proces removal of quaternary ammoni um salts (dB)Septesihes 2802 ne
sol uti on. ND OF THE | NVENTI ON 10 Many processes used to nmanufacture

pol ymers, plastic Ner-\ A | '

byproducts. In so%@ggégsg, pﬁ?éR%%&?ﬁ@ﬁﬁ?@%’?ﬁh&%%ﬁ&ﬁﬂgsgﬁg or
nore quaternary ammoniumsalts (QS) as an inpurity. Such quaternary

ammoni um sal ts f ' l‘ﬂ'hé j cal manufacturing process by reactions
15 between an 5??‘%?&???@%‘&2? V\A‘lll ch is often enployed as a catalyst) and a
chl orinated hydrocarbon, which is often used as a solvent (Gunnar O

Nevstad andg Jon SongHeagreint ititiflonSFaiatés tooa! proBes$ISt fe rd@dval of

(1984)). In recycle processes in [ t he product prine solution is

i 11 ved as | oBUStasaRn arananie saleuES) oA BingsokbR. 20 ronbr ane

el ectrolyzer technology) it is inportant to renpve quaternary anmmoni um
salts (@) fro ' f ' 'ge brine to the electrolyzers
because even s%&&&q{]ﬁﬁégafﬁEdﬁmnﬁg ammonium salts (QS) in the feed
bri ne causes el evated cell voltage and foaming in the caustic solution,

whi ch is aq@roduct ‘Rﬁa@)"?g@%ﬁ?ﬁ?ﬁ%t6%énﬂa‘%ﬁ]r&?ﬁdﬁgﬁ%{s,Eﬁl%§fiéé19aupd | ne

purification technol og ctive for renovi uat er narY anmoni um
sal ts from t he OH18mEhedicals genempte, bEinen§oIutioRs 25 BYREAIRUGEr y I BRHIE um

s?I tts (|QS) areclhbeg.efmf Fympuwbting}lﬁlmmmefﬂmusgﬁd drom(??‘ltfmnary

el ectrolyzer C [ - al | S . r, | S. a _nhee Qr _a_process
that wll remgﬁmﬂs'%aﬁa&gn@% aﬁtﬁﬁi'&ﬂ%@(‘t gé*'abrﬂuﬂpqrﬁ@%amdppawm bef ore
it is recycl edsalis ngarbfome inlthet chemical smasufdatiRingOpraddss| byEndactibhss The

D oSenL | Y5 LRRWEEH! AT Bfipnatte afiRY “wHicH 1 YR SRRy BE  idlfet

process for renovi ng guafernary anmmopi um salts &pt enber

2002 -2 from b@nleasghlaringtedydivdregargony whight ise often wsed (A% eoener s,

pl gst i cs) poi y‘(thﬂaﬁt@.SNeﬁstddOéﬁi‘tﬁUoﬁhSH'Pg_ﬁiaﬁ) A’tdté Chett.i $¢amd.biSegreBsol uz ion

and an organic n S resent.invention .provi des a _process to

Hooue ustor nERES Mad e Traddf. PRCRSHia BFfkes88 I8 Bilethed pRidiER o

cont acting t he bainet olutioy iswtitized: as Seedstqogo a whler-alkaly plantrtbat ases i on

Wi th an adg rb‘ﬁ'?émﬁi'aﬁ%t %mfoﬂ}z'é"retééﬁ‘t%li g]c rﬁmi§b$’l‘r\goﬂ§@@ i _pdiAdle 90C, at
to a d rom about 2

; OPe3e \&m\\ 17 Septenber 2002 PROCESS FOR REMOVAL OF QUATERNARY
AMVONI OF THE I NVENTION 5 The present invention relates to a
rt

H f t 1 t 13, d at te f 1 t 40
bed vol unea. peAURtEMaN GEPAIUEBAREEEIHan Rcbie Detare,feading thesent
i n}/e{l_t ion rego\beMetﬁmetmuaeetmlyzzrsamwu_ 'smeeehtssna(ll@.()jarftitiemdﬂmalhe'mmyt ]
solutl on, an . O e
quat er nary amrdtatanll? W%ﬂ@ﬁﬁ%?ﬁ%mﬁ%él E?%é]ﬁ{@ebgfis}ssgﬁg?&?ncgﬁﬁfaﬁﬁgepr esent
i nvention the Qngt deaanng apnthe Leausdict sojution, i whickpiesanpeadusy ebrthel a | :
R2 X _R-- ~B8§- Xmerthbéah&cEPeldetdlyzer.

Existing brine purification technology is ineffective for removing
quaternary ammonium salts from the brine solution. Brines that
contain quaternary ammonium salts (QS) are therefore not suitable to
be recycled to membrane electrolyzer chlor-alkali plants. There is thus

30 a need for a process that will remove the quaternary ammonium salts
from brine solution, before it is recycled to membrane electrolyzers.

SUMMARY OF THE INVENTION

35 The present invention addresses the above discussed needs by
providing a process for removing quaternary ammonium salts (QS)

»166166*
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wherein X is selected fromthe group consisting of C, Br, .and F; R
represents C a al kylene; and R2) R~) and R |ndependently re res a C ~
al kyl radical. A preferred quaternary amonium salts (dﬁ) SP: rgppere?g) 2\vher ei n
X is selected fromthe group consisting op.Cl, Br, and I; R represents
-CH2-; and R2, R, R each independently represent a C,. z al kyl radical. A
parti cul arl y prm’)m beideesblatiomegenerhteidh dufing sthet manutadturen dfspolyenerser ei n

L L A, SR AT TR A

invention is a solutiensndnan efganihisolyent phase.y ammoni um salt (QS)

(1059, by ve ghﬁngﬁsﬁéﬁe??@”‘“@eﬁﬂ Ty e fhoetS. i Hlialelall > PP

preferably ®her ammmrunqlsatter(ﬁhﬁ)yfra nnersoimars coumyisingh eontactingothe s i n

the range from g tﬂHP St A9 BRMINAY) biARE" dd(utsH With A t e
bri ne sol ution rtrcu erre rovr DI Qcess
wherein the qua?@ﬁgfiﬁe@ U%raﬁngmqtgern é%‘é‘eﬂ r%ﬁ?&b%@@eg Af om

about 1 ppmto QbﬂqtfrérQOQb@lﬁm t¥eabAnot I edn® A Ol fs@d ratd’ RBhlaboat I @gess
wherein the adso %gr s ,sel ected fbomthe group consi sting of activated

carbon) an ion @ Q Fjevﬁl'"rme%u‘?& O¥%r bonaceous synt heti c adsorbent) or
m xtures t & eof. A preferred car bonaceous synthetic adsorbent for 10 the
process of the Bﬁ% Ettga pyrol yzed sul fonated pol ystyrene

di vi nyl benzene. 'S 1 nven o%?’gotr%lrr ses exposing the brine solution to
ei ther a carbonaceous synthetic adsorbent, activated carbon or a strong

a0 d_or, nealc 2 9 | OTHRXBIRRSE dromereaeiht e ARl haelalerhayn it
can be carried 3[]1"‘98'"5" ﬁ%é&% EFPE‘ F%BP‘P@; st'-BW‘aSBHE{hg orgeniuskd ooc,
with the prig er irethe prosesstdues het rejease theequategradyrammoniurh Sklts (Q8pout
80C) and the rm&éc,gtlﬁé é%g'{‘gﬁ,s@ﬁm{ ure being in the range from about 20C

to about 80C. T resent invention can 20 be carried out at
a pH ranging from abdmthqpfes%meni@n thetquatemary anyeoniuonsalis QS iso
about 11 being p&sre8ehfsd ngpg"ﬁu@l-i range from about 4 to about 10 being
nost preferred. Another enbodi ment of the present invention is one wherein
the feed rate of the brine solution is fromabout 2 to about 40 bed vol unes
25 per hour. A preferred enbodi nent of tﬁe present invention is one wherein
the feed rate ranges fromabout 8 to abort 32 bed vol unes per hour. The
brine solution can be purified in ei bgt mode or in a continuous
made, for exanple by passing the bri oP'er a'Xpacked bed 30 of resin beads.
Typi cal conmercial brine treatment opera Jng conditions can be used, e.g.)
fromroom-t€®perature to about 80C, usr acid or alkaline pH from about 1
to about 13, at feed rates of about 8 tformutad 32 bed vol unes/hr. As used
herein, ion exc Err(ﬁsrhﬂsdle%té’d%tdrmﬂe ?6\&%&\ sﬂﬁg‘&f%‘g Bf, £ diFexphange

resin with an al counter 1 on T um ¢ount et 1 on.

Brine sol ution, raerm %?M%MRZ RieanddRS in dependenty Ferfesepba - 4
c&rrprl 3es at Ie;@,g,aq r&ﬁltdal £ Aspreteired qfuheéﬁ\xﬁhﬁaﬂrrﬂ?rﬂuﬁpmw(m ?ns)bneod: urn
chloride a Ssi U 0 erein.the sol ute
ranges frozﬁg dﬁ‘%'ev(g}g ﬁ"sté&hm%tdé? ?&%Wgrqfaﬁgeﬁﬁr%wdn%or nt,
at a given oper aepre;emsrp@Hg-t;mnd RA RPoR! eath ifdependently repsesdntoaCol unes
e the p esant - S0 Fadibdlc) 2 el gl eftboingtlt 9F 4 gigsed 1t O
hour. The term dovenrtiomis onemwherein chloromethyl tnathalamrmnowm d‘aﬂdﬁp@uﬁh‘@s of
Formula |, incl ltﬂth abkirheniam \c:éaﬁ]uam@alﬂeﬁn 1FérﬁB§Péﬂ?|ﬁ'@rH|4heD§Tlﬁ'eLS Two

types of te swereé) ormed to e e the effectiveness of various
brine treatnlnt SGlul Muat ernary ammoniumsalt (QS) 15 renoval . First, batch

S}’"} rl ttest S were condmsbwbom«aathme pregentinvantion liselat tprotess Whairein the

ef fectiveness in_renmpvin at ern annnnr sal ts

several gallons ¥ BF%{XQ%B %(m #@%&8@'&?’8 jony rﬁggﬁéﬁt}@e%?ggﬂg 5[ hi s
purified brine vearts eermillian! (apmyetob1 0,600 ppm-(A0R6)| by seeight of tiee dirinet i on
of voltage and foam ng.



20 A. Batch Tests: Exanples 1-7 Table 1, below) shows the batch test
results. Nomnally 100 granms (g) of brlne solution (23 of NaCl 77 g of
distilled water) 25 spiked with 44 ppm of chl or onet hyl 1?1339%@5@99&@95% um
chloride (hereinafater referred to as CTA®yr) a quaternary ammoni um sal t

(@) was mxed with 125 mII dsorbent in a 250 mlliliters (m)
Erl enmeyer fl asRolubipR, and pre e?%b ngEneﬁecg}.@tgrr@ﬁy ammaRius §aitaI(QNaker at

100 revol UthﬂScWeriﬁalid:hels niﬂthé r&ﬂbétfrd?ﬁ amw;brsrﬁrt%dab'éutnm @Qoap chner
funnel under re&y |V|2(gﬁwr|neflltrgn e&% CTAC
level in the br é\)fp ttq{ enRing, selutigy. peﬂ YOBF gied(1 C) .
iLOSepz inggr ZPemboaurﬁebi prdwdre@rw% s owherein QTé\ deﬁéﬂia mmﬁﬁrﬁd%ﬁ Fe:jm
ne 0 ze onat e
Pol yst yr ene%: Sé%g\gﬁﬁsfc%gﬁgﬂﬂﬁ %2@%%’88&1 é\"tl fh@gBPB"BOO)
29. 9325Act i vat ed Car Neh aﬂw\gonembc):ilma%%tﬂldemgaAprmbdssn whereimrtper :
di forth 28 t h
- sodi um f or t AOSIPEDS - EHIECERTRATHE o odriSiethy dradRE bnbltal " o1,
CTAC renoval pyios mbaogeommdangoaygwpaa@em|syy1trmcz@d50(mmqnd Haas
Anber sor b 572(Eﬁﬁﬁ9|'é§3}her€ﬁf 995(‘W@e@r’é&a@bén@eo@@%ﬁﬂeﬁer‘ad@drﬁéﬁﬁ% 300

Ex le 4 di Ex t t
o and wellkacthe | BIPGEREndgdie o orament. AANUOR) ufhﬁvrq&fﬁq”ﬁa&ompum
f(r)]rm 10 B. Oonpolystwené’ adivinylbeapphes *Bhna;OmWaMicm Iconyirises ekposing Whies of
t hree conti nuou I
| aborat ory scal Bn}‘g%%hg}r?g‘ é}%ﬂér é%ﬁ W%ﬁgzereltﬁ?dﬁ% a‘rﬁégg%?tg?' al kal i
el ectrol yzer hagambe® qrsacﬁimawdmrsweahag 98 exahengentsin thad is irdtshode

conpar t ment ) sea%ﬁtrﬁeitabfbrﬁ] RRIthR SO didr Sorih bemg%%véﬂr@d! i's introduced into
t he anode c artnmen di sti ntrod UE’Ed |r1t8 the cat hode

conmpartment {2 fol | oweé-hﬁyp@ﬁﬁfs? (ﬁtﬁ"‘&npr@ﬁeg{ WPP#‘Q%IC% RefRMg
menbrane el ect r tdrigeraturéhi rangingc dsn eaboutitr ol 90 stot rebad dOOTT C With i tllve 20

br oduct exi 1 ngPLaTEd: EuRdtEnB beRari S Ff Hoph baioecdo ABME e,
by Curlin, L. CBOESmandathe miost\preferred Rempstaturecbetmg imithe.l rangedfram or i ne

Pr oduct Chl
chem cal Tech(r)ur) §§£§§£?§ BT e prace e preRneasRinal )

Cel | vol t aged AeRpts 3t attd ’ﬁﬁﬂ'ﬂﬂaﬁ@“eﬂ%{trbft?ﬁl’éf‘t%rw‘!m@ pH
i ntroduction of rarife frofPabbul'8 t6 albdut drisbeing phefemredd andral pbhidngeefrom

compatrent, Lo Bt el bl CocoL T S ooe (T
t he cat hode conpart mAmnothalgmbodimentxfdhe prasendinveglionds one vihvergimtharber
2002 -6 5 10 15¢gdY éate of the brine solution is from about 2 to about 40 bed volumes
25 per hour. A preferred embodiment of the present invention is one
wherein the feed rate ranges from about 8 to about 32 bed volumes
per hour.
The brine solution can be purified in either a batch mode or in a
continuous mode, for example by passing the brine over a packed bed
30 of resin beads. Typical commercial brine treatment operating
conditions can be used, e.g., from room temperature to about 80°C,
using acid or alkaline pH from about 1 to about 13, at feed rates of
about 8 to about 32 bed volumes/hr.
As used herein, ion exchange resin is a strong acid or a weak
35 acid ion exchange resin with an alkali metal counter ion, preferably a
sodium counter ion. Brine solution, as used in the present invention,



presence of caustic foam ng for Exanples 8-10. These exanples used the
menbr ane el ectrol yzer process outlined above. Exanple 8. A tab scale

menbr ane el ectrol yzer was run for several days under ul7iSeptamker2O0ae
solution (30 g of NaCl per 90 g of distikt4ed water) conditions. The cell
vol tage was stable at 3.25 volts and the caustic product showed no foam ng.
Exanpl e 9: Bypr ooluptises iabdeast! oneé solftalsejectedNirem the Oup consigdingr of was

obtained froma e arts
er i 111 on_ ( ppiyaHioiee SR potasaRf Gfferdey i wated it teinbut 03
CTAC- cont ai ni ngO mersolumsra“r@@stfoomr@mteﬁ:wecgmmarceat bf watter tooabeugdts
stabilized at t atl e | e 8.
Further, during éﬁré‘(fb'n ?O'Whﬁhgaés@hc%ﬁgﬁﬁqj @h#ﬁa{t foémﬂhe'l (?éfx%npnpl e
10: Bypr odu bEXW@SW @S eVAUMLS RErcRQWd wem@@mgn WétQﬁ ver a
& ¢ @sp)Q bedval chawd f i di thaé S
bed of synt hetl gafdis ofadohaticrp (e @@Ia@érbﬁmhe(&@éehseébeﬁé?aorﬂéctéewnh

t enperat ure. at e brlne the el ectrolysis ce or
this test, the bi’a salEasat A adsprbiny baf Bous” Bas ser custerans biter

produot sgl ut osa (BN iextadslton ot sompisrde o Lﬁ?’é?“#?ng'eﬁ;“p“r‘?dﬁt
brine with the Béf‘%ﬁﬁ@éﬁgﬁ' r{i@h %%% pol ystyrene divi nyl benzene (Anbersorb
572) is ef fHEtive i n | owering the cell voltage and avoi di ng caustic

foam ng. Tabl e g T?E TARlg Voltage (volts) 8 Utra-pure Brine ~
3.25 9 UnVeat ed eactlon Byproduct Brine 10 Fhrrolyzed Sul f onat ed

pol ystyrene Divi ny(benzene 3.25 (Anbersorbm 572) Treated Reaction Byproduct
Brine The presence offwoaypes of testsiwere wsfontied' tol ealulte thel éffsttivegess sanpl e

sarple 1iquid 8t %t'%h?g@% E&Wﬁ(’fﬁ‘ -aRterddry, Homadilag s cids "°
sanpl i ng, then remov;aﬂ uFirst; batchcewish teste ware oenmmeﬂomn@em sewrabti c
Foai no yes no aqldreRty ef&?“(g@f?o%ﬁe&wéﬁ@ssf % @ﬁﬁlﬁggC{pgo:ﬁdﬁéﬁlawan

about 10 seconds then t ?gb n was consi der
S

Sept ember 2002 emmmum salts, W"Qeﬁﬁwahﬁﬁﬁg%ﬁﬁ 96‘"3@&"8%‘”9"9
ammoni um sal ts ipagsed ovaE ohel ddssrbent Rddhthi punifieddban@ ivead d6¢ t6 b um

one al kyl g1 oup R ERstaEaRali e 5 St v ahad aPAIERIE, U’ armoni um

salt contai@®ng brine solution with an adsorbent at a tenperature ranging
from-10C to 90 B’Jtzl'.h”"TBHsf' Egtg}ﬁlmégnlﬁ and at a feed rate from 2 bed

vol unes to 40 bed volumes per hour, wherein the quaternary

Table 1, below, shows the batch test results. Nominally 100

grams (g) of brine solution (23 g of NaCl in 77 g of distilled water)

25 spiked with 44 ppm of chloromethyl triethylammonium chioride

(hereinafater referred to as CTAC), a quaternary ammonium salt (QS)

was mixed with 125 milligrams (mg) adsorbent in a 250 milliliters (ml)

Erlenmeyer flask. The flasks were swirled overnight in an orbital

shaker at 100 revolutions per minute. This solution was filtered using

30 a Buchner funnel under reduced pressure giving a brine filtrate. The

residual CTAC level in the brine filirate was then measured by ion
chromatography (IC).



10 ammonium salt is represented by Formula 1: RZ X. R~. +R3.X0 15 R4
wherein: X represents Cl, Br, | or F;, R represents C-_3 al kyl ene; and 20
R2, R3, and R4 each |ndependently represent a C, 6 al kyl7 Seniemher 2092 A
process of claim1 wherein the quaternary ammoni um salt concentration is in
the range fromO0.5 ppmto 100,000 ppm (10% by wei ght of the brine
solution. 3. A process of claim2 whemein the quaternary amoni um salt 25
conprises from1 ppmto 1000 ppm by wei ght of the brine solution. 4. A
process of claim1 wherein the absofhst1is selected fromthe group

consi sting of activated carbon, an ion exchange resin, and a carbonaceous
synthetic adsorthantple oAdsorkéntr es thereof. 5. A pro@I»e lebelphm M 4TADR/DN

t he carbonaceous ynth i c 30 adsor bent is pyrolyzed sulfonated pol ystyrene
di vi nyl benzene. 9 17% i

Fim lﬁQ% rocessoolalmlwh ein the
t enperature rangeg frorpy gu °|y ;y;,gc ss of clglsm 1 wherei gt he pH
ranges from4 to 10. 8. Bivinytbemeseof claim1l V\/nerelnthefeed rate is from
8 to 25 bed 5 vol fines Vmarb@ﬂcalgpnﬁﬂimerb ﬁOQ)I al m 29.9wherein t 138

quat ernary ammoni m sal %1’8? igﬁ pPLGf)I etf ? m hal i de. P§O A
process of clai m ﬁ I ogena guat er na

anmmoni um sal t cont7a| n| gba,umf an ads@gglent at a
t enper at ure rangi ng fqublﬁ}ﬁ:ahd)HBéKDP a pH ranging from3 to 11, and at a
feed rate from8 bed volunmes to 32 bed vol unes per hour. 11. A process of

claiml Conﬂﬁésgfb%% é?ﬂé&u@été&goﬁo@ﬁté‘%P@ﬁﬂbe%ﬁH@élePg@ia&e%”%ﬁbHﬂeﬁa' t

cont ai ni ng brin rature ran ng

Cpom 508 T opatystyrare diinyibanaehs (Ratwm And, HeRs Ambesso® 622 (xamP

bed vol unesgyj oCalyoneCP® (ExampheS)hart- Caigon Filtrasorb® 300 (Example 4)),
strong acid ion exchanger (Example 6) that is in the sodium form, and weak
acid ion exchange resin (Example 7) that is in the sodium form.

10 B. Continuous Test: Examples 8-10

Table 1l shows the results of three continuous laboratory cell
tests in which brines were fed to a laboratory scale membrane chlor-
alkali electrolyzer. A membrane chlor-alkali electrolyzer has two

15 compartments (an anode compartment and a cathode compartment)
separated by a membrane. The brine solution is introduced into the
anode compartment, and distilled water is introduced into the cathode
compartment, followed by application of electrical current across the
membrane electrolyzer. This process electrolyzes the sodium chloride

20 from the brine solution and yields a caustic solution as the liquid
product exiting the cathode compartment. Details of this process are
given by Curin, L. C, Bommaraju, T. V., and Hansson, C. B., Alkali
and Chlorine Products: Chiorine and Sodium Hydroxide, Kirk-Othmer
Encyclopedia of Chemical Technology, Fourth Edition, Volume 1, pp.

25 938-1025 (1991).

Cell voltage was measured for the membrane electrolyzer after
the introduction of the respective solutions in the anode and cathode
compartments, followed by application of electric current across the
membrane electrolyzer. The foaming was measured for the liquid

30 exiting the cathode compartment. Table Il lists cell voltages and



12. A process to renove hal ogenated quaternary amonium salts from brine
sol ution conprising contacting the hal ogenated quater nary ammnl alt 20
.containing brine solution with a syntheti c activat ed car7I6R :igbﬁ
wherein the quaternary amoniumsalt is r8presented by For rruI al R X-R ~-

( R3-X 25 R4 wherein X represents Cl, epresents C-_3

al kyl ene; and F@® sggceagﬁ Hsté%cfﬂa”\‘ﬂﬂag@hm%}eﬁe%wse thege cexamples,

radi cal . 13| tTh@séﬁ ﬂwmmbrlambaelécﬁ?’l zmbésbhﬁldéwémaa&id -?-lﬁat ernary

ammonium salt is a cplgro-a at er nar € process

of claim 12, wherei nEf(ﬁB"mﬁl éca[}al"g?'ﬁg]m eal‘ﬁﬁ"(k\fﬁeur’r‘f”gﬁl fun 20 g

<[:) hl or {)met hyl trsevéml davsrunder Iuara -pare bA® sof\tioh B0 §6f NaQhyser/d0 ghélZ*" . @
cX

F~xr mhc"Y] c% ca?'@gﬁl%%fvcaé?j)ccgﬂfigﬁ’ﬂfcgbf5&@"85@%é‘f %sa?tégﬁecﬂ]:ic%? élgltﬁzf]"ga] cal ca

] ca] ca] cg{/g?]( ??%f??%?ﬂt@mychi ]O doamin [! | L 2 cal ca
" H#H#2 ?(pb

] caU] ca] cal] ca] cay c?%a a] cﬁﬁ?@g 5'?] ?Lﬁ? Sr}sﬁﬁ"] @'gr . 81] /1 2/ DO

Q0X0”"0pOt 000023‘9!@2&%6%%&%? vifPEbh eXxPaly YZ‘U}"CFW& é]Sc;eq paajidisbisieca) caj c

al ca] ca] ca] ca] esntamedb &ﬁd éiﬁﬁﬂéﬁ %f fftﬁrlrféaé&lﬁﬁéﬂuca] ca

] ca] oa] oa] oty citer) 45 LafiRales ?cﬁﬁaféﬁoegqnb@%aﬁfrleaw@a] A SPEEPbaR o] ta] o
a] ca] caCZeFs 10&@l,(the! valtage&!tdbilizddl av&3.43 -wolt8Y&vHith fis h&"/&e&hte@ value
18%‘&) ()* &}13;;& ét:@é@%pl?\@ 1@0@11&) J&@g #A4S8, the 'cHustic product
exhibited foaming
Example 10: Byproduct brine from Example 9 was treated by
15 passing the brine over a bed of synthetic activated carbon adsorbent
(Ambersorb® 572) at room temperature. This treated brine was then
fed to the electrolysis cell. For this test, the cell voltage stabilized at
3.25 volts and the caustic product solution did not exhibit foaming.
By comparing the results of examples 8-10, it is clear that
20 treating the CTAC-containing byproduct brine with the pyrolyzed
sulfonated polystyrene divinylbenzene (Ambersorb® 5§72) is effective
in lowering the cell voltage and avoiding caustic foaming.

Table 1l
25
Example Test Celi Voltage (volts) Caustic Foal

8 Ultra-pure Bnne . 3.25 no

0 Untreated Reaction 345 yes
Byproduct Brine

10 Pzroiyzed Sulfonated :

olystyrene Divinylbenzene 3.26 no

{Ambersorb® §72) Treated
Reaction Byproduct Brine

The presence of caustic foaming was determined by collecting a
sample of the liquid exiting the cathode compartment. If the foaming
above the sample liquid surface disappeared within about 10 seconds

30 after sampling, then the solution was considered to be non-foaming. |f
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contacting the quaternary ammonium salt containing brine solution with an

adsorbent at a temperature ranging from -10°C to 90°C, at a pH from 1 to 13, and at
a feed rate from 2 bed volumes to 40 bed volumes per hour, wherein the quaternary
10 ammonium salt is represented by Formula 1:

15 R*

wherein:
X represents Cli, Br, | or F;
R! represents Cy.; alkylene; and
20 R? R?® and R* each independently represent a Cq. alkyl radical.

2. A process of claim 1 wherein the quaternary ammonium salt
concentration is in the range from 0.5 ppm to 100,000 ppm (10%) by weight of
the brine solution.

3. A process of claim 2 wherein the quaternary ammonium salt

25  comprises from 1 ppm to 1000 ppm by weight of the brine solution.

4. A process of claim 1 wherein the absorbent is selected from the
group consisting of activated carbon, an ion exchange resin, and a carbonaceous
synthetic adsorbent, or mixtures thereof.

5. A process of claim 4 wherein the carbonaceous synthetic

30 adsorbent is pyrolyzed sulfonated polystyrene divinylbenzene.
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contacting the halogenated quaternary ammonium salt containing brine
15  solution with an adsorbent at a temperature ranging from 20°C to 80°C, at a pH
ranging from 4 to 10, and at a feed rate from 8 bed volumes to 32 bed volumes
per hour.
12. A process to remove halogenated quaternary ammonium salts from
brine solution comprising contacting the halogenated quaternary ammonium salt
20 containing brine solution with a synthetic activated carbon adsorbent, wherein the
quaternary ammonium salt is represented by Formula 1:

25

wherein
X represents Cl, Br, | or F;
30 R'represents Cy. alkylene; and
R?, R® and R* each independently represent a C1.¢ alkyl radical.
13.  The process of claim 12, wherein the halogenated quaternary
ammonium salt is a chloro-alkyl quaternary ammonium salt.
14. The process of claim 12, wherein the halogenated quaternary
35 ammonium salt is chloromethyl triethylammonium halide.



