
EP 0 549 698 B1 Description Background of the Invention 5      The present
invention relates to the catalytic production of lactide and more
particularly to its production directly from lactic acid. For purposes of
this application, the following definitions apply: [err]:   lactic acid or
2-hydroxypropionic acid [err]:   lactide or
3,6-dimethyl-1,4-dioxane-2,5-dione 10     [err]:   lactoyllactic acid or
lactic acid dimer [err]:   lactoyllactoyllactic acid or lactic acid trimer
LA:   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. 15     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-lactide in which both
asymmetric carbon atoms possess the L (or S) configuration; D-lactide in
which both asymmetric carbon atoms possess the D (or R) configuration; and
meso-lactide in which one asymmetric atom has the L configuration and the
other has the D configuration. L-lactide and D- 20 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 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. 25
Heretofore, production of lactide from lactic acid has proceeded by the
initial formation of oligomeric lactic acid,[err] such as by dehydration of
aqueous lactic acid, followed by a catalytic transesterification reaction
known as "back-biting" as illustrated below: [err] 40 45 [err] 50 As
illustrated above, back-biting depolymerization of LA results in the
production of lactide. Catalysts 65 proposed for such a reaction include
tin powder, tin halides, or tin carboxylates (EP Publications 261,572 and
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). 2  



EP 0549608 B1 Additional processes include U.S. Pat. No. 4,727,163 which
heats an alkali or alkaline earth metal salt of a 2-halopropionic 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-2ones by containing
CO with formaldehyde, a 1,2-glycol, and HF catalyst. U.S. Pat. No.
4,727,163 thermally degrades a thermally stable polyether corela-hydroxy
acid 6  (ester) block copolymer under vacuum for forming cyclic esters.
U.S. Pat. No. 4,835,293 cracks a prepolymer comprising a polymer of an
[err]-hydroxy acid (ester) or a block copolymer thereof on a stable
polyether at atmospheric or superatmospheric pressure while maintaining an
inert gas sparge of the reaction mixture to evolve the cyclic ester vapors
that form. Direct conversion of lactic acid into lactide with or without
preservation of absolute configuration of 10  asymmetric atoms is not shown
in the art. Broad Statement of the Invention Aqueous lactic acid for
present purposes comprehends an aqueous mixture of one or more of [err] 15
and [err] optionally with LD being present. The present invention is
directed to a flow process for making L- lactide from aqueous L-lactic
acid. The inventive method comprises converting feed aqueous lactic acid to
its vapor phase. 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. The feed vapors then are
passed through a reactor maintained at elevated temperature and in which
optionally is disposed 20 an alumina catalyst. Withdrawn from the reactor
is product lactide, water, and unreacted aqueous lactic acid feed which are
subjected to separation for recovery of the lactide product. The separated
unreacted lactic acid feed is eligible for readmission to the process for
making additional lactide. This cyclic process embodiment of the present
invention comprises the steps of passing make-up aqueous lactic acid feed
into a vaporization zone along with unreacted aqueous lactic acid filtrate
from 25 another step of the process and therein forming aqueous lactic acid
feed vapors. The thus-generated vapors then are passed through a vapor
phase reaction zone held at elevated temperature for forming lactide
therein. Lactide as a solid is separated from unreacted aqueous lactic acid
filtrate; and the filtrate is recycled into the vaporization zone in the
initial step of the process. Advantages of the present invention include
the ability to convert aqueous lactic acid directly into 30 lactide of high
purity. Another advantage is that the asymmetric carbon atoms in product
lactide predomi- nate in the same absolute configuration as the feed
aqueous lactic acid from which it is made. Another advantage is a process
which is amenable to recycling unreacted aqueous lactic acid. Yet a further
advantage is a process in which little unwanted by-product formation
results. The process forms only small amounts of [err](where n is 3 or
greater),but predominantly LD, L2A, and water. Those skilled in the art
will 35  recognize the advantage of this product as being easily
vaporizable, non-viscous, and recyclable, as compared to the state of the
art where n is 3 or greater. These and other advantages will be readily 



apparent to those skilled in the art, based upon the disclosure contained
herein. Brief Description of the Drawings 40 Fig. 1 is a schematic
representation of the laboratory reactor used in the examples; and Fig. 2
is a flow diagram representing a cyclic process for making lactide from
aqueous lactic acid feed in accordance with the present invention. The
drawings will be described in detail below. 45 Detailed Description of the
Invention The lactic acid feed is in aqueous form for conversion to its
vapor phase as an initial step of the process of the present invention. The
role played by water in the process can be appreciated by reference 50   to
the following equilibrium reactions: [err] 3    EP 0 549 698 B1 or written
another way: [err] etc. Thus, it will be observed that [err] is in
equilibrium with higher oligomers of lactic acid and water. By removing
water, these reactions shift to the right In fact, [err] and higher lactic
acid oligomers (err) are 10  made by dehydrating aqueous lactic acid.
Sufficient water, then, should be present so that the equilibrium detailed
above favors the presence of [err] as the feedstock. Extra quantities of
water in the feedstock are permissible at the expense of the handling and
energy costs associated therewith. This has the advantage of shifting the
above equilibrium to the left towards more volatile feed materials. The
aqueous lactic acid feedstock is converted to its vapor phase for passing
into a vapor phase 15  reaction zone. Liquid phase aqueous lactic acid in
the reaction zone containing catalyst results in much lower lactide yields
and a lower purity lactide product, compared to use of vapor phase lactic
acid feed. Thus, it is desirable that the feed aqueous lactic acid be
converted to its vapor phase prior to its entrance into the reaction zone.
It should be recognized, however, that some liquid phase lactic acid is
tolerable in the feed at the expense of lactide product. 20     Since
conversion of lactic acid (or more properly oligomers thereof) into lactide
has been a catalytic process in the art, initial research endeavors for
directly converting Li A into LD focused on selection of a catalyst(s) that
would be effective for the direct conversion of [err] LD. While such
research endeavors proved fruitful, unwanted degradation byproducts,
chiefly carbon monoxide (CO) and acetaldehyde, always 



were present, thus lowering the effective yields of lactic acid into LD
even when recycle techniques were 25  employed. While glass beads alone
permitted direct conversion of lactic acid into LD, it appeared that the
catalyst was not essential to the process. This led to the fundamental
discovery that when [err](or its dimer, [err] or trimer, LaA) is converted
to its corresponding vapor and passed through a reaction zone held at
elevated temperature, LD was formed (albeit at reduced levels compared to
the use of a catalyst) and CO was at or below the detection limits of the
instruments being used. Thus, the invention broadly com- 30  prehends the
direct conversion of [err] in a vapor phase reaction which preferably is
conducted as a flow process utilizing the assistance of a carrier gas for
passing reactants into and through the reaction zone and for withdrawing a
product stream therefrom. Since the crude LD product stream contains
virtually only [err] (i.e. virtually no [err]oligomers), the process is
especially amenable to being cyclic for substantially increasing the
overall yield of LD from feed lactic acid. A fundamental 35   recognition
of the present invention is that LD is sufficiently stable in the presence
of hot aqueous vaporized lactic acids that it can be isolated. Since water
is in the feed and water of reaction is present in the reactor, the process
is conducted under hydrous conditions. Likely, this means that [err] may be
converted to [err] Since [err] is believed to be the primary species that
cyclizes to form LD, [err] formation from [err] benefits the 40   yield of
LD. At this juncture, it is worth restating the equilibrium equations
discussed initially. "Lactic acid" as a stock chemical item is not pure
[err]in water, but rather is an equilibrium mixture of [err] with higher
oligomeric species, depending upon concentration of [err] and water,
temperature, and other factors. The art has always dealt with [err] and
higher oligomeric species for conducting a back-biting reaction for LD 45
production. The present invention is unique in that the lactic acid feed,
regardless of initial composition, is processed or equilibrated to be
enriched primarily in [err] (and some [err] and depleted in higher LA
oligomers. Thus, feed lactic acid for present purposes comprehends [err]
and mixtures thereof, optionally with LD being present. Since an
equilibrium reaction involving water always occurs, minor amounts of higher
oligomeric species may be present in the feed lactic acid and, though not
desired, can 50  be tolerated in minor amounts. When the unreacted aqueous
lactic acid from the product stream is separated from lactide after water
washing, it too can be processed, for example by distillation, for
re-establishing a desired feed and for blending with additional make-up
feed lactic acid which similarly may be treated. Since two product streams
are being combined into a composite product stream for recycle to the vapor
phase reaction zone, each is 55 treated and/or adjusted in [err] content
for producing a desired recycle feed stream for admission into the vapor
phase reaction zone for production of LD. As noted above, lactide yields
can be significantly increased (e.g. up to two-fold or more) by contacting
the lactic acid feed vapors with a catalyst disposed within the vapor phase
reaction zone. Since the catalyst 4  



EP 0549 698 B1 also increases the degradation by-product formation,
primarily CO and acetaldehyde, the operator has the opportunity to control
yields, selectivity, and economics of the process by judicious selection of
the inclusion of and types of catalyst used in the process. With respect to
catalysts which optionally may be housed within the vapor phase reaction
zone, alumina 5  catalysts (especially those higher in alumina content,
e.g. above 30 wt-%) appear to be preferred in improving LD yields while
minimizing CO by-product formation. Other catalysts which display some
activity include silica, alumina-silica combinations, and zeolites. Acidic
catalysts including Amberlyst[err] acid ion exchange resins, tend to favor
CO production almost to the point of excluding LD production. A protic acid
system, such as phosphoric acid/Kieselguhr, provides only trace amounts of
LD. Catalyst particle sizes 10  ranging from about 2 to 6 mm have been
tested and found functional, though yields do vary with catalyst particle
size. Lactic acid is converted to its vapor phase preferably by
vaporization in a heated gas stream under the conditions prevailing, e.g.
percent organic in the feedstock, temperature, pressure, feedstock
composition, etc.. An upper temperature limit is set by the decomposition
temperature of the lactic acid (and other 15  ingredients in the
feedstock), materials of construction, energy consumption, and like
factors. Broadly, lactic acid can be converted to its vapor phase at
temperatures ranging from about [err] and advantageously from about [err]
The pressure maintained during the lactic acid conversion step and in the
reactor advantageously is atmospheric, though sub-atmospheric or reduced
pressures can be maintained, as is necessary, desirable, or convenient. 20
The process preferably is conducted by passing lactic acid feed vapors with
aid of a hot carrier gas through the vapor phase reaction zone which
optionally, contains a bed of alumina catalyst. The carrier gas can be an
inert gas, such as nitrogen, or can be a condensable gas, such as an
organic material, e.g. alkyl benzenes, especially those with a boiling
point well above that of LD. Representative preferred alkyl benzene
solvents include higher alkyl benzenes including [err] alkyl benzenes, and
preferably dodecyl 25  benzene or tridecyl 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-toxic, and are commercially available. Care must be
taken to ensure that the organic material is not reactive within the system
of catalyst and lactic acid species. The carrier gas aids in carrying the
lactic acid vapors into the reactor and sweeping lactide and water products
therefrom. Additionally, LD recovery efforts 30  may be enhanced by the use
of condensable organic solvents. Vapor pressure considerations indicate
that [err] and water will predominantly vaporize in the hot carrier gas,
whereas higher molecular weight lactic acid oligomeric species have
decreasing vaporization tendencies with increasing molecular weights. In a
properly designed reaction apparatus, the combined hot carrier gas and
aqueous lactic acid feed could be continuously passed through feed material
which is 



35  depleted in [err] by virtue of its preferential vaporization into the
vapor phase reaction zone. The feed also will be depleted in [err] by
cyclization to LD, vaporization, or both. This type of arrangement would
permit the hot water liquid and vapor from the fresh feed to hydrolyze
non-vaporized oligomeric lactic acid species towards [err] which will be
vaporized readily in the hot carrier gas. This technique is referred to as
In situ hydrolysis/vaporization. This technique also permits improved LD
yields by converting lactic acid 40  oligomeric species into [err] which
can be directly converted into LD in accordance with the precepts of the
present invention. The presence of water in the reactor assists in
suppressing the formation of higher LA oligomers. Exhaustive testing of the
present invention has revealed that the stereospecificity of the reaction
is about 90% to 99% in product L-lactide with the balance typically being
meso-lactide. Little L-lactic acid 45  decomposition occurs as evidenced by
the low carbon monoxide and very low acrylic acid contents of the products
exiting the reactor. The cyclic process for making LD from aqueous lactic
acid can be envisioned in a variety of configurations. One such
configuration is set forth at Fig. 2. With respect to Fig. 2, make-up
aqueous lactic acid feed 30 and unreacted lactic acid filtrate 32 from
another step of the process are passed into heating 50  zone 34 which can
be a pot or distillation scheme configured appropriately. Water is
distilled from the contents in heating zone 34 and withdrawn via line 36.
Lactide may also be present in stream 36 and can be filtered therefrom by
appropriate cooling of the steam vapors withdrawn in line 36. Sufficient
water removal is accomplished in zone 34 to provide one or more of [err].
In this regard, reference is made to commonly-assigned application S.N.
584,126, filed on September 18, 1990, of Sinclair, et al. which 55  makes
LD from liquid aqueous lactic feed by subjecting the feed to heating to
distill water therefrom until the heated feed has a DP (degree of
polymerization) not substantially above about 2, and then ceasing heating
to provide a crude LD product. Such process may be quite advantageous to
employ for treating the recycle stream in zone 34 for admission to reactor
40. 5    EP 0 549 698 B1 Once the desired lactic acid feedstock composition
has been achieved, such feedstock is withdrawn via line 38 and passed into
reactor 40 along with hot carrier gas flow 42. Carrier gas 42, preferably
nitrogen, has been heated to an appropriate reaction temperature for
combining with aqueous lactic acid feedstock 38 and assists in the
vaporization of [err] water, and [err] for passing through the 5  vapor
phase reaction zone housed within reactor 40. As discussed above, a variety
of configurations for forming aqueous lactic acid vapors can be envisioned.
Reactor 40 optionally may contain a bed of catalyst also. Lactide product
is withdrawn from reactor 40 and passed via heated line 44 into collection
zone 46 



which suitably can be a cyclone or similar apparatus with tangential flow.
At laboratory and miniplant scale 10   operations, cyclone 46 was
maintained cold (about [err]. At 10 C, the LD preferentially collected as a
crystalline layer below the inlet tube and the [err] collected as a liquid
in the bottom of cyclone 46. At - [err] the LD collected as a crystalline
mass directly below the inlet tube and the LA solid collected elsewhere
along the walls thereof. The interior surface of vessel 46 then was scraped
and washed with cold water and the contents passed into separation zone 48
via line 50. In separation zone 48, the cooled 15 material was stirred and
subjected to filtration for removal of product lactide via line 52. LD
typically was dried under vacuum in the presence of phosphorous pentoxide
to remove tightly bound water. Gases withdrawn via line 44 from reactor 40
are collected via line 54 and passed through various traps in order to
condense condensable material contained therein. The filtrate from
separation zone 48 is then passed via line 32 back into heating zone 34 to
complete the cyclic process. 20    It will be appreciated that a variety of
additional collection/separation schemes can be envisioned with respect to
separation of product lactide from unreacted aqueous lactic acid. So long
as product lactide is separated from unreacted lactic acid for recycle an
efficacious cyclic process for making lactide directly from lactic acid
ensues. The following examples show how the present invention has been
practiced, but should not be 25  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 incor- porated expressly herein by
reference. IN THE EXAMPLES 30 The laboratory scale reactor used in the
Examples is set forth schematically at Fig. 1. Reactor 10 is a stainless
steel reactor having a width of about 5 cm and a height of about 31 cm.
Reactor 10 was fitted with lower screen 12 (which may be a series of
screens) and upper screen 14 (which also may be more than one screen).
Catalyst bed 16 was disposed atop screen 14. The lower empty chambers
provided additional 35  time to ensure that the lactic acid feed was
converted to its vapor phase via in situ hydrolysis/volatilization prior to
its contact with the catalyst bed. Reactor 10 was fitted with lower Tee 18
and upper heated product line 20 for withdrawal of the lactide product.
L-lactic acid was fed into Tee 18 via line 22. Nitrogen carrier gas was
passed into admixture with lactic acid feed by line 24 which connected to
Tee 18. This entire assembly was placed in a sand bath which was heated to
maintain the desired reactor temperature. 40  Broadly, the reaction
temperature should be greater than about 150 and can range on up to as high
as about 225 C. Nominal reaction temperatures around 205 C were found
acceptable using reactor 10. Space times of about 0.8 to 3 seconds also
were found acceptable. EXAMPLE 1 45 The experimental reactor depicted in
Fig. 1 was modified so that screen 12 was a 100 mesh screen laid adjacent
to a 16 mesh screen and screen 14 was actually a 45 mesh screen overlaying
a 16 mesh screen. 



Catalyst 16 comprised a 10-20 mesh commercial silica gel/alumina catalyst
(87% silica/13% alumina). The nitrogen flow rate was adjusted to 1,600
ml/min and it plus the lactic acid feed were passed through reactor 50  10
at a superficial vapor velocity of 0.12 ft/sec. The space time of the
contents was 2.8 seconds. Lactic acid feed comprised commercial "85% lactic
acid" (61% L-lactic acid, 20% L,L-lactolyllactic acid, 4% L,L,L-
lactoyllactolyllactic acid, and 15% water) which had been diluted with an
additional 11% by weight of water just prior to the run. This feedstock was
passed into Tee 18 for admixture with nitrogen at a flow rate of 36.6
ml/hr. The results recorded are set forth below: 55 6    EP 0 549 698 B1
TABLE 1 Stage (44701-90) Cumulative Bed Temp (err) Lactic Acid All*
Products (g) LD Product (g) LD Yield 5                       Time (hr)
Feed (g)                             (mole-%) Equilibration   1.8
206          75.5        53.2          8.46 1               4.8         205
128.6       115.8         22.73      25.7 2               8.1         204
141.1       130.6         28.31       30.1 *Catalyst weight gain: 21.8g 10
Trap contents: 3.8g Reactor residue: 1.3g Total Material Recovery: 94.6
wt-% 15     The above-tabulated data demonstrates that in situ
hydrolysis/volatilization is feasible since the reactor lower chambers were
found to be empty and the removed ground catalyst was bone dry. The lactic
acid feedstock containing an extra 11% water in addition to the 15% water
already in the commercial lactic acid facilitated in situ
hydrolysis/volatilization. It is believed that this extra water serves a
beneficial effect since screen clogging of the lower set of screens did not
occur as it did by reference to Example 2 using 20  undiluted 85% lactic
acid. The product lactide was found to have a purity of 89% at Stage 1 and
92% at Stage 2 and was a white powder. Carbon monoxide production was 2,750
ppm after 2.5 hours. This corresponds to 3.3% lactic acid decomposition.
The ratio of the lactide yield obtained at Stage 2 to the mole percent
lactic acid decomposed is 9.1:1. The L-LD:meso-LD weight ratio was 51.8:1
for Stage 1 and 34.1:1 for Stage 2. 25     The catalyst weight gain of
21.8g was obtained upon stopping the lactic acid feedstock and nitrogen
flows immediately after completion of the run. The catalyst bed was not
stripped with continuing hot nitrogen flow. This catalyst weight gain is
believed indicative that significant material loading occurred to a
presumed steady state during the run. Due to the construction of the
reactor, the catalyst bed undergoes a 



slow cool-down in the sand bed so the composition of the adsorbed species
would be expected to change 30  significantly before the bed can be removed
and examined. Precedents indicate that [err]species will undergo
significant oligomerization during this cool-down period. EXAMPLE 2 35
This run was conducted in order to evaluate the in situ
hydrolysis/vaporization approach by using undiluted lactic acid feedstock.
The amount of water present in 85% lactic acid is approximately five-fold
greater than that required to hydrolyze all ester functionality in L2A and
LsA to LA. The question is whether the ratio of the hydrolysis rate in the
liquid state to the water vaporization rate is sufficient to allow complete
hydrolysis of oligomeric lactic acid. 40     The procedure described in
connection with Example 1 was repeated using 85% lactic acid feedstock at
32.9 ml/hr and the same nitrogen flow rate to yield a space tune of 3.0
seconds and a superficial velocity of 0.11 ft/sec. The results recorded are
set forth below. TABLE 2 45 Stage (44853-9) Cumulative Bed Temp (err)
Lactic Acid All* Products (g) LD Product (g) LD Yield Time (hr)
Feed (g)                             (mole-%) Equilibration   1.9
205          74.4        48.9         11.91 50    1               5.1
204        123.6        106.1         29.73       31.6 2               8.4
204         132.0       119.0         32.53       34.0 Post-Run        9.6
202                       8.2 *Catalyst weight gain: 10.66g 55   Trap
Contents: 1.32g Reactor residue: 0.81 g Total Material Recovered: 89.4 wt-%
7    EP 0 549 698 B1 As the above tabulated data reveals, the lactide yield
(34%) obtained in Stage 2 is higher than that obtained in Example 1. The
higher lactide yield compared to Example 1 could have resulted from the
decreased percent water in the lactic acid feed. Recovered percentages of
lactide were found to steadily increase during each stage. The overall
recovery of 89.4% of the material fed is lower than the recovery in 5
Example 1. In a duplicate run, the overall recovery of material fed was
94.1%, but lower LD/CO ratios were seen. The carbon monoxide concentrations
were 3,200 ppm after 3.2 hours; 2,750 ppm after 5.1 hours; and 2,800 ppm
after 8.0 hours. The average CO concentration between 3.2 and 8 hours of
operation 



corresponds to 3.2 wt-% lactic acid decomposition. The ratio of the lactide
yield obtained during Stage 2 to io the mole percent lactic acid decomposed
is 10.7:1, which is higher than the value computed in Example 1. The
product lactide obtained from Stages 1 and 2 was a white powder. The
L-LD:meso-LD weight ratio was 44.0 for Stage 1 and 38.6 for Stage 2. The
lower 100 mesh screen was partially clogged after the run was completed,
indicating that in situ hydrolysis/vaporization was not as effective as in
Example 1 which employed a higher water content in the lactic acid feed.
However, the removed catalyst bed was found to 15  be bone dry. The
filtrate from Stage 1 was extracted with methylene chloride to recover any
solubilized lactide which had not yet hydrolyzed. A yellow liquid was
obtained from the rotary evaporator (5.4g) which did not solidify at 52 C
after the methylene chloride was removed. Upon cooling to room temperature,
however, this material solidified to a white crystalline mass which
contained a minor amount of yellow liquid. This mixture 20  was washed with
cold water to obtain 1.9g of a white solid which was analyzed to contain
87.4% L-lactide and 12.6% meso-lactide. EXAMPLE 3 25     This run was
conducted in order to determine the efficacy of 5 mm catalyst pellets
rather than the 10/20 mesh catalyst used in Example 2. The same conditions
as obtained in Example 2 were maintained here, except that the 85% lactic
acid flow rate was 34.6 ml/hr and the lower 100 mesh screen had been
removed. The following results were recorded. 30
TABLE 3 Stage (44853-21) Cumulative Bed Temp ( C) Lactic Acid All* Products
(g) LD Product (g) LD Yield Time (hr)                Feed (g)
(mole-%) 35     Equilibration    2.0         205         84.0        58.5
15.34 1                5.2        206         127.2       111.1
25.91       28.8 2                7.7        204         108.6        87.7
20.65       26.4 3               11.0        220         136.8       142.6
43.49       44.6 Post-Run        11.8        217           ---         ---
--- *Catalyst weight gain: 18.35g Trap Contents: 1.99g Reactor residue:
0.07g Total Material Recovered: 92.0% 45 The lactide yields obtained at
approximately [err] appear to be slightly decreasing with time after the
equilibration stage was completed. Note that the percent recovery obtained
during Stage 2 (80.8%) also decreased compared to Stage 1(87.3%). This
behavior is opposite to that observed with the smaller particle size
catalyst in Examples 1 and 2. so     Carbon monoxide production was
recorded at 6,000 ppm after 1.5 hours; 3,650 ppm after 4.8 hours; 3,550 ppm
after 6.3 hours; and 9,000 ppm after 10.8 hours. The carbon monoxide
concentration, then, 



appeared to decrease after the equilibration stage to a fairly constant
value at the nominal [err] bed temperature. The calculated mole percent
lactic acid decomposed was 3.9% during Stages 1 and 2. The ratio of the
lactide yield obtained during Stage 2 to the mole percent lactic acid
decomposed was 6.7:1. 55 This ratio is 37% lower than the ratio obtained
with the smaller sized catalyst in Example 2. Thus, the total yield
expected under recycle conditions should be significantly higher with the
smaller size catalyst compared to the use of larger size catalyst for the
same reactor conditions. 8    EP 0 549 698 B1 After 7.7 hours of operation
at approximately [err] the temperature of the catalyst bed was raised to
approximately [err] and maintained at this temperature for 3.3 hours. The
total weight of material collected over this time was 104% of the material
fed during this same time period. Similarly, the lactide yield of 44.6%
observed for this time period is inflated by the fact that part of the
lactide collected probably 5  originated from the earlier part of the run
conducted at 205 C., i.e., lactide produced from residual [err] deposited
on the catalyst bed earlier. However, the apparent increased lactide yield
obtained at this temperature is more than compensated by the increased
carbon monoxide production, viz, lactic acid decomposition. The ratio of
the lactide yield to the mole percent lactic acid decomposed can be
estimated to be no higher than about 4.5:1. The L-LD:meso-LD weight ratio
was approximately 42 for Stages 1 and 2, 10  but only 25.3 for Stage 3.
Thus, operating at higher bed temperatures with this larger sized particle
catalyst and reactor design would be expected to lead to reduced
L-LD:meso-LD selectivities and reduced lactide yields, when recycle of
unreacted lactic acid is considered. After the run was completed, partial
clogging of the lower 16 mesh screen was noted. As also indicated in
Example 2, complete in situ hydrolysis/vaporization apparently was achieved
because the removed 15  catalyst bed was found to be bone dry. This
clogging probably occurred during cool-down since the gaseous back-pressure
did not increase during the entire run. EXAMPLE 4 20     The reactor was
filled with alternating layers of 3 mm glass beads and the silica alumina
catalyst described in Example 1 as follows: glass 125 ml; catalyst 23 ml;
glass 160 ml; catalyst 22 ml; glass 70 ml; catalyst 22 ml; and glass 70 ml,
from top to bottom. The 85% lactic acid feed was passed into the reactor at
a rate of 16.5 ml/hr with a nitrogen sweep at 800 ml/min. which establishes
a space time of about 2.7 sec (catalyst only) and superficial velocity of
0.04 ft/sec. The reactor temperature was maintained at about 25   [err] The
product was washed with cold water and the lactide filtered therefrom. The
lactide then was dried by slight heating under vacuum in the presence of
P205. The filtrate was collected and subjected to distillation to remove
sufficient water to re-establish a lactic acid concentration similar to the
original 85% feed lactic acid. This distilled filtrate was then combined
with make-up 85% lactic acid and recycled to the 



reactor. This sequence was repeated for 3 reaction stages; however the
start-up stage suffered from 30  equipment leaks so that it was excluded
from calculations. In total, 537.7 g of aqueous lactic acid was fed and
512.9 g of product was collected for a 95.4% mass recovery. Likely, CO and
water losses in the nitrogen sweep gas account for the shortage in mass
balance. This recovery includes 17.3 g material on the lower layer of glass
beads which was analyzed and found to be primarily [err] 35     The lactide
yield was about 78% (when the material on the glass beads is ignored). The
L-lactide:meso- lactide weight ratio was found to be about 95:5 for the
composite lactide product. The washed LD was about 98% pure and contained
less than about 2% [err] The D-lactide concentration was found to be below
the detection limit in LD product isolated from the last recycle. Thus, the
ability to improve yields of lactide by a recycle process while avoiding
significant increases in 40  LD racemization has been established. EXAMPLE
5 In this run, 85% lactic acid (39.3 ml/hr) was passed into the reactor
which contained a bed of 45 Amberlyst-15 acid ion-exchange resin held at a
nominal bed temperature of [err] The nitrogen flow rate was 1,580 ml/min,
the space time was 2.9 seconds, the feed lactic acid constituted 26.3 wt-%
of the total feed, and the superficial velocity through the reactor (screen
assembly of Example 3) was approximately 0.11 ft/sec. The results recorded
are set forth below: 50                                          TABLE 4
Stage (44934-25) Cumulative Lactic Acid All Products (g) Crude LD (g) LD
Yield CO Yield (mole-%) Time (hr)  Feed (g)
(mole-%) 55     Equilibration    1.7      74.4        36.5        none
0 1               3.7       92.4       46.9         none        0
95 2               5.7       84.0        28.3       trace
95 9    EP 0 549 698 B1 This strongly acidic ion/exchange resin gave
negligible lactide and almost quantitative decomposition of lactic acid to
carbon monoxide (and presumably acetaldehyde). The catalyst bed initially
had a very large exotherm (err). These results are consistent with the
results obtained using another Bronsted catalyst (phosphoric acid 5  on
Kieselguhr) which showed almost no tendency to generate lactide from lactic
acid. EXAMPLE 6 In this run, 85% lactic acid (36.8 ml/hr) was fed to a
reactor containing 10-12% molybdenum (VI) oxide 10  on gamma alumina (10-20
mesh) held at a nominal bed temperature of 203 C. A nitrogen flow rate of
1,580 



ml/min, a space time of 3.0 seconds, the weight percent organics in the
feed of 25.2 wt-%, and a superficial velocity of 0.11 ft/sec were
maintained in the run. The results recorded are set forth below: 15 20 25
30 35 40 45 50 55 10    EP 0549 698 1 10 [err] 50 two examples test the
effect of the alumina carrier on lactide conversion and its selectivity.
EXAMPLE 7 In this example, 85% lactic acid (36.7 ml/hr) was fed to the
reactor having the screen assembly of 55  Example 3 and containing 10-20
mesh gamma alumina/silica gel (93:7, respectively) held at a nominal bed
temperature of [err] The nitrogen flow rate was 1,596 ml/min, the space
time was 3 seconds, weight percent organic in the feed was 25%, and the
superficial velocity was about 0.11 ft/sec. The following results were
recorded: 1 1    EP 0 549 698 B1 [err] The initial [err] exotherm decrease
and the reaction was [err] endothermic at the end run. Even though the LD
yield dropped during stage 2, a significant drop in CO resulted in the
highest LD/CO ratio observed 50 through this run. EXAMPLE 8 In this run
which utilized a reactor having only a lower 16 mesh screen and an upper 42
mesh screen, 55 85% lactic acid (35.0 ml/hr) was passed through a reactor
containing 10-20 mesh of 99% gamma alumina 



(Alfa, [err] held at a nominal bed temperature of [err]. In this run, the
nitrogen flow was 1580 ml/min, the space time was 3.03 seconds, the weight
percent organic in the feed was 24.3%, and the superficial velocity again
was approximately 0.11 ft/sec. The following results were recorded: 12
EP 0 549 698 B1 5 [err] 10 Stages 2 and 3 filtrates were extracted with
methylene chloride within one hour alter formation to yield the following
quantities of lactide: 13    EP 0 549 698 B1 [err] 10 serves to distinguish
the relative effect of molybdenum (VI) oxide versus alumina in Example 6.
Of importance are the relatively high lactide yields that were obtained and
especially the high LD/CO ratios that were one order of magnitude higher
than previously observed with any other catalyst. These results and 50
those of Example 7 indicate that small silica quantities significantly
decrease the LD/CO ratio when using alumina/silica catalysts. Alumina
catalyst alone appears to be superior catalyst compared to alumina/silica
mixtures. The filtrates from stages 2 and 3 were extracted with methylene
chloride soon after the lactide washing procedures were completed to
recover the lactide remaining in solution. These residual lactide samples
55 were found to have lower L-LD/meso-LD ratios compared to stages 1 and 2
lactide due to the preferential solubilization of meso-lactide in cold
water. The total lactide yields (obtained from initial washing/filtration
followed by filtrate extraction) from both stages is the same (34.1%) and
the overall L-LD/meso-LD ratios are the same (95.5:4.5 for stage 1 plus
extract and 95.6/4.4 for stage 2 plus extract). If the assumption is 14
EP 0 549 698 B1 



made that racemization occurs only in LD and most LD was extracted before
it could hydrolyze to [err] these ratios represent the ultimate
L-LD/meso-LD ratio expected after multiple cycles. Interestingly, this
ratio appears to approach the 95/5 ratio achieved during the recycle study
reported in Example 4. These results indicate that molybdenum (VI) oxide
used in Example 6 may catalyze carbon monoxide 5  formation, or the alumina
substrate used for molybdenum (VI) oxide in Example 6 was prepared
differently than the gamma alumina used in this example. EXAMPLE 9 to    In
this example, using the reactor configuration of Example 8, 85% lactic acid
(35.3 ml/hr) was passed through the reactor containing 3 run borosilicate
glass beads (washed with water and acetone) held at a nominal bed
temperature of 203 [err] C. During this run, the nitrogen flow rate was
1,580 ml/min, the space time was 1.15 seconds within the void volume in the
glass beads, the weight percent organics in the feed was 20.44%, and the
superficial velocity was approximately 0.11 ft/sec. The following results
were recorded: 15 20 25 30 35 40 45 50 55    EP 0 549 698 B1 5 A [err] The
approximately 2 0  endotherm was present during the entire run. Some beads
had a tacky coating indicating that lactic acid oligomerization was
occurring on the glass surfaces. The use of glass beads without any
catalyst resulted in lower LD yields, though much higher L- 55   LD:meso-LD
ratios and LD/CO ratios compared to other catalysts tested. 16    EP 0 549
698 B1 



EXAMPLE 10 In this example using the reactor screen configuration of
Example 3, 85% lactic acid (35.1 ml/hr) was passed through an empty reactor
maintained at a temperature of about 201 * C. During this run, the nitrogen
5  flow was 1,540 ml/sec; the space time was 10.4 seconds; the weight
percent organic in feed was 24.8%; and the superficial velocity was about
0.11 ft/sec. No equilibration period was used in this experiment. The
following results were recorded. 10 [err] [err]    EP 0 549 698 B1 amount
of lactide obtained. Importantly, however, is the conversion of aqueous
feed lactic acid into LD using no catalyst or solid packing material in the
reactor providing that the LD feed is maintained in the vapor phase at
elevated temperature. While LD yields are low, selectivity for LD formation
over by-product formation (as measured 5  by the very high LD:CO ratio) and
lack of LD racemization (as measured by the high L-LD:meso-LD ratio)
appears to be maximized. The effect of alumina catalyst, then, is to
improve LD yields, though at the expense of also increasing CO byproduct
formation and LD racemization. Silica gel and other catalysts likely also
improve LD yields, though they increase CO by-product formation to a
greater extent. Nevertheless, depending upon the needs of the operator, LD
yield maximization or LD selective conversion 10   maximization and control
of LD racemization can be obtained by judicious selection of the presence
and type of catalyst (and of course temperature). EXAMPLE 11 15     This
run replicates the empty reactor run in Example 10, except using the
reactor screen configuration of Example 8. In this run, 85% lactic acid
(34.0 ml/hr) was fed to the empty reactor maintained at about [err] The
nitrogen flow rate was 1,580 ml/sec; the space time was 10.2 seconds; the
weight percent organic in feed was 23.7%; and the superficial velocity was
approximately 0.11 ft/sec. 20 25 30 35 40 45 50 55 



18    EP 0 549 698 B1 The following results were recorded. [err] Again, no
exotherm was observed. These results again show very high LD/CO and
L-LD:meso-LD ratios as in Example 10, but also show increasing lactide
yield with time. Extraction of the filtrate obtained from 55  stage 2
yielded an additional 2.47 g solid which analyzed as 90.5 wt-% LD. This
extra increment of LD increases the total LD yield to 15.5% for this stage.
This result implies that approximately half of the LD typically generated
in runs with catalyst beds could have already formed before contacting the
catalyst bed. The precursor of the LD is presumed to be mainly [err] in the
aqueous lactic acid feed which cyclizes and 19    EP 0 549 698 B1 readily
vaporizes (or vaporizes/cyclizes) under the reaction conditions. The extra
lactide produced when catalysts are employed is presumed to originate from
vaporized [err] which is converted in the chemisorbed state to chemisorbed
[err] which is converted into LD on the catalyst surface. Due to the high
vapor pressure of LD compared to that of [err] the LD formed on the
catalyst surface is rapidly and selectively 5  removed by the heated
carrier gas. The very high L-LD/meso-LD ratios are approximate values since
the meso-LD concentration fell below the concentration range used for
calibration purposes. However, these L-LD/meso-LD ratios indicate that
little or no racemization occurred in this run since the low meso
percentages are in the range predicted from the reaction of the
approximately 0.3 percent [err] which is present in commercial 85% [err]
The 10   L-LD/meso-LD ratio of extracted stage 2 was found to be
approximately 285:1 which indicates that the meso concentration is so low
that little selective solubilization of meso-lactide occurs. These results
further indicate that LD can be made without catalyst in high overall yield
if [err] recycle is employed. Furthermore, LD can be made without catalyst
with almost complete retention of configuration of the aqueous lactic acid
from which it is derived. 15 Claims 1. A method for making lactide from
aqueous lactic acid feed which comprises the steps of: (a) converting
aqueous lactic acid feed to its vapor phase by vaporization in a heated gas
stream; 20       (b) passing said feed vapors through a vapor phase
reaction zone maintained at elevated tempera- 



ture; and (c) withdrawing from said reaction zone lactide, water, and
unreacted aqueous lactic acid feed. 2. The method of claim 1 wherein said
elevated temperature is in the range from about [err] to [err] 25 3. The
method of claim 1 or 2 wherein said feed vapors are passed through said
vapor phase reaction zone with the aid of a carrier gas. 4. The method of
claim 3 wherein said carrier gas comprises nitrogen. 30 5. The method of
any preceding claim wherein said vapor phase reaction zone contains one or
more of an alumina catalyst, silica, or a zeolite. 6. The method of any
preceding claim further comprising the step of: step (d) passing said
withdrawn 35     lactide, water, and unreacted aqueous lactic acid feed
through a cold cyclone for separation. 7. The method of any preceding claim
wherein any oligomeric lactic acid in said feed is converted to one or more
of [err] with water for its conversion to its vapor phase. 40  8. The
method of any preceding claim wherein said lactic acid feed is monomeric
lactic acid (err). 9. A cyclic process for making lactide from aqueous
lactic acid feed which comprises the steps of: (a) passing make-up aqueous
lactic acid feed into a vaporization zone along with unreacted aqueous
lactic acid filtrate from another step of the process and therein forming
aqueous lactic acid feed 45        vapors by vaporization in a heated gas
stream; (b) passing said vapors through a vapor phase reaction zone held at
elevated temperature for forming lactide therein; (c) separating lactide
from unreacted aqueous lactic acid filtrate; and (d) passing said filtrate
into said vaporization zone in step (a) of the process. 50 10. The cyclic
process of claim 9 wherein said filtrate is subjected to distillation to
concentrate the lactic acid content thereof prior to being passed into said
vaporization zone. PatentansprUche 55 1. Verfahren zur Herstellung von
Lactid pus einem Ausgangsstoff aus waiBriger Milchsaure, umfassend die
Stufen 20    EP 0 549 698 B1 readily vaporizes (or vaporizes/cyclizes)
under the reaction conditions. The extra lactide produced when catalysts
are employed is presumed to originate from vaporized [err] which is
converted in the chemisorbed 



state to chemisorbed [err] which is converted into LD on the catalyst
surface. Due to the high vapor pressure of LD compared to that of [err] the
LD formed on the catalyst surface is rapidly and selectively 5  removed by
the heated carrier gas. The very high L-LD/meso-LD ratios are approximate
values since the meso-LD concentration fell below the concentration range
used for calibration purposes. However, these L-LD/meso-LD ratios indicate
that little or no racemization occurred in this run since the low meso
percentages are in the range predicted from the reaction of the
approximately 0.3 percent D-LA which is present in commercial 85% [err] The
10  L-LD/meso-LD ratio of extracted stage 2 was found to be approximately
285:1 which indicates that the meso concentration is so low that little
selective solubilization of meso-lactide occurs. These results further
indicate that LD can be made without catalyst in high overall yield if
[err] recycle is employed. Furthermore, LD can be made without catalyst
with almost complete retention of configuration of the aqueous lactic acid
from which it is derived. 15 Claims 1. A method for making lactide from
aqueous lactic acid feed which comprises the steps of: (a) converting
aqueous lactic acid feed to its vapor phase by vaporization in a heated gas
stream; 20       (b) passing said feed vapors through a vapor phase
reaction zone maintained at elevated tempera- ture; and (c) withdrawing
from said reaction zone lactide, water, and unreacted aqueous lactic acid
feed. 2. The method of claim 1 wherein said elevated temperature is in the
range from about [err] 25 3. The method of claim 1 or 2 wherein said feed
vapors are passed through said vapor phase reaction zone with the aid of a
carrier gas. 4. The method of claim 3 wherein said carrier gas comprises
nitrogen. 30 5. The method of any preceding claim wherein said vapor phase
reaction zone contains one or more of an alumina catalyst, silica, or a
zeolite. 6. The method of any preceding claim further comprising the step
of: step (d) passing said withdrawn 35     lactide, water, and unreacted
aqueous lactic acid feed through a cold cyclone for separation. 7. The
method of any preceding claim wherein any oligomeric lactic acid in said
feed is converted to one or more of [err] with water for its conversion to
its vapor phase. 40  8.  The method of any preceding claim wherein said
lactic acid feed is monomeric lactic acid (err). 9. A cyclic process for
making lactide from aqueous lactic acid feed which comprises the steps of:
(a) passing make-up aqueous lactic acid feed into a vaporization zone along
with unreacted aqueous lactic acid filtrate from another step of the
process and therein forming aqueous lactic acid feed 45        vapors by
vaporization in a heated gas stream; (b) passing said vapors through a
vapor phase reaction zone held at elevated temperature for 



forming lactide therein; (c) separating lactide from unreacted aqueous
lactic acid filtrate; and (d) passing said filtrate into said vaporization
zone in step (a) of the process. 50 10. The cyclic process of claim 9
wherein said filtrate is subjected to distillation to concentrate the
lactic acid content thereof prior to being passed into said vaporization
zone. PatentansprUche 55 1. Verfahren zur Herstellung von Lactid aus einem
Ausgangsstoff aus wafBriger Milchslure, umfassend die Stufen 20    (a)
Oberfuhron des Ausgangsstoffs aus wIaBriger Milchsaure in die Dampfphase
durch Verdampfen in einem erhitzten Gasstrom, (b) Leiten der
Ausgangsstoff-Dampfe durch eine auf erh6hte Temperatur gehaltene
Dampfphasenre- aktionszone und - -  5       (c) Abziohen des Lactids,
Wassers und nichtumgesetzten Ausgangsstoffs aus waBriger Milchsaure aus
dieser Reaktionszone. 2. Verfahren nach Anspruch 1, worin die erh6hte
Temperatur im Bereich von etwa 150 bis 225 * C liogt. 1o  3. Verfahren nach
Anspruch 1 oder 2, worin die Ausgangsstoff-Dampfe mittels eines Tragergases
durch die Dampfphasenreaktionszone geleitet werden. 4. Verfahren nach
Anspruch 3, worin das Trigergas Stickstoff umfaet. 15  5. Verfahren nach
einem der vorhergehenden AnsprOche, worin die Dampfphasenreaktionszone ein
oder mehrere aus Aluminiumoxidkatalysator, Siliciumdioxid oder Zeolith
enthilt. 6. Verfahron nach einem  der vorhergehenden AnsprUche, das
auBerdem die Stufe (d) Leiten des abgezogenen Lactids, Wassers und
nichtumgesetzten Ausgangsstoffs aus waBriger Milchsaure durch K>   20
oenen kalten Zykion zur Trennung umfaft. 7. Verfahren nach einem der
vorhergehenden AnsprUche, worin elne oligomere Milchsaure in dem
Ausgangsstoff mit Wasser zu einer oder mehreren von Li A, 42A oder LgA, um
sie in die Dampfphase zu UberfUhren, umgewandelt wird. 25 8. Verfahren nach
einern der vorhergehenden AnsprUche, worin der Ausgangsstoff aus Milchslure
monomere Milchsaure (Li A) ist. 9. Verfahren zur Herstellung von Lactid aus
einem Ausgangsstoff aus waBriger Milchsaure im Kreislauf, 30     umfassend
die Stufen 



(a) Leiten des erganzten Ausgangsstoffs aus waeriger Milchsiure zusammen
mit Filtrat der nichtum- gesetzten waBrigen Milchslure aus einer anderen
Verfahrensstufe in eine Verdampfungszone und durch Verdampfen in einem
erhitzten Gasstrom Bilden von Ausgangsstoffdampfen aus waBriger Milchsaure
darin, S5       (b) Leiten dieser Dampfe durch eine auf erhohter Temperatur
gehaltene Dampfphasenreaktionszone, um darin das Lactid zu bilden, (c)
Abtrennen des Lactids von Filtrat aus nichtumgesetzter walBriger Milchsaure
und (d) Leiten dieses Filtrats in die Verdampfungszone der Stufe (a) des
Verfahrens. 4o 10. Kreislaufverfahren nach Anspruch 9, worin man das
Filtrat, um semnen Milchsluregehalt aufzukonzen- trieren, einer
Destillation unterwirft, bevor es in die Verdampfungszone geleitet wird.
Revendlcatlons 45  1. M6thode de fabrication de lactide a partir d'un
produit d'alimentation a base d'acide lactique aqueux, qui comprend les
4tapes de: (a) la conversion du produit d'alimentation A base d'acide
lactique aqueux en sa phase vapeur par vaporisation dans un courant de gaz
chauffe; (b) le passage desdites vapeurs du produit d'alimentation dans une
zone de reaction en phase 50        vapeur maintenue & temperature dlevde ;
et (c) le prelbvement, de ladite zone de reaction, du lactide, de I'eau at
du produit d'alimentation a base d'acide lactique aqueux n'ayant pas reagi.
2. Methode selon la revendication 1, dans laquelle ladite temperature
lIovoe est situde dans l'intervalle 55     allant d'environ 150- a 225 C.
3. M6thode selon la revendication 1 ou 2, dans laquelle lesdites vapeurs du
produit d'alimentation traversent ladite zone de reaction en phase vapeur
grace a un gaz vecteur. 21    c   L  M   S* 4. M6thode selon la
revendication 3, dans laquelle ledit gaz vecteur contient de I'azote. 5.
Methode selon une quelconque des revendications qui prdodent, dans laquelle
ladite zone de r6action en phase vapeur contient un ou plusieurs parmi un
catalyseur a base d'alumine, une silice ou une 5      zeolithe. 6. Methode
selon une quelconque des revendications qui prdcbdent, comprenant en outre
l'4tape (d) de passage dudit prelbvement contenant le lactide, I'eau et le
produit d'alimentation a base d'acide lactique aqueux n'ayant pas reagi
dans un cyclone froid pour y Otre separe. 10 7. Methode selon une
quelconque des revendications qui prdcedent, dans laquelle un acide
lactique 



oligombre quelconque dudit produit d'alimentation est converti en un ou
plusieurs parmi les LI A, L2A ou LsA avec de l'eau pour sa conversion en sa
phase vapeur. 15  8. MIthode selon une quelconque des revendications qui
precedont, dans laquelle ledit produit d'alimen- tation A base d'acide
lactique est I'acide lactique monombre (Li A). 9. Procede cyclique pour la
fabrication de lactide a partir d'un produit d'alimentation & base d'acide
lactique aqueux, qui comprend les dtapes de: 20       (a) passage de
l'apport de produit d'alimentation frais a base d'acide lactique aqueux
dans une zone de vaporisation en meme temps que le filtrat contenant
I'acide lactique aqueux n'ayant pas reagi provenant d'une autre etape du
procede, avec formation, dans la zone, de vapeurs de produit d'alimentation
a base d'acide lactique aqueux par vaporisation dans un courant de gaz
chauffe; (b) passage desdites vapeurs dans une zone de reaction en phase
vapeur maintenue & temp6rature 25       elevde dans laquelle se forme le
lactide; (c) separation du lactide du filtrat contenant l'acide lactique
n'ayant pas reagi ; et (d) passage dudit filtrat dans ladite zone de
vaporisation de l'etape (a) du procedd. 10. Procedd cyclique selon la
revendication 9, dans lequel ledit filtrat est soumis, avant de passer dans
30    ladite zone de vaporisation, a une distillation pour que l'acide
lactique qu'il contient soit concentr6. 35 40 45 50 55 22    


