadbisamalnli mite! gutiosemd as recited in Aaim y is 1.97
or nore: 4. The proces§,1§1§bd@q|9t5qgl2|0@ Caim 5. The process as recited in
Claim- 6. The process as recL daim1 wherein said al kali retal
cation is 2 wherein in384PEpY é‘i‘ﬂﬁ“@’ﬁﬂﬁ&ﬁﬁ& L0 griepes, prid elegtrgsliglysigls;, 2
wherein t is @aﬁledbuvmer@mpcmaudofﬁﬂme?ﬁﬂmenm 80C

2. The process as recited in Claim 1 wherein said alkali metal cation is
5 potassium,

3. The process as recited in Claim 2 wherein in said second compound
y is 1.97 or more.

4 . The process as recited in Claim 2 wherein t is 0 to 0.5.

5. The process as recited in Claim 2 wherein t is 0.0.

6. The process asrecited in Claim 1 wherein said temperature is 80°C
to an atmospheric boiling point of said aqueous solution. ‘

7. “The process as recited in Claim , 2 wherein said temperature is 85°C
to an atmospheric boiling point of said aqueous solution. -

8. The procéss asrecited in Claim 4 wherein said temperature is 80°C
to an atmospheric boiling point of said aqueous solution.

9. The process as recited in Claim 2 wherein a concentration of free
p-hydroxybenzoic acid equivalent is 13 to 35 percent by weight.
) 10. The process as recited in Claim 2 wherein a.concentration of free
p-hydroxybenzoic acid equivalent is 15 to 30 percent by weight.

11. The process as recited in Claim 1 which is carried outina 3

compartment cell.



to an atrnospheric boiling point of said agueous sol ution. 7 The process as
recited in. Caim, 2 wherein said tenperature is 85C tog ¥£288 ric
boi'l i ng point of said aqueous solution. 8 . The process as reC| rn Caim
4 wherein said tenperature is 80C to an atnospheric boiling point of said
aqueous solution. 9 . The process as recited in Claim2 wherein a
concentration of free p-hydroxybenzoic acid equivalent is 13 to 35 percent
by weight. 10 - The process as recitel in Claim _ 2 wherein a.concentration
of free p-hydroxybenzoic acid equivalent is 15 to 30 percent by weight. 1
The process as recited in Claim1l which is carried out in a 3, conpartnent
cell. 3 February 2004 13 PROCESS FOR | SOLATI ON OF DI CARBOXYLI C ACI DS AND
HYDROXYCARBOXYLI C ACI DS ABSTRACT OF THE DI SCLOSURE A first process involves
the partial electrodialysis of a dialkali netal salt of an aronmatic

hydr oxycar boxylic acid or a dicarboxylic acid to produce the approximte
nonoal kali netal salt and the alkali nmetal hydroxide. The nonoal kali netal
salt is then tPROCESSVRORASOAATIONIOF DICARBOXYLIC IACIDS AND the aromatic
-hydr oxycarboxylic acid or HYDROKYOGARBOKYOIC AtgDsesul t1ng 1 norganic salt
such as sodiumsulfate may then be electrolyzed to sodi um bi sul fate and
NaCH A second process involves the electrodialysis at el evated

tenperatures of a (dl)aA@-IlRﬂE Fsle}-ll g - i-\@(ybenzoic acid to

produce free p-hydroxyb —met al hydroxi de. These

are efficient and econom cal nethods for recoveri ng the acid and al kal i

metal h droxi val ues, ,as wel] as th are ni ¢ conmpound, fromthese
Y dferglépqogesw\gq;yqsameepqm ﬁ@lgctro |aly3|s ; OFa d(l;alkaln%etal salt of

di al kal i
) an aromattc hydroxycarboxylic acid or a d[carboxyl[c acid to produce the

approximate monoalkali metal salt and the alkali metal hydroxide. The monoalkali
metal salt is then treated with an acid such as bisulfate to recover the aromatic
hydroxycarboxylic acid or dicarboxylic acid. The resulting inorganic salt such as
sodium sulfate may then be electrolyzed to sodium bisulfate and NaOH. A
second process involves the electrodialysis at elevated temperatures of a
(di)alkali metal salt of p-hydroxybenzoic acid fo produce free p-hydroxybenzoic
acid and the alkali metal hydroxide. These are efficient and economical methods
for recovering the acid and alkali metal hydroxide values, as well as the parent
organic compound, from these dialkali metal salts.

Y,

No suitable figure



