METHOD FOR DETERM NATI ON OF SALT STA CH QVETRY BACKGROUND

¢ OF THE | NVENTI ON 1;. Field of the Invention &gq/1 3 -
invention is directed to a method for a determnation of stoichga) ?

partlcular the invention is directed to a nethod of BPA (bi sphenol (PD§

| sopropyl i denedi phenol ) di sodium salt production and stoichionetry

determ nation that allows a real time medsdrenent of stoichionetry, with

m ni mal sanpling, extraction, and chronatooraph steps. 2.

Description of Rel ated Art&idZ DALRLANSLRALLr ratio of

bi sphenol A (BPA) to a caustic sod@ggggggggghgg is a key feature in

preparing dry BPA disodiumsalt. Dry A disodiumsalt is used for a

di spl acenent reaction in which bisimde (Bl) is manufactured. Bisimde is

an internediate product in the manufacture of many various resins, such as

but not limted to ULTEM errg rk General Electric

Co.). Therefore, the deternin I nportant in the

manuf act ure of resins. Typi cal |y, the manuf act ure of BPA

di sodiumsalt is a batch Jprddedsl wift khe FpVentdari o of ingredi ent at about

a 1:2 ratio in an aqueous solution. An aqueous salt solution is then

anal yzed, -by methods knowhd nnveatdion is0ddeketsungoan aaeuaa gér f4ee BPA
(protonated bisphenol, A),, which is,related to the init BPA: causti c
rati o, or stoi @Drﬁt(ﬂwtiﬁé’l P%\Afhﬁifﬁémﬁﬁ'éﬂvm n s?%‘bti‘é‘flqre'astt %ne

corrective invention is directed to a method of BPA (bisphenol A,

isopropylidenediphenol) disodium salt production and
stoichiometry determination that allows a real time
measurement of stoichiometry, with minimal sampling,
extraction, and chromatography steps. |

2. Description of Related Art

The stoichiometry or ratio of bisphenol A
(BPA) to a caustic sodium hydroxide is a key feature
in preparing dry BPA disodium salt. Dry BPA disodium
salt is used for a displacement reaction in which
bisimide (BI) is manufactured. Bisimide is an
intermediate product in the manufacture of many
various resins, such as but not limited to ULTEM®
resin (registered Trademark General Electric Co.).
Therefore, the determination of stoichiometry is
important in the manufacture of resins.

Typically, the manufacture of BPA disodium
salt is a batch process with a molar ratio of
ingredient at about a 1:2 ratio in an aqueous
solution. An aqueous salt solution is then analyzed,
by methods known in thé'art, to determine an amount of
free BPA (protonated bisphenol A), which is related to
the initial BPA:caustic ratio, or stoichiometry.
Following the analyzing step, at least one corrective



-2- "add" of material is nmade to the contents of the reactor, and analysis
*is repeated, as needed. The steps are repeated until an
acceptable salt with a stoichiometry within a desired predeterm ned range
Is obtained. This repeating is, of course, tine and | abor intensive, all of
which are ineffective and undesirable. _Fyrther, the repeated steps add
possi bl e error producing factors into th process The error producing

factors include yt I nlted I npr o anpunts or i nexact
level s of mater Pafs °g nbséQ? %Fb%8P§ﬁnﬁ§t8F ghe to exit and
enter the reacreantvessehd Ehalymismmsarepeﬁoeﬂ staisngeededr Wl | be
conpounded by the additional errors. It has been observed that a | arge

error amount causes procegg ggggkeggEt%§%§ éﬁﬂﬂé 1 % Si%ELE %ﬁe% and

undesi rabl e | osses. |on stolc
requires deterﬁﬁﬂﬁnylﬁhdanﬁé@ﬁ¢hh@mﬁéﬂaﬂ§¢@n§ ﬁodeﬁarﬁdus characterlstlcs

of the materi abreaeueeﬂﬁaat bafige f £ Mﬁ&r@aﬂ n@haadﬁasééeihggl&ar anet er
val ues have b grsgg(s) For exa een_nas _prop osed to use
r

sound veIocrty erntcﬁﬂj%ﬂ@ti%#PﬁM#ﬂ¥9ﬂ§%UPdaP Acpéoﬂhﬁ%ﬁl%ﬂQy pr obes,

to track a con‘&natmu&twedahasm&érsuawe ummrxtth@irs thé gepes tede
stoi chionetry Egranet , va bat ch

process that s gkg & PoP?ﬁae§£§ 9%Y?F(§ﬁﬁﬂﬁq}n€N§6ﬁ$n? B?%ﬂu Ssalts

(Nad ), to det processt heTheoerhovnereduaing Hactalrss inchude; chdtaté

depletion and i%k:t 1&%@@&& tgr n&&a% Cﬁ@&&é{ AGRAeRY o $HhAQLE, MEASUr ement,

for exanple by a sou vel oci e neasurenment 1S possible
because in an rle@arleaﬁcnaseséééglaa@@@Jelmvom extyp angsfPEeigROH) to salt

(Nadl) is materials to exit and enter thedreaction vessel.
Furthermore, any existing error will be compounded by
the additional errors. It has been observed that a
large error amount causes process problems, which
result in significant and undesirable losses.

The determination of a stoichiometry.
requires determining and measuring parameters for
various characteristics of the material. Various
methods for determining and measuring parameter values
have been proposed. For example, it has been has
proposed to use sound velocity probes, in conjunction
with toroidal AC conductivity probes, to track a
continuous acid-base equilibrium process, to determine
stoichiometry parameter values. '

As an example, in a batch process that
scrubs chlorine gas with caustic (NaOH) to produce
salts (NaCl), to determine the stoichiometry of the
salts, caustic (NaOH) depletion and salt (NaCl)
formation can be tracked by a single measurement, for
example by a sound wvelocity. . This single measurement
is possible because in an ideal batch process a
stoichiometry of caustic (NaOH) to salt (NaCl) is



known. However, in this batch processes, the caustic (NaOH) nust be
‘continuously replenished. Thus, the stoichionmetry of caustic (NaCH) to salt
(NaCt) is not known because the neasurenent of added materials is not

al ways exact, and there is an inherent |oss of materials, both vapor and
liquid, fromthe reaction vessel duri ng3t he addition of materials. Thus,
the exact stoichionetry of materials in“the reaction vessel wll not always

be known. erefore, apot hfé; t’ie%r}ge endent neasurenent, such as a
conductivity KW o nERFEVEE  n&BRJERLT PRI IRROSEFF Tt SRR FBUSELR t he

st oi chi onet ry (Ma®H) hewsaubei cofiblbfhbushnossp Taiished.n trhashatek process.

Thi s additiongl. Js t Nyl f caours L e, consum ng,

| abor i ntensi \%et?l%glggg@g’o rggegéa%ggghg?a@)ro °s.salit a1} 1%,,B%8evel oprent
of a "map" or kpostebecaiused thel measuvément o f it matietrialsodisd vel ocity,

and 1 enper at UrRean 13N ebal Ohnf2LALIC {DR0Y); HAACHR! hBLL0Band caustic

(NaOH)/salt (NaCl) ,stoichionetry een suggest o form a“general
appr oxi mat ed &R%iEiied et PPtRoVEPPENANE NHL Enses £hgl wegckden. - A

process vas iﬁfe@%@Th ilg@ednghthe g&gﬂﬁ@ént&f Qﬂ%é&ﬁ.ai%c.hbﬁ‘h{%gg[ﬁhﬁr]mé”ed g
rel ati onshi p. e process .provi ded_a sanp] e of, hat, about , err] C, sodium
hydr oxi de. Kn&mcmiépmﬁﬁwaaﬁ"@ﬁ‘?&aﬁ%Ié‘ﬁ, r&@F&198ded or "spi ked"
a nunber of tivesselnwdlilhaosaapivays arkhovat ocity, conductivity, and -
tenperature of the sanple were then independently neasured, for exanple

with comercially avail K %i%tﬁggekgﬁgég@dgﬂ E@p%%ﬁz%rm%l;l S or

sensors. Normally, a con UCtIVI't)'; probe pro s an o st gnal’, which is
corrected for SUGkp@sauconddehdvaty weaswrementy is scedede toenper at ure

probes used i Gddifive. and determine both the stoichiometdy andl @Ress include
a protective polyner coating, under which {he te;g;g ture probe is buried.

Accordingly, & UNAPH) o cORGERtRRLLOR ehR NERe e, ely sl ow
response ti nme,Thik ddid tdonalc tindepgndeht meassubsment is, of course,

time consuming, labor intensive, and a source of
further errors.

The development of a "map"-or predetermined
relationship for conductivity, sound velocity, and
temperature as a function of caustic (NaOH)
concentration and caustic (NaOH)/salt (NaCl)
stoichiometry has been suggested to form a general
approximated stoichiometry solution, and reduce
possible errors. A process was investigated in an
attempt to derive such a predetermined relationship.
The process provided a sample of hot, about 90°C,
sodium hydroxide. Known amounts of an "add", bis-
phenol A, were added or *spiked" a number of times
into the sample. Sound velocity, conductivity, and
temperature of the sample were then independently
measured, for example with commercially available
stainless steel sound velocity probes or sensors.
Normally, a conductivity probe produces an output
signal, which is corrected for temperature. However,
commercially available temperature probes used in the



| ogged in a raw uncorrected form The results. of this process
‘and its stoichionetry determ nation were, at best, inconclusive, since
there was no i ndependent neasurenent of stoichionetry error SE, other than
a calcul ati on based on neasured constituents used in the process including
t hose possible error produci ng added congtituents. The obtained data coul d
nmerely be fit to a "least squares” analysis to determne an arbitrary

- general ized ap f ctl r rncor SE fromthe data
col | ected. Thi Fgg,f%%[é% g{h]dei%st g%ﬁgrgge:ts:%gné@%{@ 0 "84 FR%Fvitrary

general i zed appytohdbrettieortepesituaref prObem.srbwm&dy dccord$Bgly,sat forth

in Equation (l)grobe used for such m asurége'%@é e &f el E.Qr]eliyagll (1)

In Equation- (1), Kis a constant_an are neasured var such

as for exanpl e, TSRRQRNSY itddme c gaduhey FORdUCt Lirtty dlater Austebe

The arbitrary orRfifedl 2 W WicorteeBefuUpsihon for stoichionetry error SE
I n Equation (1) produced a rough cal cul ated generalized approxi nat ed

stoichionetry error SE fr,ﬁgn measuj{ ed Vfart:héb es. Howeveé t he determ ned
stoi chionetry error SEis FgREBFeSHARA L% of a standard
stoi chionetry &:trcnirc}ﬁl‘nméhmmtemdnation wérapatd bes®% i s not acceptabl e

because of erroinggr%qul%f%qhgg thFre was no mc%eé:eang Ealiabl e

- 5- an accura
st oi chi omet ry preasieementd of §|tmlphllpyle§ﬁ¥a%¥:m1at-%5'armther than a relijable

neasur ement  and-gheh Y8 6 ivAE Rl o\ﬁafnbaghﬁédt@onstltuents udeleinl RR
stoichionetry error SE are needed_t produce salts. Th| s met hod

for the deternRPERGHIE gncluding th°s§t BPEﬁ?'}B}r%t‘?VCB? Redeing adgedi al | y
useful in the constituent#!i miee optatihedaliatddcaild aetilyeuifaet ure of
resins, wthout, erro/p, And DLOGERS BhYRLETE to determine an

arbitrary generallzed approximation function for

stoichiometry error SE from the data collected. This

fit to a "least squares" analysis provided an

arbitrary generalized approximation function for

stoichiometry error SE is set forth in Equation (1):

SE=Y K,ab (1)
&j

In Equation (1), K is a constant and a and b are
measured variables, such as for example, velocities,
conductivities, and temperatures.

The arbitrary generalized approximation
function for stoichiometry error SE in Equation (1)
produced a rough calculated generalized approximated
stoichiometry error SE from measured variables.
However, the determined stoichiometry error SE is
only within a range of about +1.0% of a standard
stoichiometry error SE. However, an error of about
+1.0% is not acceptable because of error producing
factors.



SUMVARY OF THE | NVENTI ON The i nventlon Is related to
a nethod for a salt production and an 3 nd_reliable
stoichionetry process, and a simlarly an accurate¢" | |
measur ement and determi nation of variabl%es to :
stoichionetry error SE are needed to produce %a

over comes the above not AECr}ngly, an accyrake, a’@‘éf#‘%l’e%hl%s

In particular ,sﬁdie:nlmﬁmﬁyogr%@ssdesnaoa similarly arfl@uFate'dnd
stoi chionetry Sl SE of ri ses determ ning

tenperature off FHERLGHGR AR and GQF%W’PRWSP 0, P fo yazighdeso ket r y
conductivity aletidrmine st01chlo&emeerﬂefesm Ar80néaded-sé oi chiometry

sound velocity of,the s nd d a n nal, operating
t enper at ur e p(y?rrﬁd ceﬂ?eaa‘lsrq)dl c %ﬁga}g %I’:h? 6ferp§ rmination °I} sanpl e | s
det erm ned by: StOlChlometISEeerx ﬁ%ms] Elspectpbly |Jugdful HrrertHe x (1 -

(v(1 + c[err] L(Ttl Héaai Aok icall §hil )aff:.c{&'i% cture of

wher e: —ca culated stoichionmetry error b excess BPA);

a = neasur ed dRfhng  Withoutseaaprs and ere%mund velocity (ms);
T = nmeasured tenperature (deg O); V[err] = sound
velocity (nm's); SUMMARY OF THE[BNVENTIONS/ cCm conductivity at
"normal " operating condi tions; A =

a proportionality constagpt that scal es _con ti,v into
mol e- % excess BPA( ol e-‘?/'g{'l rﬁ@%ﬁ",n 18 re‘iaged £% method forrarr) = a

nom nal oper atsalg tErEhrattione apdi an @deyr&lie and reliable
- 6- ﬁtoz.chlometryc ber."r }e 59 _E&laeérs.{xﬁ{'ﬂﬁ:rl%} W St %Bdf act or

for conducti vi rrl] = a
| i near terrperaﬁiheatekﬁr mw&ma& érldf detepnipption of varlables to

vel oci ty(l /deQﬁtermlne sto:Lchlometry eerr-S’E braeaéedagi®s to adj ust

conductivity for el ocity(s/ In
accor dance wi tB¥e ?rﬁﬂ%ﬁﬁloﬁha§ ﬁ@?ﬁﬁﬂmes {6 Tsove N5y bisphenol
salt as the reasthdr ofddfieiencies. reaction between bi sphenol and an

al kali metal hydr oxi de conpri ses preparing an aqueous

bi sphenol

In particular, the invention provides for
determining a stoichiometry error SE of a sample
comprises determining temperature of the sample;
determining an on-stoichiometry conductivity of the
sample; determining an on-stoichiometry sound velocity
of the sample;' and determining a nominal operating '
-temperature point. The stoichiometry error SE for a
sample is determined by:

$B=Ax@l-c. -T2+ e T-T)i-w)) o2

wherein, A is a proportionality constant
relating stoichiometry error to conductivity; ¢, is a

temperature correction coefficient for sound velocity;

¢, is a temperature correction coefficient for

conductivity; d is a sound velocity correction
coefficient for conductivity; 7, is a nominal
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salt "solution fromsubstantially €equi val ent anmobunts of

: bi sphenol and al kali netal hydroxide; contacting | east a
portion of the aqueous sol ution bi sphenol sefH“§SHEETHASBEH§ lution with
an i'mm sci bl e organi ¢ sol vent to produce RLPLA(}Etho plhase m xture;
obtaining a value of the organic phase-of—thke~twb phase

m xture; determ ning alkali: - 6 retal hydroxide variance from

stoi chionetry; addi ng at |l east one of additional alkali neta
hydr oxi de and operating temp@&ﬁthtenpblht$pb¢HQE a® ble aqueous bi sphenoxi de
sal t solution to aobtain, a b|5p2fﬂ0X|de salt m xture having

a substanti al SEUFHGREE COBMCEINLIEEt ARedo ia/d4) iV, 1S an on- gt g
hydr oxi de and disiRiet 3N $oupRakal bBltypeder T, from the

resul ti ng aqueous bi sphenoxi de salt m xture to produce the
anhydrous al kali netal bisphenoxide salt wthin about a 0.2
mol % st oi chi onetry In accordazics wiitbhtpepirvertion sphaatihashd al kal i

et al f\/t\?h mJl%hg‘”Bl henol salt as the result ofBRhEF DESCRI PTI ON OF
THE DRAW NGS I € novel features_of this |nven,t|on are set forth

in the fol | owiFRRARY iRatwaen dispnsReht Pﬁﬂ M 13150 Betddscribed fromthe

fol l owi ng det %&@bﬂﬁi@@dﬁpﬂ%&f pirépaicfisig Néh i e bll%phenoQonJ unction
with the drawin 1 .is a.schematic

i|lustration of ¢ sSLYG from, substapbiplhy ?W%%loef&a%glguﬁtfgh he

i nvention; blsphenol and alkali metal hydro¥ide; contactingigt 2 is a
graphic repres | d babi 9HBL¢ rprg(y hénrg,lag(aqﬁ._dance
with the inven f%%{ Qrb&fthﬁ{ eg{_n@,% ?&hg ?ow C o l p process to

det ermi ne st oi solwkien ywikh @n mw\%&leaﬁesawq WQW%\F&H@@“‘:Q‘
Fig. 4is a f'QV\t‘GQta%ﬁaéé zﬁﬁxﬁé‘e%%ﬂtalﬁ&hgrmﬂ?@l@e aaﬁ:afhéoro&@amcstandard

hgt 2?%():]?%3(:: ;\ﬁ;ge o'g tl.l'?evet%é Or}lase (xjtu.xture, determﬂung a%_k%f | ow chart for
metal hydroxide variance from stoichiometry; addlng at
least one of additional alkali metal hydroxide and
additional bisphenol to the aqueous bisphenoxide salt
solution to obtain a bisphenoxide salt mixture having
a substantial stoichiometry relation between alkali
metal hydroxide and bisphenol; and separating water
from the resulting aqueous bisphenoxide salt mixture
to produce the anhydrous alkali metal bisphenoxide
salt within about a 0.2 mol% stoichiometry
relationship between bisphenol and alkali metal

hydroxide.
EF DE T THE

while the novel features of this invention
are set forth in the following description, the
invention will now be described from the following
detailed description of the invention taken in
conjunction with the drawings, in which:

Fig. 1 is a schematic illustration of a
sensor system, in accordance with the invention;

—————
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proportionality constant for determ ning stoichionetry error paraneters, in
accordance with the invention. DETAI LED DESCRI PTI ON OF THE
EVMBODI MENTS A nmet hod for maki ng bi sphenol salt as the result of
t he reaction between bi sphenol, such as but not Iimted to bi sphenol A and
an al kali netal hydroxide, such as but not limted to, sodium hydroxi de and
met hod to control the stoichionmetry of- i sphenol A and sodi um hydroxi de in
t he manuf acture of BPA di sodium salt has been descri bed by Del |l acol etta and

Ver bi cky in U S Pat ent MNog. Qw,ﬂéﬁ-apihi&uedp@g@;b@;tﬂ& o983, assigned to
t he instant e con of which are ful i_ncor a
reference in t q%'blﬁﬁéc] 56 l?ﬁlleg%Fﬁﬁﬁr'r et A€ dgnrﬁegﬁpg;’ ggﬁre l'i qui d
chr omat ographw.r(m@omnal ysis. The (HPLC) nethod to control the
stoi chionetry of bisphenol A and sodi um hydroxide in the manufacture of BPA

di sodiumsalt is used i nﬂ&e B AGUE BErEeELPSa ﬁj&&sas's tléLTEI\/[ er r]

resin, wth considerabl e success.

A brief descridfbemisie sfeiohiraesry: eErard irraneasfancsc sdshnthe now be
provi ded. A detrardrehigiescription is found in the specification. For
conventi onal BPA (bi sphenol A, isopropylidenedi phenol ) disodium salt

stoichionetry, a plant s Ie of BP%}QI sog‘m:@ i n_an aqueous salt
solution is provided in Ea%tlosr a ol sg ?ep’F%C%%? ed to about
10% sol i ds wi tdemmemauslmg:aamelipnssthnéar@, simirettacridamiciey witeher , to
neasure perceng eng\;e 1|dr95 éé sanpl e of the aqueous solution, for exanple
about 25 m, is tThen exiracted out, shaken with toluene for about 1 minute

in a capped jar, container or reactor. The phases are allowed to
separate, for exanple foFig@bouti® anfhaweshazkdfart detempininga s dil uted

with about 2 rbr&poR€Lml ity l@nstantsF Beternisingnal yzed by an
appropriate nethod, such as but
stoithiometry error parameters, in accordance with the

invention.

DETAILED DESCRIPTION THE
EMBODIMENTS

A method for making bisphenol salt as the
result of the reaction between bisphenol, such as but
not limited to bisphenol A, and an alkali metal
hydroxide, such as but not limited to, sodium
hydroxide and method to control the stoichiometry of
bisphenol A and sodium hydroxide in the manufacture of
BPA disodium salt has been described by Dellacoletta
and Verbicky in U.S. Patent No. 4,410,735, issued
'October 18, 1983, assigned to the instant Assignee,
the contents of which are fully incorporated by
reference in this application. This method relies on
a high pressure liquid chromatography (HPLC) analysis.
The (HPLC) method to control the stoichiometry of
bisphehol A and sodium hydrokide in the manufacture of
BPA disodium salt is used in the manufacture of
resins, such as ULTEM® resin, with considerable
success.



not Iimted to, a high pressure liquid chromatography (HPLC) to determ ne
.an anmount of free BPA extracted into the toluene. The anount of extracted
free BPAis related to an initial BPA caustic ratio or stoichionetry in the
pl ant sanple of BPA disodiumsalt. Wiile the Dellacoletta and Verbi cky
process provides for an efficient process and stoichionetry determ nation,
it has been deternined that there are séveral factors, that when
controlled, can lead to an even nore desirable process and stoichionetry
det er mi nati on. A btiefmdedmn&ptdeheoﬁinhd Déhlaeﬂueﬁﬁd<aneht and

desirabl e cont ﬁgqgt 5) RA, or about
11 pounds of ‘z’%ﬂ)er ghggps(r%g?}éséi %‘?‘99# ed qu c |{o§etry error is
about 0.2 nol QGQF#QP%#OQﬂkﬂMfQBPdpéBn§beo$PQ#¥¢¥R#t1Qn(ﬂwﬂ&rocess results in
a highly effictoiVes@ldndl Bra ABlspRbLY1! &Y §5&%£éb rﬁderf &pheho1he salt

can be or the nanufacture

of ot her prodd@%%Pd%Mm¢F§%¥rﬁ&ﬂ%ﬁ?1°R856¥d|%g?%anEKﬁﬂWR%q iofgBBRocess

paraneters to @péadium sd1d Gl mtaemeaﬁéogalabsmu&& Y pYoBRbed S
desi rabl e. It has al so begn det rnlned f hat there are severa

key variabl es, 1? TSR Tont gRGuriig %.¥¥%§9%ﬂ' £0 pBOEt in nuch
tighter stoi chlm)%red;asylci:s)mmcﬂ wa'ﬂe&seusmnguaianem awhnels b sbuad to,

contr 011119 SnEXALRE) LA LEIME HelefreOBALEGMAG GHTYcacet TROphEr ¢

contact, contro |n he so ercen ing ‘an"i npurity
| evel in BPA sample of the wcm;r shéuthenn Ee¥ eexande @lpoutt B8 extraction

tenperature dugiNgid Hiks SHFRTRd bk, théH@Htwﬂéﬁﬁéﬁldéﬁé gQheut i on,
provi des a sanp] e, that, when anal yzed, nportant in the determ nation of

an accurate, preeRtel SRIRRER G faPé’SguP‘éFren?°nt¢’cﬂezé>95rrﬁleé°t8§l ng a | ab

prepared stoichionetry salt purified BPA and about O 1N standard causti c,
it was determ ned that atphetpBased. dferalllowedf ter separate, for

example for about 2 minutes, and a toluene phase is
diluted with about 2 ml of acetonitrile. The sample
is then analyzed by an appropriate method, such as but
not limited to, a high pressure liquid chromatography
(HPLC) to determine an amount of free BPA extracted
into the toluene. The amount of extracted free BPA is
related to an initial BPA:caustic ratio or
stoichiometry in the plant sample of BPA disodium
salt. While the Dellacoletta and Verbicky process
provides for an efficient process and stoichiometry
determination, it has been determined that there are
several factors, that when controlled, can lead to an
even more desirable process and stoichiometry
determination.

It has been determined that an efficient
and desirable controlled stoichiometry error is about
+0.2 mol % BPA, or about 11 pounds of BPA per batch
process. This controlled stoichiometry error is about
+0.2 mol % BPA, or about 11 pounds of BPA per batch
process results in a highly efficient salt and a
desirably low stoichiometry error. The salt can be



.extraction tenperature resulted in about a 0.1 nol % BPA stoichionetry
-error of the aqueous salt, as determ ned during a HPLC process.

The -background for this determ nation will now be discussed. Sanples, when
extracted fromthe plant, are hot. After these hot sanples are diluted to
about 10% solids, analysis occurs, either relatively quickly after
dilution, or is delayed for several maoujes. If a delay occurs during a
HPLC process, the sanples are cooled naturally, since |aboratory anbient

tenperature dugheg asélELEoiar%%ﬂﬁd&hr@%@%hﬁéoﬁ%&ﬁéfg; shdce
tenperature is a characterjstic_that inpacts_other nateria
characteri sti c& He5iBF - exbFERAL T I @ld 1BgnPreFess

- 10 - resul tparameBeski 66 ashedih RAAIBEICH ot TeRRbE PNabdié Sko of cour se,
| eads to a poor ﬁtgigpéonetr¥ resyl.t. Accordingly, it is
desirabl e to cBRtr 8l BFAnpEP 287 ¥R % oughout the HPLC process to result in
a desirable and accurate determ nation of stoichionetry. Wth controlled

t enperature during a HPLCtphesealso obeen Metaxtminted thalkethefe anét

Sy andards, bt eBaVRLa! kByPykes AL LN WRGH cBREEOI LN Huflide P M BPA

stoi chionetry error. ( _ Chionetry error 1s” highly
desirabl e and BPLCcPERESFA- t FesWHbdds gugh ddighter stoichiometrywas al so

observed that aonewBie, wesd DaehRBeN i Wreedot018R9HEa 1040 SOl i ds,
absor bed varylngaggggqgiﬁof carbon dj oxide fromthe anbleni&atnnsphere

during a HPLC § i 8N BELTIR T AT SFPATAFYES nEARFEPT LT t he BPA
di sodi um salt ambidentbbhtmogypher®assritadts exintriollihgstheusodidgati on during

et e e L S

related to a stoichionmetry error of the sanple, when determ ned by the HPLC
process. It has further been determined that the

extraction temperature during a HPLC process, for an
abbut 10% solids solution, provides a sample, that
when analyzed, is important in the determination of
an accurate, precise stoichiometry measurement. For
example, using a lab prepared stoichiometry'Sait
purified BPA and about 0.1N standard caustic, it was
determined that about a £ 1.0°C difference in _
extraction temperature resulted in about a + 0.1 mol %
BPA stoichiometry error of the agueous salt, as
determined during a HPLC process.

The background for this determination will
now be discussed. Samples, when extracted from the
plant, are hot. After these hot samples are diluted
to about 10% solids, analysis occurs, either
relatively quickly after dilution, or is delayed for
several minutes. If a delay occurs during a HPLC
process, the samples are cooled naturally, since
laboratory ambient temperature during a HPLC process
is not normallylcontrolled. Since temperature is a
characteristic that impacts other material
characteristics, a poor extraction temperature control



Theréfore, it has been determned that exposure tinme of a sanple to anbien
. atnosphere during a HPLC process was detrinental to the overall :
stoj chionetry process. The exposure of a sanple to anbient atnosphere nust
be controlled to avoid significant absorption of carbon dioxide into the
sanple. Preferably, the contact to carbon di oxi de shoul d be avoi ded, and,
at least, a contact "hold" tine to the Xhbt ent at nosphere shoul d be

m nim zed and controll ed during a HPLC process for desirable results.

It was furtheraetlastiinednshalsfaotory | patane e teridhadioaf a dil uted

bl ant samp! e A0 ot HehcR! 0788ds S 4 TBOL! Ao/ RdELRLO BLBgy .

stoi chionetry ‘errdr. adj osted per
during a HPLC process were not controlled and held within a predeterm ned
range of a set solids pdeeandigglievak, ia desiraple stoicontaedtry error

could not be 4&ifdPaiffes throughout e HEIP roddss'@® QSE%&.@ fgd that if
adj usted percent_solids for an original sanple during a HPLC process were

within about % desigableoand1acourakesdrteumatian ©tst oi chi onetry error
coul d be det erdgigitthiofeteidi Ngliyh eomtrslléd kanRaaterte dakidg &f a diluted

pl ant sanple during a HPLC process ta w thj t 4% of a% ut 10. 0%
solids is i rrp(#%%g’ri%e(fét (SPnVﬁEﬁbns%%?‘%i%:}E‘tail&{el’sﬁgF standards, It was
al so obser ved grepa@idA withmpdref BPAnand olN d&0Hl0 weate paithénstOelirabl e
characteristi f e it LG hi ry 'ﬁﬁ +E%E n extraction
t enper at ur e, ﬁ‘i?ld% iér% S\gr?é%@?@%g?ﬁs% I ds’ of _Sée"gi'?uggghgl_gg# sanple are
cl osel y cont r ctasicchiipmietyya eBpPRC peoktghly desirable apdee&findentrabl e

results were dg{ el nadddasberashgeylt of organic i mpurities in certain
sources of BPA. Further, it was determ ned that these organic inpurities

coelute with internal standards _in the HPLg g{locess an 'é/si %_o t he final
st oi chi onetry It was also observe at a sample, whic

had been adjusted to about 10% solids, absorbed
varying amounts of carbon dioxide from the ambient
atmosphere during a HPLC process. This absorption
effectively neutralized the BPA disodium salt to a
small, yet measurable extent. This neutralizaﬁion
during a HPLC process is undesirable since it results
in a stoichiometry error for the salt.. Accordingly,
the contact to ambient atmosphere was directly related
to a stoichiometry error of the sample, when
determined by the HPLC process. '

Therefore, it has been determined that
exposure time of a sample to ambient atmosphere during
a HPLC process was detrimental to the overall
stoichiometry process. The exposure of a sample to
ambient atmosphere must be controlled to avoid
significant absorption of carbon dioxide into the
sample. Preferably, the contact to carbon dioxide
should be avoided, and, at least, a contact "hold"
time to the ambient atmosphere should be minimized and
controlled during a HPLC process for desirable
results.



sanpl e. The anount of free BPA extracted into internal standards during a
-HPLC process is related to an initial stoichionetry of the sanple, and the
anount of free BPA in the toluene extract is determ ned using toluene as an
i nternal standard. Accordingly, this , -
12 - large degree of error associated with the coelutation leads to a

| arge stoichionetry error. Ondd This error associated with the
coel utati on was discovered t he st0|ch|onetry error i s conpensated for

during a HPLC process, byltre#@hgfustdiedhi mined, thakqsophrattRdiance with
t he source of @@emmﬁiﬁm@ﬂ hed&il?hﬁednpnahtcakmm@mzﬁg:wrd| ngly in

| i ght of thes he_a sation of
st0|ch|onetry coﬁ§?3? %%gﬂ%? HmpoHtangogg P gﬁgﬂP ring a HPLC process
for preparing BﬂmotnhiomeﬁnHMQQ;Q§t0|6ﬁ|bh§tﬂ§jnpted pergenthbaalids 5 nol %wto
about 0.2 ol %t A YNPlah Hanidie Enginaaakaﬁmnpr&a fPMlede el f el y

desirable since it resu i ncreased cycle tine in t e overall process.
The i npr ovenentcetrPklad | and) hedd é’§§héﬁoée8§368mr‘!‘i%%df’€#miﬁ &fitng of

of f - st oi chi onetget ssdlidd cgmfehﬂrrt y&eseandaa&emamedsmmtry

The description herern r(g 2:? aIt however the invention

i ncl udes ot her SFEAT i St ﬁ e®nese alkali netals include for
exanpl e, sodi um potassium and I|th|un1 Further, t he description of the

i nvention includes ot her Bospécanple, it addi degrermdnBRAthatr i€xanpl e, the

bi sphenol s, whi gl &é‘@e&’%éﬂﬂ%ﬁé ts‘%ﬁﬂd& gbkakh Eﬂaknﬁﬁ' Lém 1& AgcHdlance
with the |nvent|on conpri se, exang roxyphenyI%Propane

2, 4" - di hydroxy%h%y?m?ﬁaﬁé’e’(ﬁ it iﬁy&P&k‘&pﬁe&yﬁ nef Bhrut
2, 2- bi s(4- hydr oxyph@sy|a ru‘@pﬁtﬂ.e fw&bhabhétrydeﬂtbfledum be&i sphenol - A" or
" BPA"' (4- hydroéé/tpehzerﬁ/ng&? (31I\éc cﬁ%heglrﬂ:g:gqggng a perce:?tg solids

of a diluted plant sample during a HPLC process to

within about * 0.4% of about 10.0% solids is important

in determining stoichiometry error.

It was also observed that BPA from
different sources do not possess desirable
characteristics for use with a stoichiometry test,
even when an extraction temperature, hold time, and
percent solids of the diluted plant sample are closely
controlled during a HPLC process.

These undesirable results were determined
to be a result of organic impurities in certain
sources of BPA. Further, it was determined that these
organic impurities coelute with internal standards in
the HPLC process analysis of the final stoichiometry
sample. The amount of free BPA extracted into
internal standards during a HPLC process is related to
an initial stoichiometry of the sample, and the amount
of free BPA in the toluene extract is determined using
toluene as an internal standard. Accordingly, this



hydr oxyphenyl ) et hane; 1, 1-bi s(4-hydroxyphenyl) propane;

2, 2-bi s(4- hydr oxyphenyl ) pent ane; 3, 3-bi s(4-

- 13:- hydroxyphenyl ) pentane; 4, 4'-di hydroxybi phenyl; 4,4'-

di hydroxy-3, 3" ,5,5 -tetranet hyl bi phenyl; 2,4'- di hydroxybenzophenone;

4, 4' - di hydr oxydi phenyl sul fone; 2,4'-dihydroxydi phenyl sulfone;

4, 4" -di hydr oxydi phenyl sul foxi de; 4, 4'-di hydroxydi phenyl sul fide;

hydr oqui none; resorcinol; 3,4'- dihydro&ygkphenylnethane 4, 4
-dihyroxybenzophenone and 4, 4' -di hydr oxydrphenyl et her

sensor system a thod to control salt s uses dlfled HPLC
process, as disc E%% \OOMTASH §r§gﬁsﬁﬁs?§g?tﬁ$ gE§m§h1(f??}q§g%ﬁQ§l sal t
stoi chionetry deleads nos sdarge stolicbdometrgnersatt stoichionetry error SE

as set forth bel ow A first preferred enbodi mrent of the sensor
systemto control salt StObﬁ$ﬁCEE¥£36££8Eﬂ¥§38%1h%eH|Lﬂéﬁr@ﬁéd in Fig 1,
whi ch shows hardware used I'n sensor I n accordance with the

i nvention. The fﬁ?%*i%“e%hﬁ‘ﬁssé’é-SI@HUﬁﬁefieaFBPe§t°§?kli%‘ﬁ‘?ﬁ‘[3ére‘fré’&t dBes
coul d be used fogorfip éﬁééﬁaﬂ ffd&awrasxg a HPLC procéssiiay &ﬁ]éiQfg i nput system

10, | | ustrat d t h

2 conduit it o SPReh it StATRRLaRs R AEREE fHate S EEE Sk ebEsey o

sensor 14 is pl am:ﬂ:cBm, aandi peidicgarhnigothei HBLCnanhhytb@acl @rdk@ssThe

conductivity sensok &@y QE1QH¥hK”QW“tﬁ%hQUELg¥ gesor, for exanple a
ve

t or oi dal conduct|V| soun ocity sensor 16 is
| ocat ed domnstrean1fron1the conductivity sensor 14 in the reactor 12. The

sound vel ocity sensor 16 nige RPYR FIPeRsAtion: efpakal chitoretey,

160(i |l ustrated ¢onprent N1ightt @fnahevabyvet Bact SrPerditimy sempac my be
formed process for preparing BPA salt, reduces stoichiometry
error from about * 1.5 mol% to about % 0.2 mols
stoichiometry error. This marked improvement is
extremely desirable since it resulted in increased
cycle time in the overall process. The improvement
also resulted in less process down time for cleaning
of off-stoichiometry salt from salt dryers and

associated equipment.

The description herein refers to disodium
salt, however the invention includes other alkali
metals in the salt. These alkali metals include for
example, sodium, potassium, and lithium. Further, the
description of the invention includes other
bisphenols, in addition to BPA. For example, the
bisphenols, which can be converted to alkali metal
salts, in accordance with the invention comprise, for
example, 2,2-bis(2-hydroxyphenyl)propane; 2,4'-

- dihydroxydiphenylmethane; bis(2-hydroxyphenyl)methane;
2, 2—bis(4—hydroxyphenyl)propane, hereinafter
identified as "bisphenol-A" or "BPA"; (4-
hydroxyphenyl) -2 (3!'~hydroxyphenyl)propane; 1,1-bis(4-
hydroxyphenyl)ethane; ‘1,1-bis (4-hydroxyphenyl)propane;
2,2-bis(4-hydroxyphenyl)pentane; 3,3-bis(4-



-14- 'integral with the sound vel.ocity sensor 16. The sensors 14 and 16,

L emmnt s Ao b o

.and 160 if separat q@lgr@ggqlqm%&ws ed in the determination of variables,
which are used to{d pEN§1§t0|ch|onetry. The dual sensor
system 10 further ¢ 'l ead 18, which connects the

conductivity sensor 14 to a conductivity transmtter 20. An output |ead 22
extends fromthe conductivity transmtter to a processor 24, for exanple a-
soni c anal yzer. An output lead 23 fromthe sound velocity sensor 16 al so
extends to the processor 24. The processd3 24 can be any appropriate

el ectroni c device that can process signals by the HPLC process discussed
above, in accorm&ﬂmmmyphénglkpénu&ﬂdﬁ Gn4'~dihydroxyb£phéag$t 4 w'out puts 26

and 28 extend f le 12 «di splay or
similar noni tor&(“nr%%p&ff r dt e!cB {%@%&igﬁﬂﬁgﬁghﬁgé ah operator access
to the data obtéihﬁdr¢x!bnn#nphﬁﬂﬂnﬂws A ‘-dibydsoxydirhenyl swifone] east
two outputs mayabge ﬁdiﬁﬁ@&fﬁd‘f&éﬂ&tlp%lf%%@-a4SﬁCQa@h9HEBH§'dfﬁhéﬁ¥li he at

| east two out puts. may concentration o urse, nore than two
outputs may be PRrb1EPEE: Find hiedih ﬁqﬁ9ﬁﬁﬂﬁé§ﬂgyﬁa§“55§§F0uped together as a
singl e output vhy@rbédadindse Canpddmcital;y 334pkurality of signals.

The stoichionetg

deter ti €SS aGGor e i nventi on,
i nvol ves sinult%%%%ﬁgoﬁ% tﬁ& r%ﬁ%éﬁanearaﬁgteggg g%gﬁge§%%BP% PRt he
reactor 12. Theeedp&r&hﬁdthrdroxydknheﬂnk exhernot linmted to, sound
vel ocity, conductivity, and tenperature data. These paraneters are for use

in the HPLC process, deschi Defs8PO¥Pstem and method to control salt
stoichiometry uses a modified HPLC process, as
discussed above. The sensor system and method to
control salt stoichiometry determines salt
stoichiometry and salt stoichiometry error SE as set
forth below.

A first preferred embodiment of the sensor
system to control salt stoichiometry invention is
illustrated in Fig. 1, which shows hardware used in
the sensor system, in accordance with the invention.
The hardware comprises known features, and similar
features could be used for disclosed features.

A dual sensor input system 10, as
illustrated in Fig. 1, comprises a reactor or
container 12, such as a conduit, into which at least
two sensors are placed. A conductivity sensor 14 is
placed at an upstream location in the reactor 12. The
conductivity sensor 14 may be any known conductivity
sensor, for example a toroidal conductivity sensor.

A sound velocity sensor 16 is located
downstream from the cdnductivity sensor 14 in the
reactor 12. The sound velocity sensor 16 may be
coupled with a temperature sensor (not illustrated).
Alternatively, the temperature sensor may be formed

This Sheet Has Been Replaced



- 15 - Further, the process controls the determ nation of
.variables, for the process as discussed above, and involves processing of
acquired data to determne, i.e., calculate, a s{e+chi tr SE. The
stoichionetry error SE, in accordance with the i '

tenperature correction for sound velocity and I|i and sound
vel ocity corrections for conductivity. utilfi zing the
sensor system 10 to obtain data will now ?g described. The process that is
being nonitored is a batch process. The process control s anbient

tenperature, anbj ent at.,mosphere caontagt ercent solids,. by psing differrnt
sources of BPA am wg‘rpfg’ &%isrsﬁb‘n Ptﬁggﬁgﬁjs?%n?ﬁ%zless's cri bed above
to account for segwmums ilfparna ilés areousktlain the oderexniadhtdinCafr ocess and
result. Theref Or\?arﬂiﬁe%r,o%%hr ?_%él t.l%f.h”tbeaét; fise £0 an overall

possibility of an error I's significantly reduced. The process
uses the sensor fakAvhometnyobtain control l ed data. The probes 14 and 16
are placed in the reactor 12 and i nmersed in sanples at about 90[err]C

Sound vel ocity, tenperaturfhe af\thX @ehisdr Sylstehallo pareli®E eSmpy sdden

neasur ed, in accordanc i th e conptrol HPLC nethod, a i,scyussed above.
The nmeasured dat3P palﬁ'e}t,ftﬁ’asd, t1%ét é‘?‘ﬁf’hgﬁ%&eﬁ st'ﬁ}ée c%‘?ﬂ u(ﬁqﬁé'd' PLC
anal ytical net hczeracrliddad abovaduaté vihgnt ravesit et &0 4 o Adetomtpube a

possible rel ati onsly %g”éﬁlén%%o%mtp\eh@ 'EE&HGé{gYi%f&E‘a[%N% ghegm ned

stoi chionetry error mat hemat 1 ¢ mul a was determned to
rel ate determ nERFIAIIA Afot EPreeX3RPIE, af 8PNER AR LY ZHE i EiOWEPYEIt, to

measured paranmetfdad P3G the sound velocity sensor 16 also extends
to the processor 24. The processor 24 can be any
appropriate electronic device that can process signals
by the HPLC process discussed above, in accordance
with the invention. '

At least two outputs 26 and 28 extend from
the processor 24 and are connected to a dispfay or
similar monitor (not illustrated). The monitor
permits an operator access to the daté obtained from
the sensors. A first output 26 of the at least two
outputs may be a temperature output, and a second
output 28 of the at least two outputs may be a
concentration output. Of course, more than two
outputs may be provided. Further, the outputs may be
grouped together as a single output wire that is
capable carry a plurality of signals.

The stoichiometry determination process, in
accordance with the invention, involves simultaneous
acquisition of parameters of the sample in the reactor
12. These parameters include, but are not 1imited to,
sound velocity, conductivity, and temperature data.
These parameters are for use in the HPLC process,
described above.

This Sheet Has Been Replaced
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- 16 - conductivity [err], sound velocity v, and

tenperature T. The stoichionetry error SE was determ ned as
in- : Equation (2): ' SE= A x ([err](l - c[err] (T
- Tlerr]) x (1 - d(v(l + c[err] (T - T[err] )) - v[err])) - [err] ) (2)

wher e: SE =cal cul ated stoichionetry error (nole-%
excess BPA); [err] = measured conductivity (nS/ cm;

v = neasured sound velocity (ms); T = neasured
tenperature (deg O ; - 15 - v[err] = sound velocity (ms);
[err] = nB/cm conductivity at "normal" operating

conditions; T[err] = a nEurhherepthat bngcessrontingls fdent (deg O,
A = a proporti | e C bl
aea&%%?\sgrg?% ?‘?5/“%@”%79%' SEHOHC Prikk¥s as

i nto nol e- % excess c clerr]
—a |inear tenpBiacupgedonbere: A ARYPlves RIGGEISing oF acquired
(1/deg O); data to determine, i.e., (¢d£Iddlate; @ lstbeahibmapeyature

[ f f : | ocd /d :
A7 a1 near 18EFBF PE-adlie: SEOAGHEPROFEY PHTORathY 1A ‘S8dzdance

velocity(s/m.with the invention, uses a lineaEzydampemat2ye it is assumed
that the correction E?_ﬁ%‘&%‘d C@é‘ﬁé@fﬂ%’:aﬁa dg."?ngeQQ tehpeehedrd or sound

vel ocity and tenperature. IS correction )
quantity, whi cRnExEPBPEsVElPEHEYr COEFeE fthifpryconductivity.
stoichionetry error SE. Thus, assuming that a linear

rel ati onship holds for aTheaplrotesgeutidiipiing Z€li® sensor system 10

stoichionetry errq ugtjon ' ependent,,0 obt ai ni ng
a plant stoi ch:€8rr8E>F?§a/i ?ﬁ#% gigéwﬁ%é(ri%gn&sgnbe%' The Pro§fS8bout zero.
Thi s obtai ni ngthapl dst beiogchonieergd is a batch processt.hi Fhe few percent

of about zero p%oRelkCupfizb25 ambient temperatiPeiTBhBieht accurately

wei ghi ng out I ngredi ents. ] .
A standard i nd85PREBREFG AeRERAT nRerceny; sdtisifit by ¥sisg ddffergater ni ned,

for exanple, asources of BPA stafdatrdsepeddsids RS HPSCOLRRIGBREIY error se
froma standard Iaboratorﬁ ?ﬁtgo usin uItraIRy&g material s and controll ed
TtRE% P ©

condi tions, as PFORAGWHEF ove to accou L 2888 G tra pure
mat eri al s and dopurdtlied,cbodobtais areomotoklad HALE fpaocese anda pl ant

environnent.  regylt. Therefore, the process results in less "“adds"
so an overall possibility of an error is significantly
reduced. .

The process uses the sensor system 10 to
obtain controlled data. The probes 14 and 16 are
placed in the reactor 12 and immersed in samples at
about 90°C. Sound velocity, temperature, and
conductivity data parameters are then measured, in
accordance with the control HPLC method, as discussed
above. The measured data parameters, determined using
the controlled HPLC analytical method described above,
are then investigated to determine a possible
relationship with respect to a standard independently
determined stoichiometry error SE.

A mathematical formula was determined to
relate determined stoichiometry error SE, for example
of disodium salt, to measured parameter values of



- 17 - In determning a relationship between an i ndependent test
-stoi chionetry error se and the determ ned stoichiongtry error. SE._whi,ch was
determned as a result to the neasured paraneters, {hgiQSEEET HASBHEN was
plotted, as in Fig. 2. In Fig. 2, the neasured st |ch| AREBrror ffrom
the controlled HPLC nethod is plotted on the Y-axis '
stoichionetry error as in Equation (2) igglotted along t he X-axis.
In the above described process, the dual sensor system 10 determ nes
process . par anet ssﬁauzbfvﬁgiaaobts%mﬂ w1869, %nang é\éekﬁt{nf’gg?d by a
processor 24 on a dafa ac i Sition. system ta’l e da
acqufsition systﬁtP%OHQ%HO@%ﬁﬁﬁa%{ﬁQFt%ﬁp@#%ﬂ@ﬁ%ﬁ

cl[err]cl[err]. ThygSatidnaggpidance with the invention, the tenperature
coefficients, c[err]c[err] are predeterm ned and constant for al
stmchuwmtm/daermnan ref ore t anty nat ure of
the tenperature coef f § P‘;"(k[@@']‘rib)*ér @ﬁé-&t 'egr.) vakdabl e
parameters in Equation (2) fromsix to four. This, of course is efficient
and desirable since the reduction variables | essens any error associ ated
with the detern¥hareondasis e pranartieraddsyi sapsyant relating pn .

| ndependent (testbxshbbnhtnneeryoert@rcdﬁﬂudtﬁvﬂawanpteiSoabe used in the
above determ nation, is deterntnediln t he Ilomngg nmanner 9 facilitate
under st andi ng oFePﬁﬁrﬂE?E?n?ﬂﬁf?%ﬁ o He Te§OPRY: KELQSLEY fri nat i on
are provided, afd iPed pRFReRAERLe aﬁ‘éf%ﬁﬂﬂ josd cogffheientiafeBns. Furt her,

Fig 3is aflog §B@&t19]ttghe P 1 YR 0b16BR FUBEIQHELEP esult TN an

| ndependent (te%oef§ Oke Zonductivf%y. T, is a nominal
operating temperature point; Oy is an on-

stoichiometry conductivity at 7,; and v, is an on-
stoichiometry sound velocity at 7.

In Equation (2), it is assumed that the
measured conductivity can be corrected for sound
velocity and temperature. This correction yields a
quantity, which exhibits a linear felationship with
stoichiometry error SE. Thus, assuming that a linear
‘relationship holds for a small range around “zero”
stoichiometry error, Equation (2) is dependent on
obtaining a plant stoichiometry within a few percent
of about zero. This obtaining a plant stoichiometry
within a few percent of about zero is achieved, for
example, by accurately weighing out initial
ingredients.

A standard independently determined -
stoichiometry error se is determined, for example, as
an independent test stoichiometry error se from a
standard laboratory method using ultra pure materials
and controlled conditions, as is known in the art.
These ultra pure materials and controlled conditions
are not suitable for use in a plant environment.

This Sheet Has Been R laced
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- 18 - Initially, in step S1, a calibration standard sanple is
-prepared according to the followi ng chem cal reaction: BPA(MM228.28) + 2
NaOB ‘(MM 40.0) = BPA SALT (MWM272.28) + 2 Herr]0 (MN18.0) In
t he above chem cal reaction, exanples of the approxi mate noles and anounts,
in grans, to equal the nolecular weight tines the desired noles are as set

forth in Table I. Table T BPA - 0.025 noles =
5.707 granms NaOH - 0.05 nol es 2.0 grans Herr]0 - 68.07 grans (to get
to about 10% sol i ds) Thi s Tehttton produces about 0.025 nol es

or about 6.807 grams of BPA salt, using only recrystallized BPA, about 1N
NaOH with DI Herr]0. 1NIdaGdtiesmdndngoherelationship betwepraan of NaOH

about 40.0 per ftnu[h?@n]a%n'é[ getOstAVeh E6MEEry AUy lad LHQ P! NaOH per

about 25 nms o resu ere y of 1IN
appr oxi mat el y gegggmined 3t°i°hi°WﬂE6¥e?¥€%E $Bp %H#?Rn%&FanDunts of BPA,

NaO:j ﬁnd D "H etl?minedusisnd eésultlcaoé\hé\laﬂisuz%@garfawemrlso tagle I,
as (0] OWS.

5.707 grans measured, dagapas plotteg, aes lin Figp?.yq g In %ﬁé 2, p
Herr]O the measuréd 2tolichiometry errdtxirahlquhcamtmbeaadal

reaction as ab ‘Metlhogr qg Ego@tggagnpéé _tan,gitas(r)'i qyé)%gy BPA salt at

about 10% sol i hIS resent
predicted stoichiometry error as in Equation (2) is

plotted along the X-axis.

In the above described process, the dual
sensor system 10 determines process parameters. The
data obtained by probes 14 and 16 is logged by a
processor 24 on a data acquisition system. Data
. logged by the data acquisition system is used to
measure temperature coefficients, ¢,,¢;. Thus, in

accordance with the invention, the temperature
coefficients, ¢, c, are predetermined and constant for

all stoichiometry determinations.

Therefore, the constant nature of the
temperature coefficients, c,,c, reduces the number of
variable parameters in Equation (2) from six to four.
This, of course, is efficient and desirable since the
reduction variables lessens any error associated with
the determination as set forth in Equation(2).

An independent (test) stoichiometry error
SE, for éxample to be used in the above
determination, is determined in the following manner.
To facilitate understanding of the determination, the
Equations used in the determination are provided, and
then parameters are applied to the Equations.
Further, Fig. 3 is a flow chart of the application of
the Equations to result in an independent (test)
stoichiometry error se.



- 19 - perfect stoichionetry BPA salt at about 10% solids for use in
-determ ning stoichionetry error. . However, since 1.00N NaCH is
not -usually comercially available, the actual normality of the NaOH nust
be included in a calculation to obtain the about 2.0 granms of NaCH, which
I's needed for a calibration standard. The 1N NaCH used will be weighed to
I ncl ude density, at about 1.040, in the calculation. The foll ow ng

cal cul ations to obtain about 2.0 grans of, NaOH needed for a calibration
standard are based on a 0. 984N NaCH sol ution, which is the closest

comercially avai | abl e Na I on 0 determ ne an
anount of 0.984N NaCH sol gﬁl"gga?‘lgﬁm %gdﬂ%g%lddfc azi‘big at}o& grans of NaOH,
the foll ow ng detandtndtbamplewﬁaapxﬁnhnﬁdﬂacqpmdéoqotdahhe %1 howtpmt i ons

(3) and (4), $§5 1000 mMs / MWNof NaCOH / actual normality
(amount of hbgﬁkﬁgé féggt of 0.984N NaOH needed. (3)

Usi ng paraneters in Equation (3): 1000 / 40 / 0.984 * 2.0 -
50.813 m's ( rAP8 (812282834 N HREHMTAS b 1+BPH SN 49202 - 2IN* Nat39) M-8 s of
NaOH needed to produce about 2.0 grans of NaCH

(4) Using paraneters in Egugheoabédde: ch&fidhll3 reakbtGén), exampdds gfans of

01984 N NaCH neggedappr Q?gggg mgTég é%é’é%&@ﬂia?f hbgtgms, to equal
the molecular weight times the desired moles are as
set forth in Table I.

Table I
BPA - 0.025 moles = 5.707 grams

NaOH - 0.05 moles = 2.0 grams
H20 - 68.07 grams (to get to about 10% solids)

This reaction produces about 0.025 moles or
about 6.807 grams of BPA salt, using only
recrystallized BPA, about 1N NaOH with DI H30. 1N
NaOH is one molecular weight, in grams, of NaOH about
40.0 per liter of H20. Therefore, about 1.0 grams of
NaOH per about 25 mls of H30 result, where the density
of 1IN NaOH is approximately 1.040.

: Theoretical approximated amounts of BPA,
NaOH and DI H20, if using about 1.00N NaOH, is set
forth in Table II, as follows:

Table II1
BPA $.707 grams
1IN NaOH 50 mls

DI H20 . 19.2 mls

Accordingly, a chemical reaction as above,
will produce a near perfect stoichiometry BPA salt at
about 10% solids. This would present an ideal near



- 20 - Therefore, to determi ne how nuch DI Herr]0 is needed to
-produce about a 10% solids solution, it is necessary to determ ne how much
HerrJ]Ois in the 0.984N NaOH sol ution. The anmount of H err] O produced by

the reaction and the anmount of BPA salt produced by the reaction are
determ ned by the equations (5) and (6), respectively, in steps S4 and S5:
(Actual grans of 0.984N NaCOH sol ution) - (anpbunt of NaCOH needed) = anount
of Herr]Oin the 0.984N NaCOH sol ution

(5) Using paraneters in Equation (5): - 19 - 52, 846 (grams of 0.984N
- NaOH sol uti on) -2.000 (grams of NaOH needed) 50. 846

(granms of H errperfectsosiguichiomatny BPA salt at about 0l@®B43eNedH £axt ut i on)

(Ml es of H20 ppeduggddet e Hlg HiyidhPometkObeop! Product produced) =
grans of Herr]O produced by the reaction

(6) Using paraneters in Equatlon Herr]O
produced by reaction) Howegey, gg%ﬁ@(ﬁ q%“ﬂ“%ﬁ% is “gt Buﬁfiy x 0.025
(rmol es of producbmpepdlgElly availakledO the( gbaualoﬁokﬁnelit}@qm achieed by
reaction) t it % oduct
produced is rrul??opﬁ e‘é;’rgog%) ﬁk&@%ﬁe ia{‘rr%un Pq%férr]agl%gf Fie' 0 ¥84N NaOH
sol ution (Equat abqu§53)0|<sr@nmm&diaé2ﬁ.an@i<=hhé89naﬁ§e@f fe¥ear] O produced by
the chem cal reagiigPatFoNadt UL, artheS YRt kABHCHsed Wi BRSO

weighed to include density, at about 1.040, in the
calculation. The following calculations to obtain
about 2.0 grams of NaOH needed for a calibration
standard are based on a 0.984N NaOH solution, which is
the closest commercially available NaOH solution
available.

To determine an amount of 0.984N NaOH
solution required to produce about 2.0 grams of NaOH,
the following determinations were conducted;-in
accordance with Equations (3) and (4), in steps S2 and
S3.

1000 mls / MW of NaOH / actual normality * (amount of
NaOH needed) = mls of 0.984N NaOH needed. (3)

Using parémeters in Equation (3):

1000 / 40 7/ 0.984 * 2.0 - 50.813 mls

(mls of 0.984N NaOH neededx density of 1N NaOH) =
grams of NaOH needed to produce about 2.0 grams of
NaOH ' (4)

Using parameters in Equation (4):
(50.813 =« 1.040) = 52.846 grams of 01984 N NaOH needed

to produce about 2.0 grams of NaOH



21 - 6. 807 (grams of product) ~ x 10.0 68. 07 (tota

‘grans of product and H err] O needed) - 50.85 (grams of Herr]Oin
52. 846 grans of 0.984N NaOH) 17. 22 - 0.90 (grams of Herr]O
pr oduced) 16.32 (grans of H err] O needed) The process to

determ ne a calibration standard sanple as applied in step S1, will now be
di scussed in detail with reference to Fig: 4. In step Sl1, about 10
mlligranms of recrystallized BPA were placed in a container. In step S12,
about 100 m's of toluene were added to TH® contai ner. Next, the cont ai ner
and contents were shaken until the BPA is dissolved in step S13.

In step S14, sone of thisToergfoss, tordesermpine hnymuchyDd H2@ {pansferred

into a high pregpgdued taupdoalicenabogk oy HA1Pasvisahut I8, mpdi f§ed HPLC
process is then used, in ste

S15,,to0 determ.n t oi,chj onet r Next, the
resul tant stoi cﬁ‘iet‘}ﬁéFPerFPOBeEE”f‘%""pltb?‘f éﬂ“i’h?‘eﬁegssﬂ tb\?téﬁ' ¥$1%“
stoichionetry eNaOH asldeienni nehef&moane a0 pavdoeedrisy the The

nstant i nventi g oa7 9! 38aPenaPRRLGE: (G 41T Re L LALEDACRBt EeOT T OT
paranmeters for use 1Tn determning a stolchionetry error. Thi eferm nation
of parametners Feagtiionsaznaigterpined indthe wauagdengr ébbrandy (fbre than
two sanpl es |iquelpel@ 19819] MACsess 084 Mgy error and applying the
determ ned stoichionetry error to determne a proportionality constant for
~determ ning stoi@licQant g¥aRb’ 8¢ 0aoReiicH fy1uesen) N-Equasuen (2) .

of NaOH needed) = amount of H20 in the 0.,984N NaOH

solution _ (5)

Using parameters in Equation (5):

52.846 (grams of 0.984N NaOH solution)
=2.000 (grams of NaOH needed)

50.846 (grams of H20 in 52.846 grams of
0.984N NaOH solution) :

(Moles of H20 produced) * (MW of H20) * (moles
of product produced) = grams of H0 produced by the
reaction (6)

Using parameters in Equation (6):

2.0 (moles of H20 produced by reaction)

x 18.0 {MW of H20)
36.0

x 0,025 (moles of product produced)
0.90 (grams of H20 produced by reaction)

To obtain about 10% solids, the grams of
product produced is multiplied 10 times, the amount of
H0 in the 0.884N NaOH solution (Equation (5)) is
subtracted and the grams of H,0 produced by the
chemical reaction (Equation(6)) are subtracted, in
step S6.



- 22 - An expl anation of the nethod to determ ne stoichionetry
.error paranmeters wll now be discussed in detail, with reference to the
flow chart of Fig. 5. Initially, at step S51, the tenperature of a sanple
is determ ned. Next at step S52, an on-stoichionetry conductivity of the
sanple at a nomi nal operating tenperature is determned. At step S53, an
on- stoichionetry sound velocity of the sanple at a nom nal operating
tenperature i s determ ned. At step Sb4, a stoichionetry error by
a liquid chromatographic analyzation i$S #etermned, in accordance with the
I nvention. Steps S51-S54 are repeated for each sanple available. The
determ nation of a proportionality constant for determ ning stoichionetry
error paraneters requié)-easo"onl ylgradsdiofs BreAucEinpl es to be neasured and
anal yzed. However, ¥tl@edd been deternined even nore preferable results are
obtained if the numbe8 &7 sdbpral FEame el rErduataldpded20sngededlr t han

t wo. The— P s (ghems def 2R dds 5%. 8¥ifc cxampeofing - AN Na®il es
to be analyzed, at st¥ph.&b5. If there are nore sanples to be analyzed, the

process repeats steps B5M Stgrams efcitzd pneduged) there are no renaini ng
sanpl es to be nmeasuretb a3k dgaapseef Hik naestedds noves to step S56, to
determne a linear relation between stoichionetry error and tenperature,

conductivity and sound 'vej-wil;ﬂbc@@@o&gi aetbemEArah i @M {BaticE= A X
§ g e\r/[ ]e§ rl] )) C% g;SF"]ﬁ(“-I;taz’)dT%)a%W)i&( %éaggé’gglﬁﬁrt’g[g%% ﬁf’s .“%g%a?te squar es
anal ysi s reli edigmisdetr icdetaidedivhl neferencd dps FS¥l.- 35 t Anpistepde
_stzgi ?hi onetry F?fﬁneégoqts 'loni‘iigrams of recrystallized BPA were
placed in a container. 1In step S12, about 100 mls of
toluene were added to the container. Next, the
container and contents were shaken until the BPA ‘is

dissolved in step S13.

In step S14, some of this solution, for
example about 2 mls, is transferred into a high
pressure liquid chromatogréphy (HPLC) wvial. The
modified HPLC process is then used, in step S15, to
determine a stoichiometry. Next, the resultant
stoichiometry error SE is plotted in step S16, with
the stoichiometry error as determined from measured
parameters.

The instant invention can also be applied
to determine stoichiometry error parameters for use in
determining a stoichiometry error. This determination
of parametners comprises analyzing at least two, and
preferably more than two samples liquid, to determine
a stoichiometry error and applying the determined
stoichiometry error to determine a proportionality
constant for determining stoichiometry error
parameters for use ;n Equation (2).



paraneters include at |east one of [err], which is a nmeasured conductivity
(nS/cm ;v which is a nmeasured sound veIOC|ty (mM's); a_measured

tenperature (deg C); v[err] which is a sound vel oci ichis
conductivity at "normal" operating conditions (nS/ ;
proportionality constant that scal es conductivity into BPA

(nole-9% / (nBS/cnm); c[err] which is adiaear tenperature correction factor
for conductivity (nole-% / (nS/cm(1l/deg C; c[err] which is a linear

tenperature correction faat ekplana€0ondor etive i hefHdda@Cded emiiele i s a
| inear factor to | yst conductivity for_ soun el oci err] is a .
noni fal operat?ﬁﬁfgt#ﬂ@?ﬁf%rﬁffﬁﬁrﬂg% apsFeds b BRI N g}ngﬁétlv£ly '

t he process isinoddtizikd bith reference ta thearfdosnicbastApfcFégr]$.clerr],

[err], v[err], Iﬁggignybfzifhg%;grégf' "thé één{bgeazfatu‘ijeabkogan%ﬁ{azgoﬁ

Further,  one anet ers
remai nder of tdetermineder sNewh afe #am@ﬁ%wmm-%sévbiometry The

determning a éBHHGE‘tWEEWoErﬂQé Simgle dt %"&uﬁWaQ”BF@Q&EEH analysis in
step S54 conpri ses maki n henol‘ialt as t of t reaction

bet ween bi spheh8PPERATARe a ia?? serinedy dfxitke + 2fePRod further
conprises pr epatbmquwmaﬂhyosleund bredeito} csﬂltihéfslamb'[lenaf:ram substantially

I I d '
2t east a por (PARS} oR8-ARNES e e s LR eabHeg 1Ly uTon i (1

an inmmiscible organic solvent to produce a tmo phase m xture; obtaining a
val ue of the organic phad& §tePh§5ﬂmoapﬁé@échimekzy erHQQJQMﬂanlng al kal i

met al hydroxi dgi4atiaBREoms €8y radh £ AN SMIPidborrdd detdkmifaa] ene of
addi ti onal al kali metal hydroxide and additignal blsphgnol {o the

aqueous bi sphefGPEEARGEt IbP EROAREER AU n SRS SPhcRaki BESsalt mixture
havi ng a subst aspeated Sbﬁléhcnnsampaéeﬁvﬁixxbﬂuﬂ\mmw& dekakiningt fbn

hydr oxi de and bis E a @ﬂé resul ting
- 24 - aqueougfb?sg §§§Lté§9§é?€9 ég%ure éﬁcgtﬁégq#$in§nhydrous al kal i
met al bi sphenogtadchipmetryhenrobdoparamekexr siotequitngisc bndret w9 rel ati onshi p
bet ween ~ different samples to.be measured and analyzed.

However, it has been determined even more preferable

results are obtained if the number of samples measured

and analyzed is greater than two.

The process then determines if there are
any more samples to be analyzed, at step S$55. 1If
there are more samples to be analyzed, the process.
repeats steps S51-S54, as necessary. When there are
no remaining samples to be measured and analyzed, the
process moves to step S$56, to determine a linear

-relation between stoichiometry error and temperature,
conductivity and sound velocity according to Equation
(2): .

SE= Ax(a(l—c,(r—ro))x(lfd(;;(1+ (T-T)rw)yroz) @

by a least squares analysis. The least squares
analysis relies upon the determined values in steps
S§51-55 to provide stoichiometry paramenters. These

This Sheet Has Been Reﬂlaced




bi sphenol and al kali netal hydroxi-de. Whi | e the enbodi nents

» described herein are preferred, it will be appreciated frd : -
"specification that various conbinations of elenents, vari e'ﬁﬁ!ﬁ? T HAS BEEN

I nprovenents therein may be nmade by those skilled in the 4qre tha g¥@D

within the scope of the invention. - 25
- CLAI Ms: What is clained is: 1. A net hod for maki ng bi sphenol
salt as the result of the reaction between bisphenol and an al kali netal
hydr oxi de, the nethod conpri sing: - 2Preparing an aqueous bi sphenol salt

solution from stoichionetric anmounts of bisphenol (1 part) and al kal

metal  hydroxide-{etiard Slniclude atCQehaet bh@ of: | Agstwpddpotilsi @n of the
aqueous sol uti‘on bisphenol salt solutio '

th an ) sci.bl e organic
solvent to prRYRR]F QWWa%%Wﬁré?Tawmgoﬁ?%i RPN A
represent at i vet@fcendugtoiviit w5f G hewhdehahs ca phemRe Gt U QAFF AP ni xt ure;

determi ning al kglée (@it sk wdui vanbenes; f comaetdmlis < oi chionetry, the
determ ni ng conpri sing: renoving a sanple of an aqueous sol ution of
BPA salt fr ontempes vatasse vassmction coefficient for conductivity;

d, which is a sound velocity correction coefficient
for conductivity: Oy, which is an on-stoichiometry

conductivity at T,; and v, , which is an on-
stoichiometry sound velocity at T,.

Alternatively, the process is conducted by

measuring all paramenters A, ¢,, ¢, O, V;, and d

and determining a linear relation, as above. Further,
one or more of the parameters may be measured and the
remainder of the parameters can be determined as
above.,

The determining a stoichibmetry error by a
liquid chromatography analysis in step S54 comprises
making bisphenol salt as the result of the reaction
between bisphenol and an alkali metal hydroxide. The

- method further comprises preparing an aqueous
bisphenol salt solution from substantially equivalent
amounts of bisphenol and alkali metal hydroxide;
contacting at least a portion of the aqueous solution
bisphenol salt solution with an immiscible organic
solvent to produce a two phase mixture; obtaining a
value of the organic phase of the two phase mixture;
determining alkali metal hydroxide variance from
stoichiometry; adding at least one of additional
alkali metal hydroxide and additional bisphenol to the
aqueous bisphenoxide salt solution to obtain a
bisphenoxide salt mixture having a substantial
stoichiometry relation between alkali metal hydroxide
and bisphenol; and separating water from the resulting

This Sheet Has Been Replaced
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adj usting the aqueous solution of BPA salt to obtain a constant solids
.value at about 10% solids using a sound velocity neter in a controlled

envi.ronnent provi di ng an equal volunme of toluene to the aqueous
solution of BPA salt; m xi ng the about 10% sol uti on and the tol uene
at 25[err] C +1.0[err] C.; extracting free BPA fromthe aqueous
phase into the toluene; all owi ng the phases to separate, wth the
toluene as an organi ¢ phase and an aqueous BPA salt phase, at about
25[err] C +1.0[err] C.: anal yzi ng- 28l vene phase and determ ning the
anount of free BPA in the toluene by HPLC :
-26 - r el aguegushbiaphembx bde BRI mitdteirieokvepeogbasethe® t he act ual

stoi chionetry of e | Ut f_ BPA dj t one of
addi ti onal aIkaFPhE§F§ﬁgh§g§%§?dﬁéééﬁkﬁﬁiﬁgﬁaqg%gf B?gghggng%oéﬁﬁisaqueous
bi sphenoxi de sakt $0s3| molbnstelicibionet ry Ivedghdooshiip batveemxture having a
substantial stonGRLARRLLYah&! &1k&1 BEdeMRChyAleR1geet @l hydroxi de and

bi sphenol ; and separating water from'the resulting aqueous

i 2ph ;
bi Sphenoxi de While the embodiments described herein are

preferred, it will be appreciated from the
specification that various combinations of elements,
variations or improvements therein may be made by
those skilled in the are that are within the scope of
the invention.



salt’ mxture to produce the anhydrous alkali netal bisphenoxide
.salt within about—a-0—2+el-—%stoeichionetry relationship between bi sphenol

and al kal i metal hydroxide. 2. A method according to claim1l, where the
bi sphenol is bisp et as BeersReplacesl net hod according tg —uhere the

I mm sci bl e organi "a | uene. 4. A et hgpo Ri M
1, where the alkali |de i s sodi um hydr oxk<c LACE@\ od
according to claim 1 further conpri si ng controlllng a pereen

solids to about 0.4% of about 10.0% sat idfs.- : A met hod accordlng to
claim 1, further conprising controlllng contact wi th anbi ent

at nosphere. 7. A nmethod according claim 6, further conprising
controlling contact mnMhataﬁslehaime@nb%phere to avoid absorption of
carbon di oxide into the sanple. 8. A met hod for determ ning

Stzgi chionetry error SE ofj ap a@€Rb&. tbhemaRiNG bisPhYncl B&1t as
o the result of the reaction between bisphenol and an

alkali metal hydroxide, the method comprising:

preparing an aqueous bisphenol salt
solution from substantially equivalent amounts of
bisphenol and alkali metal hydroxide;

contacting at least a portion of the
aqueous solution.bisphenol salt solution with an
immiscible organic solvent to produce a two phase
mixture;

obtaining a value of the organic phase of
the two phase mixture;

determining alkali metal hydroxide variance
from stoichiometry;

adding at least one of additional alkali
metal hydroxide and additional bisphenol to the
aqueous bisphenoxide salt solution to obtain a
bisphenoxide salt mixture having a substantial
stoichiometry relation between alkali metal hydroxide
and bisphenol; and

separating.water from the resulting aqueous
bisphenoxide salt miiture to produce the anhydrous
alkali metal bisphenoxide salt within about a +0.2
mol% stoichiometry reiationship between bisphenol and
alkali metal hydroxide.

2. A method according to claim 1, where the
bisphenol is bisphenol-A.

N0 O



det erni ni ng tenperature of the sanple; determ ni ng conductivity of

‘the sanple; and ~ ~ determning sound velocity for thg_sanmple;

where st oi chi : le is deternined| : -
Sto A [orr] (1 Ssihiasdd $200 02 P T ?qul'?%%i“iﬂ HAS BEEN
-V[err]))-[err]) Flmm Hl equal s cal cul at ed st oi'ehd

(nol e-% excess B | s nmeasured conductivity (nS/cn): v equals
measured sound velocity (ms); T equals sured tenperature (deg O
V[err] equals sound velocity (nis)f'qﬁgf?] equal s conductivity at
"normal " operating conditions (nS/cm; Ais a proportionality constant
that scal es conductivity intqg nole-% exce BPA (mole-% / . (nS/cm: clerr]
equal s a |inear tenperature ACB‘FFEEPi ﬁﬁc?ﬁéf'b? tfq)rc%dm |"\;’1§el"‘? (’g))edeg o :
c[err] equal s aimmisedblecopgaalargolwentedis aolibeniear for sound velocity
(1/degC): d equals a linear factor to adjust conductivity for sound
velocity (s/m :Tlerr] is @ BORRRbACREESEAINE IMAARE Rilell end = A
met hod according to claim§g, ere the determ nin tenperature OP t he
sanpl e; the det @dkediingetnd byduosideits sgdiumBydxepide.and the

determ ning the sound velocity of the sanple conprise: sensi ng
tenperature, sound vel ocitsy, anchethbduabtyiding Wd lcldiind Q3stfua@egensor.

0. A method _accordi,n cl ai m

Lot conduct ort SPRISRY sh@rnraefhrasyic EehpekdRurd®aibifly LAEPOTAIUME

contacting at least a portion of the aqueous solution

bisphenol salt solution with an immiscible organic
solvent to produce a two phase mixture,

6. A method according to claim 5, wherein
the controlling an extraction temperature during the
contacting at least a portion of the aqueous solution
bisphenol salt solution with an immiscible organic
solvent to produce a two phase mixture comprises
controlling the temperature to about a #1.0°C
difference from the plant sample.

7. A method according to claim 1, further
comprising controlling a percentage solids to about
+0.4% of about 10.0% solids.

8. A method according to claim 1, further
comprising controlling contact with ambient
atmosphere.

9. A method according to claim 8, further
comprising controlling contact with ambient atmosphere
top avoid absorption of carbon dioxide into the
sample.

10. A method according to claim 6, further
comprising controlling contact with ambient
atmosphere.

-
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conprlses sen5|ng “tenperature and sound velocity with a first sensor

assenbly and se ggggﬂ ;hmlty with a second sengor assenbly
- 28- f% o 8 ' to claim9, where the.whr '
mﬁm d tenperature sensor. j°

conprlses a so
according to cl the first éénSor  ass
vel ocity sensor and a separate tenperature sensor.
according to claim12, mhere t he tenperature nsor is coupled with the
sound velocity sensor. - 1A %‘iﬁ‘trm(ﬁ?ra@@&te&f“ﬁﬁ pg sratrhdomgkEYe t he

t enperature faé?:.tﬁ:s,SE[@fral,s&{.ﬁd,] tHee methoddeehpyib¥ngerr], and the sound
velocity v[err] are predeterm ned and constant. 15. A nethod for ”

det t hi t t t | th t hod
comrising. (D) dieSe i REReRAerE S anf PReblainle T

(2) determ ning on-stoichionetry conductivity of the sanple at a nom na
operating tenperature; determimingiqandvctingtynoft thehsampley andind
velocity at a nom nal operating tenperature;

determining sound velocity for the sample;

where stoichiometry error SE for a sample
is determined by:

SE= Ax @(1— co(T —T:,))X(l -d(Q+c(T-T,))F "r.)')' oy )

wherein, A is a proportionality constant

relating stoichiometry error to conductivity; T is a
temperature of the sample; ¢, is a temperature

correction coefficient for sound velocity; ¢,ris a

temperature correction coefficient for conductivity;

d is a sound velocity correction coefficient for
conductivity; T, is a nominal operating temperature

point; 0; is an on-stoichiometry conductivity at T,:

and vy, is an on-stoichiometry sound velocity at T,.

12. A method according to claim 11, where
the determining temperature of the sample; the
determining the conductivity of the sample; and the
determining the sound velocity of the sample comprise:

sensing temperature, sound velocity and
conductivity with at least one sensor.

13. A method according to claim 12, where
the sensing temperature and conductivity with at least
one sensor comprises sensing temperature and sound
velocity with a first sensor assembly and sensing
conductivity with a second sensor assembly.

s
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(4) de}erninipg a stoichionetry error by a liquid chromatographic
anal yzati on; (5) repeating steps (1)-(4-) for at |east second

sanpl e; | tbR&da | inear relation betweg T Yo
error and terrpe?hgsg\eegﬁ&sefemmﬁ%vi ty and sound velocity gjﬁé@o ' g%gf”
SE= A X ([err] (1mm|ﬂ|“ﬂﬂmm r]1)) X(1-d(v(l+c[err](T- o)) V[ efri))-[err]
) "REPLACEVENT SHEET _

- 29 - by a | east squares anal ysi gt e determ ne at | east one

par aneter selected fromthe group of: [err] that is a neasured
conductivity (nS/cm; v that is a neasured sound velocity (ms); T
that is a nmeasured tenperapupethé&@Jadasrdily it iclalim 123 wRERE velocity
(ms): , [erﬁg %hat is a conducti,vity at inornal" oggrat%n% condi tions
(nS/cm): A that *P8 ZiFFbpBrRFoRat 3 ISFRVhSORRE ISR @ SRUPAsVELRTY i vity
into nol e-% excaand BPApérataré)séngors cn); c[err] that is a linear
tenperature correction factor for conductivity (1/deg C : cl[err] that is

al i near tenperature corrqggioa R§ﬁ§§§V$§%P Oqﬁpt%ghﬁ%gh%%?%/q§g§%;.d t hat

is a linear factor to adjust con I 'soun Y
the first sensor assembly comprises a sound velocity

sensor and a separate temperature sensor.

16. A method according to claim 15, where
the temperature sensor is integral with the sound
velocity sensor.

17. A method according to claim 11, where
the temperature coefficients, ¢,.c,,the on-
stoichiometry conductivity oy : and the on-

stoichiometry sound velocity v, are predetermined and

constant.

18.. A method for stoichiometry error
parameters, the method comprising the steps of:

(1) determihing temperature of a first
sample;

(2) determining on-stoichiometry
conductivity of the sample at a nominal operating
temperature;

(3) determining on-stoichiometry sound
velocity at a nominal operating temperature;

(4) determining a stoichiometry error by a
liquid chromatographi¢ analyzation;

(S) repeating steps (1)-(5) for at least
second sample;

R O O



T[erri s a non1nau operating tenperature point. A et hod accordlng
to claim15, e ing a st0|ch|onetry err

preparing a s?ﬁﬁ‘i Wmi stantially equival ent E{F@JQWEET "'AS BEEN
constituents g at least a portion of th sol MEPOACED th a
organi c solvent to produce a tw phase-npgture; obt ai ni ng & vatoe—*

representative of an anount of the organic phase of the two phase m xture;
determ ning variance fromej cdéteEiinG a addedd 2b1he2sh BEEwdin

constituent to the ution to obtain a mxture havin a u stanti al
stoi chi ometry r&tad S’b#'?:?é:t%&?r“f“h@ goﬁﬂ“??ﬁ%ﬁ‘t‘%?' afRpduct aing
water fromthe sesadtvelpalty wozdrdipgodace about a 0.2 nDI %

stoichionetry relati onship between the constituents. A et hod f-
according to claimgg5, t he IS nore o

t he paraneters and d é n#ﬁﬁ?@ @r ?gﬂgﬁ dg?adfnﬁﬁeygargﬁxyéfs by a | east
.squar es anal ysi s.

separating wat egyfé Oﬂl.a;[sq;e resul ti ng

squares a agbsgs to determine at least one

of:

A is a proportionality constant relating
stoichiometry error to conductivity; ¢, is a

temperature correction coefficient for conductivity;
¢,, which is a temperature correction coefficient for

sound velocity; d, which is a sound velocity
correction coefficient for conductivity; O, which is

an on-stoichiometry conductivity at 7,; and Vr,» which

is an on-stoichiometry sound velocity at T,. .

19. A method according to claim 18, where
the determihing a stoichiometry error comprises:

preparing a solution from substantially
equivalent amounts of constituents;

contacting at least a portion of the
solution with an organic solvent to produce a two
phase mixture;

obtaining a value of the organic phase of
the two phase mixture; '

determining variance from stoichiometry;

adding at least one of constituent to the
solution to obtain a mixture having a substantial
stoichiometry relation between the constituents; and

[
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to produce about a 0.2 nol % stoichionetry relationship between the

constituents. ~ 20. A net hod according to claim Tl ER @] » ¢
conpri si ng neasurﬂlg%hé%pﬁas%en@ Gee@f Ais a proportionality 1@&%%‘{ J‘JWAS BEEN]’

rel ati ng stoichion conductivity; c[err] is altegperd NGED
correction coeffic lmnmﬂml HctiVity; cl[err], which is a tenperature
correction coeffic velocity; d, which is a sound velocity

correction coefficient for conductivity; 5 rr], which is an
on-stoi-chionetry conductivity at T[err]; and v[err], which is an on-

stoi chionetry sound vel ocity. . at rel.fro e : d
determ ni ng the remai nder so%atrﬁé"lg'%e"]Sf'eﬁn?%é@ft’igirg;ésgjl&rig%or“{iixgﬁglei ty
constant rel ati kp proidsiceonbong arfo? moltotthismhipmegrycfredntippship

tenperature coriRGliedn ¢pef bbaseMtubResconductivity; c[err], which is a
tenperature correction coefficient for sound velocity; d, which is a sound

vel ocity correction coefficient for _conductivity; [err], ich is an
on- st oi chi onetry conducti A%y & MftEPA ?cﬁﬂﬂgiﬂ‘%r?% ,cjvéﬁ“bvﬂwa's an
on- st oi chi onet r yFuwrdhed Compisingt méasarind\oree lAnNores gfardsianal ysi s.

proportionality constant relating stoichiometry error
to conductivity; ¢, is a temperature correction

coefficient for conductivity; ¢,, which is a

temperature correction coefficient for sound velocity;

d, which is a sound velocity correction coefficient
for conductivity; Oy, which is an on-stoichiometry

conductivity at T,; and V¢ which is an on-
stoichiometry sound velocity at T, from the sample;

and

determining the remainder of the one or

more of A is a proportionality constant rélating
stoichiometry error to conductivity; ¢, is a

temperature correction coefficient for conductivity;
¢, which is a temperature correction coefficient for

sound velocity; d, which is a sound velocity
correction coefficient for conductivity; Gn,'which is

an on-stoichiometry conductivity at 7,; and Vr,r which
is an on-stoichiometry sound velocity at 7T, by a least

squares analysis.
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