‘WO 99/ 16738 PCT/ US98/ 20504 TI TLE RECOVERY OF
2, 6- NAPHTFMCMBII8CARBOXYLI C ACI D. FROM POLYESTERS FI ELD OF REIVSHEFHON 5
Di scl osed is a process for recycli ng peiyegt ers, such as pol y(ethyl ene

2, 6- napht hal ate), by hydrol yzin evated temperatures in the
presence of water and a carm %&E%%}@Pﬁ Iﬁérl@ 6- napht hal ene
di carboxylic acid suitabPACARBOXYLIC A'CIID)FRM pommms BACKGROUND 10

Many types of polyners may be ﬁ%ﬂgﬂéﬂ[ cal val ues recovered
by various nmeans. Polyesters o peen hydrol yzed or

reacted wijh al cohmlsclmsedneammessfwrewclmglpo]qhﬁemscsucmnmpoéy(p&gteaat in the

polymers. The tzérﬁ%iq &ef%%?&?zxﬁ“&xén@ﬁﬂ‘el%@a‘ﬂéf@mg@ahﬁ@s hi‘g{e}‘ieJeBEémt ' on

of new pol yes der nononer

in 15 a con@érmqr.a@ﬁ apgryoaRyir agidite give pure 2, mph%mﬁsﬂhﬁxxlm% npound

shoul d be pur guidifle RsrRREash/nonddndrr €€ of various types of inpurities that
may interfere wth a commerci a | e whi ch shoul d be

routinely reproduci ble. Thus e : g relatively clean
scrap pol yger, the Mﬁ@yaybémf polpmesssmayhbetetycled e tisit shehdcalivanles and yi el d

d whi ch 5,473, 10 h
yarotyei o of sanerd iy asibameeny Pabedie Sodhbes & pATRERRERIERAL uch
as terepht hal ior reacited] with ajriohblalto memexdﬂlawarlauﬁehmpcalhmitepmsdmtaarth@xyl iC

gfggu(cl\l)s Bz 2?&"%‘%1 ath?or}?\ Wi ﬁ?est amgirﬁéthédro éhé%fgteglrﬁﬁ{%on a| ni ng

pol yesters’ i n NeWepQlyestaspobyraer. JHewevss iy prct,era@ uge agomnemzisas a gesemebind. U. S.
Patent 3, §39, ?aoe%ndeﬁsﬁﬁb@@élyiﬂ&zaﬁ&ﬁtlmrwelpﬁnm Mﬁﬁﬂﬁrc%niﬂoﬁﬂd yﬁddl&ué

b I ds t h tant t :
NRCr ool cout et aad Sspscially 53 s 0r g0 bes StaSuies tiahinat B e v 1 he
hydrol ysi s of speonpfetcin IseﬁlepﬁlyﬁxelnammmaﬂntleshcmREbb routinely réprodatibieence of
added car boxy'"l‘tﬁlsaeﬁg%ﬁal &hérp&cﬂé(lﬂ{goxjel'aﬁklél g ?a‘iiostc{@btl*rﬁ%ggge %‘é Y OF THE

| NVENTI ON Thi s" T hve con roce
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20 U.S. Patent 5,473,102 describes the hydrolysis of polymers containing
various aromatic dicarboxylic acids such as terephthalic acid, isophthalic acid
and 2,6-naphthalene dicarboxylic acid (N) by hydrolysis and subsequent =
distillation of the hydrolysis products by codistillation with steam. The _
hydrolysis of N containing polyesters in the presence of a carboxylic acid is not

25 . described.

U.S. Patent 3,629,202 describes the treatment of polyesters with various
carboxylic acids to make them resistant to hydrolysis.

H. Zhang, et al., Macromolecules, vol. 28, p. 7622-7629 (1995)
describe the kinetics of the hydrolysis of poly(ethylene 2,6-naphthalate) (PEN).

30 The presence of added carboxylic acids for the hydrolysis is not mentioned.

SUMMARY OF THE INVENTION
This invention concerns a process for the production of 2,6-naphthalene
dicarboxylic acid, comprising, contacting, at a temperature of about 120°C to
about 300°C, a poly(alkylene 2,6-naphthalate), water, and an organic carboxylic

35 acid, other than 2,6-naphthalene dicarboxylic acid, containing 2 to about

20 carbon atoms.
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DETAILS OF THE INVENTION

By a poly(alkylene 2,6-naphthalate) is meant a polymer in WhJCh at least
50 mole percent of the repeat units have the formula
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15 4 carbon atoms It'is also preferred that R3 is alkyl or hydroxyl substituted
alkyl. Especially preferred are acetic acid or glycolic acid. Other preferred
carboxyllc acids have a pKa of about 1to about 6, preferably 2 to 5, when
measured in water at a temperature of 23°C.

The amount of carboxylic acid present in the hydrolysis is not critical.

20 For instance a useful amount is about 0.1 to about 50 volume percent of the
liquid water (if present) in the process. In an optional method of determining
the organic carboxylic acid present, about 0.05 to about 25 weight percent of
carboxylic acid based on the weight of polyester present may be used. If the
polymer contains repeat units that may yield basic materials upon hydrolysis,

25 such as an amide linkage yielding an amine, enough carboxylic acid should be
present so that free carboxylic acid is present throughout the hydrolysis.

The water may be present as liquid water or as steam or both.
Preferably at least some, more preferably the major portion, of the water is
- present in liquid form. The amount of water needed for complete hydrolysis is

30 at a minimum 2 moles per repeat unit (I). However it is preferred that at least
3 moles of water per mole of repeat unit (I) be present, preferably about 5 to
200 moles of water per mole of repeat unit (I).

The hydrolysis is carried out at about 120°C to about 300°C, preferably
about 150°C to about 275°C, more preferably about 175°C to about 250°C, and

35  especially preferably about 210°C to about 240°C. As is usual with most
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20  may be filtered off by conventional means. After washing with additional water
and drying, it has been found that this product is suitable directly for use as a
monomer for making polyester. Analyses indicate it is quite pure, even the
polymerization catalyst residues from the hydrolyzed polyester having been
separated from the N (it is assumed they are in the filtrate).

25 Hydrolyses run using no catalyst or other types of acid catalysts give N .
which is discolored or otherwise unsuitable for direct use as a monomer. In
some instances, substantial amounts of polymerization catalyst residues from the
hydrolyzed polyester remain in the N. S

The N which is produced by the hydrolysis of the poly(alkylene

30  2,6-naphthalate) may be further reacted (polymerized) to form part of a
condensation polymer such as a polyamide, polyester, poly(ester-amide),
poly(ester-imide) or any other polymer in which ester or amide linking groups
are present. Polymerization of dicarboxylic acids such as N to form polymers
which are homopolymers or copolymers containing ester or amide linkages are

35 well known. For instance, a description of the formation of isotropic polyesters
may be found in B. Elvers, et al., Editors, Ullmann’s Encyclopedia of Industrial
Chemistry, 5th Ed., Vol. A21, VCH Verlagsgesellschaft mbH, Weinheim,
1988, p. 228-251, and H. Mark., et al., Editors, Encyclopedia of Polymer
Science and Engineering, Vol. 12, John Wiley & Sons, New York, 1988,
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poly(al k%(l) €NSvas sealed"’l pa% Q:%&ta?e)d 13%/7 Rﬁa ldfb%fjpfegsd?g Eﬁﬁﬂep%uﬁﬁd to
. atmospheric pressure with nitrogen gas 3 times to remove air from the system.

The sealed autoclave and its contents were then heated to 200°C and held for S h
at this temperature. At the end of this period, the heat was turned off, and the

_ autoclave allowed to cool to room temperature. The resulting slurry was placed

25  in a Waring® blender and chopped for approximately 2 min to finely disperse the
particulate product. The shurry was then filtered and the recovered solid washed
2 times with a mixture of distilled water and HCI on the filter. The filtered and
washed N was placed in a vacuum drying oven and dried overmght at about
120°C and 1.3 kPa (abs) pressure. The resulting N had a slight reddish brown

30 color, and contained about 60 ppm of antimony.

A thermotropic liquid crystal polymer was made from the recovered N
by the following procedure: reactants were charged (in a nitrogen atmosphere)
to a reaction vessel heated by a metal heating bath and equipped with a Vigreaux
column, condenser, and a stirrer (stir speed set at 50 rpm). The reactants

35 initially charged into the reaction vessel were 116.3 g of biphenol, 69.1 g of

' hydroquinone, 145.9 g of terephthalic acid, 81.4 g of N, 554.4 g of
4-hydroxybenzoic acid, and 633.9 ml of acetic anhydride. The resultant mixture
was heated to reflux. The mixture was refluxed at a heating bath temperature of
170°C for 40 min. During the next 2.75 to 3.75 h, the heating bath temperature
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During t h@onexflteted and WashedN Wastplte &b Ivﬁ@uh&itli‘ylﬁgt‘m"ﬁf @idudréeddovernight
at about 120°C and 33.9 kPa (abs) pressure. The resulting N had a slight
grayish color and contained essentially no antimony.

EXAMPLE 2
Seventy-five g of PEN polymer pellets (right circular cylinders
25  approximately 0.32 cm in diameter and 0.32 cm in length) were placed in a
1300 ml, Hastelloy® C autoclave along with 750 ml of water and 10 g of solid
glycolic acid. The autoclave was sealed, and evacuated to 6.7 kPa (abs)
pressure and repressurized to atmospheric pressure with nitrogen gas 3 times to
remove air from the system. The sealed autoclave and its contents were then
30 heated to 200°C and held for 5 h at this temperature. At the end of this period,
the heat was turned off, and the autoclave allowed to cool to room temperature.
The resulting slurry was placed in a Waring® blender and chopped for
approximately 2 min to finely disperse the particulate product. The slurry was
then filtered and the recovered solid washed 2 times with distilled water on the
35 filter. The filtered and washed N was placed in a vacuum drying oven and dried
overnight at about 120°C and 33.9 kPa (abs) pressure. The resulting N had a
bright white color and contained essentially no antimony.
A thermotropic liquid crystal polymer was made from the recovered N
by the following procedure: reactants were charged (in a nitrogen atmosphere)
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t he heat “"was "turne ave a
t enper at ur e. gas 3 times to remove air from the system . The sealed autoclave and its

contents were then heated to 200°C and held for 5 h at this temperature. At the
end of this period, the heat was turned off, and the autoclave allowed to cool to
room temperature. The resulting slurry was poured off and examined. Both the
25  liquid and solid components of the slurry were dark black.
COMPARATIVE EXAMPLE 3
Liquid crystal polymer was prepared from commercially purchased N
according to the procedure described in Comparative Example 1. The resulting
polymer had a tan color and melting point (as measured by DSC) of 329°C.
30
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The resul ti nghN had Aﬁrbtslsh_tfowﬂhétpeomtiom oﬁmﬁ-mmmedimmnyhbaﬁidy no 4
antinmony. A thernmt.ropl .quid cr §; I : recovere
N by the fol |%WW§%$’O¢?§%P¥’ ﬁ@a%%i%’t%h’r\%éké%al ge(a ’{?gﬁﬂé 3&|B\tb¢b§en

at nospher &) 5Spoly(alkylener 2,6ctaphthalate) swhteheandom drganic garbaxylicagid nefhermthan and
equi pped W t hyg . S RRE : gﬁtgfngf, hh, Mbo Speed set
at 50 rpm. T%’é%%réact ant sﬁ%lw%%ﬁc_%gggﬁarge %t@oo_ﬁ% _réQPecg{:btolﬁo%trtl&f/lse'ssel wer e
62.8 g of biphenoR; Fhe progegs asFpeitesim Glaima 1 whereingaidk palwalieylangal i ¢ aci d,
43.8 g of N, ggganfplﬁl@gteﬁgaﬁbﬁm%@menzoi c acid, and 341.1 m of acetic
anhydri de. The regul tant m xture Wa‘ﬁ h&@%ecll t r.eflla(. TGg(ijture was
refluxed at a heatr ndBERFIFCELIEFUTY IR 1Bm NF%F‘P]%‘ RAY@EYIRS During the
next 2.7510 0 3,6thaphthdldte) hesai tepentmaitiofttherfoenmiair e was gradual ly raised to a
tenperature of 355 to 370[err] C and by-product acetic acid was renoved.
Then, over the next 1 to 2 h, the pressure s gradually 10 reduced from
at nospheric to full vacuum (67 to 530 Pg absﬁl ute pressure) while the
stirrer speed was gradual ly redug . Jgher2p@-ymeri zati on was

term nated by renoving the heatij 3 qproxi mately 5.5 to 8 h after the
reactants were initially charged- e g#Zaction vessel. The resulting

pol ymer had a tan color and tfe nelting point was 329C. 15

COMPARATI VE EXAMPLE 2 Twenty g of PEN polymer pellets (right circular
cylinders approximately 0.32 cmin dianeter and 0.32 cmin |length) were

placed in a 40Q ni. )ﬂja.st | Lloy[err] C autoclave along with 180 m of water
and 20 m of G Hélaﬁfyi roximately 35 wt % HCl ). The autocl ave was
seal ed, adfl evacuat.edtepricess aSrecitedPan Chdim)3 whereiniRe isi@Hs@F5-essuri zed to

at mospheri ¢ pr g By ;?t obst a® Hicited i Chaifl 4Shefeth AEQBRY Sork wakdrAlid fiR

system The seal e ave an
liquid phase.

6. The process as recited in Claim 4 or 5 wherein said organic carboxylic
acid is of the formula R3CO,H wherein R3 is alkyl containing 2 to 4 carbon
20  atoms.
7. The process as recited in Claim 4 or 5 wherein said organic carboxylic
acid is acetic acid or glycolic acid.
8. The process as recited in Claim 4 or 5 wherein said temperature is
about 175°C to about 250°C.
25 9. The process as recited in Claim 8 wherein at least 3 moles of water
per mole of (I) are present.

10. The process as recited in Claim 8 wherein about 5 to 200 moles of
water per mole of (I) are present.

11. The process as recited in Claim 4 or 6 wherein about 5 to 200 moles

30 of water per mole of (I) are present. _

12. The process as recited in Claim 1 wherein said poly(alkylene
2,6-naphthalate) is poly(ethylene naphthalate), at least some water is in the
liquid phase, about 5 to 200 moles of water per repeat unit of poly(ethylene
naphthalate) are present, said temperature is about 175°C to about 250°C, and

35  said organic carboxylic acid is acetic acid or glycolic acid.
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contents were then heated to 200[err]C and held for 5 h at this
t enper at wye.9946738he end of this period, the heat was tur neﬂcﬂjﬁs;s/zoﬁﬂ t he

autocl ave allo The resultin urry was
poured of f and Xaﬁﬁﬁg&e@%&rﬂt‘%ﬁg&% ooalﬁoc LS %‘ﬁﬁg P of the
slurry wer e stepraf Mmmxmmmwmmqumm intoyspelymen| ymer was
prepared fr%&?@&ﬁ&ﬁk egthymﬂaﬁgg upsl N according to the procedure described

i n Conparat i veu‘% t| ng poll};mar had a tan color and nelting
poi nt (as neas drﬁlf DrRRess ag regited g}?agn Jwhegein said gneamic\sachoxyloic| ai ned
isi. 1. A praeiddss afpKa inhwater ai28°0 @ﬁhbéﬁt Pt®abuilet hal ene di carboxylic acid,
conpri sing, cont__actl ng, ~at a tenperature of about 120[err]C to about
300[err]C, a 5 pol y( Lkyl ene. 2 6 na hthal ate), water, and an organic
carboxylic acid, ot herDl ﬁy" I ene dicarboxylic acid, containing 2
to about 20 carbon ato s as recited in Clalml wherein said
pol y(al kyl ene 2, 6- napht hal at el) |s a pol yest er only. 3. The process as
recited in Claim1l wherein said poly(alkylene 10 2, 6- napht hal ate) has a
repeat unit of the formula wherein R2 is al kyl ene. 15 4. The process
as recited in Caim3 wherein R2 is -CH2CH2-. 5. The process as recited in
Claim4 wherein at |east sone water is in the liquid phase. 6. The process
as recited in Claim4 or 5 wherein said organic carboxylic acid is of the
formul a R3CO2H wherein R3 is alkyl containing 2 to 4 carbon 20 atons. 7.
The process as recited in daim4 or 5 wherein said organic carboxylic acid
is acetic acid or glycolic acid. 8. The process as recited in daim4 or 5
wherein saldtenperature i's :




- B

n Sl - 4"!‘;\3
about "wmsieder | C t.0 about 250[err]C. 25 9. The process afgnihe:
Claim8 V\/nerel Q Ieast 3 mmmemqm{wmd;mmhoﬁl) are NgES%
The process as récited in Caim8g wheFeaioeldyet 5 to 200 nol es of water per

mol e of mTBRm'HopmmnucnxONmmHEBm maummwnccmmmmonmmeem

ADOUK o titetnsfignal PatinF ClasiBeation S Vel T sTagose! Rbfanen Nymgert - - W 99416738

proce(s e T ecl alm’l wher el
is ppl y@é’t 1% napht hal ate),, at | ¢ @gmt,ﬁmbﬁcamﬂame | qui P8RS 8.04.99)
5&1%&];;&&1%@&?% AVPRYE, ‘?\zr M: BBa BROBY,

abou 10 200 mles-of

wal-er—per 1
are oag%.ﬁm.maﬁ%@aﬁ LT € | SeritBkfioscs

sai d| organi ¢ car boxy | c acid is acetic adid orcalggeu)cz, @B, ab, GE, HR, HUB \8s, 1P,
pr oCc pe® Istenatioal Fibsk Dar: Cl 3D Meptbmbed 199F 3ABIBJNPr | SKG, KE K| S0 LK BR) LT LE fMG MK,
pol yheri zi ng sai d 2, 6- napht hal ene di car bgxyl i cw q’%&ff gg%‘h Gﬁ%
cont adsﬁﬁnﬁﬁ&ﬁﬁmj [ nk| ng groups. 14. The process@ng ﬁ% t(AM AZ BY
wher Bi N saydkoefegani C  Coddbaxyd7@iqo.sn assi|d haska, KZ<@Dj RV, mmr Eddpead patdit (AT BE, cH,
of about 1 to about 6. : CY, DE, DK, ES, FI, FR, GB, GR, IE, IT, LU, MC, NL.
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