10

15

TI TLE GENERATI ON OF PHOSPHORUS OXYCHLORI DE AS
BY- PRODUCT FROM PHOSPHORUS PENTACHLORI DE AND DVF AND
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VI LSMEI ER- HAACK REAGENT. TECHNI CAL FI ELD The present
invention relates to a process and a novel strategy
for_@e& hesi s of Vil sneier-Haack reagent and
chlorination of sucrose or their derivatives for
production of chlorinated conmpounds includi ng sucros
T -GENBRAHON OFTPHRSAHOROKYOXYCHLORIDE AS gY—PRODUCT FROM
b- Fruct of uranasyl ~-chl oro- deoxygal act opyr anosi de
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| NVENTI ON Strategies of prior art methods of
pr odHEe DRINATION, REACTION @Y CONYERTINGUMMDSeVILSMEIER-HAACK
predom nantly invol ve use of Vil sneier-Haack reagent
(Vi hFK@@ET.r eagent) to chlorinate Sucrose-6-ester,
mai nl'y Sucrose-6-acetate to form6 acetyl 4 , T,
b'trichl orogai act osucrose (TGS-6- acetate) or
COHi-E@ gdi\pgephori nated derivative, which is
W@&r@g—rﬁ reaction mxture itself to form4
6' trichlorogal actosucrose (TGS). Wen
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In US pat ent
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he den\/at!ves for production of chlorinated compounds including sucrose, 1'-
&-Dichloro-1 '-6’-DIDEOXY-B-Fructofuranasyl-4-chloro-4-deoxy-

galactopyranoside using said Vilsmeier-Haack reagent.

BACKGROUND OF THE INVENTION

Strategieé of prior art methods of production of 41, 6
trichlorogalactosucrose predominantly involve use of Vilsmeier-Haack
reagent (Vilsmeier reagent) to chlorinate Sucrose-6-ester, mainly
Sucrose-6-acetate to form 6 acetyl 4,1’, 6'trichlorogalactosucrose (TGS-6-
acetate) or corresponding chlorinated derivative, which is deacetylated in

the reaction mixture itself to form 4,1’, &' trichlorogalactosucrose (TGS).

When Vilsmeier-Haack reagent is produced from PCls, as described by
Mufti et al (1983) in US patent no. 4,380,476, upon reaction of PCls with
the appropriate tertiary amide, the Vilsmeier reagent is produced in the

form of crystals insoluble in the reaction mixture which is isolated in solid



formof crystals insoluble in the reaction m xture

which is isolated in solidformby filtration, washed
wowcei1wowi h DMF, and twice with diethyl ether poODINeDesi000151

as chlorinating agent. It was found, surprisingly,
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subject matter of this specification.
PRIOR ART

Jenner et al (1982) US patent no. 4,362,869, have used thionyl chloride

for preparation of Vilsmeier reagent

Mufti et al (1983) claimed and described use of Vilsmeier reagent for
chlorinating sucrose monoesters. They used Vilsmeier reagent to about
about 7 to 15 molar equivalents per mole of sucrose monoester. An
amouni of about 33 moles per mole of monoester was considered as
optimal. it was pointéd out that it is important that water is prevented from
contacting the reagent, which was achieved by drying the monoester

solution and fitting the reaction vessel with a drying tube.

Vilsmeier reagent was prepared by Mufti et al by reacting DMF with PCls

accompanied by vigorous stirring while the temperature was maintained



Vil snei er reagent was prepared by Mufti et al by
reacting DMF with PCI5 acconpani ed by vi gorous
wa@roo7isgt whi |l e the tenperature was mai nt ai nedPeT/tvVz006/000151
50 degree. C. The reaction mxture was stirred at
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hydroxide (2:1 by weight). The general formula of
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N, N- di al kyl - (chl or onret hani m ni um chl ori de of the

gengﬁalpérmmfltmqe{xa C=N. sup. + R sub.2 JCl.sup.- where
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hydroxide (2:1 by weight).

The general formula of Vilsmeier reagent, irrespective of source of
chlorinating reagent used, remained same as described by Mufti et al i.e.

an N,N-dialkyl-(chloromethaniminium) chloride of the general formula:
[XCIC=N.sup.+ R.sub.2 IClLsup.-

where R represents an alkyl group, typically a methyl or ethyl group, and

X represents a hydrogen atom or a methyl group.

Mufti et al further pointed out that, reagents of this type are prepared by
reaction of an inorganic acid chloride with an N,N-dialkylformamide or
N,N-dialkylacetamide. The inorganic acid chloride may typically be

phosphorous pentachloride, phosgene, or thionyl chloride.



N, N- di al kyl acetam de. The inorganic acid chloride may
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renmoved fromthe reaction m xture, starts reacting
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SUMMARY OF INVENTION

Present invention embodies formation of two crops of Vilsmeier-Haack
reagent from PCls. First crop is obtained when PCls is dissolved in
dimethylformamide (DMF) and crystais of Vilsmeier reagent formed
precipitate out as a first crop of the reagent. One by-product of this
reaction is POCls , which, if not removed from the reaction mikture, starts
reacting with the excess DMF to form a second crop of Vilsmeier reagent
accompanied by and indicated by development of a orange to red color.
This secbnd crop of Vilsmeier reagent, however, does not precipitate out
as crystals, it remains in dissolved condition and is as much‘ effective in
chlorination reactions as any other Vilsmeier reagent developed from PCls

or other chlorinating reagents.

in a further embodiment of this invention, it is possible to separate the two

crops of Vilsmeier reagent obtainable from PCls. It has also been found



chl orination reactions as any other Vilsneier reagent

devel oped from PCI5 or other chlorinating reagents. in
wa@2doanitser enbodi nent of this invention, it i sSPEDES0/@0151

to separate the two crops of Vilsneier reagent
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reaction m xture, yield of chlorinated substrate
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first crop are separated and used for chlorination.
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elucidated in Fig 1. In yet another enbodi nent of this
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In yet ahother embodiment of this invention,~the combined Vilsmeier
reagent or Vilsmeier reagent formed from the second crop can be
combined with Vilsmeier reagent formed from any other acid chloride and

such combinations are also equally effective in performing the chlorination

reaction.

BRIEF DESCRIPTION OF DRAWINGS

Fig 1: Describes projections on mechanism of reactions involved in

formation of twin Vilsmeier reagent from PCls.

DETAILED DESCRIPTION OF THE INVENTION

The Vilsmeier-Haack reaction is widely used for formylations. It can be
applied to introduce an aldehyde group on activated aromatic compounds,
but many other convefsions can be achieved with. this technology. In

general N,N-dimethylformamide (DMF) and a chlorinating agent such as
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specification.

In all prior art methods, Vilsmeier reagent is prepared from PCls by
reacting the same with DMF when the reagent separates as crystals
which are recovered from the reaction mixture by filtration, dried and used

for chlorinaiion reaction.

Quite unexpectedly, it was found that, when the first crop of crystals of
Vilsmeier reagent were not removed, after a period of time, the reagent
developed orange to reddish color, which was found to be due to
formation of a second crop of Vilsmeier reagent by reaction of the by-
product POCI; with the excess DMF. The said second crdp of Vilsmeier

reagent, however, does not precipitate out as crystals, it remains in



for chlorination reaction. Quite unexpectedly, it was

found that, when the first crop of crystals of
wRdosoeiser reagent were not renoved, after a peeT/atoad000151

time, the reagent devel oped orange to reddi sh col or,
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SepRfs the two crops of Viisneier reagent obtainable
from , the second crop of Viismeier reagent
devel oped from POCI 3 be used i ndependent fromthe

firgt i [ ' LOR WML E

v | DrssRlrpe, Bk dfbsRl & 35Eas il SRR ofMi¥iisler reagent

other, th Cl 5. The, possi bl e nec ismof the
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from POCI; be used independent from the first crop either as alone or in

combination with Vilsmeier reagent developed from an acid chloride other

than PCls.

The possible mechanism of the reactions involved in the formation of

combined Vilsmeier reagent from PCls is elucidated in Fig 1.

Total amount of 6-O-acylsucrose which could be thus chlorinated from
same amount of PCls was double than previously used methods in which
by-product POCI3 is removed from the reaction mixture after it is formed.
This gives .a new and more efficient way of using PCls to chlorinate
sucrose, its derivatives and for analogous chlorination reactions through
the synthesis and application of Vilsmeier-Haack reagent without removal
of the POCI; generated in-situ. This is a first instance where for
chlorination reaction of sugar or its derivatives is driven by using a

combined Vilsmeier-Haack reagent. Combined Vilsmeier-Haack Reagent,



conmbined Viisneier reagent fromPCl is elucidated in
Fig 1. Total amount of 6-0O acyl sucrose which coul d be
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various temperatures for a required amount of time and then neutralizing at
the end of the reaction by an appropriate base. Thel reaction efficiency
evaluated as the quantity of TGS formed in such process was found to be
almost double than that of the reaction with only PCls - Vilsmeier-Haack
reaction. Effectively the substrate quantity was doubled for the same
quantity of PCls used for the reaction by not removing the POCI; - Vilsmeier-
Haack reagent formed as byproduct. This result has an economical
implication towards the raw material cost and becomes highly profitable in
the industrial process. Also the process of filtration of the solid Vilsmeier

Haack reagent is avoided and reduces process costs.

EXMPLE 1 :
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only PCI5 - Vilsneier-Haack reaction. Effectlve
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FORVED FROM PCI 5 AFTER FORMATI ON OF FI RST CROP OF THE
REACENFHETPEWhitg shgialoeé Vidaeritaask reagrnt b diftes rabbuitdk min,
containing 0.835 L of DMF at 2Q0C. The Vil snei er-Haack
r eattiel iersias ROCHNalb0 sharted fatimigg dt bilsmbierdmacktreagent and

of white crystals of Vilsneier-Haack reagent. After
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added drop wise. The temperature was maintained below 0°C during

addition.

After the completion of addition of the substrate, the temperature was
allowed to come to ambient and stirred for 1.0 hr. The temperature was
then raised to 65°C, maintained for 1.5 hrs and further heated to 80°C and
maintained for 1.0 hr. Further the temperature was raised up to 115°C and
maintained for 3% hrs. The reaction mass was then neutralized using
calcium hydroxide slurry up to pH 7.0 — 7.5. The formation of TGS was

evaluated by HPLC and was found to be 29% of the sucrose input

Example 2 :

CHLORINATION BY VILSMEIER-HAACK REAGENT FORMED FROM

PCls ONLY
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Vil ﬁl@ﬁbl@rreg?émkaé Qﬁ%atcas%ubf tFkli‘lgor Sbsrﬁ?'o(?ﬂerj'ﬁ?%iécertam and

reagent th forms is inliquid mand doesn

of PR Qfﬁ'yéévééf“@%mgié?er%%aﬁkﬁf%%ﬁa%@m?t frgﬁﬁﬁs ,
ef f P%‘?C\ytls%ele reag'e_latafcﬂ)rmeg nftlltefrch nﬁ‘d fdlrtl(w)e PO%|3 and the

excess DMF was separated out completely. The Vilsmeier-Haack reagent

in solid form was washed with DMF and was taken Up for the reaction.

The filtered Vilsmeier-Haack reagent crystals were taken in the reaction
flask and care was taken to ensure there is no water contamination to the
Vilsmeier-Haack reagent. 300 ml of DMF in excess was added to the
Vilsmeier-Haack reagent and cooled to -5 to 0°C. The substrate containing
1329 of sucrose equivalent (sucrose-6-acetate) was added drop wise. The

temperature was maintained below 0°C during addition.

After the completion of addition of the substrate, the temperature was
allowed to come to ambient and stirred for 1.0 hr. The temperature was
then raised to 65°C, maintained for 1.5 hrs and further heated to 80°C and
maintained for 1.0 hr. Further the temperature was raised up to 115°C and

maintained for 3% hrs. The reaction mass was then neutralized using
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PC 5 Vil snei er-Haack reagent fornmed was filtered off

and the POCI 3 and the excess DMF was separated out
wa@oeoloetsel y. The Vil snei er - Haack reagent in soPCTIN20061000151

was washed with DVF and was taken up for the reaction.

The chiclurergdrofides BRIngr ugen ek 7@AgENS. CTNS EFGhStMR & TGS was
taken in the reaction fiask and care was taken to

enseusiubRersy HPLOQNWBLE fopRRta Bk W@b/%ﬁgsdd?oéé‘ﬁ ut
of 8

Vi | snei er - Haack reagent. 300 ni I N excess was
added to the Vil sneier-Haack reagent and cooled to - 5

to EREmplg.substrate containing 132g of sucrose

equi val ent (sucrose-6-acetate) was added drop w se.
The tenperature was mai ntai ned bel ow OC during

addbh aRINNTIEN (He FRBRIAERCAANCIAIIEREPACTEORRIED FROM

substrate, the tenperature was a

anbj | @R@_Ystirred for 1.0 hr. The tenperature was
then ral sed to 65C, maintained for 1.5 hrs and further
heated to 80Q0C and nmaintained for 1.0 hr. Further the

te r r rai sed to 115C and_nmi ntaj ned for ]
avo PSR el BB Reonritk Slacienay ot ghlorination using
usi ngcal.ci um hydroxi de slurry up to pH 7.0.- 7.5. The

f or ﬂ‘gff ﬁ%ﬁ”@‘er[}ﬂ%a‘%a@a%’gl m@@iewronpg’@% d6iéke o efiN@Cls was
to be 45% of sucrose input. Exanple 3 : CHLORI NATI ON

BY SAYSSMVErERVERAGR REAGHIN RertvEDNERRGW PRB03MONFYDIH. s The
experiment was carried out to show the efficiency of

chl emasseiven was mopiotainedvbbtvasni Or tdHBACK rMTawgestiation of the
generated from POCl 3. 614.2 g of POCI 3 was added drop

Wi s¥éilgmeiar-Heack ireagdrt asds caniinaieti B0 the26Ringk @lodPbrmation in
The
the flask. The mixture was stirred for 1 hour for completion of the reagent
formation and then the contents were cooled to 0 to —=5°C. The substrate

containing 132g of sucrose equivalent ( sucrose-6-acetate) was added drop

wise. The temperature was maintained below 0°C during addition.

After the completion of addition of the substrate, the temperature was
allowed fo come fo ambient and stirred for 1.0 hr. The temperature was
then raised to 65°C, maintained for 1.5 hrs and further heated to 80°C and
maintained for 1.0 hr. Further the temperature was raised up to 115°C and
maintained for 3% hrs. The reaction mass was then neutralized using
calcium hydroxide slurry up to pH 7.0 — 7.5. The formation of 4.1,

G'trichlorogalactosucrose was evaluated by HPLC and was found to be 28%

of sucrose input.

Example 4 :
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tenperature was mai ntai ned between 0 to 5C. The
formation of the Viisneier-Haack reagent was confirned

whygoorloe7ser ange col our formation in the flask. BEOEIN2006/000151

m xture was stirred for 1 hour for conpletion of the

r eagEMOVAL MEH OBYRROBDEN HISCICORREN S T eF et €Y WWEIER

O to -5C. The substrate containing 132g of sucrose
equRrpalcnyT( sucrose-6-acetate) was added drop wi se.
The tenperature was mai ntai ned bel ow 00C during
addition. After the con‘pl etion of addition of the

sub h yr t

e r%aéﬁﬁﬁ‘%?f"% Ao B 8%”@50%%?8%& i1 9 a5 of DMF
the ned f s and furt
ned S0 Sostvama, th H% St Plantls Tpfction pepeiccpRpished

ature was I 11 d mai nt ai ned faor

314 rp#gvas—l-ﬂgsq.rg%c&%yoﬁ\ ﬂ% 0? é"[MSFaﬁ iof efflsmgipgHaack
cal ci um hydroxi de slurry up to pH 7.0 - 7.5. The
f or \PROFB 6F UheqVilsnaeiey feagest M@é' being Jorenask durieg the reaction,
eval uated by HPLC and was found to be 28% of sucrose
i npiie. PECanpYelved irRENDGRCIIOR vRNPEISHICT offOCT e WREMSTHEPOCI;

FI RST VI LMEI ER REAGENT 835g of PCi5 was added to a

r ounerebctrtdamséd dyka chiieabnd mgrd ré&ivetedhit M rezkeiv@ORad. The
under vacuum The Vil snei er-Haack reacti on was

ac ceatpiuls bidliamsh was hsetisE el e M pI&E TekiRA! ef POCI; from
white crystals of Vilsneier-Haack reagent. As th

Vi | GBBLAELSIEASENT DS WaS1 ddat g
reaction, lt he POC 3 evol ved 'f"g@l{gﬁ&gar%%%??gﬁﬁhl%actlon flask from

di Stﬁrhéltsq.lmﬁg fo fabilfatt Mgt e SPhPof POCI, without the contents of

the flask becoming dry.

Additional quantity of DMF was added in excess and then the reaction flask
was cooled to -5 — 0°C and 132g of sucrose-6-acetate in DMF solution was

added drop wise under constant stirring.

After the completion of addition of the substrate, the temperature was
allowed to come to ambient and stirred for 1.0 hr. The temperature was
then raised to 685°C, maintained for 1.5 hrs and further heated to 80°C and
maintained for 1.0 hr. Further the temperature was raised up to' 115°C and
maintained for 3% hrs. The reaction mass was then neutralized using
calcium hydroxide slurry up to pH 7.0 — 7.5. The formation of 4,1,
&'trichlorogalactosucrose was evaluated by HPLC and was found to be 20%

of the sucrose input.

12



were condensed by a chiller and were recovered at the
recei ver end. The vacuumdistillation was conti nued

wo 2éoi7/0118e1 conpl ete renoval of POCI3 fromthe repaerAN2006/000151
flask. DVF was continuously added in the reaction

fl apk thé oPDUI R olfed ibYRdisalidtRal bhd adtRifDIVEE Svd<LBBMEH and
of POCI3 without the contents of the flask becom ng

dr YiorrAgibr} | SN &l g RIMIH a6k Ofedglvht V%g% :ag:@tﬁgwp'hé‘%éad( C g@?‘bgﬁ%d by

and then the reaction flask was c

13 . - G- i A i .

o7 g S B384 B TP RatBlhe hel@Rer 86, i o
| eti f additi f th bst .t

C BB & hs O e s B IR RE R & st v o

for 1.0 hr. The tenperature was then raised to 65C,

i A Gtvertio fieg At Clo Mtatktlriy fistfiRpend Shlingde ViEmeier
rai sed up to 1150C and mai ntai ned for 3V hrs. The *
r ed€BPB m{smhaaddiaenal uaniy i M waspadedc theneaction flask

hydroxide slurry up to pH 7.0 - 7.5. The formati on of

4, 1was gogled dh-br-oQal ard 480k pbsuciuss-GeacdtatatindME seiption was
and was found to be 20% of the sucrose input.To the
POGiRBiedsiibptwdske bpdeti onstanastirangand chil I i ng, DVF was
added and fornmation of Vil sneier-Haack reagent was

acconpl i shed, indicated by formati on of orange. to red
col After Tt sompdagmt ofvasiditibowel ¢ine dubgtraie, tHe dtentgderature was
separate as crystals and was used in liquid condition

onlyllowAidt &y cepBMverdrmbient BRd Rikked foral@hed 1Me temperature was

distillation and chilling to Vilsneier reagent, 350 m

]9}‘ é?%ﬁ'réi‘s@&% 68e@Nriaftaifbd Y1 Wats affeRnhbNRe4t88 95 198PC and
maintained for 1.0 hr. Further the temperature was raised up to 115°C and
maintained for 3% hrs. The reaction mass was then neutralized using
calcium hydroxide slurry up to pH 7.0 — 7.5. The formation of 4,1,

6'trichlorogalactosucrose was evaluated by HPLC and was found to be -----

% of the sucrose input.
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was cooled to - 5 - 00C and 400y of sucrose-6-acetate
in DVF solution was added drop w se under constant

warooritsgt After the conpletion of addition of P€h&N2006/000151

substrate, the tenperature was allowed to cone to

anbient and stirred for 1.0 hr. The tenperature was

then raised to 650C, maintaiGtMSr 1.5 hrs and

further heated to 800C and mmintained for 1.0 hr.

Furt her éhe tenperature was raised up to 115C and

mai At ai ned B'8FeSH 40h BreppRAione 20%t i YiEMeissHaask ¢ heagent from
neutralized using cal ci um hydroxide slurry up to pH

7.0 - 7.BhospiwrisPeatecbleridé (ACE') comprising the steps of:
6'trichl orogal act osucrose was eval uated by HPLC and

was found to be % of the sucrose input.CLAIMS 1. A
process of aprrepating i dhNafialkflicemandde Haaok NeNgeitylddetamide,
Phosphorus Pentachloride (PCI5 ) conprising the steps

of : a. reactipegfdiablydi b|NcdlalloffomnatiRiedr more preferably N,N-
N, N-di al kyl acet am de, preferably N, N-di al kyl for mam de,

nor e pr ef er abdishebhyNorABEE T oDy d8th( PMBXoNArLE Pentachlorid
Phosphor us Pent ach%gri de (PCIQS )to prepar epar |£]rs(tan achiorice

crop of Vil S"(ﬁ%?tg I%;Zé}%fﬁsgyﬁggﬁgzl%ﬁ%%ﬁte?gﬁgﬁgg insoluble

Phosphorus Oxy-

al l owi ng the ' - fur r eact
with DVF to & r@lg%n%ﬁ%‘b@@g%ﬁﬁ@ﬁ% (E’E’ecg'%?a?g‘%?%‘prioﬁuct
the sane reaction mxture resulting into a conbined
Vil snei er ‘b‘?aﬁﬁ%ng He said by-product POCI; to further react with DMF

to form a second crop of Vilsmeier reagent in the same
reaction mixture resulting into a combined Vilsmeier reagent,

or,

c. isolating the said by-product POCI; from the first reaction
mixture by one or more of a process of separation comprising
distillation and cooling and this isolated POCI; is reacted with
DMF to prepare second crop of Vilsmeier reagent; which is

used for chlorination reaction
i. either independently and separately, or

ii. after combining with the said first crop of Vilsmeier

reagent, or

iii. after combining with Vilsmeier reagent formed from

reacting DMF with other sources of chlorinating agent.
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c . isolating the said by-product POCI3 fromthe first
reaction m xture by one or nore of a process of

wa@e@anatsbon conprising distillation and cool i nBCEIMNR006/000151
this isolated POCI3 is reacted with DVF to prepare

segond gr ﬁfbcggs Vs | Ringfing @e8@istrateMyatiiculary 8 eflickéle acylate

chlorinatlion reaction I . elther independently and

separ at %\k}yreaefnde'the abigr &d@?bétfr‘r:t Hgttemﬁoa ng@ Hordtkdi Skith a

crop of Fehe reag ent [ ter conmni ni ng

with Vilsneier reagen h

ot her  sOUPEEETJPagRR éreh%eﬁﬁ% ééog%%é Z’*@Aélﬁ?a?gf?smo?‘ heating
chlorinati sypstrat e, rt| ul ar.

acyl at e %‘9’%‘%@89 l{g‘?j realion t‘ffﬁ&@r"%'?%‘? ?e?rﬁaergﬁges for various
tenperature control with a Vil sneier ent _prepared

by processiogs offimennti aeruriansn oh8gsir qﬁ’g(?%fﬂ’ﬂe R6CRlPHEaY .
reaction mxture to various tenperatures for various
periods of time until occurrence of desired degree of
chl®ri nak pgesgof Aajih 8aeedf claim 2 wherein: a. the

sai d sucrose acylate is sucrose-6-acetate or

sucrose-6- benzoate, and b. the reactants are added,
stepwi se, &. tie sist subysenaeyiaie iy susmsed-acaiataar stcrose-6-

preferably to bel ow QOC to about - 50C, ii. mixed with
each ot her t d&dnngateaamdt o keep it cool,

b. the reactants are added, stepwise,

i. preferably ‘initially cooled, further preferably to below

0°C to about - 5°C,

ii. mixed with each other taking care to keep it cool,

preferably by drop wise addition to each other,

iii. allowing temperature to rise to ambient after
completion of mixing of the reagents and stirring it

further for about one hour,

iv. raising the temperature to about 65°C and holding at
that temperature for a period of time, preferably for

about 1.5 hour,

v. raising the temperature to about 85°C and holding at
that temperature for a periqd of time, preferably for

about one hour,
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preferably by drop wi se addition to each other, iii.
allowing tenperature to rise to anbient after

waoonplogtspon of mi xi ng of the reagents and stirPCTEN2006/000151
further for about one hour, iv. raising the

tenperature to ﬂbo%nsﬁéQﬁé Qétﬁp@n%'ttﬂbrts éjbtougq%% and holding at

terrperaturefor aperlo of tine, refera or abou

1.5 hour, v. raisi r ab 850C, a

hol di ng at that tetﬁtg)te?é}ﬁﬁérgwgr%?uégjr&gg 8‘?%1 referatﬂy for
preferably for abg hour,vi. raising the

tenperature to abo%h g% Lg?td hol di ng at that

tenperature for a perlod of tinme, preferably for about
3.5 hours vii. neutr zin t he ieactlon m xture

about pH 7 to 75 W?r@ 7RG 1 18acHion MiXiugs hakoud pH 1075 by

cal ci um hydr oxi de sI urr}é
using alkali, preferably a calcium hydroxide slurry.
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