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As illustrated above, back-biting depolymerization of L,A resulis in the production of lactide. Catalysts
65 proposed for such a reaction include tin powder, tin halides, or tin carboxylates (EP Publications 261,672
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).
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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 reterence -
50 to the following equilibrium reactions:

T T
&5 2 CH3-CH--C-OH CH3-CH--C-O-CH--C-OH + H20,



apparent to those skilled in the art, based upon the disclosure contained
herein. Brief Description of the Dravm n 40 Fig. 1 is a schematic
representation of the |aboratory Fﬁamgsﬁgéd in the exanples; and Fig. 2
is a flow diagram representl ng a cyclic process for nmaking | actide from
aqueous Iéa}gvH'e 85, wLeed I n accordance with the present invention. The
drawi ngs W eScribed in detail below 45 Detailed Descri ption of the
| nvent i on, Ihel_zlm_izbc acid feed is in aqueous formfor conversion to its
vapor phq_s‘gmza an,hPijd al step of the process of the present i nvention. The
rol e~.plsayggh by Walgd 1 n the process can be appreciated by reference 50 to
t heefol | owm ng equilibriumreactions: [err] 3 EP 0 549 698 Bl or witten
anot her way: [err] etc. Thus, it will be observed that [err] is in
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wat er, t hemevingosds,i these realtiohs shifld it the righitghtact, 24 arait highpelacte asid dligomgiseL.A) aret | C
aci d old gowderby dbleydralingoaneeoiif) lactiveedid. Sufficidatiwatbr,dtdnnghowd) be present socthat theaagiisitibrium
- Suf fi ci erdetailest abpye fenoesrihe prassndedol beA, (b satht:Acas thetaadsiotke Exdrgduantitias of  waterde He| ed
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conver t Gealafdsits) B be foF ﬂlé’ﬁnchPcohJer.oﬁ 3 L ARG Lb. Withe 'SR b bridBaveidNe-
- 1t shoul g, a iramqmw  degad¥BPByprobiital cﬁéav%arban%ndx.m@padd%&aa‘eh | Slwhy3
tol er abl ewdré‘pr%ébﬁt RS waring HRCHBHNE pis8s 6 ladti@adid @ I &vdhl When ré&)cie tech RS Rero _
CONVer g Qiinpiysd. Mhlld Qas%%ghs(aibhe Patinfted BiRBEdohyérsith iof RBHR38id ifle L%, Gif gppdafidhat @et | de
has been ctayatwab WbtieSsoptiaDe aifeSprocesst Ti6s 1ad {o,thd fiidamértal Biecoesay Mbt vhed BAGTHS dive,
di rectly ARy @irer, LgA)Lis céhveritt do cindspsadhil eaporsantl @adsbd thradfih a reastion | zpisst Kett) att hat
woul d be ebdvéied temperatines LI Was foimed Gibsit atveduced levelsofompared fo thebDuse\dha katalyst) @hd CO
resear ch vemckeav bslew heodetstidnr limits fofi the inswwmertte tsinie ored.dEhus,cthe Inyqntiord broadly, com-
chi ef | o caehends thepditert edave(sion)of hrfel Lafcern lah dih R in a vepovppese 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 L1A and L2A (ie. virtually no L,A 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 LsA may be converted to LeA plus LiA. Since LA is

W believed to be the primary species that cyclizes to form LD, Lz A formation from LA and LsA benefits the
> 4 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 LiA in water, but rather is an equilibrium mixture of LiA with higher
oligomeric species, depending upon concentration of L1A and water, temperature, and other factors. The art
has always dealt with LsA 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 L1A and L2A (and some LaA), and depleted in higher
LA oligomers. Thus, feed lactic acid for present purposes comprehends LiA, LA, LsA, 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
biending 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

s5 treated and/or adjusted in LiA, LoA, and LsA 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



were present, thus lowering the effective yields of lactic acid into LD
even when recycle techniques were 25 enployed. Wile gl ass beads al one
permitted direct conversion of |acti EP{549 98BI LD, it appeared that the
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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 aqusous lactic
acid feed 30 and unreacted lactic acid filtrate 32 from another step of the process are passed into heating

s0 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 siream 38 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 LA, L2A, LsA. In this regard, reference is
made to commonly-assigned application S.N. 584,126, filed on September 18, 1990, of Sinclair, et al. which

56 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.
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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
s0 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 feedstaock was passed into Tee 18 for admixture with nitrogen at a flow rate of
36.6 mlfr. The results recorded are set forth below: .
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at 32.9 ml/hr and the same nitrogen flow rate to vield a space tune of 3.0 seconds and a superficial velocity
of 0.11 fi/sec. The results recorded are set forth below.

zone 46

TABLE 2
45
Stage (44853-9) | Cumulative | Bed Temp (° C) | Lactic Acid | All* Products (g) | LD Product (g) | LD Yield
Time (hr) Feed (g) (mole-%)
Equilibration 1.9 205 74.4 48.9 11.01 -
50 1 5.1 204 123.6 106.1 29.73 31.6
2 84 204 132.0 119.0 32.53 340
Post-Run 9.6 202 -~ 8.2 - -—

*Catalyst weight gain: 10.66g

Trap Contents: 1.32¢g

Reactor residue: 0.81g

Total Material Recovered: 89.4 wi-%
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45

The lactide yields obtained at approximately 205 C 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,

50 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 205°C bed
temperature. The calculated mole percent lactic acid decomposed was 3.9% during Stages 1 and 2. The
ratio of the lactide vield obtained during Stage 2 to the mole percent lactic acid decomposed was 6.7:1.

56 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.
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reactor, theeriEmedy = bed undergoes a
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% L2A. 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 mlhr) was passed into the reactor which contained a bed of

45 Amberlyst-15 acid ion-exchange resin held at a nominal bed temperature of 215°C. The nitrogen fiow rate

was 1,580 mi/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 Q) Crude LD (g) | LD Yield |CO Yield (mole-%)
Time (hr) | Feed (g) {mole-%)
&5 Equilibration 1.7 744 365 none 0 -
1 3.7 924 46.9 none 0 95
2 57 840 283 trace - 95




sl ow cool -down in the sand bed so the conposition of the adsorbed species
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202 8.2 *Catal yst weight gain: 10.66g 55 Tr ap

Contents: 1.32g Reactor residue: 0.81 g Total Material Recovered: 89.4 w-%
7 EP 0 549 698 Bl As the above tabul ated data reveals, the lactide yield
(34% &btained in Stage 2 is higher than that obtained in Exanple 1. The

hi gher lactide yield conpared to Exanple 1 could have resulted fromthe
decreased percent water in the lactic acid feed. Recovered percentages of

| acti de were found to steadily increase during each stage. The overal
recovery of 89.4%of the material fed is |ower than the recovery in 5
Exanmple 1. In a duplicate run, the overall recovery of material fed was
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after 8.0 hours. The average CO concentration between 3.2 and 8 hours of
oper at is®on
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corresponds to 3.2 w-%lactic acid deconposition. The ratio of the lactide
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product |actide 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
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recorded at 6,000 ppm aft

4

hours 3,650 ppes af t@r

1.9 @ urs 3,550 ppm
after 6.8 hours; and 9, 000 oPpmlafter 10.8 hourls\® Thegca nsgmnom de
: > ~ 133
concentration, then 2 ~ o e
SEHdwvneo oo pL = 8
“EEnzse |zgii.
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The initial exotherm of 9°C decreased to 1°C at the end of the run. The observed lactide yields and
LD/CO ratios were lower than observed for the silica/alumina catalyst reported above. Accordingly, the next
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 mi/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 205°C. The nitrogen flow rate was 1,596 mi/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:
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appeared to decrease after the equilibration stage to a fairly constant
value at the nomnal [err] bed tenperature. The cal cul ated nol e percent

| actic acid deconposed was 3. 9% dEPiGAOMOB®Is 1 and 2. The ratio of the

| acti de yield obtained during Stage 2 to the nole percent lactic acid
deconposed was 6.7:1. 55 This ratio is 37% | ower than the ratio obtai ned
with the smaller sized catalysgt i n Exanple 2. Thus, the total yield
expect ed under recycle congvgions shoul d be S|gn|f|cantly hi gher with the
snmal | er size catal yst conpat® towhey use of [larger size catalyst for the
sanme reactor conditions. 8 QOIFR o539 698 Bl After 7.7 hours of operation
at QgprOX|nater [err] the te serature of th ‘catal yst bed was raised to
approximately [err] and mai 3Eag_th|s tgnmperature for 3.3 hours. The
total weight of materi al 17 over this jtine was 104% of the materia
fed during this sane tine ﬁkrgod ‘$|n1larly, the lactide yield of 44.6%

observegl for this time periodldis inflated by jthe fact that part of the

| actide col | ected probably g8
conducted at 205 C., i.e. §Ea
on the catalyst bed earlier” g
obtained at this tenperature
car bon ®ronoxi de production,?_d
the lactide yield to the nolieg
estimated to be no higher tha
was approxi mately 42 for St:
Thus erating at higher
caLgLy§F

unreacted | actic aci
clogglng of the | ower.Jl6
Exanpl g; 2, conpl ete i3 si h
because the renoved 181 cat§l
cl oggi ng probably occurre
did not increase during th
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fromtop to bottom The 8%@

S

E&é Higy ¥ 2

o f

Ié?cbi

arate of 16.5 m/hr with

a space tine of about 2.7
0.04 ft¥#¥sec. The reactor fgenpq
product was washed with o@
| acti de then was dried byzﬁ
P205. The filtrate was coI
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l-ac®y ¢ aci d |deconposi tion.
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The initial 15° C exotherm decrease and the reaction was 2°C 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

s0 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 mi/hr) was passed through a reactor containing 10-20 mesh of 98% gamma alumina

(Alfa, 90m2/g) held at a nominal bed temperature of 204 C. 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:
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reactor.
start-up stage suffered from 30
fromcal culations. In total,

512.9 g of product was coll ect ed for a 95.4% mass recovery.
| osses in the nitrogen sweep gas account for the shortage in nass
/.3 g materi al
#d to be primari
erla‘r & the gl
At ifo Sl found t

wat er
bal ance. This recovery |ncludeg
beads which was anal yzed and &
yi el d was about 78% (when the
L-1actide: meso- |actide wei ght 3
composite lactide product. The

(]

‘q

| ess than about 2% [err] The <~E
the detection limt in LD pr
ability to inprove yields of Ia

si gni fi @ant
51nthis run, 85%/l actic aci
whi ch contai ned a bed of 45
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of the tootal feed, and the sups
assenbly of Exanple 3) was appibg
are set forth below 50

St age (44934-25) Cunul ative La
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The | acti de
The

ion was found to be bel ow
recycle. Thus, the

‘By°a recycle process while avoiding

n- exchange resin held at a
wrate was 1,580 ml/ mn,
acid constituted 26.3 W -%
t hr ough the reactor (screen
/ sec. The results recorded

TABLE 4
ucts (g) Crude LD (g) LD
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0.11 ft

Yield CQQ Yield (mole-% Ti meﬁgr {FERAX9)
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Stages 2 and 3 filtrates were extracted with methylene chloride within one hour alter formation to yield

1, 580 5
35
£
=
HLE
§ =]
N © &)
8
3
2
45 A
the following quantities of lactide:
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m/mn, a space tine of 3.0 seconds, the weight percent organics in the
feed of 25.2 w-% and a superficial velocity of 0.11 ft/sec were

mai ntained in the run. The resul t EPOA4888Blare set forth below 15 20 25
30 35 40 45 50 55 10 EP 0549 698 1 10 [err] 50 two exanples test the
effect of the alumna carrier on |actide conversion and its selectivity.

EXAMPLE 7 In this exanple, 85% | actgislagi . (3p.7 m/hr) was fed to the
react or having the screen assenbly & g% appl e 3 and containing 10-20
mesh gamma al um na/silica gel (93@/g rlespectiyely) held at a nom nal bed
tenpergture of [err] The nitrogen Ry rate wuﬁs 1,596 mM/mn, the space
ti meswas 3 seconds, weight percen O ag) Ginjthe feed was 25% and the
superficial velocity was about O. 11Q /ceog The f.ollowing results were
recorded: 1 1 EP 0 549 698 Bl [ eThi! e inttial [err] exotherm decrease
and the reaction was [err] endotherm q at thejend run. Even though the LD
yi el d éropped during stage 2, a signifficant dfop in COresulted in the
hi ghest LD/ CO ratio observed 50 tpyough this fun. EXAMPLE 8 In this run
which utilized a reactor having o g tower 6 nesh screen and an upper 42
mesh screen, 55 85% | actic acid (&R0RnF/ &) pas passed through a reactor
contai ning 10-20 nesh of 99% gam&* algni na
15
55«3 e
>-E IR
v 20 om
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33:=¢8
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= =
e ©
2 =~
qEdZ 8 |T¢
&S |88
30 s &g
E E
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2:—
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35 E..- o n
mg e
. |2
g |8
i g B | §
~ § 8 £
L~ N §
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45

The initial exotherm of 12°C reduced to 1°C after 2.5 hours and was absent after 5 hours. This catalyst
serves to distinguish the relative effect of molybdenum (V1) 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

s0 those of Example 7 indicate that small silica quantities significantly decrease the LD/CO ratic 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

65 were found to have lower L-1D/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 siages 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
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(Alfa, [err] held at a nom nal bed tenperature of [err]. In this run, the
nitrogen flow was 1580 m/mn, the space tinme was 3.03 seconds, the weight
percent organic in the feed was 24EB® 549688 81e superficial velocity again
was approxi mately 0 11 ft/sec The follow ng results were recorded: 12

EP g ;549 698 eBl 5 #})‘Hgta esﬂ-Dgﬁng\Ps?if'—bl I tria%ﬁtg?\geefre exulr cte i

met hyl ene eft % r

quantiti esggﬁartlgé op¥ ant ultim g qD pI &¥c gnt?r sti Wl“]lsr{att? sh

'[Ot1el ;rglo?: Rvicpa dtlh Q%ﬁ\% ;§; ?(ﬂ?d ,fg‘mp z ca %rmongm nd
especi al’l thf%% m tya% 09 ﬂé‘?der 0 h| ﬁ

nagm
t han previ ously observe any ot er cat aI yst. These results and 50
t hose of BExgdigHLe o/ 1 ndi cate that small silica quantities significantly

decrease the COYCO rati o when using alum na/silica catalysts. Al um na

cat al ysto al omethia eferdleS uding theeredidd Rbrifiguration bPExample 8BSRABEIT atid (35|3LHN as pdskaya
m xt ur es. thivagh thé rdadtbrecnfainingn3 Jtirabedsilidatéd Pitlss eudsr (washad WillCvaét antl abstone) d /e
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| acti det™ue to the preferential solubilization of nmeso-lactide in cold
water. The total lactide yields (obtained frominitial washing/filtration
followed by filtrate extraction) fromboth stages is the sane (34.1% and
the overall L-LD/ neso-LD ratios are the sanme (95.5:4.5 for stage 1 plus
extract and 95.6/4.4 for stage 2 plus extract). If the assunption is 14
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made that racem zation occurs only in LD and nost LD was extracted before
it could hydrolyze to [err] these ratios represent the ultimte

L- LD/ neso-LD rati o expected after ERAP49BB BN cles. Interestingly, this
rati o appears to approach the 95/5 ratio achieved during the recycle study
reported in Exanple 4. These results indicate that nol ybdenum (VI) oxide

used in Exanple 6 may cat auyge car bon nonoxijde 5 formation, or the alum na
substrate used for nol ybd % (=VI gxi de in |Exanpl e 6 was prepared
differently than the gam‘r% uri ¥sed in tlhis exanple. EXAMPLE 9 to In
thi s.exanpl e, using the redéfor cdnfiguratidn of Exanple 8, 85%lactic acid
(3583 M/ hr) was passed thraoygh the reactor jcontaining 3 run borosilicate
gl ass beads (washed with vwgt®r and etone) |held at a nom nal bed
tenperature of 203 [err] rimgis run,|] the nitrogen flow rate was
1,580 m/min, the space Tli wds A. ¥ seconds within the void volume in the
gl ass heads, the weight percgnt organics in|the feed was 20.44% and the
superficial velocity was appgoximately 0.11 |ft/sec. The following results
were recorded: 15 20 25 3093} 40¥5°50 55 EP 0 549 698 B1 5 A [err] The
approximately 2 0 endot was"f)r&ent durli ng t he tire run. Some beads
had a tacky coating indicatifg that lactic gcid olig rizati on was
occurri’hg on the glass surfades. The use of [gl ass beaﬁs wi t hout any '
catal yst resulted in | owerQ&h yi -di t houghl @uch hi gher L- 55 LD neso-LD
rati os and LD/ CO rati os cqoNpgr ¢d e oot her. catgysts t@sted. 16 EP 0 549
698 Bl 2 9
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The approximately 2°C 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 o other catalysts tested. '
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EXAMPLE 10 In this exanple using the reactor screen configuration of
Exanple 3, 85%lactic acid (35.1 m/hr vvasgpass-ed t hrough an enpty reactor
mai ntai ned at a tenperature of aboﬁf’oz%‘fm 1 During this run, the nitrogen
5 flowwas 1,540 m/sec; the space tine was 10.4 seconds; the weight _
percent or 'Fq_Ei151 feed was 24.8% and the superficial velocity was about
0.11 ft/seg@hdo—eq. uilibration period was used in this experinent. The

fol l owi ng reginis SxaiiicCusing G Qﬁfﬂ sdBon] Shfiglrafiddf Exampled s6% 2t SROEHL rRIPHAL

of lacti d?p&@dﬁﬁr&%ﬁb tdaBtht é(ntaiﬁ&g‘éﬁéfﬁ?kn erhtire bf Ebo@ 0V, Bring i ruf tHéGtidgen
feed | agli flowakdsth,540 infisdeDind $pddd 16 weicd y@fnaermesoéw pEHBSNK braéhid i éek iwak 2481 he
reaglor prghdil sugerfidifleldciewaslh® @M 1 tBed Wb B4MibRABSh dofiod WA U¥EHIR fhidddkpsirheAt The

el evat ed t pigwngMsultsveraidrddd D yi el ds are | ow, selectivity for LD formation
over by-product formation (as neasured 5 by the very high LD CO ratio) and
| ack of LD racem zation (as nmeasured by the high L-LD:.nmeso-LD ratio)
appears o be nmaxim zed. The effe ofeal umijna catal yst, then, is to

i mprove LD yields, though at the ba3 er§e of Jal so increasing CO byproduct
formati on and LD racenization. SifReta gel and other catalysts likely also

inprove LD yields, though they incrgase CO by-product formation to a

greater extent. Neverthel ess, depegdi uponf the needs of the operator, LD
yi el d méXi nm zation or LD sel ectﬁg ator@ersion 1 maxi m zati on and control
of LD racem zation can be obtai Hed @y Yudi cijous 8el ecti on of the presence
and type of catalyst (and of coursé&qtenperatjure)¥ EXAMPLE 11 15 Thi s
run replicates the enpty reactor L& in Exanple go, except using the

reactor ,screen configuration of QEga
(340 m/hr) was fed to the enp

nitrogen flow rate was 1,580 m/se
wei ght percent organic in feed wﬁ&l% a

IIn thgs run, 85% Il actic acid

i nt azned at about [err] The

e t¥nme was 10.2 seconds; the
t superficial velocity was

approximately 0.11 ft/sec. 20 25 5035 :
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56
There was no exotherm evident during this run. Lactide yields are approximately the same as reported
for the glass bead run of Example 9, but the LD/CO ratio has substantially increased. The low lactide purity
of 74.7% resulted due to using a lower than normal proportion of cold wash water due to the relatively small
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18 EP O 549 698 Bl The followng results were recorded. [err] Again, no
exot herm was observed. These results in show very high LD CO and

L-LD: meso-LD ratios as in Exanple EB)°58R§9869130 show i ncreasi ng | actide
yield with t|rre Extraction of the filtrate obtained from55 stage 2

yi el ded ap

amgl 2 47 g solid which anal yzed as 90.5 wt-%LD. This
t .
Thi &1 eoupg ¥ «% fﬁ o &escgéveya@cj&ahgol,f ﬁm.d. 1584 fcat;.%& 5 SSL ge
in runs w h

Hié:% nt %’

&&51«5 R pmp G

catalys§ Bﬁhe vIJQ%erLﬁQiU ) aftf Lb obrﬁuzﬂi%@%@ h“L VD é‘sror rst
aquegus | gglehrs 16166 GhakifReld. \Mnbcehe&xéfthmrﬁm cabight, tRbn, is tE.m ov‘é4L9> §88s, Brbuge acth y
Vapor i Zes expefise Vol 236 iintRS4ingy CO ibgssductiofftiont 448 LDEREIiRHonC SHEH dol BRtSothel REtaIpsts I @

| actide pneBuasd inhies KRlydldy,Sthsughr ey MBle@SECO | y-HRddaS UidRktidnO to0 b | diéafsn tétehtl OM
vapor i zed Npweritidiessyiiopanding upda theaipbdahf the opdigtore LI yibls makaidativh ait 1D deRctivh esriversiohed
[err] whi claximigationandkednizal of hD cackrilzaion tdmcbeCabtainey oY judliciblisassisctioboe the prdséres lahd)h
vapor pr etype picatalysti(ddd oberpese techperetushat of [err] the LD forned on the

catal yst surface is rapidly and selectively 5 renoved by the heated
carrier gEAMPAtEdtyery high L-LD/ nmeso-LD ratios are approximate val ues since
the meso-LD concentratl on fell below the concentration range used for

cal i brdfi on ’ﬁr’ grélgate Rfy reagteyrubin |Exaniiey s ecppt uping the coaptprretean eonfigisation
little or %Ih ni"ZH i“lﬁ‘na%'&@ﬁ?"r@ﬂ’ @‘ho ’%‘”‘i‘slfﬂd 19 the. empty, geaptey, myjpieiged at about
per cent ag ) dtrqg %ﬂ ngz ? Osmcpﬁlg\e v%dg ogfis: theoweight percent
appr oxi maf’r@ﬂ/c'Bag WasT Pt 2P fuP ?cgyﬁ?seaggrﬂ’f' b%ﬁm al 85%[err]
The 10 L- LD/ nmeso-LD rati o of extracted stage 2 was found to be

apbum mately 285:1 which indicates that the meso concentration is so | ow
that little selective solubilization of nmeso-lactide occurs. These results
further indicate that LD can be nade w thout catalyst in high overall yield
if [err] recycle is enployed. Furthernore, LD can be made wi thout catalyst
with algost conplete retention of configuration of the aqueous lactic acid
fromwhich it is derived. 15 Claims 1. A nethod for nmaking |actide from
aqueous lactic acid feed which conprises 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

reacti @ zone mai ntained at el evated tenpera- .

36

50
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ture; and (c) withdrawing fromsaid reaction zone |actide, water, and
unreact ed aqueous lactic acid feed. 2. The nethod of claim1 wherein said
el evated tenperature is in the rangeP PE46¥BUt [err] to [err] 25 3. The
met hod of claim1 or 2 wherein said feed vapors are passed through said
vapor phase rﬁf‘?‘}tﬂ on zone with the aid of a carrier gas. 4. The method of
clai m 3 wher el "Y1A8 (RYI5 Wa'P reeaded, ik i ses nitrogen. 30 5. The met hod of
any precedi ng claimwherein said vapor phase reaction zone contai ns one or
nmore of an alum na catal ysggmsiligag or a zqolite. 6. Tgegnet hod of any
precedi ng claimfurther cw i $i gz] &he steplof: step (o Rassing said

w t Qdr awn 35 | acti de, _1;,1 oanE unr eactjed aqueous tic acid feed

t hrough a cold cycl one for paréﬁion. 7. THe nethod ofZafly preceding claim
wherein any oligomeric lacti¢ acid in said fleed is conv&£ed to one or nore
of [err] with water for itss§onv s-ison to it]s vapor pha.s.e.‘é 40 8. The

met hod ofe any precedi ng Qajun whey eBn sai d lfactic acid Eegd IS nmononeric
lactic acid (err). 9. A Tyel8cipRbcgss for king | acti ue:from aqueous

| actic acid feed which conpMlses the steps ¢f: (a) passgri® nake-up aqueous
|l actic acid feed into a vapegization zone allong with unfgacted aqueous
lactic acid filtrate froqmRpt hek shep of the process afj@therein form ng
aqueous actic acid fee 5 | o olapors by vaporizatiBfdin a heated gas
brs through a vapor phase r tion zone held at
ing lactide th

el evated tenperature for for

rein, (c) s@ rating | actide
from unreacted aqueous | agypf aci d‘LiItrate; aneb (d) pagng said filtrate
into saig vapori zation zo:ﬁl. nis R(a) of the bjocess."' Y 10. The cyclic
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Again, no exotherm was observed. These results again show very high LD/CO and L-LD:meso-LD ratios

as in Example 10, but alsoc show increasing lactide yield with time. Extraction of the filtrate obtained from

s5 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 L2A in the aqueous lactic acid feed which cyclizes and
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carrier gas.{clvithdmeingyizanh ezl rgfctien zoneraglidatieatesi and yereaitedaaveous laglia 9cid frepr | ses
nitrogen. 30 5. The nethod of any preceding claimwherein said vapor phase
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40 8. The method of any preceding claim wherein said lactic acid feed is monomeric lactic acid (L1 A).

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 Iactlc 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 concenirate the lactic
acid content thereof prior to being passed into said vaporization zone.
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1. Verfahren zur Herstellung von Lactid aus einem Ausgangsstoff aus wéBrlger Milchs#Aure, umfassend die
Stufen
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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 L1A, LzA, or L3A 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 (L1 A).

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 aqusous
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 filirate into said vaporization zone in step (a) of the process.
50
10. The cyclic process of claim 9 wherein said filtrate is subjected fo distillation to concentrate the lactic
acid content thereof prior to being passed into said vaporization zone.
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grace a th ga?™V kionzur Trenrung urpfat S* 4. Mt hode sel on Ia
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t hode sel 0” ig% QﬁeﬁneF 45 Wbk VB A0 LAQKERT sio b i Db ol ©
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produit d'alinmentation a base d'acide |actique agueux n'ayant pas reagi
dans un cydd. onafshienizah Heestslung voh NLactis @paisitem Alsgangsstdii due dvaibriged Milchsla® im Kreislauf,
guel congae desmfagsesddle Stafeh ons qui prdcedent, dans | aquelle un acide
| acti que (a) Leiten des ergénzien Ausgangsstoffs aus w#Briger Milchsiure zusammen mit Filirat der nichtum-
gesetzten wiBrigen Milchsdure aus einer anderen Verfahrensstufe in eine Verdampfungszone und
durch Verdampfen in einem erhitzten Gasstrom Bilden von Ausgangsstoffdimpfen aus w#Briger
Milchs&dure darin,
35 (b) Leiten dieser Ddmpfe durch eine auf erhdhter Temperatur gehaltene Dampfphasenreaktionszone,
um darin das Lactid zu bilden,
{c) Abtrennen des Lactids von Filtrat aus nichtumgesetzter wéBriger Milchséure und
{(d) Leiten dieses Filtrats in die Verdampfungszone der Stufe (a) des Verfahrens.

40 10. Kreislaufverfahren nach Anspruch 9, worin man das Filirat, um seinen Milchsfuregehalt aufzukonzen-
trieren, einer Destillation unterwirft, bevor es in die Verdampfungszone geleitet wird.

Revendications

45 1. Méthode de fabrication de lactide & partir d'un produit d'alimentation & base d'acide lactique aqueux,
qui comprend les étapes de :
(@) la conversion du produit d'alimentation & base d'acide lactique aqueux en sa phase vapeur par
vaporisation dans un courant de gaz chauffé ;
(b) le passage desdites vapeurs du produit d'alimentation dans une zone de réaction en phase
50 vapeur maintenue & température élevée ; et
(c) le prélévement, de ladite zone de réaction, du lactide, de I'sau et du produit d'alimentation 3
base d'acide lactique aqueux n'ayant pas réagi.

2. Méthode selon la revendication 1, dans laquelle ladite température élevée est située dans l'intervalle
55 allant d'environ 150° & 225°C.

3. Méthode selon la revendication 1 ou 2, dans laquelle lesdites vapeurs du produit d'alimentation
traversent ladite zone de réaction en phase vapeur gréce & un gaz vecteur.
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9. Procédé cyclique pour la fabrication de lactide & partir d'un produit d'alimentation & base d'acide
lactique aqueux, qui comprend les étapes de :

-\\/, 20 (a) passage de I'apport de produit d'alimentation frais & base d'acide lactique aqueux dans une zone
de vaporisation en m8me temps que le filtrat contenant I'acide lactique aqueux n'ayant pas réagi
provenant d'une autre étape du procédé, avec formation, dans la zone, de vapeurs de produit
d"alimentation 2 base d'acide lactique aqueux par vaporisation dans un courant de gaz chauffé ;

(b) passage desdites vapeurs dans une zone de réaction en phase vapeur maintenue & température
25 élevée dans laquelle se forme le lactide ;
 {c) séparation du lactide du filtrat contenant I'acide lacthue n'ayant pas réagi ; et
(d) passage dudit filtrat dans ladite zone de vaporisation de I'étape (a) du procédé.

10. Procédé cyclique selon la revendication 9, dans lequel ledit fillrat est soumis, avant de passer dans
30 ladite zone de vaporisation, & une distillation pour que I'acide lactique qu'il contient soit concentré.
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