METHODS FOR SALT PRODUCTION This application claims the benefit of U.S. Ser, No. 61/027,433
filed February 8, 2008, the contents of which are incorporated herein by reference. FIELD OF THE
INVENTION 100011 The invention relates to novel methods for production of arginine bicarbonate.
BACKGROUNB¢G0@2M®sginine bicarbonate has use in various industrial Bpplisativns3itriuding use
in personal care compositions, e.g., oral care compositions. See e.g., US patent 6,524,558. As the
industrial requirements for arginine bicarbonate increases, so will the need for improved processes
and methods to manufacture the same. [0003] Arginine bicarbonate may be produced by bubbling
carbon dioxide gas through a saturated arginine aqueous solution_ However, the efficiency of the
existing process needs to be improved. The existing process is slow, requiring 24 to 48 hours to

%jaﬂ@ggr, and releasing the gas into

complete the reaction. Carbon dioxid&.E%%é%%/ﬁé}}{é%%ﬁﬂHﬁ@ U

the solution produces a maximum concentr 10-5 M at room temperature and its
natural partial pressure (3.5x10-4 atmosphere). The solubility of arginine in water is only about 15%

weight/weight atfﬁ@%ﬁﬁm%{%ﬁ% Rrecising 8. sonsenitates arginine bidanboriatétsolation (8.a.,
the

about 40%) requires optipual .additio gf arquilrune to.4he solution, thereby increasing production
. e W : ; heretn by . ] .
time and requ|regoggﬁ“sstﬁn‘t”[r‘lﬁcgndﬁ%lr’fﬁ%i%ﬁ {e reaction. Thus there is a need to improve methods to

manufacture arginine bicarbonate. SUNINRRFIEFHE MVERTION 190041 The present invention is
directed to an impeeverhmsibagfesmansfactuirgaiginipedicanofatnift et represents a
significant improvement over existing techniques, as a concentrated solution of arginine and
bicarbonate anions may be produced in as little as about 10 minutes (vs. about 24 - 48 hours using the
prior art methods), followed by faster and e%‘f&%@&}éﬁ? processes of arginine bicarbonate salt from
the solution sincp@uginirembicafnaie salutiomn ausignifibanth) Mipherasnoeltiagdor: €.g., 60% wiw,
can be produced, 100051 The RIeSRN inveatian eludesMesiod J, Osq-metbaddaspraducing arginie
bicarbonate conlj rising (1) reacting an arginine slurr Wltth carbon q!)ozﬂg%lggge%r controlled temperature
and pressure to WSS EH CORP e BRI ARa B IREFBE Rt Bnion, Snd Tafinal y recovering
arainine bicarbopaiesrarminecgolistiomaf@R6{Aldioral methods of the present invention include
Methods:  Mgihgd kQWherRindheR1algine el contapinag asaning aad @uetvanta1.2Method 1.1
. 10 . s

wherein the arglgzlipu?a?el(lij g'gn?l?lgn a%{tlgoeu% I{x urtrilog'.b?lggv%‘?e{?&l% efficiency of the existing process needs

to be improved. The existing process is slow, requiring 24 to 48 hours to complete the

reaction. Carbon dioxide has very limited solubility in water, and releasing the gas into the

solution produces a maximum concentration of about 1.2x10”° M at room temperature and

its natural partial pressure {3.5x1 0" atmosphere). The solubility of arginine in water is only

about 5% weight/weight at room temperature. Producing a concentrated arginine

bicarbonate solution (e.g., about 40%) requires the continual addition of arginine to the

solution, thereby increasing production time and requires constant monitoring of the

reaction. Thus there is a need to improve methods to manufacture argimine bicarbonate.

SUMMARY OF THE INVENTION
[0004] The present invention is directed to an improved method for manufacturing arginine
bicarbonate. The method represents a significant improvement over existing techniques, as
a concentrated solution of arginine and bicarbonate anions may be produced in as little as
about H minutes (vs. about 24 - 48 hours using the prior ast methods), foliowed by faster
and easier recovery processes of arginine bicarbonate salt from the solution since arginine

bicarbonate sohutior at significantly higher concentration, e.g., 60% w/w., can be produced.



ab?ut 910%)0\;%. arrg]]ir(ljine, e.g., about 50% wt in a solvent. 1.3Method 1.1 1.2 wherein the solvent is
water; 1. method 1.0 1.3 wherein the arginine of step (i) comprises arginine free base; 1.50f
method 1.0 WQ NP¥t8¥%he arginine is L-arainine: 1.60? rgzathodpl.o 1.5 v%h%?é‘/ﬂﬁﬁ@%@ﬁﬁfsof step ti)
comprises a salt; 1.70f any of the foregoing methods wherein the arainine of step (id comprises
arginine hydroxide; 1.80f any of the foregoing methods wherein he arginine of step (ii is comprises
arginine hydrochloride; 1.90f any of the foregoing methods wherein the arginine of step (d) is a
mlxturg comprising arginine in free base fomi and an arainine salt; Of any of the preceding methods
wherein the carbon dioxide is added to the slurry as a solid, e.g., dry ice; 1.11 Of methods 1.0 1,9

wherein the carbon dioxide is added to the slurry as a gas;
[0005] The present invention inciudes Method I‘%9 a method for producing arginine

bicarbonate comprising (i) reacting an arginine slurry with carbon dioxide under controlled
temperature and pressure to form a solution comprising arginine and bicarbonate anton, and
(ii) optionally recovering arginine bicarbonate from the solution.
[0006] Additional methods of the present invention include Methods:
1.1 Method 1.0 wherein the arginine slurry comprises arginine and a solvent;
1.2 Method 1.1 wherein the arginine slurry comprises from about 10% to
about 90% wt. argining, e.g., about 50% wt in a solvent,
1.3 Method 1.1 - 1.2 wherein the solvent is water;
1.4  Ofmethod 1.0~ 1.3 wherein the arginine of step (i) comprises arginine
free base;
1.5  Ofmethod 1.0 ~ 1.4 wherein the arginine is L-arginine;
1.6 Ofmethod 1.0 - 1.5 wherein the arginine of step (i) comprises a salt;
1.7  Of any of the foregoing methods wherein the argimine of step (1)
comprises arginine hydroxide;
1.8 Ofany of the foregoing methods wherein the arginine of step (i) s
comprises arginine hydrochloride;
1.9 Of any of the foregoing methods wherein the arginine of step ()isa
mixture comprising arginine in free base form and an arginine salt;
1.10  Of any of the preceding methods wherein the carbon dioxide is added to
the slurry as a solid, e.g., dry ice;
1.11  Ofmethods 1.0~ 1.9 wherein the carbon dioxide is added to the slurry as a
gas;
1.12  Ofany of the preceding methods wherein the arginine slurry comprises
from about 10% to about 90% arginine in free base or salt form;
113 Ofany of the preceding methods wherein the carbon dioxide partial
pressure is maintained at a level of greater than about 1 psi;
.14 Ofany of the preceding methods wherein the carbon dioxide partial
pressure is maintained at a level of greater than about 13 psi, e.g., greater

than about 30 psi:
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1.12 Of any of the preceding methods wherein the arginine slurry comprises from about 10% to about
90% arginine itt free base or salt form; 1,13 Of any of the preceding methods wherein the carbon
dioxide panY4PBPEE0P&6s maintained at a level of grealici th.11? a3t3117 FCUDI28¢0882He
preceding methods .Will:treitl the inrhod 62-'7 ide ixid 1 pressuremaintaincxi at a level of greater Chart
4C.ift i:5 psi. .1, than about 30 psi; 1.15 Of any of he preceding methods wherein the carbon dioxide
partial pressure is about 5 psi to about 250 psi, e. = about 50 to about 150 psi, about 60 to about 100
psi; 1.16 Of any of the preceding methods wherein the arginme slurry and carbon dioxide are
maintained under pressure for a period greater than about | minute, e.g., about 1 minute to about 120
minutes, e.g., from about 1 minute to about 30 minutes: 117 Of any of the preceding methods wherein
the LirgiTtille slurry ist Héatedfwabbtic3oesdssehetoy ey OrsnPor thepkeeddtlg methods
wherein the introduction carheggioxids.cassesdheaigininaiskurytohecooledyd 1396 any of the

receding methods wherein the anionic slurry is | "
gbout 20((;: ! he anionis S ab{xﬁ ()C{?;%lsd to about 0"Cto about 40C, e.g., about OC to

1.16  Of any of the preceding methods wherein the arginine slurry and carbon
dioxide are maintained under pressure for a period greater than about 1
minute, e.g., about 1 minute to about 120 minutes, e.g., from about 1
minute to about 30 minutes;

1.17  Ofany of the preceding methods wherein the arginine shurry is heated to
about 30°C to about 80°C;

1.18  Of any of the preceding methods wherein the introduction of carbon
dioxide causes the arginine slurry to be cooled;

1.19  Of any of the preceding methods wherein the arginine slurry is cooled to
about (0°Cro about 40°C, e.g., about 0°C to about 20°C;

1.20  Of any of the preceding methods wherein the arginine slurry and carbon
dioxide is agitated;

1.21  Of any of the preceding methods wherein the carbon dioxide forms
carbonic acid when dissolved in the arginine slurry;

1.22  Of method 1.20 wherein the carbonic acid forms bicarbonate anion in
solution;

1.23  Ofany of the preceding methods wherein the initial arginine slurry has a
pH of about 10 to about 14;

1.24  Ofany of the preceding methods wherein the finished arginine bicarbonate
solution has a pH of about 7 to about 10;

1.25  Ofany of the preceding methods wherein the arginine bicarbonate is
recovered from the solution by evaporation;

126 Of method 1.24 wherein the evaporation is by freeze drying;

1.27  Ofmethod 1.24 wherein the cvaporation 1s by spray drying;

1.28  Ofany of the preceding methods wherein the arginine bicarbonate i3

recovered from the solution by precipitation;



1.20 Of any of the preceding methods wherein the arginine slurry and carbon dioxide is agitated; 1.21
01 any.of the preceding methods wherein the carbon dioxide forms carbonic acid when dissolvéd in
the arginineV8f4A8P/ Y939 method 1.20 wherein the carbonic acid forms bicBfdHM&8/8A%h solution;
1.23 Of any of the preceding methods wherein the initial arginine sbu pH of about 10 to about 14; 1.2’4
Of any of the preceding methods wherein the mshed arginine bicarbonate solution has a pH of about 7
to about _10; 1.25 Of any of the preceding methods wherein the arginine bicarbonate s recovered from
the solutlon by evaporation; 1.26 Of method 1.24 wherein the mapormdon is by freeze 1.27 Of method
1:24 wherein the evaporation is by spray a 1,28 Of yl the preceding methods wherein the aminine
oicarhon recovered from the solution by precipitati- 1.19 Of any of the preceding methods further
comprising the add i 8P anHieanef tbetvacsestiftone st @‘F‘%‘Fﬁ)ﬁ%@ﬂﬁ@‘ﬁé&%&#f&‘ Sth

isi add r oS! ethdds farther
comprising adding bicarbongate,sall,18:3o1806kum bicarbonate, to the slurry or solution; 1.31 Of any of

the preceding methods wherein calcium carponate, is added to the slur Jon; Of meth
- e 2 % oI Ly & { £ ‘ ] i b3 < Od
1.27 wherein the arglnifie 5&fBoHats P§°é‘8‘$)nrégllﬁ e "\i/'\/tel?ﬁrtT'f’eg1 gélld %(%rfar ,Oél;[]%&t);é}.béln%

salt, e.g., sodium bicarbonate. to the slurry or solution;

131 Of any of the preceding methods wherein calcium carbonate 1s added to
the slurry or solution;

1.32  Of method 1.27 wherein the arginine bicarbonate is co-precipitated with
the calcium carbonate.

133 Any of the foregoing methods wherein the arginine bicarbonate solution is
used in formulation of a product, without fully recovering and purifying
the arginine bicarbonate;

1.34  Any of the foregoing reactions wherein the pH of the solution is adjusted
to pH about & to about 9;

1.35  Any of the foregoing methods wherein the temperature is initially raised to
greater than about 50°C, e.g., to about 50 to about 70°C, e.g., about 55°C
{¢.g., to enhance the solubility of the arginine), ¢.¢., for about 5 to about 60
minutes, then lowered to from about 0°C to about 40°C, e.g., about 0°C to
about 20°C (e.g., to enhance the solubility of the carbon dioxide, drive the
reaction to completion, and permit the reaction vessel to be opened
without excessive release of carbon dioxide from the solution.).

1.36  Any of the foregoing methods wherein the initial pH of the solution is
about 12.

1.37  Any of the foregoing methods wherein the final pH of the solution is about

% to about 9.0.

DETAILED DESCRIPTION OF THE INVENTION

10007] The present invention involves a surprisingly simple reaction to produce arginine
hicarbonate salt by reacting carbon dioxide and an arginine sharry under controtled
temperature and pressure to form an arginine and bicarbonate amion solution, wherein the

salt is then recovered from solution. The initial reaction is faster than existing methods,
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1.33 Any of the foregoing methods wherein the arginine bicarbonate solution is used in formulation of
a product, without hilly recovering and purifying the arginine bicarbonate: 1,34 Any of the foregoing
reactions wNEPSEH MR of the solution is adjusted to pli about 8 to about kPCLASAMY/BI¥HE foregoing,
methods wherein the temperature is initially raised to greater than about 50"C, e.g.. to about 50 to
about 70C, e.g., about. 55"C (mg., to enhance the solubility cif the arginine), e.g., for about 5 to about
60 minutes, then lowered to from about O'C to about 40'C, mg,, about OC to about 20"C (e.g., u.1
enhance the solubility of the carbon dioxide, drive the reaction to completion, and pet-inn the reaction
vessel to be opened without excessive release of carbon dioxide from the solution.). 1.36 Any of the
foregoing methods wherein the initial pH of the solution is about 12. 1.37 Any of the foregojrg methods
wherein thefinlhpHOofthiesolutivnris-Hisort 816 Medut 90 DEFAHES BEEERIP F@N“o‘\%‘ 11E
100071 The presentiRventioninvekes. a.sunpsisingly simple reaction to produce areinme bicarbonate

sat by reacig carbon doxide s n roinine iy ynder contoled ReralyEe apd pressure to

&fein the salt'is then recovered fr m solution. The initial
reaction is fastghthamexistingmethtdslyabout BG minuesfis, teves24liclied Enayieids a more
concentrated solutionainin, Ind. bicAMADARARIAN (¢8nAR% WSkaay AQUINBR08AEAR present method
begins with the %rmatlon of an arginine slurry comprising arginine and a sol en#? reR%rany water. As
arginine free bageils @ﬁﬂy’ﬂi@ﬁmﬁé%)l%@tﬁﬁ-vvéi‘é'rf‘é@f‘éﬁﬁf&é’t‘ﬁﬁé’?%ﬁ%"e&‘%@cg&% (')Eﬂ ofarginine to
water forms a gl wwhessinarpaiaiityiefibe Rmgininesialigsolsbie, Ay fopmiot arginine may be
utilized to form the slurry, e.g., arginine free base (in D ar, L for " r.an.aiginine salt. It
is understooo“’f’r‘u’ﬁfﬁtféfﬁ[o%gE e?{g ?ﬁﬁiﬁgé“%ﬁﬁ%{f i’e%ﬁ.’, ﬁﬁ?/’d&‘ gﬂ?%’r‘%@é@nncfp ?&%&é%ﬁ%ﬂ%cé@%g%able salts,
may be substaiiathyyhere selubid imeaterithinargivndmasiise fan beasis Ay ENEN A 1P the

production of gqre seneeRlAlehacining-RALPIaIRnale BRieR. Selulion, SHhissaliamay be used or
mixtures of free base and salt; may be used in combination to, form the

salts may be used or mixtures of free base and salts may be used in combination to form the
slurry.

[0009] The slurry is produced by the addition of about 10% to about 90% weight of
arginine to the solvent, e.g.. about 20% to about 80%, about 30% to about 70%, about 40 %
to about 60 %. The shurry may then be agitated to create a homogenous mixture. The
initial pH of the slurry is generally about 12 for arginine frec base, e.g., about 10 to about
13.

[0010] In one embodiment, the slurry may be heated to about 30°C to about 80°C, e.g., to
about 40°C, to about S0°C, to about 55°C, 1o about 60°C, 1o about 65°C, or to about 70°C
to increase the solubility of the arginine.

[0011] The reaction between carbon dioxide and water is well known in the art, wherein
carbonic acid is initially formed, and disassociates into bicarbonate and hydrogen 1ons. The
bicarbonate then further disassociates into carbonate and an additional hydrogen ion. In the
present invention, carbon dioxide is added to the arginine slurty in a pressurized vessel to
form bicarbonate anions, resulting in a protonated arginine (cation) and bicarbonate anton
solution.

[6012] The solubility of carbon dioxide into the slurry may be increased by decreasing the
temperature of the solution; however, this decreases the solubility of the arginine. Thus, a
careful balance must be maintained between solubility of both components. Thus, n one

embodiment, the pressurized vessel may be temperature controlied. The arginine shurry 18

-
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slurry. 100091 The slurry is produced by Ow addition of about 10% to about 90% weight of arginine to
the solvent, e.g., about 20% to about ti'Oul/ii, about 30% to about 70%, about 40 % to about 60 ?AT
The slurry Y& #eH1IBehitated to create a homogenous mixture, The initidf QFUSRMYEY is
generally about 12 fbr arginine free base, e.g., about ID to about 13. 100101 1.n one embodiment, the
slurry nt.ty he heated to about 30C. to about 80C, e.g., to about 40C, to about. 50C. to about 55C ’ to
abou_t 60C, to about 65't, or to about WPC to increase the solubility of the arginine. 100111 The ’
reaction between carbon dioxide and water is well known in the art, wherein carbonic acid is initially
fqrmed, gnd disassociates into bicarbonate and hydrogen ions. The bicarbonate then further
_dlsassomates into carbonate and an additional hydrogen ion. In the present invention, carbon dioxide
is added to the-trgitine fslﬁfﬁyﬁdha@ésgaﬁ‘zféﬁi%%eI“l‘%ﬁf@?’rﬁ’f‘b?’éﬁ?b@ﬁ‘é‘f@“a%ﬁo Shesliifing in a
ORIty ey et Saet by et T amoaraiie of he soldtiore hoever, ths decreases

( emperature of the solution;.however, thi
the solubility e Brg st ePhlos SEBFER Hatanc& Mbst! bglg’te Wégﬁ%@ﬁj iht of b(;tr:héiriggr:?r?t:s
Thus, in one mﬂg@@bﬂ@ﬁ&ﬁh@@@&%&iﬁeﬂ%&sﬁm&ymﬁt@mﬂm{@r@%ﬁﬂﬁdﬁd.f%‘é’ﬂ%ginine slurry
is preferably at a ﬁ%ﬁﬂ%’%'%ﬁ% Qntﬁi@ﬂ&[%lig{ ees&rgqgfh@&%%@% 1Q,8h0ouL8RE alvhewr dhe carbon

. . . Q8
d|0X|_de is add&d’to the arginine slurry, and thereafter the arginine slurry is permitted to cool to a
relatively Iowtmmgeﬂataﬁ@,nékgtfp@mea;@@m,(f@' tFupte Py grroducing carbon dioxide as dry 1ce, or

a cooled gas. Preferably, carbon dioxide gas is used in the present reaction. Additionally,
direct cooling of the slurry may be carried out.

[0014] The solubility of carbon dioxide into the slurry may be increased by increasing the
partial pressure of the carbon dioxide in the reaction vessel. Thus, the reaction between the
carbon dioxide and the arginine slurry may occur at about 5 psi to about 150 psi, e.g., about
50, to about 60, to about 70, to about 80, to about 90, to about 100, to about 110, to about
120, or to about 140 psi.

[0015} The reaction between the arginine shurry and carbon dioxide is then allowed to
proceed for about 1 to about 120 minutes. The completion of the reaction may be gauged
by monitoring the presence of undissolved arginine in the sturry, as arginine in the presence
of bicarbonate anions are highly soluble compared to the arginine slurry. Another method to
monitor the reaction is to measure its solution’s pH in the reaction vessel directly, or sample
the sotution and measure its pH in an open container at room femperature.

[0016] Depending on the completion of the reaction. preferably, no solid arginine remains,
and the arginine and bicarbonate anion solution is clear and colorless, additional carbon
dioxide may be added to the reaction vessel.

[6017] Following the production of the arginine bicarbonate solution, the arginine
bicarbonate salt may be recovered by any means known by those of skifl in the art. Inone
embodiment, the solvent is evaporated, e.g., by heating, spray drying. or freeze drving. In
another embodiment, the salt is precipitated from selution by the additon of alcohol.

[0018] The present methods may be utlized w0 produce arginine bicarbonate in single
batches, or may be used m a conlinuous process, such as in continuous stirred tank reactors,

fluidized bed reactors, and plug flow reaciors.
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100131 One method of decreasing the temperature ofinine slurry so as to increase the solubility of
carbon dioxide into the slurry is to provide the carbon dioxide at a lower temperature than that of the
slurry, for eXah#I&9Y0tFoducing carbon dioxide as dry ice, or a cooled ga$UFrEfePARRA3E& boN
dioxide gas is used in the present reaction. Additionally, direct cooling of the slurry may be canied out.
100141 The solubility of carbon dioxide into the slurry may be increased. by increasing the partial
pressure of the carbon dioxide in the reaction vessel. Thus, the reaction between the carbon dioxide
and the argininc slurry may OCCIA13 about 5 psi to about 150 psi, e.g., about 50, to about 60, to
about 70, to about 30, to about 90, ta about 100, to about I | 0, to about 120, or to about 140 psi.
100151 'Die reaction between the arginine shirr," and carbon. dioxide; is then allowed to proceed .for
about. 1 to abBk9 20 minLiss THe cHMETR IS BTREheabioh A HEYREEY Wrﬁ‘é%ﬁ@?#@ the
presence of ypdissolued arginine indhe.shurniias aegininecin thesgeesencetabicarbortetéranions are
highly soluble compared to The arginine slurry. Another’ method to monjtor the reaction is to measure
its solution's P& tH’eaiigéfEﬁbﬁ?\\% LGSy %ladr%pf}‘érf & 'Solution té%]tgyr%%%‘éﬁ?é {ljgs{%ﬁﬁ in an open
container at reamtemperaturenj0016pDiEpendidgionithecdmpletiohdidhareaedigit préfeigbly, no
solid arginme, remains, and. the ajgining.andRicarkenaie-Arion selutien isslparand:eolorless,
additional carbon diokide may be added to the reaction vessel. 100171 Following the production of the
awirdiDe bicaHserihes. Sbitio, PREFGIRHREBIEEDIHAR SaRHEY DA TSSSVEPSE BY %y 'means known
by those of skjllintheatdnangeeodiment ibe salventisevaporatedhe gpbyheatingpnspray
drying, or freeze dryjng In gnother embodiment, the salt.is brecipitated from,soluti the addition of
alcohol. 10018 TH ep?é‘?ga?‘Iﬁrﬂl;%ﬁgdiﬁ%%ﬁ%%rﬁ%ﬁééﬁé%f% éc%tgéﬁigrﬁn%%giéarbo%lt%}{fnm%fgIe
batches, or méypdobadsed in a continuous process, such as in continuous stirred tank reactors, fluidized
bed reactors, and plug flow reactors. WO 2009/100267PCT/US2009/033293 10 191 As used
throughout, rd &hs (Rlopy g sHuPlShEFOFORSEHBR G LATRCANG & /e Valte That i€ Within the range.
Any value withifithentangg-canhbe selectedam thelterminus oftherangeldy fdditemaaihreférences
cited herein are hereby incorporated. by referenge.in thej ireties . In: a:conflict in a
definition in tH eﬁlr%tggnF ﬁféncﬁtgéﬁ%bgﬁn tt tQflafwgﬁéﬁé%%ggﬁe%gcggth3 %]rlgt?s%ft\égs}%%%girge controfs, It is
understood thattwiedeforting dvonthareitesrdisens theyrhayBHe Hetefibst M ta bR hgredients,
as is common,in, ihgiartonetvithsiandinaithaiiheseingredienis spRydractivith eiieanotherin the
actual formulation as it is made, stored and usee%(?&d_such products are intended to be coif cred by

e

the formulatiot¥' d&stBdad 1OE20T R Yo X&Mples further describe and demonstrate

illustrative embodiments within the scope of the present invention. The examples are given solely fix
iIIustratioE}gQgﬂgﬂ% not to be construed as limitations of this invention as many variations are possible
without départing from. the spirit and scope thereof. Various modifications of the inventgﬂr;,in addition

to those show Bl deserbetPHelirsRBINE B appasEHit S TERENERILL T LR aRH S dSintended to
fall within the 9&8@%9 &Ifiiﬂ?% g of L-arginine with 85 g of water at room temperature. The slurry
is heated to 55° C under gentle agitation, Approximately 50% of the L-arginine is
determined to be dissolved by visual observation.
EXAMPLE 2
{0022] 25 grams of dry ice particles are added to the slurry produced in EXAMPLE 1, and
the mixture is transferred to a pressurized vessel. The dry ice is allowed to sublime in order
to purge atmospheric air from the vessel, and then the vessel is sealed. Pressure i the
vessel is allowed to increase to 80 psi, and the solution is maintained under pressure for 3
minutes. The vessel is opened, a small amount of unreacted arginine is observed at the
bottom of the vessel.

EXAMPLE 3



EXAMPLE | 100211 A slum, of pH 12 conta Mug 50% L-argitiinc by weight and 50% water by weight
I.s prepared by mixing 85 g of L-arglinne with 85 g of water at room temperature. The slurry is heated
to 55 C undBrad Wdftation. Approximately 50% of the L-arginine is deteBHES29YBB#LZ0lved by
visual observation. EXAMPLE 2 100221 25 grams of dry ice particles are added to the slurry produced
in EXAMPLE 1, and the mixture is transferred to a pressurized vessel. The dry ice is allowed to
sublime in order to purge atmospheric air from the vessel, and. then the vessel is sealed. Pressure in
the vessel is allowed to increase to 8f 5i.and the solution maintained under pressure ter 3 minutes.
The vessel is opened, a small amount of unreacted arginine is observed at the bottom of the vessel.
WO 2009/100267PCT/US2009/033293 100231 The solution of EXAMPLE 2 is stirred wijth a spatula to
make a suspEiEr G gkaimsfiip MBLE Adeedmy tHehesset BiNdTHE 1648¥ITE¥Lbaldd. The pressure
is allowed to jncrease to; and.maintained AL 0.psinT he.vesselisoperegtatier 3 minutaspand a thick
clear colorless solutior is observed without precipitation. The solution has dro ed%o,gZ"C.producing
an arainine biedFBEhERtESHIHBRIBFABOU BO9d RONCERHAHBHI RS AfAr P ot 8. 79" Arginine
bicarbonate salhissrpeRverenhy: freererdryingh&EX ARtRiE 41 00R4ADb Thendlurdrpudueed in EXAMPLE
1 is aransforred to a pressurized vessel, and aer ifhcarboen. digxids tQ, iRa@ carbon
dioxide partial pra¥Sirs'dF 18 B8 or ergi%rﬁ}h%de%b T %g%%ngqggt%%g%%ak?gfté%@b%r%f%ﬁwered to 10"C.
An arginine bithob8riate aaiomsbiutbrmiscernisdcanerat§infssidai¥8nate salt is recovered by spray

drying. gxAMPLE 4
[0024] The slurry produced in EXAMPLE 115 transferred to a pressurized vessel, and
aerated with carbon dioxide gas to obtain a carbon dioxide partial pressure of iI5psifors
minutes. The temperature of the reactants is lowered to 10°C. An arginine bicarbonate

anion solution is formed, and arginine bicarbonate salt is recovered by spray drying.



Claims: 1. A method to produce arginine bicarbonate comprising reacting an arginine slurry with
carbon dioxide under controlled temperature and pressure to form a solution comprising arginine and
bicarbonate anion, and recovering arginine bicarbonate from the solution; wherein the arginine slurry
comprises arginine as a free base or salt form; wherein the pressure is 5 psi to 250 psi; wherein the
arginine gliinds heated to 30C to 80C; and wherein a solvent used is water. 2. The method of claim 1
wherein the arginine slurry comprises arginine and the solvent wherein the slurry comprises 10% to
90% wt. arginine. 3. The method of any of the preceding claims, wherein the arginine comprises a
free basel. 4. Themedibo tb @irechucohitiiaipedieatbuyatiacors pridiey eeadivey argangiais setegteithfrom
Larginine. a1 115 O HRAR5LAR 2. L ARIBAINRRLGF Aol dhe RieeaHne Flaimsberein the
arginine comprises an arginine salt.” 6. The method ‘ot any of the preceding claims, wherein the
arginine Rnddlisateentiomningiante tppyeoiigleranginipicaeirgeriiondes splatinikture thereof. 7. The
method of ayiRtib e BiRRediDg LRl iSRS SarRondiaidadsoprpyvided to the reaction as a

solid. 8. The method of any of the claims 1 {o 7, wherein the carbon dioxide is provided to the reaction
as a gas YhesIgReduERerIS PSIHRARBABE any of the preceding claims, wherein the arginine slurry

compriseghkpdin OAYmaigine iR FiethasemCalbtartnd
wherein a solvent used is water.
2. The method of claim 1 wherein the arginine slurry comprises arginine and the solvent
wherein the slurry comprises 10% to 90% wt. arginine.
3. The method of any of the preceding claims, wherein the arginine comprises a free base.
4. The method of any of the preceding claims, wherein the arginine is selected from L-

arginine, D-arginine, or a mixture thereof.

5. The method of any of the preceding claims, wherein the arginine comprises an arginine
salt.
6. The method of any of the preceding claims, wherein the arginine is selected from arginine

hydroxide, arginine hydrochloride, or a mixture thereof.

7. The method of any of the preceding claims, wherein the carbon dioxide is provided to the
reaction as a solid.

8. The method of any of the claims 1 to 7, wherein the carbon dioxide is provided to the
reaction as a gas under pressure.

9. The method of any of the preceding claims, wherein the arginine slurry comprises 10% to
90% arginine in free base or salt form.

10. The method of any of the preceding claims, wherein the pressure is maintained during the
reaction at greater than 1 psi.

11. The method of any of the preceding claims, wherein the arginine slurry and carbon
dioxide are maintained under pressure for a period of 1 minute to 120 minutes.

12.  The method of any of the preceding claims, wherein the arginine slurry is first heated to
30°C to 80°C for the duration of the reaction, then cooled to from 0°C to 40°C after completion of
the reaction.

13. The method of any of claims 1 to 13, wherein the arginine slurry is at a temperature of
from 30°C to 80°C when the carbon dioxide is added to the arginine slurry, and thereafter the
arginine slurry is permitted to cool to a temperature of from 0°C to 40°C.

14. The method any of the preceding claims, wherein the arginine slurry has a pH of 10 to 14.



10. The method of any of the preceding claims, wherein the pressure is maintained during the reaction
at greater than 1 psi. 11. The method of any of the preceding claims, wherein the arginine slurry and
carbon dioxide are maintained under pressure for a period of 1 minute to 120 minutes. 12. The
method of any of the preceding claims, wherein the arginine slurry is first heated to 30C to 80C for the
duration 9§ the reaetiesthdien £9UE thépfeerding daiFRCrvalRI Com pIgHmR Bl dhe deactioniidshashe
method of any r%d ims 1 to 13, wherein the arginine slurry is at a temperature of from 30C to 80C
when theaé%gl%o de is added to the arginine slurry, and thereafter the arginine slurry is permitted
to cool tolé. tempéeaneatbcf dfanmy @Cthe g@cadibg cltmsnebiemdnahy afjthiegbecetbngclisinrmmverddrein the
arginine f 15. The method of any of the preceding claims, wherein the
arginine E‘li%&r)t)@%z)@@caﬁt\fogr\?ﬁgs& gopr)]l'-l of 7to 10. 16. The method of any of the preceding claims,
wherein the argifieeneibadsdmateokthe poseadiodrahinihaveeraticiodiyreagssbatiatn.iseErdathts hethod of
any of thghprr@_ceding claims, wherein sodium bicarbonate is added to the slurry. 18. A process for
producing arg@inine bicarbonate salt comprising: forming an arginine slurry; reacting said arginine slurry
with carbbh dioXideds hef RoSEpIBRIBN NP ICoPRRiEESY FOTRMTIBS: RGN B RISIBBR &L B6Iution:;
and recovgiitiggathangiMikasherateiredansaigl Sabietian. psi to 250 psi for 1 to 120 minutes to form

an arginine bicarbonate solution; and recovering arginine bicarbonate from said solution.
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