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MATERIALS AND METHOUS FOR THE SPLECTIVE BECOVERY OF
MULTIVALENT PRODUCTS

TECHNICAL FIELD

The present disclosure relstes to materials and methods for the selective recovery of one
or more multivalent product. The present disclosure relates to methods for the selective
recovery of a multivalent product from an agqueous solution using, for example, continuous ion
exchange, In combination with an ammonia / amomonium carbonate stripper, the materials and
methods of the present disclosure produce g high purity, high concendration indermediate product
stream for further purification, lowering the cost of the overall downstream processing.

SUMMARY

Multivalent products, i.e. molecuies that exliibit more than one valence, require high
concentration recovery from agqueous solutions gt high purity for further puritication, For
exampie, the smine acid L-arginine is largely divalent at pH~ 1 and largely monovalent at pH ~
4. L-arginine may be produced via fermentation into an aqueous medium, which includes
ingrganic ionic species and organic by-products, ¢.z. monovalent amino acids, as competitive
species i adserption processes such as jon exchange. Such monovalent by-producis compete for
adsorption sties at a pH~ 4, resulting in a lower purity, high concentration, infermediaie stream
for purification. Recovery of divalent L-arginine at pH~ | allows rejection of monovalent by-
products from the lon exchange resin producing a high purity product, but reduces the
concerdration of the intermediate stream for purification.

Many other multivalent products produced into an agueouns medium require high purity
and high concentration recovery prior to further economical puriication, Such multdvalont
products include, but are not Himited o, (1) dicarboxylic acids such as succinie acid, ghutaric

acid, adipic acid, pimelic acid and {2) diamines such as putrescine, cadavering,



WO 2016/164798 PCT/US2016/026754

hexamethylenediamine, heptamethylenediamine. Accordingly, against this background, it is
ciear that there s a need for methods underpinning the economic recovery of such multivalent
products from aqueocus solutions,

Recovery methods for purification of multivalent products can be implemented by a
variety of different separation technigues. A non-limiting example includes optimizing the
binding capacity of the charged compound via ton exchange. Ion exchange may involve at least
one stage of adsorption, ehution, and regeneration and in some apphications, may include several
regeneration and washing phases, “Baich mode” involves applving a mixture 1o 2 single cohumm
and applying various cluents in succession to improve adsorption of the target compound to the
ion exchange resin, Afier the adsorption step, the ion exchange resin can be regenerated with the
appropriate eluent to repeat the process in a cyelical manner that does not atiain steady state.
Baich mode systems may be shimple o use but can be impractical for large-scale jndusirial
processes. Continuous ion exchange may allow for simuliancous adsorption and regeneration
ateps and thus, be more efficient since there 15 an amwomated, continious staging of the recovery
process that atiaing steady state operation. And, given the trade-off between producing a high
purity product at high concentration without significant recovery 1oss, continuonus ion exchange
offers an alternative approach achieving both aims for multivalent produets.

Accordingly, the present disclosure relates to materials and methods of recovering
multivalent products at high purity and high concentration frorn an agqueocus solution via
continuous ion exchange using either cationic or anionic ion exchange adsorbents,

in gt least one embodiment, the present disclosure provides for an apparatus comprising a
continuons ion exchange carousel comprising a number of columns grouped info zones, for

example, (1} a Dilate Adsorption Zone, (2) an Adsorption Zone, (3) an Adsorption Wash Zone,
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{4} a Back-Wash Zone, (5} a Monovalent Sirip Zoue, (6} a Monovalent Adsorption Zone, (7} an
Ehution fone and (83 an Elation Wash Zone.

In one aspect, the disclosed methods provide for the recovery of a multivalent product
from an agueous solution, feeding an unelarified or clarified solution to the continuous lon
exchange unit operation, principally adsorbing the muliivalent produet as the divalent specie in
the Adsorption Zone and Dilute Adsorption Zone.

In another aspect, the disclosed methods selectively desorb monovalent by-products from
the adsorbent and maodifies the valence of the muliivalent product from divalent to monovalent i
the Monovalent Strip Zone.

in another aspect, the continuous ion exchange unit operation provides for concentrating
re-adsorbing of the principally monovalent specie of the multivalent product on the jon exchange
adsorbent in the Monovalent Adsorption Zone, fed from an ammmonia / ammonivm carbonate
stearn stripper unit operation.

In another aspect, the Monovalent Strip Zone and the Monovalent Adsorption Zone are
combined; where the principally zero valence specie of the multivalent product, fed from an
aminonia / ammontum carbonate stripper unit operation, both selectively desorbs monovalent by-
products from the adsorbent and modifies the valence of the multivalent product from the
divalent to the monovalent providing for concentrating re-adsorption onto the adsorbent.

In one aspect, the methods provide for the recovery of the multivalent product via elation
from the ion exchange adsorbent using an ammonia, amroonium bicarbonate or ammonium
carbonate solution ac an eluent. Free ammonia and carbon diexide are stripped from the cluate

USing a steam Stripper.
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iy yot another aspect, the present disclosure relates 1o a bio-derived product, bio-based
product or fermentation-derived product, wherein said product is obtained from process
disclosed herein, and comprises:

t. & composition comprising at least one bio-derived, bio-based or fermentation-derived
compound according to any one of processes disclosed herein, or any one of Figures 1-4 or
any combination thereof,

ii. a bro-derived, bio-based or fermentation-derived polymer corprising the bic-derived,
bic-based or fermentation-derived composition or compound of 1., or any combination
thereof,

iii. a bio-derived, bio-based or fermentation-derived resin comprising the bio-derived,
bio-based or fermentation-derived compound or bio-derived, bio-based or fermentation-
derived composition of i, or any combination thereof or the bio-derived, bio-based or
fermentation~derived polymer of 1. or any combination therent,

iv. a molded substance obtained by molding the blo-derived, bio-based or fermentation-
derived polymer of il or the bio-derived, bio-based or fermentation-derived resin of iit,, or
any combination thereof,

v. a bio-dertved, bio-based or fermentation-derived formulation comprising the bio-
derived, bio-based or fermentation-derived composition of 1, bio-derived, bio-based or
fermentation-derived compound of L, bio-derived, bio-based or fermentation-derived
polymer of 1., bio-derived, bio-based or fermentation-derived resin of 1ii., or bio-derived,
hio-based or fermentation-derived molded substance of iv, or any combination thereof, or

vi, a big-derived, bio-based or fermentation-derived semi-solid or a non-semi-solid

stream, comprising the bio-derived, bio-based or fermentation-derived composition of 1., bio-

derived, bio-based or fermentation-derived compound of 1., bilo-derived, bio-based or

fermentation~derived polymer of il., bio-derived, bio-based or fermentation-derived resin of i,

bio~derived, bio-based or fermentation-derived formulation of v., or bio-derived, bio-hased or

fermentation-derived molded substance of iv., or any combination thereof

Unless otherwise defined, all techuical and scientific terms used herein have the same

meaning as comunonly understood by one of ordinary skill in the art to which this disclosure
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pertains. Although methods and materials similar or equivalent to those described herein can he
used 1o practice the present disclosure, suitable methods and materials are desoribed below. All
publications, patent applications, patents, and other references mentioned hereip are incorporated
by reference in their endirely. In case of contlict, the present specification, including definitions,
will confrol. In addition, the materials, methods, and examples are illustrative only and not
intended to be Hmiting,

The detatls of one or more embodiments of the present disclosure are set forth in the
accompanying drawings and the description below, Other features, obiects, and advantages of
the present disclosure will be apparent from the description and drawings, and from the claims.
The word “comprising” in the claims may be replaced by “consisting essentially of " or with
“copsisting of,” according to standard practice in patent law,

DESCRIPTION OF DRAWINGS

FI1G. 1 is a schematic of an exenplary continuons ion exchange unit operation containing
a separate Monovalent Strip Zone and a separate Monovalent Adsorption Zone, leading to the
high purity and high concentration recovery of multivalent products prior to further purification.

F1G. 2 i3 a schematic of an exemplary continuous ion exchange unit eperation containing
a combined Monovalent Strip Zone and a Monovalent Adsorption Zone, leading to the high
purity and high concentration recovery of multivalent products prior fo further purification.

FiG, 3 tabulates the experimental results from an Akia® Purifier experiment programmed
to mymie the cyclical continuous adsorption sequence as outlined in FIG, 1,

FIG. 4 tabulates the experimental results from an Akta” Porificr experiment programmed
to mirmic the cyclical continuous adsorption sequence as outlined in FIG. 2.

DBETAILED DESCRIPTION
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Before the present embodiments are described, i 18 to be undersiood that the present
disclosure 13 not bmited to the particular apparatug, adsorbents, zones, methodologies or
protocols described, as these may vary, 1t is also 1o be understood that the terminology used in
the deseription is for the purpose of describing the particular versions or embodiments only, and
is not intended to Howt the scope of the present disclosure,

In general, this document provides, according to certain embodiments, for a continuous
ion exchange unit operation, divided into a number of operating zones, producing a multivalent
product for further puntfication. Such muliivalent products include, but are not Hmited to; amino
acids such as L-argining; dicarboxylic acids such as, succinic acid, glitaric acid, adipic acid,
pimelic acid and diamines such as putrescing, cadaverine, hexamethylenediamine and
heplamethylenediamine, all of which are reforred to as muliivalent products herein, As used
herein, the term “divalent” is used o denole a charged specie having either a 2+ or 2- valence.
The term “monovalent” {9 used herein to denote a charged apecie having eithera ¥ 4+ or 1-
valence. The term “first equivalence point” is used herein to denote the multivalent product’s
species distribution at pH = 0.5-(pK + pKap), where pKyy and pKyp are the first two acid
dissociation counstants for the multivalent product.

As used herein, the terms “anclarified” refers to a solution containing solid particulates
such as cells or precipitates and “clarified” solutions are understood to mean & sohition from
which solid particulates have been removed.

As used herein, “adsorption zone” is understood 1o mean a siage in the recovery method
comprising al least one column where the process siream containing the muliivalent product to

be recovered 13 added to a particular adsorbent resin and adsorba to the adsorbent resin,

3]
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“Elution zone,” as used herein, is understood to mean a stage in the recovery method
where the multivalent preduct adsorbed to the adsorbent resin is desorbed into the liquid phase.

As used herein, “monovalent strip zone” 18 understood 1o mean a stage in the recovery
methaod, where monovalent by-products are desorbed from the adsorbent and the valence of the
multivalent product is changed from divalent to monovalent. The term “monovalent adsorption
zene” i3 understood to mean a stage in the recovery method comprising at least one column
where the maiority of mubiivalent product absorbed is the monovalent specie.

The terms “abount” and “approximately,” when used in connection with a specific value,
means that acceptable deviations from that value are also encompassed but still provide
subsiantially the same function as the specific value,

Selective adsorption and particulate removal

A clarified or unclarified aqueous solution is pH adjusted o approximately the pi; for
cationic divalent products and to approximately the pp Tor anlonie divalent products and fed to
the Adsorption Zone fee e.g, STREAM 4, FIG. 1), fed counter-current to the flow of the
adsorbent phase.

The How-through fromn the Adsorption Zone (see ¢ g, STREAM 3, FIG, 1) 1s combined
with the flow-through from the Adsorption Wash Zone (see e g, STREAM 5, FIG. 1} into an
adsorption hold-up vessel, subsequently fed o the Dilute Adsorption Zone (see e.g, STREAM 2,
FIG. 1), The Adsorption Zone and Dilute Adsorption Zone facilitate adsorpiion of the
muitivalent product i principally the divalent state onto the adsorbent phase, competing for
adsorption sties with other charged inorganic and organic species in the aqueocus medium, The

adsorbent flow rate is sei to allows for minimal or zero break-through of the multivalent product
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into the adsorption effluent dsee e g, STREAM 1, FIG. 1), whilst allowing for flow through of
inorganic and organic charged and uncharged / zero valence species t0 waste treatment.

The adsorbent and interstifial hold-up in the Adsmpuon Zone fsee ¢ g, COL POS: 13,
gz, COL POS: 15, FIG. 1) flushes the interstitial bold-up from the Adsorption Zone into the
adsorption hold-up vessel, ensuring that no muliivalent product, held interstitially, is carvied
forward into the Back-wash Zone.

The Back-wash Zone fluidises the resin beds fsee ¢ g, COL POS: 16 & 17}, providing
for entrained partioulate removal from the resin beds Bee e g, STREAM 6, FIG. 1)
Increasing purity and concentration of adsorbed multivalent product using a separate
Monovalent Strip Zone and a separate Monovalent Adzerpiion fons

The adsorbed multivalent product moves from the Back-wash Zone (see e g, COL POS:
17, FIG. 1) into the Monovalent Strip Zone fzee e.g, COL POS: 18, FIG. 1) An air drain {see
e.g, COL POS: 1§, FIG. 1), recovers the interstitial water hold-up camed forward from the
Back-wash Zone into the monovalent strip hold-up vessel (cee ez, STREAM 7, FIG. 11

s

The monovalent strip hold-up vessel is charged with a base such as NHa{g) or an acid

such as HOL or Hp 50 at a concentration that allows for the effluent pH from the Monovalent
Nirip Zone (see ez, STREAM &, FIG. 1) 1o be approximately the pKy for cationic divalent
products and approximately the pKyy for anionic divalent products. The Mongovalent Strip Zone
is fed from the Monovalent strip hold-up vessel (see e.g., STREAM 9, FIG. 1), desorbing
adsorbed species that are encharged or having zero valence between the pH of the monovalent

strip hold-up vessel and the first equivalence point. Consequently, the multivalent product i3

converted from the principally divalent to the largely monovalent state, freeing adsorption sites
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for use in the Monovalent Adsorption Zone. The flow through from the Monovalent Strip Zone
i3 diverted to waste water treatment (Gee e g STREAM 8, FIG. 1),

Arsmonda / ammonium carbonate steam stripping {see FIG. 1) to approximately the first
equivalence point, produces a multivalent product that has a principally monovalent valence
species distribution. The Monovalent Adsorption Zone 5 fed from the ammonia / amamonium
carbonate stripper (ee e.g, STREAM 11, FIG. 1), providing for adsorption of the monovalent
specie of the multivalent product onto the tree adsorbent sites, thereby increasing the
conceniration of the multivalent product adsorbed to the adsorbent phase. The Monovalent
Adsorption Zoue feed rate ia set to allow for minimal or zero break-through of the multivalent
product into the flow through Gee e g, STREAM 10, FIG. 1), The flow through {see ¢z,
STREAM 16, PIG. 1) from the Monovalent Adsorption Zone is recovered into the monovalent
sirip holdup vessel,

The adsorbed monovalent specie of the multivalent product moves from the Monovalent
Adsorption fone (see e.g, COL POS: 24, FIG. 1) into the Elution Zone fee e g, COL POS: 25,
FIG 1) The Elution Zone is fed from a high coucentration ammonia / ammoniwm hold-up
vessel (see e.g, STREAM 14, FIG 1), eluting all multivalent product from the adsorbent. The
eluate (vee e.g, STREAM 13, FIG. 1) is fed to the ammonia / ammonium carbonate stripper,
recovering free ammonia and carbon dioxide as feed to the concentration ammoenia / anwnonham
bold-up vessel (see e g, STREAM 17, FIG. 1)

The regenerated resin moves from the Elution Zone fsee e g, COL POR: 27, FIG, 1 into

the Blution Wash Zone (3ee e g, COL PGS 28, FIG. 1) An aqueous solution, for example,

e R0

water, is ted into the Elution Wash Zone (see e.g, COL POS: 28, FIG. 1) and fushes interstitial

aromneria / airnnonium (bijearbonate into the concentrated annonia / ammeonium hold-up vessel
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(see e.p. STREAM 15, FIG. 1), Finally, the interstitial water is recovered via an air drain fyee
ez, COL POS: 30, FIG. 1) into the concentrated amumonta / ammonium hold-up (see e g,
STREAM 16, FIG. 1.

The adsorbent moves from the Elution Wash Zone fsee e, COL POS: 30, FIG. 1) inlo
the Dilute Adsorption Zone fsee e g, COL POS: 1, FIG. 1) and the adsorbent repeats the passage
through the various carousel zones as described above.

STREAM 12 (see FI{3. 1) represents the net flow of multivalent product to further down-
SEEAI PTOCessing.

Increasing purity and conceniration of adsorbed mualtivalent product using a combined
Monovalent Strip Lone and Monovalent Adsorption Fone

The adsorbed multivalent product moves from the Back-wash Zone (ee e g, COL POS:
17, FIG. 2} into the combined Monoevalent Strip and Adsorption Zone (3ee 2.g., COL POS: 1§,
FIG, 23 Anoalr drain (see e g, COL POS: 18, FEG 2), recovers the interstitial water held-up
carried forward from the Back-wash Zone into a water recovery hold-up vessel (see e .,
STREAM 7, FIG. 23,

Aromnonia / amumonium carbonate steam stripping (see FIG. 2) to a pH where the
multivalent product has a principaily zero valence species distribution is fed to the combined
Monevalent Strip and Adsorption Zone {see ¢ g, STREAM 9, FIG. 2), desorbing adsorbed
spectes that ave uncharged or having zero valence between the feed (see e g, STREAM 9, FIG,
2} and effivent pH (see e. g, STREAM &, FIG. 23 Consequently, the multivalent product
adsorbed to the adsorbent is converted from the principally divalent to the lar

rely monovalent

o
i
state, freewng adsorption sites. Also, the zero valence multivalent product in the feed (see ¢ g0,

&

STREAM @ FIG. 2} is converted to the monovalent state and adsorbed onto the free adsorbent

19
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sties, thereby increasing the concentration of the multivalent product adsorbed o the adsorbent
phase. The combined Monovalent Sirip and Adsorption Zone foed rate s set to allow for
minimal or 2ere break-through of the multivalent product into the flow through (sec e g,
STREAM 8, FIG. 2). The flow through (ee e g, STREAM &, FIG. 2} from the Monovalent
Adsorption fone 1s diverted (o waste water treatment.

The adsorbed monovalent specie of the multivalent product moves from the combined
Monovalent Strip and Adsorption Zone (ee e g, COL POS: 22, FIG. 2} into the Elution Zone
{see ¢ g, COL POS: 23, FIG. 2. The Ehation Zone is fed from g high concentration ammonia /
aramonium hold-up vessel (see e g, STREAM 12, FIG, 2), eluting all multivalent product from
the adsorbent. The eluate (see e g, STREAM 10, FIG. 2} is fed to the ammonia / ammonium
carbonate stripper, recovering free ammonia and carbon dioxide as feed to the concentration
arpmonia / amroonium hold-up vessel See e g, STREAM 15, FIG. 2).

The regenerated resin moves from the Elution Zone ivee e g, COL POS: 27, FIG. 2) info
the Elation Wash Zone (see e g, COL POS: 28, FIG. 2. An agueous solution, for example,
water, s fed inte the Elution Wash Zone fee e.g, COL POS: 29, FIG. 2) and flushes interstitial
ammonia / ammoniuem (bijearbonate into the concentraied anmonia / ammoninm hold-up vessel

see e.g. STREAM 13, FIG. 2), Finally, the interstitial water is recovered via an air drain iyee

-

e g, COL POS: 38, FIG. 2) into the concentrated amumoenia / ammonium hold-up (see 2 g,
STREAM 14, FIG. 2).
The adsorbent moves from the Blution Wash Zone (see ¢ g, COL POS: 30, FIG. 2) inlo

the Dilute Adsorption Zone see ¢ g, COL POS: 1, FIG, 2) and the adsorbent repeats the passage

through the various carousel zones as deseribed abave,

il
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STREAM F1 (see FIG. 1) represents the net flow of multivalent product to further down-
stream processing.
EXAMPLES
ERAMELED

Revovery of hexamethyvienedinine feom goavuthetie feed representhue chified
fernrentation broth wsioe conthvnous jue cxschaogowith separate Monovalent Styip aud
separate Monovalend Adsorption fone

A column with a diameter of 254 [mm] was packed to a free setiled bed height of
approximately 600 fmam] using virgin Dowex Monosphere 6500 cationic sxchangs resin, The
virgin resin was washed with purified water to remove solvents associated with its manufacture
and converted to the NHy form using 10 {961 (wiw) NHa{ag) and stored in puritied water,

An Akta® Purifier was programmed to mimic the cyclical continnous adsorption
sequence as contained in FIG. 1 for the purification of hexamcthyvlenediamine (HMD) from a
synthetic feed representing clarificd formentation broth. Accordingly, a synthetic selution having
the feed purily as outlined in F1G. 3 was prepared as feed to the simulated Adsorption Zone,
having an HMD concentration of approcamately 35 [g/L1 The feed to the simulated Adsorption
Wash Zone was comprised of purified water. The simulated Monovalent Strip Zone feed
comprised a 1 [%] (w/w) NHa{ag) solution. The feed from the ammonia / aramonium carbonate
stripper to the sinmiated Monovalent Adsorption Zone comprised 8 HMD solution buffered with
ainmonium bicarbonate to pH = 16,5 [-1, having a final concentration of approximately 35 [g/L1
The simulated Elution Zone feed contained 2 [M] ammonium carbonate. The simulated Elution
Wash Zone {eed was comprised of purified water, Bach Zone was fed with 3 bed volumes at a
constant flow rate of 5 [mL/min].

F1G. 3 tabulates the results from the sinmlated cyclical continuous adsorption
experiment. FIG. 3 demonstrates that the purity of the HMD was increased from 77.4 [%%] (w/iw)
in the feed 10 99.2 [%] {w/w) in the eluate, the sequence having effectively rejected the four feed
unpurities down to trace quantities of lysine and glutamate. Also, the Monovalent Adsorption
fone concenirated the HMD product by & factor of 1.36. The results in PEG. 3 demonstrate that
the continuous adsorpiion sequence outlined in FIG. 1 both purifies and concentrates the desired

product.

12
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Monovalent Advorption Zone

A column with a diameter of 25.4 [rom] was packed to a8 free settlod bed height of
approximately 600 {mum] using virgin Dowex Monosphere 650C cationic exchange resin. The
virgin resin was washed with purified water 1o remove solvents associated with its manufacture
and converted to the NHy' form using 10 {%] (w/w) NHalag) and stored in purified water.

An Akta® Purifier was programmed to mimic the cyclical continuons adsorption
sequence as contained in FIG. 2 for the purification of hexarnethylenediamine (HMD) from a
synthetic feed representing clarified fermentation broth. Accordingly, a synthetic solution having
the feed purity as outlined in FIG, 4 was prepared as feed to the simulated Adsorption Zone,
having an HMD concentration of approxamately 54 {g/L]. The feed to the simulated Adsorpiion
Wash Zone was comprised of purified water. The stimulated combined Monovalent Strip and
Adsorption Zone feed comprised & HMD solution in water, having a final concentration of
approximately 54 [g/L]. The sinmlated Elution Zone feed contained 2 [M} ammonium carbonate.
The simulated Flution Wash Zone feed was comprised of purified water. Hach Zone was fed
with 3 bed volumes at a constant flow rate of § [mb/min], barring the combined Monovalent
Strip and Adsorption Zone which was fed with 2 bed volumes at a constant flow raie of §
fmi/minl.

FIG. 4 tabulates the results from the simulated cyclical continuous adsorption
experiment. FIOG. 4 demonstrates that the purity of the HMID was increased from 86 [%4] (w/iw) in
the feed to 99.6 [%] {w/w) in the eluate, the sequence having effectively rejected the four feed
fapurities down to trace quantities of lysine. Also, the combined Monovalent Strip and
Adsorption Zone concentrated the HMUD product by g factor of 1.38. The results in FIG. 4
demenstrate that the continuous adsorption sequence outlined in FIG, 2 both purifies and

concendrates the desired product,

£3
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WHAT IS CLAIMED IS:
i, A method of recovenog mulitvalent products from agueous solutions using continuous
ion exchange comprising:
{a} adsorbing the multivalent product principally as divalent specie onto an ion
exchange resin;
{1 converting the adsorbed multivalent product to principally the monovalent
valence stgte;
{c} concentrating the multivalent product through re-adsorption onto the ton
exchange resin; and
{d) chuating the multivalent product.
2. The method of claim 1, wherein the multivalent product is chosen from dicarboxvlic
acids and diamines.
A, The method of claim 2, wherein the dicarboxylic acids are chosen from succinic acid,
glitaric actd, adipic acid, and pimelic acid.
4, The method of claim 2, wherein the diamines are chosen from puirescine, cadaverine,
hexamethylenediaming, and heptamethyiensdiamine.
3. The method of claim 1, wherein {1} impurities are selectively desorbed and (2) the
adsorbed multivalent product is converied to principatly the monovalent state by teeding a base
or an acid at a concentration that allows the pH of the agueons sohtion discharged from the resin
to he approximately the pky; for cationic divalent products and {o be approxamately the pK, for
avdonic divalent products,
8. The method of claim 5, wherein multivalent product at a pH of approximately the first

equivalence point is recyveled 1o the ion exchange resin and concentrated through re-adsorpiion,

14
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3

The method of claim 1, wherein (1) impurities are selectively desorbed and {2} the
adsorbed multivalent product is converted to principally the monovalent state by recyeling
multivalent product in principally the zero valence state, concentrating the multivalent product
though re-a,d.sorption,

8. The method of claim 1, wherein the ruultivalent product is eluted from the ion exchangs
resin with a high concentration of aramonia, ammonium bicarbonate and / or ammonium
carbonate.

9, The method of claim 6 or claim &, where the eluted roultivalent product is fed 1o a steam
stripper, adjusting the pl of the multivalent product to approximately the first equivalence point.
14, The method of claim 7 or claim &, where the ehuted multivalent product is fed o a steam
stripper, adjusting the pH o where the multivalent product is principally in the zero valence
state.

11, The method of clabm 9 or claim 10, where a fraction of the multivalent product recovered
from the steam stripper is recyeled to the fon exchange resin and concentrated through re-
adsorption.

12. The method of clatm 1, further comprising at least one wash step after one or more of
steps {a}, (b}, (¢}, and (&) using an aqueous solution.

I3, Anapparatus for recovering multivalent produets from agueous solutions comprising one
or more of the below zones:

{a} an adsorplion zone comprising an ion exchange resin, for adsorption of the

multivalent product as principally a divalent specig;

i§
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{b a mopovalent strip zone, for desorbing Impurities and converting the adsorbed
multivalent product to the monovalent state;
! a monovalent adsorption zone, for adsorbing recycled muliivalent product
recycled from a steam siripper; and
{d} an elution zone, for ehuting the multivalent product using a concentrated
ammonia, ammonium bicarbonate or ammonium carbonate solution,
14, The apparatus according to claim 13, wherein the multivalent product is chosen from
dicarboxvlic acids and diamines.
15, The apparatus according to claim 14, wherein the dicarboxylic acids are chosen from
suceinic acid, glutaric acid, adipic acid, and pimelic acid.
{6, The apparatus according to clatm 14, wherein the diamines are chosen from putrescing,
cadaverine, hexamethylenediamine, and heptamethylenediamine,
i7. The apparatus of claim 13, which is configured to selectively desorb impurities and (2) to
convertthe adsorbed multivalent product to principally the monovalent staie by feeding a hase or
ar acid at a concentration that allows the pH of the agueous solution discharged from the resin to
be approximately the pKy, for cationie divalent products and to be approximately the pKe: for
anionic divalent products,
18 The apparatus of elaim 17, wherein multivalent product at a pH of approximately the first
equivalence poind is recycled to the fon exchange vesin and concentrated through re-adsorption.
i9, The apparatus of claim 13, wherein (1) impurities are selectively desorbed and (2) the
adsorbed multivalent product s converted to principally the monovalent state by recyeling
multivalent product in principally the zere valence state, concentrating the multivalent product

though re-adsorption.

16
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26, The apparatus of claim 13, wherein the multivalent product is eluted from the ion
exchange resin with a high conceniration of anymonia, ammeoeniwm bicarbonate and / oy

aminoenium carbonate.

=3

1. The apparatus of claim 18 or claim 20, where the eluted multivalent product is fed 1o a
steam siripper, adiusting the pH of the multivalent product fo approximately the first equivalence
point,

22. The apparatus of claim 19 or claim 20, where the eluted multivalent productis fed o a
steam stripper, adjusting the pH to where the multivalent product is principally in the zero
valence state.

23. The apparatus of claim 21 or claim 22, where a fraction of the multivalent product
recovered from the steam stripper is recycled 1o the fon exchange resin and concentrated through
re-adsorption.

24, The apparatus of clatm 13, further comprising at least one elution wash zone after one or
more of zenes {3}, (b}, {c}, and {d} using an agueous solution,

253, The apparatus of claim 13, wherein the monovalent strip zone and the monovalent

adsorption zone are combined,
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