
EP 0 552 226 B1 Description The present invention relates to the catalytic
production of lactide and more particularly to its direct pro- duction from
lactic acid. 5      For purposes of this application, the following
definitions apply: L[err]A: lactic acid or 2-hydroxypropionic acid LD:
lactide or 3,6-dimethyl-1,4-dioxane-2,5-dione L[err]A: lactoyllactic acid
or lactic acid dimer L[err]A lactoyllactoyllactic acid or lactic acid
trimer 10             L[err]A n-oligomer of lactic acid. The DP or degree
of polymerization of lactic acid is "n", that Is, the number average of
lactic acid units that are covalently attached in the lactic acid polymer.
Lactic acid has one asymmetric carbon atom and, thus, can be found in two
enantiomeric forms. Lactide, on the other hand, has two asymmetric carbon
atoms so that it can be found in three stereoisomeric forms: L- 15 lactide
in which both asymmetric carbon atoms possess the L (or S) configuration;
D-lactide in which both asymmetric carbon atoms possess the D (orR)
configuration; and meso-lactide in which one asymmetric atom has the L
configuration and the other has the D configuration. L-lactide and
D-lactide are enantiomers. In the production of lactide from lactic acid,
it would be advantageous if the absolute configuration of the lactic acid
feed was maintained in its conversion to lactide. Enantiomeric lactide,
especially L-lactide, has utility in the 20 production of polymers,
especially in the production of environmentally degradable polymers such as
proposed in commonly-assigned U.S. applications Serial Nos. 387,670;
387,676; 387,678; and 386,844. Heretofore, production of lactide from
lactic acid has proceeded bythe Initial formation of oligomeric lactic
acid, L[err]A, such as by dehydration of aqueous lactic acid, followed by a
catalytic transesterification reaction known as "back-biting" as
illustrated below: 25    EP 0 552 226 B1 275 581); tin alkoxides (U.K. Pat.
No. 1,007,347); and zinc or tin (EP Publication 264 926 and U.S. Pat. No.
4,797,468). Another example of the back-biting method can be found in
US-A-3867190. Additional processes include U.S.Pat. No. 4,797,163 which
heats an alkali or alkaline earth metal salt of 5   a 2-haloproplonic acid
in a non-aqueous solvent to form lactide, and U.S. Pat. No. 4,070,375 which
prepares 1,4-dioxan-2-one and 5-substituted-1,4-dioxan-2-ones by contacting
C0 with formaldehyde, a 1,2-glycol, and HF catalyst. U.S.Pat No. 4,727,163
thermally degrades a thermally stable polyether corel[err]-hydroxy acid
(es- ter) block copolymer undervacuum forforming cyclic esters. U.S. Pat.
No.4,835,293 cracks a prepolymercom- prising a polymerof an a-hydroxy acid
(ester) ora block copolymerthereof on astable polyether at atmospheric 10
orsuperatmospheric pressurewhile maintaining an inertgas spargeofthe
reaction mixture to evolve the cyclic ester vapours that form. According to
a first aspect of the present invention there is provided a method for
making lactide (LD) [3,6- dimethyl-1, 4-dioxane-2,5-dione] from aqueous
lactic acid feed enriched in lactic acid (L[err]A) and lactic acid dl- mer
([err]), which comprises: 15       treating said feed to remove water
therefrom until the treated feed has a degree of polymerisation in a range
of from 1.59 to 2.63 as measured by titration, and then ceasing said
treating to make a crude lactide product; and separating lactide from said
crude lactide product 



According to a second aspect of the present invention there is provided a
method for making lactide (LD) 20  [3,6-dimethyl-1,4-di oxane-2,5-dione]
from aqueous lactic acid feed enriched in lactic acid (L1A) and lactic acid
dimer ([err]), and depleted in higher oligomers of lactic acid (L[err]A)
which comprises: subjecting said feed to heating at elevated temperature to
removewatertherefrom until the heated feed has a degree of polymerisation
in a range of from 1.59 to 2.63 as measured by titration, and then ceasing
said heating to produce a crude lactide product; and 25       separating
lactide from said crude lactide product Generally, the present invention is
directed to a method for making L-lactide from aqueous L-lactic acid.
Aqueous L-lactic acid feed for present purposes comprehends an aqueous
mixture of one or more of L[err]A, L[err]A and L[err]A, optionally with LD
being present. L-lactic acid is the preferred feed configuration for making
L-lactide, and is to be understood even though the configuration symbol is
not used throughout this application. Aqueous 30  lactic acid feed is
treated for removal of water therefrom until a degree of polymerization
(DP) not substantially above about 2 Is reached. The treatment then is
ceased to produce a crude LD product. LD then is separated from the crude
LD product. A preferred treatment involves heating the feed at elevated
temperature to remove water during which additional LD forms. LD can be
separated from the crude LD product by a varietyof techniques to produce an
LD-depleted prod- 35 uct. This LD-depleted product, optionally augmented
with additional aqueous lactic acid and/or water then can be readmitted to
the process for making additional lactide. This cyclic or recycle process
embodiment of the present invention enables very high lactide conversions
to be realized. Advantages of the present invention include the ability to
convert lactic acid directly into lactide of high purity. Another advantage
is that the asymmetric carbon atoms In the product lactide predominate in
the same 40  absolute configuration as the feed lactic acid from which it
was made. Another advantage is a process which is amenable to recycling
unreacted lactic acid and by-products formed during the treatment process.
The sim- plicity of the process is yet a funher advantage. These and other
advantages will be readily apparent to those skilled in the art based upon
the disclosure contained herein. The lactic acid feed, is in aqueous form
for conversion to its vapor phase as an initial step of the process 45  of
the present invention. The role played by water in the process can be
appreciated by reference to the fol- lowing equilibrium reactions: or
written another way: 55                                      [err]    EP 0
552 226 B1 Thus. it will be observed that L[err]A is In equilibrium with
higher oligomers of lactic acid and water. By re- moving water, these
reactions shift to the right. In fact, L2A and higher lactic acid oligomers
(LA) are made by dehydrating aqueous lactic acid. Sufficient water, then,
should be present so that the equilibrium detailed 5   above favors the
presence of L[err]A and L2A in as the feedstock. Extra quantities of water
in the feedstock are permissible at the expense of the handling and energy
costs associated therewith. What was unknown in the foregoing equilibrium
reactions is that when water is removed so that higher DP oligomeric lactic
acid is produced, LD also is produced. As the data will demonstrate, at a
DP of about 2, the LD content of the material is maximized. It is worth
restating that removal of water is the driving force behind 10  this
reaction. If water removal is ceased ata DP of about2, LD then can be
separated from the reaction mixture and recovered for use. It will be
recognized that the art has always dehydrated aqueous lactic acid to form
oligomeric LA having a DP of 5 or above. The art then employed a catalyzed
reaction known as back-biting for production of lactide. What the art
failed to grasp was that lactide formed during the dehydration and its 



content was maximized at about 2. Also, It was unrecognized that LD is
sufficiently stable in the presence of 15  hot L[err] and water to be
isolated In significant quantities. Since the crude LD product has a DP of
around 2 and the process modality involves removal of water, the
appropriate lactic acid feed is enriched in L[err]A and L2A, and depleted
in higher oligomeric L[err]A species. That is not to say that L[err]A,
L[err]A, and some higher olgomeric [err] species are not present in the
lactic acid feed, but their presence should be minimized in order to
maximize LD production in accordance with the precepts of 20  the present
invention. Lactic acid feedstocks enriched in higher oligomeric LA species
preferably should be hydrolyzed in order to take advantage of the
equilibrium equations detailed above for enriching the lactic acid feed in
L[err]A and [err] The presence of higher oligomeric LA species, then, only
serves to compromise yields of LD by the present process. The lactic acid
feedstock can contain LD itself, especially when employing a recycle of the
crude LD feedstock that has been treated for separating LD product
therefrom. The presence 25  of LD in the feedstock appears to have no
adverse consequences on conversion of L[err]and [err] to LD, ie. LD can be
achieved by kinetic means rather than relying strictly on equilibrium
amounts. Avariety of reactors and reaction schemes can be envisioned for
treating the aqueous lactic acid feed for removal of water.
Astraightforward treatment involves subjecting the aqueous lactic acid to
heating atelevated temperature (e.g. 150[err]-225[err]C) to remove water
therefrom until the heated feed has a DP not substantially 30  above about
2. Alternative treatment schemes can be envisioned for removal of water,
however. An additional treatment may Include the addition of a water-getter
which preferentially reacts with waterfor forming a com- pound that is
innocuous in the process. Such compounds include, for example, anhydrides
(e.g. acetic anhydr- ide), acetals (e.g., the diethyl acetal of
acetaldehyde), carbodlimides, and ketals (e.g. dimethyl ketal of acet-
one). Yet another technique that can be envisioned for removing water from
the aqueous lactic acid feed in- 35  volves subjecting feed to an osmotic
membrane suitable for permitting water molecules to pass therethrough, yet
having the ability to exclude L[err]A, L[err]A, LD, and the like. So long
as water Is preferentially removed from the aqueous lactic acid fee until a
DP not substantially above about 2 is reached, the equilibrium reactions
detailed above result in formation of LD product. In a non-catalyzed
process, it is believed that L2A cyclizes (or esterifies) to form LD. LD is
in equilibrium 40   with L[err]n the reaction mixture, however, the crude
LD product produced is not an equilibrium reaction mixture. That Is, it
appears that LD Is formed during the treatment to raise the DP to a value
not substantially above about 2. The treatment then must cease and the
crude LD product subjected to processing for LD removal. If the crude LD
product reaction mixture is permitted to stand for too long, the reactants
and products in the reaction mixture will equilibrate and likely some LD
values will return to L[err]Aor react to form LA and [err]. Ex- 45  tended
periods of time between generation of the crude LD product and separation
of LD therefrom is not rec- ommended. Conventional back-biting
ordepolymerization reactions of higheroligomeric [err]species for LD
production are conducted in the presence of catalysts. Accordingly,
research endeavors in connection with the present invention also explored
the effect of catalysts on the present process. As the data in the examples
will reveal, 50  the presence of conventional catalysts, e.g. tin
compounds, had very little effect on LD production compared to conducting
the process In substantial absence of such catalysts. These results may be
explained by pos- tulating the tin catalyst functionality to Involving
cleaving higher DP oligomeric LA species into smaller frag- ments that form
lactide. At a DP of around 2, the mechanism for LD production is believed
to primarily involve a rapid ring closure that does not require the
presence of a catalyst. Thus, the presence of conventional LD- 55
yielding catalysts is unnecessary in the present process, though their
presence is not excluded. A variety of separation techniques also can be
envisioned for separating LD from crude LD product pro- duced by the
treatment of the aqueous lactic acid feed. These techniques include, for
example, cold water washing of the crude LD product, fractional
distillation of the crude LD product, solvent extraction of the crude LD
product, and recrystallization of the crude LD product, for LD recovery
therefrom. Combinations of these 



4    EP 0 552 226 B1 techniques may be used additionally. The presently
preferred LD recovery processing scheme involves distillation which
preferably is conduct- ed undervacuum and/or utilizing a codistillation
organicsolvent to facilitate removal of LD from the crude LD 5   product.
Acodistillation solvent is convenient, particularlyforlarge stills, where
heatfor LDformation and dis- tillation requires a reboller. The
codistillation solvent provides heat to the upper part of the still and
provides heattransferforthe reaction. Additionally, a codistillation
solventdilutes the vaporfrom the feed and enhances the ring closure
process. Particularly convenient Is the use of a codistillation solvent
that is immiscible with LD and L[err]Aspecies. This provides additional
vapor pressures of the solvent and LD, and separation of LD from 10 the
solvent. One class of codistillation solvents meeting the preferred
requirements comprises alkyl benzenes, especially those with a boiling
point equal to or slightly higher than that of LD. Representative preferred
alkyl benzene solvents include higher alkyl benzenes including [err] alkyl
benzenes, and preferably dodecyl ben- zene ortridecyl benzene. Distillation
cuts that have an average composition of dodecyl benzene also are quite
appropriate for use in the present invention. These mixed cuts supply the
necessary boiling point, are non- 15 toxic, and are commercially available.
The crude LD productwhich has been treated for removal of LD contains
LAvalues that can be converted into LD typically by treating the product
residue for its enrichment in [err]and [err] When distillation is the water
removal treatment of choice, the still bottoms additionally can be combined
with the product residue for re- admission to the process. Hydrolyzing this
recycle stream for its enrichment in [err] and L2A typically is recom- 20
mended most often with augmentation with additional fresh aqueous lactic
acid feed. Overall LD yields ex- ceeding 90% can be expected when employing
such recycle techniques. The following examples show how the present
invention has been practiced, but should not be construed as limiting. In
this application, all percentages and proportions are by weight and all
units are in the metric system, unless otherwise expressly indicated. Also,
all citations referred to herein are Incorporated expressly 25 herein by
reference. EXAMPLES EXAMPLE I 30 A three-neck, one-liter round-bottom flask
was fitted with a mechanical stirrer, nitrogen sparged, and a straight
distillation take-off to a condenser, and the receiver to a vacuum take-off
and manometer. The flask was charged with 650 ml (770.4g) of 88% L-lactic
acid feed and heated at 120[err]-130[err]C with stirring and nitrogen
bubbling. Water was distilled using a water aspirator at 150-200 torr.
Aliquots are removed during the course 35 of the heating and characterized
by titration for DP (degree of polymerization). Then, after methylation
with diazomethane, the aliquots were characterized by gas chromatography
(GC) for percentages of [err] and LD. The results recorded are set forth
below. 40 45 50 55 5   



EP 0552226 B1 TABLE I Distillation Conditions Temp          Pres of OLA
LD         [err]         (torr) 1.29(c)  75.4      20.1        3.3      0.3
1.3      ---           --- 1.44     49.0      28.5       11.5      2.2
3.3     120-130       400-210 1.59     27.8      27.8      20.2      10.3
8.6     150            90 1.99     11.8       16.7      14.4      8.8
18.4     155           153 2.01     12.3       14.0      13.8      9.8
19.0      160           85 15     2.07       8.3        6.0      15.0
15.0        27.9     175            30 2.63      2.1        0.7       1.0
0.8       14.7      185(d)        30(d) 24.0        0.4       1.4       0.6
0.4       11.5      185(d)         [err] 20    (a)    Titration with KOH.
OLA is oligomeric lactic acid. (b)    Gas chromatography of methyl esters.
(c)    L-lactic acid feed. (d)    Prolonged (overnight) distillation. 25 As
the above-tabulated data reveals, LD production surprisingly peaked at a DP
of about 2. This peak LD production was achieved under relatively mild
distillation conditions in a facile manner. If the flask contents are
further dehydrated to higher DPs, LD eventually will begin to distill.
Continued distillation to steady state 30  results in LD in the pot being
approximately 3-6% of the oligomeric lactic acids present, ie. in the
conventional back-biting mode. EXAMPLES 2-11 35      A pot was connected to
a distillation head and cooled receiver, feed funnel, and manistat for
maintaining a pressure of about 50-60 torr. Aliquots of the various DP
materials of Example 1 were incrementally distilled by adding them dropwise
from the heated funnel (145[err]C) to the pot under rapid stirring. The pot
temperature of the melt was monitored by an internal thermocouple and the
pot was heated by an external oil bath. The pot temperature was varied and
the distillation rates noted. The amount of material that distills rapidly,
ie. 40  several drops per second, was weighed and compared to the amount
remaining in the pot The distillations generally were marked by rapid
distillations at the beginning of each run, slowing eventually to
approximately 1/5 the initial rate, i.e. 1 drop per 2-3 seconds. The
results are recorded in the following tables. 45 50 55 6    EP 0 552 226 B1
TABLE2 5                                  Amount(b)         Distillation(C)
Distilled/Not Distilled  Temperature       Distillation Example  DPW
(wt-%( [err])                              Rate 2         1.29
67/16              200                 rapid 



10        3          1.44             49/42              193
rapid 4         1.59              39/58             220
rapid 5         1.99             52/48              197
slow 6         1.99             54/46              225
rapid 15        7          1.99             43/65             215
slow 8         2.07              15/76              202
moderate 9         2.63          tracedistilled        204
very slow 20       10         2.63              8/85              227
very slow 11        24.0           trace distilled       204
very slow (a)    By titration. 25    (b)    As weight percent of starting
material. (c)    50-60 torr. TABLE 3 [err] Starting Example         [err]
Material        Distillate       Pot 35             2            1.29
1.3               1.1          18.5 3            1.44               3.3
1.4          25.5 4            1.59               8.6              18.8
26.1 40             6            1.99              18.4              43.5
13.2 8            2.07             27.9              35.2           24.7 9
2.63              14.7              12.7           7.1 11           24
11.5             trace           5.8 (a)   Degree of polymerization of
starting material, by titration. (b)   Composition of GC analyses after
methylation with diazomethane. 50      The results depicted at Table 2 show
that progressively higher temperatures are required to distill LD as the DP
and melt viscosity increase. The amount of material that distills rapidly
increases at lower DP, however, the best yield and purity are found at
approximately a DP of 2. This is seen by comparing the data of Table 2 to
that of Table 3 where the products were assayed. These examples demonstrate
that LD can be distilled rapidlyfrom lower DP materials and that this rate
is muchfasterthan the priorartcracking mechanism at higher 55   DPs, viz.
DPs of 5 and above. The best enrichmentof LD occurs atapproximately a DP
of2 where italso distills rapidly. Since the amount of LD after
distillation exceeds the amount of LD before distillation, LD is formed
during distillation, probably by a ring-closure mechanism. 7    EP 0 552226
B1 EXAMPLES 12-14 The runs of Examples 8, 10, and 11 were repeated, except
that one wt-% stannous octoate was added to 5   the starting material. The
results recorded are set forth below. TABLE 4 10
Catalyst, (b)    Distilled(C)    Distillation Example      DPa
With/without   (wt-%)             Rate 8        2.07              without
15           rapid 12        2.07              with             17
rapid 



15          10         2.63              without          8
very slow 13        2.63              with            48
moderate 11       24                 without        trace           very
slow 1 4      24                 with             5             very slow
20        (a) By titration (b) One (1) percent stannous octoate (c) As
weight percent of starting material. 25 The rate of distillation of lactide
was accelerated by use of the catalyst only when the DP was greaterthan 2
according to the above-tabulated data. This is understandable in terms of
the probable chemical mechanisms involved. Stannous octoate is believed to
operate by cleaving higher DP oligomeric lactic acids into smaller
fragments that form lactide and is, therefore, effective in this DP regime.
At a DP of about 2, the mechanism 30  probably primarily is a rapid ring
closure without catalyst, which has little discernable effect on
distillation rates at this DP. Accordingly, conventional catalysts are
superfluous to the inventive lactide production process. EXAMPLE 15 35
A bench apparatus was used to demonstrate a unit operation for the
continuous addition of a DP 2 oligo- meric lactic acid feed to a
distillation column forforming, distilling, and purifying product LD. The
column heat was supplied by reboiler fluid that refluxes up to a 5-plate
Oldershaw column. The feed was fed to the top of the column where LD
codistills with the reboller vapor. Further LDforms as the feed percolates
down through the column. Higher L[err] oligomers (n greater than 3)
eventually find their way to the still bottom. Water is re- 40 moved
through a hot condenser which rejects any lactic acid, returning the
latterto the column. LD is distilled through a lower side port to a cooled
fraction collector. The reboilerfluid used was an alkyl benzene (AB) where
the alkyl moeitywasa mixture of [err] isomers. The alkyl benzene had a
boiling range of 220[err]-230[err]C at 56 torr after a small forecut was
taken off. The alkyl benzene is totally immiscible, hot or cold, with LD or
L.A. The heat flux was maintained such that the alkyl 45 benzene feebly
distilled as the feed is added dropwise at a rate of approximately 17-75
g/hr. Approximately 3-4 wt-parts of crude LD distill per 1 wt-part of alkyl
benzene. Alkyl benzene alone distills at 215-220C at 58torr, whereas as
underthe same conditions LD distills at 189[err]C. Alkyl benzene and
lactide codistill at 165- 177C at 56 torr. The feed DP 2 material was
heated to approximately 80[err]-120[err]C and delivered via a small
Teflon[err] tube to the system. The feed is pulled into the system by
vacuum or by pumping using a peristaltic 50 pump. The rate was governed by
the temperature of the feed, its viscosity, and the interior diameter of
the tube, or the speed of the pump, whichever was used. Lactic acid feed of
DP 2 (146.22 g) was fed to the column over a 2 hour period. The reboiler
was held at a temperature of 222-224[err]C and a pressure of 94 torr. The
top plate in the column was held at about 174- 178[err]C, the LD take-off
point was at a temperature of about 167[err]C, the supply pot of feed was
held at about 55  80[err]-90C, and the Teflon[err] feedline was held at a
temperature of 44[err]C and the pressure controlled at 94 torr, throughout
the column using manostats, manometers, cold traps, and vacuum pumps. After
2 hours, the pres- sure was lowered to 53 torr and an additional 51.82 g of
feed material was fed to the column over a 95 minute time period. The
products were collected from the two pressure conditions in separate
fractions. The first, higher-pressure fraction yielded 66.05 g of
distillate, from which alkyl benzene solvent was dec-    EP 0 552 226 B1
anted. The lower phase from the decantation procedure yielded a crude white
crystalline LD product which was washed with low-boiling petroleum ether
and vacuum dried to obtain 49.53 g of LD product. In a similar 



fashion, the second, lower-pressure cut yielded 62.45 g of distillate and
50.48 g of crude LD after washing 5   with petroleum ether to remove the
alkyl benzene solvent. The still-bottoms were cooled and alkyl benzene
decanted to obtain 94.33 g of oligomeric lactic acids. The water condenser
removed 4.8 ml of water. The ma- terial balance was  calculated at 100.6%.
Crude lactide yield was based on conversion of L2Ato LD at 88.9% of
theoretical. On this basis, the overall yield of crude LD was 56.8%. GC
assays of the two cuts were performed after treating an aliquot with diazo-
10  methane and comparing to standards. The GC analysis is set forth below.
TABLE 4 15                                                   GC Assay
(wt-%) Component                Cut 1                Cut 2 LA
36.3                 19.0 20                    L2A
8.0                 4.6 LD                     46.2                73.1 L3A
0                   0 (<0.5) 25                    AB
3.4                 1.2 Total                     93.9                97.9
The overall yield of LD before purification was calculated at 34.6%. These
results demonstrate that the 30  crude LD productof DP 2 can be subjected
tocontinuouscodistillation with an appropriate solventforcollecting LD
product. EXAMPLE 16 35      The procedure of Example 15 was repeated,
except that 116.87 g of DP 2.13 feed was fed over 3.0 hours at a constant
pressure of 53 torr. The crude LD collected after washing and drying
weighed 73.43 g. After the addition was stopped, a second cut was taken
since the distillation was continued for another 1.0 hr. The sec- ond cut
provided 14.83 g of crude LD after washing and drying. The first cut,
during the continuous addition, calculates as 70.7% of theory, neglecting
impurities, and the second cut calculates as 14.3% of theory. A ma- 40
terial balance of 103% was found for the LAand alkyl benzene materials. The
two cuts were assayed by GC with the following results: TABLE 5 45 GC Assay
(wt-%) Component                Cut 1               Cut 2 L[err]A
15.0                 0 L2A                     5.7                 3.6 LD
63.5                78.7 L3A                     0.                  0 AB
3.8                 3.4 H20                     0.85                0.90
Total                      8.88              86.6 9    EP 0 552 226 B1
Finally, the still bottom assay revealed the presence of 2.9% LD and 0% for
L[err]A, L2A, and L[err]A. 



EXAMPLE 17 5 The LD from the first cut of Example 16 was recrystalized In
dry methyl isobutyl ketone (MIBK), the LD separated byfiltration, and the
MIBKfiltrate stripped on a rotary evaporator. Thefiltrate residuewas
combined with the still bottom from Example 16 by mixing and heating
briefly at 120[err]-140[err]C. The DP of this mixture, by titration, was
2.37. The mixture was reconstituted to a DP of about 2.0-2.1 by mixing 2.96
ml of hot feed lactic 10  acid (85% L-lactic acid). This reconstituted
mixture assayed by GC to be 5.1% L[err]A, 4.9% L2A, and 35.4% LD. The
balance of the material probably was higher oligomers, [err] (n greater
than 3). The reconstituted material was recycled in the procedure setforth
in Example 16. The feed weighed 94.19 g. The product recovered after the
process was washed and dried to yield 44.34 g of a crude, white crystalline
LD, which assayed at 65-71% LD. This experiment demonstrates the ability to
recycle still bottoms to produce 15  additional product LD. EXAMPLES 18-19
The still bottoms and purification rejects from Example 17 were
reconstituted with additional 85% [err]to 20 a DP of 2.0-2.1, and reused in
a second recycle. In a similar manner, a third recycle was performed at the
end of the second recycle using its still bottoms and purification rejects.
The results recorded are setforth below. TABLE 6 25 Crude LD, (a)    GC
Assay,         LD Yield/Cycle,(b) Example    Recycle        percent of
theory  weight percent     percent of theory 16            9
70.7             65.8                 46.5 30 17            1
52.9             71.0                 37.5 18            2
63.7             76.4                 48.7 19            3
68.3             66.2                 45.2 35               Avg.
62.5            70.5                  43.9 (a) [Weight of crude
distillate/weight of starting material x 0.889] x 100. (b) Obtained by
multiplying column 2 (crude LD) by column 3 (assay). 40 TABLE7 Component
(wt-%) 45    Example       [err]         [err]        LD             LA
AB    GC Total 16            15.0         5.7       65.8            0
3.8      89.6 17            13.0         5.5       71.0            0
trace     89.5 18            12.0         5.0       76.4            0
1.5      94.9 50 19            21.0         4.0       66.2          trace
2.1      93.3 The above-tabulated results demonstrate that the inventive
process can be conducted in a continuous re- 55  cycle manner with
substantially no drop in LD yield and no apparent loss of material. The
process when run continuously should provide LD yields exceeding 90%. 10
EP 0 552 226 BI Claims 



1. A method for making lactide (LD) [3,6-dimethyl-1 ,4-dioxane-2,5-dione]
from aqueous lactic acid feed en- 5       riched in lactic acid ([err]) and
lactic acid dimer ([err]), which comprises: treating said feed to remove
water therefrom until the treated feed has a degree of polymerisation in a
range of from 1.59 to 2.63 as measured by titration, and then ceasing said
treating to make a crude lactide product; and separating lactide from said
crude lactide product. 2. A method of claim 1 wherein said treating is
selected from heating at elevated temperature, addition of a water-getter
which preferentially reacts with water, and using an osmotic membrane. 3.
The method of claim 2 wherein said water getter is one or more of an
anhydride or a ketal. 5  4. The method of any preceding claim wherein said
separating is by one or more of cold waterwashing, frac- tional
distillation, solvent extraction, and solvent recrystallisation. 5. The
method of claim 4 wherein said separation technique Is by distillation. 20
6. The method of claim 5 wherein said distillation is conducted utilizing a
codistillation organic solvent. 7. The method of claim 6 wherein said
codistillation solvent comprises an alkyl benzene. 8. The method of claim 7
wherein said alkyl benzene is selected from the group consisting of dodecyl
ben- 25      zene, tridecyl benzene, and mixtures thereof. 9. The method of
any preceding claim wherein the crude LD product from which LD has been
separated is reconstituted to have a DP of less than 2 and recycled for
additional treating. 30  10. The method of claim 1 for making lactide (LD)
[3,6-dimethyl-1,4-dioxane-2,5-dione] from aqueous lactic acid feed enriched
in lactic acid ([err]) and lactic acid dimer(L2A), and depleted In
higheroligomers oflactic acid (LA) which comprises: subjecting said feed to
heating atelevated temperature to remove watertherefrom until the heated
feed has a degree of polymerisation in a range of from 1.59 to 2.63 as
measured by titration, and then 35      ceasing said heating to produce a
crude lactide product; and separating lactide from said crude lactide
product. 11. The method of claim 10 wherein said heating is conducted under
vacuum. 12. The method of claim 10 orclaim 11 wherein said heating is at a
temperature in the range from about 150- 40      225[err]C. 13. The method
of anyone of claims 10 to 12wherein the crude LD productfromwhich LD has
beenseparated is reconstituted to have a DP of less than 2 and recycled for
additional treating. 45 PatentansprOche 1. Verfahren zur Herstellung von
Laktid (LD) [3,6-Dimethyl-1,4-dioxan-2,5-dion] aus einer warigen Milch-
saurevorlage, die an Milchsaure(LiA) und Milchseluredimer (L2A)
angerelchertwar, wobei dieses umfal&t: 50      die Behandlung derVorlage
zur Entfernung von Wasseraus dieser, bis die behandelte Vorlage einen Po-
lymerisationsgrad im Bereich von 1,59 - 2,63 besaB, wie mit Titration
gemessen wurde, und danach Be- endigung der Behandlung zur Herstellung
sines rohen Laktid-Produktes; und Abtrennung des Laktids aus dem rohen
Laktid-Produkt. *5  2. Verfahren nach Anspruch 1, wobel die Behandlung
ausgewahIt wird aus Erhitzen bel erh8hter Tempera- tur, Zugabe sines
Wasserfingers, der bevorzugt mit Wasser reagiert, und Verwendung einer
osmoti- schen Membran. 3. Verfahren nach Anspruch 2, wobel der Wasserfinger
entweder ein Anhydrid odor ain Ketal oder beides    * C   L   M   S * 



let. 4.  Verfahren nach einem der vorstehenden AnsprOche, wobei die
Abtrennung eines oder mehrerer der fol- 5       genden Verfahren lst:
Waschen mit kalten Wasser, fraktionlbrtb Destillation,
i-osungsmittelextraktion und L8ungemittblumkristallbierung. 5. Verfahren
nach Anspruch 4, wobel die Trennungstechnik die Destillation ist. 6.
Verfahren nach Anspruch 5, wobei die Destillation unterVerwendung elnes
organischen Kodestillations- 10      I8sungsmittels durchgeffhrt wird. 7.
Verfahren nach Anspruch 6, wobei das Kodestillationsl8sungsmittel ein
Aikylbenzol umfalt. 8. Verfahren nach Anspruch 7, wobel das Aikyibenzoi aus
der aus Dodecyibenzol, Tridexyibezol und Mi- 15      schungen aus diesen
bestehenden Gruppe ausgewihit wird. 9. Verfahren nach einem der
vorstehenden Ansprfche, wobei das rohe LD-Produkt, aus dem das LD abge-
trennt wurde, mit elnem PG von weniger als 2 wiederhergesteilt wird und zur
zusatzlichen Behandlung rflckgeffhrtwird. 20 10. Verfahren nach Anspruch 1
zur Herstellung von Laktid (LD) 13,6-Dimethyi-1 ,4-dioxan-2,5-dion] aus
einer wisrigen Milchseurevorlage, die an Milchesure (L1A) und
Milchsauredimer(L2A) angereichert und an ho- heren Oligomeren von
Milchesure (LiA) verarmt'war, wobel dieses umfagt: Erhitzen derVorlage bel
erhohterTemperaturzurEntfernung von Wasseraus dieser, bisdie erhltzte Vor-
25      lage olnen Polymerisationsgrad im Bereich von 1,59 - 2,63 besitzt,
wie mit Titration gemessen wurde, und danach Beendigung des Erhitzens zur
Herstellung eines hohen Laktid-Produkts; und Abtrennung des Laktids vom
rohen Laktid-Produkt. 11. Verfahren nach Anspruch 10, wobel des Erhitzen im
Vakuum durchgefffhrt wird. 12. Verfahren nach Anspruch 10 oder 11, wobel
das Erhitzen beielnerTemperaturim Bereich von etwa 150- 2250C orfoigt. 13.
Verfahren nach einem der AnsprOche 10 - 12, wobei das rohe LD-Produkt, aus
dem das LD abgetrennt wurde, mit einem PG von weniger ais 2
wiederhergestellt und zur zusfitzlichen Behandlung rOckgefuhrt ss
wurde. Revendlcatlons y    40  1.  Methode de fabrication du lactide (LD)
[3,6-dim6thyi-1,4-dioxan-2,5-dione] A partir d'un produit d'alimen- tation
A base d'acide lactique aqueux enrichl en acide lactique (L1A) eten dimere
de l'acide lactique (L2A), qul comprend: le traitement dudit produit
d'alimentation pour en 6llminer l'eau jusqu'A ce quo Io produit d'alimen-
tation traite ait un degr6 de polym6risation, mesur6 partitrage, situ6 dans
lntervalle allantde 1,59 A 2,63, 45      puis l'arret dudit traitement pour
obtbnir un produit lactide brut; et la separation du lactide dudit produit
lactide brut. 2.  M6thode solon la revendlcation 1, danselaquelle
ledittratermentoetstlectionn6 parmi le chauffage atem- p6rature 6lev6e,
I'addition d'un pige a eau qui reagitde pr6ference avec l'eau et
l'utilisation d'une mem- 50     brane osmotique. 3.  Methode solon la
revendication 2, dans laquelle ledit pige A eau est un ou pluseiurs parmi
les anhydrides ou les cetals. s5   4.  Methode slon une quelconque des
revendlcatbons qui precedent, dans laquelle ladite s6paration est rea-
lisee par un ou plusieurs des procedds parml le lavage A I'eau froide, la
distillation fractionnee, I'extrac- tion par solvant, et la
recristallisation par solvent. 5. Methode selon la revendication 4, dans
laquelle ladite technique de separation est la distillation. 12  
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rovendication 5, dane laquelle ladite distillation est conduitsesn
utilisant un solvant or- ganique de codistillatlon. 5   7.  Mothode selon
la revendication 6, dans laquelle leditsolvantde codistillation comprend un
alkylbenzone. 8.  Methode selon la revendication 7, dans laquelle
I'alkylbenzene est choisi dans le groupe formo par Is do- decylbonzene, le
tridecylbenzone, et leurs mhlanges. 9.  Mothode selon une quelconque des
revendicatlons qui procedent, dane laquelle le produit LD brut, duquel le
LD a 6te sopare, eat reconstituo de facon A avoir un DP Inferieur a 2 et
ost recycld pour etre A nouveau traite. 10. Methodo selon la revendication
I pour la fabrication du lactide (LD) [3,6-dimhthyl-1,4-dloxan-2,5-dione] A
partir d'un produit d'alimentation A base d'acide lactique aqueux enrichi
en acide lactique (L1A) et on 15      dimere de l'acide lactique (L2A), et
appauvri en oligomeres superieurs de l'acide lactique (LA), qui comprend:
le traitement dudit produit d'alimentation par un chauffage A tbmperature
olevea pour en ellminer l'eau jusqu'A co quo le prodult d'alimentation
chauffe alt un degre de polymerisation, mesure par titrage, situo dans
l'intbrvalle allant de 1,59 A 2,63, puis l'arrot dudit chauffage pour
produire un produit lactide 20      brut; et la separation du lactide dudit
prodult lactide brut. 11. Mothode selon la rovendlcation 10, dane laqueall
ledit chauffage est conduit sous vide. 25  12. Methode selon la
revendication 10 ou 11, dans laquelle ledit chauffaga est conduit A une
tomperature si- tu6e dans l'intervalle allant d'environ 1500 A 2250C. 13.
Methode solon uno quelconque des revendications 10 A 12, dans laquelle le
prodult brut LD, duquel Is LD a ete separe, est reconstituo de fagon A
avoir un DP inferieur a 2 et est recycle pour etre traite a nou- 30
veau. S5 40 45 50 55 13    


