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(57) Abstract: Processes that, make nitrogen-containing compounds include converting succinic acid (SA) or monoammonium suc-
cinate (MAS) derived from a diammoniurn succinate (DAS)- or MAS-containing fermentation broth to produce such compounds In-
cluding diammobmane (DAB), succinic dinitrile (SDN), succinic amino nitrile (SAN), succinamide (DAM), and related polymers.
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PROCESSES FOR PRODUCING BUTANEDIOL (BDO), DIAMINOBUTANE (DAB), FROM FERMENTATION
BROTHS CONTAINING AMMONIUM SUCCINATE

Technical Field
0017 This disclosure relates fo processes for producing nitrogen containing compounds
5 such as DAB, SDN and DAM from succinic acid (SA} and moncammonium $uccinate

{MAS) produced by fermentation,

Background

[0002]  Cerlain carbonaceous products of sugar fermentation are seen as replacements for
petroleum-derived materials for use as feedstocks for the manufacture of carbon-containing

10 chemicals, One such product is MAS.

[0003] A material related 1o MAS, namely SA, can be produced by microorganisms using
fermientable carbon sources such as sugars as starting materials.  However, most
commercially viable, succimate producing microorganisms described in the literature
peutralize the fermentation broth to maintain an appropriste pH for maximum growth,

conversion and productivity. Typically, the pH of the fermentation broth is maintained at o

Lanend
[F 0

ar a pH of 7 by intreduction of ammonium hydroxide into the broth, thereby converting the
SA to diammonium suecingte (DAS). The DAS muay be converied to MAS 1o derive MAS

from the fermentstion broth,
[0004) ushiki (Japanese Published Patent Application, Publication No. 2005-139156)
20 discloses a method of obiaining MAS from an agueous solution of DAS that could be
obtained from a fermentation broth to which an amrmonium salt is added as a counter jon.
Specifically, MAS is crystallized from an aqueous solntion of DAS by adding acetic acid to
the solution to adjust the pH of the solution 1o a velue between 4.6 and 6.3, causing impure

MAS to erystaliize from the selution.

Fed
(¥4

00057  Masuda (Japanese Unexamined Application Publication P2007-25 4334, Oct. 4,
2007) describes partial deammoniation of dilute agueons solutions of “ammonium suceinate”
of the formula HuNOQCCHCH.COONH,, From the molecular formula disclosed, it can he
seen that “ammonium succinate™ is diammonium suceingte, Masuda removes water and
ammonia by heating solutions of the ammonium succinate to yield a solid SA-based

0 composition containing, in addition to ammonium succinate, at feast one of MAS, SA,

(]

monoamide suceinate, succinimide, succinamide or ester succinate. Thus, It can be inferred
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that like Kushiki, Masuda discloses a process that results in production of impure MAS. The
processes of both Kushiki and Masuda lead to materials that need to be subjected to various
purification regimes {o produce high purity MAS.

[0006]  Bio-derived MAS and SA such as that derfved from MAS itself are platform
molecules for synthesis of a number of commercially important chemicals and polymers.
Therefore, it Is highly desirable to provide 8 purification technology that offers flexibility to
integrate clear, commercially viable paths to derivatives such as DAB, SDN and DAM. In
response to the tack of an econoniically and techaically viable process solution for converting
fermentation-derived SA/MAS fo DAB, SDIN, succinic amino aitrile {(SANY and DAM, 1t
could be helpful to provide methods for providing a cost effective SAMAS stream of
sufficient purity for direct hydmgenaﬁcn.

(00071 We further provide a process for making nitrogen containing compounds including
indirect conversion of SA to DAB by hydrogenation of 84 to L4-butanediol (BDO) and

amination of BDO to DAB.

Summary
[0008]  We provide a process for making nitrogen containing compounds of SA, including
{a) providing a clarified DAS-containing fermentation tyoth; {b) distilling the broth o form
an overhead that comprises water and ammonia, and a liquid bottoms that comprises MAS, at
Teast some DAS, and at least about 20 wit% water; (¢} cooling and/or evaporating the bottoms,
and optionally adding an antisolvent to the bottoms, to atiain a lemperature and composition
sufficient to cause the bottoms to ‘éeparatt: into 2 DAS-containing liquid portion and a MAS-
comtaining solid portion that is substantially free of DAS; (d) separating at least part of the
solid portion from the liguid portion; and {e} (1) contacting the solid portion with hydrogen
and optionally an ammonia source in the presence of at least one hydrogenation catalyst to
produce DAB; or (2) dehydrating at least & part of the solid portion to produce SDN; or {3)
dehydrating at least a part of the solid portion to produce DAM; and {f) recovering the DAB,
SDN or BAM.
[O006]  We also provide a process for making nitrogen coutaining compounds of SA,
including (8) providing a clarified DAS-containing fermemation broth; (b) distifling the broth
to form a first overhead that includes water and ammonia, and a first liguid bottoms that
includes MAS, at least some DAS, and at least abouwr 20 wi% water; (¢} cooling and/or

pvaporsting the bottoms, and optionally adding an antisolvent to the boltoms, to aftain a

2
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temperatire and composition suflicient to cause the botloms 10 scparaie into a DAS-
containing liguid portion and a MAS-containing solid portion that is substamtially free of
DAS; {d) separating the solid portion from the liguid portion; (o) recovering the solid portion;
{f) dissolving the solid portion in water to produce an agueous MAS solution; (g) distilling
the aqueous MAS solution at a temperature and pressure sufficient o form a second overhead
that includes water and anunonia, and a second hottoras that includes a major portion of SA,
a minor portion of MAS, and water: (h) cooling and/or evaporating the second bottoms to
cause the second bottoms to separate into a second liquid portion in contact with a second
solid portion that preferably vonsists essentially of SA and is substantially free of MAS: (1)
separating at least pact of the second solid portion from the second hquid portion; and {(j (1)
contacting the second solid portion with hydrogen and an ammonia source in the presence of
at teast one hydrogenation catalyst to produce DAB; or (2) dehydrating at least a part of the
second solid portion to produce SDN; or (3) dehydrating at least a part of the second solid
portion to produce DAM; and (&) recoverin g the DAB, SDN or DAM.
[0010] We further provide a process for making nitrogen containing compounds,
including {a) providing & clarified MAS-containing fermentation broth; (b) optionally, adding
1AS, DAR, SA, Nis, andfor NH;™ to the broth to preferably maintain the pH of the broth
below 6 (¢) distilling the broth to form an overhead that includes water and optionally
ammonia, and a liguid bottoms that includes MAS, at least sorme DAS, and at least about 20
wi% water; {d) cooling and/or evaporating the bottoms, and optionally adding an antisolvent
to the bottoms, to attain a temperature and composition sufficient 1o cause the bottoms {o
separate into a DAS-containing Houdd portion and a MAS-containing solid portion that is
substantially free of DAR; (e) separating at least part of the solid portion from the liquid
portion; and () (1) contacting the soiid portion with hydrogen and optionaily an ammonia
source in the presence of gt Jeast one hydrogenation catalyst to produce DAB; or (2}
dehydrating at least a part of the second solid portion to produce SDN; or (3) dehydrating at
ieast a part of the second solid portion to produse DAM; and (g) recovering the DAR, SDN
or DAM.
100117 We further yet provide a process for making nftrogen comtaining compounds,
including (&) providing a clarified MAS-containing fermentation broth; (b) optionally, adding
MAS, DAS, SA, NH;, and/or NIy to the broth to preferably maintain the pH of the broth

%

selow 6 (o) distilling the broth to form an overhead that includes water and optionally
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ammonia, and a Hgnid bottoms that includes MAS, at least some DAS, and at least about 20
wi% water: (d) cooling and/or evaporating the bottoms, and optionally adding an antisoivent
to the botioms, to atitain a lemperature and composition sufficient to cause the bottoms to
separate into a DAS-~containing liguid portion and a MAS-containing solid portion that is

substantially free of DAS; {¢) separating the solid portion from the liquid portion; and ()
recovering the solid portion; {g) dissolving the solid portion in water to produce an agueous
MAS solution; (1) distilling the aqeeous MAS solution at a temperatwre and pressure
wufficient to form 2 sceond overhead that includes water and ammonia, and & second bottoms
that includes a major portion of SA, & minor portion of MAS, and water; (i} cooling and/or
evaporating the second bottoms to cause the second bottoms o separate into a second liguid
portion in contact with a second solid portion that preferably consists essentially of SA and s
substantially free of MAS; (7) separating at least part of the second solid portion from the
second liquid portion: and (k) (1) contacting the solid portion with hydrogen and an smmonia
source in the presence of at least one hydrogenation catalvst to produce DAB; or (2}
dehydrating at least a part of the solid portion to produce SDN; or (3) dehydrating at lcast a

part of the solid portion to p}‘cduce DAM: and (1) recovering the DAB, SDN or DAM,

Brief Description of the Drawings

00121 Fig. ! schematically illustrates 3 fully integrated process for producing

——y

fopmentation-derived SA/MAS and further converting SA/MAS to DAB and SDN and
depicts two-stage deammoniation of DAS with a MAS erystailization step between the two
stages.

(00131 Fig 2 schematically iHustrates various pathways of converting MASR to DAB, SDN
and DAM, as well as other intermediates and derivatives.

{00141 Fig. 3 3 schematically illustrates various pathways of converting SA 1o BDO, DAB,
SON and DAM, as well as other intemmdiates and dertvatives.

{00151  Fig 4 is a graph shmw ing the solubility of MAS as a function of temperature in
both water and a 30% aqueous DAS solution.

{00161  Fig. § schematically illustrates selected reavtion pathways from DAS to DAB,

SDN and DAM and other selected downstrean produets.

o
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Detailed Description

(00171 It will be appreciated that at least a portion of the following description is intended
to refer to representative examples of processes selecied for ilustration in the drawings and is
nod intended to define or lmit the disclosure, other than in the appended claims,

{00181 Owr provesses mav be appreciated by reference to Fig. 1, which shows in flow
diagram form one representative example of our methods.

0019 A growth vessel, typically an in-place steam sterilizable fermentor, may be used to
grow a microbial culture (not shc;wn) that is subsequently utilized for the production of the
DAS, MAS, and/or SA -containing fermentation broth, Such growth vessels are known in
the art and are not further discussed.

100207 The microbial cullure may comprise microorganisms capable of producing SAs
from fermentable carhon sources such as carbohydrate sugars. Representative sxamples of
microorganisms include | Escherichia coli (E. eoli), Aspergitlus niger, {?of'y.sfzebas'cz‘erium
glutamicum {also called Brevibacterizen flavien), Enterococeus faecalis, Veillonella parvala,
Actinobocillus  succinogenss, Mannheimia  succiniciproducens,  Ancerpblospirillum
succiniciproducens, Paectlomyces Variotl, Saccharomyces cerevisige, Bavieroides fragilis,
Bacreroides ruminicolu, Bucteroides anvlophilus, Alealigenes ewfrophus, Brevibucterium
ammoniqgenes, Brevibacteriion lactafermentum, Candida brumprii, Candida catemdate,
Condida mycedermu, Candida zeylanoides, Candida paludigens, Condida sonorvensis,
Candida  wtills, Candida zevianoides, Debaryomyces hansenii, Fusarinm  oxysporumi,
Funsicola  lanuginosa, Kloeckera  apicuwlata, Khogveromyees  lactis,  Khigvercnpces
wickerhamii, Penicillion simplicissimum, Pichia anomala, Pickia besseyl, Pichia media,
Pichia  guilliermondii, Pichie Inpsitovora, Pichia stipidis, Suaccharemyces bayvanus,
Sehizosaccharomyees pombe, Torulopsis candida, Yarvowia lipolytica, mixtures thereof and
the like.

(00217 A preferred microorganism is an E coli strain deposited at the ATCC under
accession mumber PTA-5132. More preferred is this strain with its three antibiotiz resistance
genes {cat, amphl, tet4) removed. Removal of the antibiotic resistance genes caf {coding for
the resistance 1o ciﬂm‘amphenimﬂ}, and amphl (coding for the resistance 10 kanamycin} can
be performed by the so-called “Lambda-red (A-red)” procedure as described in Datsenko KA
and Wanner BL., Proc. Natl. Acad. Sci. U S A 2000 Jun 6; $7(12) 6640-5, the subject matter

d
of which is incorporated herein by reference. The tetracycline resistant gene setd can be

i
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removed using the procedure originally desertbed by Bochner et al,, J Bacteriol, 1980
August; 14302y 926-933, the subject matter of which is incorporated herein by reference.
Glucose is a preferved fermentable carbon source for this microorganism.

100221 A fermentable carbon source (e.g., carbohydrates and sugars), optionally a source
of nitrogen and complex nuirients'(e.g., corn steep liguor), additional media components such
as vitamins, salis and other materials that can improve cellular growth andior product
formation, and water may be fed to the growth vessel for growth and sustenance of the
microbial culture,  Typically, the microbial culiuwre is grown under acrobic conditions
provided by sparging an oxygen-rich gas {e.g., air or the like). Typically, an acid {(e.g.,
sulphuric agid or the like) and ammoenium hydroxide ave provided for pH control during the
growth of the microbial culture.

(00231 In one example (not shown), the acrobic conditions in the growth vessel {provided
by sparging an oxygen-rich gas) are switched to anaerobic conditions by changing the
oxygen-rich pas to an oxygen-deficient gas {e.g. CO; or the like). The anamobic
environment triggers bioconversion of the fermentable carbon sowrce to SA fr sify in the
growth vessel, Ammonium hydroxide is provided for pH control during bioconversion of the
fermentable carbon source to SA. The SA that is produced is &t least partially neutralized to
DAS due to the presence of the ammonium hydroxide, leading to the production of a broth
comprising DAS. The CO; provides an additional source of carbon for the production of SA.
[0024]  In another example, the conterts of the growth vessel may be transferred via g
sireant 1o a separate hioconversion vessel for bioconversion of a carbohydrate source to SA,
An oxygen-deficient gas {e.g., CO; or the like) is sparged in the bioconversion vessel to
provide anaerobic conditions that trigger production of SA.  Anmmonium hydroxide is
provided for pH control during bioconversion of the carbohydrate source to SA. Due 1o the
presence of the ammonium hydroxide, the SA produced is at least partially neutralized 1o
DIAS, leading to production of a broth that comprises DAS. The €O, provides an additional
souree of carbon for production of SA.

[0025]  Inanother example, the bioconversion may be conducted &t relatively low pH {e.g.,
310 6). A base {ammonium hydroxide or ammonia) may be provided for pH control during
bioconversion of the carbohydrate scurce 16 SA. Depending of the desired pH, due to the
presence or lack of the ammonium hydroxide, either SA is produced or the SA produced s at

feast partially neuvtralized to MAS, DAS, or a mixture comprising SA, MAS and/or DAS,
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Thus, the SA produced during bloconversion can be subsequently neutralized, optionally n
an additional step, by providing either anunonia or ammonium hyvdroxide leading to a broth
comprising DAS, As a c»onseqﬁience, 2 “DAS-containing fermentation broth™ generally
means that the fermemtation broth comprises DAS and possibly any nwnber of other
components such as MAS andfor 8A, whether added and/or produced by bioconversion or
otherwise,  Similarly, & “MAS-containing fermemtation broth” generally means that the
fermentation broth comprises MAS and possibly any mumber of other components such as
DAS and/or SA, whether added and/or produced by bloconversion or otherwise.
(00267  The broth resultdng from the bioconversion of the fermentable carbon source {in
either the growth vessel or the bioconversion vessel, depending on where the bioconversio
takes place), typically contains insoluble solids such as cellular biomass and other suspended
material, which are transferred via a stream to a clarification apparatus before distillation.
Removal of insoluble solids elanifies the broth.  This reduces or prevents fouling of
subsequent distillation equipment. The insoluble solids can be remwved by any one of
several solid-liguid separation techniques, alone or in combination, including but not limited
to, centrifugation and filtration (including, but not limited to ultra-filtration, micro-filtration
or depth filtration). The choice of filtration can be made using fechniques known in the art,
Seluble inoprganic compounds can be removed by any number of known methods such as, but
niot limited to, fon-exchange, physical adsorption and the like.
[0027]  An example of centrifugation is a continuous disc stack centrifuge. It may be
nseful to add a polishing filtration step following centrifugation such as dead-end or cross-
flow filtration that may include the use of a filter aide such as diatomacecus earth or the like,
or more preferably ultra-filtration or micro-filtration. The uhra-filiration or micro-filiration
membrane can be ceramic or pul*vmm for example. One example of & polymeric
membrane is 3¢IRO MPS-U20P (pH stable ultra-filtration membrane} manufactured by Koch
Membrane Systems (850 Main Street, Wilmington, MA, USA). This is a commercially
available polyethersulfone membrane with a 25,000 Dalton molecular weight cut-off which
typically operates at pressures of 0.35 to 1.38 MPa (maxinmum pressure of 155 MPa) and at
temperatures up o 50°C.  Alternatively, a filtvation step may be employed, such as vlira-

filtration or micro-filiration alone.
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[0028] The resulting clarified DAS-containing broth or MAS-containing  broth,
substantially free of the microbial culture and other solids, is transferred via a stream io a
distilation apparatus,
100297 The clarified distiliation broth should contain DAS and/or MAS in an amount that
is at least a majority of, preferably at least about 70 wi¥e, more preferably 80 wi% and most
preferably at least ghout 90 wi% of all the diammoninm dicarboxylate saits in the broth. The
concertration of DAS and/or MAS as a weight percent {wid) of the total dicarboxylic acid
salts in the fermentation broth can be casily determined by high pressure Hguid
chromatography (HPLC) or other known means.
{00307 Water and anumonia are removed from the distillation apparatus as an overhead,
and at least a portion is optionally recycled via a stream: to the boconversion vessel {or the
growth vessel operated in the anacrobic mode), Distillation temperature and pressure are not
critical as long as the distillation is camied owt in & way that ensures that the distillation
overhead contains water and ammonia, and the distitlation bottoms comprises at least some
DIAS and at feast about 20 wid% water, A more preferred amount of water is at least about 3¢
wi% and an even miore preferred amount is at least about 40 wi%. The rate of ammonia
removal from the distillation step increases with increasing temperatwe and alse can be
increased by injecting steam (not shown) during distillation. The rate of amroonia removal
during distillation may also be increased by conducting distillation under a vacuum or by
sparging the distillation apparatus 'with & non-reactive gas such as air, mitrogen or the ke,
00317 Removal of water during the distillation step can be enhanced by the use of an
organic azectroping agent such as toluene, xylene, cyclohexane, methyl cyclobexane, methyl
jsobutvl ketone, heptane or the like, provided that the bottoms contains at least gbout 20 wilh
water, If the distillation is carried out in the presence of an organic agent capable of forming
an azeotrope consisting of the water and the agent, distillation produces a biphasic boitoms
that comprises an agueous phase and an organic phase, in which case the aqueous ;}hase can
be separated from the organic phase, and the aqueous phase used as the distillation bottoms.
Byproduets such as succinamic acid, succinamide and succinimide are substantially avoided
provided the water level in the hottoms is maintained at a level of at least abowt 30 wi%s
00321 A prefered temperature for the distillation step is in the range of abowt 30°C o
about 300°C, depending on the pressure. A more preferred temperature range is about 80°C

to shout 150°C, depending on the pressure. A distillgtion temperature of abowt HOC to
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about 140°C is preferred. “Distillation temperature” refers to the temperature of the botioms
{for batch distiliations this may be the temperature at the time when the last desired amount
of overhead is taken).

{00331 Adding a waler miscible organic solvent or an ammonia separating solvent
factlitates deammoniation over a variety of distillation lemperatures and pressuves as
discussed above. Such solvents mnclude aprotic, bipolar, oxygen-containing solvents thal may
be able to form passive hy‘d-mgen bonds. Examples include, but are not limited to, diglyme,
wighyme, tetraglyme, propvlene glveol, sulfoxides such as dimethylsulfoxide (DMSO},
laciones such as garoma-butyrolactonee (GBL), amides such as dimethylformamide (DME)
and dimethylacetamide, snifones such as dimethylsulfone, sulfolane, polyethvieneglyeol
(PEG), butoxytriglyveel, Nemethylpyrolidone (NMP), ethers such as dioxane, methyl ethyl
ketone (MEK) and the like. Such solvents aid in the removal of ammonia from the DAS or
MAS in the clarified broth. Regardless of the distillation technigue, it is important that the
distillation be carried out in a way that ensures that at Teast some DAS and at least about 20
wi% water remain in the bottoms and even more advantageonsiy at least about 30 wite

{3034} The distillation can be performed at atmospherie, sub-atmuspheric or super-
atmospheric pressures. The distillation can be a one-stage flash, a multistage distillation (e,
a multistage cohwmnn distillation) or the like. The one-stage flash can be conducted in any
type of flasher {e.2., a wiped film evaporator, thin film evaporator, thermosiphon flasher,
forced circulation flasher and the like). The multistages of the distillation colunin can be
achieved by using trays, packing or the like. The packing can be random packing (e.g.
Raschig rings, Pall rings, Berl saddles and the like) or structured packing (e.g., Koch-Sulzer
packing, Intalox packing, Mellapak and the like). The trays can be of any design (e.g., sieve
trays, valve ways, bubble-cap trays and the like). The distillation can be performed with any
numnber of theoretical stages

(00351 If the distillation apparatos i3 a colamn, the configuration is not particularly
critical, and the column can be designed using well known criteria.  The column can be
operated in either stripping mede,. rectifying mode or fractionation mode. Distillation can be
conducted in etther batch or continuous mode.  In the conmtinuous mode, the broth s fad
contimuously into the distillation apparatus, and the overhead and bottoms are contintously
removed from the apparatus as they are formed. The distilate from distillation i an

ammonia‘water solution, and the distillation bottoms s a Hquid, agueous solution of MAS
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and DAS, which may also confain other fermentation by-product salls (Le., ammonium
acelate, anunoniwsn formate, ammoninm factate and the like) and color bodies.

10036]  The distillation bottoms can be transforred vig a stream 1o a cooling appavatus and
conled by conventional techniques. Cooling technigue is not eritical. A heat exchanger (with
heat recovery) can be used. A flash vaporization cooler can be used to cool the bottams to

-9 50

about 157°C. (Zmﬁing to <15°C typically employs a refiigerated coolant such as, for example,
giveol solution or, less preferably, hrine. A concentfration step can be included prior to
cooling to help increase product vield. Further, both concentration and cooling can be
combined using methods koown such as vacuum evaporation and heat removal using
integrated cooling jackets and/or external heat exchangers.

(00377 We found that the presence of some DAN in the liguid bottoms facilitates cooling-
induced separation of the bottoms into a Hquid portion in contact with a solid portion that at
least “consists essentially” of MAS (meaning that the solid porfion is at least sobstantially
pure orystallive MASY by ‘re{’iucing the solubility of MAS in the lquid, squeous, DAS-
containing bottoms. Fig. 4 illustrates the reduced solebility of MAS in an aqueous 30 wi%
DAS solution at various temperatures ranging from 0°C to 60°C. The upper curve shows that
even at 0°C MAS remains significantly soluble in water (e, about 20 wi% in sgueous
solution). The lower curve shows that at 0°C MAS is essentistly insoluble in a 30 wi%
aquecus DAS solution. We discovered, therefore, that MAS can be more completely
crystallized out of an agueocus solution if some DAS is also present in that solation. A
preferred concentration of DAS in such a selution is in the ppm to about 3 wit% mnge. This
allows crystallization of MAS (Le., formation of the solid pertion of the distillation bottoms}
at temperatures higher than those that would be required in the absence of DAS.

{00381 When about 50% of the ammonia is removed from DAS contained in an agueous
medinm the succinate species establish an equilibrivm molar distribution that is abowt

&

0.1:0.8:0.1 in DASMAS:SA within a pH range of 4.8 to 5.4, depending on the operating

temperatare and pressure. When this composition is concenirated and cooled, MAS exceeds

{ts solubility limit in water and crystallizes. When MAS undergoes a phase change fo the

scolid phase, the liguid phase equilibrium reseis thereby producing more MAS (DAS donstes

an ammoniam ion o 8A). This causes more MAS to crystaliize from solntion and continues
unti! apprecigble guantities of SA are exhausted and the pH tends to rise. As the pH rises, the

liquid phase distribution favors DAS. However, since IDAS is highly soluble in water, MAS

10



14

i3

(283
(%5

WO 2012/158180 PCT/US2011/049682

continues to crystallize as its solubility is lower than DASX. In effect, the lguid phase
equilibrium and the ligonid-solid equilibria of succinate species act as a “pump” for MAS
crystallization, thereby enabling MAS crystailization in high yield.

{003¢] In addiion to cooling, evaporation, or cvaporative cooling described above,
crvstallization of MAS can be enabled and/or facilitated by addition of an antisolvent. In thiy
context, antisoivents may be solvents typically miscible with water, but cause crystallization
of a water soluble sall such as MAS due o lower solubility of the salt 1w the solvent
Solvents with an antisolvent effect on MAS can be aleohols such as ethanol and propanol,
ketones such as methyl ethyl ketone, ethers such as tetrahvdrofuran and the tike. The use of
antisolvents is known and can be used in combination with cooling and evaporation or
separately.

{30401 The distillation hottoms, after cooling in the cooling unit, is fed via a stream to a
separator for separation of the solid portion from the Hguid portion. Separation can be
accomplished via pressure filiration {e.g., using Nutsche or Rosemmond type pressure filters),
centrifugation and the like. The resulting solid product can be recovered as a produet and
dried, if desired, by standard methods.

00411 After separation, it may be desirable to treat the solid portion 1o ensure that no
liquid portion remains on the suwrface(s) of the solid portion, One way to minimize the
amount of liquid portion that remains on the swrface of the solid portion is to wash the
separated solid portion with water and dry the resulting washed solid portion. A convenient
way 1o wash the sclid portion is o use a so-called “basker centrifuge” Suitable basket
centrifiges are available from The Western States Machine Company (Hamilton, OH, USA}.
(00427 The liguid portion of the distillation bottoms (1.2, the mother liquor) may contain
remaining dissolved MAS, any unconverted DAS, any fermentation byproducts such as
armnonium acetate, lactate, or formate, and other minor impurites. This Hauid portion can
be fed via a stream 1o a downstream apparatus, In ong instance, the downsiream apparatus
may be g mweans for making a de-leer by treating in the mixture with an appropriate amount of
potassivm hydroxide, for example, to convert the snwnonium salis fo potassium salis,
Ammonia generated in this reaction can be recovered for reuse in the bioconversion vessel
{or the growth vessel operating in the anaerobic mode). The resulting mixture of potassium

saits is valuable ax a de-iger and angi-icer.
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{00431  The mother liquor frem the solids separation step, can be recyeled {or partially
recycled) to the distillation apparatus via a siveam o further enhance recovery of MASK, as
well as further convert DAS o MAS.

{00441  The selid portion of the cooling-induced crystallization is substartially pure MAS
and 15, therefore, uselfdd for the knowy utilities of MAS.

{0045]  HPLC can be used to detect the presence of nitrogen-containing impurities such as

succinamide and succinimide. The purity of MAS can be determined by elemental carbon
and oitrogen analysis.  An ammonia electrode can be used to delermuine a crude
approximation of MAS purity.

{00461 Depending on the circumstances and various operating inputs, there are mstances
when the fermeniation broth may be a clarified MAS-containing fermentation broth or a
clarified SA-containing fermentation broth. In those circumsiances, it can be advantageous to
add MAS, DAS, SA, ammonia and/or ammonium hydroxide to those fermentation broths fo
facilitate the production of substantially pure MAS, For example, the operating pH of the
ferroentation broth may be oriented such that the broth is & MAS-containing broth or a 8A-
containing broth, MAS, DAS, SA, ammonia andfor ammonium hydroxide may be optionally
added to those broths to facilitate production of the above-mentioned substantially pure
MAS, For example, the operating pH of the fermentation broth may be oriented such that the
broth 18 a MAS-containing brath or 2 SA-containing broth. MAS, DAS, SA, ammonia,
and/or ammoniom hydroxide may be optionally added to those broths io attain a broth pH
preferably below 6 to famidatg production of the shove-mentioned substantially pure MAS.

Also, it is possible that MAS, DAS and/or 8A from other sources may be added as desired.
In one particuiar form, it is especially advantageous o recyele MAS, DAS and water from
the Hquid bottoms resulting from the distillation step andfor the lquid portien from the
separator into the fermentation broth, In referring fo the MAS-containing broth, such broth
generally means that the fermentation broth comprises MAS and possibly any number of
other components such as DAS andfor SA, whether added and/or produced by bioconversion
or otherwise.

(30477 The solid portion can be converted into SA by removing amumonia. This can be
carried out as follows, The solid portion {consisting essentially of MAS) obtained from any
of the above-deseribed conversion processes can be dissoived in water to produce ah aguieous

MAS solution. This solution can then be distilied at a temperature and pressure sufficient to
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forme an overhead that coraprises water and ammonia, and a bottoms that comprises 3 major
portion of 8A, a minor portion of MAS and water, The bottoms can be cooled 1o cause it to
separate into a liguid pertion in contact with a solid portion that consists essentially of SA
and is substantially free of MAS. The solid portion can be separated from the second Hguid
portion and recovered as substantially pure SA as determined by HPLL.

100487 Streams comprising SA, MAS and/or DAS as described above may be converted to
selected downstream products such as nitrogen comtaining compounds including btut not
limited to DAB, SDN, DAM and the Hke as described below and illustrated in Fig. 2 and Fig.
3. In initigting those processes, typically the SA, MAS and/or DAS may be dissolved in
water to form an aguecus solution thereof which can be directly fed o the downstream
reactor.

(00491 The SA, MAS or DAS may be converted to SDN directly or indirectly through the
intermediate DAM by dehydration.  Such dehydrations may be achieved thermally,
enzymaticallv or in the presence of catalysts. Thus, appropriate temperatures, pressures and

catalvsts are selected to achieve the sppropriate level of dehvdration, depending on whether

o7

the conversion o SN oceowrs divectly or indirectly.

{00507 For example, the conversion can employ an appropriate dehydrating catalyst such
as geidie or basic catalysts, including phosphates as disclosed in US 4,237,067 and supported
catalvsts utilizing T, V, Hf or Zr on clays or alumina as disclosed is US 5,587,498, Such
catalysts are typically emploved at temperatures of 220°C to 350°C at pressures of 170 — 600
psig, for example.

(00517 Altematively, dehydration can be achicved thermally as disclosed in US 3,296 303,
wherein acids plus an ammonia source are thermally dehydrated in the presence of glycod
solvents at temperatires of 100°C to 130°C at pressures of 150 to 200 psig.

F0053]  As a consequence, SA, MAS or DAS may be dehydrated directly to SDN or
indirectly to SDN by the intermediate DAM. Then, once SDN is produced, it is possible 1o
convert SIIN directly to an amine such as DAR or to indivectly convert SDN 10 DASB through
the intermediate SAN.

{00531 For example, direct conversion frora SDN 1o DAB can be achieved it any munber
of ways such as disclosed in US 6,376,714, wherein dinitriles in the presence of hydrogen

and an ammonia source are converted wilizing catalysts such as Fe, Co, Ni, Rh or Bd
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promoted with Ra, Cr or W gt temperatures of 50°C to 150°C at 300 to 1500 psig. The result

is high yields of the diamine, in this case DAB.

grnron,

003547 Similarly, US 4,003,933 converts nitriles to amines with hydrogen over a Co/Zr(3;
catalyst at 120°C 10 130°C and at |
TiCh or Zr0s.

JOG55]  The indirect conversion of SDN o SAN can be achieved by selecting appropriate

500 psig. Other catalysts may include Fe, Bh, Irand Pton

hydrogenation conditions such as those disclosed in US 5,151,543, wherein nitriles are
converted to amino nitriles, in this case SDN to SAN, utilizing RANEY catalysts such as Co
or Ni promoted with Fe, Cr or Mo with hydrogen and an ammonia source at 50°C to 80°C at
pressures of 250 to 1000 psig.
[0036)  Similarly, the amino nitrﬁe or diamino compounds can be co-produced from
dinitriles such as those disclosed tn US 7,132,562, US 362 wibizes Fe, Co, Ry, Ni catalysis
modified with Cr, V., Ti or Mn at temperatures of S0°C to 250°C and 3000 o 5000 psig to
achieve high yields and selectivity to the diamine or amino nitrile. The catalysts may alse be
modified with ordinary P or N with HON, or CO and hydrogen and an ammionia source.
[0057] It is also possible o convert SA, MAS or DAS directly to diamines such as DAB
directly or indirectly through D AM. For example, US 2,223,302 discloses the conversion of
acids to amines with hyvdrogen and an ammonia source or alky! amines with a Cd or {u
catalyst at temperatures of 200°C to 450°C at pressares of 10 to 300 ATM. Similarly, US
3,579,583 discloses the conversion of dicarboxylic acids to amines, particularly allyt amines,
utilizing hydrogen and an ammonia source at temperatures of 200°C to 300°C at pressures of
100 — 300 ATM in the presence of a Zn-AlLO; or Zn-Cr catalyst.
00581 Fuither, US 4,935,546 discloses the conversion of acids 1o amines with hydrogen
and an ammonia source in the presence of a Co, Cu or Cr eatalyst on a TiO; or Al support
at temperatures of 250°C to 350°C and at pressures of 20 to 150 bar.
00591 Indirect conversion of SA to DAB may also be achieved by hy rogenation of SA
to 1.4-butancdiol (BDO), as shown in Fig. 3. Amination of BDO to DAB can be conducted
by the use of a suitable catalyst and an ammonia source. For example, suitable catalysts and
reaction conditions for amination of BDO include zirconium, copper and nickel catalysts
disclosed in 1S 6.057.442 and suitable conditions include 80 10 300°C and pressure of 0.1 to

40 MPa.  Suitable catalysts and reaction conditions for this pathway are alse disclosed in

14
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WO97/35834 and include contacting BDO and ammonia in the presence of a catalyst, that
muay include plativum, rhentwn, cobalt, molybdenum, nickel, tungsten or palladivnu

(00601 Onee the conversions to DAB and SAN have heen completed, it is also possible to
convert those compounds info noiyaxmde—vtypg compounds in any number of ways known in

the art. Representative examples include the following conversions. Polvamides may be
produced from amino nitriles such as SAN. One example of conversions of this type may be
found in US 5,109,104 which converts an omega amino nitrile in the presence of an
oxygenated phosphorus catalvst with water. This s generally achieved in a several-siep
conversion at temperatures of 200°C to 330"C and at pressures ranging from 250 to 350 psig.

{00611 An alternative methodology is disclosed in US 6,958,381, wherein a starting
monomer such as SAN may be polymerized into 8 polyamide in the presence of a ¢hain
regulator containing a nitiile group and a functional group capable of forming a carboxamide
group.

[0062]  Polyamides may also be formed from the diamines such as DAB. wherein the
DIAR is polymerized with a dicarboxylic acid or ester to form the polyamide. The preferred
dicarboxylic acids have a chain length of Ci to Cro. The dicarboxylic acid or ester may be an
aromatic dicarboxylic acid or ester or I may be an alkyl dicarboxylic acid.

[00683]  The subject matter and contents of the above-mentioned US Patent Nos. 4,237,067,
5.587.498; 3.296,303; 6,376,714; 4,003,933, 5,151,543; 7.132,562; 2.223,303; 3.579.583:

4.935,546; 5,109,104, and 6,958,381 are incorporated herein by reference.

Examples

[0064]  Ow provesses are illustrated by the following non-limiting reprosentative
examples. In a number of the examples, a synthetic, aqueous DAS solution was used wn place
of an actusl clarified DAS-contsining formentation broth, Other examples use an actual
clarified DAS-containing fermentation broth.

[0065]  The use of a synthetic DAS solution is believed to be a good model for the
behavior of an actual broth in owr processes because of the solubility of the typical
fermentation by-products found in actual broth.  The major by-products pr@duced during
fermentation are ammonium acetate, ammonium lactate and ammonium formate. I these
tmpurities are present during the distillation step, one would not expect them to lose ammonia
and form free acids in significant quantities until all of the DAS had been converted to MAS,

This is because acetic acid, lactic acid and formic acid are stronger acids than the second acd

ol
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group of SA (pKa = 5.48). In other words, acetate, lactate, formate and even monohydrogen
succinate are weaker bases than the dianion succinate.  Furthermore, ammonium acetate,
ammonium lactate and ammonivm formate are significantly more soluble in water than MAS,
and each is tvpically present in the broth at less than 10% of the DAS concentration. In
addition, even if the acids {acetic, formic and lactic acids} were formed during the distillation

LY

step, they are miscible with water and will not erystallize from water. This means that the
MAS reaches saturation and crystallizes from solutton (le., forming the solid portion),

leaving the acid impurities dissoived in the nother liguor (1., the higuid portion),

Example |

[0066] This example demonsirates conversion of a portion of DAS inle MAS via
distillation and recovery of MAS solids from distillation bottoms liguid via cooling-induced
crystallization,

[0067] A three neck SO0 mL round bottom flask was fitted with a thermometer and Dean
Stark trap topped with a reflux condenser. The vent from the reflux condenser went to &
scrubbing botile which contained 100g of a 1.4M acetic acid solution. The flask was charged
with 400g of a 10% DAS aqueous solutien (pH 8.3), The contents of the flask were stirred
with a magnetic stirrer and hegted with a heating mantle to distill off 320.6g of distillate {an
aqueons ammonia solution) which was removed via the Dean Stark trap.  Analysis of the
distillate indicated that about 20% of the contained ammonia had been removed from the
charged DAR during distillation (.., the salts in the bottoms liquid were about 40% MAS
and about 60% DAS) Only traces of ammonia were found in the scrubbing botile. The final
temperature of the pot as the last drop distilled over was 110°C. The residue (bottoms Hquid)
in the pot {73.4g which was about 53% water) was placed in a flask and allowed fo cool ©
room temperature overnight. Upon cooling to room temperature, white needles of MAS were
formed. The white solids were separated via vacuum filtration, yielding l4g of wet crystais
{solid portion) and 56g of mother Hquor (liquid portion). A portion of the wet crystals (7g)
was dried overnight in a vacuum oven, yielding 6g of dried solids which contained 3.4%
water as determined by Karl-Fisher analysis. Analysis of the solids portion with HPLC
revealed that the solids portion was free of non-MAS nitrogen-containing impuwities (e.8.,

succinimide and succinamide}.
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Example 2

[0068]  This example demonstrates mother Hauor recyele.

00691 A 1-L round bottom fask was charged with 800z of a synthetic 4.53% DAS
solution, and then a distillation head was attached to the flask. The contents of the flask were
distilled al aimospheric pressure leaving 67g of residue {(boltoms liguid) in the fask. The
bottoras Hiquid contained approximately 45% water.  Ammonia analyses of the distillates
indicate that the first distiliation cycle removed about 29% of the ammonia, making a8 42/5%
maelmol mixture of DAS and MAS. The residue {bottoms liquid) was then removed from the
flask and placed in a beaker equipped with a water bath. The beaker contents were cooled to
20°C with stirring. Once the residus reached 20°C, it was sesded with a fow crystals of MAS
and allowed {o stir for 30 minutes. The temperatuze of the bath was then lowered to 15°C and
held for 30 minutes. The temperature was then lowered to 10°C and held for 30 minuates.
The temperature was then cooled to 5°C and held for 30 minutes and finally to 0°C where it
was held for 30 minutes. The shurry {consisting of solid and Lguid portions) was then quickly
filtered using a pre-cooled sintered glass fiter funnel and vacuum flask. The solids were
dried in 2 vacuum oven vielding 13.9g of dry MAS solids. The mother liguor (liquid portion,
47.2g} was then combined with R00g of synthetic 4.5% DAS solution and distilled, leaving
6.6 of restdue (bottoms liquid). In the second distilintion (L., mother lignor recycle run)
about 28% of the ammonia from the total amount of DAS present was removed, The residue
(bottoms liquid) was then cooled {crystailized) in a similar manner. However, the solution
became cloudy at 46°C, so it was seeded at 46°C and sllowed to slowly cool to room
temperature overnight while stirring. The next day the teimnperature was slowly ramped down
by 3°C increnents to 0°C. The shury {solid and Hguid portions) was filtered as before, and
the solids dried, vielding 23.5g of MAS solids, This is equal to about a 75% recovery of the
SA cquivalents in the 800g of fresh DAS solution distifled. The recovered solids from the
first oycle were 93% MAS (about 5% water). In the second cyele, the solids were 97% MAS

{(zbout 3% water). The mother Hguor from the second eyele contained 28.8% SA equivalents

Example 3
(00701 This example demonstrates the absence of amide and inide species in the solid

portion of cooled distillation bottoms,

17
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{00711 A 1-L round bottom flask was charged with 800g of a synthetic 4.5% DAS

solution. The flask was fitted with & five tray 17 Oldershaw section which was capped with a

distitlation head. The distilate was collected in an ice cooled rereiver. The contents of the
flask were heated with a heating mantel and stirred with a2 magnetic stirver. The comtents of
the flask were distilied giving 7 721. 1g of an overhead distillate and 72.2g of a Hquid residue in

the flask {i.e. distiliation bottoms}. The agueous smmonia distillate was titrated reveslin

(}?'“

0.34% ammonia content {L.e., about 55% conversion of DAS t» MARS). The hot distiliation
bottoms {(approximately 47% sali solution of DAS and MAS) were then placed ina 125 mb
Frienmever flask and allowed to cool slowly to room temperature while stirring over might,
The next moming the cloudy solution was cooled to 15°C and held for 60 minutes, then
cooled to 10°C and held for 60 minutes and finally cooled to 5°C and held for 60 mimses
while stirring. The resulting white slurry was filtered yielding 12.9g of wet orystals and
55.3g of mother liquor. The crystals were dissolved in 25.8g of distiled water, HPLC

nalysis of the crystal solution revealed no detectable amounts of amide or imide species.
However, HPLC analysis of the mother Hauor revealed a trace of succinamic acid, but no

detectable succinamide or succinimide,

Example 4
[00721  This example produces a solid portion of 2 cooled distillation botioms that consists
essentially of MAS and is sebstantially free of DAS,
00731 A three neck 1-L round bottom flask was fitted with an addition funnel and a 17
five tray Oldershaw column which was capped with a distillation head. An ice cooled
teceiver was used to collect the distillate. The flask was charged with 800g of a synthetic
4.39% DIAS solution. The contents of the flask were heated with a heating mantel and stured
with a magne rrer. Distillation was started. While the distillation ocewved an additional
1600g of the 4.5% DAS solution was slowly added to the flask at the same rate as distillate
was taken. A total of 2135g of distiliate was taken overhead. Titration of the distillate
veated the overhead was a 0.33% ammonia solution, The hot aqueous distillation bottoms

P
¥

rev
(253.8¢) was removed from the flask and placed in an Exlenmeyer flask. The distiliation

.

bottoms were allowed fo slowly cool to room temperature while stirring overnight. The

T}
i

conterts of the flask were seeded and allowed to stiv for 30 minutes, The slurry was then
cooled to 15°C and held for 60 minutes, then 10°C and held for 60 minutes and finally to 5°C

and held for 60 minutes all while stirving. The slurry was filtered cold and the solids (.e., the

18
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solid portion} washed three times with about 20g portions of a cold {gbout 5°C) 206% sodium
chloride solution to displace the mother liquor {Le,, the Hgud portion). Air was sucked
through the cake for several minutes o remove as much lguid as possible. The solids were
then dried in a vacuum oven at 75°C for one hour vielding 7.2g of white crystals, Carbon and
niitrogen analyses of the solids revealed a 4.06 alomue retio of carbon o nifrogen (Le, a 1.0
ratio of anunonia t©¢ SA or about 95% MAS). That g ratio of 1.00 was not obtained is

believed to be ativibutable to incomplete washing of the solids.

Example 5

{0741  This example demonstrates the effect of solvents on ammonia evolution from
aquecus DAS. Run § is the contrel experiment where no solvent 15 present.

{00757 The outer necks of a three neck I-L round bottom flask were fitted with &
thermometer and 2 stopper. The center neck was fitted with a five tray 17 Oldershaw section,
The Oldershaw section was topped with g distillation head.  An ice cooled 500 mL round
hotiom flagk was used as the receiver for the distillation head. The {-L round bottom flask
was charged with distilled water, the solvent being tested, 8A and concentrated smmonium
hydroxide solution. The contents were stired with a magnetic stirrer to dissolve all the
solids. After the solids dissobved, the contents were heated with the heating mantle to distill

0o of distillate. The distillate was collected in the ice cooled 5300 mL round bottom flask.

2%

The pot temperature was recorded as the last drop of distillate was collected.  The pot
contents were allowed 1 cool to room temperature and the weight of the residue and weight
of the distillate were recorded. The ammonia content of the distillate was then determined

via Htration. The vesults were recorded in Table 1.

Table 1
Run # i 2 3 4 §
Wame of Acid charged Succinic  Succinie  Suceinic  Succinic Sucginie
Wt Acid Charged (g} 11.81 11.79 11.8 117 11.8
Moles Acid Charged 0.1 6.1 0.1 4.1 0.1
Wt 28% NHI Solution Charged (g) 12.11 12.09 12,1 12,11 121
Motes NH3 Charged ’ 0.2 6.2 0.2 6.2 02
Nagwe of Solvent Diglyme PG GRL¥ butoxy none

triglyeol

Wt Selvent Charged (g} 400 400, 1 400 400 ¢
Wi Water Charged (g} 400 4060 460 400 840
Wt Distiltate {g) 350.5 3516 350.1 350.7 351
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Wi Residue (g) 466.3 461.7 $64.3 460.9 466
Yahiass Accouitability 99,1 487 DR.5 98.5 89,2
Wide NH3 {n distillate {titration) .48 .4 .27 0.47 813
Moles NH3 o distitlate §.689 (.083 0.0656 §.067 0.0627
%NR3 resmoved {n Distiliate ' 485 42 28 448 13.4
S5First NH3 removed in Distillate Qg 84 56 9% 27
%%Second NH3 removed in Distitlate ) G f t i
Final Pot Temp FC) 101 120 1ip 147 100

*PG s propyiene glyeol

%+ (GBL is gamma butyrolactone

Example 6

[0076]  This example produced 2 solid portion from a cooled distilation bottoms that
consists essentially of SA and is substantially free ol MAS,

(00777 A 300 mb Parr autoclave was charged with 80g of synthetic MAS and 120g of
water., The autoclave was sealed and the contents stirred and heated to about 200°C & an
autogenic pressure of about 190 psig. Once the contents reached temperature, water was fed
to the antoclave at & rate of about 2 g/min and vapor removed from the autoclave at a rate of
about 2g/min with a back pressure regulator. Vapor exiting the autoclave was condensed and
collected in a receiver. The anfoclave was run under these conditions until a total of 1020g of
water had been fed and a totad ef‘i(}i")g of distillate collected. The distillate was titrated for
ammonia content (0.29% ammouia by weight). This franslates into an about 29% conversion
of MAS to SA. The contents of the autoclave {194.6g) were partially cooled and discharged

bo v

from the reactor. The sturry was alfowed to stand under stirring at room temperature over
night in an Frienmeyer flask, The sturry was then filtered and the solids rinsed with 25 of
water. The moist solids were dried in a vacuen oven at 75°C for 1 by yielding 9.5g of SA
product, Analysis vigan ammonium ion electrode revealed 0.013 mmole ammonium jon/g of

solid. HPLC analysis revealed the solids were SA with 0.8% succinamie acid impurity.

Example 7

IG078]  This example used DAS-containing clarified fermentation broth derived from a
fermentation broth containing B Coli strain ATCC PTA-5132. This example produced a
solid portion of a cooled distillation bottoms that consists essentially of MAS and is

subsiaptially free of DAS.
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[8079] A three neck 1-L round bottom flask was fitted with an addition fannel and a 17
five tray Oldershaw column which was capped with a distiliation head. An ice cooled
receiver was used to collect the distilate, The flask was charged with 800g of clarified DAS-

containing fermentation broth which contained 4.4% DAS, 1% ammonium acetate, 0.05%
ammonium formate and 0.03% ammouiwn lactate, The contents of the Hask were heated
with a heating mantel and stirred Wwith a magnetic stirrer. Distillation was started. While the
distillation ran, an additional 2200g of the broth solution was slowly added to the Hlask at the
same rate as distillate was removed. A total of 2703g of distillate was taken as overhead,
Titration of the distillate revealed the overhead was & D.28% ammonia solution. The hot
aqueous distillation bottorns solution (269.7g) was removed from the flask and placed in an
Frienmeyer flask. The distillation bottoms were allowed 1o slowly cool to room temperature
while stirring overnight. The next day, the contents of the flask were seeded and allowed to
stir for 30 minwes. The slurry was then cooled to 15°C and held for 30 minuwies, then to 14°C
and held for 30 minutes and fnally to 5°C and held for 30 minutes, all while stirring. The
sturry was filtered cold and air was sucked through the cake for several minutes to remove as
much Heuid as possible.  Light brown solids (72.5g) and dark brown mother lignor (188.4g
with a pH of 6.4} were obtained, The solids were recrystatlized to remove the mother liguor
by dissolution in 72g of water at 50°C. The solution was then allowed to slowly cool to room
temperature while stirring overnight. The next day the contents of the flask were seeded and
stirred for 30 minutes, The shurry was then cooled to 15°C and held for 30 minutes, then to
10°C and held for 30 minutes, and finally to 5°C and held for 30 minutes, all while stirring.
The slurry was filtered cold and air was sucked through the cake for several mimues {0
remove as much liquid as possible, vielding 110g of brown mother Hquor {(pH 5.0). The
solids were then dried in a vacuum oven at 75°C for one hour yielding 24g of off-white
orystals. Carbon and nitrogen analyses of the solids revealed a 4.04 molar ratio of carbon to
pitrogen {i.e. a 1.01 ratic of smmonia to 34 or about 99% M MAS). HPLC analysis reveaded that
the MAS contained 0.07% succinamic acid but no detectable succinamide, succinimide or

acetate species. In other words, the MAS was free of DAS and atherwise substantially pure.

Example 8
00807 This example used fermentation derived MAS from a fermentation broth
containing £ Colf strain ATCC PTA-5132. This example produced a solid portion from &

cooled distillation bottoms that consists essentially of SA and is substantially free of MAS.
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[O0817 A 300 mb Parr autoclave was charged with 80g of broth derived MAS and 120g of
water. The autoclave was sealed and the contents stired and heated to about 202°C at an
autogenic pressure of about 205 psig. Once the contents reached temperature, water was fed
to the autoclave at a rate of about 2 p/min and vapor was removed from the autoclave at arate
of about 2g/min with a back pressure regulator. Vapor exiting the autoclave was condensed

and collected in a receiver. The autoclave was run under these conditions nntil a fotal of
905g of water had been fod and a total of 908g of distillate collected. The distillate was
titrated for ammonia content (0.38% ammonia by weight). This translates into an about 34%
conversion of MAS to SA. The contents of the autoclave (178.2g) were partially cooled and
discharged from the reactor. The shury was allowed fo stand under stirring &t room
temperature over night in an Erlenmeyer flask. The shuavy was then filtered and the solids
rinsed with 25g of water. The moist solids were dried in a vacuumn oven a 75°C for 1 br
yielding 8.5¢ of SA product. Amalysis via an ammonium jon electrode revealed 0.027 mmole

amymonium jow/g of solid. HPLC analysis revealed the solids were SA with 1.4% suceinamic

acid and 0.1%% succinamide impurities.

Example 9

[0082]  This example used an anunonia releasing solvert to aid demmmondation.  This
example produced a solid portion from a cooled distillation bottems that consists essentially
of SA and is substantially free of MAS.

[0083] A 500 mL round bottom flask was charged with 29g of MAS solids, 51g of water
and 80g of triglyme. The flask was fitted with a § tray 1" glass Oldershaw column section
which was topped with a distillation head. An addition funnel containing 2500g of water was
also connected {0 the flask, The flask was stirred with a magnetic stirrer and heated with a
heating mantel. The distillate was collected In an ice cooled receiver. When the distillate
started coming over the water in ths, addition funnel was added to the flask at the same rate as
the distillate was being fsken. A total of 2491g of distiliate was taken. The distillate
contained 2.3¢ of ammonia, as determined by twation, This means about 63% of the MAS
was converted to SA. The residue in the flask was then placed in an Erenmeyer flask and
cooled to -5°C while stirring. After stiring for 30 minuies the shury was filtered while cold
yielding 15.3g of solids. The solids were di ssolved in 15.3g of hot water and then cooled in

an ice bath while stirring. The cold sturry was filtered and the solids dried in & vacuum oven
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at 100°C for 2 hrs yielding 6.5¢ 'of succinic acid, HPLC analysis indicated that the solids

were SA with 0,18%6 sugcinamic acid present.

Example 10
10084]  This example used an ammonia releasing solvent to ald deammoniation. This
example produced a solid portion of & cooled distillation bottoms that consists essentially of
MAS and is substantially free of DAS,
{00851 A 500 ml. round bottom flask was charged with 80g of an aqucous 39% DAS
solution and &0g of wiglyme. The flask was fitted with a 5 teay 1 * glgss Oldershaw column
section which was topped with a distillation head. An addition funnel contaming 700g of
water was also connectad to the flask. The flask was stirred with a magnetic stirrer and
heated with a heating mantel. The distillate was collected in an ice cooled receiver. When
the distillate started coming over the water in the addition funmel was added to the flask at the
same rate as the distillate was being taken. A total of 747g of distillate was taken. The
distillate contained 3.7¢ of ammonia, as determined by tiration. This means about 37% of
the ammonia was removed. In other words, all of the DAS was converted into MAS and
about 14% of the MAS was further converted imto SA. The residue in the flask was then
placed in an Erlenmeyer flask and cooled to 5°C while stirring. After stirring for 30 minutes
the slurry was filtered while cold and the solids dried in a vacwem oven ai 100°C for 2 hus
vielding 10.3g of MAS. Analysis indicated that the solids were MAS with §.77% suceinamic

acid and 0.14% succininide present.

Example 11

[0086]  This example demonstrates the use of an azcoiroping solvent, particularly
separation: of MAS from other by-products in the broth.

[0087] A three neck 500 mU round hottom Hask was fitted with a thermometer, a 250 mL
addition funnel and a Dean Stark trap topped with a reflux condenser. The flask was charged
with 100g of toluene and 100g of an ghout 9% DAS broth solution (which also containex
ahout 1% ammonium acetate and ammoniom formate combined).  The addition funnel was
charged with 250g of the 9% diammonim suce inafe broth solution. The contents of the fask
were stirred with 2 magnetic stirrer and heated with o heating mantel bringing the contents {©

toil. The contents of the addition funne! were added slowly to the flask allowing the twluene-

water azeotope to distill ito the Dean-Stark trap with retorn of the toluene to the flask, Afler

]
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all the contents of the addition funnel had been added {(at a rate substantially equal to the
distillate} the contents were allowed to further reflux until a total of 277.5g of aguecus phase
had been collected from the Plean Stark trap. The contents of the flask were removed while
hot and the two phases separated in 8 warm separatory funmel. The aqueous phase was
cooled in an ice bath while being stirred. The resulting solids were recovered via filiration
using a sintered glass funnel. The mother Hauor was dark brown and the filtered solids were
off-white. The solids were dried in a vacuuwm oven and analyzed via HPLC, The dried solids
(5.7g) were about 96% moncammionium suceinate and about 1% ammonium acetate with the

rest being water.

Example 12

[ODBR] A pressure distillation column was constructed using an 8 ft long 1.5 316 S8
Schedule 40 pipe packed with .)}é S8 Propak packing. The base of the column was equipped
with an immersion heater to serve as the reboiler. Niogen was injected into the reboiler via
a needle valve to pressure. The overhead of the cohunn had a total take-off line which wem
o a 316 8% shell and tube condenser with a receiver. The receiver was equipped with a
pressure gauge and a back pressure regulator. Material was removed from the overhead
receiver via blowcasing through a needle valve, Prehested feed was injected into the column

x

at the top of the packing via a pump. Preheated water was also injected into the reboiler via a
pump. This column was operated at 30 psig pressure which gave a columu temperature of
137°C. The top of the column was fed a syﬂmetw 10% DAS solution at a vate of 5 mi/min
and water was fed to the reboiler at a rate of 5 mL/min. The overhead distillate rate was §
mi/min and the residue rate was 2 mLAnin. Titration of the distillate for ammonia indicated
that the abowt 47% of the anmtmonia had been removed in the distillate (Le. the conversion 1o
MAS was about 94%). The residue liquid was about 20% MAS and HPLC analysis of the

residue indicated an about 3% inefficiency to suc cinamic seid.

Example 13

[0089] A portion of the residue (800g) from Example 12 was concentrated vig & bateh
distillation to about 56% MAS solution {t.e. 530g of water was distilled off),
was then cooled to 5°C while stirving. The resulting slurry was filtered and the solids dried in

a vacwam oven at 75°C for 1 hour yielding 52.5g of MAS solids (Le. about 32% recovery).

b3
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HPLC analysis indicated that the solids contained 0.49% succinamic acid and no

[0090] A second portion of the pressure column residue (3200g) from Example 12 was
placed in the evaporative erystallizer and concentrated to about 72% MAS by distilling off
2312g of water at 60°C under vacuum. The resulting hot slurry was centrifuged and the
recovered solids dried in the vacuum oven at 75°C for one hour ylelding 130.7g of MAS
solids.  The mother liquor from the cenwrifuging step was allowed to cool to room
temperature forming a second crop of crystals. This shary was fil ftered and the recovered
solids were dried at 75°C under vacuum yvielding 114.8g of MAS solids. Based on the
succinate concentration of the feed to the crystallizer, & 20% and 18% recovery was realized
for the first and second crops, respectively (i.e. a 38% overall recovery). HPLC analysis of
the two crops of solids indicated that the first crop had no detectable succinamic acid and

suceinimide while the second crop had 0.96% succinamic acid and §.28% succinimide.

Comparstive Example 1

100911 This example demonstrates thal an atmospheric distillation of an agusous MAS
solution removes very littie ammonia when triglyme is not present.

[6092] A 500 mL round bottom flask was charged with 30g of MAS solids and 120g of
water. The flask was fited with a 5 tray 17 glass Oldershaw column section which was
topped with a digtillation head. An addition funnel containing 600g of water was also
connected fo the fask. The flask was stirred with & magnetic stirrer and heated with 2 heating
mantel. The distillate was collected in an ice cooled receiver, When the distillate started
coming over the waier in the addition funnel was added to the flask ai the same vale as the
distillate was being taken. A total of 606g of distillate was taken. The distillate contained
0.15g of ammonia, as determined by titration, This means ~4% of the MAS was converted 1o

SA.

Comparative Example 2

[0093]  This example demonsirates the decrease in ammenia removal for DAS when
triglyme is not present, .

00941 A $00 mb round bottom flask was charged with 80g of an agueous 363 DAS

solution and 80g of water. The flask was fitted with a 5§ tray 17 glass Oldershaw column

I
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section which was topped with a distillation head. An addition funnel containing 1200g of
water was also connected to the flask. The flask was stirred with a magnetic stirrer and
heated with a heating mantel. The distillate was collected in an ice cooled receiver, When
the distillate started coming over the water in the addition funnel was added to the flask at the
same rate as the distillate was being taken. A total of 1290g of distillate was taken. The
distillate contained 2.2¢g of ammoniy, as determined by titration. This means abow 44% of
the DAS was converted to MAS. '

{00957 Altbough our processes have been described in connection with specific steps and
forms thereof, it will he appreciated that a wide variety of equivalents may be substituied for
the specified elements and steps described herein withont departing from the spirit and scope

of this diselosure as described in the appended claims.
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Claims

i, A process for making nitrogen containing compounds, comprising:

(a)  providing & clarified DAS-containing fermentation brothy;

(hy  distilling the broth to form an overhead that comprises water and anmona,
and & liquid botioms that comprises MAS, at least some DAS, and at least about 20 wi%
water,

{¢y  cooling and/or evaporating the botioms, and optionally adding an antisolvent
to the bottons, o atiain & temperature and composition sufficient to cause the bottoms to
separate into a8 DAS-containing Haquid portion and 2 MAS-containing solid portion that is
substantially free of DAS:

(4}  sepavating at least part of the solid portion from the lquid portion;

(e} contacting the solid portion with at least one hydrogenation catalyst to produce
BDO:;

{0 antinating the BDO to produce DARB; and

{g)  recovering the DAB.

2. A process for making nitrogen containing compounds, comprising:

{3y  providing a clarified DAS-containing fermentation brothy;

(b)  distilling the broth to form a first overhead that includes water and ammonia,
and a first liquid bottoms that includes MAS, at least some DAS, and at least about 20 wt%
water;

(¢}  cooling andfor evaporating the bottoms, and optionally adding an antisolvent
to the bottoms, 1o attain a temperature and composition sufficlent to cause the bottoms to
separate into a DAS-vontaining liquid portion and a MAS-containing solid portion that 1s
substantially free of DASS

(dy  separating the solid portion from the lguid portion;

(23 recovering the solid portion;

{) dissolving the solid portion in water to produce an aqueous MAS solution;

{g} distilling the agueous MAS solution at & temperature and pressure sufficient to
form a second overhead that includes water and ammonis, and a second boitoms that includes
a major portion of SA, & minor portion of MAS, and water;

by cooling andfor evaporating the second bottoms to cause the second bottoms to

consists essentially of SA and is substantially free of MAS;

27
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(i} separating at least part of the second selid portion from the seeond hqmd
portion

() contacting the second solid portion with at least one hydrogenation catalystio
produce BDO;

{i) aminating BDO to produee DAB; and

£ recovering the DARB.

3. A process for making nitrogen containing compounds, comprising:

{a} providing a clarified MAS-contgining fermentation broth;

(b optionally, adding MAS, DAS, SA, NH;, and/or NH¢ %o the broth to
preferably maintain the pH of the broth below 6;

) distilling the broth to form an overhead that includes water and optionally
ammonia, and & liquid bottoms that includes MAS, at least some DAS, and at least about 20
wi%s water;

{dy  cooling and/or evaporating the bottoms, and optienally adding an antisolvent
to the bottoms, to attain a temperature and composition sufficient to cause the boltoms o
separate into & DAS-containing liguid portion and a MAS-containing solid portion that is

ubstantially free of DAS;

[}

{e} separating at least part of the solid portion from the Hauid portion;
{£) contacting the solid portion with hydrogen and optionally an ammonia source

in the presence of at least one hydrogenation catalyst to produce BDO;

(&} aminating the BDO to produce DAB; and
(h) recovering the DAB.
4 A provess for making aitrogen containing contpoands, comprising:

(a)  providing a clarified MAS-containing fermentation broth;

(b} optionally, adding MAS, DAS, SA, NH;, and/or NH, to the broth to
preferably maintain the pH of the broth below 6;

{c) distilling the broth to form an overhead that includes water and optionally
ammonia, and a Hguid bottoms that includes MAS, at least some DAS, and at least about 20
wi% water;

{d} cooling andfor evaporating the bottoms, and optionally adding an antiselvent
to the bottoms, (o attain a femperature and composition sufficient to cause the bottoms w
separate into a DAS-containing Hquid portion and a MAS-containing solid portion that 13
substantially free of DAS;

{e}  separating the solid portion from the lgunid portion; and
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H recovering the solid portion;

{2 dissolving the solid portion in water o produce an aqueous MAS solution;

(hy  distilling the agueous MAS solution at a temperature and pressure sufficient to
form a second overhead that includes water and ammonia, and a second bottoms that includes
a major portion of A, a minor portion of MAS, and water;

{1 cooling and/or evaporating the second bottoms 1o cause the second bottoms fo
separaie info & second Hagudd portion in contact with a second solid portion that preferably
consists easentially of SA and is substantially free of MAS;

n separating at least part of the second solid portion from the second lignid
portion;

(k)  contscting the solid portion with hvdrogen and an ammonia source in the
presence of at least one hydrogenation catalyst to produce BDO;

{1 aminating BDO to produce DAR; and

{m) recovering the DAB,.

LR The processes of any of claims 1-4, further comprising polymerizing the DAB
with a dicarboxylic acid or egter 1o form a polyamide.

8. The processes of any of ¢laims 1-4, wherein the distiilativns are carried out i
the presence of an ammonia separating solvent which is at least one selected from the group
consisting of diglyme, triglyme, tetraglyme, sulfoxides, amides, sulfones, polyethyleneglycol
(FEG), butoxytriglyeol, N-methylpyrolidone (NMP), ethers, and methy! ethyl ketone (MEK)
or in the presence of a water azeotroping solvent which is at least one selected from the group
consisting of toluene, xylene, methyleyclohexane, methyl isobutyl ketone, hexane,

cyclohexane and heptane.

29
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