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are used in the manufacture of adsorbable monofilament suture

fibres and other adsorbable medical devices.
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One method of preparing 2-para-dioxanones is by oxidative
dehydrogenation of dialkylene glycols. 1In U.S. Patent Nos.
2,900,395 and 2,807,629, a copper chromite catalyst is used for the
oxidative dehydrogenation of diethylene glycol. However, these
patents report a yield of about 67-84% and a conversion of about
15 67-94%.

It has been found that the presence of impurities inhibit
polymerization. Typical impurities in the preparation of
2-para-dioxanone include, unreacted dialkylene glycol and reaction
by-products such as 2-para-dioxancl, para-dioxane, 2,3-dihydro-

20 para-dioxin (dioxene); alkylene glycol and carboxylic acids.

Particularly, the production of carboxylic acids and hydroxylic
.1‘ compounds can hinder polymeriiation of 2.para-dioxanones.
Therefore, a process to produce a high purity 2-para-dioxanone
(“polymeriiation grade") is desirable.

25 - ;Iﬁzislﬁhétgfore an object of the present invention to provide
‘a 24§afhidioganone preparation process with high conversion rate
ah§3§e1ecti§ity.'

; Accof&ihg”to the invention, a process for the production of
2-paré-dio£ahoné§ is provided which comprises:

30 “contacting a dialkylene glycol at a temperature within the

range of 200°C to 400°C with an effective amount of a
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2- par a- di oxanmpbapremeattbmnm owednoxganic hi Yhter is a preferred

solubilizing media. Lower alkanols and ethers also provide

examples of suitable organic solvents. Preferred promoters
include, for example, compounds of sodium, potassium, lithium,
20 calcium, magnesium and mixtures thereof. The promoter is typically
present in an amount sufficient to suppress para-dioxane formation.
The promoter is preferably present in an amount of from 0.1 to 20
weight percent, more preferably from 0.5 to 10 weight percent
measured as the metal per total weight of the dehydrogenation
‘4 25 catalyst. The optimum catalyst contains 1 to 5 weight percent of
promoter measured as the metal per total weight of the catalyst.
The carrier utilized in the catalyst of the invention is an
alumina. A porous alumina, more preferably a gamma-alumina, having

a B.E.T. surface area greater than 100 m2/g is preferred. An

30 alumina with a lower surface area than 100 mz/g is also acceptable,
however, activity decreases with decreasing surface area while

; maintaining the selectivity level of the dehydrogenation catalyst.

The B.E.T. method for determining specific surface area is

described in detail in Brunauer, S., Emmet, P, H., and Teller,

; 335 E.J., J. Am. Chem. Soc., 60, 309-16 (1938). The most suitable
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Ql' order or simultaneously. 1In a preferred embodiment, the promoter

is first impregnated on the alumina support, then dried and

15 optionally calcined. The dried (and calcined) material is then
impregnated with a solution having copper, zinc and optionally
chromium compounds dissolved therein. The alumina can be
impregnated in a one-step process by using a single solution
copper, zinc and optionally chromium compounds or in a multi-step

20 process, using one or more of copper, zine and optionally chromium
compounds dissolved in individual impregnating solutions. It is
preferred to use just a sufficient amount of impregnating solution
containing all the requisite metal compounds such that all the pore
volume in the support is filled and no excess solution is left

25 after impregnation.

The alkali and alkaline earth promoters can be impregnated on
alumina in the form of compounds (including, salts, compounds and
complexes) such as, for example, hydroxides, chlorides, bromides,

- nitrates, acetates, lactates, carbonates, bicarbonates, oxides,

§ 30 oxalates, sulfates and the like. Carbonates and bicarbonates are
preferred because of ease of use. Suitable copper, zinc and
chromium compounds includes, for example, chlorides, bromides,
nitrates, acetates, lactates, carbonates, bicarbonates, oxides,
oxalates, sulfates and the like. Nitrates are preferred for ease

35 of decomposition.
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g sol ubl e ihed igphidsRRt&a akbenihi 74 NQ 1B R co Bl dndEFt HhEaRI1GLOL Hd2gf gani c.

ter is a preferred solubilizing nedia. Lower al kanols and ethers al so
ovi de exarfAmBSURAS £Ai PIPE G GERRI-SOPTAIRERE PPRIEIISCHPI Ghotadr@inncl ude,
for exanpl e, s@@aﬁeundﬂﬁfmsgdwﬁhnpmdass& t1)] alﬂetulawrnorca&fdlumng rragnesl um
and m'x{yres ttmg(sar}(laeorfe ‘;I'hreb L0 re? ;{&a oQ’ E ese in an, 3%11
sufficient to suppress*hara- of an% 8F 5MesPRRES 1 'E°ée i &5 &P et abl y
present in asuigablmtaloérrdfative Chtmosmhei‘e.v@hghtmreer femtthe drying and
calcining steps are not critical and are dependent upon the
temperatures utilized. The drying and calcining times are
typically in the range of from 5 minutes to 24 hours, although
20 longer times are acceptable. _
The calcined material is then activated by subjecting the
catalyst to a reducing condition prior to use. The reducing
condition may be either a gaseous atmosphere or a suitable liquid
solution.
25 Suitable examples of a gaseous reducing atmosphere comprise
hydrogen, ammonia, carbon monoxide, mixtures thereof and the like.
The gaseous reducing atmosphere may also optionally contain inert
gases such as nitrogen. The preferred atmosphere is hydrogen.
Activation temperatures when utilizing a gaseous atmosphere range
30 from 175°C to 550°C. The time needed for activation in a gaseous
atmosphere will depend on the temperature, the higher the
temperature, the shorter the time and the lower the temperature,
the longer the activation. Typically, useful times have been found
to range from 0.01 hour to 24 hours. Although times oﬁtside these

35 limits are also useful, economic considerations generally dictate

This Sheet Has Been Replace

TN



LlLliTaALT LT 4LlLiCLLLC VL LUE Lalalyols.

more preferably frlnuddsselationsyshirablgefeseprovicisgr eaduaing Ifenfbtiansper

total weight aqhclihig debydémsmt Iaaae&.et 8t Yablnonilda1 094 1t B s JisahydlozERA! Al NS
1 to 5 weight percent of om)ter sured as the netal _per. total

Substitute sh&og Poxp d¢ ¥ forma dehyde or solutions of t:r:.et:gylweI ght of
t he catal yst. alumuTihﬂ 6Ardii- Qﬁohﬁdylll Zrghihiund Bedeiadealiy Sin afgarh.e sdMRRAti arthi S

an al um : [ OUS al re pref havi. ng a
B.E T. surfacéasaf’) a@?ea?{g}r Eihiie cr’rﬁ/be |as°!c%‘?a§-1‘eer‘rlsel(§lg ec{nc ﬁ1ll§uvm th a
| ower surf ace saletidnsanid(ip at?dag!gesofalfsm a&iéémrabllghemome@rabbwtﬁmmt y
di}eases W t?sdéc&e%b‘@ %U£faafé‘§1né‘roebaf¥‘m loSofBoAka! & 18 HdEsSEL Aohp¥ LY

| ev of the dehydrogenat’i on cata
Temperatures and time are not critical and are dependent upon the

reducing solution being utilized.

15 While not wishing to be bound by any particular theory, it is
believed that the activation of the catalyst under reducing
conditions at least partially reduces the copper from the +2
valence state to the +1 and/or 0 valence state, which is believed
to contribute to the eatalytic activity of the catalyst. Reducing

20 conditions, however, preferably should not be so severe as to
reduce the zinc oxides and chromium oxides. Preferably, the
promoters are present on the catalyst in the oxidized form, even
after subjecting to reducing conditions. They are believed to be
present in the form of oxides or oxygen-containing compounds and

25 may be combined with the alumina support and/or other catalyst

* components.

The appropriate activation conditions can readily be
determined by experimentation. For example, times and temperatures
can be varied and the resultant catalytic material can be examined

30 by x-ray photoelectron spectroscopy in order to determine the
activation state of the copper. Alternatively, the catalyst's
catalytic activity can be determined and utilized to determine
optimum activating conditions.

The amount of metals deposited upon the support are not

35  critical and may be varied through a wide range so long as they are
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i nvention ar eP‘froGﬁ‘da]t depaht edseher dehyrrogepdtlienseatead¥et area of, for

i nstance, at Ieastrh&C&iamﬂfuneng,&humﬁQsmmgnztoalcae raageee@raaum&sam& ot her
conmpoundsgg suc silica t han 50 wei ercent% Lar%e anount s

of silica |nc?]e}8§e§“bfsﬁétb§eé{sgn?:%ra ?W’f?&ﬁ??ﬁse?ﬁ‘ cttﬁ 18,2t 165 EpPDduct and
shoul d be avo:daed. with habéfifecoimempowit aF uaridehgdragehadion Yastlgs€at apal

Series; AX Zogpée‘{;B?eérﬁ%”%e%rgﬁéd Wt b yg{ cﬁQQe e b- pard d; x49 ef o La

Ro Al uni na rogenati‘on c Cah he prepar e
gnati ng tmeahtlmenaltsh}-ppghet rangdh ofoFrdsi IZDQ"eCd teoﬁ%@ndsre(fenelbbdl ng,

salts, conpoupgyy 356 CeaPic*es) af t&rﬁHéQ‘iEurez'oﬁcles% Pﬁé}{r%g‘c i@nd optionally

chrom u 5The | npregnati on can be carried out in any order or
si mul t aneous| prefegred fpefanses o thaafe- t Ake p"re&ﬁﬁ%@? isgcqyrigg out at

i mpregnat ed 0f grid@swtell Wi E8inS URY Aahge LdFEM0 id @0o@Nn@aopd j1omal |y cal cined. The
dried (and Ca%é”aggggphere), preferably from 50 to 500 kPa (0.5 to
5 atmosphere).
In a particularly preferred embodiment, the dehydrogenation
20 catalyst preferably does not contain chromium for environmmental
disposal reasons. For longer catalyst life-time, dehydrogenation
catalysts having a relatively higher copper loading, for instance,
alumina having copper in the amount of at least 4 weight percent
measured as metal per total weight of the dehydrogenation catalyst
“ 25 is preferred. Promoter is preferably present in an amount of less
than 15 weight percent measured as metal per total weight of the
dehydrogenation catalyst to minimize side-reactions.
The inventive process can be carried out in vapour phase,
liquid phase or can be refluxed in the presence of the dehydrogen-
30 ation catalyst. The reaction is preferably carried out neat, but
can be in an inert solvent or environmment. The prdcess can further
be carried out in a batch process or in a continuous process.
In a continuous process, the liquid hourly space velocity
(LHSV) at the reaction zone is at a rate effective to form

35 2-para-dioxanones, preferably within the range of from 0.1 to
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preferred due to ease of operation.

In a batch process, the catalyst is present in an amount
15 effective to form 2-para-dioxanones, preferably in an amount of

from 0.1 weight percent to 50 weight percent, more preferably from

1 weight percent to 20 weight percent based on the weight of the

dialkylene glycol.

Suitable dialkylene glycol can be represented by the formula

H R R R’

[ I
HO—C—C—0—C—C—0H
[ I
H H H H

20 in which each R and R' are independently hydrogen or C1-20 alkyl.
‘ Preferably R' is hydrogen. Preferably R is independently hydrogen
Examples of the most

or C s WoOSt preferably hydrogen or C

prefir:ble dialkylene glycols include, éi:thylene glycol,
dipropylene glycol and dibutylene glycol. The inventive process

25 is especially suitable for production of 2-para-dioxanone by the
dehydrogenation of diethylene glycol.

The dehydrogenation catalyst can be regenerated after use or
during use to extend the catalyst life and/or to obtain higher
overall conversion and selectivity. The regeneration can be

30 performed at any convenient time as necessary. For example, the
spent catalyst can be regenerated in situ or removed from the

reactor and regenerated separately.
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deconposi ti on. _'I‘heT . ngﬁ;eeF:;:@écfsgf %ﬁrogEnPJr%qg A%@ mté}aliycﬁ%r%l ytic .
ﬁ)rrponents is dried and calcined. The drying step is pically carried out
t enper at uf BRprgpdicrancny srith uinimel idptseagtions.enprpuaities wiethias t he
range of froaam&?m Gci@s 13GhRdyhEe cHRBoGIsChARIdi0Rarsd GPe IminiMPidaRl | Y
carriegd_out at,a tenperature within the range of, from 100[err]C to
900[erng, pYRALE SPFA PR LB OF B EFH M0 2BYARPFFi¢ it he dryi ng and cal ci ni ng
steps can be car TheddQlbwing ODRust@AtiveUemSodimefts ldesétibg tie prbéaysi af
slowly thr Ouglbe ti%\ererlxtoivgnt EA?%EQ tpl'lrrcnen'.clieat{l ggrs i:[l(iustrative purposes and are
not meant as limiting the invention.
EXAMPLE 1
20 This example demonstrates preparation of a dehydrogenation
catalyst according to the inventive process.
A solution of 2.04g (13.3 mmol) K2C03 in 30 mL of distilled
water was added slowly to 50.20g of neutral y-Alumina with a
surface area of 120 mz/g (AX-200 from Criterion Catalyst Co.,
‘_’ 25 L.P.). The impregnated catalyst was then dried at 100°C. After
drying, 6.82g (36.0 mmol) Zn(NO3).6H20 and 18.73g (80.5 mmol)
Cu(NO3).2.5H20 dissolved into 40 mL of distilled water was added
slowly to the catalyst. The catalyst was stirred as the solution
was added to evenly distribute the solution over the material. The
30 solid was then dried overnight at 120°C under N
COMPARATIVE EXAMPLE A

A copper/zinc/chromium catalyst was made as a comparative

92°

catalyst.
Copper Nitrate (36.42g), chromium nitrate (10.1lg), and zinc
35 nitrate (6.82g) were added to 100 mL of deionized water. The
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dry the mat erfrdfRF 2ndsvs-ai ThrGoLlit cekfp@satiate sievash&e 4-@Prrgfly for
conditions. T dnyiHegfbéweperstq.ef erably carried out in the initial stages
of the caIciggﬁgghgiﬁikiéﬁﬁéﬁgajunina i s calcined. The inpregnated
material is t he sol uble nmetal conpounds to oxides or
oxygen- cont ai ni ngA cmpper/wiscugrorlithinakavalyat sugspoade aSak cdampagativecarri ed
out in ajpeutral;0f oXidizing atnmosphere, air being the preferred

at nrosphere. Nitrogen is also a suitable alternative atnosphere. The tines
f or A 20 mL solution containing zingupitratet @ .§hpktand EopRegust 1996

-5- the dryingc28€e qum(]gmﬁtsqraaly?\raada@tmcﬁé.tlizfgabf%qt@éle1dg9§m§nt upon
t hegt enperatures utilized. The drying and
i' with a surface area of 120 m /g (AX-200 from Criterion Catalyst
Co., L.P.). The resulting catalyst was then dried at 150°C under
15  vacuum for 24 hours.
COMPARATIVE EXAMPLE C

A copper/zinc/potassium on carbon catalyst was made as a

comparative catalyst.
A solution of 2.09g potassium carbonate and 20 mL of distilled
20 water was slowly added to 35g of dried CAL (Activated Carbon from
Calgon). The catalyst was then dried at 80°C under vacuum. After
cooling to room temperature, an aqueous solution (30mL) containing
zinc nitrate (5.8g) and copper nitrate (15.0g) was added slowly
with stirring. The catalyst was then dried at 80°C under vacuum.
4 25  EXAMPLE 2
This example demonstrates preparation of another dehydrogen-
ation catalyst useful in the inventive process.
A 15.3g portion of the above catalyst from Comparative
Example B was treated with an aqueous (10mL) potassium carbonate
30 (0.65g) solution. The catalyst was then dried at 150°C under
vacuum.
EXAMPLE 3
This example demonstrates preparation of another dehydrogena-

tion catalyst useful in the inventive process.
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tenperatures when , utilizin a_gaseous atrmsp ere ge.from L75[err]C to
55QLerr] C. The ti é]@'é‘d%?f‘ger‘)('i‘rs Y va’fl SR-#iT 58 g géu%f BPHBLIN8re will
de&nd on t hecirbopetatuaseslawig émdgldeto t5I6eZg afpeewtral ey-Albpishoitiera t he ti ne

and the | ovvers,sgﬁoun e 8F W m jug J;necgggéé.}g.hlﬁ%l |Cgal ly, useful

tinmes have bee to range f our to ours though tinmes
out si de }PheseLl|}ni-t sTher aixture Yﬂ%%fa&1°weé’c§h(ﬁhtcf%?br$§l gaEes ofes agbeterthel y

dictate that LonGebntdd Bendte@de Al bE th3CatdllystS The excess water was
then removed by heating at 100°C. The catalyst was then
impregnated with 6.82 g zinc nitrate and 18.73g of copper nitrate
dissolved in 40 mL of water. The sample was then dried overnight
20 at 120°C under vacuum.

Catalyst Activation

Each of the above catalyst were activated in a similar manner.

The catalyst was loaded into a stainless steel flow reactor atop of
a 10-15 cm bed of silicon carbide. The temperature was slowly

‘ 25 raised to 375°C while the reactor is purged with air. After all of
the nitrate salts have decomposed (2 hours), the reactor is cooled
to 150°C. At 150°C, the air flow is stopped and a 1:5
hydrogen/nitrogen gas is introduced into the reactor. The
temperature is then slowly increased to 275°C at a rate of 0.5°C

30 per minute.

Examples 5-8 and Comparative Examples D-F

This example demonstrates preparation of 2-para-dioxanone from
diethylene glycol according to the inventive process using.
catalysts from Examples 1, 2, 3 and 4 respectively Examples 5, 6, 7

35 and 8. Further, 2-para-dioxanone was prepared using catalysts from
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sol utions of & rRBPHYITeSPYRTNFORRSSFedite F %B’GWI u?n%ﬁs M @FFEe ™ an

organi ¢ sol venitnesuch as heptane. The catal ysts can be activated using
rsﬁd“{f: t”gt Li gﬁggt Sf_é‘l%toi ggféa}[g %g‘gg‘g a8 LA9Eefleol SR E] 1] tnd enld Gher,
temperature raised to 120°C for 1 hour. After all the water has
come off, the temperature was raised stepwise to 150°C and 50°C
15 every 30 minutes thereafter or slowly ramped until reaching the
final temperature listed in Table 1.

The reactor was cooled down to room temperature, and the
hydrogen flow adjusted to 50 mL min-1 for a total hydrogen and
nitrogen gas flow of listed in Table 1. The catalyst bed was then

20 slowly heated at 0.5°C per minute to 275°C.

The feed pump was started at 0.20 mL min-1 and samples were
collected every hour (1-4 hours) to confirm acceﬁtable conversion
and selectivity by GC-MS analysis.

For Example 5, catalyst was regenerated by first stopping the

‘1 25 flow of feed over the catalyst and cooling to room temperature.

The nitrogen/hydrogen sweep was stopped and air was flowed over the
catalyst as the temperature is raised to 450°C at a rate of 0.1 to
1°C per minute. The catalyst is then cooled to room temperature,
the sweeping gas is switched to nitrogen/hydrogen gas and the

30 temperature is raised to 275°C at a rate of 0.1 to 1°C per minute.
The catalyst was regenerated when the conversion dropped below 88%.
The reactor ran continuously for 140 hours at 100% conversion and
96-99% selectivity to 2-para-dioxanone. Major side product

identified was 1,4-dioxane.
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J regeneracing the catalyst. 1he conditions ol reaction (amount orf

-6- preferabl yatalpst 23H8Y s [t6tab hyd®pgarr hadl rfisrogert gar fidowf{ raomd 0. 01 hours to
10 hours or | t e, ot critical and are
dependent upog %ga?‘e ggﬁleglg%)fjeu%i iqggr%elﬁg%%?? ized. Wil e not wi shing
to be bound by anyexrenti eerivarsidrednd selectivigy| sxey distadaintTadlacti vati on of
the catal yst pgidgr reducing conditions at |east partially reduces the
copper fromthe +2 valence state to the +1 and/or O val ence state, which is
believed to contribute to the catalytic activity of the catal yst. Reducing
condi tions, however, preferably should not be so severe as to reduce the

zi nc oxides and chrom um oxi des. Preferably, the pronoters are present on

t he talyst in the oxidized form even after subjecting to reducing
conditions. They are believed to be present in the form of oxides or
oxygen-cont ai ni ng conpounds and may be conbined with the al um na support
and/ or other catal yst conponents. The appropriate activation conditions
can readily be determ ned by experinentation. For exanple, tinmes and

This Sheet Has Been Replaced
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tenperatures|can be,varied and the resultant catalytiqg material gan be
exam ned by Xx-ray p‘fuctoel ectron spectroscopy in order |{to determ e the
activation state¢ offtihe cepper. Alternativeky,athe catlal yst's catlal ytic
activity can|be|det®rim ned and utilized to determ ne gptinmum actifvati ng
condi tions. The gnmount of nmetal s deposited upon the support dre not
critical and|may varied through a wide range so long as they gre present
in sufficient apoul |t c”b& cat & yTi chl |y %ef Pective.©Prleferably capper is
present in ap apoupt [of*"1™t o0 35 wei Ght pétcent? nore preferably 1 to 15
wei ght percent ored as netal per total weight of tthe dehydrogenation
catgg yst. Prefeqa I§/ zinc is present in a nole ratio of zinc to qopper of
fromoO.01:1 tqgfi:g,g fore pr eherabkry o romd. 81l &0 L. 5: 1. Chrom ym can
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) dehydrogenation of dialkyl 1 1s, which i :
Substitute sheet - b August 19_96él yREne BIycots, WATCh process comphises
optional |y be presetitarhing aafinbkylere glyerl2st weitghpersancentithbmsiheed as

netal per totalangei gbo0fc ttBesdteiey Jf Q0aRad#1RBc LA @h¥dle of o The dial kyl ene
gl ycol corresponding to the desired optionally al kyl-substituted

2- par a- di OxandtRBY PEORSBAF LR EACALYSCCIMDELE ingn CIEAITTIGALLY affestive AmoEntsoUNt

of a dehydr ogesfaki esppeat edmpstind pepiriccdodsoul@said Bepkcidere)cchfolicoduce the
2- par a- di oxanoncieg%@ftgm grature Wi t hi Q.the range of from 200[err]C to
400[err] C, prererably FPbm st err (T § S0 Er F41CS A TRAPXEB e of | ess

t han 300[ er r ] Gomplexesf ef rad#tal bmeltehyendcaltlalysd edarfle.methbs rapdcihianres

carr'!ed out ateyd PEEIIPSGWhidH r&ntgnﬁn{iggge of 10 to 2000 kPa (0.1 to 20
at no phegg), preferably from50 to 500 kPa (0.5 to 5 atnosphere). In a
l'y

parti cul Pr-ef efeeBreaffsdefredein thhahersipd Fogyddalkdiene aglyicpdtisr ef erabl y
does not cont aloRt&dWe@niytén £RE QRULyANEEN HenPé 5088 of 8880 NSan FR0 LONgEr

3. The process of claim 1 or 2 wherein thé promoter compound is
selected from the group consisting of salts, compounds and
complexes of sodium, potassium, lithium, calcium, magnesium and

15 mixtures thereof. .
4, The process of claim 3 wherein the promoter is potassium,
carbonate or potassium bicarbonate.
5. The process of any one of claims 1-4 wherein the zinc compound
is present in a mole ratio of zinc to copper of about 0.01:1 to

20 about 1.5:1.

‘ 6. The process of any one of claims 1-5 wherein the copper

compound is present as measured as the metal in an amount of
1 weight percent to 35 weight percent based on the dehydrogenation
catalyst.

25 7. The process of any one of claims 1-6 wherein the promoter
compound is present as measured as the metal is an amount of 0.1 to
20 weight percent based on dehydrogenation catalyst.
8. The process of any one of claims 1-7 wherein the dehydrogena-
tion catalyst further comprises a chromium compound.

30 9. The process of any one of claims 1-8 wherein the
dehydrogenation catalyst is produced by (a) impregnating an alumina

with a promoter selected from the group consisting of alkali metal

* [ L L S *




- VLliyWBLVpTlialblVUll baballeob,, VW debLllLll& il ueu_yul. Hvila L Vil

catal yst |ifeataligt agefyeRmpeeaiatreofnl tdpathesrangmefnfron 1094 to 99 °Ri gher

copper | oadi g (EPrredeideRe éﬂlummdgﬁydﬂage&éﬂ%rcdﬁl be ety aef at
| east 4 wei ght percent neasured as netal per total weight of the

dehydr ogenat Fi¥n 9glydnogenation ¢af@lystq Pronoter is preferably present in an
anount of | exs. thﬂé’lpi'Scdﬁ ghtargebﬁenif 8Efisgr b &aeﬁﬁralch@efopb@i aI wei ght  of
t he dehygrogenation .cat a][f%/% d % {hm ze side-react ﬁ%n I nventive
process can BEPEERY ilSSHRSTPH KFEBothS BRAT: SOTF 08 HaSRPRSE 85?1“58 ref | uxed
in the preseermppeofacelteteleiepppoyonids onopmtrabysliateTheoppeaciuldate sangr ef er abl y
carried out ?Lﬁ beg@an be in an inert solvent or environnent. The

prggess can be carried out in a batch process or in a continuous
protess. 1Y.n '&h‘t(?ﬁf’??ﬁfo% Poeee £f elaimsi Huild vherainy theygdac vel oci ty

(LHSV) at t heompeasd i18NsdieRed Sfrah he' gt bbrsisey %td?. EORdMnitrate,

2- para-q_i$oxanones ﬁ%eferabl v(\inthln the range of rc%mo 1to 8 h[err],
nor e pre er aﬂr&(} f? te 1z:.nc Xldae, zZlnc Oxalate, zinc sulfate and zinc

chloride.
12. The process of any one of claims 1-11 wherein the dialkylene
glycol is contacted with the dehydrogenation catalyst at a liquid
hourly space velocity within the range of from 0.1 h'1 to 8 h'l.
20 13. The process of any one of claims 1-12 which comprises:
contacting diethylene glycol with a dehydrogenation catalyst
at a temperature within the range of about 250°C to about 300°C and
at a liquid hourly space velocity within the range from about
0.5 h'1 to about 3 h'l, said dehydrogenation catalyst is produced
‘ 25 by (a) impregnating a y-alumina with a potassium compound, (b)
subjecting the thus-impregnated alumina to a temperature within the
range of about 80°C to about 900°C, (c) impregnating at least one
zinc compound and at least one copper compound on the alumina from
step (b) to form a dehydrogenation catalyst, (d) calcining the
30 dehydrogenation catalyst at a temperature within the range of from
100°C to 900°C, and (e) contacting the calcined dehydrogenation
catalyst with a reducing atmosphere comprising a gas selected from
the group comnsisting of hydrogen, ammonia, carbon dioxide and
mixture thereof at a temperature within the range of about 175°C to

35 about 550°C.
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Substitute sheet - 5 August 1996 -8- to 3
h[err]. The reaction is preferably carried out in an neutral to reducing
envi ronnment such as, for exanple, nitrogen or argon atnosphere (inert gas)
optional ly containing hydrogen. Pure hydrogen atnosphere can al so be

sui t abl e. Currently, the reaction is nore preferably carried out in an

i nert gas/hydrogen atnosphere containing hydrogen to inert gas ratio from
1:0.01 to 1:50. In a particularly preferred enbodi ment, the process is
carried out continuously at a tenperature in the range of from 260[err]Cto
290[err]C, a pressure in the range of from50 to 200 kPa (0.5 to 2

at nodphere) and a LHSV within the range of fromabout 0.5 to 2 h[err]. The
process can be carried out in fluidized beds or packed colums, with packed’
colums being preferred due to ease

* [ L M N *
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of operation. In a batch process, the catalyst is present in an anount
effective to form Zhpalsvahtdamneileses [roed qrabéss ianproreasofont poépdmiap 0. 1

wei ght percent 4t ) e , nr A | rcent
o 90 waght | pdr Bar ABk@nel Ay SRE cABRIF BB Bl e MELAGL R

Sui t abl e di al kyglzeelsyl yeish precass ewprésesit ed by the fornul a.

[err] i n whi chofRabrRgaRhB1kPInel PORRENEEH kimibrdeQEL i OkirCleRE " ]

al kyl. Preferably Rl er r&o 'S Q%Idt;oge_n. ref erably i s i ndependent |y
hydrogen or Cf &é2PrEe GF0dP0°%% & ALEyWiRRIAR Fffetive] apgunt ofa, Aph¥drogeny he
mlnst lor ef Sr gbLatdfﬁldathy& ?bmJSTﬁné rRakaTcicdl Bl RYEendvel saints dﬂif{oaopyl ene
gl ycol an i butyl ene cal . _.The inventiv rocess i s _espegia

Sultdbl o for probRER CMPHFdy. §AiRe ORRARGnE RS Pronoter Sompaind dlelced

from the group consisting of salts, compounds and complexes of
alkali metals and alkaline earth metals and mixtures thereof

supported on an alumina and to the dehydrogenation catalyst used.
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This invention relates to a process for preparing 2-

the dehydroggg%idg_%é‘%fngglie%t.hylﬁn% @ﬁ'ecé%.lfic aspTé?t,dWedrfrgs?&?{ig% cat al yst

can be regenerate . . ubstitute
sheet - 5 Auggd@tegodo a process for preparing 2-panmdligxanenes bge to

extend the cahal battalligtq@wdadab&@@dh *Bﬂgﬁ;atﬂéﬁfélé ﬂae/&fé,i Ofh@nd

selectivity. The_ regenerati on can be perforne y conVenient tine as

necessary. F&P & ekydnegenaddon. sahalyustc sk regenerated in situ or
renmoved from t he2rgagaodidkdnop@snerdl Abe Ry & Jtarting Mit&Aial yui can

100 o1 o B8 RERETacHire aBiol W RS AR tF Hoo 1 BFTY moutr

or para-dioxanones are used in the manufacture of adsorbable
monofilament suture fibres and other adsorbable medical
devices.

One method of preparing 2-para-dioxanones is by .
oxidative dehydrogenation of dialkylene glycols. 1In U.S.
Patent Nos. 2,900,395 and 2,807,629, a copper chromite
catalyst is used for the oxidative dehydrogenation of
diethylene glycol. However, these patents report a yield
of about 67-84% and a conversion of about 67-94%.

It has been found that the presence of impurities
inhibit polymerization. Typical impurities in the
preparation of 2-para-dioxanone include, unreacted
dialkylene glycol and reaction by-products such as 2-
para-dioxanol, para-dioxane, 2,3-dihydro-para-dioxin
(dioxene), alkylene glycol and carboxylic acids.
Particularly, the production of carboxylic acids and
hydroxylic compounds can hinder polymerization of 2-para-
dioxanones. Therefore, a process to produce a high
purity 2-para-dioxanone ("polymerization grade") is
desirable.

It is therefore an object of the present invention to
provide a 2-para-dioxanone preparation process with high
conversion rate and selectivity.

According to the invention, a process for fhe

e SHEETS SG
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amount of a dehydrogenation catalyst comprising

oxi di zi ng at Iyl | . Lre t.osphere. N trogen or
oxygen o? a %nggséqfcﬁerl o%?gggtépgo%g’ﬁ"?%ﬁ gétarr&s?&l}eerre.c%mﬁnﬁ e, ina
cont i nuous pFéB§s§PMPNQndaﬁaﬂy§tP@@momerr@@mmauﬂdu$dhecﬁadjﬂgpﬁithﬂl

st oppi ng the fs vV e dﬂﬁg | talyst to
aboglto rgom tggbg}ﬁ{ag&#gﬁ%ﬁgﬁdtogegc%:%?_:gl'ygt%}n?an esa%glge%grld&l%d!{% &c%lnt acting
the catal yst atkadin®gteds sndoalipling sertdpmatals and aixfares

tenperat ure phekeafl sQppoirtiedeoat ABSANGMENnaAf ter the catal ys':1 i S _
regenerated, the_gatalyst is_reagtivate rior to use,. The inventive
prgcess al | ows fB?néﬁﬁof?GSP ﬁPBﬁﬁy%ﬁﬁzeQZB55P§§&P&&ﬁ’&?§ \ﬁaﬂh%rﬁ ni mal
side-reactiopsoduupdrinihighugﬁeadscaihhxmﬁhdmadi@idémﬂﬁanans dynpounds
and di oxane Lok ni.zed | ai Rl hi cQuVersd . ivity.
The fol | ow ngoFRCSERY: B, dtdn 81 nko bl o 3R AP edt SV e

i nventi on andfagedphydragenesion| catalystve Fpatbeses idndas dbeemt fmmnd as

limting thetha¥epy prerEB¥ANYEihpregnating the alumina with a
promoter prior to metal mixture impregnation, a
dehydrogenation catalyst which has conversion as high as
about 100% and/or selectivity as high as about 98% can be
obtained.

Suitable promoters can be compounds (including,
salts, compounds and complexes) of alkali metals and
alkaline earth metals. The promoters must be soluble in
a suitable solubilizing media, either organic or
inorganic. Water is a preferred solubilizing media.
Lower alkanols and ethers also provide examples of
suitable organic solvents. Preferred promoters include,

| for example, compounds of sodium, potassium, lithium,
calcium, magnesium and mixtures thereof. The promoter is
typically present in an amount sufficient to suppress
para-dioxane formation. The promoter is preferably
present in an amount of from 0.1 to 20 weight percent,
more preferably from 0.5 to 10 weight percent measured as
the metal per total weight of the dehydrogenation
catalyst. The optimum catalyst contains 1 to 5 weight
percent of promoter measured as the metal per total

Th%isthersMacemeﬂtsheet
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_ 100 m2/g is preferred. An alumina with a lower surface
2ccor di ng.t o R TR (I HAZRE det 150" petihAt BN R | 15T RASY)
K2CO8 in 30 decsfeadiest iwiltdd detrmasiasy axidefhce mitea twhible 20gintaiwringal
oAU naw (o SIRED IR 57 She, ONGEIMIAD T al st
Co., L.P.). The Brfr-dgnethadhifar setmnitiag Eneci &ic 190 83¢¢ @redt er
drying, 6.824s(3deseribd if ¥ 1in Biaiddd?, 2, ,1Emwar ( 89, 51 Noind
QuND) 2 el ol 100wl U Ies et d% adl Y Shaaly o

most suitable aluminas for use in the present invention
are found to be those having a high surface area of, for
instance, at least 100 m2/g. The alumina may contain
minor amounts of other compounds such as silica (i.e.,
less than 50 weight percent). Large amounts of silica
increases the presence of impurities in the reaction
product and should be avoided. Suitable commercial
aluminas include, Vista Catapal Series; AX-200 type from
Criterion Catalyst Co., L.P.; and A-201 from La Roche
Aluminas.

The dehydrogenation catalyst can be prepared by
impregnating the alumina support with solubilized
compounds (including, salts, compounds and complexes) of
copper, zinc, a promoter, and optionally chromium. The
impregnation can be carried out in any order or '
simultaneously. In a preferred embodiment, the promoter
is first impregnated on the alumina support, then dried
and optionally calcined. The dried (and calcined)
material is then impregnated with a solution having
copper, zinc and optionally chromium compounds dissolved
therein. The alumina can be impregnated in a one-step
process by using a single solution copper, zinc and
optionally chromium compounds or in a multi-step process,
using one or more of copper, zinc and optionally chromium

Thig is the (GIGCEMeNt et
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filled and nolexifss solutlo?lls %eft after 1m%regn?tlonr h
sol ution was add venly st ute the ol uti over t materi a e
solid was then d da&sﬁﬁﬁ1dﬂ¥d Qﬁr Qféh\ Wé# VE EXAMPLE A
A copper/ zi ndﬂnﬂrragnatrad:analagdsmm mdﬂueasfarmous@aamﬂpamdsit al yst.

Coppe Nitrat z n
(6p82[:;) wer e aggﬁ'gl %@l e| oni zesg a}\‘/\r/ilac?eéro'lng%'yhe’glér]éejl)su clgtﬁgééso?% Ion was
heated to 90[eé‘|a|ll]!7@ean Y&mactaﬁ,a chlianide s durarideno miYrabesii on of

pot assi um cageeraites,3Q.attilbes) Yarlonay, Micalit At | i og1dig] ur e was
e o £ ks DT e e a1 L Ciasng e o oo ©
vacuum dr i edblicarbotates Hre prdfbraait braddenicassl ¢ dde 20 mesh for
Sl ot e SR8 opr IR L e condySRRP S 'O
contai ni ng zifer exaemple, £hdSg)idesd doopuides,t mettraties,7Zapetvatses) ow y
added to 36.12@¢tQktes, carbonates, bicarbonates, oxides, oxalates,

sulfates and the like. Nitrates are preferred for ease

of decomposition.

This material after impregnation with catalytic
components is dried and calcined. The drying step is
typically carried out at temperatures up to 150°C,
preferably at a temperature within the range of from 80°C
to 150°C. The calcination step is typically carried out
at a temperature within the range of from 100°C to 900°C,
preferably from 300°C to 800°C. The drying and calcining
steps can be carried out in one continuous step, heating
the material slowly through the low temperature ranges to
dry the material and then raising the temperature to the
calcining conditions. The drying step is preferably
carried out in the initial stages of the calcination step
if the alumina is calcined. The impregnated material is
calcined to convert the soluble metal compounds to oxides
or oxygen-containing compounds upon the alumina support.
Calcining is carried out in a neutral or oxidizing
atmosphere, air being the preferred atmosphere. Nitrogen
is also a suitable alternative atmosphere. - The times for

This is the replacement sheet
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acceptable.
neutral y- Alun1na mnt surface ar 0 nP/ 2 fromCriterion
Catal yst Co. CHIE Tk AT o oy ANRBATHATREAS R oF EREBELEPP
under )/acuu?nj‘mar o?dta{mts t CRVRARRAIG Mg Eiekm'ﬁcm prigdr to use. The
copper/ zi nc/ po |um S d
catal yst. Ea WOt | ?P%a{?%gﬁ%a}%%sésl%i?nécgb%aﬁe an%ggggﬁké}f? or
Substitute sraee&qutabmgUsqullcggiblutlon- - 11 - distilled
wat er was sl owy [ r Do | gon
The cat al yst vvassq‘ﬁ' ciLr at 80é[j Ch%éo‘\fé ﬂéﬁ&éjﬂ% sprerea gon).

| e err] C under vacuum  After coollng to room
t enper at ur e, SOPRIGHESD WYAKAIRT 0 RARBINS, CARRERITRROFjde, mixtures

thereof and the like. The gaseous reducing atmosphere
may also optionally contain inert gases such as nitrogen.
The preferred atmosphere is hydrogen. Activation
temperatures when utilizing a gaseous atmosphere range
from 175°C to 550°C. The time needed for activation in a
gaseous atmosphere will depend on the temperature, the
higher the temperature, the shorter the time and the
lower the temperature, the longer the activation.
Typically, useful times have been found to range from
0.01 hour to 24 hours. Although times outside these
limits are also useful, economic considerations generally
dictate that longer times need not be used. It is
preferable, after conversion of the metal compounds to
the oxides, to slowly ramp the temperature (eg. 0.1 to
2°C per minute) up to the activation temperature in the
presence of reducing atmosphere. This procedure increase
the lifetime of the catalyst.

Liquid solutions suitable for providing reducing
conditions include, for example, agueous or ammoniacal
solutions of hydrozine, sodium borohydride or
formaldehyde or solutions of triethyl aluminium or di-
isobutyl aluminium hydride in an organic solwvent such as
heptane. The catalysts can be activated using reducing
liquid solutions within a range of from 25°C or higher,

This is the rep-lacemem sheet
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_ (5.8 ﬂ?lle not wishing to be bound 2%I%Pylp3§t1cu1%r

nitrate : co |trate ed slo th stirring.
The cat al yst et rllse ed][ %‘fﬁél‘%ﬂgu%r ?a/‘é %{/PT: Thi s
exanpl e dewomﬂtamyat[nndﬁreﬂeducxﬂgenmndmtlmm$ydtobemst|pmrtaah1yst usefu
in the inven qgg;. t t sfqfrom
Com parati vté:le§1 ﬁp VBT R re;ftsr%gvm %1 Jéén”\ég%eeéggg %{%ﬁ’n{)&g ?ﬂ%s?‘um
car bonat e (0.2684)0 %CQ Ma lancermatataalwhiclnabs t @Vedzdt@thl‘?@{bbu]:e: under

vacuum EXAMRE the catBlyi X HBY S A8/astfid Satpd BPFE 1 | REaeEiggot her
dehydr ogenati on catal yst “useful 1 n the Inventive process. A Sol ution of

4.01g of pot &8&dirh o e YRRy cR%%%ﬁ%Qil!( Shepld RAt B8 50 JFEVeFew y
added to 50. 3z tof n”édﬁdeﬂtl'.[éﬂrzfﬂna“ddxﬁid@s vand ¢chroniiwecoxides of 120 nR2/ g

Femoved by hERAATT B VroGTR HXORORARE 4R iBRE o P i BEAL Lot Ut on

cont ai ni ng 6.theg cofiddized rfidmmt evard A8 ] eupireg to treducivg sl owl y

added to the L3l Al¥ns TN} UnS bd P tIMBED VKA HY Ble form
of oxides or oxygen-containing compounds and may be
combined with the alumina support and/or other catalyst
components.

The appropriate activation conditions can readily be

- determined by experimentation. For example, times and
temperatures can be varied and the resultant catalytic
material can be examined by x-ray photoelectron
spectroscopy in order to determine the activation state
of the copper. Alternatively, the catalyst's catalytic
activity can be determined and utilized to determine
cptimum activating conditions.

The amount of metals deposited upon the support are
not critical and may be varied through a wide range so
long as they are present in sufficient amount to be
catalytically effective. Preferably copper is present in
an amount of 1 to 35 weight percent, more preferably 1 to
15 weight percent measured as metal per total weight of
the dehydrogenation catalyst. Preferably zinc is present
in a mole ratio of zinc to copper of from 0.01:1 to 5:1,
more preferably from 0.01:1 to 1.5:1. Chromium can

rapiacement gheet
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100[ e (?ptlonally alkyl- substltuted 2-para-d1%fanon? l? ar at on
err under_.vacuu hi s ex e deppnsirates [

of anot her défﬂqu'ad'gre"rfgt igh %a‘f%ﬂ?’%"'torbs%“?llﬁ' i a&}lieal? n% Qévﬁrﬁﬁ‘g %

30 nL aqueouBd Welyrdmmydred thi oy ébwnyﬂ[ mrqsasremaardi@serebws sl(ovvl >2/00
added to 50. o] AX-
fromCriteri ga% get)al ystpa}lﬁ)a/uéﬂLUtIEB epama%f#%&g\rlg% \Mé-: %rgg For

m nutes to aWidhithehe|nangm ab t2QQ°€ 4id 4&0°Chepcgtf&lr‘jlbtly 'ﬂmnexcess

wat er was th%d°€mﬂ5e@00°c A temperature of less fhan 300°C pybstitute
sheet - 5 Au by heating at

100[err]C. T %ffﬁ%%tf%slqwuq&ﬁ@gwa’%é&fe- ‘The realtion is

carried out at a pressure within the range of 10 to 2000
kPa (0.1 to 20 atmosphere), preferably from 50 to 500 kPa
(0.5 to 5 atmosphere).

In a particularly preferred embodiment, the
dehydrogenation catalyst preferably does not contain
chromium for environmental disposal reasons. For longer
catalyst life-time, dehydrogenation catalysts having a
relatively higher copper loading, for instance, alumina
having copper in the amount of at least 4 weight percent
measured as metal per total weight of the dehydrogenation
catalyst is preferred. Promoter is preferably present in
an amount of less than 15 weight percent measured as
metal per total weight of the dehydrogenation catalyst to
minimize side-reactions.

The inventive process can be carried out in vapour
phase, liquid phase or can be refluxed in the presence of
the dehydrogenation catalyst. The reaction is preferably
carried out neat, but can be in an inert solvent or
environment. The process can further be carried out in a
batch process or in a continuous process.

In a continuous process, the liquid hourly space
velocity (LHSV) at the reaction zone is at a rate
effective to form 2-para-dioxanones, preferably within
the range of from 0.1 to 8 h~l, more preferably from 0.1
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th 6. 82 be sultab%e. dC%%r%ntly the reacttlontlsdmorelprgferaﬁ%y}rL .
Wi g zin rate an nitrate dissolved in o]
water. The sdﬁ$¥%4%és°?%eﬁnd??eﬂn%EErQFQZ£§§F°QEE[%F??ﬁpﬁﬁﬁﬁr vacuum

Cat a: yst Act lmérﬁnmg tlla_mfb@énth@ mbgre gasakasiovxgremambvﬁufeidoi n a
simlar mann at a e Pé?ﬁgd é g g@ gte ow react or
atop of a 10g£5§ m bely %f F¥B§%a€g e ﬁ% s sIomAy
raised to 373§m¢e}£sm's|@arneedeautocontlpuogel;lyv\athaatempe\ratnral inof the

nitrate sal t%]i%ofaﬁf P&h(ﬁs S 240, r‘iaﬁE'%ﬁsh%qu(ﬁl &4hd Gange

150[err]C. At e air flowis stop
hydr ogen/ ni t ro§eFEegR ¢s 9r@9%dh%@d‘9n§ot?h% ?E@%ﬁﬁherqheannﬁeP§§Ure i s

then slowy ivictiensechd orand ecsf]fir@m dbsate006 €o5bent}C perhai nute.
Exanpl es 5-8 and Conpar atlve Exa denonst r.at es

preparation ATOCGST L£anyiRx cﬁW%?%?h§}%h£lﬁ?§éB$B§CBBrHPﬁ efy the
i nventive pranﬁB£mu§An@1thnp&qkéd ¢oDumirs abpirg greferBedndud tespaski vely

Exanpl es 5, g Igurther 2- para-di oxanone was prepared using
catal ysts frcﬁ%(&éﬁg% e Exanples A, B and C, respectively Conparative
In a batch process, the catalyst is present in an
amount effective to form 2-para-dioxanones, preferably in
an amount of from 0.1 weight percent to 50 weight
percent, more preferably from 1 weight percent to
20 weight percent based on the weight of the dialkylene

glycol.
Suitable dialkylene glycol can be represented by the
formula
H R R R!
I oo
HO—C—C—0—C—C—OH
[ .
H H H H

in which each R and R' are independently hydrogen or
Ci1-20 alkyl. Preferably R' is hydrogen. Preferably R is
independently hydrogen or Cj.12, most preferably hydrogen
or Ci1-2. Examples of the most preferable dialkylene
glycols include, diethylene glycol, dipropylene glycol
and dibutylene glycol. The inventive process is
especially suitable for production of 2-para-dioxanone by
the dehydrogenation of diethylene glycol.

The dehydrogenation catalyst can be regenerated after
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regenerated ln 51tu or removed from the reactor and
Exanples D, E and F. of the Exanples, the follow ng procedure

was used u5|ﬁ&Qﬁﬁ?Qﬁﬁﬁﬂyﬁﬁpéﬁﬂﬁﬁﬁts and reactor conditions listed in Table
1. A stainless strhel dalﬁa&ysea@iaw b regmreggated Uy dedatirsd theom t he

respective S ar hi I at the
ends). The ré%?[%&&“bea \lmr%staeﬁ Ca%rce Ii'lﬁnc r]cq?‘:l'tirnac é,\gé\)% conneéctoc(ad to a
ni trogen, hy®063en anefeeeblylﬁagmoaoﬂﬁ@ t@pB 0°G Hen reaxewrral\modut | et from
the reactor was diiztire(l a\%z&d&@e&@mlﬁf Qfﬁﬁberttfé)fﬂleéf&dr @ mﬁoyﬁ@érwth a

gas flow nmeter 1n lin trogen gas flow as ad usted to 250 n 1
and t he terrpé‘ﬂ-é?trt?tg@nr aars@acmnlm & Mixtuge T f A1eralse ?‘I‘Pe

Substitute shgfbspherdlguslorl¥Wample, in a continuous process, the
catalyst can be regenerated in situ by first stopping the
flow of the feed over the catalyst and cooling the
catalyst to about room temperature. Then the catalyst
can be regenerated by contacting the catalyst in a
neutral or oxidizing atmosphere at an elevated
temperature with a flow of the atmosphere. After the
catalyst is regenerated, the catalyst is reactivated
prior to use.

The inventive process allows formation of highly pure
2-para-dioxanone with minimal side-reactions. Impurities
such as carboxylic acids, hydroxylic compounds and
dioxane are minimized while obtaining high conversion and

selectivity.

The following illustrative embodiments describe the
process of the invention and are provided for
illustrative purposes and are not meant as limiting the
invention.

EXAMPLE 1

This example demonstrates preparation of a
dehydrogenation catalyst according to the inventive
process.

A solution of 2.04g (13.3 mmol) K»CO3 in 30 mL of
distilled water was added slowly to 50.20g of neutral

e SR P b 2l
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dJ.ssolved into 40 mL of dlStllled water was added slowly

- 13 - water zcorre of.f, .the ratur r te gto 150[err]C
"B, e P

and 50[err]Ct9v Pﬁ §Gtﬁﬁﬁﬁﬁés t E%%Y reachi ng
t he final te&p&m&h@meﬂasﬂadﬂedwfﬁﬂﬂveﬁﬂy dlstﬁnbutaunhﬁ S@&Mtﬁﬂ#e@vﬂbmm to
room t enper at.ur e h 0 i 1,§or a total
hydr ogen andtt#'et F“SS‘%%ltags f?ig{v? o |ste hL"e?fab eéfi%l'lrhéeﬂ‘n tgll.'yast]ti bed was
then slowy aa@fﬁduadec Hperr] C per n1nute to 275[err]C. The feed punp

ﬁas sta{ted toMPaRA TTvEEXAMRd ssanpl es were col | ected every hour (1-4
For Exanpl o5, | it SOPPETIFS AUGOTIICE TR IR MRS IRIR e {1 ow of T oed
over the cat g r@mqv@p@aﬁglygtroon1tenperature The ni trogen/ hydr ogen
s raised fé°2§8 e SRIE R Lt S M L e
i s then cool athd (zurmnmmm atére2g)t iveraveaired) sl & mhwie€hed to
nitrogen/ hydiaqen 33y tde 'BPHYAWEAF A REDdd as heated to
90°C and added to a stirred aqueocus (600 mL) solution of
potassium carbonate (30.63g), also at 90°C. The
resulting mixture was allowed to cool to room temperature
with stirring, before the solids were filtered off. The
cake was washed with 4 litre of deionized water and
vacuum dried for 2 days. The solid cake was then sieved
to 40-20 mesh for use in the flow reactor.
COMPARATIVE EXAMPLE B
A copper/zinc on alumina catalyst was made as a
comparative catalyst.
A 20 nL solution containing zinc nitrate (4.85g) and
copper nitrate (10.72g) was slowly added to 36.12g of
neutral y-Alumina with a surface area of 120 m2/g (AX-200

from Criterion Catalyst Co., L.P.). The resulting
catalyst was then dried at 150°C under vacuum for
24 hours.

COMPARATIVE EXAMPLE C
A copper/zinc/potassium on carbon catalyst was made

as a comparative catalyst.
A solution of 2.09g potassium carbonate and 20 mL of
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275[err] C at nitrate }5 .8 ) and cop er nitrate (15. %g) was added
rr a err The a
regenerated\élﬂ§i¥m¥¥§ﬂnﬁﬁ%ﬁ 9o é@% %E%gy Qwa§hgﬁ€é §¥§§d$§§

conti nuously §a°c Lfidiehrowazuatn.100% conversi on and 96-99% sel ectivity to

2- par a- dloxagggggﬂggggr side product identified was 1, 4-di oxane. For
Exanpl es 6-8 rative Exanples D-F, 2- dloxanone was prepared in a
simlar manner tcfhiﬁunxamﬁieeﬁ@mquttﬁﬁéﬁyBIeP¢6®¥E§%n9fe§n2the§nd

Conpar ative ﬁﬁﬁﬁﬂ%oo et fbé@ﬁi&sfeﬁgéfﬁlVPhYthéjin@éntheeobhabeEﬁaﬁp|eS

were run bet hours Wt out ener catal yst. The

condi tions. of redet} Qﬁ?iéﬁﬂﬁ#ﬁ°%ﬁ°%aﬁgﬁ gkﬁﬂta 8?EI%593r §8n" and
ni trogen gas gd @i v Etanpes B Wes afeateamﬂth naff abtraedubel(dGmL)

Per cent convepr St{é)snsfu%j c?a?:l.'l%rgét\:/étyc aéggj' futign ab‘i‘ﬁe cQ@E?Wst was
then dried at 150°C under vacuum.
EXAMPLE 3
This example demonstrates preparation of another
dehydrogenation catalyst useful in the inventive process.
A solution of 4.01g of potassium carbonate was
dissolved in 60 mL of water and slowly added to 50.35g of
neutral y-Alumina with a surface area of 120 m2/g
(AX~-200 from Criterion Catalyst Co., L.P.). The excess
water was then removed by heating at 100°C. After
drying, a 40 mL aqueous solution containing 6.77g of zinc
nitrate and 14.98g of copper nitrate was slowly added to
the catalyst. The catalyst was then dried overnight at
100°C under vacuum.
EXAMPLE 4
This example demonstrates preparation of another
dehydrogenation catalyst useful in the inventive process.
A 30 mL aqueous solution containing 4.08g of
potassium carbonate was slowly added to 50.2g of neutral
y-Alumina with a surface area of 120 m2/g (AX-200 from
Criterion Catalyst Co., L.P.). The mixture was allowed
to sit for 30 minutes to allow the solution to penetrate
all of the catalyst. The excess water was then removed
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_ Catalyst Activation '
Substitute shee Eac &%ﬂﬁie above catalyst were activated in a

similar manner. The catalyst was locaded into a stainless
steel flow reactor atop of a 10-15 cm bed of silicon
carbide. The temperature was slowly raised to 375°C
while the reactor is purged with air. After all of the
nitrate salts have decomposed (2 hours), the reactor is
cooled to 150°C. At 150°C, the air flow is stopped and a
1:5 hydrogen/nitrogen gas is introduced into the reactor.
The temperature is then slowly increased to 275°C at a
rate of 0.5°C per minute.

Examples 5-8 and Comparative Examples D-F

This example demonstrates preparation of 2-para-~
dioxanone from diethylene glycol according to the
inventive process using catalysts from Examples 1, 2, 3
and 4 respectively Examples 5, 6, 7 and 8. Further, 2-
para-dioxanone was prepared using catalysts from
Comparative Examples A, B and C, respectively Comparative
Examples D, E and F.

For all of the Examples, the following procedure was
used using the catalyst amounts and reactor conditions
listed in Table 1. A stainless steel flow reactor was
charged with catalyst from the respective Examples
between silicon carbide and glass wool layers (at the
ends). The reactor was installed on a Lindberg furnace
and connected to a nitrogen, hydrogen and feed lines on
the top of the reactor. An outlet from the reactor was
fitted with a sample receiver connected to the vent with
a gas flow meter in line.

Nitrogen gas flow as adjusted to 250 mL min-1 and the
temperature raised to 120°C for 1 hour. After all the

g s the repiacsmant shenr!
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The reactor was cooled down to room temperature, and
the hydrogen flow adjusted to 50 mL min-1 for a total
hydrogen and nitrogen gas flow of listed in Table 1. The
catalyst bed was then slowly heated at 0.5°C per minute
to 275°C. _

The feed pump was started at 0.20 mL min-1 and
samples were collected every hour (1-4 hours) to confirm
acceptable conversion and selectivity by GC-MS analysis.

For Example 5, catalyst was regenerated by first
stopping the flow of feed over the catalyst and cooling
to room temperature. The nitrogen/hydrogen sweep was
stopped and air was flowed over the catalyst as the
temperature is raised to 450°C at a rate of 0.1 to 1°C
per nminute. The catalyst is then cooled to room
temperature, the sweeping gas is switched to
nitrogen/hydrogen gas and the temperature is raised to
275°C at a rate of 0.1 to 1°C per minute. The catalyst
was regenerated when the conversion dropped below 88%.
The reactor ran continuously for 140 hours at 100%
conversion and 96-99% selectivity to 2-para-dioxanone.
Major side product identified was 1,4-dioxane.

For Examples 6-8 and Comparative Examples D-F, 2-
dioxanone was prepared in a similar manner to Example 5,
except, catalyst from Examples 2-4 and Comparative
Examples A-C were used, respectively. All of the other
Examples were run between 200 to 800 hours without
regenerating the catalyst. The conditions of reaction
(amount of catalyst, LHSV, total hydrogen and nitrogen
gas flow, and temperature) are listed in Table 1 below.

Percent conversion and selectivity are listed in
Table 1 below.
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catalytically effective amounts of a copper compound, a
zinc compound and a promoter compound selected from the
group consisting of salts, compounds and complexes of
alkali metals and alkaline earth metals and mixtures
thereof supported on an alumina.
2. The process of claim 1 wherein the dialkylene giycol
is contacted with the catalyst at a temperature of less
than 300°C.
3. The process of claim 1 or 2 wherein the promoter
compound is selected from the group consisting of salts,
compounds and complexes of sodium, potassium, lithium,

calcium, magnesium and mixtures thereof.

4. The process of claim 3 wherein the promoter is
potassium, carbonate or potassium bicarbonate.

5. The process of any one of claims 1-4 wherein the
zinc compound is present in a mole ratio of zinc to
copper of about 0.01:1 to about 1.5:1.

6. The process of any one of claims 1-5 wherein the
copper compound is present as measured as the metal in an
amount of 1 weight percent to 35 weight percent based on
the dehydrogenation catalyst.

7. The process of any one of claims 1-6 wherein the
promoter compound is present as measured as the metal is
an amount of 0.1 to 20 weight percent based on
dehydrogenation catalyst.

8. The process of any one of claims 1-7 wherein the
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an alumina with a promoter selected from the group
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wherein the dilainkyieens ¢t yioempesatoome act i n tlive thangat af ySromt 88°C to _
the promot o 030 {7 dnBdRorating st HRASLEACIR dorbdlin dnef dterel
conpounds and eafiplanecanpenarpoynd onithe alumina, framcstep fayntei um
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pot assi um carhonate or” potassium bicarbonate. 5. The process of any one of
claims 1-4 wiahyidraFRNatiRn GARIIRE At 7 LAMReTHCRr eV EtRIR| BR8f Zzinc to
copper of abadndd Qlf ¥from A0VPC to5900°6, dhe pepcesduefingnrhene of clains
Lo aoher 1 1 LS SRR SRR e i 2500 85, TR e fe et el T an
dehydr ogenat idehyixtodersttich cEtmlysivess of any one of clains 1-6 wherein
the 10. The process of any one of claims 1-9 wherein the

copper compound is selected from the group consisting of

copper nitrate, copper acetate, copper oxide, copper

oxalate, copper sulfate and copper chloride.

11. The process of any one of claims 1-10 wherein the

zinc compound is selected from the group consisting of

zinc nitrate, zinc acetate, zinc oxide, zinc oxalate,

zinc sulfate and zinc chloride.

12, The process of any one of claims 1-11 wherein the

dialkylene glycol is contacted with the dehydrogenation

catalyst at a liquid hourly space velocity within the

range of from 0.1 h~1 to 8 h-1l.

13. The process of any one of claims 1-12 which

comprises:

contacting diethylene glycol with a dehydrogenation

catalyst at a temperature within the range of about 250°C

to about 300°C and at a liquid hourly space velocity

within the range from about 0.5 h-1l to about 3 h~1l, said

dehydrogenation catalyst is produced by (a) impregnating

a y-alumina with a potassium compound, (b) subjecting the

thus-impregnated alumina to a temperature within the
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PROCESS FOR PREPARING 2-PARA-DIOXANONE
to 150 [err]C, (c) inpregnating at |east one zinc conpound and at | east one
copper conpound on the alumna fromstep (b) to forma dehydrogenati on
catal yst, (d) cafBeninyenhéonechedabgentioi anpracespse progessnforat ure

Wi thin the r e) reducing the
ena(%l on, cat #%%aﬁﬂ%:%a@géti %Iflfﬁeilé

cal ci ned de drogenati on catal yst.
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sel ected fr@mﬁg)up consi sting of copper nitrate, copper acetate,
copper oxi de, ﬁgeg oga ate, SEWL sul f nd cop er _chl %I ide. 11. The
process of any o ACELAE R ‘iui gPei f Vﬁ zF c B 6APBGRE T4 Ssel ect ed
fromthe grmip:lnansﬂm irengd of r@00fct ltaat dOOZan:.aheaat effeictdvexi de, zinc

gf(g: ?r;[sel 11 er e| n %@%% g yco %%ﬁtgé’ﬁé‘ﬁfél{zé any one of

dehydr ogenatqa&ildﬁ?mleﬂ%ﬂslty a&f%ﬁqmq{ﬁ eammmtsl %%aﬁ:ecﬁm%l @WWWn &he
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1-12 which group consisting of salts, compounds and complexes of

alkali metals and alkaline earth metals and mixtures

thereof supported on an alumina and to the

dehydrogenation catalyst used.
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1. A process for preparing 2-para-dioxanones by the

COnpri Ses: catalytic dehydrogenation of dialkylthe glyddd, tiHiemsheet - 4
May 1998 contacting di ethyl ene glycol wth a dehydrogenallon cat al yst

at a tenper REQEESH COMPILFE€Srange of about 250 [err]C to about 300 [err]C

and at a |iqui d-Roublyi9B26edi%ek9dehy WitRiol GRe ar 2RERfa@mabout 0.5
h[err] to aboutc 3 ﬁ e%r%a saﬁ 9qydroggkgtlon cgtalgge Fé produced by (a)

|npregnatlnyléhénaﬁbﬁlﬁan@ﬁtﬁfazﬁ@ta§ét@nﬁ@@np§hwﬂth(ﬁﬁ-§Gﬁ iRy the
thus-i mpr egg%ﬁﬁta'otfma a]ewd?otg%m%&%un:%twlg,@tncbh@rrlas&% of about 80

[err] C to about 150 | npregnating at | east one “zinc conpound and

at | east ongatalytlcally effective amounts of a copper compound,
zinc compound and a promoter compound selected from the
group consisting of salts, compounds and complexes of
alkali metals and alkaline earth metals and mixtures
thereof supported on an alumina.
2. The process of claim 1 wherein the dialkylene glycol
is contacted with the catalyst at a temperature of less
than 300 °cC.
3. The process of claim 1 or 2 wherein the promoter
compound is selected from the group consisting of salts,
compounds and complexes of sodium, potassium, lithium,
calcium, magnesium and mixtures thereof.
4. The process of claim 3 wherein the promoter is
potassium, carbonate or potassium bicarbonate.
5. -The process of any one of claims 1-4 wherein the zinc
compound is present in a mole ratio of zinc to copper of
about 0.01:1 to about 1.5:1.
6. The process of any one of claims 1-5 wherein the
copper compound is present as measured as the metal in an
amount of 1 weight percent to 35 weight percent based on
the dehydrogenation catalyst.
7. The process of any one of claims 1-6 wherein the

promoter compound is present as measured as the metal is
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and at least one copper compound on the alumina from step

(b) to form a dehydrogenation catalyst, (d) calcining the

dehydrogenation catalyst at a temperature within the

range of from 100 °C to 900 °C, and (e) reducing the

calcined dehydrogenation catalyst to activate the

dehydrogenation catalyst.

10. The process of any one of claims 1-9 wherein the

copper compound is selected from the group consisting of

copper nitrate, copper acetate, copper oxide, copper

oxalate, copper sulfate and copper chloride.

11. The process of any one of claims 1-10 wherein the

zinc compound is selected from the group consisting of

zinc nitrate, zinc acetate, zinc oxide, zinc oxalate,

zinc sulfate and zinc chloride.

12. The process of any one of claims 1-11 wherein the

dialkylene glycol is contacted with the dehydrogenation

catalyst at a liquid hourly space velocity within the

range of from 0.1 h~1l to 8 h~1l.
13. The process of any one of claims 1-12 which

comprises:
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NCSl?/T2628§Iﬁ-1’ said dehydrogenation catalyst is produced by (a)
impregnating a c-alumina with a potassium compound, (b)
subjecting the thus-impregnated alumina to a temperature
within the range of about 80 °C to about 150 °C, ({(c)
impregnating at least one zinc compound and at least one
copper compound on the alumina from step (b) to form a
dehydrogenation catalyst, (d) calcining the
dehydrogenation catalyst at a temperature within the
range of from 100 °C to 900 °C, and (e) contacting the
calcined dehydrogenation catalyst with a reducing"
atmosphere comprising a gas selected from the group
consisting of hydrogen, ammonia, carbon dioxide and
mixture thereof at a temperature within the range of
about 175 °C to about 550 °C.

14. The process of any one of claims 1-13 wherein the
dehydrogenation catalyst is regenerated after or during
use to extend the catalyst life.

15. The process of any one of claims 1-14 wherein the

reaction is carried out at a pressure of 10 to 2000 kPa.
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