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DI ALKALI METAL SALTS THEREOF FI ELD OF THE I NVENTI ON Thi s invention concerns
processes for drying alkali netal aryloxides and/or r eac B iEPUak 2PP4 net al
a,ryl oxi des wi th carbon dioxide. These processes are useful for the
pfeparation of aromatic hydroxycar boxylic acids. BACKGROUND OF THE

| NVENTI ON Aromati c hydroxycarboxylic acids are used as chem cal
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t hese procetseynihtsis of dewgs and katim@rokabys well sembherhéry fed brepiritidhe wat er
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becones sol 143 chgmpird IBISHPW‘HS wa&t@%tamlasmhgsw Rdean inert dry gas
;O%H the ar yihgﬁtoﬁt?bedﬂ@ibﬁitﬁr(PHM)ﬁlsl sed| W ingké pzrfsbe,cf@d %ﬁm ALY uﬁ!&(hstaheri; ore
expensi ve, and thus i s .woul d be advant ageous ter
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to (usual | ydrylaxidesa di al kali nmetal salt of aromatic hydroxycarboxylic acid
whi ch may be Conxﬁiaheiﬂetﬁioarwbﬁléeﬁ Qe Gﬁﬁfl?gyeiﬁfeg ﬂgym%‘?@a%hbﬁ’ﬂfﬂﬁ 12 strong

acid, such as sul furic aci IS IS, uUsu y .eXposi ng powder ed
al kal i met BYAraxy, compoyadsyeh ?ﬁ oéilwd%aﬂ'éd metghepnteping daseoueh #fe, of t en

i n an appar sudien or potassium hydroxide. This may be done in the presence of water,
and in addition water is produced in the reaction.

These aryloxides are useful as chemical intermediates for a variety of
chemical processes such as the Kolbe-Schmitt process to make hydroxy-
carboxylic acids, see for instance, A. S. Lindsey, et al., Chem. Rev., vol. 57,
p- 583-620 (1957). For some of these processes it is desirable to remove
essentially all of the water from the aryloxide. This is typically done by heating

. the solid aryloxide (or initially an aqueous solution of the aryloxide which

) A eventually becomes solid) while applying a vacuum and/or passing an inert dry
gas over the aryloxide. However, this is quite time-consuming, and therefore
expensive, and thus improved drying methods would be advantageous.

After the alkali metal arylbxidc is dried it may be reacted with carbon
dioxide to (usually) form a dialkali metal salt of aromatic hydroxycarboxylic
acid which may be converted to the free hydroxyacid by reaction with a strong
acid, such as sulfuric acid. This is usuaily done by exposing powdered alkali
metal aryloxide to carbon dioxide for long periods of time, often in an apparatus
in which the solid (or the resulting paste which is formed during the reaction)
may be ground in order to expose new solid surface for reaction with the COy.
Thus, improved carboxylation procedures for the Kolbe-Schmitt reaction are of
commercial interest.
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Canadi an Patent 881,906 and U.'S. Patent 3,554.264 describe a process for
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appar atus useg,jn.: . e nd.5-7.. 6 February 2004 3 . Fl qur.e is a
fr'eezi ng poi n?h%ljigéng?%%gé% S{fﬁ%i% to{rg\%¥Pwmepfﬁigﬁogﬁsd‘éafvﬁﬁséfdg?‘é‘%éﬁﬁeﬁéi ch al so
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over the Syst §idvided that:
the agitation is sufficient that the average residence time of a
nongaseous reactant in said reactor is Jess than about 2 hours;
_ at least 80 mole percent of said metal salt of an aromatic hydroxy
compound is reacted with said carbon dioxide in said reactor; and
said reactor has a gas exit port.
BRIEF DESCRIPTION OF THE DRAWINGS -
Figure 1 is a schematic diagram of the apparatus used in Examples 1 and
5-7.
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For instance, 45% aqueous KOH may be reacted with phenol.

By drying herein is meant the removal of water from an alkali metal
aryloxide. It is preferred that the final “dry” aryloxide have a water content of
, less than 2000 ppm water, preferably less than 500 ppm water, and more
j preferably less than 100 ppm water. In a typical drying process currently
practiced in the art, an aqueous solution of an alkali metal aryloxide is heated to
distill or vaporize off the water. Eventually the concentration of the alkali metal
: aryloxide becomes so high that it precipitates from the solution, and the final
stages of drying are performed on the solid aryloxide. While water is being
removed, a preferably dry, inert gas may be passed over the aryloxide, or the
aryloxide may be subjected to a vacuum, or both, to help remove water vapor.
In the drying process disciosed herein, the last stages of drying are
conducted at a high enough temperature so that the alkali metal aryloxide is
molten. This means this final drying (i.e., the “last” water removed) is
conducted at about or above the melting point of the dry alkali metal aryloxide.
In one method of drying, the temperature of the aryloxide (and the
accompanying water) are continuously raised until at or above the melting point
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fromthe appropriate measuremenis in the laboratory, but the data was smoothed and the

curves at various pressures made parallel with the assumption that Henry’s Law
is followed at low partial pressures of water in the vapor phase. Therefore all
data on this Figure should be considered approximate. The solid line shows the
freezing point of the potassium phenoxide/water system. The abscissa is the
weight fraction of potassium phenoxide present (water is the other part of the

R

- weight fraction), while the ordinate is temperature in degrees Centigrade. The
dashed lines show the boiling points of the water in the system at the indicated
pressures (0 psig or 0 kPag is atmospheric pressure). Where the freezing point

: curve is above the boiling point of the water in the system, as it is at 0 kPag
(0 psig) and approximately 0.93 to 0.98 mass (weight) fraction of potassium
phenoxide, the system will be partially a solid as the water is vaporized from the

- system. Above a mass (weight) fraction of about 0.98 potassium phenoxide the
system will be a liquid as the water is removed at 0 kPag (0 psig). However, if
the system pressure is held at about 68.9 kPag (10 psig) or higher, it will remain
a liquid throughout the removal of the water.

Removal of the final amounts of water from molten alkali metal
aryloxide usually proceeds rapidly, thereby making the drying process more-
economical.
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I nvol ved. Stainlgss steel i.i s rticularly suitable. [|f part of the drying
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process, orespalshouldbbssmiatadenitanay be desirable to be able to stir the liquid and/or
: solid which may be present in the vessel, to improve heat transfer and promote
vaporization of the water from the aryloxide. The vessel and its contents may
be heated by the usual methods, such as a condensing vapor such as Dowtherm
heat transfer fluid (available from Dow Chemical Co., Midland, MI),
electrically, or by hot oil.
The dry aryloxide which is produced may be cooled and solidified, and
‘used in a traditional Kolbe-Schmitt-type process, or may remain molten and
) undergo reaction with CO7 to form a dialkali metal salt of an aromatic
hydroxycarboxylic acid.
The chemical reaction involved in the Kolbe-Schmitt synthesis may be
- represented as:
ArOH + MOH — ArOM + Hp0 (1)
2ArOM + COz — M3(0ArCO2) + ArOH (2)
. Mp(0ArCOp) + 2Ht — HOArCOoH + 2M+ (3)
M in the above ecjuations in an alkali metal, and Ar is an aryl, substituted aryl,
substituted arylene, or arylene group, as appropriate. Equation (1) is simply the
formation of an alkali metal aryloxide whose drying is described above. The
“dry” aryloxide is reacted with CO3 to usually form a dialkali metal salt of an
aromatic hydroxycarboxylic acid. This salt may then be acidified to form an

®
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gradually turns to a dry solid as the aromatic hydroxy compound is boiled or

volatilized from the mixture.

Since it is desired to react the alkali metal aryloxide while it is in the
molten state, the contacting. with should be carried out about at or above the
melting point of the alkali metal aryloxide. Since it will usuaily be desirable to
eventually cool the resultant dialkali metal salt of the aromatic hydroxy-
carboxylic acid, up to the last 20 mole percent of the reaction with CO7 may be

= carried out below the melting point of the alkali metal aryloxide, although it is

I preferred that at least 90 mole percent, more preferably at least 98 mole percent
of this reaction be carried out about at or above the melting point of the alkali
metal aryloxide.

’ In the contacting with CO», it is of course preferred that the alkali metal
aryloxide or any of the other materials present during the process not decompose
appreciably, i.e., be reasonably stable at the process temperature. Therefore it
is preferred that the alkali metal aryloxide have a melting point of less than
400°C, more preferably less than about 350°C, and especially preferably less
than abbut 320°C. A preferred minimum temperature is ¢ither the melting point
of the alkali metal aryloxide or 275°C, whichever is higher.

In the reaction with CO7, useful aryl groups inciude phenyl, 1-naphthyl,
2-naphthyl, 2-phenylphenyl, and 3-methylphenyl. Preferred aryl groups are
phenyl, 2-phenylphneyl and 2-naphthyl, phenyl and 2-naphthyl are more



nolten state, the contacting with should be carried out about at or above
the nelting point of the alkali nmetal aryloxide. Since it ly be
desirable to eventually cool the resultant dialkali netal® 'yséhr?a%%s
aromati ¢ hydroxy- carboxylic acid, up to the |ast 20 nol e percent of the
reaction with CO2 may be- carried out below the nelting point of the alkali
metal aryloxide, although it is preferred that at |east 90 nole percent,
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QPF)ELEF r eﬁ pr Qﬂiil%bli: ihV4PbESSieh, gi.ltthﬁirﬂ \pnsemts \abmn‘ﬁfdrybrhiymmecbyycar ;ooxyl ic
acids, the a roduc ei s) are
salicylic ;m lf)t%ﬁélgir"‘ t"cyb@ﬂﬁe&c%’ glég‘ pRE %??éé&hyﬁgﬁéenzcﬁt c acid,
and 6- hydr oxyKZaus&M#fﬁmdquaihcbnstealmdk;ﬁrh@ldrldw}@emz@ﬁ:@aam (Tﬁesrc@él@ém ally

preferred. SUh{agtth% b tcﬁ' &:ﬁ%ﬁﬁﬁ%ﬁg HP&df%ﬂu&Brmhﬁﬂr C@ar [RB@kd an are the
same as descrl Bov kgl EWm&*t al Q_/l oxi des  Usef ul

types of equieHififd cerw F‘Pﬂ‘@y?‘é%?t%ﬁ‘ grh?l“ﬁ?ﬁ COPEERETCAIF A8 to, a
ri bbon bl endeknowhén thel 25 -seRPrainslande 3. Kk, etaﬂeﬁw UllBain®S, Ari sdorf,

Swi t zer | and, val | e rd VI Series vacuum
dryer made by E’(Cfl?l?egfaoﬁ?ﬁ &Stnal @he"?%??’éln?g IIQb ‘U.'S’A., or a Reactotherm

RT nmade by Verlagageselischaft, einhem, 1992, p- 111- 112. These are usually used in
reactions where solids and liguids are involved. By a modified screw conveyor

reactor is meant such a reactor wherein there is sufficient free volume that a gas
may pass relatively freely through the reactor and be contacted with the solid
and/or liquid ingredients present or its equivalent. Such a reactor may have
single or multiple rotating shafi(s), or other agitating aids, such as high speed
) choppers. By an equivalent is meant any reaction apparatus that can move the
liquid and/or solid reactants through the reactor at an appropriate rate (to give
~ the desired residence time) while at the same time exposing fresh surfaces of the
solid and/or liquid to the gaseous atmosphere, in this case containing COp. It
should also have prov:sxon for adding one or more gases at one or more points
along or through the reaction vessel, and preferably also have a port for
removing any excess gas that is added to the system, and/or any volatiles
génerated during the process. Where a “screw-type” conveyor reactor is used,
the “screws” of the reactor need not be solid screws, but may be segmented
screws with open spaces between the screw shaft and the periphery of the screw.
The screw or agitator shafts may be cored so that heat transfer fluid or COp
and/or other gas may be passed through. In the case of the CO7 and/or other



" Krauss- Maf fei Verfahrenstechni k Grbh, Miunchen, Germany. The reaction may
be run in a batch, sem continuous or continuous manner. Fqr_insta a
nodi f+ed screw conveyor reactor may be used. Screw convey%rFqbé%ﬁfygﬁ& are
known in the art, see for instance B. Elvers, et al.,.Ed., Ulmnn's
Encycl opedi a of Industrial Chemstry, Vol. B4, 5th Ed., VCH

Ver | agagesel | schaft, Winhem 1992,'p8 111-112. These are usually used in
reacti ons whergas sibiedfayapeihdlesiin s shafe(s) sovinhved caByas thomiighiimd coaaew
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~ port for renoving any. excess ,ga ttlglat IS adde-&gto t he sI st mi and/ or any
Vol atiles  gertaruieaRM e BRI oOELY SipNang the reartiopy hpAditioR oSy or

‘reactor is usedlievedithat'the reaesivitdf hbalkatiandtararplegiierwith 00,Serédhcad iiews, but
may be segnen : ) OREAS RAG o] the screw shaft and the
periphery of Etﬁéejprseggrgr{g\%% ll¥‘¥It1i;glgescr._ewuor ?a[%?f aﬁ‘# sRéf_t s may be cored so that
héat transfer fl ui dhsrfoguptionp{dhisrpagie iebeligaed rasponséblp fordbel langraveg®! 1n the
case of the CQRo@RdtlesOubitilytat RaRY deedl BARY, Speldfeed tiﬂilﬁfe&ygﬁm ‘be holes in
the shaft(s) so that; ggslbcg-ggﬁ?ss t hr oulg:?’ I nt o %ﬁntm wi.th the reacting
mass. As ment iSOFWFIERLHIE Ot L BEACFEn SBR P 2 Faf il ol DFTLTE ¢ he
al kal i metal . thisyrobleniea yeaetarsviticke hasan agitatmtthasfagitates theadokeehts iset al sal t of
the aromatic JIydraxyeat Qgﬁ&i+ﬂ SnP iR W@ Ri‘?e.e‘&w rfﬂaﬂe‘?rf r gxfe agﬂgtog indinal
aromatic hydroxy conpound. ['n_practice, the aromatic hydroXy conpound is
usual |y abovéeisish it theragitaor it suficienly prwetd do mixse eantenss ah@eforns a
paste W th theeactbrd! kipktiall®irpdhe pabtt phaverofdheredciidie s6 @hdt delalidlp\rapilis mel ting
poi nt) al kali netal ar}/‘lli'[g)%ge. Thi stapasdteRfotr mat i en . res |tS.bI&'I t()jl fficulty
in mxing the TEaslo Iates 2 are maintdined. Reactors such as are described above
(when reacting molten alkali metal aryloxides) are suitable, and modified screw
conveyor reactors (see above) are a preferred type of reactor. One such line of
suitable modified screw conveyor reactors is the LIST-CRP and LIST ORP,
made by LIST AG, Arisdorf, Switzerland, and available in various sizes.
7 Another type of suitable reactor is a Reactotherm RT made by Krauss-Maffei
’ - ) Verfahrenstechnik Gmbh, Munchen, Germany.
The reactor should also have provision for adding one or more gases at
one or more points along or through the screw conveyor system, and especially
] preferably also have a port for removing any excess gas that is added to the
system, and/or any volatiles generated during the process.
It is preferred that the agitator of the reactor be essentially self cleaning,

i.e., that essentially all material that may sti. o the screw or barrel surfaces is

wiped or otherwise removed from the surfac. so that it does not remain in the

reactor for an excessive period of time. As mentioned above, the drive for the

reactor should be powerful enough to overcome any drag that may be caused by

the solids or any pastes that may form inside the reactor, so as to constantly mix

the solid and/or liquids with the gas phase in the reactor, and not restrict the rate

of reaction of CO».



starting al kali netal aryloxide, thereby slow ng the reaction. In addition,
it is believed that the reactivity of the alkali netal aryl oxide m’#}h co2
is reduced in the presence of the free aromatic hydroxy neg% 2
formation of this paste is believed responsible for the | ong overall
process cycles, usually at |east several hours, experienced in the typical
commerci al Kol be-Schmtt process, suchgas in a ball mll. In order to
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el evated t SHigEPSH ‘ER‘%%O““%”Q‘ isdogpges fleringstiha reactin, tﬁeli‘?Bhlli@lPéﬁg IIﬁ’eat | ng t he
react or. SuebudEmiag farRationoivthé eeactdd0¥es Mikitloned abéve! ftgs dElieveanshtei ncl ude

steam or Otpf‘{_ggengg 99 gr%%rilaﬁg hydal%gtsr%bmrf)g{md reduces the reaction rate of alkali metal
aryloxide with COp, and therefore removal of the aromatic hydroxy compound
is believed to result in an overall shorter process time.

It is also noted that many Kolbe-Schmitt reactions are run at temperatures
above the atmospheric boiling points of many of the aromatic hydroxy
compounds which are used. Thus even without the addition of excess CO; and

) inert gas to the reactor, much of the aromatic hydroxy compound may be
removed by simple vaporization in many cases, so long as there is a vent port on
the reactor. The heat of the reaction may be utilized to help vaporize the free

) aromatic hydroxy compound, further reducing cycle time and improving thermal
efficiency.

It is preferred that the average residence time of the alkali metal
aryloxide (or its reaction product with CQO2) in the reactor is less than about
1.5 h, more preferably less than about 1 hr, especially preferably less than about
Q.5 h, and highly preferably less than about 0.25 h. In less than 2 h, or any of
the times mentioned above, it is preferred that at least 80 mole percent, more
preferably at least 90 mole percent, and especially preferably at least 95 mole
percent, and most preferably at least 98 mole percent of the original alkali metal
aryloxide has reacted with CO9. By residence in a batch reactor is simply



liquid, electrical heat, etc. The reaction may be run in a batch,

sem -batch or continuous nmanner, and preferably the process is run.in a
continuous manner. Al so preferably, the solid alkali netz?IF%WW%?p% S
fed at a first end of the reactor and continuously noves through the
reactor to the second end of the reactor, where it exits the reactor.
Preferably at | east sonme of the C02 isy@dded at the second end of the
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are used. Thus even w thout the additigﬁAﬁP]_%tiess CO2 and inert gas to
the reactor, much of the aromatic hydroxy und may be renoved by
shwpl e vapori zati on This peample age sarries oud iy thesappheatus showa sehematjpely imn  t he
reactor. The hempur@fl.tiMhe pRRGIS Wik ARYinARe CIRPLE BREH tQCRE PV ARRIhZRIbe fTee
~ aromatic hydrox% C rgpo(imd, further reﬁglﬁ%r‘}g cgcl e tinpe ang | Mprovi ng
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al kali netal dfydnd@0fonaritrogen eydinder B and OO wylinddrtd) rEPagtively.t Maer eact or
~is less than a ol ronesphecially
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0.25 h. In | esshe waighdlass opthefn(o s lindased on thesscale it | Dhrortactioo dewasi heated
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then flowed through valves 17 to a receiver 10 which could be weighed on the
scale 11 to determine the amount of condensables recovered. The condensor 9
provides for water/glycol recirculation in the manner shown. Vacuum is
established via a trap and exhaust/vacuum pump as shown. Throughout the

- figure, various temperature gauges "T1" and pressure gauges "P1" assist in
monitorin_g the process. The reactor 1 is mounted on stand 18. Other useful
associated valving 21 is shown in the Figure.

" Pelleted potassium hydroxide (KOH, 4.16 kg) ("Baker analyzed, ACS
Grade" material purchased from J. T. Baker company--minimum assay 85 wt%
KOH with remainder mostly water) was loaded into a List, Inc. CRP-6 twin
shaft mixing machine (CRP-6 batch reactor 1) provided with a hot oil system 6,
vapor discharge port 12, and two gas injection ports 13, 14 as illustrated in the
attached diagram. The entire system was evacuated to under 1.3 kPa pressure
and refilled to atmospheric pressure with nitrogen gas a total of three times to

- remove oxygen from the KOH and the system atmosphere. Next, 5.97 kg of
loose crystal phenol (PhOH, purchased from Lancaster Chemical Co.) were
charged to the mixer through the charging port at the top of the vapor discharge

port 12. The mixers were turned on for approximately 5 min to insure the



aryl oxi de has reacted with C02. By residence in a batch reactor is sinply 6
February 2004 10 neant the reaction time for the batch. Average resi dence
time i-n sem-batch and continuous reactions have their uSfEPTHEYSPRYs.
Preferably, the interior of the reactor is at the anbient atnospheric
pressure, plus or mnus 20.0 kPa (0.2 bar). Pressures at or above the

anbi ent pressure mnimze the | eakaggq of atnospheric gases such as oxygen

or noisture r (aht;g'rg,r s tight
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honi tori ng § MGt St ARG préaoxtPRORY B b P QA et ProuehOB Sl |
associ at ed VKQAOW that jiBerated frpm Hlet sactiongifnbiengdang potagsivathydsexids Wy dr oxi de
(KOH, 4.16 k%n(&@%h&[ox@d@éddz@ﬂer A@herﬁlﬁ‘i@nteﬁ@&éiﬁh&hm?é’f&hﬁe’ﬂed fromJ. T.

Baker conmpany- - enmal n ter) was

Foaded i nto dprepkmarnty B0 Xeheesopfion bestmfa boi iR RRGHRG cons: 8 bie

react or 1) preogiveeti0. WW ienahh etlutivd tesymraureGeached approximately 180°C very
vigorous boiling was observed throughout the volume of the solution. As the

process temperature increased the solution appeared to rapidly inciease in
.viscosity, and at a tefnperature of about 190°C the solution appeared to begin
solidifying. Once the solidification was complete water liberation slowed down
'markedly, and the hot oil heater 7 set point was increased to 325°C. Heating
continued with slow evolution of water. When the process temperature
approached 280°C the solids began to melt giving a clear melt of potassium
\*) : phenoxide with a small amount of dissolved water. When the process
temperature was 290°C, the heating oil temperature controlier (not shown) was
set to 310°C, and the nitrogen sweep flow increased to (.56 m3/h. This
elevated nitrogen flow was coﬁtinued for 15 min during which an additional
0.064 kg of water was collected (total of 2.57 kg water collected).
At this point the CRP-6 batch reactor 1 was approximately 60% full of
molten/ dehydrated phenoxide. The nitrogen sweep gas flow was terminated
and carbon dioxide flow at an indicated flow rate of 1.68 m3/h (measured by a
rotameter calibrated for air at STP) was introduced thereinto. The carbon
_ dioxide flow was divided into two streams. One was introduced into the vapor
space above the phenoxide at the end of the reactor 1 furthest from the drive
‘end, while the second stream was introduced slightly below the surface of the
phenoxide at the end of the reactor 1 nearest the drive gearing. Approximately



vapor di scharge port 12, and two gas injection ports 13, 14 as illustrated
In the attached diagram The entire system was evacuated to under 6 3 kPa
pressure and refilled to atnospheric pressure with nitroc?eFr?P 2%%tal of
three tines to renopve oxygen fromthe KOH and the system at nosphere. Next,
5:97 kg of |oose crystal phenol (PhOH, purchased from Lancaster Chem cal

Co.) were charged to the mxer through the charging port at“the top of the

vapor di schﬁr ggls @gth’& ciébon'm@xlm XQE dntkiueed urrae%h mg po@t neapet el g&ﬁi 8liye,5 M n
to insure the Fehr uar rvs S 0 ot ereactor
1, and the systé‘r‘r\e %ug/ %% %ﬁﬂ%ugﬁ %&ﬁ?e%surgg%gﬁ :}{eﬂ lled to

at nmospheric pr ergsoﬁuetlwl oﬁthﬁ|0@rh§>@ed10&1dmtaaa chudingt ¢frths preyiquslyoslearansit oxygen

i ntroduced V"'thva"sfb%sé}b@d‘mroug@\tthtaf}!g%t 1438 18 O drHih d%itd@raams %Wieh%@ to the
condenser 9, and the hot oil ‘ﬂi’&é‘f“‘d set paoi.nt was ncr ease romroom

tenperature totBRERE OYFA PHEO Pﬁfl%Ithﬁ’q R}’@eéé?ta%“’ Brig (WRIgEr  speeds
were 75 and 94 trRBMredil withea digiral ﬂ:atb)f\mtchsﬂ‘gaﬂtt@ ;her(emwmte&eyctoﬂfl the CRP-6

bat ch reactor p | gen s a nmet ered by
a rotaneter 2 ca]rl J%&@B%dgcgaé? %%@rgéesm g%rﬁ S%%B o EYF& heat i ng
portion of thecengiantiatddd°C thé MbrF@ryamomma@l)st&@é“pstrﬁQ mgeﬁcaxh@n

I th ect efl oPht halosax@kectﬁiglhgeemmy @Io“lédl&%![:’@lg bf ﬁﬂi@loﬂfd ﬂ&g r&%wer 19- (ofhi&gt ¢ pel

i nterna er i ndi cat e erature of a rOX|na ely
120C the cont goré;f) kggpqrggc?lﬂeﬂ)e%aovg F“I“?eqlfﬁrlf %‘T’Eﬁjea ‘{1&6 &P

gl ass 15 on theeamt dbudithandGRBudiehdiut kontiaetiao 1dokf liket hlost sdlldersmd‘}e gear

wat o1 (both t el RPSaerd0 el QoG ibsl e (AR BEPRPY P17

ir4action of phépgin f&'ﬁak%@'! HeAPRRYAYER V5@ Wet paste.fapd phenpd cpheationirates and
water). \Wen t begfonteR! 8s Brme ﬂ}?ﬂ#ﬁﬁ}ﬁc e@,@m@daee@daptbcmaxﬁﬁhﬁfde &d bhe

| ut b boi | | | 10. Wh
Che S0l ut i §%a?é¢+=pw§c'fagaar*9@“’a‘h tﬁsé\% G by h@%?éﬁﬁﬁ@ﬁ%ﬁ ling
was observed t eobengbigivinge tetal afrk. 7dfkeg) has !he Iagitatonhycﬂ:sulidmesqur&)mmed
tenperature ingg ﬁ?ess‘;aﬂnetw}}ﬁwséélzifhhﬁﬁ é‘aﬁlﬁé‘rd%%rgon.{] 9|cé{rbbﬂﬁﬁcﬁﬁ'c§eeﬂ6»0

. Vi Scosi ty, an erature o

ution eared to
begin sol i dif yhAgly @?(Eéh%tﬁ@ BHYG &ml@&‘lgbrﬁhwgh‘cﬁiﬁéllét@ %CBP% bekat i on
sl oned down negdeast va p%afédttbar;h@txt Ginl ahbeitHurst oFSeryPRiER ph¥Rs evbrEisased to

25 Heat o OWAIYES Wilbsalelt SAOELAR L alel Sy VST 0 POESTS)
of potassium had been collected, the product dipotassium p-hydroxybenzoate appeared as a
S dry/loose powder, and phenol evolution had markediy slowed. Over the next
10 minutes essentially no additional phenol was collected, and the process was
terminated. Carbon dioxide gas injection was replaced with 0.28 m3/h of
nitrogen gas (measured by a rotameter 2 calibrated for air at STP), and the
) controller for the hot oit heater 7 set to 16°C, and cooling provided for the
circulating oil. Over the next 90 min the temperature of the process dropped to
45°C. At that time the mixer agitator was stopped, the nitrogen sweep gas flow
) shut down, and the circulating oil flow stopped. The reactor end plate was
‘removed, and the powdered product removed for further testing. A total of
6.67 kg of solids were removed from the mixer 1. The majority of this
(approximately 6.40 kg) was in the form of a free flowing cream colored
pi)wdcr, while some 0.27 kg was recovered as a lump in the vapor discharge
line.

The powder was analyzed by High Pressure Liquid Chromatography
using appropriate compounds for calibration. Before analysis the potassium
salts were converted to the free compound. The analysis (based on the original
weight of the sample) indicated there was 61.14 wt % PHBA (equivalent to



phenoxide with a small anmount of dissolved water. \Wen the process
tenperature was 290C, the heating oil tenperature controll %etgnOt )%Hg

was set to 310C, and the nitrogen sweep flow increased t & Thi s
elevated nitrogen flow was continued for 15 mn duri'ng which an additional
0.064 kg of water was collected (total of 2.57 kg water collected). At this
point the CRP-6 batch reactor 1 was apb¥oximately 60%full of nolten/
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pheno charging was completed the dropping funnel was removed and replaced

with a bleed tube connected to house nitrogen. The molten metal bath was
raised so about 40% of the height of the resin kettle was covered in liquid metal.
Although the metal bath temperature controller was set at 170°C, the heat of
~ reaction between the phenol and KOH raised the metal bath temperature to

) 205°C. The molten metal bath temperature controller set point was raised to
220°C. As heating proceeded, a milky condensate was collected. As the
process temperature approached the metal bath temperature the condensate
wrned from milky to clear. Molten metal bath temperature controller set point
was raised to 240°C, and the bath itself raised so over 80% of the height of the
resin kettle was covered by liquid metal. The liquid metal bath temperature
controlter set point was raised to 300°C over next 30 min, and the bath held at
this temperature for about 1 h with a slow Sweep of nitrogen to help remove
‘water. After that time, the metal bath was lowered out of contact with the resin
kettle, and its heater shut off. The temperature of the liquid in the resin kettle
was measured to be 266°C with a thermocouple. After the thermocouple was
removed, the resin kettle was swept with a small flow of nitrogen as it cooled to
room temperature. Liquid (304 g) was collected in the condensate receiver.



was observed. After 70 mn of carbon dioxide flow a total of 2.79 kg of
phenol had been col |l ected, the product dipotassium p-hydro benz %é‘ﬁ
appeared as a dry/loose powder, and phenol evolution had % owed.
Over the next 10 minutes:.essentially no additional phenol was coI | ect ed,
and the process was term nated. Carbon dioxide gas injection was repl aced
with 0.28 nB/h of nitrogen gas (measu?*‘éd by a rotaneter 2 calibrated for
air at STP), 3dheredoreredontid stasdourfdoro qonaibtl % match@amerasited by Kal 10C, and
cool i ng provi g¢efef Qfaddle circulating oil. Over the next 90 min the :
tenperature of the process dropped to_ 45 C. At that tine the m xer agitator
was stopped, the nitrogen sweep gas EXAMPLES down, and the circul ati ng
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EXAMPLE 2 I nt 1| t 3 t eel ttl d f
Dab Gass  SumptiSssiee] foslait-n The SagPBOGRutS Sorip i was sfiipdd 631, 8 o of
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charged, the w%?ﬁéﬁbd‘%aie‘x”&ﬂ&'ex%?gﬁ&ﬁl%?Qbé(ﬂchtbu? qxga% atuﬁ]“be and

condensate recelver any c e vapors g e resin kettle
woul d be cond&fpegatueygached| I18CEafter apprasimatly By aning (:an@eg waseengutedof t he

resin kettl e. fokhotHeri2Dehinehid theRItEe RIGRENHeM i@ WitdeweA0iPAcREEGsNr €, and
refilled with trogen to renove ' oxygen fromthe KOH The resin kettle was

suspended aboV8- a molten liquid metal bath during this period, and
sufficient heat di fAffiesdlst vassel hati eosled ¢d newrgeeth temperature it was opened and

the contents examined. Visual examination indicated that the majority of the
vessel contents had been molten at the time the experiment ended, although
 clearly a small fraction was in the form of a frozen powder. Differential
- scanning calorimetry on the material that had been in the molten phase indicated
a sharp melting point at 272°C. Essentiaily no change occurred in the DSC
trace after the sodium phenoxide had been heated to 180°C and held for several
e . hours in an evacnated oven. |
EXAMPLE 4
Potassium hydroxide pellets (66.0 g) was charged to the same 1 liter
. stainless steel resin kettle described Example 2, and evacuated to below 400 Pa
and refilled with nitrogen to atmospheric pressure 3X to remove oxygen. Then,
144.2 g of loose crystal 2-naphthol charged to the nitrogen blanketed vessel
through a powder funnel. The vessel was then evacuated to 6.7 kPa, and
refitled to atmospheric pressure 2 times to remove oxygen. A nitrogen gas
bleed was established across the vessel, condenser and condensate receiver to
aid in removal of volatiles from over the reaction mass. A molten liquid metal
* bath held at 200°C was then raised to cover 80% of the vertical height of the
stainless steel resin kettle. The bath temperature controller was set to 318°C
and a mechanical agitator turned on. As the bath, resin kettle, and reaction mass



that the KOH pellets were observed to begin nelting. Then 500 g of nolten
phenol was charged into a dropping funnel arranged so it could di g rge
.directly into the process vessel through one of the holesfﬁﬁﬂ¥W¥V§§ ? A
portion of the nolten phenol.was charged into the process. Initially a
very vigorous reaction was noted, and the remaining phenol was charged
very slowy with vigorous nechanical ggitation of the vessel contents

provi ded. Theaeﬁéak&ﬁw%ﬁ exclls M@srel tbilky olE! TRIAR a3 BRthved by
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traces of water. At this point there was a powder in the reactor 1.

Then at a reactor contents temperature of 255°C COp was added at the
rate of 1.99-2.26 m3/h (70-80 SCF/h) for a period of 72 min {except for 2 short
time periods when phenol plugs formed in the condenser 10). In addition, for
the first 37 min of the CO9 addition 0.57 m3/h (20 SCF/h) of nitrogen was also
added. Except for the two brief periods when plugs were present in the

) condenser 10, the pressure in the reactor 1 was approximately ambient pressure.
' Shortly after the CO7 addition started the reaction mass became pasty, and then
gradually became a dry powder again as CO2 addition progressed. Power
consurhption by the agitator drive also peaked shortly after CO, addition started
and about the same time as the reaction mass got pasty. Power consumption
thereafter decreased slowly. Product analysis is given in Table 1.
EXAMPLE 6
This Example was run exactly the same as Example 5 except drying and
reaction with CO9 was done at 272-274°C, CO; flow rate was 2.20 m3/h
(80 SCF/h) for 58 min (there were no plugs of the system), and no nitrogen flow
during CO7 addition. Observations during the CO7 addition were similar to

those in Example 5. Product analysis is given in Table 1.



t hrough a powder funnel. The vessel was then evacuated to 6.6 kPa, and
refilled to atnospheric pressure 2 tines to renbve oxygen. dﬁA nltr% gas
bl eed~was established across the vessel, condenser and corPdeheuAT B@Eei ver
to, aid in renoval of volatiles fromover the reaction mass. A nolten
liquid netal bath held at 200C was then raised to cover 80% of the
vertical height of the stainless steel Aésin kettle. The bath tenperature
controller was set to 318C and. a nE(Emwﬁ&_,Eagltator turned on. As the
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,clearly a Snﬁl fraction was in the formof a frozen powder. Differenti al
scannl ng calo try on the material that had been in the nolten phase
indicated a sharp nelting point at 27P&BLEskentially no change occurred in
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liquid metal IbdteTddd GNAD” 20065 nasddttred.r ai sed to cover 80% of the
vertical height of the stainless steel resin kettle. The bath tenperature
controller was set to 318C and a nmechanical agitator turned on. As the
bath, resin kettle, and. reaction mass 6 February 2004 15 was heated water
and excess phenol were boiled out. The netal bath




tenperature reached 318C after approximately 30 m n. Heating was continued
for another 30 mn, and then the nolten netal bath was Iogfé %ﬂ its
heater shut off. After the vessel was cooled to near roo %ﬁ% Bfe it
was opened and the contents exam ned. Visual exam nation indicated that
essentially all of the vessel contents had been nolten at the end of the
heating period. Differential scanniny/calorinetry on the recovered

pot assi um 2- naphthOX|de i ndi cat ed alabkhdrp nelting point at 243C. EXAMPLE 5
In this Exarrple an aratus—s+mtar—to—thatT-shogwi— re 1 was used
except there we T _LhéLcﬁiiggzgg or the phenol
recover ed. Pota4§ﬂﬂﬁ5ﬁvdroxide (2.7 kq) dhendi®6(u. 88-28)| were added to
the CRP-6 batc{%rR®ador 1 under nitrod@&iD the r@adtpr 4%als put under
vacuum and thmlhjm}ggyw@gh[ml@m (dpfqs3uce of 200t ropegp and a ni trogen
purge. Heating "- Q@%mﬁgaCIor was S[arhﬂ. an hge [ n§g1tator shafts were

set rotating an O Forf—ard—ther—933+o 7 4ph Hlled durin

this peri odg V\h-‘ppt@lll‘&hrsnr\f ::\nt s—tenperdt. 21\8* szngﬁ 9R "‘SQ vacuum was J
applied for 25 min to. renove the last traces of water. At this point
there was a powder in the reactor 1. Then at a reactor contents tenperature
of 255C CO2 was added at the rate.of 1.99-2.26 nB/h (70-80 SCF/h) for a
period of 72 min (except for 2 short tine periods when phenol plugs fornmed
in the condenser 10). In addition, for the first 37 mn of the C02
‘addition 0.57 nB/h (20 SCF/ h) of nitrogen was al so added. Except for the
two brief periods when plugs were present in the condenser 10, the
pressure in the reactor 1 was approxi mately ambi ent pressure. Shortly
;af}er the CO2 addition started the reaction mass becane pasty, and then
gradual | y becane a dry powder again as C02 addition progressed. Power
eonsunption by the agitator drive al so peaked shortly after C02 addition
started and about the sane tinme as the reaction nass got pasty. Power
consunption thereafter decreased slowy. Product analysis is given in
Table 1. EXAMPLE 6 This Exanple was run exactly the sane as Exanple 5
except drying and reaction with CO2 was done at 272-274C, CO2 flow rate
was 2.26 nB/h (80 SCF/ h) for 58 min (there were no plugs of the system,
and no nitrogen fl ow




during CO2 addition. Observations during the CO2 addition were simlar to
those in Exanple 5. Product analysis is given in Table 1. 6 Febru 2004
16 EXAMPLE 7 This Exanple was run exactly the sanme as Exfnifﬁb %’yg%‘é
drying and reaction with CO2 was done at a reactor contents tenper ature of
269-271 C, drying was done under a flow of 0.57 nB/h (20 SCF/ h) of
nitrogen, and CO2 addition was at 2.26 nB/h (80 SCF/ h) for 67 mn.
Qbservations during the CO2 additionlBere simlar to those in Exanple 5.
Product analysis is given is Table 1. TABLE | In this Table yields are

given as a percentage of the origi n&LAMSA| - sanple, in V\:hi ch t he conpounds
were present as the| 2\ rml%m%& cE?sl fo?the@n%dﬂﬁﬁd{%fa ks was. done by
hi gh pressure liq ro ogra free rrpounds i.e.,

after they h&ddﬁé‘éﬁﬁfﬁ%ﬂﬁ 4%‘%1“5%?&31*50195:59 i EgastioR 8565‘?@%‘ saltofgnal Sal t s
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4- hydr oxyi Sop. ht haI e Tot al

cid 30020 200
Sal t s92. 8882 EsgWluge gwﬁé 5? PAYH 4° i% %{iﬁ%yh‘{oug c r?‘ﬁ‘ff‘lf\%‘& ocess for
t he pr oduct i eontftedwithr sotiat amgl/or liquid ingredients present provided that: -

the agitation is sufficient that the average re&dcncc time of a
nongaseous reactant in said reactor is less than about 2 hours;
) _ at least 80 miole percent of said metal salt of an aromatic hydroxy
B compound is reacted with said carbon dioxide in said reactor; and
said gas which is unreacted exits said reactor.

2. The process of claim 1 wherein said metal salt of an aromatic
hydroxy compound is an alkali metal aryloxide.

3. The process of claim 2 wherein said alkali metal
aryloxide is potassium phenoxide, sodium phenoxide, potassium 2-phenyl-
phenoxide or potassium 2-naphthoxide.

4, 'The process of claim 2 wherein said alkali metai
aryloxide is potassium phenoxide.

5. The process of claim 2 wherein said alkali metal
aryloxide has a melting point of less than about 320°C.

&. The process of claim 2 carried out at a temperature of
at least about 275°C.

7. The process of claim 2 wherein excess carbon dioxide or an inert

gas or both are added to said reactor.
8. The process of claim 2 which is run continuously.
9. The process of claim 2 which is run as a batch reaction.

10. The process of claim 2 wherein said carbon dioxide is added
countcrcufrently to a movement of said solid in said reactor.

11. The process of claim 2 wherein at least 95 mole percent.of said
metal salt of an aromatic hydroxy acid is reacted with said carbon dioxide in
said reactor. .

12. The process of claim 2 wherein said total pressure is ambient
atmospheric pressure, plus or minus 0.2 bar.

13. The process of claimr 2 wherein said alkali metal is sodium or
potassium.



hydr oxycar boxylic acid using a Kol be-Schmtt reaction of a netal salt of an
aromati ¢ hydroxy conpound with carbon di oxide wherein a pgfﬁ IS %rﬁguced
during the reaction, wherein the inprovenent conprises, %h t he
reaction with carbon di oxi de at a pressure of about 0.8 to 2 atnnspheres,
absolute, in a reactor whose contents are agitated and wherein there is
sufficient free volune that a gas may pass relatively freely through the
reactor and be contacted with solid and/or |iquid ingredients present
provided that: the agitation is suffil® ent that the average r-esidence tine
of a nongaseous reactant in said reactor is |less than about 2 hours; at

| east 80 nole percent of said netal salt of an aromatic hydroxy conpound
is reacted with said rbon dig |de i.n .sai.d reactar:; d said gas which is
unreacted exits sdi*d &338F5F$; ‘:$ﬁb2ﬁW5FE§§m§?ﬁ@$dPﬂ? SIRESPEIH sai d net al
salt of an aronatiis. Mhepoooescoigemnd wierein aalakahationptdadxyaeomhpoundds 3. The
process of i:é J@dzdl.ﬁﬁ%rs%id‘%l%@ésq al kali metal aryloxide is potassium

phenoxi de, |un1p ox1 d potaSS|un12 phenyl - phenoxi de or potaSS|um
2- napht hoxi de Ithe The peecsss of ¢ é%lzﬁ‘r’@f%ﬂéﬁ'é‘l ayege desiqnss Hmeds s
aryl oxi de |gmgqm@a§1@q1phenOX|de. 5 . The process of claim2 wherein said
al kali nmetal aryloxide has a nelting point of |ess than about 320C. f
The process of claim2 carried out at a tenperature of at |east about
275C. 7. The process of claim2 wherein excess carbon dioxide or an inert
gas or both are added to said reactor. 8. The process of claim2 which is
run continuously. 9 . The process of claim2 which is run as a batch
reaction. 10. The process of claim2 wherein said carbon dioxide is added
qyntercurrently to a novenent of said solid in said reactor. 11. The
ocess of claim2 wherein at | east 95 nole percent. of said netal salt of
an aromati ¢ hydroxy acid is reacted with said carbon dioxide in said
reactor. 12. The process of claim2 wherein said total pressure is:anbient
at nospheric pressure, plus or mnus 0.2 bar.



- 13. The process of claim2 wherein said alkali netal is sodiumor

potassium 6 February 2004 19 14. The process of claim?2 gqgrel n aab%

al kal.i metal is potassium 15. The process of claim2- wh biuary matic
hydr oxy compound is renoved during said process. 16 . The process of claim
2 wherein said average residence tine is less than about 1.0 h. 6 February.
2004 20 PREPARATI ON OF AROVATI C HYDROXYCARBOXYLI C ACI DS AND DI ALKALI  METAL
SALTS THEREOF ABSTRACT OF THE DI SCLOSURE Al kali metal aryl oxi des may be
speedily dried by renmoving water whil2® the aryloxide is nolten. Such dried
al koxi des are useful as chem cal inter rredi ates. Mlten alkali netal

aryl oxi des t i

di al kal i ﬂ@b@ﬁﬁlﬁ@m{u&?ak JIID. trn:

acidification yield the correspon e

Aromatic hydroxycarboxyl i zﬁ& m cal internedi ates and
as nononers for polyners. f y be reacted with

carbon dioxide in a reactor in which the contents, even when pasty, nay be

28: t g;leg fs IO th E(altl Pneeta! ogdd%g n'1§y Brgrs%ecreg Py 9r|eci] )? rérgoﬁhb%ater wn?e ﬁwe
Em e is molten. Such dried alkoxides are useful as chemical intermediates.
Molten alkali metal aryloxides may be contacted with carbon dioxide to quickly
produce the dialkali metal salts of aromatic hydroxycarboxylic acids, which upon
acidification yield the corresponding aromatic hydroxycarboxylic acids. Aromatic
- hydroxycarboxylic acids are useful as chemical intermediates and as monomers
S for polymers Solid metal aryloxides may be reacted with carbon dioxide in a
reactor in which the contents, even when pasty, may be agitated so that the
reaction is more rapid than in prior methods.

No suitable figure



