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if only_the ester formwas L available. -1 ) )
y2,6-NDC— ased polymers in camera fl?ms and magnetic recording tapes as well as

electrical and electronic components.

2,6-NDC-based polymers also exhibit high resistance to the diffusion of gases
such as carbon dioxide, water vapor and oxygen. This resistance to gas diffusion

20 makes these polymers useful in films and containers for a wide variety of food and
beverage packaging applications.

The superior physical strength of 2,6-NDC-based polymers also renders these
polymers useful in physically demanding applications such as cords for automobile
and motorcycle tires.

25 The use of 2,6-naphthalenedicarboxylic acid in such applications provides
several advantages over 2,6-NDC. First, the weight differences between the acid
and the ester typically results in higher yields of polymer per pound of feedstock.
Additionally, polymerization of the acid with ethylene glycol produces water, rather
than the more difficult to handle methanol produced when the ester is polymerized

30 with ethylene glycol. Furthermore, in polymer plants already designed to handle only
acid-type monomers, use of the acid permits the addition of naphthalenedicarboxyl
moieties to polymers which could not be accomplished if only the ester form was

available.
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What is needed is a relatively inexpensive way to purify naphthalenic diacid

monomer more efficiently and at low cost, and which results in a lower level of

20 impurities than is presently produced in the typical high temperature purification

processes presently used.

Summary of the Invention

We have found that naphthalenic diacid monomers can be efficiently produced

25 by operating at lower temperatures and solids loadings levels than have been

typically used in commercial practice. Surprisingly, when the proper catalyst and

operating conditions are selected, monomer having lower levels of undesired

impurities is obtained, thereby decreasing the need for further purification of the acid
monomer.

30 Additionally, because these reactions are performed at lower temperatures,

we have found that underutilized chemical plant assets designed for less strenuous

operating conditions, such as those used to purify terephthalic acid, may be

employed to purify diacid monomers such as 2,6-NDA. Utilizing such existing assets
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1, 5- napht hal enedi carboxylic acid, as well as other naphthal enic acids
having acid functionalities of one or nore. 20 The description, therefore,
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pr ocess.purification of terephthalic acid. The discussion is illustrative only. Other

embodiments of the invention will be apparent to those skilled in the art after
reviewing the following descriptions. For example, | believe my invention is well-
suited to the purification of other similar diacids such as 1,5-naphthalenedicarboxylic
acid, as well as other naphthalenic acids having acid functionalities of one or more.

20 The description, therefore, is not intended in any way to limit the scope of our
invention.

Generally, | have found that my process yields naphthalenic acid monomers
containing lower residual amounts of undesired naphthalenic compounds that can
react under polymerization conditions to branch or terminate polymer chains. This

25 advantage can be obtained by operating at lower temperatures and solids
concentrations than have been used commercially to purify such acids. Additionally,
the proper selection of noble metal catalyst can substantially enhance the quality of
the purified acid produced by the process.

Specifically, the purification process should be carried out at temperatures

30 between about 520 and 575 °F, preferably 525 and 560 °F, and most preferably at
550 °F. Total dissolved solids should be the maximum weight percent of 2,6-NDA
soluble at the reaction temperature, which will range from 3.9% at 520 °F to 12% at
575°F, 4.4% at 525 °F and 10% at 560 °F, and which is about 7% at 550 °F.
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solvent. “Nomlnal operating temperature” means the temperature at which the
vessel is designed to operate on a continuous basis, rather than a number such as

20 the maximum operating temperature, which typically may be required by the relevant
engineering standard to be 1.5 to 2 times the nominal operating temperature.

FIG.1 is a flow diagram of a semi-works scale naphthalenic acid purification
plant 10 used in Comparative Example 1 and Example 1 to produce large quantities
of 2,6-naphthalenedicarboxylic acid.

25 Plant 10 purifies a crude 2,6-NDA feedstock produced by the liquid phase
oxidation of 2,6-DMN in the presence of a source of molecular oxygen, a solvent
comprising a monocarboxylic acid and water. The reaction used to produce the acid
feedstock typically is conducted in the presence a catalyst comprising cobalt,
manganese and bromine components, at reaction temperatures of from about 100 to

30 260°C. The reaction preferably is performed in a monocarboxylic acid solvent such
as acetic acid, or a mixture of acetic acid and water, with a ratio of solvent to DMN of
about 2:1 to 12:1, a manganese to cobalt ratio of about 5:1 to 0.3:1, a bromine to

manganese plus cobalt ratio of about 0.3:1 to 0.8:1, and a total amount of cobalt plus

-4-
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Comparative Example 1

20 Hydrogenation reactor 16 was charged with 1,408 pounds of peat carbon
available from Norit Americas, Inc. as Norit ROX 0.8, an extruded 0.8mm diameter
activated carbon that has been acid washed and which has an apparent bulk density
of 25.5 pounds per cubic foot.

A slurry of crude 2,6-NDA feedstock having the specifications set forth in

26 Table 1A, below, was prepared in feed vessel 12 at a temperature of approximately
120°F.

Table 1A Crude 2,6-NDA Feedstock Specifications

Purification Solvent water

Average Weight Percent Total Dissolved | 12 %
Solids
Weight percent 2,6-NDA as percent of 96 %
Total Dissoived Solids
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at a tenperat re between about 300 and 400F, the crystallized acid
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1 B, below T 1?Ie B - %)emffications of Purified 2,6-NDA Wight percent
2, 6-NDA (as V\E'itGFﬁ‘ ggagtor effluent was crystaliized in crystallizers 20 and 22 by

evaporative cooling of the effluent. The crystallizer effluent was washed twice with

water, filtered at a temperature between about 300 and 400°F, the crystaliized acid
slurried in water and filtered on a rotary vacuum filter 28 at ambient pressure, and

10  dried at a temperature of about 250°F for 60 minutes in rotary drier 30. The dried,
purified NDA had the specifications, when averaged over 7 approximately 20,000
pound batches, as set forth in Table 1B, below.

Table 1B - Specifications of Purified 2,6-NDA
Weight percent 2,6-NDA (as weight | 99.8
percent of total solids)
6-formyl-2-napthoic acid ("FNA") (as |23

ppmw total solids)

1-bromo-2,6-naphthalenedicarboxylic not detected
acid ("BrNDA") (as ppmw total solids) (<20 ppmw)
2-napthoic acid ("2-NA") (as ppmw total | 106

solids)
6-methyl-2-napthoic acid ("6-Me-2-NA") | 130
(as ppmw total solids)
2,6-dicarboxytetralin  ("2,6-DCT") (as | 488

ppmw total solids)

Trimellitic acid ("TMLA") (as ppmw total | not detected
solids) (<10 ppmw)
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below, was prepared in feed vessel 12 at a temperature of approximately 120°F.

The feedstock was heated in preheater 14 to a temperature of between 525

and 565 °F and reacted in hydrogenation reactor 16. Feed rates were approximately
15 13 to 16 gallons per minute, with a total solids concentration in the feed of from 4 to
6.5 weight percent.

Filtered reactor effluent was crystallized in crystallizers 20 and 22 by
evaporative cooling of the effluent. The crystallizer effluent was washed twice with a
water filter at a temperature between about 310 and 345°F, and the crystallized acid

20 slurried in water and filtered on a rotary vacuum filter 28 at ambient pressure, and
dried at a temperature of about 250°F for 60 minutes in rotary drier 30. The dried,
purified NDA had the specifications, when averaged over 4 approximately 20,000

pound batches, as set forth in Table 2, below.

25 Table 2 - Specifications of Purified 2,6-NDA
Weight percent 2,6-NDA (as weight|99.9
percent of total solids)

6-formyl-2-napthoic acid ("FNA") (as | not detected

ppmw total solids) (<8 ppmw)
1-bromo-2,6-naphthalenedicarboxylic not detected
acid ("BrNDA") (as ppmw total solids) (<20 ppmw)
2-napthoic acid ("2-NA") (as ppmw total | 124

solids)
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2, 6- NDA %PBHI""HE@'C%WPS)Z 6-NDA (as weight 99.9 percent of total solids)

6-fornyl ny T ppmy total solids) (<8
ppmy)  1- brg%l%[rg gentgglh?ha e’r?ﬁ‘ap(-:lgrbo@% @& cge;tégigpect ed aci d ("BrNDA") (as
ppnmw t of @bmltotdssol(dsxo ppmy)  2- napt h0| C(<A0ighrow®- NA" )l (as ppmw total 124
sol i ds) |-/ WD 01/56967 PCT| USQ1/ 03506 6 m:\'r hyl - 2- napt hoic acid

(" 6- Me- >TNm€)”'fmaeI§s("aMM\'r)dﬁa| PRI il pna-dfiteetedoxyt gtralin ("2, 6- DCT")
(as not ted ppnw total solids) (<10(<|q :ﬁ%{m Jrimelllitic acid ("TM.A")
(as ppmy to&g not detected solids) (<10 pg % can |be seen by conparing
the data fromTable 1 B to the data in Table 2, no FNA, BrNDA, TM.A or
2,6-DCT were detected in the purified acid. Al of these inpurities are
consi der ed to%ec%pﬁfﬁﬁenl by cABPSENgrbE| date ifern Jrable dBNDAheotriaen Eabibén

h
ow 1 enaravar 5 VA Ak aph 24006 IR aRRdiEI M ahe Buned e, aBgihete®

i nvent i oimpestigs areé poasidersurty beahdrnfpr #f e pdlypiedratsn fo?r2 6INSAMRBR6Mer
Cat al %t ic netals useful in the inventive process include GrouP VIl noble

retals, BRENCPEsEYt uFvHaIanampuitEnans dha aseReniafiinese impuitee in the low
denmonstr ?érﬁeeﬂa'?urel@o%?% Zz%\% gﬁﬁh&‘ﬁ’lont B cRYE o Eﬁ@bf&%n'?ﬂ%fé%?%n RLQYiIRd,

surprisin better
commercially preferred process for this reason.

Catalytic metals useful in the inventive process include Group VIII noble

metals, preferably palladium, platinum and ruthenium. As will be demonstrated in
10 Example 2, below, the purification process provided surprisingly better results when
the selected metal was palladium.

The noble metal may be supported on any inert support which remains stable
under the stated process conditions, such as carbon or the rutile phase of titanium
dioxide. The preferred supports are activated carbons such as nutshell carbons,

15 although granular carbons will work. The noble metal should be present in an
amount of from about 0.1 to 3.0 percent of total catalyst weight, more preferably
0.35 to 0.8 percent of total catalyst weight, and most preferably about 0.5 percent of
total catalyst weight. The preferred catalyst is about 0.5 weight percent palladium on
a nutshell carbon support.

20 The surprising superiority of a palladium catalyst on a carbon support in my

process is demonstrated by Example 2, below.

Example 2
Bench scale comparisons of 2,6-NDA purification using palladium on carbon,

25  ruthenium on carbon, and platinum on carbon catalysts were performed under
conditions simulating purification of 2,6-NDA in a terephthalic acid purification

process plant where the purification reactor was designed for operation at a nominal
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the selected netal was palladium The noble nmetal may be supported on any

I nert suppor ch remains stable wunder the stated proce L tlons,
such as ¢ #b@ﬁ%g7 the rutile phase of titanium dioxide. Tﬁnggggg#bgd
supports are activated carbons such as nutshell carbons, 15 although

gr anul ar og@ratings tevhperat@rk .of The grebler WRirdlabdi®usshdre PTRS eBdmparigsh waDuUNt

of fromabout 0.1 to 3.0 percent of total catalyst weight, nore preferably
0. 35 to deyoped derficreen tvafigHs dmbig yaatalzelogibeir salative affigierte imnareduaingthe 0. 5

et gt parouhf O et A Bl of DRy P RBNENAL pfRbRY S B0 i geton,

superi or ptoces$ of npalrivedtiom cat al yst on a carbon support in nmy process is
denonstr at ed Ey Exanpl e 2, bel ow. Exanple 2 Bench scal e conpari sons_of

2, 6- NDA puri f FORENBRAVSIdIYAEPIRNAtoAs uketenPeHpmard In 25 fiked had (BAGer. cdybing)
and pl at jyum, ifRSHY Ig%)to e r r my

simul ati t]g puﬁin:fdl}ggt | ong\% é‘2, ﬁl% ns'ggt\;é’rg@gﬁﬁ?g I C tgéﬁqg}%ﬁ%i ?Fli%trle%%tor
process gzanwasiiér euliibeeptimetersaandthe éat catevwasas deswgored hnd 1Qp§r][aarﬁé per at
a nomnal . -8 01/ 56967 PCT/ US01/ Q350 erating tenperature of no

gr eat er E‘Wea\\&\g[]ta gg'ﬁge'?ﬁ@"‘b@%g8§8ﬂ%\/ﬁglﬁ't%f§§?%ﬁﬁ'ﬁuf% screen various
nobl e netal s fgfarBSttor 'sBlid et Via<L F&Rkrd Ay t i
color, and the aam)unt (r)fS [I)CT andrﬁZ-NA proélrjécd;gﬁﬁm n%ﬁeﬁgﬂ iggibiygl;gwd
proctss cfromotpgrapityi and tbe Gotat reasterseffiyemtogas filte reisatvieiO8F @avdf drietednd the
fixed begd, reactor. T}Qgiycatljl realction conditions were 550F and 6.25 wei ght
percent bSidiaReoVag@nayred fRaeigh  si ze was 75 cubic centineters and the
feed rate wasTRetruegts 4f hede BonHAEBNBYre sﬂhﬂh'é@zed’\ﬂnf‘?tﬂ?@,’géﬂﬂﬁn flowrate
of 3to 10 mlliliters per mnute. Total reactor solid effluent was
recovered and anal yzed for organics by liquid 10 chronotography, and the

total reactor effluent was filtered at 1I4§EFI c}nd dried and the filter cake
was anal yzed for color. The results of t onparisons are sumarized in

Tabl e 3| chellpsw. Table 3+ b* 2-NA (wt.% of total | DCT (wt.% of total
reactor effluent) reactor effluent)
0.5 wt. o/o Pd/C 964 [816 [0.23 49
1.0 wt.o/oRu/C [945 [6.06 [6.2 35
0.5 wt. o/o Pt/C 944 [7.83 |58 7.2
15

As can be seen from the data in Table 3, the palladium on carbon catalyst
yielded a purified acid product containing about one half the total impurities resulting
from the use of the ruthenium catalyst and one-third of the total impurities produced
resulting from the use of the platinum catalyst. Furthermore, while both palladium

20 and ruthenium were approximately twice as effective as platinum in reducing the
amount of DCT present in the reactor effluent, palladium was the only noble metal to
provide substantial reductions in both 2-NA and DCT. No substantial color effects

were observed.

25 Additional benefits may be obtained by modifying the Group VIIl metal catalyst
of my invention by adding about 0.1 to 2.5 weight percent, and preferably about 0.2
to 0.6 weight percent, of a Group IVB metal selected from the group consisting from

silicon, germanium, tin or lead as illustrated in Example 4, below.
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Catal yst L* b* 2-NA (w.%of total DCT (w.% of total reactor effluent)
reactor effluent) 0.5 wt. o/o Pd/C 96.4 8.16 0.23 4.9 1.0 [o_Ru/ C
94.5 6.06V8%> .6% 05w, ofo PLICO4 4 78358 72 15ninsiidedie,
fromthe data in Table 3, the palladiumon carbon catalyst vyielded a
purified acid product containing about one half the total inpurities
resulting fromthe use of the rutheniumcatal yst and one-third of the
total inpurities produced resulting fExgnpieduse of the platinum catal yst.

e oftecti ve Te fnBA R AT AANEREr EAlle TR SoffBaN Hhara™" °°

react or eéijhtiquercemialof afif mmeaesrddh@son}a(gh’[obbmemt@ﬂ the® toRflO¥Aald®/st. The
substantial red ct| ns |n oth 2-NA and DCT. No substantial color effects
wer e SobsRPEETeI D AArpplS Wf‘ﬁerﬁ@ie?%%d Hegeniee e keadiignsodis gamgetsesn

G oup VI C i Etlg@‘:l

wei ght J(‘;érnggiﬁéttﬂé4 gbgir"%q@?% l'y out df%ﬂ B . V\rgg)éh ?rr%see]l}t n?tlfe éﬁ@r oup
| VB net a‘eastelre&fﬂwtfb}omfab’@rg:f@mndothm anoogt 6Ff 24NA :pirée;emnm tige to@nragvtort i n
or | ead il lustrat ol n Exanple 4, below. -9 WO 01/56967 PCT/ US01/ 03506
Exanpl e lﬁl’ét YR 4Mon carbon catal yst of Exanple 3 was modified by
adding 0.4 weight percent of tin neasured as wei ght percent of the total
catal yst. The 5 experinent of Exanple 3 was repeated under the sane

conditt i ons. As can be seen from Tabl e 4Tabk§ éw, incorporating ti n reduced
t At Al or-—eaffluant hy 2 tor of 5

t he amount of DEF—present—nA—th Lo ,
and t he anount %C{at%ly present %'%ZWV f%'ad?%’rT ‘@ﬁ% LfgnfOtBE/ about 25%

10 Table 4 Catalyst 2-NA (wt. o;eath;raéfﬂggﬂ?[ (vvt é%,etf @i @nt) r eact or
effluent) reactlor effluent) 1.0/ w.% Ru/C 6 | or nt

1.0 wt.% Ru/C 6 2 3.5
1.0 wt% Ru/C + 147 0.71
0.4wt% Sn

The surprising reduction in DCT accomplished by modifying the ruthenium on
carbon catalyst in a low temperature reactor in accordance with the present invention
shows that Group IVB modified noble metal catalysts can provide purified acid

15 monomers having substantially reduced amounts of DCT.
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1.OwW.%Ru/C+ 4.7 0.71 0.4 w.%Sn The surprising reduction in DCT
acconpl i shed nodi fying the rutheniumon carbon cataly

t enper at Yoy ﬁééﬁ in accordance with the present invent ﬁ;cfﬂfbog/gé\ss%\’t hat

G oup |IVB rmdlfled nobl e nmetal catalysts can provide purified acid 15
mononers having substantially reduced anmounts of DCT. -10 WO 01/ 56967
PCT/US01/03506 | claim 1. A process for purifying a naphthal enic

car boxylclgi®ei d conpri si ng cont acting an i rrpure napht hal eni ¢ acid and a
purlflcatlon sol v r f g e

conprising a Grou?{1 Ho?e%%gflog gﬁ?ﬁ 2 &3P0 ‘fg@gt :S%r‘r‘(:ﬁ'o&phca é:?éa%c%/@b”?m?rom

about 52&6ntaa:t|5§53rﬂ?np2re ffda]ﬂwtpatw&samdfar@ aipuriticatier ebn'ehhm treppidsehesiof
carboxylic acid i ht hal enedi carboxylic acid. 3. The process of
d ai i 1 hYAER9E™ Wlﬁb an&st V%Pﬁmpr@ngam Gipwn Vo nebleriretal @ ea spwificetianm 1

wher ei nté,?ﬁmﬁgg @of‘ﬁﬁﬂab& %%?qélgﬁdo PN a carbon support. 5. The process

of Claim rein the aC| -~ napht hal enedi car boxylic acid prepar ed
by the |iqui@. phasque prm:e;ss o {CAdinT Atvethereedtheoxagtahalenicodarboxylic acid is 2,6-
2,6-d|rreth%n ht hal ene . The process of Claim1l wherein the nobl e
met al §‘aﬁ}é ai%n % %‘y“‘bﬁ?' on support, and wherein the naphthal enic

carboxylic agd isrg éroc@%)'&?@%lﬁﬂ?%@él@%é'do%leaﬁiegal .ggaTmu ocess of

Claim6 wherein the 6- napht hal enedi car boxyl 1 ¢ aci r pur ‘ication is
prepared by the | |Tdua pretessepf Kdainy Tmathalreinatnal peokle metalatsi daposited?@n a

2, 6-di net Inapht Iene. 8. The process of Caim1l wherein the purification
terrperatcaF i % 525F to about 560F. 9. The process of Caim1 wherein

the total percent I|:|h§50| pY8Ebsxo! igfs iMalrhe 1purwﬁé@{|0fhesolg@at is | o%s

t han twel ve wei ght percent based on the total weight of
naphthalenedicarboxylic acid prepared by the liquid phase, heavy metal catalyzed
oxidation of 2,6-dimethylnaphthalene.

15 6. The process of Claim 1 wherein the noble metal is palladium on a
carbon support, and wherein the naphthalenic carboxylic acid is 2,6-
naphthalenedicarboxylic acid.

7. The process of Claim 6 wherein the 2,6-naphthalenedicarboxylic acid
for purification is prepared by the liquid phase, heavy metal catalyzed oxidation of

20 2,6-dimethylnaphthalene.

8. The process of Claim 1 wherein the purification temperature is about
525°F to about 560°F.
9. The process of Claim 1 wherein the total percent dissolved solids in the

purification solvent is less than twelve weight percent, based on the total weight of
25  solids plus solvent.

10.  The process of Claim 7 wherein the total percent dissolved solids in the
purification solvent is less than ten weight percent, based on the total weight of solids
plus solvent, and wherein the purification temperature is about 525°F to about 560°F.

11. The process of Claim 1 which is performed in a purification reactor

30 designed to operate at a nominal operating temperature no greater than about 550°F.

12. The process of Claim 6 which is performed in a purification reactor

designed to operate at a nominal operating temperature no greater than about 550°F.

13.  The process of Claim 10 which is performed in a purification reactor
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25 solids plus solvent. 10. The process of Claim7 wherein the total
percent dissolved solids in the purification solvent is |ess é{ﬂ?bgs& en
wei ght peVOMBEOFased on the total weight of solids plus RolVEH{"%ng
wherein the purification tenperature is about 525F to about 560F. 11. The
process qalsidAed & dpevatecht 4 fopfhiiupERatindtempetatire ¢t greatdransih @bouB850°F.
designed to operate at a nom nal operating tenperature no greater than
about 550F. T2, THe presessofdflammal mhereiRitbh Nuifigdracy ieeegayesed by solid

purificat,| . L ] ating tenperature
no gr eaﬁ‘épﬁ]ﬁé{[ﬁggggﬁtﬂEégﬁb%¢i@?e %Egég%egec@é%&gm %ﬁmﬁ@%hi ch is perforned
in a purificatg.on Teaptasess-dfICAMELIWFEIER tRETYUIFRY/ 23806 rectrergh ey dadid
operate at a nom nal operati n%t tenperature no greater _than about 550F. 14.

The Pr odigsid sePaRHPM AL B{RBINE U he! PaMEaLRbait PG 8nd 388uer ed by sol | d
1quid separ afd on Rle BrdRRRHALLNE 10/ whElIP ik BRRHd 308 @Pcitlofihy dotia The

process of Claim rein e puri aci recovered by so
liquid digpat s¢paratiah ah attemperatuce ef bétwrdnelpoutdfuanBB808d 340 OF. 16. The

o ™ e IS LRt B LS b
separation at ‘a te . .
process (vartgei%il@ei’edf@@Tr%mtﬁé@ro%%tc%n‘égtinbwdrﬁ%Tlicbﬁ?d};é&%i@m@ﬁﬂ‘tﬁ le4yB metal

sel ecte om the group consisting fromSilicon, gefmanium tin or lead. 10
18. 10he procetd of T pranes? offidaien A7 viteerainoihe GreBprivBaimetal is tin. 19. The

process of C gim wherein t G o | VB netal Ls pr nt at . between 0.2
o 0: 5 wei ght Ther oL FEposeof St o2 WhetmuBe datous, 75 Tref s SEcdSHira

d ai m 1§MBERICNZ h1©.6 Waight pRF@SRYF tiRd tdi8t ¥RERsPwaigh® 0. 6 wei ght percent

of the total catal yst weight and the noble netal is ruthenium 15 which is

present at beilheenlite precess. of (aight 8peherein theotialis pagsenisat hetivgien. 0.21
0.6 weight percent of the total catalyst weight and the noble metal is ruthenium,

15  which is present at between 0.1 to 3.0 weight percent total catalyst weight.
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