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Background of the Invention This invention relates to the conversi ohldEC 2003
phthalic g ¢ 5 cyclohexanedi carboxylic acids by catal ygd-Ensesrnesss
hydrogenatlon %&clohexane- di carboxylic acids are used in the manufacture
of polyesters, polyam des, resins, and coatings. The art teaches that

cycl ohexanedi carboxylic acids can be prephred by the direct hydrogenation
of phthalic acids in agueous solution over a supported rhodi um catal yst.

10 According to Freifelder, et al. Chen1 31, 3438 (1966)

phthal i c acids can be hydridyPROGENATIONOEBHTHALIC ACDSsence of 5 wt. %
rhodi um on carbon catal yst. US 4, 754, 064 descrlbes the use of 5 w.%

rhodi um on carbon catalyst at a.tenperature range of 90 Cto 140 Cwth
t he inproveneri—%g—#ﬁﬁé&%ﬁé—@ma [o CE¥OR {5 25 wt. % of the product solution. The
hi gh cost of rhodi Wﬂié%\?éfﬁbﬁ%@léﬂ@é%%@Eoﬁ@é@d??ém%ﬁ-f@?ddsnﬂot ed

solubility of isophthalic and terephthalic acids at OW reaction
t enper at s es icychdrexaaedicastvwolic ageds by cataiphmbydmgbnahon.eﬁyclchl&)@,rﬁ% 335
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of transition netal catal A | eadi ng to extensive (0] lon to gl ve

cycl ohexanecarctm)(bda |pa:e;amed b}USequmaca rt?dltoga&matlds &f (tiRalT acids 90 dcg@obst he
hydr ogenati on 0 ht hal i 30|d s Its in the presence of supported

rut heni um cat a‘?ci}'éft'%“ o er%llsé'HHQ Ad Z3edg eARI¥Rbdr ogenat i on of phthalic acid
salts isqphat they RUsdrditfy to Freifelder, et al., (J. Org. Chem. 31, 3438 (1966)

phthalic acids can be hydrogenated in high yield in the presence of 5 wt.%

~ rhodium on carbon catalyst.
US 4,754,064 describes the use of 5 wt.% rhodium on carbon
catalyst at a temperature range of 90 °C to 140 °C with the improvement of
15 recycle of 5 to 25 wt.% of the product solution. The high cost of rhodium is
a disadvantage of this method. The limited solubility of isophthalic and
terephthalic acids at the low reaction temperatures is also a disadvantage in
a commercial process.
US 2,828,335 describes the hydrogenation of phthalic acid salts in
20 high yield with good selectivity in the presence of a supported ruthenium
catalyst. This patent also discloses the hydrogenation of phthalic acids
using a variety of transition metal catalysts leading to extensive
decarboxylation to give cyclohexanecarboxylic acid.
US 5,118,841 and US 5,202 475 also teach the hydrogenation of
25 phthalic acid salts in the pregence of supported ruthenium catalysts. A
disadvantage to the hydrogenation of phthalic acid salts is that they must be
treated with a mineral acid in order to recover the cyclohexanedicarboxylic

acid. The acidification procedure inherently generates a salt, which must
be disposed of.



treated with a mneral acid in order to recover the cycl ohexanedi caerjglt i?lﬁ]li
acid. The acidification procedure inherently generates a salt, which

be di spos& ai/78700 DEC 2003 W 00178701 PCT/ US99/ 29544 -2 BETAISHI495337
shows the | oss of selectivity and the formati on of several byproducts when
trinellitic acid is hydrogenated instead of,the alkali salt. The need
exists for a process for the production of'%ycl ohexane- 5 dicarboxylic
acids, which is econom cally feasible and overcones the deficiencies of

the prior art. Su Lo, T, - | rel.ates.to an

| nproved process m %)Eé&‘{lﬁaéﬂ%g?’g%seﬁaet llgg?l%gg 3%%@'%@?%@%‘@?@%@ %f
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i nproved sel ectivity 1 n aqueous solution over a supported pall adium i

catal yst to gi98ltcycl ohexane- dicarboxylic acids (CHDA). 15 Detail ed

Description of the e ] i ve hthalic _acids may
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presence 6f a digapooxit agids | varichns caionoysitallyfeasibid ahd Dvetborh8€ tig esent

i nvention provides inproved selectivity at optinmumtenperature ranges of
from about 1958efigiepssofibepsintarhnd at opti num cat al yst concentration of
fromabout 1 to about 5 w.% Hydrogen pressures for the practice of the
invention may typically be in the range of about 600 to 700 psi, although

hi gher pressur &immganpef theskention

The present invention relates to an improved process for the
10 hydrogenation of phthalic acids over a supported palladium catalyst.
Phthalic acids are hydrogenated with improved selectivity in aqueous

solution over a supported palladium catalyst to give cyclohexane-
dicarboxylic acids (CHDA).

15 Detailed Description of the Invention
It has been discovered that phthalic acids may be hydrogenated to
yield cyclohexanedicarboxylic acids (CHDA) in the presence of a supported
palladium catalyst. The catalyst of the present invention provides improved
selectivity at optimum temperature ranges of from about 195°C to about
20 230°C; and at optimum catalyst concentration of from about 1 to about 5
wt.%. Hydrogen pressures for the practice of the invention may typically be
in the range of about 600 to 700 psi, although higher pressures may be
used.
Useful phthalic acids for the process of the present invention include
25 isophthalic acid, phthalic acid, terephthalic acid, purified isophthalic acid
and purified terephthalic acid. Aqueous solutions of the acids are normally

used as the reactants; however, non-aqueous phthalic acids i ..y also be
used.



Useful phthalic acids for the process of the present™invention incl ugxﬁ QE?ES
i sophthal i ¢ acid, phthalic acid, terephthalic acid, purified isophthal 2003
aci d and @iy dofkald terephthalic acid. Aqueous solutions of teamybdssdare
normally wused as the reactants; however, non-aqueous phthalic acids may
al so be wused. .1 WO 00/78701 3 10 DEC 2003 PCT/ US99/ 29544 I n a typical

ol

reaction, the desired phthalic acid is dis ved in water at the reaction
tenperature and contacted with a cat alyst, in the presence of hydrogen.
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the catal yst depends upon the armunt of catalyst enployed, as is know in
the art, and pmlbadnatngm theosuipatiis typicalip in the: mnglecoftfran labots0. Teeabauti o of

I f b 14 to 1:5 dth
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preferred substrate concentration is 1 %to 5% and a preferred tenperature
i's 230C. A pref errédegroeesshehthaoprasest ipvestion mayke casieduiyddn a fixesho

peII | adi UT5°"  ped pressurized reactor. The contact time of the solution with the catalyst
depends upon the amount of catalyst employed, as is know in the art, and
may range from about 0.5 hours to about 3 hours. The ratio of catalyst to
substrate typically ranges from about 1:14 to 1:58 and the temperature
typically ranges from about 195 °C to 260 °C. The concentration of the
15 substrate (phthalic acids) may range up to about 20 weight %. A preferred
substrate concentration is 1% to 5% and a preferred temperature is 230°C.
A preferred embodiment of the present invention uses a 0.5% palladium on
carbon catalyst, which is inexpensive and commercially available.
Optimum rate and selectivity are achieved at about 200°C to about
20 230°C. The lower temperature limit of the hydrogenation is somewhat
limited by the solubility of the phthalic acids. For example, both isophthalic
acid and terephthalic acid are soluble at less than 1 part per 100 parts
water at 100°C. In order to efficiently operate a continuous, commercial
scale reactor, the process must be operated at a temperature at which the
25 substrate is soluble in order to avoid plugging problems and loss of catalyst

through abrasion.
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EXAMPLES 1 - 9
ated by the following examples of

preferred embodiments thereof, although it will be understood that these

10 examples are included merely for purposes of illustration and are not

intended to limit the scope of the invention unless otherwise specifically
indicated.

EXAMPLES 1-9

15 A one gallon titanium autoclave equipped with a drop-in catalyst
basket was charged with isophthalic acid (IPA) in concentrations of from 5
wt.% to 20 wt.%; and water in such amounts that the total combined weight
for IPA and water in each run was 1750g. The catalyst basket was charged

20 with 8.5 g of 0.5% palladium on granular carbon. The mixture was

pressurized with 650 psig of hydrogen and heated to the reaction

temperature. The reaction temperature was varied from 200°C to 260°C.

The mixture was stirred at temperature for 45 minutes, and the catalyst
basket was dropped into the mixture. _The mixture was stirred for 3 hours,
25 cooled, and vented. The product mixture was analyzed for CHDA, IPA,

CHCA, benzoic acid, and toluic acid. The results of these examples are

shown in Table 1. The selectivity to a product was calculated as the moles
of the product divided by the total moles of all products.

\.



A one gallon titanium autoclave equi pped with a drop-in catal yst ba?m%
was charged with isophthalic acid (1 PA) in concentrations of fromb5 £6,02003
to 20 W .3 o8Rshey@t er in such amounts that the total conbi ed/uebioghsss for

| PA and water 1n each run was 1750g. The catal yst basket was charged 20
with 6.5 g of 0.5% pall adium on granul ar carbon. The m xture was

pressurized with 650 psig of hydrogen antd®heated to the reaction
tenperature. The reaction tenperature was varied from200C to 260C. The

m xture was Sti rrEg &t ieg‘ferature for 45 mnutes, and the catal yst basket
was dropped i ' e. The m xture was stirred for 3 hours, 25

cool ed, and vented. The product m xture was anal yzed for CHDA, |PA, CHCA,

benzoic acid, _and toluic acid. The results of these exanples are shown in
Table 1. The Jat@dc Fyirpgenaipng! BAKRILETCHRAs cal cul ated as the noles of the

roduct divided by the total mles of all nroducts. f 1
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PCT/ US99/ 29544 —4shii Gomi-onzor-l—ort < dadab | —5454D8-20-161. 2
23054, 02. 51. 9133578 0342003427 52-6:52341034 995y

4 200 10 7.5 975 0.5 16

5 230 10 349 834 4.1 2.5

4] 260 10 34.3 BEB 71 4.0

7 200 20 17.0 97.3 0.9 18

B 230 20 28.1 92.0 4.5 2.9

9 260 20 183 914 54 32

H2 pressure - 650 psig
time - 3 hours
1750 g of reaction mixture and 6.5 g of 0.5% Pd on carbon catalyst

EXAMPLES 10 — 12

A one gallon titanium autoclave equipped with a drop-in catalyst
basket was charged with 88g of terephthalic acid (TPA) and 1,662g of
10 water. The mixture was pressurized with 650 psig of hydrogen and heated
to the reaction temperature. The mixture was stirred at temperature for 45
minutes, and the catalyst basket was dropped into the mixture. The mixture
was stirred for 3 hours, cooled, and vented. The product mixture was

analyzed as before. The results are summarized in Table 2.
15

Table 2 - Hydrogenation of TPA to 1,4-CHDA

Ex Temp. |[TPA]wt% [TPA Conv. (% )| CHDA(%) | CHCA(%) |Benzoic and Toluic(%)
15

10 700 5 565 G54 03
T 730 5 515 953 03 KR
BV 550 5 753 855 73 173

H2 pressure - 650 psig
time - 3 hours
1750 g of reaction mixture and 6.5 g of 0.5% Pd on carban catalyst



14.0 17.097.30.91.8 28.14.52.9 91 2601 201 18.31 91.4 1750 g of reaction

m xture and 6.5 g of 0.5% Pd on carbon catal yst pressure - 650 psig!0QEGa003
3 hours B Whbdgzh 10 -- 12 A one gallon titanium autocl ave eegn/ppedossd4 h a
drop-in catal yst basket was charged with 88g of terephthalic acid (TPA)
and 1,662g of 10 water. The m xture was pressurized with 650 psig of

hydr ogen and heated to the reaction tenperature. The m xture was stirred
at tenperature for 45 mnutes, and the catal yst basket was dropped into
the mxture. The myidiffentBh id beed debrBelM bRaithRl pariciist nsdkrite The
product mixture was analyzed as before. e results are summarized I n

Tabl e 2. 15 Tablpeef2rredgsbodinahtothenéof BAit ftowill, bk GriAstood tbap vaiawdnsut % PA
Conv. (% CHDA( % CHCA( %9 Benzoic and Toluic(% U. 11.5 TT 23061, 595. 30.93.8
H2 pressure - asompslifipationgean be gifgcted within theospifiband sepparpkihg e and 6.5
g of 0.5%Pd q[q\,é:[ﬂ(g?]on catal yst WO 00178701 -6 10 DEC 2003



PCTI US99/ 29544 The invention has been described in detail with particul ar
reference to preferred enbodinents thereof, but it will be understfﬁg ﬂﬁﬁ
variations and nodifications can be effected within the spirit and %%

of the invention. 10 DEC 2003 -7 CLAI What is Clainmed is: 5 1. A process
for the formati on of cycl ohexanedi carboXylic acids conprising

hydr ogenati on of phthalic acids over a supported palladium catal yst, under
hydr ogenati on conditions conprising tenperature in the range of 195 Cto
260 C and hydrogen pressures in the ranﬂﬁ gf 600 to 700 psi. 10 2. The
process of claim1 wherein the phthal% ds are selected fromthe group
consisting of isophthalic acid, phthalic acid, terephthalic acid, purified
i sophthalic acid and purified terephthalic acid. 3. The process of claim|l

wherein the teathef i©f phthalic acids is from 15 about 1 percent to
about 20 wei G%r?\ﬁg|t(v;t(|§\lfrd(j:ent 4. The process of claim1l wherein the
concentration of phthalic acids is from about 1 percent to about 10 wei ght

percent. 20 5. The process of cl LmI re thalic
aci ds i5s frorh. Adygeess gb’ﬂ@%ﬁ?”‘f‘ ’Oib%‘f’y WG%E%Sgt?WPgC?g %ﬁgﬁforo ess of
claim1l wher ! RILSPBHedDallagupodatapdtutndes of
oht hal i ¢ aci 3@/& i@érgatm SEbtRafC heRis¥ver BIRppBitedD : ‘
hydrogenation conditions comprising temperature in the range of 195 °C to

260 °C and hydrogen pressures in the range of 600 to 700 psi.

10 2. The process of claim 1 wherein the phthalic acids are selected from the
group consisting of isophthalic acid, phthalic acid, terephthalic acid, purified

isophthalic acid and purified terephthalic acid.

3. The process of claim 1 wherein the concentration of phthalic acids is from

15 about 1 percent to about 20 weight percent.

4. The process of claim 1 wherein the concentration of phthalic acids is from

about 1 percent to about 10 weight percent.

20 5. The process of claim 1 wherein the concentration of phthalic acids is from

about 1 percent to about 5 weight percent.

6. The process of claim 1 wherein said phthalic acids are present as
aqueous solutions of phthalic acids.

25



