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to producing an L-Lysine feed supplenent in which the L-Lysi'ne content is"
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not solely dependent on the initial L-Lysine concentration in the L-Lysine
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supplement derived from L-Lysine fermentation broth, and more particularly, to

producing an L-Lysine feed supplement in which the L-Lysine content is not solely

. This invention relates to processes for producing a granular L-Lysine feed

v

dependent on the initial L-Lysine concentration in the L-Lysine fermentation broth.

Background Of the Invention

form of which is L-LysineHCI (L-Lysine monohydrochloride). For many years, an L-
LysineHCl solid has been produced by a process of fermentation, purification,
crystallization and drying. After fermentation, the resulting broth may be rendered cell
free by filtration or centrifugation. After filtration, the L-Lysine may be recovered from
the fermentation broth by an ion exchange step, which produces a liquid that is

substantially L-Lysine freebase. This solution may then be concentrated by evaporation.

L-LysineHCl. This concentrated L-LysineHCl solution is crystallized to produce a

product in the form of L-LysineHCl dihydrate (L-LysineHCl:2H,0). This crystallized

Lysine is an amino acid used extensively in the animal feed industry. The major

Hydrochloric acid is usually added to the concentrated L-Lysine freebase to form

solid is thereafter dried to have less than 1% moisture.

This conventional product may have shortcomings. For example, it is dusty.

During the handling of the product, the dust results in a loss of valuable material and
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Background O the Invention Lysine is an am no acid used
extensively in the animal feed industry.- The-major formof which is

L- Lysi neHd (L-Lysine nmonohydrochl oride).  For many years, an L- LysineHd:
solid has been produced by a process of fernentation, purification,
crystallization and drying. After fernentation, the resulting broth may be
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addition, the product sometimes develops lumps during storage which are difficult to

=0

break up at the time of end use: Further, the extensive use of an ion exchange step makes
this process expensive.

Direct spray drying of an L-Lysine fermentation broth avoids the extensive
purification steps associated with the L-Lysine hydrochloride process, in particular the
use of an expensive ion-exchange step. However, consistent L-Lysine concentration in
the final dry product is difficult to achieve because the L-Lysine concenfration in a
fermentation broth can vary conmsiderably. Also, the dry product may be dusty and
difficult to use.

Patent 5,431,933 describes a process for the production of an amino acid feed
supplement which “still contains most of the solids content of the fermentation broth,”
The production of a fermentation broth at the industrial scale with 40% to 50% L-Lysine
content is very difficult to achieve from an operational standpoint. Malfunctioning
fermenters, contamination, power outages, and operator error are quite copymon and are
likely to lead to fermentation material that is less than about 40% L-Lysine and therefore
of little value. This difficulty is compounded by the impurities associated with the media
components, many of which are unrefined and vary in solids content and nutrient value
from lot to lot. To avoid variance in media, fermentation is constrained to specific and

expensive media. These considerations may lead to an increase in operational input
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Hydrochloric acid is usually added to the concentrated L-Lysine freebase to
form L-LysineHO . This concentrated L-LysineHC solution is crystallized
to produce a product in the formof L-LysineHC dihydrate .
(L-LysineHO :2H err]0). This crystallized solid is thereafter dried to
have | ess than 1% noi sture. Thi s conventional product may have
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manufacturing costs which may be prohibitive. In addition, the broth is dried to produce a
powder that is difficult to handle and can have detrimental health effects on workers due
to dust inbalation.

A process in which a non-dusty grapular animal feed product is formed is
described ip patent 5,622,710. The granulation is accomplished in two steps. First, the
fermentation broth is spray dried to produce particles that may include a biomass. In the
second step, the particles are copverted into pellets by means of costly high shear mixing
equipment.

European Application Number 91460051.5 describes a method of making a
granulated L-Lysine dust free, free-flowing, L-LysineHCl granular product from a liquid
solution or slurry by a spray granulation process. In one embodiment of the invéntion,
elements from a fermentation broth containing L-Lysine is ion exchanged:to produce a
purer L-Lysine solution. Hydrochloric acid is then added to the purer I.-Lysine solution
to make L-LysineHCI that is then sprayed onto an agitated drying bed of L-Lysine
partic111ate$. The particles of L-LysineHCl are then recovered once they reach a
predetermined size.

International Publication Number W0/95/23129 describes the production of non-
stoichiometric salt of L-Lysine in granular form. This publication teaches the production
of non-stoichiometric salts of L-Lysine wherein the amount of L-Lysine content in the
final product is adjustable. While the requirement for hydrochloric acid is reduced, other
materials are called for such as calcium hydroxide, sulfuric acid or phosphoric acid. In

addition, the fermentation broth containing the L-Lysine is extensively ion-exchanged.
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2 sonetimes causes an inconplete fornulation. Al so, human working
conditions are made |ess healthful and nore*difficult as a result of the
dust contributed by the L-LysineHd . In "addition, the product sonetines:
devel ops | unps during storage which are difficult to break up at the tine

of end use. Further, the extensive use of an ion exchange step nmakes this
process expensi ve. ct spray d

Dr, ryd n f L-Lysine ation
broth avoi ds tRM)&:%?%desﬁﬂgﬁsf the yse ot %ﬁé‘ﬂfgz%sg%dgf%%% W‘?%L%E{P Lysi ne
hydrochl ori de process, in particular the use of an texpensi ve iopn-exchange
step. Howemprsssesbtablets fontmediqal sse dhe Precest FurpRsss (h TorRingr3 SEFPERF]P P oduct
is difficult to achieve because the L-Lysine concentration in a

particles in air, (2) enabling the particles to be built up with granulating material, and (3)

coating the resulting grapules with a lubricant. In one aspect of this invention, the
greinulaﬁng material is atomized and sprayed into the air stream of a fluidized bed of inert
particles such as sucrose. The inert particles act as nuclei for the granulation process. The
resulting granules are coated with a lubricant.

This invention provides an extremely useful process for making a substantially
non-dusty granular L-Lysine product in which the concentration of L-Lysine in the final
product is controlled by the addition of material containing L-Lysine, which is added
prior to an agglomeration step (i.c. spray granulation step). However, there are occasions
where a non-granular L-Lysine feed supplement with an adjustable amount of L-Lysine
purity is desirable on especially economic grounds.

An ultrafiltration step is used to provide a substantially cell free L-Lysine broth
and 2 cell rich L-Lysine broth in the form of a permeate and a retentate respectively. If
the cell tich L-Lysine broth is abandoned, there is a waste. Therefore, care should be
taken either to use or to properly dispose of the cell rich L-Lysine broth. The
ultrafiltration step also adds considerably to plant costs.

If the cell rich L-Lysine broth is treated as a waste by-product, it requires primary
and secondary waste water treatments. If the cell rich L-Lysine broth is released as
untreated sewage, there may be a deleterious impact on the enviromment.

For convenience of expre.ssion, the term “dryer” will hereaftgr be used to describe

any suitable drying means such as a spray dryer, drum dryer, tunnel dryer, rotary dryer,
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fermentation broth can vary considerably. Also, the dry product nmay be

dusty and difficult to use. Patent 5,431, 933 describes a process
for the production of an amino acid feed ' supplement which "still contains
nost of the solids content of the fernentation broth.” The production of a

fernmentation broth at the industrial scale with 40%to 50% L-Lysine
content is very difficult to achieve from an operatlonal standpm nt .

Mal f unct i drayrdgyers andupnaegenulatonln aildizion,che tepo \iepray granglator” anl hegsaftertbsr
error are quite common and are |ikely to lead to fernentation materi al
that is | assd tdescrtieoatFld{dizel bey of patieuistes™herefore of little value. This
difficulty is conpounded by the inpurities associated with the nedia

conponents, NMaNMPheternt i “GPrag! @aniilitin’” N Cghra) gravidladon Rtept) blh “SpldRethticnTd
nutrient val ue
will hereafter be regarded as equivalent terms.

The terms “rententate™ and “cell rich L-Lysine broth” will hereafter be regarded
as equivalent terms.

The term “separation” will hereafter be used to describe the separating of an L-
Lysine fermentation broth into two fractious: a cell rich L-Lysine broth and a
substantially cell free L-Lysine broth. Any suitable separating means or combination of
separating means may be used. Separation may be achieved by means of filtration (e.g.
ultra and microfiltration), and mechanical methods such as centrifugation and decanting.

The term “ultrafiltration” will hereafter be used to describe the use of an-
ulirafilter to filter cells from an L-Lysine fermentation broth to provide a substantially-
celll free L-Lysine broth and a cell rich L-Lysine broth, The ultrafilter used to remove the
cells, has a molecilar weight cutoff between about 10,000 Dalton and 500,000 Dalton,
preferably about 500,000 Dalton.

The term “neutralized L-Lysine freebase™ will hereafter be used to .describe a
material containing L-Lysine freebase which has been neutralized using counter-ions
such as CI' and 804>, Neutralized L-Lysine frecbase is obtained by reacting at least a
stoichiometric amount of an acid such as hydrochloric (HCI) or sulfuric acid (H,S04) with
L-Lysine freebase.

The term “material containing L-Lysine” will hereafter be used to describe at,

least one suitable L-Lysine containing material used alone or combination with at least
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fromlot to lot. To avoid variance in nmedia, fernentation is constrained to
specific and expensive nedia. These considerations may |ead to an increase
in operational input o ‘ 3
which is necessary to make a 40%to 50% L-Lysi ne product, |eading to high
manuf acturi ng costs which nmay be prohibitive. In addition, the broth is
dried to produce a  powder that is difficult_ to handle and can have

det r.i ment gne hether uisgble ckd-ysine wepntdipipgdmaterial. Examples of suitable L-Lysine

confaining materials are L-Lysine hydrochloride, L-Lysine sulfate, and neutralized L-
Lysine.

The term “final L-Lysine feed supplement” will hereafter be used to describe a
final product supplement with an L-Lysine purity within a range between about 35% and
80% L-Lysine, measured as a percent of freebase per kg. In addition, the term “final L-
Lysine feed supplement” will hereafter be understood to mean a final product in which
the L-Lysine in the final product is present in its neutralized form.

Summary of the Invention

Accordingly, an object of this invention is to provide a more flexible process to
produce an L-Lysine production in which the concentration of L-Lysine in the final
product is controllable.

Another object of this invention is to provide an improved process for producing
a substantially dust free, free flowing granulat L-Lysine from fermentation broth. A more
particular object i$ to provide a simpler and more economical method for producing
granular L-Lysine. In fact, an object is to produce a substantially dust free product that
does not require a high shear mixing plant. A further object is to provide an L-Lysine
product that is dried and granulated in one step, a process referred to here as am
“agglomeration step”.

Yet another object is to produce granular L-Lysine from a fermentation broth in
which the concentration of L-Lysine is adjustable by adding L-Lysine freebase or L-

Lysine monohydrochloride (hereafter referred to as “L-Lysine hydrochloride™). A more
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to dust inhalation. A process in which a non-dusty granul ar ani mal
feed product is fornmed is described in patent 5,622,710. The granul ation
is acconplished in two steps. First, the fernentation broth is spray dried
to produce particles that may include a biomass. In the second step, the
particles are converted into pellets by means of costly high shear m xing
equi pnent . Eur opean Application Nunber 91460051.5 describes a

met hod of PaKFRgr ebjeefria e aveid @xtensiys ianeexthangefof dae fermentafivrotuoty A further

L- Lysi neHC granul ar product froma liquid solution or slurry by a spray
gr anul at i onbjpetas és provide 2nen-graholdr heliysineffe¢chaupplenent with,an adjatable andunom a
fermentation broth containing L-Lysine is ion exchanged to produce a

of L-Lysine wherein the spray granulation step is replaced with alternative methods of
drying such as spray drying, drum drying, rotary drying, tray drying, and tunnel drying.
Brief Description of the Drawings

The above mentioned and other features of this invention and the manner of
obtaining them will become more apparent, and the invention itself will be best
understood by reference to the following description of the invention taken in conjunction:
with the accompanying drawings, so in which:

FIG. 1 is a flow chart, showing the principle steps in a process for producing a
substantially dust free, free flowing, granular L-Lysine in the manner;

FIG. 2 is a flow chart, showiug the principle steps in a process for producing an
L-Lysine feed supplement in which the ultrafiltration step is optional and the water
removal step is excluded;

FIG. 2A is a flow chart, showing the principle steps in a process for producing an
L-Lysine feed supplcmex;t in which a variety of drying means is employed;

FIG. 3 is a flow chart, showing the principle steps in a process for producing an
L-Lysine feed supplement in which there are two entry points for an L-Lysine containing

material;
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purer 'L-Lysine solution. Hydrochloric acid is then added to the purer
L-Lysine solution to make L-LysineHC that is then sprayed onto an

agitated drying bed of' L-Lysine particulates. The particles of L-LysineHC
are then recovered once they reach a predeterm ned si ze.

| nternational Publication Nunber WO 95/23 129 descri bes the production of

non- stoichionetric salt of L-Lysine,in grapular form This bl.i cation
teaches the prddGedndhaflow char. ?I;’P&%TbGIPE‘PFIP[; LeRs(R 2g7oqesy BT PIREUHREARi n t he
amount of L-Lysine content in the final product is adjustable \th le the
requi r emed-Lysine fopd suppiement in sibich 4 conpengmted sell sichbroth maydeiragysled er tg) | e
for such as cal ci um hydroxi de, sulfuric acid or phosphoric acid. In

addi ti on, adbichef mmné Biliysinelwontainingpmeterial; ng t he L-Lysine i s extensively

I on- exchanged.

FIG. 4 is a flow chart, showing the principle steps in a process for producing an
L-Lysine feed supplement in which an L-Lysine containing material is added to an L-
Lysine fermentation broth; and

FIG. 5 is a flow chart, showing the principle steps in a process for producing an
L-Lysine feed supplement in which an L-Lysine containing material is added to 2
concentrated L-Lysine broth.

Brief Description of the Preferred Embodiments

The principle steps in one embodiment is a process for producing a substantially
dust free, free flowing, granular L-Lysine (FIG. 1) with an adjustable amount of L-Lysine
purity in a range between about 35% and 80% L-Lysine, measured as a percent of
freebase per kg. These steps comprise: (a) ultrafiltration of an L-Lysine fermentation
broth to provide a substantially cell free L-Lysine permeate 28; (b) removing water from
the L-Lysine permeate of step (a) to provide a substantially cell free concentrated L-
Lysine broth 40; (c) adding a material containing L-Lysine to the L-Lysine broth of step
(b) to provide a substantially cell free enriched L-Lysine broth (“SCFELB”) 54; and (d)
agglomerating the L-Lysine bro;h of step (c) to provide a feed supplement in the form of’
a substantially dust free, free flowing, granular L-Lysine product at 96.

‘The principle steps of an inventive process (FIG. 2) described herein produces an

L-Lysine feed supplement with a final L-Lysine purity in the range which is theoretically
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Pat ent 3, 089. 824 describes the use of a fluidized bed for the manufacture
of . conpressed tablets for nedical use. The process conprises (1) formng a
suspensi on of particles in air, (2) enabling the particles to be built up
with granulating material, and (3) coating the resulting granules with a
lubricant. In one aspect of this invention, the granulating material is
atom zed and sprayed into the air stream of a fluidized bed of inert

between about 35% and 80%, measured as a percent of freebase per kg, and more

preferably between about 50% and 80% L-Lysine. The ultrafiltration step can be replaced
with a centrifugation step and the water removal step can be excluded in a process which
comprises: (a) separating, by any suitable means such as centrifugation, an L-Lysine
fermentation broth into two fractions; a cell rich L-Lysine broth (“CRLB™) 32 and a-
substantially cell free L-Lysine broth (“SCFLB™) 28; (b) adding a material containing L-
Lysine, such as L-Lysine Hydrochloride or L-Lysine freebase, at 48 to the L-Lysine broth
of step (a) in a2 mix tank 52 to provide a substantially cell free enriched L-Lysine broth
(“SCFELB"), the added material is an amount which brings a final L-Lysine feed
supplement with a L-Lysine purity to be within a range between about 35% and 80% L:
Lysine, measured as a percent of freebase per kg; (c) agglomerating the L-Lysine broth of
step (b) by using a spray granulator 60 to provide particles of L-Lysine; and (d) sieving
the particles of step (c) to provide the final L-Lysine feed supplement 96.

Alternatively, the substantially cell free enriched L-Lysine broth of step (ii) may
be spray dried (60 in FIG. 2A) to provide an L-Lysine feed supplement 96. An L-Lysine
feed supplement 96 may also be produced by tunnel drying, drum drying, rotary drying or
tray drying the substantially cell fiee enriched L-Lysine broth (62 in FIG. 2A). Excess
water may be removed (63 in FIG. 2A), and preferably removed by evaporation.

The principle steps of one aspect of the inventive process (FIG. 3) described
herein produces an L-Lysine feed supplement with a final L-Lysine purity in the range
theoretically between about 35% and 80%, measured &s a percent of freebase per kg, and

more preferably between about 50% and 80% L-Lysine. The principle steps comprises:

————— e —— e R L — 9
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particles such as sucrose. The inert particles act as nuclei for the

granul ation process. The resulting granules are coated with a |ubricant.
This invention provides an extrenely useful process for naking a
substantially non-dusty granular L-Lysine product in which the
concentration of L-Lysine in the final product is controlled by the
addition of material containing L-Lysine, which is added prior to an

aggl oner at@)om Is{oping¢ fermentagion progh sepatated isie Wockactioppinerraguce aupganially

occasi ons where a non-granular L-Lysine feed supplenent with an adjustable
anount of cell fieeilnBysipeibratly (1SCRIES) 28 lahe acell echdelyusiny betio (ERIBY33u s .

An ultrafiltration step is used to provide a substantially cell free

L-Lysi ne hdpisting @RAL L yeRle! pudite laf khel 63l Aéh DrIOfsine Brotthef tep a)ofo propide rapat e
and a retentate respectively. If

enriched cell rich broth 52; (c) removing water from the enriched cell rich broth of step
(b) to produce a concentrated cell rich broth 36; and (d) cither drying the concentrated
cell rich broth of step (c) to provide an L-Lysine feed supplement (96) or blending the
concentrated cell rich broth of step (c) with more L-Lysine containing material at 104 and
then drying to provide an L-Lysine feed supplement at 96. The concentrated cell rich
broth may be blended with more L-Lysine containing material on a batch or semi-batch
basis as depicted in FIG. 3a.

The principle steps in yet anoﬂ;er inventive process (FIG. 4) for producing an L-
Lysine feed supplement with an adjustable amount of L-Lysine purity comprises: (a)
adjusting the L-Lysine purity of an L-Lysine fermentation broth to provide an enriched
L-Lysine fermentation broth; and (b) converting the emriched L-Lysine fermentation
broth of step (a) into an L-Lysine feed supplement by either spray gramulation, spray
drying, tunmel drying, tray drying, rotary drying or drum drying.

The principle steps in yet another inventive process (FIG. 5) for producing an L-
Lysine feed supplement in a similar manner to that described by FIG. 4 with the optional
step of removing water, preferably by evaporation, from the L-Lysine fermentation broth
at 36 in order to provide a concentrated L-Lysine broth with between about 30% and 70%
solids by weight. An L-Lysine containing material is added to the concentrated L-Lysine

broth at 48 to provide an enriched L-Lysine fermentation broth. The enriched L-Lysine

10
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the cell rich L-Lysine broth is abandoned, there is a waste. Therefore,
‘care should be taken either to use or to properly dispose of the cell rich
L-Lysine broth. The wultrafiltration step al so adds considerably to plant
costs. If the cell rich L-Lysine broth is treated as a waste
by-product, it requires primary and secondary wast e mater treatments. If

the cell -L n his reI untr there nay be
a del eter |f5r&§e"%arﬁ9§3ttr°§‘nmﬁ¥rg’eesmﬁyr$ 0; spray E’a aﬁeﬁgéﬁ’

expr essi on the term "dryer” wll hereafter be used to descri be an

sui tabl e H%%FE opelfried, Gasdned, opdpay d eérﬂtrﬂénpremdeeeﬁnbysmtﬁed

rotary dryer ] ) L
Supplement with a final L-Lysine purity in the range theoretically between about 35%

and 80% L-Lysine, measured as a percent of freebase per kg, and more preferably
between about 50% and 80% L-Lysine.
Detailed Description of the Preferred Embodiments

While one aspect of this invention is the harvesting and processing of L-Lysine
base from fermentation broth, the composition and nature of the fermentation medium
may vary. For example, any suitable high L-Lysine producing organism taken from the
genus Corynebacterium or Brevibacterium may be used to inoculate the fermentaﬁon
medium. Prior to inoculation with the L-Lysine producing bacterium, the fermentation

medium may have the following composition:

Material Amount (g/1)
Soy Hydrolysate 20.0
Ammonium Sulfate 20.0
Urea : 3.0
Monopotassium Phosphate ' 1.0
Magnesium Sulfatc Heptahydrate 0.5
Manganese Sulfate 0.002
Biotin 0.0001
Thiamine Hydrochloride 0.0001
Glucose 300
f This Sheet Has Been Replaced
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tray dryer, and spray granulator. In addition, the term"spray granul ator"”
wi I1 hereafter be wused to describe a "Fluidized bed of particul ates".

The ternms "spray granulation", "spray granul ation step”, and

"aggl oneration” wll hereafter be regarded as equival ent terns.

The ternms "rententate"” and "cell rich L- Lysi ne brot h" will hereafter be

regar ded ui yal ent terns he term "separation” w |l hereafter
be used t@edgg%rﬁdﬂﬁtqd@dé%ﬁ?%ﬁ ﬁbamo’awa@y 7.2 with ammonium hydroxide

The temperature is maintained at about 32°C
The feed is Glucose: (NHy);S0, with the glucose concentration maintained at about 10g/1

The fermentation medium can be inoculated into the fermentation vessel by using
standard microbiological practices that are known to those skilled in the microbiology art.
The fermentation vessel should be equipped with a stirrer, a ventilation system, and a
temperature control device to maintain the fermentation at about 30°C and preferably at
32°C. The fermentation is carried out until the L-Lysine base concentration is about 92
g/l (grams per liter) and the total dry solids is about 218 g/1. Aseptic techniques should be
observed throughout the fermentation process to avoid a contamination of the
fermentation broth with non-L-Lysine producing organisms.

In keeping with one aspeCt. of this invention, which will be best understood with
reference to FIG. 1, the process produces a substantially dust free, free flowing, granular
L-Lysine from fermentation broth described somewhat as follows:

(i) An L-Lysine containing fermentation broth in fermenter 20 is separated into
two fractions by an ultrafiltration means at 24 to remove cells in order to produce a
substantially cell free L-Lysine broth (show at 28 as “Permeate” on the attached figure).
The cell rich L-Lysine broth (here treated as retentate waste) is drained off at 32. The
ultrafilter used to remove the cells, has a molecular weight cut-off between 10,000 Dalton

and 500,000 Dalton, preferably about 500,000 Dalton.
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Lysine fernentation broth into two fractions: a cell rich L-Lysine broth
.and a substantially cell free L-Lysine broth. Any suitable separating
means or conbination of separating nmeans nay be used. Separation nay be
achi eved by neans of filtration (e.g. wultra and mcrofiltration), and
mechani cal nmet hods such as centrifugati on and decanti ng. The term
"ultrafiltration” will hereafter be used to describe the use of an
ultrafilter to (i) Thesubsmhtislly cofinfreeL-Lysips broch fsevaport@d torenwvetwatérat 36 ovi de
a substantially cell free L-Lysine broth and a cell rich L-Lysine broth.

The ul tratd Ipréducy S£ dubstentiallPrllt fice c6flechGated ISLgsifiv ool 28. Prefegdtily,Cthk Of f
bet ween about 10, 000 Dalton and 500, 000 Dal ton, preferably about 500, 000

Dal ton.  substantially 2611 tHeBonB&itafedl 1.2 S4ink Hedth i (Qfovid 8EPCSRenttitt? ahg)ankt er be
used to describe a '
between about 30% and 70% solids by weight. Waste water is drained away at 44.
Evaporation is carried out in the approximate range between 140°F and 214°F, preferably
between 145°F and 155°F, and pressure between 2.9 psia and 11 psia (vacuum),
preferably 2.9 psia to 4 psia.

(iii) The L-Lysine purity of the substantially cell free concentrated L-Lysine broth
is adjusted in a mix tank 52. The adjustment is made by adding L-Lysine containing
material at 48 to a mix tank 52 to provide a substantially cell free enriched L-Lysine
broth SCFELB at 54. The L-Lysine containing material is added in an amount which
brings a final L-Lysine feed supplement with an L-Lysine purity to be in a range
theoretically between about 35% and 80% L-Lysine, measured as a percent of freebase
per kg, and more preferably between about 50% and 80% L-Lysine.

(iv) The substantially cell free enriched L-Lysine broth is atomized by a nozzle 56
to provide an atomized spray of substantially cell free enriched L-Lysine broth to make a
percolating: bed of L-Lysine particulates in a spray granulator 60. The L-Lysine
particulates have a particle size of less than about 177 micron (i.e. particles that can pass
through 80 mesh) and preferably in the size range of about 100 micron and 177 micron.
The bed of the spray granulator is preferably a fluidized bed of L-Lysine particulates and

is operated at a temperature between about 30°C and 100°C.

(v) The position of the nozzle 56 is adjusted until it is just above the fluidized bed

of L-Lysine particulates.

13
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mat eri al containing L-Lysine freebase ﬁhich has been neutralized using
.counter-ions such as Cf[err] and SOerr]. Neutralized L-Lysine freebase is
obtained by reacting at least a stoichionetric anount of an acid such as
hydrochloric (HC) or sulfuric acid (Herr]Sderr]) with L-Lysine
freebase. The term "material containing L-Lysine" wll hereafter
be used to describe at |east one suitable L-Lysine containing nmateri al

used al one or cdévidiSubstansiallyicell frge angighed L-Lysine broth is sprayed onto the fluidized

° bed of L-Lysine particulates to initiate the agglomeration process.

(vii) The agglomeration process is allowed to continue to produce the
substantially dust free, free ﬂowing, granular L-Lysine product in the size range between
approximately 177 micron and 1190 micron, and preferably in the size range of between
about 177 micron to 420 micron.

(viii) The product is removed from the spray granulator at 64, with waste water
flowing away at 68 in the form of water vapor in the dryer exhaust.

(ix) The product is then screened and sorted for size at sieve 72 (preferably 80
mesh).

(x) Granules at 76 that are too large (e.g. in the size range of greater than about
1190 micron) are ground m a grinder at 80 to a smaller particle size (¢.g. in the size range
of less than about 177 micron) and combined with material that is too small 84 (e.g. in
the size range of less than about 177 micron) to produce recycled L-Lysine particulates
(shown at 88 as “Recharge” on FIG. 1) and retumned to the spray granulator 60 as a
starting material which act as seeds for the agglomeration process.

(xi) The substantially dust free, free flowing, granular L-Lysine product in the
size range of about 177 micron to 1190 micron (shown at 92 as “177-1190 micron
Particles™) pass thro_ugh the sieving process and are acceptable as the end px.'oduct at 96.
However, the preferred range is from about 177 micron to 420 micron that packs better
and reduces cost for shipment.

The preferred L-Lysine concentration in the starting feed stream of L-Lysine

fermentation broth is about 90g/1 L-Lysine, measured as a percent of freebase per kg.
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one other suitable L-Lysine containing material. Exanples of suitable
L-Lysine containing naterials are L-Lysine hydrochloride, L-Lysine

sul fate, and neutralized L- Lysine. The term"final L-Lysine feed
suppl ement” will hereafter be used to describe a final product supplenent
with an L- Lysine purity within a range between about 35% and 80% L-Lysi ne,

nmeasur ed of freebase per k add |on he "fipal L-
Lysi ne ffe} ‘H”%Vlf {hgﬁeh.ysmwcwceﬁg?tééfr &Y %vg tjfﬁ% ne“aurriﬁé %é’{l
Do epthpust B bebSiafon b Gretine bgut%%ug%x,ﬁ 6 S50 el o

suitable concentrations of L-Lysine in the fermentation broth are acceptable. However,

the L-Lysine concentration in the fermentation broth should not be below about 30 g/l.
As described in step (iii) above, the final desired concentration of L-Lysine may be
achieved by adding an L-Lysine containing material.

Although ultrafiltration is the preferred method for obtaining the substantially cell
free L-Lysine broth, this does not mean other methods can not be used. The cells could
also be removed by mechanical separation techniques, such as ceutrifugation. Other
suitable methods include microfiltration and decanting.

The. invention envisages the removal of cells from the L-Lysine containing
fcrmentation brotﬁ by various other processes. For example, the fermentation broth 20
could be split equally and about 50% centrifuged and the remaining 50% ultrafiltered
with the outputs ffom both cell removal processes combined to produce a substantially
cell free L-Lysine broth. This flexibility will enhance the practice of the invention in an
industrial setting.

Although the present invention envisages the addition of material containing L-
Lysine to the substantially cell free concentrated L-Lysine broth at mix tank 52, the
addition of such material to the concentrated L-Lysine broth might be omitted altogether
if the desired concentration of L-Lysine (measured as freebase) in the substantially cell
free concentrated L-Lysiﬁe broth is such that the addition of material containing L-

Lysine, as described in step (iii), is unnecessary. For example, the step of adding a
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Accordingly, an object of this invention is to provide a nore flexible
process to produce an L-Lysine production in which the concentration of
L-Lysine in the final product is controllable. Anot her obj ect of
this invention is to provide an inproved process for producing a
substantially dust free, free flow ng granular L-Lysine fromfernmentation
broth. A nore particular object is to provide a sinpler and nore

econoni @dteraliqoptaining Lokysins might bgromitted df thel spocentration of deLysinmintieect i s
to produce a substantially dust free product that does not require a high
shear nisubstantisllyreell fteef conctmiratabl. doysine Sroth substamntibdlyasxceedsydbbare3syprisduct
that is dried and granulated in one step, a process referred to here as an
" aggl ondryaidepmeasduedd as a percent of freebase per kg. If the cell free concentrated L-Lysine
broth contains substantially more than about 35% L-Lysine, measured as a percent of
freebase per kg, the L-Lysine broth is a substantially cell free enriched L-Lysine broth.
Experience has shown that there is a relationship between the orifice size of the
nozzle 56, flow rate, and gauge pressure. While the preferred nozzle size is 0.0615",
various other nozzles can also be used to supply the spray. In particular, nozzle designs
supplied by Spraying Systems Co., PO Box 7900, Wheaton, IL 60189-7900, USA (tel:
630-665-5000) work well to produce a fine spray. The spray granulator can be purchased
from Glatt Air Techniques, 20 Spear Road, Ramsey, NJ 07446-1288, USA (tel: 201-825-
8700).
Experience also suggests that manufacturing L-Lysine granules on 2 commercial
scale will require several nozzles to atomize and spray enviched L-Lysine broth onto a
proportionally larger bed of percolating particles of L-Lysine.
The percolating bed of particles should comprise L-Lysine particles of
sufficiently small size to function as seeds for the agglomeration process. It is preferable
that the L-Lysine particulates are less than about 177 micron in size and preferably
between about 100 micron and 177 micron.
In the agglomeration process, the seed particles simultaneously grow in size and

are dried as they are sprayed with the enriched L-Lysine permeate. The agglomeration

process is aided by binders that are inherently present in the enriched L-Lysine broth,
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Yet another object is to produce granular L-Lysine froma fernentation
broth in which the concentration of L-Lysine is adjustable by adding
L-Lysine freebase or L- Lysine nonohydrochl oride (hereafter referred to as
"L-Lysi ne hydrochloride"). A nore particul ar object is to avoid
extensi ve ion exchange of the fernmentation broth. A further object is to

provide a non-granul ar L-Lysine feed supplenment w th an_adjustabl e amunt
namely: L-Lysine fermentation broth, L-Lysine hydrochloride, L-Lysine sulfate and

water. A binder is defined as a substance that provides the sticky component to enable the:
seeds in the agglomeration process to build up in size.

The source of the L-Lysine particulates used to produce and seed the fluidized
bed of L-Lysine in the spray granulator is not critical although the preferred source is:.
either obtained from stomizing the substantially cell free enriched L-Lysine broth as
described in step (iv) above or from recycled L-Lysine particulates as described in step
(x) above, and shown at 88 in F1G. 1.

Alternatively, the fluidized bed of L-Lysine particulates could be produced by
atomizing or spray drying any of the following: L-Lysine containing fermentation broth
from step (i), substantially cell free L-Lysine permeate from step (i), substantially cell
free L-Lysine broth prodl;ced by centrifuging L-Lysine containing fermentation broth
from step (i), substantially cell free concentrated L-Lysine broth from step (ii) or any
combination of these. In addition, pwified L-Lysine hydrochloride and L-Lysine
freebase could be used as a source for L-Lysine particulates in order to make the
fluidized bed of L-Lysipe particulates and to act as seeds for the agglomeration process.

While the exact source of the L-Lysine particulates for making the fluidized bed
of L-Lysine particulates and the seeds for the agglomeration process is not too critical, it
is preferable that the L-Lysine particulates are less than about 177 micron in size and
preferably between about 100 micron and 177 micron.

In summary, suitable sources for making the L-Lysine particulates include:

substantially cell free L-Lysine broth obtained from centrifuging L-Lysine containing
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of L-Lysine wherein the spray granulation step is replaced with alternative
met hods of drying such as spray drying, drumdrying, rotary drying, tray

drying, and tunnel drying. Brief Description of the Draw ngs The
above nmentioned and other features of this invention and the manner of
obtaining themw || becone nore apparent, and the invention itself will be

best understood by reference to the follow ng description of the invention
taken in danjentatibh droth diomh step €),ambstamiatlyi cel) fikedlysios psundate fipmcster (i),

FIG 1 is a flowchart, showing the principle steps in a process for
produci ng sabstntaRY R6M ifite| conekntratellTeRysihé beotl ifont sgp (G), and|sabstintiallgiceld i n

t he manner; FIG 2 is a flowchart, showing the principle steps in

a process geQlnRERAYGT Dené&Broth from step (iii). Each of these sources, or any combination of
these sources, may be atomized by the nozzle 56 in the spray granulator 60 in order to
generate the L-Lysine particulates. Alternatively, L-Lysine particulates may be made by
separately spray drying, and possibly storing for later use, any of the following:
substantially cell free L-Lysine broth obtained from centrifuging L-Lysine containing
fermentation broth from step (i), substantially cell free L-Lysine permeate from step (i),
substantially cell free concentrated L-Lysine broth from step (ii), and substantially cell
free enriched L-Lysine broth from step (iif). Prior to use as L-Lysine particulates, the
spray dried products may be sieved to remove lumps and to obtain particles in the size
range of less than about 177 mic.mn (preferably between about 100 micron and 177
micron).

For example the substantially cell free concentrated L-Lysine broth from step (ii)-
may be used to produce the bed of percolating seed particles at 60. The substantially cell
free concentrated L-Lysine. broth may be atomized by the nozzle 56 in the spray
granulator-60 in order to generate the percolating bed of seed particles. Alternatively, the:
substantially cell free conceptra:ed L-Lysine broth may be separately spray dried. Prior to.
use as L-Lysine particulates, the spray dried concentrated L-Lysine broth may be sieved
to remove lumps and to obtain particles in the size range of less than about 177 micron
(preferably between about 100 micron and 177 micron).

Another example of a suitable source of the L-Lysine pa:_jcimﬂ'ates would be dry

purified L-Lysine hydrochloride powder that may be obtained by known state of the art
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L- L‘ysi'ne feed supplement in which the ultrafiltration step is optional and

the water renoval step is excluded, FIG 2Ais a flow chart,
showi ng the principle steps in a process for producing an L-Lysine feed
suppl ement in which a variety of drying nmeans is enpl oyed; FIG 3

is a flow chart, showing the principle steps in a process for produci ng an

L- Lysi ne feed supplenent in which there are t entry. points, for an
L- Lysi ne C@mc@%gﬁ'@is dat pewdsr may be used as a source for ljj-tl..}%mg particilates or%ae dry

powder may be sieved to remove lumps and sorted for particles less than about 177
Imicron (prcfefably in the size range between about 100 micron and 177 micron).

Experience bas shown that once the agglomeration process becomes self-
sustaining, the particles for the fluidized bed 60 comes from recycling particles at 83 into
the into the fluidized spray granulator bed 60 by using particles at 84 which are too small
or the granules which are too large and have been ground at 80 to a smaller size.
Experience has also shown that the agglomeration process may operate on either a batch
or semi-continuous basis. The batch process is preferred. |

While the preferred L-Lysiné concentration in the starting feed stream, measured
as a percent of freebase per kg, in the fermentation broth is about 90g/l L-Lysine, those
skilled in the art will understand that L-Lysine concentration can vary from one
fermentation run to the next. Hence, the use of a fermentation broth containing about 90
g/1 L-Lysine should not be taken to mean that other suitable concentrations of L-Lysine in
the fermentation broth are precluded. The final desired concentration of L-Lysine may be
achieved by adding an L-Lysine containing material, such as L-LysineHCl or L-Lysine
freebase, .at 48, and as described in step (iii) above. However, the L-Lysine concentration
in the fermentation broth should not be below about 30 g/1.

A second embodiment of this invention for producing an L-Lysine feed
supplement is shown in FIG. 2.

(i) An L-Lysine containing fermentation broth in a fermenter at 20 is separated

into two fractions at 24 to produce a substantially cell free L-Lysine broth (“SCFLB”") 28
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8 ' FIG 3Ais a flow chart, showing the principle steps in a
process for producing an L-Lysine feed supplenent in which a concentrated
cell rich broth nmay be recycled for the addition of nore L-Lysine
containing materi al; FIG 4 is a flow chart, show ng the principle
steps in a process for producing an L-Lysine feed supplenent in which an
L-Lysine containing material is added to an L- Lysine fernentation broth

and and-2 Gl Hich £.-Bysineobrothh@ CRLBS) 3% Thy qelﬂenqhi-ﬂdﬁw drathdghownnasE

process for producing an L-Lysine feed supplenment in which an L- LyS|ne

cont ai ni nginBlGe 12) alayibe pactassdd o describatinain thirdethbodinyent 0 FIG.GL Any suitable
raeans, such as ultrafiltration or centrifugation, may be used at 24 to separate the amino
acid fermentation broth.

(ii) The L-Lysine purity of the substantially cell free L-Lysine broth is adjusted by
adding an effective amount of L-Lysine containing material at 48 (FIG. 2) to the
substantially cell free L-Lysine broth in a mix tank at 52 in order to provide a
substantially cell free enriched L-Lysine broth (“SCFELB™). The amount of L-Lysine
containing material added at 48 depends on the concentration of L-Lysine in the
substantially cell frec L-Lysine broth, measured as a percent of freebase per kg. However,
the amount of L-Lysine should be sufficient to ensure that the final concentration of L-
Lysine in the final product is in the range between about 35% and 80% L-Lysine,
measured as a percent of freebase per kg.
(iii) The substantially cell free enriched L-Lysine broth is optionally atomized by

a nozzle 56 to provide an atomized spray of substantially cell free enriched L-Lysine
broth to make a percolating bed of L-Lysine particulates in a spray granulator 60. The L-
Lysine particulates have a particle size of less than about 177 micron (i.e. particles that
can pass through 80 mesh) and preferably in the size range of about 100 micron and 177
micron. The bed of the spray granulator is preferably a fluidized bed of L-Lysine
particulates and is operated at a temperature between about 30°C and 100°C.

Alternatively, the substantially cell frec enriched L-Lysine broth of step (ii) in

FIG. 2 may be spray dried to provide an L-Lysine feed supplement. An L-Lysine feed
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Brief Description of the Preferred Enbodi nents The principle steps
in one enbodinent is a process for producing a substantially dust free,
free flow ng, granular L-Lysine (FIG 1) with an adjustabl e anount of
L-Lysine purity in a range between about 35% and 80% L-Lysi ne, neasured as
a percent of freebase per kg. These steps conprise: (a) ultrafiltration of
an L-Lysine fernentation broth to provide a substantjally ce|l, free

L- Lysi ne pevpplementassy alsp heanroducad byauetel dring. drwa dryings FHEY flyng £ drayt
step (a) to provide a substantially cell free concentrated L- Lysine broth
40; (c) addryigg shenmbstantidllycanil féenéomighed Lylgising trotht (62 in FIG.s? ke Biseess twasst st ep
(b) to provide a substantially cell free enriched L-Lysine broth ("SCFELB")
54; and (d)is ren@ifled (63 @i FIG) 2 Al eréfetapBi ycevaporatiomnf step (c) to provide a feed

suppl emrent in the form of

(iv) The position of the nozde 56 (FIG. 2) is adjusted until it is just above the
fluidized bed of L-Lysine particulates of the spray granulator.

(v) Substantially cell free enriched L-Lysine broth is sprayed onto the fluidized
bed of L-Lysine particulates of the spray granulator to initiate the agglomeration process

(vi) The agglomeration process is allowed to continue to produce the substantially
dust free, free flowing, granular L-Lysine product in the size range between
approximately 177 micron aﬁd 1190 micron, and preferably in the size range of between
about 177 micron to 420 micron.

(vii) The product is removed from the spray granulator at 64, with waste water
flowing away at 68 in the form of water vapor in the spray granulator exhaust.

(viii) The product is then screened and sorted for size at sieve 72 (preferably 80
mesh).

(ix) Granules at 76 that are too large (e.g. in the size range of greater than about
1190 micron) are ground in a grinder at 80 to a smaller particle size (e.g. in the size range
of less than about 177 micron) and combined with material that is too small 84 (e.g. in
the size range of less than about 177 micron) to produce recycled L-Lysine particulates at
88 (FIG. 2) and retumned to the spray granulator 60 as starting material to act as seeds for
the agglomeration process.

(x) The substantially dust free, free flowing, “177—1}90 micron Particles{’,

granular L-Lysine product with an L-Lysine purity in the range between about 35% and
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a substantially dust free, free flow ng, granular L-Lysine product at 96.
The principle steps of an inventive process (FIG 2) described herein
produces an L-Lysine feed supplenment with a final L-Lysine purity in the
range which is theoretically 9

bet ween about 35% and 80% neasured as a percent of freebase per kg, and

nore preferably between about 50% and 80% L-Lysine., The ultraf.i treit7i70n
step can b@0¥ebilysing, measured as a percent of freebase pet kg, and a size range of about

micron to 1190 micron at 92 pass through the sieving process and are acceptable as the
end product at 96. However, from the viewpoint of bulk density, the preferred product
size is in the range between approximately 177 micron and 420 micron.

A third embodiment (FIG. 3) of this invention produces an L-Lysine feed
supplernent.

(1) An L-Lysine fermentation broth in fermenter 20 is separated into two fractions
at 24 to produce a substantially cell free L-Lysine broth (“SCFLB”) 28 and a cell rich L-
Lysine broth (“CRLB™) 32. The substantially cell free L-Lysine broth (shown as El) mav
be processed as described in the second embodiment of FIG. 2. Any suitable means to
separate the L-Lysine fermentation broth may be used .such as ultrafiltration or
centrifugation.

Prior to separating the L-Lysine fermentation broth, a material containing L-
Lysine may be optionally added directly to the L-Lysine fermentation. The agitation
provided by a suitable stirred tank reactor (“STR”) fermenter vessel would provide the
neccessary degree of mixing to ensure a uniform concentration of L-Lysine in the L-
Lysine fermentation broth.

(if) The L-Lysine purity of the cell rich L-Lysine broth is adjusted by adding an
effective amount of L-Lysine containing material to the cell rich L-Lysine broth in a mix
tank at 52 to provide an enriched cell rich broth (“ECRB™) 55. The amount of L-Lysine
containing material added at 48 depends on the concentration of L-Lysine in the cell rich

L-Lysine broth, measured as a percent of frecbase per kg. However, the amount should
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with a centrifugation step and the water renoval step can be excluded in a
process which conprises: (a) separating, by any suitable neans such as
centrifugation, an L-Lysine fernentation broth into two fractions; a cell
rich L-Lysine broth ("CRLB") 32 and a substantially cell free L-Lysine
broth ("SCFLB") 28; (b) adding a material containing L- Lysine, such as

L- Lysi ne FNd chl oride o Ly e freebase 48 to,th ng .broth
of step PA) 1e£t M SO aB?‘W%“‘EFB%eBEa%P"s‘Eﬁ)‘S A5PF 4 e ﬁ@lﬁp@/ lse’“Prr i ched
L-Lysine broth "SCFELB" ), . the added material is an amount which brings a
final L- ftange Pé@ee% 138Meard §§% 1-Rysine, yasaswred af pgroeBt ofofreabesa Pera range
bet ween about 35% and 80% L- Lysine, neasured as a percent of freebase per
kg; (c) X8glonmerating the L-Lysine broth of step (b) by using a spray
granul ator 60 to provide particles of L-Lysine; and (d) sieving
(iii) Water is removed from the enriched cell rich broth by evaporation at 36 to
produce a concentrated cell rich broth (“CCRB™). Preferably, the concentrated cell rich
broth has between about 20% and 70% solids by weight.
(iv) The concentrated cell rich broth is dried at 62 to provide an L-Lysine feed
supplement 96 with an L-Lysine purity in the range between about 35% and 80% L-
Lysine, measured as a percent of freebase per kg.
Altematively, the concentrated cell rich broth is blended with more L-Lysine
containing material in a second mix tank at 104 and then dried at 62. If this embodiment
is practiced on a batch or semi-batch basis, it would be more desirable to use just one mix
tank 52 simply by recycling the concentrated cell rich broth back at 108 to mix tank 52 as
depicted in FIG. 3a.
A fourth embodiment of this invention (FIG. 4) includes a process of producing
an Lysine feed supplement with an L-Lysine purity in the range between about 35% and
80% L-Lysine, measured as a percent of freebase per kg.
(i) The L-Lysine purity of an L-Lysine fermeptation broth in fermenter 20 is
adjusted by adding an effective amount of L-Lysine containing material at 48 to a mix
tank at 52 in order to provide an enriched L-Lysine fermentation broth (“ELFB”). The

amount of L-Lysine containing material added at 48 depends on the concentration of L-

Lysine in the L-Lysine fermentation broth, measured as a percent of freebase per kg.
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the particles of step (c) to provide the final L-Lysine feed supplenment 96.
Alternatively, the substantially cell free enriched L-Lysine broth of step
(i) may be spray dried (60 in FIG 2A) to provide an L-Lysine feed

suppl ement 96. An L-Lysine feed supplenent 96 nay al so be produced by

t unnel

cel |l
renoved (GweveE|the amdymt sioaldbefeffiziny to ennve thab phee fingovameéntration of L-
principle steps of one aspect of the inventive process (FIG 3) described
her ei n pr qdfRSinathe Lfindl Sproguct 46 dn b phnpEEbdtwedn Abautf35%lank- 3076 i Ik ygivei ty in
theoretically between about 35% and 80% neasured as a percent

Ef Lf r eebasfedified 4 a jRRGnt HPEEHRLLH@KED TN RS Tt Moall bdbietid! B0 1-
- Lysi ne.

t he range

The princi'ple steps conpri ses:
Lysine freebase at 48 in order to take advantage of the natural aqueous anions present in

the L-Lysine fermentation broth. Sulfate, chloride and hydroxyl anions in the L-Lysine
fermentation broth would theoretically neutralize the L-Lysine freebase.

(ii) Depending on the position of flow valve 112, the enriched L-Lysine
fermentation broth is either converted into a granular L-Lysine feed supplement by means
of a spray granulator 60 (i.e. agglomerated) or converted into an L-Lysine feed:
supplement by means of a spray dryer l61. Water is removed at 63, preferably by
evaporation.

The present invention envisages the addition of material comtaining L-Lysine to,
for example, L-Lysine containing fe@entaﬁon broth or concentrated L-Lysine broth,
However, the addition of material containing L-Lysine might be omitted altogether if the
desired concentration of L-Lysine (measured as freebase) in the L-Lysine containing
fermentation broth or concentrated L-Lysine broth is such that the addition of material
containing: L-Lysine is unmecessary, as when the concentration exceeds about 35% L+
Lysine, measured as a percent of frecbase per kg. If the L-Lysine containing fermentation
broth or concentrated L-Lysine broth contain substantally more than about 35% L-
Lysine, measured as a percent of freebase per kg, then both the broth and concentrate
count as enriched L-Lysine broth.

A fifth embodiment of this invention (FIG. 5) includes a groceés of producing an

L-Lysine feed supplement which is essentially the same as that described in the fourth
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drying, drumdrying, rotary drying or tray drying the substantially
free enriched L-Lysine broth (62 in FIG 2A). Excess water may be

The



10 (a) an L-Lysine fernentation broth separated into two fractions to

produce a substantially cell free L-Lysine broth ("SCFLB") 28 and a cell
rich L-Lysine broth ("CRLB") 32; (b) adjusting the L-Lysine purity of the

cel |

ric

to produ
concentr

i

h L-Lysine broth of step (a) to provide an enriched cell rich
broth 52; (c) renoving water fromthe enriched cell rich broth of step

ce_.a.concentrated cel.l broth 36;

gmbgdiment with t%te optional sterpI gth removing water, %?&er(ag})y l%l EJ‘a%B:a%L‘n’,' Egmt he

the L-Lysine fermentation broth at 36 in order to provide a concentrated L-Lysine broth
with between about 30% and 70% solids by weight. An L-Lysine containing material is
added to the concentrated L-Lysine broth at 48 to provide an enriched L-Lysine
fermentation broth. The enriched L-Lysine fermentation broth may be spray granulated at
60; spray dried at 61; and spray dried, spray granulated, tunnel dried, tray dried, or drum
dried at 62 to provide an L-Lysine feed supplement with an L-Lysine purity in the range
between about 35% and 80% L-Lysine, measured as a percent of freebase per kg.

The following cxamples represent specific but non-limiting embodiments of the
present invention:

EXAMPLE 1 - Comparative Example

400 liters of fermentation broth with a L-Lysine concentration of 92 g/l (grams
per liter) L-Lysine base and 218 g/l total dry solids were harvested from a L-Lysine
fermentation run. This material was ultrafiltered and evaporated to a concentration of 235
g/l in the form of L-Lysine sulfate (measured as free base) and 493 g/l dry solids.

5150 ml (milliliters) of this concentrate was dried on a Glatt WSG 5 spray
granulator. The inlet temperature of the Glatt unit was maintained between 93°C and
124°C, preferably above 120°C. The outlet temperature was maintained between 40°C
and 80°C, preferably between 60°C and 65°C. The bed temperature was maintained
between 70°C and 92°C, preferably between 71°C and 74°C. The air flow was

maintained between 1,300 and 4,000 feet per minute, preferably between 1,300 and 1,500

25

This Sheet Has Been Replaced

(b)



cell rich broth of step (c) to provide an L-Lysine feed suppl ement (96) or
bl ending the concentrated cell rich broth of step (¢) with nore L-Lysine
containing material at 104 and then drying to provide an L-Lysine feed
suppl ement at 96. The concentrated cell rich broth may be bl ended with
nore L-Lysine containing material on a batch or sem -batch basis as
depicted in_FIG 3a. The pri,nciple steps i anot her inventive
process ( FIfeet per muppte, The) pesaly,atgmization E&Fs?(‘ﬁ;ef"g‘?ﬁ @l}é%é’r‘?ﬁﬂ P yaparg jnch
adj ustabl e anount of L-Lysine purity conprises: (a) adjusting the L-Lysine
purity of agruge| HBPIREImatelrekiQh mbat Hreosomceniraty Wos geragsd oie T Wi ne
fermentation broth; and (b) converting the enriched L-Lysine fernentation
broth of stwqezledp thebighest setting di nulef toofdrmaipedaafanaterial ogi wiiek tosgggigmerate.
granul ati on, spray

The nozzle was lowered to a position just above the percolating material in the bed and

agglomeration was accomplished with the remaining 2,650 ml of concentrate. This

yielded a granulated product having the composition indicated in Table 1.

TABLE 1
Sample +16 mesh +40 mesh +80 mesh -80 mesh % Purity*
>1190 micron 420t0 1190 17710420 <|77micron
micron micron
Broth 16.1% 58.3% 75.5% 0% 46.5%

*purity measured as percent L-Lysine frecbase per kg

EXAMPLE 2

Lysine fermentation broth, ultrafiltered and concentrated as described above m
Example' 1, was mixed 4 to 1 (lysine basis) with purified L-Lysine sulfate (produced as a
free base and pH adjusted to 6 with sulfuric acid yielding L-Lysine sulfate). The mixture
was spray granulated as described in Example 1. The process was repeated with a 3 to 2
mixture, 2 to 3 mixture, 1 to 4 mixture, and with straight L-Lysine sulfate. The granulated

products had the compositions as indicated in Table 2.
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drying, tunnel drying, tray drying, rotary drying or drum drying.

The principle steps in yet another inventive process (FIG 5) for producing
an L- Lysine feed supplenent in a simlar nmanner to that described by FIG
4 with the optional step of renoving water, preferably by evaporation,
fromthe L-Lysine fernmentation broth at 36 in order to provide a
concentrated L-Lysine broth with between about 30% and 70% solids by

wei ght. An L-Lysine containing mat FABLE XL added to the concentrated

L-Lysine broth at 48 to provide an enriched L-Lysine fernentation broth.
The dnriS4dmplel - Llysithé mesh +40 mesh +80 mesh -80 mesh % Purity*
>]190 micron 420to 1190 177 to 420 <177 micron
micron micron
4:1 11.6% 50.9% 26.1% 11.4% 49.0%
32 281% 17.1% 49.1% 57% 52.2%
23 0.9% 40.3% 52.5% 6.3% - 574%
1:4 6.1% 35.0% 41.8% 17.1% 62.5%
L-Lysine 47.8% 27.8% 22.0% 2.6% 68.5%
sulfate

* purity measured as percent L-Lysine freebase per kg
EXAMPLE 3

Lysine fermentation broth, ultrafiltered and concentrated as described above in
Example 1, was mixed 4 to 1 (lysine basis) with pure L-Lysine hydrochloride. The
mixture was spray granulated as outlined in Example 1 above. The process was repeated
with a 3 to 2 mixture, 2 to 3 mixture, 4 to 1 mixture, and with straight L-Lysine

hydrochloride. The granulated products had the compositions as indicated in Table 3.
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11 fermentation broth may be spray granul ated at 60; spray dried at 61; and
gpray dried, spray granulated, tunnel dried, tray dried, or drumdried at
62 to provide an L-Lysine feed supplenent with a final L-Lysine purity in
the range theoretically between about 35% and 80% L-Lysi ne, neasured as a
percent of freebase per kg, and nore preferably between about 50% and 80%
L-Lysine. Detailed Description of the Preferred Enbodi nents Wi | e
one aspect of this invention is the FBLEs ing and processing of L-Lysine
base fromfernentati on broth, the conposition and nature of {he

f erment a i orbamgpde um| nhAlG mashy. |For4kmasipl ¢, H8Q/mesh t 4bl e8Gwngh L-|Ly%ilvaity*
produci ng organi sm faken from tlhe
>|190 micron 4200 1190 177 10 420 <177micron
micron miicron
4:1 7.4% 33.0% 59.6% 0% 49.40%
32 7.6% 32.95% 442% 15.2% S150%
23 438% 48.4% 46.8% 0% 57.00%
1:4 51% 45.3% 49.40% 0% 66.60%
L Lysine 172% 44.5% 5% 9.3% 76.80%
HCI |

* purity measured as percent L-Lysine frecbase per kg

It may be seen that mixing the concentrated and ultrafiltered L-Lysine
fermentation broth of Example 1 with L-Lysine sulfate or L-Lysine hydrochloride, as
described in Examples 2 and 3 respectively, produces a granular product with increasec
L-Lysine content. Also, one preferred embodiment of the described invention enables the
L-Lysine content in L-Lysine fermentation broth to be easily adjusted prior to the
agglomeration step. Thus, natural variations in L-Lysine concentration, which often occu:
from one L-Lysine fermeptation to the next L-Lysine fermentation, do not require th
extensive ion exchange to obtain a final product of the necessary purity for use (e.g. as
feed additive). The preferred level of purity in the final granular L-Lysine product is i1

the range between about 35% and 80% L-Lysine, measured as a percent freebase per kg.
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genus Corynebacterium or Brevibacteriummay be used to inoculate the
fermentation nedium Prior to inoculation with the L-Lysine producing
bacterium the fernentation nediumnmy have the follow ng conposition:

Mat eri al Amount (g/l) Soy Hydrol ysate
20.0 Ammonium Sul fate 20.0 Urea

3.0 Mbonopot assi um Phosphat e 1.0 Magnesium Sul fate
Hept ahydr #%AMPLE 4 0.5 Manganese Sul fate

0. 002

Lysine fermentation broth, having a solids content of 193.8 g/kg and a lysine
content of 74.3 g/kg is mixed with neutralized L-Lysine produced as freebase to yield a
concentration of 508 g/kg lysine and 977.1 g/kg solids.

Approximately 3100 ml of this mixture was dried on a Glatt WSG 5 spray
granulator. The inlet temperature was maintained belween 136°C and 146°C. Outlet
temperature was maintained between 42°C and 74°C, preferably between 60°C and 65°C.
Bed temperature was maintained between 63°C and 79°C, preferably between 71°C and
74°C. Air flow was maintained between 157 and 209 cubic feet per minute (actual),
preferably between 1300 and 1500 feet per minute. Nozzle atomization air was between,
50 to 70 pound per square inch gauge. Approximately 2250 ml was sprayed into the dryer
with the nozzle in the highest setting in order to form a bed of material on which to
agglomerate. The nozzle was lowered to just above the percolating material in the bed
and agglomeration was accomplished with the remaining 850 ml of feed. This yielded a

granulated product having a purity of 52% on a dry basis. The granulated product bad the

composition as indicated in Table 4.

TABLE 4

Sample +16 mesh +40 Mesh +80 mesh -80 mesh % Purity ¥

Broth 8.4% 38.9% 43.9% 8.7% 52.0%

*purity measured as percent freebase per kg
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Bi otin 0.0001 Thi ani ne Hydrochl oride
0.0001 d ucose 30.0

12 The pH is adjusted and nmai ntai ned at approximtely 7.2 with anmoni um
hydr oxi de The tenperature is nmaintained at about 32[err]C

EXAMPLE §

Five kilograms of permcate ultrafiltered from lysine broth, having & purity of
44.9% dry basis and total solids of 69.9 g/kg, was mixed with 182 g of neutralized L-
Lysine, having a purity of 56.3% dry basis and a total solids of 716 g/kg, and spray dried
in a Niro Atomizer spray dryer equipped with an atomizing disk type nozzle. The inlet
temperature was 230°C, outlet temperature was 80°C, and atomizing disk pressure was
3.3 kp/cm®. The feed rate was 34 ml/mm. This yielded a product having a purity of 51.2%

lysine on a dry basis.

EXAMPLE 6

Five kilograms of permeate ultrafiltered from lysine broth, having a purity of
44.9% dry basis and total solids of 69.9 g/kg, was mixed with 182 grams of neutralized
L-Lysine, having a purity of 56.3% dry basis and a total solids of 716 g/kg, and
evaporated to 25.4% solids. This evaporated mixture was drum dried. The drum dryer
had two counter rotating drums, 8.75” long and 5” in diameter turning at a rate of 2.5
RPM. Steam was supplied to the drum at 40 psi; The feed rate was 20 to 40 mU/mm. This
yielded a product having a purity of 48.9% lysine on a dry basis.

While the invention is described above in connection with preferred or illustrative
embodiments, these embodiments are not intended to be exhaustive or limiting of the’
invention. Rather, the invention is intended to cover all alternatives, modifications and

cquivalents included within its spirit and scope of the invention, as defined by the

appended claims.
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The feed is @ucose: (NHerr])[err]SOerr] with the glucose concentration
mai.nt ai ned at about 10g/| The fernmentation nedi um can be inocul at ed
into the fernmentation vessel by using standard nicrobiol ogical practices
that are known to those skilled in the mcrobiology art. The fermentation
vessel should be equipped with a stirrer, a ventilation system and a
tenperature control device to maintain the fernentation at about 30[err]C
and preferably Ehed@lﬂeélrm‘f@.nmﬂh‘é fermentation is carried out until the

L- Lysi ne base concentration is about 92 g/l (grarrswétger liter) and the

ag

total dry kol iAlpracsssfboprodadisg gn L-Lysinspleed supplsiment ladivstablscamayint ef ved
t hroughout the fernentation process to avoid a contam nation of the
ferment ati on -DySingvptaityninne tangy detreaep abolit @S and §6%i khysine, measured dsm
keeping with one aspect of this invention, which will be best understood
with percent of freebase per kg, said process comprising the steps of:

(a) adding a material containing L-Lysine to an L-Lysine fermentation broth to
provide an enriched L-Lysine fermentation broth, said added material being
an amount which brings a final L-Lysine feed supplement with an L-Lysine
purity within a range between about 35% and 80% L-Lysine, measured as a
percent of freebase per kg; and

(b) substantially drying the enriched L-Lysine fermentation broth of step (a) to
provide said final L-Lysine feed supplement.

2.  The process of claim 1 wherein the L-Lysine feed supplement of step (b) has-
between about 50% and 80% L-Lysine, measured as a percent of frecbase per kg.

3. The process of claim 1 wherein the material containing I-Lysine of step (a) is
selected from a group consisting of L-Lysine hydrochloride, L-Lysine sulfate, and
neutralized L-Lysine.

4.  The process of claim 1 wherein the material containing L-Lysine of step (a) is L-
Lysine freebase.

5. The process of claim | wherein the substantial drying of step (b) is carried outin a
dryer selected from a group consisting essentially of: drum drying, spray drying,

rotary drying, tray drying, tunnel drying, and spray granulation.
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reference to FIG 1, the process produces a substantially dust free, free
.flow ng, granular L-Lysine fromfernentation broth described sonmewhat as
fol | ows: (i) An L-Lysine containing fernmentation broth in
fermenter 20 is separated into two fractions by an ultrafiltrati on neans
at 24 to renove cells in order to produce a substantially cell free
L-Lysine broth (show gt 28 as "Pe afe". on the attached f. e). The. cel
b Lo Cysihe. 1 BioRe% far o iing aL g sine fest wprlemats B A8 sgipSRbIE pogpRt o, °S
The ultrafilter used to renove the cells, has a nplecul ar. weight gut;off
bet ween 10, 000 LEkysiempurzhydn 306ngrobetpaen ahput 5%%&95%&%@5@@5@6 aBf t on.

percent of freebase per kg, comprising the steps of:

() removing water from an L-Lysine fermentation broth to provide a
concentrated L-Lysine broth;

(b) adding a material containing L-Lysine to said concentrated L-Lysine broth of
step (a) to provide an enriched L-Lysine fermentation broth, said added
material being an amount which brings a final L-Lysine feed supplement with
an L-Lysine purity into a range between about 35% and 80% L-Lysine,
measured as a percent of freebase per kg; and

(¢) substantially dr}ing the enriched L-Lysine fermentation broth of step (b) to
provide the final L-Lysine feed supplement.

7.  The process of claim 6 wherein the concentrated L-Lysine broth of step (a) has
between about 30% and 70% solids by weight.

8.  The process of claim 6 wherein the material containing L-Lysine of step (b) is
selected from a group consisting of L-Lysine bydrochloride, L-Lysine sulfate, and
neutralized L-Lysine.

9. The process of claim 6 wherein step (a) comprises evaporating the L-Lysine
fermentation broth te remove water in order to provide said coucentrated L-Lysine
broth.

10. The process of claim 7 wherein the evaporation of step () is carried out between

about 140°F and 214°F.
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13 (11) The substantially cell free L-Lysine broth is evaporated
tfo-renove water at 36 to produce a substantially cell free concentrated
L-Lysine broth 28. Preferably, the substantially cell free concentrated
L-Lysine broth (shown as "Concentrate" at 40) has between about 30% and
70% sol ids by weight. Waste water is drained away at 44. Evaporation is

St T PRSI A MR BT, 1o
E?Ey;ilngsbﬁr%q ﬁggﬁﬁ&dgégﬂﬁ;ﬁ?: )altl I2y cgﬂ af £ ge4cgﬁlcght rated L- (Llyls: )neTBrGOt h

12. The process of claim 7 wherein the evaporation of step (a) is carried out in a
vacuum between about 2.9 psia and 11 psia.

13. The process of claim 7 wherein the evaporation of step (3) is carried out in a
vacuum between about 2.9 psia to 4 psia.

14.  The process of claim 6 wherein the enriched L-Lysine fermentation broth of step (b)
has between about 50% and 80% L-Lysine, measured as a percent of freebase per
kg.

15.  The process of claim 6 wherein the substantial drying of step (¢) is selected from a
group consisting essentially of: drum drying, spray drying, tray drying, tunmel
drying, rotary drying, and spray granulation.

16. A process for producing an L-Lysipe feed supplement with an adjustable amount of
L-Lysine purity in a range between about 35% and 80% L-Lysine, measured as a
percent of freebase per kg, comprising the steps of:

(a) separating an L-Lysine fermentation broth into substantially cell-free L-
Lysine broth and cell rich L-Lysine broth;

(b) adding a material containing L-Lysine to said cell rich L-Lysine broth of step
(3) to provide an enriched cell rich broth, said added material is an amount
which brings a final L-Lysine feed supplement with an L-Lysine Ppurity into a
range between about 35% and 80% L-Lysine, measured as a percent of

freebase per kg;
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Is adjusted in a mx tank 52. The adjustnent is nmade by addi ng L-Lysine
containing material at 48 to a mx tank 52 to provide a substantially cell
free enriched L-Lysine broth SCFELB at 54. The L-Lysine containing
material is added in an anmount which brings a final L-Lysine feed

suppl ement wth an L-Lysine purity to be in a range theoretically between
about 35% and 80% L-Lysi ne, neasured as a percent of freebase per kg, and
nore pref er abl feheemoving woist fronn said rnrighed el rich heoth of step (b)(tp\provide a
substantially cell free enriched L-Lysine broth is atom zed by a nozzle 56
to provide an at ocorcemtrasqd cejl rixth tyothsamdhti al |y cell free enriched L-Lysine
broth to make a percolating bed of L-Lysine particulates in a spray

granul ator 60. (d)hérying yid ROnceptrated delladicsbloty of step k) ite lpfovide theofindl s t han
about 177 mcron (i.e. particles that can pass
Lysine feed supplement.

17. The process according to claim 16 wherein step (c) further comprises adding an
additional amount of material containing L-Lysine to said concentrated cell rich
broth. |

18. The process according to claim 16 wherein drying means of step (d) is selected from
a group consisting essentially of a tunnel dryer, drum dryer, rotary dryer, and a tray
dryer.

19. A process for producing an L-Lysine feed supplement with an adjustable amount of
L-Lysine purity in a range between about 35% and 80% L-Lysine, mea'sured as a
percent of freebase per kg, comprising the steps of:

(a) separating an L-Lysine fermentation broth into substantially cell-free L-
Lysine broth and cell ri?h L-Lysine broth;
(b) adding a material containing L-Lysine to said substantially cell free L-Lysine
.broth of step (a) to provide a substantially cell free enriched L-Lysine broth,
said added material being an amount which brings a final L-Lysine feed
supplement with an L-Lysine purity into a range between about 35% and 80%
L-Lysine, measured as a percent of freebase per kg; and
(c) drying said substantially cell free epriched L-Lysine broth of step (b) to

provide the final L-Lysine feed supplement.

O

This Sheet Has Been Replaced

R




t hrough 80 nesh) and preferably in the size range of about 100 m cron and
177 mcron. The bed of the spray granulator is preferably a fluidized bed
of L-Lysine particulates and is operated at a tenperature between about
30[err]C and 100[err] C (v) The position of the nozzle 56 is
adjusted until it is just above the fluidized bed of L-Lysine

particul 5 esyyp,e process according to claim 19 wherein drying means of step (c) is $ected
from a group consisting essentially of: a spray granulator, spray dryer, tunnel dryer,
drum dryer, rotary dryer, and a tray dryer.

21. The process according to claim 19 wherein step (c) further comprises a sieving step
1o select particles in the size range between about 177 micron and 1190 micron.

22. A process for producing an L-Lysine feed supplement with an adjustable amount of
L-Lysine purity in a range between about 35% and 80% L-Lysine, measured as a
percent of freebase per kg, comprising the steps of:

(a) removing water from an L-Lysine containing fermentation broth to provide a
concentrated L-Lysine broth;

(b) determining the concentration of L-Lysine, measured as a percent of freebase
per kg, in the concentrated L-Lysine broth;

(c) adding a material contsining L-Lysine to the concentrated L-Lysine broth to
provide an enriched L-Lysine broth if the concentration of L-Lysine in the
concentrated L-Lysipe broth, measured as a percent of freebase per kg, is
below about 35%, said added material being an amount which brings a final
L-Lysine feed supplement with an L-Lysine purity into a range between about
35% and 80% L-Lysine, measured as a percent of freebase per kg; and

(d) substantially drying the enriched L-Lysine broth to provide the final L-Lysine
feed supplement.

23. A process for producing an L-Lysine feed supplement with an adjustable amount of
L-Lysine purity in a range between about 35% and 80% L-L}{sine, measured as a

percent of freebase per kg, comprising the steps of:
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(vi) Substantially cell free enriched L-Lysine broth is sprayed onto the
fluidized bed of L-Lysine particulates to initiate the aggloneration
process. (vii) The aggl oneration process is allowed to continue to
produce the substantially dust free, free flow ng, granular L-Lysine
product in the size range between approximately 177 mcron and 1190

m cron, and preferably in the size r e of between _about,177 cron to
420 micron. g) 'em°v6‘%/5 i VgterrHE °’Br6’élugt sine; SABRIRG  fSRpeniRtan, Brothy b2 i at or
at 64, with waste water flowing away at 68 in the formof water vapor in
the dryer exhausgvaporating the(LsL)VSﬁtﬁéOthfemeWﬁ brofhe d & tRRFIEWREt ed f or
size at sieve 72 (preferably 80 nesh).

range of about 140°F and 214°F and in a vacuum out between about 2.9 psia

and 11 psia to provide a concentrated L-Lysine broth which is between about
30% and 70% solids by weight;

(b) determining the concentration of L-Lysine, measured as a percent of freebase
per kg, in the concentrated L-Lysine broth;

(c) adding a sufficient amount of material containing L-Lysine to said
concentrated L-Lysine broth to provide an enriched L-Lysine broth if the
concentration of L-Lysine in the concentrated L-Lysine broth, measured as a
percent of freebase per kg, is below about 35%, said added material
containing L-Lysine being selected from a group consisting of L-Lysine
hydrochloride, L-Lysine sulfate, and neutralized L-Lysine, said added
material being an amount which brings a final L-Lysine feed supplement witk
an L-Lysine purity into 2 range between about 35% and 80% L-Lysine.
measured as a percent of freebase per kg; and

(d) substantially drying the enriched L-Lysine broth to provide the final L-Lysine
feed supplement with an L-Lysine purity intq a range between about 35% anc
80% L-Lysine, measured as a percent of freebase per kg.

24. A process for producing an L-Lysine feed supplement comprising:
(a) determining the concentration of L-Lysine, measured as a percent of freebase

per kg, in an L-Lysinc containing fermentation broth;
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(x) Granules at 76 that are too large (e.g. in the size range of greater
-than about 1190 mcron) are ground in a grinder at 80 to a smaller
particle size (e.g. in the size range of |ess than about 177 m cron) and
conmbined with material that is too small 84 (e.g. in the size range of

| ess than about 177 m'cron) to produce recycled L-Lysine particul ates

(shown at 88 as "R har El G and returned t 8 ay_granul at or
60 as a startl Pgr | alm\ﬁﬁp% % é’eﬁ%su} Srt th"g'2 SITy(?F‘)fE %°3@‘+Fm@
process. The tantia dus .free flo ranul ar
L- Lysi ne product 'ﬁ"%%éamﬁ’i%'ﬁrt%ﬁ ‘lﬁg‘/’aﬂﬁ‘ﬁ‘ﬁ’{‘ ‘Il#‘e}" 5%53‘* dl‘Hg

(shown at 92 as "177-1190 m cron Partlcl es' L pass through t he si eving
process and are actHif ¥hrBoER Vhich bAgspr fmabl-Tatsingefecd renplepaqnt wiffean L=

preferred range is fromabout 177 mcron to 420 mcron that packs better
Lysine purity into a range between about 35% and 80% L-Lysine, measured

as a percent of freebase per kg, said added material containing L-Lysine being
selected from a group consisting essentially of L-Lysine hydrochloride, L-
Lysine sulfate, and neutralized L-Lysine; and

(c) substantially drying the enriched L-Lysine broth to provide the final L-Lysine

feed supplement.
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and reduces cost for shipment. The preferred L-Lysine concentration
.in the starting feed streamof L-Lysine fernentation broth is about 90g/|

L-Lysi ne, neasured as a percent of freebase per kg.

15 However, the L-Lysine concentration can vary fromone fermentation run

to the next. Hence, the use of a fernentation broth containing about 90

g/l L-Lysine neans that other

Abstract

A process produces an L-Lysine feed supplement with a final L-Lysine purity in
the range theoretically between about 35% and 80%, measured as a percent of freebase
per kg, and more preferably between about 50% and 80% L-Lysine. The process
comprises adding a material containing L-Lysine to an L-Lysine fermentation broth or a
fraction of an L-Lysine fermentation brotﬁ. The added material being an amount which
brings a final L-Lysine feed supplement with an L-Lysine purity into a range
theoretically between about 35% and 80%, measured as a percent of freebase per kg, and
more preferably between about 50% and 80% L-Lysine. The fraction of L-Lysine
fermentation broth is obtained by any suitable separating means such as ultrafiltration or
centrifugation. The process also comprises a drying step that may involve any suitable

drying means such as a spray granulator, spray dryer, tray dryer, drum dryer, rotary dryer,

and tunnel dryer.
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suitabl e concentrations of L-Lysine in the fermentation broth are
accept abl e. However, the L-Lysine concentration in the fernentation broth

shoul d not be bel ow about 30 g/lI. As described in step (iii) above, the
final desired concentration of L-Lysine nay he_ aefmt &Ped by adding an
L-Lysi ne containing nmaterial. Eermienteyh ultrafiltration is the
preferred nethod for obtaining the substamtiatty cell free L-Lysine broth,
this does not nean ot her methods can not be used. The cells could also be
removed by mechani cal separation techni qugs, s 24 centrifugation. O her
sui t abl e nmet hods ggrcl de mcrofiltration gnd canti ng. The
I nvention envi sag t he renoval of ¢ sj ne contai ni ng
fermentation broth by various other IWaste
fermentation broth 20 3 N\ 32
36 Permeate
—_\ T Water
Evaporation » Waste

48 _—— 40 N\ 44
\ Corncentrate
L-Lysine containing

Mix Tank | 7 52

material
SCFELB 56
s« _/ |/ 60
Recharge \_ Spray Granulator Wa{r_ » Waste
33 68
64
Ve
Granules
<|77 micron Sie:ve ’ 72
\- 84
<177 mi -~ 80
micron /— _ 177 - 1190 micron
. Particles
Grinder 72
>1190 micron 1

Product
76 __/ ~— 9%
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could be split equally and about 50% centrifuged and the remaining 50%
ultrafiltered with the outputs fromboth cell renoval processes conbi ned
to produce a substantially <cell free L-Lysine broth. This flexibility wll
enhance the practice of the invention in an industrial setting.

Al t hough the present invention envisages the addition of materi al
containing L- Lysine to the substantially cell free concentrated L-Lysine
broth at m x tank 52, the addition i t o.tde concentrated
L-Lysine broth might be omtted altpgether y. St he ired concentration of
L- Lysi ne (nmeasured as freebase) in {Rer@antation P cell free
concentrated L-Lysine broth is such That the addition of naterial
containing L- Lysine, as described in step |(iii), is iu‘{mecessaﬁ/. For

exanple, the step of adding a
Separation CRLE :’®

FIG. 2
48 _—— 28
SCFLB
L-Lysine — 52

containing Mix Tank
material ‘
SCFELB 56
60
Recharge Spray Granulator Water — Waste
\_ 83 L~ 64 = 68
. <177 micron Si;ve 72
- 84
30 177 - 1190 micron
<177 micron /— Particles N— 92
Grinder |« '

>1190 micron

76 —/ Product |~ 06
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16 . material containing L-Lysine mght be omtted if the concentration of
L-Lysine in the substantially cell free concentrated L-Lysine broth
substantially exceeds about 35% L- Lysine, nmeasured as a percent of
freebase per kg. If the cell free concentrated L-Lysine broth contains
substantially nore than about 35% L-Lysine. neasured as a percent of
freebase per kg, the L-Lysine broth is a substantially cell free enriched

L- Lysi ne broth. Experi ence fias sﬂt_)ﬂpsiggat e}e. i20 a rel ationship

bet ween t he or_ifice size of the Fermentation Broth
24 32
FIG. 2A 1 /
: CRLB
Separation :@
48 _— 28
L-Lvsi —$SCFLB
ysine
containing Mix Tk 1~ 52
material
SCFELB
//- 63
Waste —— 2T ["Water Removal
62
./
Dryer

»

Product |~ 96
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nozzle 56, flow rate, and gauge pressure. Wile the preferred nozzle size
is-0.0615", various other nozzles can also be used to supply the spray. In
particul ar, nozzle designs supplied by Spraying Systenms Co., PO Box 7900,
Wheat on, |IL 60189-7900, USA (tel: 630-665-5000) work well to produce a
fine spray. The spray granul ator can be purchased fromdatt Air

Techni ques, 20 Spear Road, Ransey, NJ 07446-1288, USA (tel: 201-825-

8700) . Experi ence al so suggests that manufacturing L-Lysine

granul es on a commercial scale will require several nozzles to atom ze and
spray enriched L-Lysine broth onto a proportionally |arger bed of

percol ating particles of L-Lysine. The percol ating bed of particles

shoul d conprise L-Lysine particles of
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sufficiently small size to function as seeds for
that the L-Lysine particul ates
mcron in size and preferably between about 100
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nanely: L-Lysine fernentation broth, L-Lysine hydrochloride. L-Lysine
. sulfate and water. A binder is defined as a substance that provides the
sticky component to enable the seeds in the aggloneration process to build
up in size. The source of the L-Lysine particulates used to produce
and seed the fluidized bed of L-Lysine in the spray granulator is not
critical although the preferred source is either obtained from atom zi ng
the substantially cell free enriched L-Lysine broth as described in step
(iv) above or fromrecycled L-Lysine particulat ;m?'égbcribed in step (x)

above, and shown at 88 in FIG 1. Fermdniter npti vely, the fluidized bed
of L-Lysine particul ates could be progteedrby
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atom zing or spray drying any of the follow ng: L-Lysine containing

- fermentation broth fromstep (i), substantially cel

perneate fromstep (i), substantially cell free L- Ly?o

centrifuging L-Lysine containing fer FLGLIUW’m
substantially cell free concentrated
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ne broth produced by
romstep (i),
L-E?EFW@rbroth fromstep (ii) or any

conmbi nati on of these. In addition, purifidd L-Lysine hydrochloride and

L-Lysine freebase could be used as a sourjce for L-Lysine particulates in

order to make the fluidized36 f L-Lysijne particulates and to act as

seeds for the aggl oneration proces
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- preferably between about 100 m cron and 177 mcr SR

¥
suitabl e sources for meking the L-Lysine particul at cSREPLAGED. SHEETS SG
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fermentation broth from step (i), substlntially ( Cl?'mésg ép)/‘ :;ne\pé?wagé """
fromstep (i), substantially cell freé& concentr{ A r1 Bttt 1 RAREC oveeeenes
step (ii), and substantially cell bstr : paged ........ to paged ..........

PROCESS FOR MAKING GRANULAR L-LYSINE FEED SUPPLEMENT

This invention relates to processes for producing a granular L-Lysine feed
supplement derived from L-Lysine fermentation broth, and more particularly, to
producing an L-Lysine feed supplement in which the L-Lysine content is not solely

dependent on the initial L-Lysine concentration in the L-Lysine fermentation broth.

Background Of the Invention

Lysine is an amino acid used extensively in the animal feed industry. The major
form of which is L-LysineHC] (L-Lysine monohydrochloride). For many years, an L-
LysineHCl solid has been produced by a process of fermentation, purification,
crystallization and drying. After fermentation, the resulting broth may be rendered cell
free by filtration or centrifugation. After filtration, the L-Lysine may be recovered from
the fermentation broth by an ion exchange step, which produces a liquid that is
substantially L-Lysine freebase. This soluti?n may then be concentrated by evaporation.

Hydrochloric acid is usually added to the concentrated L-Lysine freebase to form
L-LysineHCI. This concentrated L-LysiﬁeHCl solution is crystallized to produce a
product in the form of L-LysineHCl dihydrate (L-LysineHCl:.‘ZHzO). This crystallized
solid is thereafter dried to have less tha.n 1% moisture.

This conventional product may have shortcomings. For example, i,t‘ is dusty.

During the handling of the product, the dust results in a loss of valuable material and

REPLACEMENT SHEETS SG




free enriched L-Lysine broth fromstep (iii). Each of these
conmbi nation of these sources, may be atom zed 'by the nozzlel5
spray granul ator 60 in order to generate the L-Lysine particyul — \
Al ternatively, L-Lysine particulates may be nade by separatety\s e |
drying, and possibly storing for later e, any of the follo
substantially cell free L-Lysine broth obtained fromcentrifudi
containing fernmentation broth fromstep (i), substantially cell free

L- Lysi ne perneate from_st. i substantially cel |l f.r en

U Lysi ne Dot sad af iidhmids forttiicR] a1, i orkihy BB i By h
L-Lysi ne broth mstep (iiLl). Prior tq use as L-Llysine i cul , the
spray dri elfsi)li“@g‘h én r%@fé% \AS@ "F%‘hr%ﬁlﬂﬁl‘g“# mkéﬁq@%y&?e% F'Hegﬁf‘f‘m es
in the size range of |ess than about 177 mcron (preferably befween about
100 mi cr onadgitiom, the product sometimes develops lumps during storage which are difficult to

D

break up at the time of end use. Further, the extensive use of an ion exchange step makes
this process expensive.

Direct spray drying of an L-Lysine fermentation broth avoids the extensive
purification steps associated with the L-Lysine hydrochloride process, in particular the
use of an expensive ion-exchange step. However, consistent L-Lysine concentration in
the final dry product is difficult to achieve because the L-Lysine concentration in a
fermentation broth can vary considerably. Also, the dry product may be dusty and
difficult to use.

Patent 5,431,933 describes a process for the production of an amino acid feed
supplement which “still contains most of the solids content of the fermentation broth.”
The production of a fermentation broth at the industrial scale with 40% to 50% L-Lysine
content is very difficult to achieve from an operational standpoint.' Malfunctioning
fermenters, contamination, power outages, and operator error are quite common and are
likely to lead to fermentation material that is’less than about 40% L-Lysine and therefore
of little value. This difficulty is compoundéd by the impu?ities associated with the media
components, many of which are unrefined and vary in solids content and nutrient value
from lot to lot. To avoid variance in media, fermentation is constrained to specific and

expensive media. These considerations may lead to an increase in operational input
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powder that is difficult to handle and can have detrimental health effects on workers due
to dust inhalation.

A process in which a non-dusty granular animal feed product is formed is
described in patent 5,622,710. The granulation is accomplished in two steps. First, the
fermentation broth is spray dried to produce particles that may include a biomass. In the
second step, the particles are converted into pellets by means of costly high shear mixing
equipment.

European Application Number 91460051.5 describes a method of making a
granulated L-Lysine dust free, free-flowing, L-LysineHCI granular product from a liquid
solution or slurry by a spray granulation process. In one embodiment of the invention,
elements from a fermentation broth containing L-Lysine is ion exchanged to produce a

purer L-Lysine solution. Hydrochloric acid is then added to the purer L-Lysine solution

.to make L-LysineHCI that is then sprayed onto an agitated drying bed of L-Lysine

particulates. The particles of L-LysineHCl are then recovered once they reach a
predetermined size. ’

Inteﬁwtional Publication Number WO/95/23129 describes the production of non-
stoichiometric salt of L-Lysine in granular form. This publication teaches the production
of non-stoichiometric salts of L-Lysine wherein the amount of L-Lysine content in the
final product is adjustable. While the requirement for hydrochloric acid is redgced, other

materials are called for such as calcium hydroxide, sulfuric acid or phosphdric acid. In

addition, the fermentation broth containing the L-Lysine is extensively ion-exchanged.

n



purlfled L-Lysi ne hydrochl ori de powder that' may be obt gined by known ate

of the art IENTPERAEES Ses.
This dry powder may be used as a source for L-Lysine plr -at-85--OF—hh
-dry ‘powder may be sieved to renmpve lunps and sorted florj particles |le s
than about 177 micron (preferably in tHe size range betwe@d ﬁ%u&??ioo -
m cron and 177 mcron). Experi emce has shown thaf _once the __ ;
aggl onerati on process becones sel f- _ ;

Patent 3,089,824 describes the use of a fluidized bed for the manufacture of
compressed tablets for medical use. The process comprises (1) forming a suspension of
particles in air, (2) enabling the particles to be built up with granulating material, and (3)
coating the resulting granules with a lubricant. In one aspect of this invention, the
granulating material is atomized and sprayed into the air stream of a fluidized bed of inert
particles such as sucrose. The inert particles act as nuclei for the granulation process. The
resulting granules are coated with a lubricant.

This invention provides an extremely useful process for making a substantially
non-dusty granular L-Lysine product in which the concentration of L-Lysine in the final
product is controlled by the addition of material containing L-Lysine, which is added
prior to an agglomeration step (i.e. spray granulation step). However, there are occasions
where a non-granular L-Lysine feed supplement with an adjustable amount of L-Lysine
purity is desirable on especially economic grc;unds.

An ultrafiltration step is used to provide a substantially cell free L-Lysine broth
and ;1 cell rich L-Lysine broth in the form of a permeate and a retentate respectively. If
the cell rich L-Lysine broth is abandoned, there is a waste. Therefore, care should be
taken either to use or to properly dispose of the cell rich L-Lysine broth. The
ultrafiltration step also adds considerably to -.plant costs.

If the cell rich L-Lysine broth is treated as a waste by-product, it requires primary
and secondary waste water treatments. If the cell rich L-Lysine broth is released as
untreated sewage, there may be a deleterious impact on the environment.

For convenience of expression, the term “dryer” will hereafter Se used.to describe

any suitable drying means such as a spray dryer, drum dryer, tunnel dryer, rotary dryer,



sustaining, the particles for the fluidized bed 60 cones fﬁ_éﬂl’{t{:é: i 5'1‘@:57
particles at 88 into the into the fluidized spray granulfagor bed by"‘t
using particles at' 84 which are too small or the granul ¢s V\/rggh.g&(

"l arge and have been ground at 80 to a snaller size. Experience has al so
shown that the aggl omeration process may operate on eithgr atatrch—or--

sem -conti nuous basi's. The batch process is preferred. L Wi | e the ,
preferred L-Lysi ne concentration in the starting feed stream neasured as
a percent of freebase r n ter nt at i.on broth s

[ ysie, HsdRe oAt I ki, Bk o i eiaiel” BT st vt
concentration can vary from one ferment ation run to the next Hence, the
use of a faserwrdessrhe aFdifized prAQfiPaRFWARS It 90 g/| L-Lysine shoul d not be

taken to nmean that ot her suitable concentrations of L-Lysine in
The terms “spray granulation”, “spray granulation step”, and “agglomeration”

will hereafter be regarded as equivalent terms.

The terms “rententate” and “cell rich L-Lysine broth” will hereafter be regarded
as equivalent terms.

The term “separation” will hereafter be used to describe the separating of an L-
Lysine fermentation broth into two fractions: a cell rich L-Lysine Broth and a
substantially cell free L-Lysine broth. Any suitable separating means or combination of
separating means may be used. Separation may be achieved by means of filtration (e.g.
ultra and microfiltration), and mechanical methods such as centrifugation and decanting.

The term “ultrafiltration” will hereafter be used to describe the use of an
ultrafilter to filter cells from an L-Lysine fermentation broth to provide a substantially
cell free L-Lysine broth and a cell rich L-Lysine broth. The ultrafilter used to remove the
cells, has a molecular weight cutoff between about 10,000 Dalton and 500,000 Dalton,
preferably about 500,000 Dalton.

The term “neutralized L-Lysine freebase™ will hereafter be used to describe a
material containing L-Lysine freebase which has been neutralized using counter-ions
such as CI' and S04~. Neutralized L-Lysine freebase is obtained by reacting at least a
stoichiometric amount of an acid such as hydrochloric (HCI) or sulfuric acid (H,S04) with
L-Lysine freebase.

The term “material containing L-Lysine™ will hereafter be used to describe at

least one suitable L-Lysine containing material used alone or combination with at least



the fernentation broth are precluded. The final desire %ﬂ‘d&ﬁ‘ _,
L-Lysi ne may be achi eved by adding an L-Lysine contairli g nmaterial
as L-LysineHO or L-Lysine freebase, at 48, and as degcrii b?g MRE
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containing materials are L-Lysine hydrochloride, L-Lysine sulfate, and neutralized L-
Lysine. |

The term “final L-Lysine feed supplement” will hereafter be used to describe a
final product supplement with an L-Lysine purity within a range between about 35% and
80% L-Lysine, measured as a percent of freebase per kg. In addition, the term “final L-
Lysine feed supplement” will hereafter be understood to mean a final product in which
the L-Lysine in the final product is present in its neutralized form.
Summary of the Invention

Accordingly, an object of this invention is to provide a more flexible process to
produce an L-Lysine production in which the concentration of L-Lysine in the final
product is controllable.

Another object of this invention is to provide an improved process for producing
a substantially dust free, free flowing granular L-Lysine from fermentation broth. A more
particular object is to provide a simpler and more economical method for producing
granular L-Lysine. In fact, an objec_t is to produce a substantially dust free product that
does not requi;e a high shear mixing plant. A further object is to provide an L-Lysine
product that is dried and granulated in ohe step, a process referred to here as an
“agglomeration step”.

Yet another object is to produce granular L-Lysine from a fermentation broth in
which the concentration of L-Lysine is adjustable by adding L-Lysine freebase or L-

Lysine monohydrochloride (hereafter referred to as “L-Lysine hydrochloride™). A more

ee
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object is to provide a non-granular L-Lysine feed supplement with an adjustable amount
of L-Lysine wherein the spray granulation step is replaced with alternative methods of
drying such as spray drying, drum drying, rotary drying, tray drying, and tunnel drying.
Brief Description of the Drawings

The above mentioned and other features of this invention and the manner of
obtaining them will become more apparent, and the invention itself will be best
understood by reference to the following description of the invention taken in conjunction
with the accompanying drawings, so in which:

FIG. | is a flow chart, showing the principle steps in a process for producing a
substantially dust free, free flowing, granular L-Lysine in the manner;

FIG. 2 is a flow chart, showing the principle steps in a process for producing an
L-Lysine feed supplement in which the ultrafiltration step is optional and the water
removal step is excluded;

FIG. 2A is a flow chart, showing the principle steps in a process for producing an
L-Lysine feed supplement in which a variety of drying means is employed;

FIG. 3 is a flow chart, showing the principle steps in a process for producing an
L-Lysine feed supplement in which there al;e two entry points for an L-Lysine containing

material;
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FIG. 4 is a flow chart, showing the principle steps in a process for producing an
L-Lysine feed supplement in which an L-Lysine containing material is added to an L-
Lysine fermentation broth; and

FIG. 5 is a flow chart, showing the principle steps in a process for producing an
L-Lysine feed supplement in which an L-Lysine containing material is added to a
concentrated L-Lysine broth.

Brief Description of the Preferred Embodiments

The principle steps in one embodiment is a process for producing a substantially
dust free, free flowing, granular L-Lysir;e (FIG. 1) with an adjustable amount of L-Lysine
purity .in a range between about 35% and 80% L-Lysine, measured as a percent of
freebase per kg. These steps comprise: (a) ultrafiltration of an L-Lysine fermentation
broth to provide a suBstantially cell free L-Lysine permeate 28; (b) removing water from
the L-Lysine permeate of step (a) to provide a substantially cell free concentrated L-
Lysine broth 40; (c) adding a material conta;ning L-Lysine to the L-Lysine broth of step
(b) to provide a substantially cell free em‘iéhed L-Lysine broth (“SCFELB”) 54; and (d)
agglomerating the L-Lysine broth of step (c) to provide a feed supplement in the form of
a substantially dust free, free flowing, granular L-Lysine product at 96.

The principle steps of an inventive process (FIG. 2) described herein produces an

L-Lysine feed supplement with a final L-Lysine purity in the range which is th'eo'retically

ne in

to
S
of

The L-

he size



mcron. The bed of the spray granul ator is preferably

Wetaedt DedepT]
e N
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30[err]C and 100[err]C. Alternatively, the substpntially ‘cell fr
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between about 35% and 80%, measured as a percent of freebase per kg, andmore
preferably between about 50% and 80% L-Lysine. The ultrafiltration step can be replaced
with a centrifugation step and the water removal step can be excluded in a process which
comprises: (a) separating, by any suitable means such as centrifugation, an L-Lysine
fermentation broth into two fractions; a cell rich L-Lysine broth (“CRLB™) 32 and a
substantially cell free L-Lysine broth (“SCFLB”) 28; (b) adding a material containing L-
Lysine, such as L-Lysine Hydrochloride or L-Lysine freebase, at 48 to the L-Lysine broth
of step (a) in a mix tank 52 to provide a substantially cell free enriched L-Lysine broth
(“SCFELB”), the added material is an amount which brings a final L-Lysine feed
supplement with a L-Lysine purity to be within a range between about 35% and 80% L-
Lysine, measured as a percent of freebase per kg; (c) agglomerating the 'L-Lysine broth of
step (b) by using a spray granulator 6_0_ to provide particles of L-Lysine; and (d) sieving
the particles of step (c) to provide the final L-Lysine feed supplement 96.

Alternatively, the substantially cell free enriched L-Lysine broth of step (ii) may
be spray dried (60 in FIG. 2A) to provide an L-Lysine. feed supplement 96. An L-Lysine
feed supplement 96 may also be produced by tunnel drying, drum drying, rotary drying or
tray drying the substantially cell free enricl;ed L-Lysine broth (62 in FIG. 2A). Excess
water may be removed (63 in FIG. 2A), and' preferably removed by evaporation.

The principle steps of one aspect of the inventive process (FIG. 3) described
herein produces an L-Lysine feed supplement with a final L-Lysine purity in the range
theoretically between about 35% and 80%, measured as a percent of freebase per kg, and

more preferably between about 50% and 80% L-Lysine. The principle steps cdmprises:

iry
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adjusting the L-Lysine purity of the cell rich L-Lysine broth of step (a) to provide an
enriched cell rich broth 52; (c) removing water from the enriched cell rich broth of step
(b) to produce a concentrated cell rich broth 36; and (d) either drying the concentrated
cell rich broth of step (c) to provide an L-Lysine feed supplement (96) or blending the
concentrated cell rich broth of step (c) with more L-Lysine containing material at 104 and
then drying to provide an L-Lysine feed supplement at 96. The concentrated cell rich
broth may be blended with more L-Lysine containing material on a batch or semi-batch
basis as depicted in FIG. 3a.

The principle steps in yet a.nqther inventive process (FIG. 4) for producing an L-
Lysine feed supplement with an adju_stable amount of L-Lysine purity comprises: (a)
adjusting the L-Lysine purity of an L-Lysine fermentation broth to provide an enriched
L-Lysine fermentation broth; and (b) converting the enriched L-Lysine fermentation
broth of step (a) into an L-Lysine feed supplement by either spray granulation, spray
drying, tunnel drying, tray drying, rotary drying or drum drying.

The principle steps in yet another inventive process (FIG. 5) for producing an L-
Lysine feed sﬁpplement in a similar mann;f to that described by FIG. 4 with the optional
step of removing water. preferably by evaporation, from the L-Lysine fermentation broth
at 36 in order to provide a concentrated.L-Lysine broth with between about 30% and 70%
solids by weight. An L-Lysine containing material is added to the concentrated L-Lysine

broth at 48 to provide an enriched L-Lysine fermentation broth. The enriched L-I.;ysine
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supplement with a final L-Lysine purity in the range theoretically between about 35%

and 80% L-Lysine, measured as a percent of freebase per kg, and more preferably
between about 50% and 80% L-Lysine.
Detailed Description of the Preferred Embodiments

While one aspect of this invention is the harvesting and processing of L-Lysine
base from fermentation broth, the composition and nature of the fermentation medium
may vary. For example, any suitable high L-Lysine producing organism taken from the
genus Corynebacterium or Brevibacterium may be used to inoculate the fermentation
medium. Prior to inoculation with the L-Lysine producing bacterium, the fermentation

medium may have the following composition:

Material Amount (g/l)
Soy Hydrolysate 20.0
Ammonium Sulfate 20.0

Urea L 3.0
Monopotassium Phosphate ‘ 1.0
Magnesium Sulfate Heptahydrate | 0.5
Manganese Sulfate 0.002

Biotin 0.0001
Thiamine Hydrochloride 0.0001

Glucose 30.0
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(x) The substantially dust free, free flowing, "177-1190 n1CJOﬁF A 85"
granul ar L-Lysine product with an L-Lysine purity in the yange betmeen
about 35% and . 02 MASOWD9
L-Lysi me, measured as'a percent of freebase per kg, and sj ze range of
about 177 micron to 1190 micron at 92 Yass through the s eving process and
are acceptable as the end product at 96. However, fromt
bul k density, the preferred product

The pH is adjusted and maintained at approximately 7.2 with ammonium hydroxide

The temperature is maintained at about 32°C
The feed is Glucose: (NH,),S04 with the glucose concentration maintained at about 10g/1

The fermentation medium can be inoculated into the fermentation vessel by using
standard microbiological practices that are known to those skilled in the microbiology art.
The fermentation vessel should be equipped with a stirrer, a ventilation system, and a
temperature control device to maintain the fermentation at about 30°C and preferably at
32°C. The fermentation is carried out until the L-Lysine base concentration is about 92
g/l (grams per liter) and the total dry solids is about 218 g/l. Aseptic techniques should be
observed throughout the fermentation process to avoid a contamination of the
fermentation broth with non-L-Lysine producing organisms.

In keeping with one aspect ot_‘ this invention, which will be best understood with
reference to FIG. 1, the process produces a substantially dust free, free flowing, granular
L-Lysine from fermentation broth described somewhat as follows:

(i) An L-Lysine containing fermentation broth in fermenter 20 is separated into
two fractions by an ultrafiltration means at 24 to remove cells in order to produce a
substantially cell free L-Lysine broth (shov; at 28 as “Permeate”™ on the attached figure).
The cell rich “L-Lysine broth (here treated as retentate waste) is drained off at 32. The
ultrafilter used to remove the cells, has a molecular weight cut-off between 10,000 Dalton

and 500,000 Dalton, preferably about 500,000 Dalton.



size is in the range between approximately 177 m cron and A i A

A third enbodiment (FIG 3) of this invention produces an iﬁ%{ﬁﬂﬁgwgeg“

- suppl enment . (i) An L-Lysine fermentation broth in |fgrmenter 20 i
separated into two fractions at 24 to produce a substantijalil yd‘@e@lg@fﬁggg@
L-Lysine broth ("SCFLB") 28 and a cell ¥ ch L-- Lysine brdth ("CRLB") 32.
The substantially cell free L-Lysine broth (shown as El) y Dbeéprocesse
as described in the second enbodi nent of FIG 2. Any suitdhle neans. to

<y

o
CE
§'.

separate the L-Lysine fernentation hroth y be used such as
Gl trafi @trati on (or Theeibsnkallygef e L-Lysine brogh jssvaperated so remavegatereat 36
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to produce a substantially cell free concentrated L-Lysine broth 28. Preferably, the

substantially cel_l free concentrated L-Lysine broth (shown as “Concentrate” at 40) has
between about 30% and 70% solids by weight. Waste water is drained away at 44.
Evaporation is carried out in the approximate range between 140°F and 214°F, preferably
between 145°F and 155°F, and pressure between 2.9 psia and 11 psia (vacuum),
preferably 2.9 psia to 4 psia.

(iii) The L-Lysine purity of the substantially cell free concentrated L-Lysine broth
is adjusted in a mix tank 52. The adjustment is made by adding L-Lysine containing
material at 48 to a mix tank 52 to provide a substantially cell free enriched L-Lysine
broth SCFELB at 54. The L-Lysine containing material is added in an amount which
brings a final L-Lysine feed supplement with an L-Lysine purity to be in a range
theoretically between about 35% and 80% L-Lysine, measured as a percent of freebase
per kg, and more preferably between about 50% and 80% L-Lysine.

(iv) The substantially cell free enriched L-Lysine broth is atomized by a nozzle 56
to provide an atomized spray of substantially: cell free enriched L-Lysine broth to make a
percolating bed of L-Lysine particulates in a spray granulator 60. The L-Lysine
particulates have a particle size of less thaﬂ about 177 micron (i.e. particles that can pass
through 80 mesh) and preferably in the size range of about 100 micron and 177 micron.
The bed of the spray granulator is preferably a fluidized bed of L-Lysine particulates and
is operated at a temperature between about 30°C and 100°C.

(v) The position of the nozzle 56 is adjusted until it is just above the ﬂﬁidized bed

of L-Lysine particulates.
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(vii) The agglomeration process is allowed to continue to produce the

substantially dust free, free flowing, granular L-Lysine product in the size range between
approximately 177 micron and 1190 micron, and preferably in the size range of between
about 177 micron to 420 micron.

(viii) The product is removed from the spray granulator at 64, with waste water
flowing away at 68 in the form of water vapor in the dryer exhaust.

(ix) The product is then screengd and sorted for size at sieve 72 (preferably 80
mesh).

(x) Granules at 76 that are too large (e.g. in the size range of greater than about
1190 micron) are ground in a grinder at 80 to a smaller particle size (e.g. in the size range
of less than about 177 micron) and cqmbined with material that is too small 84 (e.g. in
the size range of less than about 177 micron) to produce recycled L-Lysine partiéulates
(shown at 88 as “Recharge” on FIG. 1) and returned to the spray granulator 60 as a
starting material which act as seeds for the agglomeration process.

(xi) The substantially dust free, free‘ flowing, granular L-Lysine product in the
size range of .about 177 micron to 1190 micron (shown at 92 as “177-1190 micron
Particles™) pass through the sieving proéess and are acceptable as the end product at 96.
However, the preferred range is from about 177 micron to 420 micron that packs better
and reduces cost for shipment.

The preferred L-Lysine concentration in the starting feed stream of L-Lysine

fermentation broth is about 90g/l L-Lysine, measured as a percent of freebase per kg.
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However, the L-Lysine concentration can vary from one fermentation run to the next.
Hence, the use of a fermentation broth containing about 90 g/l L-Lysine means that other
suitable concentrations of L-Lysine in the fermentation broth are acceptable. However,
the L-Lysine concentration in the fermentation broth should not be below about 30 g/l.
As described in step (iii) above, the final desired concentration of L-Lysine may be
achieved by adding an L-Lysine containing material.

Although ultrafiltration is the preferred method for obtainfng the substantially cell
free L-Lysine broth, this does not mean other methods can not be used. The cells could
also be removed by mechanical separation techniques, such as centrifugation. Other
suitable methods include microfiltration and decanting.

The invention envisages the removal of cells from the L-Lysine containing
fermentation broth by various other processes. For example, the fermentation broth 20
could be split equally and about 50% centrifuged and the remaining 50% ultrafiltered
with the outputs from both cell removal processes combined to produce a substantially
cell free L-Lysine broth. This flexibility will enhance the practice of the invention in an
industrial setting.

Although the present invention envi;ages the addition of material containing L-
Lysine to the substantially cell free concéntrated L-Lysine broth at mix tank 52, the
addition of such material to the concentrated L-Lysine broth might be omitted altogether
if the desired concentration of L-Lysine (measured as freebase) in the substantially. cell
free concentrated L-Lysine broth is such that the addition of material containing L-

Lysine, as described in step (iii), is unnecessary. For example, the step of addfng a
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Lysine, measured as a percent of freebase per kg. If the cell free concentrated L-Lysine

broth contains substantially more than about 35% L-Lysine, measured as a percent of
freebase per kg, the L-Lysine broth is a substantially cell free enriched L-Lysine broth.

Experience has shown that there is a relationship between the orifice size of the
nozzle 56, flow rate, and gauge pressure. While the preferred nozzle size is 0.0615”,
various other nozzles can aléo be used to supply the spray. In particular, nozzle designs
supplied by Spraying Systems Co., PO Box 7900, Wheaton, IL 60189-7900, USA (tel:
630-665-5000) work well to produce a fine spray. The spray granulator can be purchased
from Glatt Air Techniques, 20 Spear Road, Ramsey, NJ 07446-1288, USA (tel: 201-825-
8700).

Experience also suggests that manufa.cturing L-Lysine granules on a commercial
scale will require several nozzles to atomize and spray enriched L-Lysine broth onto a
proportionally larger bed of percolating particles of L-Lysine.

The percolating bed of particles should comprise L-Lysine particles of
sufficiently small size to function as seeds t:or the agglomeration process. It is preferable
that the L-Lysine particulates are less thé.n about 177 micron in size and preferably
between about 100 micron and 177 micton.

In the agglomeration process, the seed particles simultaneously grow in size and
are dried as they are sprayed with the enriched L-Lysine permeate. The agglomeration

process is aided by binders that are inherently present in the enriched L-Lysine broth,
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namely: L-Lysine fermentation broth, L-Lysine hydrochloride. L-Lysine sulfate and
water. A binder is defined as a substance that provides the sticky component to enable the
seeds in the agglomeration proce‘ss to build up in size. |

The source of the L-Lysine particulates used to produce and seed the fluidized

bed of L-Lysine in the spray granulator is not critical although the preferred source is

either obtained from atomizing the substantially cell free enriched L-Lysine broth as

described in step (iv) above or from recycled L-Lysine particulates as described in step
(x) above, and shown at 88 in FIG. 1.

Altematively, the fluidized bed of L-Lysine particulates could be produced by
atomizing or spray drying any of the following: L-Lysine containing fermentation broth
from step (i), substantially cell free L-Lysine permeate from step (i), substantially cell
free L-Lysine broth prodt_.lced by centrifuging L-Lysine containing fermentation broth
from step (i), substantially cell free concentrated L-Lysine broth from step (ii) or any
combination of these. In addition, purified L-Lysine hydrochloride and L-Lysine
freebase could be used as a source for L-Lysine particulates in order to make the
ﬂuidize& bed of L-Lysine particulates and to act as seeds for the agglomeration process.

While the exact source of the L-Lys{ne particulates for making the fluidized bed
of L-Lysine paﬁiculates and the seeds for the agglomeration process is not too critical, it
is preferable that the L-Lysine particulates are less than about 177 micron in size and
preferably between about 100 micron and 177 micron.

In summary, suitable sources for making the L-Lysine particulate; include:

substantially cell free L-Lysine broth obtained from centrifuging L-Lysine confaining
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these sources, may be atomized by the nozzle 56 in the spray granulator 60 in order to
generate the L-Lysine particulates. Alternatively, L-Lysine particulates may be made by
separately spray drying, gnd possibly storing for later use, any of the following:
substantially cell free L-Lysine broth obtained from centrifuging L-Lysine containing
fermentation broth from step (i), substantially cell free L-Lysine permeate from step (i),
substantially cell free concentrated L-Lysine broth from step (ii), and substantially cell
free enriched L-Lysine broth from step (iii). Prior to use as L-Lysine particulates, the
spray dried products may be sieved to remove lumps and to obtain particles in the size
range of less than about 177 micron (preferably between about 100 micron and 177
micron).

For example the substantially cell free concentrated L-Lysine broth from step (ii)
may be used to produce the bed of percolating seed particles at 60. The substantially cell
free concentrated L-Lysine_ broth may be atomized by the nozzle 56 in the spray
granulator 60 in order to generate the percol;ting bed of seed particles. Alternatively, the
substantially ct;ll free concentrated L-Lysiné broth may be separately spray dried. Prior to
use as L-Lysine particulates, the spray dried concentrated L-Lysine broth may be sieved
to remove lumps and to obtain particles in the size range of less than about 177 micron
(preférably between about 100 micron and 177 micron).

Another example of a suitable source of the L-Lysine particulates wdul.c'i be dry

purified L-Lysine hydrochloride powder that may be obtained by known state of the art
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micron (preferably in the size range between about 100 micron and 177 micron).

Experience has shown that once the agglomeration process becomes self-
sustaining, the particles for the ﬂuidiied bed 60 comes from recycling particles at 88 into
the into the fluidized spray granulator bed 60 by using particles at 84 which are too small
or the granules which are too large and have been ground at 80 to a smaller size.
Experience has also shown that the agglomeration process may operate on either a batch
or semi-continuous basis. The batch process is preferred.

While the preferred L-Lysine concentration in the starting feed stream, measured
as a percent of freébase per kg, in the fermentation broth is about .90g/l L-Lysine, those
skilled in the art will understand t_h_at L-Lysine concentration can vary from one
fermentation run to the next. Hence, the use of a fermentation broth containing about 90
g/l L-Lysine should not be taken to mean that other suitable concentrations of L-Lysine in
the fermentation broth are precluded. The final desired concentration of L-Lysine may be
achieved by adding an L-Lysine containing material, such as L-LysineHCI or L-Lysine
freebase, at 48, and as described in step (iif) ;bove. However, the L-Lysine concentration
in the fermentafion broth should not be below about 30 g/l.

A second embodiment of thi_s invention for producing an L-Lysine feed
supplement is shown in FIG. 2.

(i) An L-Lysine containing fermentation broth in a fermenter at 20 is separated

into two fractions at 24 to produce a substantially cell free L-Lysine broth (“SCFLB”) 28
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and a cell rich L-Lysine broth (“CRLB”) 32. The cell rich L-Lysine broth (shown as E2
in FIG. 2) may be processed as described in the third embodiment of FIG. 3. Any suitable
means, such as ultrafiltration or centrifugation, may be used at 24 to separate the amino
acid fermentation broth.

(ii) The L-Lysine purity of the substantially cell free L-Lysine broth is adjusted by
adding an effective amount of L-Lysine containing material at 48 (FIG. 2) to the
substantially cell free L-Lysine broth in a mix tank at 52 in order to provide a
substantially cell free enriched L-Lysine broth (“*SCFELB”). The amount of L-Lysine
containing material added at 48 depends on the concentration of L-Lysine in the
substantially cell free L-Lysine broth, measured as a percent of freebase per kg. However,
the amount of L-Lysine should be sufficient to ensure that the final concentration of L-
Lysine in the final product is in the range between about 35% and 80% L-Lysine,
measured as a percent of freebase per kg.

(iii) The substantially cell free enriched L-Lysine broth is optionally atomized by
a nozzle 56 to provide an atomized spray of substantially cell free enriched L-Lysine
broth to make a percolating bed of L-Lysine particulates in a spray granulator 60. The L-
Lysine particulates have a particle size of l;ss than about 177 micron (i.e. particles that
can pass through 80 mesh) and preferably ;m the size range of about 100 micron and 177
micron. The bed of the spray granulator is preferably a fluidized bed of L-Lysine
particulates and is operated at a temperature between about 30°C and 100°C.

Alternatively, the substantially cell free enriched L-Lysine broth of step (ii) in

FIG. 2 may be spray dried to provide an L-Lysine feed supplement. An L-Lysine feed
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(v) Substantially cell free enriched L-Lysine broth is sprayed onto the fluidized

bed of L-Lysine particulates of the spray granulator to initiate the agglomeration process.

(vi) The agglomeration process is allowed to continue to produce the substantially

dust free, free flowing, granular L-Lysine product in the size range between

approximately 177 micron and 1190 micron, and preferably in the size range of between

about 177 micron to 420 micron.

(vii) The product is removed from the spray granulator at 64, with waste water

flowing away at 68 in the form of water vapor in the spray granulator exhaust.

(viii) The product is then screened and sorted for size at sieve 72 (preferably 80

mesh).

(ix) Granules at 76 that are too large (e.g. in the size range of greater than about

s

1190 micron) are ground in a grinder at 80 to a smaller particle size (e.g. in the size range

of less than about 177 micron) and combiﬁed with material that is too small 84 (e.g. in

the size range of less than about 177 mi_cron) to produce recycled L-Lysine particulates at

88 (FIG. 2) and returned to the spray granulator 60 as starting material to act as seeds for

the agglomeration process.

(x) The substantially dust free, free flowing, “177-1190 micron Particles”,

granular L-Lysine product with an L-Lysine purity in the range between about 35% and
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end product at 96. However, from the viewpoint of bulk density, the preferred product
size is in the range between approximately 177 micron and 420 micron.

A third embodiment (FIG. 3) of this invention produces an L-Lysine feed
supplement.

(i) An L-Lysine fermentation broth in fermenter 20 is separated into two fractions
at 24 to produce a substantially cell free L-Lysine broth (“SCFLB”) 28 and a cell rich L-
Lysine broth (“CRLB”) 32. The substantially cell free L-Lysine broth (shown as El) may
be processed as described in the second embodiment of FIG. 2. Any suitable means to
separate the L-Lysine fermentation broth may be used such as ultrafiltration or
centrifugation.

Prior to separating the L-Lysine -fermentation broth, a material containing L-
Lysine may be optionally added directly to the L-Lysine fermentation. The agitation
provided by a suitable stirred tank reactor (“STR”) fermenter vessel would provide the

necessary degree of mixing to ensure a uniform concentration of L-Lysine in the L-

,

Lysine ferment_ation broth.

(ii) The L-Lysine purity of the cell.rich L-Lysine broth is adjusted by adding an
effective amount of L-Lysine containing material to the cell rich L-Lysine broth in a mix
tank at 52 to provide an enriched cell rich bro& (“ECRB") 55. The amount of L-Lysine
containing material added at 48 depends on the concentration of L-Lysine in the cell rich

L-Lysine broth, measured as a percent of freebase per kg. However, the amount should

a

S



feet per minute. The nozzle atomization air was between 5p FR[CP KOmeEéﬂﬁiﬁ
square inch gauge. Approximately 2,500 ml of the concent e‘"wars sprayed
into the dryer with the nozzle in the highest setting in}o ﬁe T,{qujg@ ai
bed of material on which to agglonerate,. The nozzle was' llo %I

position just above the percolating mat%3r| al in the bed and IzaggJ—@rnef-aﬁ*Uh
was acconplished with the remaining 2,650 M of concentraffe. This yiel ded

a granul ated product having the conposition indicated in Tapfe~tT
be sufficient to ensure that the final concentration of L-Lysine in the final product is in

the range between about 35% and 80% L-Lysine. measured as a percent of freebase per

k

l!Q

(iii) Water is removed from the enriched cell rich broth by evaporation at 36 to
produce a concentrated cell rich broth (“CCRB"). Preferably, the concentrated cell rich
broth has between about 20% and 70% solids by weight.

(iv) The concentrated cell rich broth is dried at 62 to provide an L-Lysine feed
supplement 96 with an L-Lysine purity in the range between about 35% and 80% L-
Lysine. measured as a percent of freebase per ka.

Alternatively. the concentrated cell rich broth is blended with more L-Lysine
containing material in a second mix tank at 104 and then dried at 62. If this embodiment
is practiced on a batch or semi-batch basis. it would be more desirable to use just one mix
tank 52 simply by recycling the concentrat.ed cell rich broth back at 108 to mix tank 52 as
depicted in FIG. 3a.

A fourth embodiment of this invention (FIG. 4) includes a process of producing
an Lysine feed supplement with an L-Lysine purity in the range between about 35% and
80% L-Lysine, measured as a percent of ftee;.vase per kg.

(1) The L-Lysine purity of an L-Lysine fermentation broth in fermenter 20 is
adjusted by adding an effective amount of L-Lysine containing material at 48 to a mix
tank at 52 in order to provide an enriched L-Lysine fermentation broth (“ELFB”). The
amount of L-Lysine containing material added at 48 depends on the concentration of L-

Lysine in the L-Lysine fermentation broth. measured as a percent of freebase per kg.



TABLE 1 Sanpl e + 16 mesh  +40 nesh +80 [resinl Arro: 2 HOR Rk
% Purity* >1190 ni cron 420 to 1190 1770420 -

<177m cron . m cron { mcro
Broth 16.1% 58. 3% 25.5% . og(!;b“@g\‘( 1789 505
*purity neasured as percent L-Lysine fr2ebase per kg V)2 I = — _l

However, the amount should be sufficient to ensure that the final concentration of L-
Lysine in the final product is in the range between about 35% and 80% L-Lysine,
measured as a percent of freebase per kg. Theoretically, it would be beneficial to add L-
Lysine freebase at 48 in order to take advantage of the natural aqueous anions present in
the L-Lysine fermentation broth. Sulfate. chloride and hydroxy! anions in the L-Lysine
fermentation broth would theoretically neutralize the L-Lysine freebase.

(ii) Depending on the position of flow valve 112, the enriched L-Lysine
fermentation broth is either converted into a granular L-Lysine feed supplement by means
of a spray granulator 60 (i.e. agglomerated) or converted into an L-Lysine feed
supplement by means of a spray dryer 61. Water is removed at 63, preferably by
evaporation.

The present invention envisages the addition of material containing L-Lysine to,
for example, L-Lysine containing fermentation broth or concentrated L-Lysine broth.
However, the addition of material containing L-Lysine might be omitted altogether if the
desired concentration of L-Lysine (measured as freebase) in the L-Lysine containing
fermentation broth or concentrated L-Lysine broth is such that the addition of material
containing L-Lysine is unnecessary, as wh;n the concentration exceeds about 35% L-
Lysine, measured as a percent of freebase pér kg. If the L-Lysine containing fermentation
broth or concentrated L-Lysine broth”contain substantially more than about 35% L-
Lysine, measured as a percent of freebase per kg, then both the broth and concentrate
count as enriched L-Lysine broth.

A fifth embodiment of this invention (FIG. 5) includes a process of p‘ro’ducing an

L-Lysine feed supplement which is essentially the same as that described in the fourth
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products had the conpositions as indicated in Table 2.

embodiment with the optional step of removing water, preferably by ew;aporation, from
the L-Lysine fermentation broth at 36 in order to provide a concentrated L-Lysine broth
with between about 30% and 70% solids by weight. An L-Lysine containing material is
added to the concentrated L-Lysine broth at 48 to provide an enriched L-Lysine
fermentation broth. The enriched L-Lysine fermentation broth may be spray granulated at
60: spray dried at 61; and spray dried, spray granulated, tunnel dried, tray dried, or drum
dried at 62 to provide an L-Lysine feed supplement with an L-Lysine purity in the range
between about 35% and 80% L-Lysine, measured as a percent of freebase per kg.

The following examples represent specific but non-limiting embodiments of the
present invention:

EXAMPLE 1 - Comparative Example

400 liters of fermentation broth with a L-Lysine concentration of 92 g/l (grams
per liter) L-Lysine base and 218 g/l total dry solids were harvested from a L-Lysine
fermentation run. This material was ultrafiltered and evaporated to a concentration of 235
g/l in the form of L-Lysine sulfate (measured as free base) and 493 g/l dry solids.

5150 ml (milliliters) of this concer}trate was dried on a Glatt WSG 5 spray
granulator. The inlet temperature of the Glatt unit was maintained between 93°C and
124°C, preferably above 120°C. The outlét temperature was maintained between 40°C
and 80°C, preferably between 60°C and 65°C. The bed terﬁperature was maintained
between 70°C and 92°C, preferably between 71°C and 74°C. The air flow was

maintained between 1,300 and 4,000 feet per minute, preferably between 1,300 and 1,500
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+40 nmesh
m cron
m cron
11. 4%

5 7%

6. 3%

17. 1%
2.6%

TABLE 2 Sanpl e RrpilErraBSh JuERT |
+80 nesh -80 mesh % Purity ' hL_.*il :.';_‘.IS-.;L&ZQL;? '
420 to 1190 177 to 420 <177 mcron { ‘I
mcron  4:1 11. 6% 50. 9% OAMP51998 !
49.0%  3:2 28. 196 17.1% | | 49 1% |
52.2%  2:3 0.9% 40. 3% 52. 5%
57.4% 1:4 6.1% 35. 0% V=1 S

feet per éﬁg\g}é%hehohﬂﬁ bdfhization air #és B3 veen 50 to 70%buPper square inch22. 0%
. 0

gauge. Approximately 2,500 ml of the concentrate was sprayed into the dryer with the

nozzle in the highest setting in order to form a bed of material on which to agglomerate.

The nozzle was lowered to a position just above the percolating material in the bed and

agglomeration was accomplished with. the remaining 2,650 ml of concentrate. This

yielded a granulated product having the composition indicated in Table 1.

TABLE 1
Sample +16 mesh +40 mesh +80 mesh -80 mesh % Purify"‘
>1190 micron 420t0 1190 1770420 <177micron
micron micron
Broth 16.1% 58.3% 25.5% 0% 46.5%

*purity measured as percent L-Lysine freebase per kg

EXAMPLE 2

Lysine fermentation broth, ultrafiltered and concentrated as described above in

Example 1, was mixed 4 to 1 (lysine basis) with 'pm'iﬁed L-Lysine sulfate (produced as a

free base and pH adjusted to 6 with sulfuric acid yielding L-Lysine sulfate). The mixture

was spray granulated as described in Example 1. The process was repeated with a 3 to 2

mixture, 2 to 3 mixture, 1 to 4 mixture, and with straight L-Lysine sulfate. The granulated

products had the compositions as indicated in Table 2.




sul fate

* purity measured as percent L-Lysine freebase ”kb" E’%Aﬁ 5
Lysine fernmentation broth, ultrafiltered and concentrat eq §HESCErT bed 1
above in Exanple 1, was mxed 4 to 1 (lysine basis) w tih puba# ?1
hydrochl ori de. The m xture was spray granul ated as outl; H{ " e il
above. The process was repeated ew-amw 4

with2V 3 to 2 mxture, 2
to 1 mixture, and with straight L-Lysine hydrochloride. i The granul ated

products had the conpositions as indiTABEEZ2 n Tabl e 3.

Sample +16 mesh +40 mesh +80 mesh -80 mesh % Purity*
>[190 micron 420t0 1190 177 to 420 <|77 micron
micron micron
4:1 11.6% 50.5% 26.1% 11.4% 49.0%
3:2 28.1% 17.1% 49.1% 5.7% 522%
2:3 0.95% 40.3% 52.5% 6.3% 57.4% |
1:4 6.1% 35.0% 41.8% 17.1% 62.5%
L-Lysine 47.8% 27.8% 22.0% 2.6% 68.5%
sulfate

* purity measured as percent L-Lysine freebase per kg
EXAMPLE 3

Lysine fermentation broth, ultrafiltered and concentrated as described above _in
Example 1, was mixed 4 to 1 (lys'ix-le basis) with pure L-Lysine hydrochloride. The
mixture was spray granulated as outlined in Example 1 above. The process was repeated
with a 3 to 2 mixture, 2 to 3 mixture, 4 to 1 mixture, and with straight L-Lysine

hydrochloride. The granulated products had the compositions as indicated in Table 3.
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TABLE 3 Sanpl e TESHHEET |
+40 nesh +80 nesh -80 nesh % Purity* 1390~
M cron 420 to 1190 177 to 420 <177m cron '

- nicron " mcron 4:1 7. 4% 33. Q% 4 MAY 989%%
0% 49. 40% 3:2 28 6% 32. 9% 44, 2%
15. 2% 51. 50% 2:3 ~4.8% 48. 4 46. 8%
0% 57. 00% 1: 4 : . 1% 45. 3%t 40O o
0% 66. 60% TABLE?

Sample +16 mesh +40 mesh +80 mesh -80 mesh % Purity*
>1190 micron 4200 1190 177 to 420 <[ 77micron
micron micron
4:] 7.4% 33.0% 59.6% 0% 495.40%
3:2 7.6% 32.5% 44.3% 15.2% 51.50%
73 18% 484% 36.8% 0% 57.00%
1:4 51% 45.3% 49.40% 0% 66.60%
L-Lysine 17.2% 44.5% 295% 9.3% 76.80%
HCl

* purity measured as percent L-Lysine freebase per kg

It may be seen that mixing the concentrated and ultrafiltered L-Lysine
fermentation broth of Example 1 with L-Lysine sulfate or L-Lysine hydrochloride, as
described in Examples 2 and 3 respectively, produces a granular product with increased
L-Lysine content. Also, one preferred'embodiment of the described invention enables the
L-Lysine content in L-Lysine fermentation broth to be easily adjusted prior to the
agglomeration step. Thus, natural variations in L<Lysine concentration, which often occur
from one L-Lysine fermentation to the next L-Lysine fermentation, do not require the
extensive ion e>.(change to obtain a final produci of the necessary purity for use (e.g. as a
feed additive). The preferred level of puri& in the final granular L-Lysine product is in

the range between about 35% and 80% L-Lysine, measured as a percent freebase per kg.
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hydrochl ori de, as described in Exanpl @9 2 and 3 respectilve § produce‘
granul ar product with increased L-Lysine content. Al saj . - -
enbodi ment of the described invention enables the L-Ly i ne content [
L-Lysi ne fexAMPBEiI4N broth to be easily adjusted prior-e—tte
aggl oneration step. Thus, natural variations in L-Lysine concentration,

whi ch of ten OCCHsine fermentation broth, having a solids content of 193.8 g/kg and a lysine

content of 74.3 g/kg is mixed with neutralized L-Lysine produced as freebase to yield a
concentration of 508 g/kg lysine and 977.1 g/kg solids.

Approximately 3100 ml of this mixture was dried on a Glatt WSG 5 spray
granulator. The inlet temperature was maintained between 136°C and 146°C. Outlet
temperature was maintained between 42°C and 74°C, preferably between 60°C and 65°C.
Bed temperature was maintained between 63°C and 79°C, preferably between 71°C and
74°C. Air flow was maintained between 157 and 209 cubic feet per minute (actual),
preferably between 1300 and 1500 feet per minute. Nozzle atomization air was between
50to0 70 pdund per square inch gauge. Approximately 2250 ml was sprayed into the dryer
with the nozzle in the highest setting'in order to form a bed of material on which to
agglomerate. The nozzle was lowered to just above the percolating material in the bed
and agglomeration was accomplished with the remaining 850 ml of feed. This yielded a

granulated product having a purity of 52% on a dry basis. The granulated product had the

composition as indicated in Table 4.

TABLE 4

Sample +16 mesh +40 Mesh +80 mesh -80 mesh % Purity *

Broth 8.4% 38.9% 43.9% 8.7% 52.0%

*purity measured as percent freebase per kg
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EXAMPLE 5

Five kilograms of permeate ultrafiltered from lysine broth, having a purity of
44.9% dry basis and total solids of 69.9 g/kg, was mixed with 182 g of neutralized L-
Lysine. having a purity of 56.3% dry basis and a total solids of 716 g/kg, and spray dried
in a Niro Atomizer spray dryer equipped with an atomizing disk type nozzle. The inlet
temperature was 230°C, outlet temperature was 80°C, and atomizing disk pressure was
3.3 kp/cm®. The feed rate was 34 ml/mm. This yielded a product having a purity of 51.2%

lysine on a dry basis.

EXAMPLE 6

Five kilograms of permeate ultrafiltered from lysine broth, having a purity of
44.9% dry basis and total solids of 69.9 g/kg, was mixed with 182 grams of neutralized
L-Lysine, having a purity of 56.3% dry basis and a total solids of 716 g/kg, and
evaporated t0 25.4% solids. This evaporated mixture was drum dried. The drum dryer
had two cbunte’r rotating drums, 8.75” long and 5” in diameter turning at a rate of 2.5
RPM. Steam was supplied to the drum at 40 psi. The feed rate was 20 to 40 mi/mm. This
yielded a product having a purity of 48.9% l;'sine on a dry basis.

While the invention is described above in connection with preferred or illustrative
embodiments, these embodiments are not intended to be exhaustive or limiting of the
invention. Rather, the invention is intended to cover all alternatives, modifications and
equivalents included within its spirit and scope of the invention, as deﬁr_xed by the

appended claims.



Lysine fermentation broth, having a solids content of 193.8 g/kg and a

| ysine content of 74.3 g/ kg is mxed with neutralized L-Lysine prwwcf"‘ S
-freebase to yield a concentration of 508 g/ kg |ysine and f@pradH nuy“ﬁ%ﬁgﬁa'w
sol i ds. : Approxi mately 3100 m of this mixture 'Wed oE A
WBG 5 spray granulator. The inlet tenp®rature was mainthi
136[err]C and 146[err]C. Qutlet tenperature was maintaif
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auge. roximately 2250 ml was, sprayed into the
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percent of freebase per kg, said process comprising the steps of:

(a) adding a material containing L-Lysine to an L-Lysine fermentation broth to
provide an enriched L-Lysine fermentation broth, said added material being
an amount which brings a final L-Lysine feed supplement with an L-Lysine
purity within a range between about 35% and 80% L-Lysine, measured as a
percent of freebase per kg; and

(b) substantially drying the enriched L-Lysine fermentation broth of step (a) to
provide said final L-Lysine feed supplement.

2. The process of claim 1 wherein the L-Lysine feed supplement of step (b) has
between about 50% and 80% L-Lysine, measured as a percent of freebase per kg.

3. The process of claim 1 wherein the material containing L-Lysine of step (a) is
selected from a group consisting of L-Lysine hydrochloride, L-Lysine sulfate, and
neutralized L-Lysine.

4. The process of claim 1 wherein the malerial containing L-Lysine of step (a) is L-
Lysine freebase.

5. The process of claim 1 wherein the substantial drying of step (b) is carried out in a

dryer selected from a group consisting essentially of: drum drying, spray drying,

rotary drying, tray drying, tunnel drying, and spray granulation.
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Sanpl e +16 mesh +40 Mesh +80 nesh -80 nesh % Purity *
Broth

0 0 0 0
*purity me 8 3 ; éé;oaragesB §9f£%U%mggSi§g ifegeé) gsupplement8Wizh/°an adj ustabl2 %m%%%t of

L-Lysine purity in a range between about 35% and 80% L-Lysine, measured as a

percent of freebase per kg, comprising the steps of: |

(a) removing water from an L-Lysine fermentation broth to provide a
concentrated L-Lysine broth;

(b) adding a material containing L-Lysine to said concentrated L-Lysine broth of
step (a) to provide an enriched L-Lysine fermentation broth, said added
material being an amount which brings a final L-Lysine feed supplement with
an L-Lysine purity into a range between about 35% and 80% L-Lysine,
measured as a percent of freebase per kg; and

(c) substantially drying the enriched L-Lysine fermentation broth of step (b) to
provide the final L-Lysine feed supplement.

7.  The process of claim 6 wherein the concentrated. L-Lysine broth of step (a) has
between about 30% and 70% solids by weight.
8.  The process of claim 6 wherein the material containing L-Lysine of step (b) is

selected from a group consisting of L-Lysine hydrochloride, L-Lysine sulfate, and

r

neutralized L-Lysine.
9. The process of claim 6 wherein step (a) comprises evaporating the L-Lysine
fermentation broth to remove water in order to provide said concentrated L-Lysine

broth.

10. The process of claim 7 wherein the evaporation of step (a) is carried out between

about 140°F and 214°F.

o
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The process of claim 7 wherein the evaporation of step (a) is carried out between
about 145°F and 155°F.

The process of claim 7 wherein the evaporation of step (a) is carried out in a
vacuum between about 2.9 psia and 11 psia.

The process of claim 7 wherein the evaporation of step (a) is carried out in a
vacuum between about 2.9 psia to 4 psia.

The process of claim 6 wherein the enriched L-Lysine fermentation broth of step (b)
has between about 50% and 80% L-Lysine, measured as a percent of freebase per
kg.

The process of claim 6 wherein the substantial drving of step (c) is selected from a
group consisting essentially of: drum drying, spray drying, tray drying, tunnel
drying, rotary drying, and spray granulation.

A process for producing an L-Lysine feed supplement with an adjustable amount of
L-Lysine purity in a range between about 35% and 80% L-Lysine, measured as a
percent of freebase per kg, comprising the steps of:

(a) separating an L-Lysine fermentation broth into substantially cell-free L-
Lysine broth and cell rich L-Lysine broth;

(b)adding a material containing L-Lysine to said cell rich L-Lysine broth of step
(a) to provide an enriched cell rich broth, said added material is an amount
which brings a final L-Lysine feed supplement with an L-Lysine purity into a

range between about 35% and 80% L-Lysine, measured as a percent of

freebase per kg;



tenperature was 230[err]C, outlet tenperature was 80[err]Q ﬁ@dﬁwg
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D)

a product having a purity of 51.2% |ysine on a dry basis. EXAVPLE 6

Fi ve kilograms of perneate ultrafiltered fromlysine brothl haQdngAs 999i tly
ecfvmth 182 grars

| of 44.9%dry basis and total solids of349.9 g/ kg, was m x

of neutralized L-Lysine, having a purity of 56.3%dry basjis and a total

solids of 716 g/ kg, and evaporated to 25.4% solids. This ®evaporated

m xture was drumdried. The drumdryer had two counter rotatlng dr.uns
8.75" long and &) remowingrmuater frony srithgneighed qelltrichobroth of step (b) to prov:de a

concentrated cell rich broth: and

(d) drying said concentrated cell rich broth of step (c) to provide the final L-
Lysine feed supplement.

17. The process according to claim 16 wherein step (c) further comprises adding an
additional amount of material containing L-Lysine to said concentrated cell rich
broth. |

18. The process according to claim 16 wherein drying means of step (d) is selected from
a group consisting essentially of a tunnel dryer, drum dryer, rotary dryer, and a tray
dryer.

19. A process for producing an L-Lysine feed supplement with an adjustable amount of
L-Lysine purity in a range between about 35% and 80% L-Lysine, measured as a
percent of freebase per kg, comprising the steps of:

(a) separating an L-Lysine fermentation broth into substantially cell-free L-
Lysine broth and cell rich L-Lysine broth;

(b) adding a material containing L-L‘ysine to said substantially cell free L-Lysine
broth of step (a) to provide a substantially cell free enriched L-Lysine broth,
said added material being an- émount which brings a final L-Lysine feed
supplement with an L-Lysiné purity into a range between about 35% and 80%
L-Lysine, measured as a percent of freebase per kg; and

(c) drying said substantially cell free enriched L-Lysine broth of step (b) to

provide the final L-Lysine feed supplement.
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within its spirit and scope of the invention, as defined by the appended

cl aims. 20. The process according to claim 19 wherein drying means of step (c) is selected

from a group consistiﬁg essentially of: a spray granulator, spray dryer, tunnel dryer,

drum dryer. rotary drver, and a tray dryer.

21. . The process according to claim 19 wherein step (c) further comprises a sieving step

to select particles in the size range between about 177 micron and 1190 micron.

22. A process for producing an L-Lysine feed supplement with an adjustable amount of

L-Lysine purity in a range between about 35% and 80% L-Lysine, measured as a

percent of freebase per kg, comprising the steps of:

(a) removing water from an L-Lysine containing fermentation broth to provide a

concentrated L-Lysine broth;

(b) determining the concentration of L-Lysine, measured as a percent of freebase

per kg, in the concentrated L-Lysine broth;

(c) adding a material containing L-Lysine to the concentrated L-Lysine broth to
provide an enriched L-Lysine broth if the concentration of L-Lysine in the
concentrated L-Lysine broth, measured as a percent of freebase per kg, is

below about 35%, said added material being an amount which brings a final

x

L-Lysine feed supplement with an L-Lysine purity into a range between about

35% and 80% L-Lysine, measured as a percent of freebase per kg; and

(d) substantially drying the enriched L-Lysine broth to provide the final L-Lysine

feed supplement.

23. A process for producing an L-Lysine feed supplement with an adjustable amount of

L-Lysine purity in a range between about 35% and 80% L-Lysine, measured as a

percent of freebase per kg, comprising the steps of:

coacies IR
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31 Wiat is clained is: 1. A process for prodBERIAGERENT SHEET
substantially dust free, free flow ng, granular L-Lysine| ¢OHSTIsiIHgT

(a) ultrafiltration of an L-Lysine containing fermentatinibr d
a substantially cell free L-Lysine perneate; (B ¢%W%§¢)\Na1 ef
fromsaid substantially cell free L-Lys3fe perneate of stfep—fta)-to-provite
a substantially cell free concentrated C-Lysine broth; (c) adding a
material containing L-Lysine to said concentrated substantrarTy TEFrT 1166

L-

(a) removing water from an L-Lysine containing fermentation broth by

evaporating the L-Lysine containing fermentation broth in a temperature

range of about 140°F and 214°F and in a vacuum out between about 2.9 psia

and 11 psia to provide a concentrated L-Lysine broth which

30% and 70% solids by weight;

is between about

(b) determining the concentration of L-Lysine, measured as a percent of freebase

per kg, in the concentrated L-Lysine broth;

(c) adding a sufficient amount of material containing L-Lysine to said

concentrated L-Lysine broth to provide an enriched L-Lysine broth if the

concentration of L-Lysine in the concentrated L-Lysine broth, measured as a

percent of freebase per kg, is below about 35%, said added material

containing L-Lysine being selected from a group consisting of L-Lysine

hydrochloride. L-Lysine sulfate, and neutralized L-Lysine, said added

material being an amount which brings a final L-Lysine feed supplement with

an L-Lysine purity into a range between about 35% and 80% L-Lysine,

measured as a percent of freebase per kg; and

z

(d) substantially drying the enriched L-Lysine broth to provide the final L-Lysine

- feed supplement with an L-Lysine purity into a range between about 35% and

80% L-Lysine, measured as a percent of freebase per kg.

24. A process for producing an L-Lysine feed supplement comprising:

(a) determining the concentration of L-Lysine, measured as a percent of freebase

per kg, in an L-Lysine containing fermentation broth;

o g
I llll



Lysine broth of step (b) to provide a substantially cell

T _ . The
L-Lysi ne broth; and (d) aggl onerating the substanti alfl \Ii/j‘??le[1 ‘4*@2 %FFT
‘enriched L-Lysine broth of step (c) to provide a sjbstantlally duist
fee, free flow ng, granular-L-Lysine product. 2. Theip oo(ggsgm 1999
wherein the ultrafiltration in step (ap7to provide a subdt ntlal ly cell

free L-Lysine perneate includes use of an ultrafilter haui

NG~ & HoT eCul ar

wei ght cutoff in the range between about 10,000 Dalton 4§

nd.500.000 Dalton;

3. The proces clalmlv\/nrein,the afiltratjo
provi de a sulfgl Sé‘ﬂ‘?%l Py “Eaé? ferdaning) t[13(é‘r‘5ertﬁ"‘na\étl[“’enﬁ' o

‘I_

%tagg"é%éﬂ%ﬁ an

ultrafilter having a nol ecul ar wei ght cutoff of about 500,000 Dalton.

4. The process &rmenigtion broghirspyide ar pnriched dokssing beptly saidadded mgteriab

L- Lysi ne perneate

being an amount which brings a final L-Lysine feed supplement with an L-

Lysine purity into a range between about 35% and 80% L-Lysine, measured

as a percent of freebase per kg, said added material containing

L-Lysine being

selected from a group consisting essentially of L-Lysine hydrochloride, L-

Lysine sulfate, and neutralized L-Lysine; and

(c) substantially drying the enriched L-Lysine broth to provide the final L-Lysine

feed supplement.

- Ty
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fromsaid ultrafiltration step (a) to renove water in orde~to_pravide.sald,
substantially cell free concentrated L-Lysine broth. SREAINE EMENT SHEEDT
claim4 wherein the evaporation of step (b) is carried ouff etweemnabout= |
140{ err]F and 214[err]F. .
32 6. The process of claim4 wherein the evaporation df %‘@‘éﬂ‘\{( B?%l St

carried out between about i

PROCESS FOR MAKING GRANULAR L-LYSINE FEED SUPPLEMENT

Abstract
A process produces an L-Lysine feed supplement with a final L-Lysine purity in
the range theoretically between about 35% and 80%, measured as a percent of freebase
per kg, and more preferably between about 50% and 80% L-Lysine. The process
comprises adding a material containing L-Lysine to an L-Lysine fermentation broth or a
fraction of an L-Lysine fermentation broth. The added material being an amount which
brings a final L-Lysine feed supplement with an L-Lysine purity into a range
theoretically between about 35% and 80%, measured as a percent of freebase per kg, and
more preferably between about 50% and 80% L-Lysine. The fraction of L-Lysine
. fermentation broth is obtained by any‘ ;uitable separating means such as ultrafiltration or
centrifugation. The process also comprises a drying step that may involve any suitable
drying means such as a spray granulator, spray dryer, tray dryer, drum dryer, rotary dryer,

and tunnel dryer.

(Fig2)



145[err] F and 155[err]F. 7. The process of claim4

evaporation of step (b) is carried out i
-and 11 psia. 8. The process of cla

step (b) is carried out .in a vacuum between about 2.9
9. The process of claim1 wherein the substantially cel
L-Lysine broth of step (b) has betweef about 30% and 7

10. The process of claim1 wherein said

mireTret

n a vacuum bet vvé’@ﬁ' ﬂéﬂ&’ﬁﬁTzsiﬁEﬁm a
i m4 wherein tHe [‘evaporat | on 0

qi
ff%eq once tat ed

s ottt U_y vmlg\t.

material contaifning L-Lysine of

O_'O

step (c) is selected froma group conS|st| ng of L-Lysingphydir6chrorTde—and

L- Lysi ne freebase. 11. The process
cell free enriched L-Lysine broth of stg

Féﬁﬁéﬁ?er rein the substantially
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‘(c) has between about 35% and 76% L-Lysi ne, nmeasured as a
freebase per kg. 12. The process of claim1 wherein th@EBLMBEWMTl sudey [
cell.free enriched L-Lysine broth of step., (d) is aggl oneqatfedpy=erst1g—— ;

bi nders sel ected froma group consisting of L-Lysine fernmgntatgd roth,{ |
13. q&34 £ si

L- Lysi ne hydrochl oride, L-Lysine freeba3e and water. z
of claim1 wherein the aggl oneration process of step (d) - f
the substantially cell free enriched L-Lysine broth onto fIU|d|zed bed od
L-Lysi ne particul ates. 14. The process of claim13 wherermsard
L-Lysine particul ates are selected froma group consisting of recycled
L-Lysine particul ates, atom zed substantially cell free L-Lysine broth,

atom zed substantially cell free L-Lystnre reet-e- 1 zag substantially
cell free concentrated L-Lysine broth, atmﬁﬁaesubsta'%ually cell free
enriched L-Lysine broth, spray dried LFt:y'eematlon Broth
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containing fernentation broth, spray dried substantially cell free L-Lysine

broth, spray dried substantially cell free L-Lysine per meg
‘substantially cell free concentrated L-

33 Lysine broth, and spray dried substantially cell free
L-Lysine broth, purified L-Lysine hydro&hloride, and L-Ly§
15. THe process of claim 13 wherein the L-Lysine particul af

range of | ess than
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about 177 mcron. 16. The process of claim13 whereinjT
particulates are in a size range of between about 100 m c}
m cron. 17. The process of claim1 wherein step (d) cg
of passing the enriched L- Lysine broth through a nozzle ¢t
atom zed spray of substantially cell frde enriched L- Lysi
18. The process of claim1l wherein the Substantially dust f

et

Ha.
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§ bl e ey

) )I’ISGS a step

propa ik 4399
ne br ot h.
res, " Tree

(0]

flow ng, granular L- Lysine product of step (d) is in the
bet ween approximately 177 mcron and 1 190 m cron.
of claim1l wherein the substantially dust free,

19.
free fl ow ng,
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~oxLaately 177
&EBMC&MN‘@I bm:q- l

Lysi ne product of step (d) is in the size range between
m cron and 420 m cron. 20. A process for producing
-~ dust free, granular L-Lysine containing material conpri
removing cells froman L-Lysine containing fernentation

substantial ly cell free L-Lysin® broth; (b)

fromsaid L-Lysine broth of step (a) to provi de a substa tr-a-L—H/._c.e.IJ, frep
concentrated L-Lysine broth; (c) adding a sufficient{anmunt of materi ai
containing L-Lysine to said concentrated L-Lysine —step._(h)

to provide a substantially cell free enriched L-Lysine broth; and
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34 (d) agglonerating the enriched L-Lysine broth of gt )
provide a substantially dust free, free flowing, g aﬂgﬁg(pr LYSI-fe
product . 21. The process of claim 20 wherein step (b) c ,'§‘., *ﬂ’éi?i 7
of evaporating the L-Lysine broth of step (a) to renpve w n or der “to; !
provi de said substantially cell free corlé_ent rated L- é' @ﬁ May 1900 ; ]
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“Lysine broth; said evaporation being carried out in ate i
about 140[err] F and 214[err]F, and said substantially c IIRFFt!é“é”&:’“ DR
~concentrated L-Lysine broth of step (b) is about 30% and j PESHI TS by \

wei ght :22. The process of claim 21 wherein the tenper ug%m ;
im erein t}hq

about 145[err]F and 155[err]F. 237 The process of cl
evaporating step is carried out in a vacuumin a range
and 11 psia. 24. The process of claim 21 wherein the;evaporating step |
is carried out in a vacuum between about 2.9 psia to 4 psta— 25. The
process of claim 20 wherein said added material of step (c) is selected
froma group consisting of L-Lysine hydrochloride anQOF Lysi ne freebase,
said added material being a
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e o aprr o e
gquantity that brings the substantially cell free enri chd§d PL_.L.y.SJ ne. brotH cf
step (c) into.a range of about 35% and 76% L-Lysine, mgasured as a perdent
of freebase per kg; and the enriched L- Lysine broth of} steﬁl’:(lﬁfﬂ‘@??'
aggl onerated by using at |east one binder selected fromija jgroup - consi st}i g
of L-Lysine fernmentation broth, L-Lysine hydrochloride, {and L-Lysi ne _
freebase and water which is mxed wi t h3and sprayed ontd-.a fluidized hed. of
L-Lysine particulates, the particulates being selected froma group '
consi sting of recycl ed L-Lysine particul ates, atom zed substantially cell
free L-Lysine brWhhtisalaomidisd substantially cell free L-Lysine perneate,
atom zed substantially cell free concentrated L-Lysine broth, atom zed
substanti al | y 1ceA protess for peedutin @ dulistantiallyninstfrees fige Sqwiag, girtubsd LiLYsinsi ne
containing fernentation broth, spray dried

comprising:

(a) ultrafilration of an L-Lysine containing fermentation broth to provide a substantially cell

free L-Lysine permeate;

(b) removing water from said substantially cell free L-Lysine permeate of step (a) to provide

a substantially cell free concentrated L-Lysine broth;
(c) adding a material containing L-Lysine to said concentrated substantially cell free L-
Lysine broth of step (b) to provide a substantially éell free enriched L-Lysine broth; and

(d) agglomerating the substantially cell free enriched L-Lysine broth of step (c) to provide a

substantially dust free, free flowing, granular L-Lysine product.

2. The process of claim 1 wherein the ultrafiltration in step (a) to provide a suhstanﬁally cell
free L-Lysine penmeate includes use of an ultrafilter having a mqlecular weight cutoff in the

 range between about 10,000 Dalton and 500,000 Dalton.

3. The process of claim 1 wherein the ultrafiltration in step (a) to provide a substanti#lly cell
free L-Lysine permeate includes use of an ultrafilter having a molecular weight cutoff of about
500,000 Da_lton. |

4. The process of claim 1 wherein step (b) comprises evaporating the L-Lysine permeate
ﬁ'orn said ultrafiltration step (3) to remove water in order to provide said substantially cell free

concentrated L-Lysine broth.

5. The process of claim 4 wherein the evaporation of step (b) is carried out between about

140°F and 214°F,
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35 substantially cell free L-Lysine broth, spray dried subst_a}p_t__i_a.lkl—ak-;m‘
cell free L-Lysine perneate, spray dried substantially EQenT SHEE!
concentrated L-Lysine broth, and spray dried substanti all T ree— i
enriched L-Lysine broth, purified L-Lysine hydrochloridd, {and L-Lysi
freebase, said particulates being in the size range of | ess2@86 a‘ﬁg{t 147
m cron. 26. The process of claim 232 wherein the L-Lysjne par.t,i_g‘_ulﬁ.tje
are in the size range of between about 100 micron and 1Y7

anmwn

e g et

6. The process of claim 4 wherein the evaporation of step (b) is carried out between abaut
145°F and 155°F.
7. The process of claim 4 wherein the evaporation of step (b) is carried out in a vacuum
between about 2.9 psia and 11 psia.
8. The process of claim 4 wherein the evaporation of step (b) is carried out in 2 vacuum
between about 2.9 psia to 4 psia.
9. The process of claim 1 wherein the substantially cell free concentrated L-Lysine broth of
step (b) has between about 30% and 70% solids by weight.
10. The process of claim 1 wherein said material containing L-Lysine of step (c) is selected
from a group consisting of L-Lysine hydrochloride and L-Lysine frecbase.
11. The process of claim 1 wherein the substantiaily cell free enriched L-Lysine broth of step
(c) has between about 35% and 76% L-Lysine, me.a.surcd as a percent of freebase per kg.
12. The process of claim 1 wherein the substantially cell free enriched L-Lysine broth of step
(d) xs agglomerated by usmg binders sefected from a group consisting of L-Lysine fermenﬁtion
broth, L-Lysine hydrochlocide, L-Lysine frecbase and water.
13. The process of claim 1 wherein the agglomeration process of step (d) comprises spraying
the substantially cell free enriched L-Lysine broth onto a fluidized bed of L-Lysine particulates.
14. The process of claim 13 wherein said L-Lysine particulates are selected from a group
cunsistii;g of recycled L-Lysine pﬁdculates, atomized substantially cell free L-Lysine broth,
atomized substantially cell free L-Lysine permeate, atomized substantially cell free concentrated
L-Lysine broth, atomized substantially cell free enriched L-Lysine broth, spray dried L-Lysine
containing fermentation broth, spray dried substantially cell free L-Lysine broth, spray dried

substantially cell frec L-Lysine permeate, spray dried substantially cell free concentrated L-

* c L M S *



27. A process for producing a substantially dust free, gr

= S .
contai ning mat.erial conprising: (a) renoving cells fr(RIEPhWEIMEL ,sﬁr%T '
containing fernentation broth to provide a substantially cell freej
L- Lysi ne brot h; (b) renoving water from said substant]a I?azglm f908e | |
L-Lysine broth by evaporating the substantially cel ree L-Lysing |
broth in a tenperature range of about 14#3F and 214[err]F -M

vacuum out between about 2.9 psia and 1 1 psia to a concentration of

L- Lysi ne which is between about 30% and 70% sol i ds Tght to

POV . ARt Mty ) S EARRERAISL ks P
freebase pel-ﬁydixso%moirigc, and L-Lysine freebase.

15. The process of claim 13 wherein the L-Lysine particulates are in a size range of less than
about 177 micron.

16. The process of claim 13 wherein the L-Lysine particulates are ina siz_e range of berween
about 100 micron and 177 micron.

17. The process of claim 1 wherein step (d) comprises a step of passing the enriched L-
Lysine broth through a nozzle to provide an atomized spray of substantially cell free enriched L-
Lysine broth.

18. The process of claim 1 wherein the substantially dust free, free flowing, granular L-
Lysine product of step (d) is in the size range between approximately 177 micron and 1190
micron.

19.. Thé process of claim 1 wherein thé substantially dust free, free flowing, granular L-
Lysine product of step (d) is in the size range between approximately-177 micron and 420
micron.

20. A process for producmg a substantially dust Eee, granular L-Lysine containing matcsial
comprising: | |

(a) removing éells from an L-Lysine containing fermentation broth to provide a substantially

cell free L-Lysine broth;

(b) removing water from said L-Lysine broth of step (a) to provide a substantially cell free

concentrated L-Lysine broth;

(c) adding a sufficient amount of material containing L-Lysine ta said concentrated L-Lysine

broth of step (b) to provide a substandially cell free enriched L-Lysine broth; and

LG



the substantially cell free concentrated L-Lysine broth; (o addiny s
sufficient anount of material containing L-Lysine to said s%@ﬁéﬁi@ﬁ I»ghsr

cell free’ concentrated L-Lysine broth to provide h pubstantially
cell free enriched L-Lysine broth if the concentrat{ on DHch- 199!
In the concentrated L-Lysine broth, meas; red as a percent. of [
freebase per kg, is bel ow about 35% said added materi al gohtatmrng -

L- Lysi ne being selected froma group consisting of L-Lysine

hydr ochl ori de and L-Lysine freebase in a

(d) agglomerating the enriched L-Lysine broth of step (c) to provide a substantially dust free,

free flowing, granular L-Lysine product.

21, The process of claim 20 wherein step (b) comprises a step of evaporating the L-Lysine
broth of step (a) to remove water in order to provide said substantially cell free concentrated L-
Lysine broth; said evaporation being carried out in a temperature range of sbout 14t.)°’F‘ and
214°F; and said substantially cell free concentrated L-Lysine broth of step (b) is about 30% and
70% solids by weight.

_22. The process of claim 21 wherein the temperature range is about 145°F and 155°F.

23. The process of claim 21 wherein the evaporating step is carried out in a vacuum in a
range of about 2.9 psia and 11 psia.

24, The process of claim 21 wherein the evaporating step is carried out in a vacuum beﬁem
about 2.9 psia to 4 psia.

25. The process of claim 20 wherein said added material of step (c) is selected from a group
consisting of L-Lysine hydrochloride and L-Lysine freebase, said added material being a
quantity that brings the substantially cell free eariched L-Lysine broth of step (c) into a range of
about 35% and 76% L-Lysine, measm_'ed.as a percent of freebase per kg; and the enriched L-
Lysine broth of step (d) is agglomerated by using at least one binder selected ﬁ'om'a' group
consisting of L-Lysine fermentation broth, L-Lysine hydrochloride, and L-Lysine frecbase and
water which is mixed with and sprayed onto a fluidized bed of L-Lysine particulates, the
particulates being selected froma group consisﬁng of recycled L-Lysine particulates, atomized
substantially cell free L-Lysine broth, atomized substantially cell free L-Lysine permeate,
atomized substantjally cell free concentrated L-Lysine broth, atomized substantially cell ﬁ‘éc

enriched L-Lysine broth, spray dried L-Lysine containing fermentation broth, spray dried

e
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and 76% L-Lysi ne, measured as a percent of freebag K™ e
(e) simultaneously drying and granulating the enriched L-LUysfine broth to !
provi de the :
cont ai ni ng product, the sinmultaneous dryi ng and granul atijng of
substantially cell free enriched L-Lysi broth conpri si ng tte-steps=of
spraying and atom zing the substantially cell free enriched L-Lysine broth

guantity which brings the L-Lysine into a ran

substantially dust free, free flow ng, granulfar| Lo BygCmnenss
the

onto a fluidized bed of L-Lysine particulates, the substantially cell free

enriched L-Lysine broth being granulated b usi I‘]q bi nders selected froma
group consi SEPYRtighy eclf fasi lrbysins brerh sHE3y SReh pubsiantiqlly opl iffge L-Lysine permeate,

spray dried substantially cell free concentrated L-Lysine broth, and spray dried substantially cell
free enriched L-Lysine broth, purified L-Lysine hydrochloride, and L-Lysine freebase, said

particulates being in the size range of less than about 177 micron.

26. The process of claim 25 wherein the L-Lysine particulates are in the size range of

between about 100 micron and 177 micron.

27. A process for producing a substantially dust free, granular L-Lysine containing material

comprising:

(a) removing cells from an L-Lysine containing fermcntati_on broth to provide a substantially
cell free L-Lysine broth;

(b) removing water from said substantially cell free L-Lysine broth by evaporating the
substantially cell free L-Lysine broth in a temperature range of ;b'out 140°F and 214°F
and in a vacuum out between about 2.9 psia and 11 psia to a concentration of L-Lysine
which is between about 30% and 70% solids by weight to provide a substantially cell free
concentrated L-Lysine broth;

(c) determining the concentration of L-Lysine, measured as a percent of freebase perkg, in
the substantially cell free concentrated L-Lysine broth;

(d) adding a sufficient amount of material containing L-Lysine to said substantially cell free
concentrated L-Lysine broth to provide a substantially cell free cnriched. L-Lysine broth if

the concentration of L-Lysine in the concentrated L-Lysine broth, measured as a percent |
of freebase per kg, is below about 35%, said added material containing L-Lysiﬁe being

selected from a group consisting of L-Lysine hydrochloride and L-Lysine freebase in a

e



hydr ochl ori de, L-Lysine freebase and water.

l 23 0CT 999 \
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quantity which brings the L-Lysine into a range of about 35% and 76% L-Lysine,
measured as a percent of freebase per kg; and
() simultaneously drying and granulating the enriched L-Lysine broth to provide the

substantially dust free, free flowing, granular L-Lysine containing product, thé simultaneous -
drying and granulating of the substantially cell free enriched L-Lysine broth comprising the steps
of spraying and atomizing the substantially cell éee eariched L-Lysine broth onto a fluidized bed
of L-Lysine particulates, the substantially cell free enriched L-Lysine broth being granulated by
using binders selected from a group consisting of L-Lysine fermentation broth, L-Lysine

hydrochloride, L-Lysine freebase and water.
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