WO 2011/ 075422PCT/ US2010/ 059992 METHODS FOR PRODUCTI ON OF HI GH
CONCENTRATI ON OF ARG NI NE BI CARBONATE SOLUTI ON AT HI GH PRESSURE CROSS
REFERENCEVOQo RELZABED APPLI CATI ONS [ 0001] This applicati eaTaisadwmsppz ority
to U.S. Provisional Patent Application No. 61/287,846, filed on 18 Decenber
2009, which is incorporated herein by reference. BACKGROUND [ 0002] Arginine
bi carbonate has use in various industrial applications, including use in
personal care conpositi onsE i_gﬁh as_oral careI on&%si tions. For exanpl e,
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U S. Patent No. 6,524, 5581HdSIODELORPRQUECk ni ne bi carbonate and
cal ci um carbonate for BHEFEFONGENTRAEHINQF Ao ersensitivity. As
the industrial requd ASE SOHUTION AT PRIESS ease, so will the
need for inproved processes and nmethods for its manufacture. [0003] PCT
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produgnel &y 1 DobImg 2009, baicidisaxédiporg@d htRidbgfefaesat ur at ed argi ni ne
aqueous solution at roomtenperature and pressure. U S. Patent No.

6,217,851 describes preparing arﬂi ni ne bi carbonate from argi ni ne hydroxi de
by bubbling carbon di oxi de or byPA&EKG@BOINDj ce in excess into a solution
of arginine free base. However, the efficiency of the existing process
needs 10§02 Argipppcoiearbompiehasiss i yryioys drdbsgial appdicatipnsy wghydmigiycem to 48
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pressure .(3.5x10-4 atnpsphere), The soJubility of arginipe in water is only
15% mé¥e§hr§g e PEFECISERIY by %te.a'l rpﬁ%%%’%ﬁg@a BeACrOBHC ar gi ni ne

bi car honaise, s%qlzﬂ'ltthﬁﬁeefdefoﬂimnﬁ@%d IISI%Qéékés%dtn‘i@h&d%%f ahnadditd on of arginine
to the solution, thereby iIncreasing production time and requiring constant
moni t d0003g PSIT pubdishebapplicationTWGR009/180267; theaoneed of evhidhmroveonmirdtedis t o

manuf act ure ar.gi ni. ne bi.car honat S ARY [ 0005] .Met hods for manufacturing
o of nRETICEPBREE S Hh ik SR BN s lioh o PRPT Eutl e R oy ament
over exdashdnag techni ques, as a highly concentrated solution of arginine and
WO 2011/ 075422PCT/ US2010/ 059992 bi car bonat e anions in excess of 50% and in
cer t ailp0&fygimrmbisarbonaskmes e prodnsed by ubvking iserbpn dibxedsdzas thraeghi 4 tt1 e as 10
to 20 M08 o0NS: o Rlods SRARURohPREAMNEE S AD Qe coneent (ati ons of

ar gi ni-ne 1 CAPBONat e U ng Phé prior et oase)s, folrowed y faster and
easi er6, 713N eleycribed pRPpatSe Aindidgbibirbendi frambppgiaine ISdtdxiddnubbéngol uti on.

[ 0006] I n one enbadi nent, a_ method of produci ng_arginine bicarbonate

i ncl udrivgn dinridecer lrddHRsBT 1G5 18K eRsS HEQ R ARlubomPeyginine fec hasasHowgwera pa (5
psi) W . ! 5] ik N -a: of at

P oant HioerPichPbl mEBSiud b6 SRRLA B b B PP b R T P i e
cont emtquitng 24l 48 hdunato @hiblday theatcghion. Carioactioxide hdseverntimétad edubitigi ini ne
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i ncludes contacting an arginine water slurry with carbon dioxide having a
pr essargnige eatveter istary 550580gRav(igo apsiom tehewtdtng. Pheduamgianioneeniategr sl urry

to a tenperature within the r e of. from60C to 80C. addi.n rginine to
e sietRge pisertondlep ek (CerBPPoed s uRbiriayReiton of atfs Bl bon

di oxi dglutbh.théBBy indedasiag PeoRCAONIME afll WquktindHonbtahthBoSitdtni)of M@sredctidi. bel ow
9;cooling the slurry to a tenperature of 25C. [0008] In yet another aspect,
a met Hdgs.cherpisodneddrig mpigvainehasls ¢amepmactard aieining tigprBeitect i ng an ar gi ni ne
water slurry to elevated pressure and tenperature; contacting the slurry
with carbon dioxide to forma slurgiym@PARK Si ng arginine and bicarbonate in
excess of 65% by wei ght of arginine; and recovering arginine bicarbonate
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t he fiigpreesmepipereedstier @timiqidd0hQ] highlgubecchtradet yslutiah efargawmed emen  pr oduct s
fromvarious conditions in clear plastic bottles, wherein arginine was
added to a Parr reactor in: right (sanple #1)-single step; mddle (sanple
#2)-two steps; and left (sanple #3)-three steps. DETAILED DESCRI PTI ON

[ 0011] As used throughout, ranges are used as a shorthand for describing
each and every value that is within the range. Any value wthin the range
can be selected as the term nus of the



WO 2011/ 075422PCT/ US2010/ 059992 range. In addition, all references cited
herein are hereby incorporated by reference in their entireties. In the
event of wocomfd7s22 in a definition in the present disclrosurseoiangddvhat of a
cited reference, the present disclosure controls. In addition, the
conpositions and the nethods may conprise, consist essentially of, or
consi st of the elenents descri bed therein. [0012] Unl ess ot herw se
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or abQ%ﬁnﬂ%%hnﬁp@@ [0013] The nmethod is directed to a surprisingly sinple

reaction to produce a high concentration of arginine bicarbonate salt
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b| car BY afeé CQRPSHNESH A W%We%hé‘mwﬂthéa 1qx¢ etlrrerﬁlgrae%w Cpeh N
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20 m nutes vs. over ours, and yields a nore concentrated sol ution of
ar gi nioAEC end0°6i ekt pegiving it the s (urry Wil eegimne pdyoplises 6% bynweighie sent@crtmES% VS.
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psi) \Mdr%ta asb@dpérafi@e 64 25°CYy containing arginine at a tenperature of at
| east adding arginine to the contacted slurry to increase the arginine
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i ncl udes contacting .an argi nj ne_ water, sl wi th carbon di oxi de having a
pr ess@FEGF; FOQVRERE aNgy 100 RiERPEA0 Hio g@@b/059992 551580 Pa (80 psi);
heating the arginine water slurry to a tenperature within the range of from

60C to 80C; adding ar gRIEFEDESCRIPTION OF HIE DRAWING S conprises 65% by
wei ght; contacting carbon dioxide with the increased arginine slurry until

the slipggoy MQirPerRbd ALV cf‘ee@fmeagn %ﬂ%eexﬁrngre@ Yhak Polfdwt SIPRLAEHELiInGhe 25C.
[0016] In'yet another aspect, a nethod of producing arginine bicarbonate
i ncl udigngesspp¢raled ihmgtan argrnrne mater slurry to el evated pressure and

t enper. cont. ctr sl uryr t h carbon oxi.de, to for sIurry
conpr 101 TGP TG ald rincEal Biits Mob wt RS Eou i EbomB DR DofRar g1 i ne:
and r eaRY&h Iaﬂgﬁmﬁé GlafhdRdRb ﬁ%ﬁqe@&@f 1ﬁr@gﬁtt(m1p% HI Mgl @@Mhlddrb Bple

enbodi nent, e argrnrne slurry includes arginine and a sol vent, |n certain
enbod#@%ﬁW@SMHt@ﬁdfﬁh@m@Phiﬁhémsﬁﬁ@Equent portions of arginine are added
stepwi se or continuously in the formof a free base or salt. In an

enbodi nent, the arginine “aH?ETZiHEbWDE§CkEPEH5ﬁt'0 of 50:50 by weight with

respect to the first portion of arginrne sequent portions of arginine
may b n e n 1, in
cor t anPTEES A Hralgtin Py Bs RPN AR B B B s R S P Bl o
2. 0: 1 thandwithinaB$ taage eﬁp@dlmmﬁthsn ihe renpeeas bokeldetsd ds thk @RdSjusDiehar gi ni ne
used in the nmethods in certain enbodinents is selected from L-arginine,
D-arginine, or a mxture thereof. The arginine also can be provi ded by

ar gi ni ne hydroxi de, arginine hydrochloride, or a mxture thereof. [0019] In
t he net hods, the carbon di oxide can be%provided to the reaction as a gas
under pressure from 34474 Pa (5 psi) to 1723689 Pa (250 psi), in certain
enbodi nents fromin excess of 275790 Pa (40 psi) to in excess of 551580 Pa
(80 psi), and in certain enbodi nents at 551580 Pa (80 psi). [0020] In

anot her enbodi nent, the bicarbonate ion can be generated by providing

sodi um bi carbonate to the slurry. In another enbodrnent the argrnrne
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[ 0026] The equilibrium of carbon di oxide/carbonic acid and arginine is set
forth in Reactions 1 and 2 bel ow, respectively. Wen carbon dioxide is
purged i rwoaowatres2 it will form carbonic acid and bi carbdnsteo/osevd2 t hen
react with very basic arginine nolecule to form argini nebi carbonate, as
shown in Reaction 3. [0027] The solubility of carbon dioxide into the
slurry may be increased by decreasing the tenperature of the solution;
however, this decreases the solybility of the arginine. Thus,.it is desired
et s dp aIORSH AoE R piatpa R R G R TSI T BE Jo B gbiH e mponant .
Thus, chilrcfBE RTROSNHROE a cddPBctRA @R HAHGR th MREQLnBYcIOGrd SIPRELAI W Eted
controll ed. One nethod of increasing the solubility of the carbon dioxide
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than that .of a slurry,. for.exanpl i nt roduci ar bon di oxi de as dry
cor sPRgristsPuthietiplh i 5 TR Enn B elsB S ELPRTRERE: e gas i o used i n
t he presEUNERGtHBRisc AptifidddBRIpbitentdids@bll afahisREpREsct herced sid y may be
significant. [0028] The solubility of carbon dioxide into the slurry nay be
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to 551580 Pa (80 psi), to 620528 Pa (90 sio), to 8%2%60 Pa (100 psi), to
758423"P8 ' A SISt §opoespic. By apphpt ‘ﬁ‘gllo) o Mgy 1RQU 6erB -5()/i’zﬁ3"§5‘si ). WD
2011/ i jJdne slurry
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argi ni ne powder i's added to a reactor containing water in _a 50:50 arginine
wat er bicarbamateragionesdution, whetgincthe bahisdhanxiceey regronplugigsedhainifplessure in
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arginine to water is 1.9:1. Depending on the conpletion of the reaction, in
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final AEPROEAMFRYNIRT ?lﬁvaésﬁg@g@e@furse%g DI 41T B AOHPAER SCFOBRE ess of
60% _lflighiSbhoR, ERRORIAENASIs il EARERY Rim Sior. "TRSHIAY Roephodigat s 1 n
excess of /0% and in certalin enbodinents 1 n excess of /5% (even as high as
76%) dhayi exiisteg matizrdsoframne OcaR0menotes &5. ved: 24 BOBY, Jand lyeldseambiecnonbattnaedn t he
arginine slurry.and car.bon dioxi.de .may be all owed, t.o proce for to 20
R R s et N R i R R S I e A T
react i{pgu4] 178né 8AVbdiIRRNL @ nRIRA 6F (REJRIY AbRehisaAbORRAhelL/HgWohABLRAYI Ng a
final concentration in excess of 50% argi nine bicarbonate is also from 10
m nut eerbos diexida hayingsa presrarcoitphse BbH B (Stisd widhne stasmgshyrbeonganiged by
nonitori.ng the, presence .of, undhssol yved argi-ni ne.in the slurry,.as arginine
P b PR S L A SO T e e T St e e B % e

ar gi nitRearzin$ied donfsne td@eatbethbe 65%byWEiLhi) ColdthRingeRE inc RAsddsargiaingsasty e t he pH
of the solution in the reaction vessel directly, or sanple the solution and
neasuréth qasbandiprida uniln s st kassar Belowsh and edepesrieuarsininebicashqnafo
e”bOdiffB'?ﬁ"Lh%’sl pH can be neasured as a neans of assessi ng whet her the
reaction has conpleted, and, in certain enbodi nents, the pH be below 9.0
bef or ¢0@kijih ehatber wiibddivecite@pitoicess .fof O3Rind-aiginind bigarbbreatpisatietdsed thaof t he

ar gi ni,n@wg)i carbonate so] ution, the ar.gi nine bi carbonate salt may b

r ecov Rl PoRAgtEAnAEIHtGALER SR, W&l GArbeR dqX1dehaving apressuFhErgifgr than
enbodi nent, the WD 2011/075422PCT/ US2010/ 059992 [0033] The present nethods
may be utilized to produce argi nine bicarbonate in single batches, or may
be used in a continuous process, such 2 in continuous stirred tank
reactors, fluidized bed reactors, and-plug flow reactors. Those skilled in
the art will be capable of carrying out the nethods described herein in
single batch or continuous processes, using the guidelines provided herein.
[ 0034] As used throughout, ranges are used as shorthand for describing each
and every value that is wthin the range. Any value within the range can be
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EXAMPLE 4 [0039] Arginine water slurry and conpressed CO2 gas are reacted
in a series of reactions perforned in a 300nl hi gh pressure reactor from
Parr | nstworment@s42425HC 300 m cylinder, comercial |y awvairilsbéie/oseoom Parr
Instruments, Moline, Illinois) with a CO2 injection port and fittings. The
reactor included a port with an L-shaped stainless steel tube wherein the
tube went to the bottomof the reactor. This port served as the CO2 inlet
port, | o as to.be blo dlrectly into e.reacta

A (R R e e o S P S S gt

T- connget @f 86°0akd £RNAESHRE td 1R sHBRACHRI af@niflc B&rhﬁﬁse‘é %By%ﬁ@&gﬁf@éﬁﬁaﬁﬁg
relief valve at the top for safety. The reactor body sat insid

t her meatban hilOXSdﬁ wvhlthetihercassd etginine skenyemsit thﬁ@lurmhad atpdrd bfrlem%@loyng the
contro!ﬂrwd ot 0040 Thef#gﬁr no-bath is allowed to reach its preset

t enper’ hine is mxed with deionized water in the high
pr eSS y0®16] 4aGEQmokr ésp‘é@taﬁ ethodldTréRREMrginfhelAHPBshatd hSlupbGab¥éainttan S
kept open, and then the reactor is placed |nto the therno-bath so that the
r eact AFSIBING B ShuslYCR cldyated dsgsped ané fasencaatuice confgatiag thy@vip “éidfiarioBr i um i s
reach to the
Feact aoridhf'tGh 2SR Qteing G RRRT SRAbl 19 8RcerTot R BYURRGE 2, L
flow afgifioR, fgﬁl&e&d’vreﬁﬂgbrgﬁﬂiﬁe bﬁ%b@iteiﬁ@npﬂh@\slud@ agitation. The gas pressure
isre uI ated usin dual stage r gul ator on the CQ2 tank, ~and the pressure
r eadi n§017d In gy ombadipresi thepegin @égszarg@wn#@owf\teﬁéuga it on t he

r egul V. Ql%ﬁﬂ side the
react %Elﬁ)lrogm% i ght at%f" %t\gglgﬁ%ehsghyeﬁﬁéeﬁygm@xgﬁo gengﬂtg%g%rcgsgﬁ?wl? eolrnngauge Each
react |comt1mmualbrllmvlmfotm opr dige s dranlt. almnmnlwwmethe peginind watdrsturtyhe CO2

as supply.is.turned of f The reactor nmedi at.e and the

Jont ot 8 rdtp a0 SORC Biebo ik s ERGH Smediv TR Lo Bt ee SEBS ORGP o e

pl astIo@afg(mh@hﬁ%elaad&ﬁm&%éﬂag@bfy ﬁﬂﬁet%%@ﬁg%geplc@&s%felgﬁﬂn%ﬁﬁh bath at
roomtenperature to cool it down T the final solution at room

terrpereatbadenanﬁs m@awﬁeﬁl&k hnaer@nlaﬂnm(gmgnfamemeemﬁ%@é pH imstein [ 0041] 40
grams | gmL ar ?%%aeof Ajinonoto C-grade are m xed wth 40 grans of
dei oni heas? ight ratio for reaction. After reaction, 60%

(wWw [oum] mhlé%réihﬁ@ﬁlbéﬁl@ttﬂe AAthay i &bt dngbdnasntohtsaicord frolhB-digiatie] on
tenperatures are 45, 60, and 75 C, and the pressures are 68948 Pa (10 psi),
13789%)-pgiipg o5 &inyixtupy Bregnf pAhy aminiag 3lso erdegsonded by aygaiine hféEH@IXlelSSO Pa
(80 psi he CO2 tank regul ator. The

therms)dl n ?h%&:{&‘é%oﬁﬂ%o@?s ?nggg%m tgut es and the reaction tinme is for 10

m nut e[GOIQIpeIh did racthcduyfiesiat onrsoddel candedirbvidad toutht kdéazeioh dda gdshmdeeact i ons

performed at. high pressure and tenperature are listed [n Table 1. WO
2011/ BT Bem 3&&@1@@5@3@9&%@&88 Pp Q)P ER FITERECMPRARICHIS ArEy IE*CFSns and

final Jphl4yqy pi 26 gﬁ&@ﬁex@gs)s of 8% %SOWH @01sh) Gand [R TBRLiREHHE dihfohtsR 85 BsHe (Pa
(psi)) pH Corme 4.186 43.856 75.

Pa (80 psi).

[0020] In another embodiment, the bicarbonate ion can be generated by providing sodium

bicarbonate to the slurry. In another embodiment, the arginine slurry and carbon dioxide can

be maintained under elevated temperature and pressure for 10 minutes to 20 minutes. Those

having ordinary skill in the art will appreciate that while the reaction can proceed for as little as

10-20 minutes for lab or pilot scale production of arginine bicarbonate, commercial quantity

scale production of arginine bicarbonate typically will take longer, up to 5 hours. The arginine

slurry and carbon dioxide therefore can be maintained under elevated temperature and pressure

for 10 minutes to 5 hours, in certain embodiments from 10 minutes to 4 hours, and in certain

embodiments from 10 minutes to 2-4 hours, for commercial scale production.
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[0021] In another aspect, the arginine slurry can first be heated to a temperature within the
range of from 30°C to 80°C, in certain embodiments from 50°C to 80°C for the duration of the
reaction, then cooled to a temperature within the range of from 0°C to 40°C after completion of
the reaction, in certain embodiments from 0°C to 25°C. The arginine slurry in certain
embodiments has a pH of 10 to 14. By utilizing the methods, the arginine bicarbonate solution
has a pH of from 7 to 10, in certain embodiments a pH of 7.5 to 8.5 (or 7.0 to 9.0). That is, the
reaction is believed to be substantially completed when the pH of the resulting solution
containing the arginine bicarbonate is below 9.0.

[0022] The present method in certain embodiments begins with the formation of an arginine
slurry comprising arginine and a solvent, in certain embodiments water. As arginine free base
is only slightly soluble at water at room temperature, the addition of arginine to water forms a
slurry, wherein a majority of the arginine is insoluble. Any form of arginine may be utilized to
form the slurry, e.g., arginine free base (in D or L form, usually L-form), or an arginine salt. It
is understood that various arginine salts, e.g., hydrochloride, and pharmaceutically acceptable
salts, may be substantially more soluble in water than arginine free base, and this may allow for
the production of more concentrated arginine and bicarbonate anion solution. Thus, salts may
be used or mixtures of free base and salts may be used in combination to form the slurry.
[0023] The slurry in certain embodiments is produced by the addition of 10% to 90% weight of
arginine to the solvent, e.g.,20% to 80%, 30% to 70%, 40% to 60%. The slurry may then be
agitated to create a homogenous mixture. The initial pH of the slurry is generally 12 for
arginine free base, e.g.,10 to 13.

[0024] In one embodiment, the arginine water slurry is in a ratio of 50:50 w/w. In one
embodiment, the slurry may be heated to 30°C to 80°C, e.g., to 40°C, to 50°C, to 55°C, to
60°C, to 65°C, or to 70°C to increase the solubility of the arginine. In one embodiment, the
arginine water slurry is first heated from 60°C to 80°C.

[0025] The reaction between carbon dioxide in gaseous form and water is well known in the
art, wherein carbonic acid is initially formed, and disassociates into bicarbonate and hydrogen
ions. The bicarbonate then further disassociates into carbonate and an additional hydrogen ion.
In methods, carbon dioxide is added to the arginine slurry in a pressurized vessel to form

bicarbonate anions, resulting in a protonated arginine cation and bicarbonate anion solution.
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[0026] The equilibrium of carbon dioxide/carbonic acid and arginine is set forth in Reactions 1
and 2 below, respectively. When carbon dioxide is purged in to water, it will form carbonic
acid and bicarbonate, and then react with very basic arginine molecule to form arginine-

bicarbonate, as shown in Reaction 3.

Had = 0 e HCO: o HHOOY =B & O (1)
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[0027] 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, it is
desired that a careful balance be maintained between solubility of both components. Thus, in
one embodiment, the pressurized vessel may be temperature controlled. One method of
increasing the solubility of the carbon dioxide into the slurry is to provide the carbon dioxide at
a lower temperature than that of a slurry, for example, by introducing carbon dioxide as dry ice,
or a cooled gas. In certain embodiments, carbon dioxide gas is used in the present reaction.
Additionally, direct cooling of the slurry may be significant.

[0028] 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 34474 Pa (5 psi) to 1034214 Pa (150 psi),
e.g., to 344738 Pa (50 psi), to 413685 Pa (60 psi), to 482633 Pa (70 psi), to 551580 Pa (80 psi),
to 620528 Pa (90 psi), to 689476 Pa (100 psi), to 758423 Pa (110 psi), to 827371 Pa (120 psi),
or to 965266 Pa (140 psi).
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[0029] In the reaction between arginine slurry and gaseous carbon dioxide, the pressure
typically is maintained within a range of from 137895 Pa (20 psi) to 551580 Pa (80 psi) in
order to take advantage of the higher solubility of CO; gas in water at higher partial CO;
pressure. In one embodiment, a high pressure reaction vessel such as a Parr instrument model
425HC T316 can be used.

[0030] In an embodiment, arginine powder is added to a reactor containing water in a 50:50
arginine water ratio and reacted with carbon dioxide gas compressed at pressure in excess of
134474 Pa (5 psi) and a temperature greater than 50° C to 75° C until an almost clear solution
is formed. Subsequent portions of powder arginine are added to the resulting clear solution
until the ratio of arginine to water is 1.9:1. Depending on the completion of the reaction, in
certain embodiments when no solid arginine remains, the arginine bicarbonate solution is clear
and colorless, and the pH is less than 9.0, then additional carbon dioxide may be added to the
reaction vessel. By adding arginine powder to the resulting arginine solution present in the
reaction in a stepwise manner, an arginine bicarbonate solution having a final concentration in
excess of 50%, in certain embodiments in excess of 60%, in certain embodiments, in excess of
65%, in certain embodiments in excess of 70%, and in certain embodiments in excess of 75%
(even as high as 76%) arginine bicarbonate can be obtained.

[0031] The reaction between the arginine slurry and carbon dioxide may be allowed to proceed
for 10 to 20 minutes. When carbon dioxide is reacted with a solution of arginine, the reaction
time required to obtain an arginine bicarbonate solution having a final concentration in excess
of 50% arginine bicarbonate is also from 10 minutes to 20 minutes. The completion of the
reaction may be gauged by monitoring the presence of undissolved arginine in the slurry, as
arginine in the presence of bicarbonate anions are highly soluble compared to the arginine
itself. Another method to monitor the reaction is to measure the pH of the solution in the
reaction vessel directly, or sample the solution and measure its pH in an open container at room
temperature. In certain embodiments, the pH can be measured as a means of assessing whether
the reaction has completed, and, in certain embodiments, the pH be below 9.0 before
completion of the reaction.

[0032] Following the production of the arginine bicarbonate solution, the arginine bicarbonate

salt may be recovered by any means known by those of skill in the art. In one embodiment, the
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[0033] The present methods may be utilized to produce arginine bicarbonate in single batches,
or may be used in a continuous process, such as in continuous stirred tank reactors, fluidized
bed reactors, and plug flow reactors. Those skilled in the art will be capable of carrying out the
methods described herein in single batch or continuous processes, using the guidelines
provided herein.

[0034] As used throughout, ranges are used as shorthand for describing each and every value
that is within the range. Any value within the range can be selected as the terminus of the
range. In addition, all references cited herein are hereby incorporated by reference in their
entireties. In the event of a conflict in a definition in the present disclosure and that of a cited
reference, the present disclosure controls. It is understood that when formulations are
described, they may be described in terms of their ingredients, as is common in the art,
notwithstanding that these ingredients may react with one another in the actual formulation as it
is made, stored and used, and such products are intended to be covered by the formulations
described.

[0035] The following examples further describe and demonstrate illustrative embodiments
within the scope of the present invention. The examples are given solely for illustration and
are not to be construed as limitations of this invention as many variations are possible without
departing from the spirit and scope thercof. Various modifications of the invention in addition
to those shown and described herein should be apparent to those skilled in the art and are

intended to fall within the appended claims.

SPECIFIC EMBODIMENTS

EXAMPLE 1

[0036] A slurry of pH 12 containing 50% L-arginine by weight and 50% water by weight is
prepared by mixing 85 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.
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EXAMPLE 2

[0037] 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 551580 Pa (80 psi), and the solution is maintained under pressure for 3
minutes. When the vessel is opened, a small amount of unreacted arginine is observed at the
bottom of the vessel.

EXAMPLE 3

[0038] The solution of EXAMPLE 2 is stirred with a spatula to make a suspension. 10 grams
of dry ice is added to the vessel, and the vessel is sealed. The pressure is allowed to increase
to, and maintained at 620528 Pa (90 psi). The vessel is opened after 3 minutes, and a thick
clear colorless solution was observed without precipitation. The solution is dropped to 12°C
producing an arginine bicarbonate solution of 60% concentration, having a final pH of 8.8.
Arginine bicarbonate salt is recovered by freeze drying.

EXAMPLE 4

[0039] Arginine water slurry and compressed CO; gas are reacted in a series of reactions
performed in a 300ml high pressure reactor from Parr Instruments (425HC 300 ml cylinder,
commercially available from Parr Instruments, Moline, Illinois) with a CO; injection port and
fittings. The reactor included a port with an L-shaped stainless steel tube wherein the tube
went to the bottom of the reactor. This port served as the CO; inlet port, which allowed CO,
gas to be blown directly into the reactants, so that it also served as the mixer/agitator. The
reactor also included a T-connector that connected the reactor to a purge valve and emergency
relief valve at the top for safety. The reactor body sat inside a thermo-bath, so that the reaction
temperature could be precisely controlled.

[0040] The thermo-bath is allowed to reach its preset temperature. Powder L-arginine is mixed
with deionized water in the high pressure reactor by a spatula. The reactor is capped, its purge
valve is kept open, and then the reactor is placed into the thermo-bath so that the reactants
could reach the desired temperature. After thermo-equilibrium is reached in the thermo-bath,
the compressed CO; gas is introduced into the reactor. The purge valve is kept partially open
so that there is constant flow of CO; gas through the reactor to provide agitation. The gas

pressure is regulated using a dual stage regulator on the CO, tank, and the pressure reading is
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taken from the gauge on the regulator. Since the purge valve is always open, the pressure
inside the reactor is slightly lower than the value shown on the regulator gauge. Each reaction
is allowed to progress for a constant time period, then the CO; gas supply is turned off. The
reactor is opened immediately, and the contents in the reactor are transferred into a plastic
container. The plastic container is capped tightly and submerged into a tap water bath at room
temperature to cool it down. The pH of the final solution at room temperature is measured with
a standard glass electrode pH meter.

[0041] 40 grams of powder L-arginine of Ajinomoto C-grade are mixed with 40 grams of
deionized water in a 1:1 weight ratio for reaction. After reaction, 60% (w/w) arginine
bicarbonate aqueous solution was obtained. The reaction temperatures are 45, 60, and 75 °C,
and the pressures are 68948 Pa (10 psi), 137895 Pa (20 psi), 275790 Pa (40 psi), 413685 Pa (60
psi), and 551580 Pa (80 psi) as shown on the gauge on the CO; tank regulator. The thermo-
equilibrium time is for 5 minutes and the reaction time is for 10 minutes. Detailed
compositions and conditions utilized for the reactions performed at high pressure and

temperature are listed in Table 1.

10



(60)

41.226 41.993 45.0 275790 8.64 small

anount of un-reacted

(40)

argi nine solid was observed 40.082 40. 397 45.0 137895 9. 11 un-reacted
ar gi ni ne wWol20t/onae2

PCT/US2010/059992

Table 1. Compositions, reaction conditions and final pH

Arginine Water Temperature | Pressure
Weight (g) | Weight (g) °O) (Pa (psi)) | pH Comments
44.186 43.856 75.0 551580 | 7.43
(80)
42.216 43.254 75.0 413685 | 7.63
(60)
42.246 42.182 75.0 275790 | 8.13
(40)
42.433 42.594 75.0 137895 | 8.36
(20)
43.465 43.457 75.0 82737 8.63
(12)
41.295 42.229 60.0 551580 | 7.55
(80)
40.701 40.269 60.0 413685 | 8.10
(60)
40.652 40.633 60.0 275790 | 8.29
(40)
40.680 40.750 60.0 137895 | 8.63 | very small amount of un-
(20) reacted arginine solid was
observed
41.977 41.354 60.0 68948 8.78 | small amount of un-reacted
(10) arginine solid was observed
40.887 40.989 45.0 551580 | 8.20
(80)
40.348 40.856 45.0 413685 | 8.41
(60)
41.226 41.993 45.0 275790 | 8.64 | small amount of un-reacted
(40) arginine solid was observed
40.082 40.397 45.0 137895 | 9.11 | un-reacted arginine solid was
(20) observed
40.657 40.116 45.0 68948 9.31 | significant amount of un-
(10) reacted arginine solid was

observed
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(20) observed 40.657 40.116 45.0 68948 9. 31 significant anount of un-

(10) reacted arginine solid was observed WD 2011/ 075422PCT/ US2010/ 059992
[ 0042] Thworenot7s42as |listed in Table 1 are allowed to rBROTAIS2610/059992
conditions for 10 m nutes, varying one paraneter at a tine. Then, the final
pH val ues are used to determne the efficiencies or conpleteness of various
reaction conditions. It is desirable to use final pH as the indicator,

i f i der .CO _at diff I d
ot bd0E B arhan R B et loR e sty CdiGimdie B Tt "
pr eserRhAGh QI raAtboNS thhd. NTIRES tRUbRI g8 valR943lusdd® ddidtdlindfHcval ues are

plotted "agai nst CO2 gas pressure, and data fromreactions at three
t enpercéficiersses(or SomptenasrbfaByioay wademetonilitious. al s dasiraldato iise fitmbbE ag than t h

reference .to Tabl.e it is readil ent ressur e had, t he

T ondREfadd SR oH abdapi St Shion kBB R Rt Ates PR RASIRL LG e ¢ e
f ast enantabeurhte agdit Q6% andrif-linb €urbRNE mdalgrehiciedlsdptesdn@dd @xalRh@onsatith/g and
551580 Pa (80 psi), the final pH dropped below 7.5 within 10 m nutes of

react ibghble$.om an initial value that is above 12.0. The data displayed in

Tabl e i I t i (0] e j ate, but
oo oo Sthe YD Ve Sultl MR A IRRE G BT IR URR A RohBREMAANAl 81 C Phe
t enpetiaded tetnpesataleo VES, 60 Gind[430 44 dekdrmincslainid Setrait @dTatlat . avidh giieengertessur e
produgrgg% nore agitation, since the CO2 8as streamis used as agitator in

the redelcoh I IHEHBYEPHEFTH A S TBURCHSBC Stionepst itgeaqt 80 &k Tepdiondaifast er
react LA AR BEnPHINGERFERRULSS: he rAlch AHE ulAoRf fie YndOiRUpagl Lat l or.

This is nonstrate y one reaction In e purge val ve was cl osed
dur i ngxahpler #aSPCand SanR0tHe80ipsid) the Anwgd dtopped badawt7l iy with@hlér minkhas of he pH
of a reactiqgn run, u,n?ler the sane conditions, ept .t he purge val ve was

I

par t | &PACYOBTOR ALNEIA! Ylue S tsaave vy as Ut Fae\ﬂffard?% yeain S#RIC Thise seqpdhatient
2 S0 HeF B AR lmBRRL BN LAk IR RutT S IR KA dlRfaift L83k oF ARALT AN

[ 0045] e reaction was conplete en e reactor was cooled down
i n i cerovaiireS cspadilillywihérethoaempaatnrang abovesdteCat ed CO2 pressure, the final pH
was si&nificantl | ower than was obtai ned when the reaction_under the same

condi (1 dhileq scpoiedrinsial g IPrRENtR Profhised Jorq dpatatiemetise thsOopndgamo air
o DALyt o i, TR ELOAYE 0980 L hastnidiet O
reaction rate at higher pressures is also due to more vigorous agitation. This is demonstrated by
one reaction in which the purge valve was closed during the reaction, and the final pH was
significantly higher than the pH of a reaction run under the same conditions, except the purge
valve was partially open to allow constant gas flow for agitation. This experiment also
indicated that good agitation may be important for a fast reaction.
[0045] After the reaction was completed, when the reactor was cooled down in ice water bath
while maintaining an elevated CO; pressure, the final pH was significantly lower than was
obtained when the reaction under the same condition omitted a final cool down, namely, the
reactor was opened to air at the reaction temperature. This may have been due to the fact that
CO; has higher solubility in water at lower temperature.
EXAMPLE 5
[0046] In this example, three arginine bicarbonate samples are prepared, in which the arginine
is added all at once in sample 1 and stepwise in samples 2 and 3. In all three samples, the

reaction temperature is 75°C and the pressure is maintained at 551580 Pa (80 psi) for a total

time of 12 minutes. In Sample 1, arginine bicarbonate is prepared by adding to the reactor
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[0046] In this exanple, three arginine bicarbonate sanples are prepared, in
which the arginine is added all at once in sanple 1 and stepw se in sanples
2 and 3. wo2allo7s422ee sanpl es, the reaction tenperaturePC3/URGANMIIL he
pressure i s maintained at 551580 Pa (80 psi) for a total tinme of 12
mnutes. In Sanple 1, arginine bicarbonate is prepared by adding to the
reactor WO 2011/ 075422PCT/ US2010/ 059992 vessel an arginine water slurry in
aratio ip excess of 118 1. of ar i ni ne tg §qﬁﬁr i.n. one steP | t maﬁifound
that CASCEFLAEIPRGNARLHIRTY i ratgdRs* sshakt PG 1@ FAIT 1 NN obser ved
thr Ou%stfbﬁld%ﬁﬁtttﬁ@hlgﬁyt\%@ iR likk e@hPpol @t iddlidtBam.” Hams BOMIES thriveh
pushed to one side of "the reactor since all the water was absorbed by

ar gi mtlmaabqimef the Qaﬁ rmtcfrrtb@ allethetdamespdveder’” wAspeshpe bt @, sideifghs reactor ng

mat eri al ver eve /5C and 551580 Pa
(80° piie AhhPhig PRLaplfal b po et FELS Ae G RSlast o SR cact ec
and unhidis@soviRsteALIAIDhHGydR v%gl W] FtRR MasH AR eRVAT 5 @and HOMWR0IM (ke
bottle at |eft of Figure 1. Table 2, below, |ists the conditions and

par angser s%ﬂfeoa r¢detign fimaef ildmionidara lagmam@unt ofjuexFjtedrand wredissdecd he

reaction rate, .in.a second sa as s n Ta 2 t e ove, procedure
o modr a8 e Re SR AR St p e ey B st Rl G one Moo Re e POt | ar
condi tlisBNBe asndid¥iafd phin@eSEfor Bed realtiéh RjcPBhhyleal ar gi ni ne powder, in
excess of 80%is added to the Parr reactor and m xed with water first to

obt ai 108474 Tringrepsegherpgctian ragfaifpa prenriepamplags shovgaipplablel2, thanbegepl e 2, the
ratio (tce 91% 1?51%'(1{}16'3% p%Bf\A@‘%ll%r T#ﬂtlﬁ]%%%ﬁlﬁléﬁ% ésff eir%a#e djaoﬁvdgghfs&ﬁﬁgt or is

close t'her no-eq ur ressed at 551580
Pa ( 8(¢opd;1t1a>ns & prastmﬁmbu dexdribed. OTHd’lﬁanﬁ@Cdbelfglflﬂll’e powitn i escetofHOW t he

arginine slurry to react with the reactor is opened i mediately
and tﬁ@gﬁ"de@tth?) arg Feetor Ad %wiewﬂh Patss %f%ﬁémotzel% u%tnéieaipg i s added,

and m %el""" .J-'lnt%ﬁg) ¢ £an $h éggﬁ‘%@ﬁ! &&ht Q@r{lﬁé‘&)t%te\gﬁﬁ the s°1’8 W ﬁs:l.The

react r i's c ose nd conrpr as Isntroduc into t e reactor
agai n.ThEheacrerag tlosad dndl thdrinoweplilttwated lt“orfﬁannmmst 16D, gAs nomptessedfad b5 1968(0d1aa| of

12 m es.reactjon. ti . An al t .clear solution. vmt bar el VI si bl e
ount M Py RPN e AR GRS kil DRy PbivheNerE ksl BllE ¢ Bort | e
in thea ddée taf reﬁétgpfs%péned[ BBlatd 1) aadatest o%’%?fﬂh@?%déw cbd g 264 AW se

additions reaction, the arginine poiwer is adde hree portions, at the
begi nrdtaargiine & addacbtand mlae:djwﬂh@re cAtar 3plutipn inGideitheitegstor hy esp?aulg. The

t hereafter,. C et el. ear sol ution
e Bt is SR SN RE Br B i S il W SRR Bt ThERGePRUN: ' O car
pl ast iaflo®ed td RinGbr friodhsh & ndinutth€ordebal be sondésreafioantinpakRaRiRt sleaf al |
reactions are listed in Table 2, below. WD 2011/ 075422PCT/ US2010/ 059992

Tabl e slutire adhi berelx s visibimamel of stisogeininsrisasiahiaisetps own indhaclgiinpl e#

Ar gi ni t. t (Reaction Time Water \Weight Arginine Weight
rd Ad %lt%\ﬁb%g eé%t?@ﬁgftﬁﬁ ngl nine Weight 3rd Addition & Reaction Tinme 1

54. 002[0(@48] 12 andther example of multiple stepwise additions reaction, the arginine powder is
added in three portions, at the beginning of the reaction and then at 3, and 6 minutes intervals
thereafter, as shown in Sample 3 of Table 2. A completely clear solution was obtained with no
solid arginine powder left as shown in the right clear plastic bottle of Figure 1. The detailed

condition and parameters of all reactions are listed in Table 2, below.
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30.841g 0 g 0 g 2 44.106 g, 5 mn 30.124g 10.030 g, 7 min O g 3 30.073 g, 3
mn 30. 6559 12.151 g, 3 mn 11.837 g, 6 mn [0049] Wthout being bound by
any theorwoabligpesation, it is believed that at high comrcenise@iossns2t he
solution of arginine is very viscous, and high viscosity prevents a fast
reaction fromoccurring. If the reaction starts froml|ower concentration,
nost arginine will be able to react quickly at | ow concentration and
therefore |l ow viscosity, and only a small anpunt of arginine need to be
eacted at hi ghTaBICeREASHTLFPRIOTAGH SHPURBLTOny fof SEMBEOEs 31 at e. [ 0050]
Thi s exarple—derpnstrated—that—thereaction—ecouldproceedto——conpletion
faster when argi ni AegimWeidhit gdded to|t iﬂiﬁ@W@a}:g'adgﬂhhyWagm tiple
steps. In one enbodiMRahitidn\& ar|9iwhie Povtelditigh& P srddeguitioh & t he
reactor GaRFILRYS! Keadfon' M| WRERYS RRGCHGATHhEN| ! Refictidnrill S| vay.

added ar coul 1ssolve and react [imediately wMthout remainihg in a
solid forym for a| prsdloopged?2 peni qd300f41tg me. As Ogz resul t of goadual | y| addi ng

argininelinte the r@@gyggsqﬂﬁher Mﬁﬁp1§|5@§@§bgg7ﬁﬁﬁ {he argignine at once,
an agueod Hat-or 3 Fad dreffroienttyand I ikl —1—10—m nut es.
[0051] THesedexpbri HbREHE rBEL| 1| U % bt d24 bl S i pL 1857 BdhfFhubus
addition of arginine into the reactor contributed to a fast, conplete and
ef fici I [, Qn. f s i.ncl Al ). high parti al

press Jﬁée]‘{%fﬁ%h gglél g%ﬂ@igﬁégﬂéﬂéﬁ &Ii'fﬁ%ﬁhgn’(lgﬁ r?gﬁ%%d(t 1i(‘?lit)at nggh tenperature

i n exeessnohtia3hé eulutidieofr@gialinant scrgxtepiis, ahd high Vidcostly mtages ofast he
reaction;, (iii) the tenperature should be |ess than 20C for the reactants
at t hécqctipg frog} eegurrge. Hﬁﬁlerr%élpp 8iarts Fiomn lomey conesnigation; mapt gaininewpll be

2011] QBRAGZEILT(RG APIAP ARl MR WAl S CLALNER iy bl oBiORE

produci ng argi ni ne” bi car bonat e conpri si ng: contactifg car I oXI
a pr esdargniof néelaetbe 3t ¥l APhighopsdntratibn hndahigh aiscosity a lagtawer caat ai ni ng

argl m[ﬁl(%(ﬁ‘tl“h?s éxgrrITlBFer ekl%ilgtra?gd tﬁgt tLee %%Etio%occo:;uld proceed to completion faster when

arginine powder is added to the reactor gradually in multiple steps. In one embodiment, the
arginine powder could be added into the reactor continuously, to further improve the reaction
rate. In this way, added arginine could dissolve and react immediately without remaining in a
solid form for a prolonged period of time. As a result of gradually adding arginine into the
reactor rather than dispensing all the arginine at once, an aqueous solution is produced efficiently
and very quickly in 10 minutes.

[0051] These experimental results indicate that multiple or continuous addition of arginine into
the reactor contributed to a fast, complete and efficient reaction. Other relevant factors
included: (i) high partial pressure of CO; gas in excess of 134474 Pa (5 psi); (ii) high
temperature in excess of 50°C for the reactants except at the final stage of the reaction; (iii) the
temperature should be less than 20°C for the reactants at the final stage of the reaction; and (iv)

ample agitation.

14



adding arginine to the contacted slurry to increase the arginine content to
greater than 65% by weight; contacting the increased arginine slurry with
carbon diwwi2da/arst22l the slurry has a pH below 9; and r @Cowseéngs®OYi ni ne
bi carbonate fromthe slurry. 2. The nethod of claim1 conprising
additionally adding the arginine to the contacted slurry continuously in
the formof a free base or a salt. 3. The nethod of any precedi ng claim
wherein the slurry conprises water. 4. The nmethod of any preceding claim
wherein the starting slurry conpris%%Agﬁioarginine by weight. 5. The nethod
of an receding cl ai wherein arginine is selected from L-arginine,
Dargiﬁyﬁéﬁﬁﬁ%é%gﬂwﬁﬁhﬁé thereof 6. The nethod of any preceding claim
wherein arginine is selected from argini ne hydroxi de, arginine

hydr odhl oriAd@,eﬂ“@Fi Oépfﬁivmgélrglﬁ@ﬁéeﬂarbpﬁafm@mwﬁwsd of any preceding claim
wherein th fd : 1. Q¥ LS 7. nsi) to
1723689 Pa%? Ba sf?t.’&lsq&riﬁ%ﬁgn‘;el? 38%3% Sﬁ?lés?téé‘i‘ﬁé?%?%f%ﬁﬂ&%ﬁa?té’?gﬁ
pressure ofslurtyecongaimog acdiningé elen iemperatiex ofsdeot 385790 Pa (40 psi). 9. The
met hod of any. precedi ng claim rein .the tepperature of the slurry is
Tbove 25¢ atinBrEps At o teorBRT P it ettt Gulietq Eegrebit o o
10 m nut es ¢59, 8y Reighs. 10. The method of any preceding claim wherein the
slurry is first” heated to a tenperature of 30C to 80C, mumintained at 30C to
80C unti | tchetapiing the brorenscdargirhemslewy Weid caboa diempevnitluthe sfrydas eoHaoC. 11.
The met hod o% agy Breceding claim wherein the slurry is first heated to a
tenperatur(lfe " 53E% 0 80C, maintained at 50C to 80C until the pH i s bel ow
9, then cogt@fctify @glRiPBicabfife Abnmlke blargoC. VWO

2011/ Q75422PCT/ US2010/ 059992 12. The nethod of any precedi ng claim wherein
the pH-of tlkhe nagthed ofrdainy Ligerpprisng additonphy adding theearganinedel thsf coafagtadr ecedi ng

claim whergj i jeni s contacted with carbon

di oxi de unFﬁ#RF%@ﬁg%ﬂ%&ﬁﬂﬁggﬁg&%ﬁqbe%gakg&gyywﬁ. The net hod of any

precedi ng dhainkthohefl @iyrprédedingrotdimi wacteincthe bangtenipsis¢seeaver ed fromthe
slurry by evaporatjon or precipitation. 15. The t hod of any precedi ng

cl ai m* conpricdnHRPGAANY iPsrring chaey 1 e@&hﬁia %aﬁi@%&?@pflwwgé ARG 16.
A process ﬁ&gmglgducing ar gi ni ne bi carbonate conprising: contacting an
arginine water slurry with carbon di oxi de having a pressure greater than
551580. Pa (18© npxhid ofreatprengdinigelaamgivhenea avgingre is beleetyd fromd -aemmpee.dd-ur e of
60C to 80C; addiqg ar gi ni ne H&.the slurry until arginine conprises 65% by

wei ght ; arginine, Or a mixture there

6. The method of any preceding claim, wherein arginine is selected from arginine
hydroxide, arginine hydrochloride, or a mixture thereof.

7. The method of any preceding claim, wherein the pressure of the carbon dioxide is from
137895 Pa (20 psi) to 1723689 Pa (250 psi).

8. The method of any preceding claim, wherein pressure of the carbon dioxide is in excess
of 275790 Pa (40 psi).

9. The method of any preceding claim, wherein the temperature of the slurry is above 25°C
and the pressure of the slurry is above atmospheric pressure for 10 minutes to 4 hours.

10. The method of any preceding claim, wherein the slurry is first heated to a temperature of
30°C to 80°C, maintained at 30°C to 80°C until the pH is below 9, then cooled to a
temperature of 0°C to 40°C.

11.  The method of any preceding claim, wherein the slurry is first heated to a temperature of

50°C to 80°C, maintained at 50°C to 80°C until the pH is below 9, then cooled to a
temperature of 0°C to 25°C.
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contacting carbon dioxide wwth the increased arginine slurry until the
slurry has a pH below 9; cooling the slurry to a tenperature of 25C. 17. A
nmet hod ofwproduos4rg ar gi ni ne bi carbonate conpri sing: sulPCEAS2O1G/08499Ar gi Ni he
water slurry to elevated pressure and tenperature; contacting the slurry
wi th carbon dioxide to forma slurry conprising arginine and bi carbonate in
excess of 65% by weight of arginine; and recovering arginine bicarbonate

fromthe slyrry. 18. The nmethod of claim 17 wherein arginine i ed to
the. 6t actd iR oF WaRKTRASaSIgT Hheke Pophrtaied shugds of GTEal 1o
The maghod 18 nediRddd sy PrectBinphelifl Ahthe b ﬂ{c?é/asg@%fdiﬁﬁuﬁf‘?ise{ontacted
with carbon dioxide until the slurry has a pH below 8.5.
14.  The method of any preceding claim, wherein the arginine bicarbonate is recovered from

the slurry by evaporation or precipitation.

15.  The method of any preceding claim, comprising additionally adding sodium bicarbonate
to the slurry.
16. A process for producing arginine bicarbonate comprising:

contacting an arginine water slurry with carbon dioxide having a pressure greater than
551580 Pa (80 psi);

heating the arginine water slurry to a temperature of 60°C to 80°C;

adding arginine to the slurry until arginine comprises 65% by weight;

contacting carbon dioxide with the increased arginine slurry until the slurry has a pH

below 9;
cooling the slurry to a temperature of 25°C.

17. A method of producing arginine bicarbonate comprising:
subjecting an arginine water slurry to elevated pressure and temperature;
contacting the slurry with carbon dioxide to form a slurry comprising arginine and
bicarbonate in excess of 65% by weight of arginine; and
recovering arginine bicarbonate from the slurry.

18.  The method of claim 17 wherein arginine is added to the contacted slurry continuously in
the form of a free base or a salt.

19.  The method of claim 17 or 18 wherein the slurry comprises water.
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