MO 01/ 28666 PCT/ GB00/ 03902 PROCESS FOR REMOVI NG AND RECOVERI NG OF PHENQOLI C
COVPOUNDS FROM AQUEQUS FLUI DS The present invention relates to a process
for the renoval and recovery of one or nore phenolic conpounds from an
aqueous fl UWB/28§6&arti cul ar the process conprises 5 trgg’§?€?rm9’?i’@°2t he
phenol i ¢ conpounds fromthe aqueous fluid to an al kaline stripping solution
across a non porous, selectively perneabl e nenbrane, adjusting the pH of

t he al kal iPTRECES? FORFFMQYINGANP BEGQYERRIA OF BHEDALIE COMRPUNRE FROMAQUEPVRFLIIBE ol i ¢
conmpound rich phase fromthe acidified stripping solution. 10 Many
phenol i ¢ conmpounds, such as phenol; cresols, nitrophenols, chlorophenols,
enter aquedis poesentcseentipn eclates fma prasesscfar therromeval iand recohery ©f 98¢ GEGIOBE ar e

i n many case oxic. Methaods for renovi t oxi ' u m

aqueous pr oé’zg%‘)th'gt ?%?émésr ST 2KI8Wh .ff.jungorre gﬁ%‘ﬁ%{;g&nﬁ% %O%SLOSIE%JSEQ

menbr aness tandferagahe phedolie NdongpolndsC fromnthi sdquepusi fiuid o ranusikatnetstapresg t o

provi de a phase contacting between, agueous and organic,sStre IS | 1

known. For SRWHER @CIRES:HROD PRIQYS, Selgpiives pyrmed BHFH%P?E“ST a‘imﬁﬁezf’fécﬁf te 20

(1984) pp 1 ﬁﬁ-ai,-ﬂ t ! ﬂ:@lq%ﬂ’&k% PRABEA 66 Eph@H richnFHaké | Si ng
2 acgssﬁ'ﬁﬁﬁﬁ_sowﬁ%n%ﬁ LparatifigC .  PRbHS I\X

sol vent inter urrng solvent extraction cheal s and
Peretti Jourfrom thefaciiified swippingspliion 75 (1992) pp 277-292 20 report using
m cr oporous pol ypropylene fibres to stabilise phase interfaces during
extraction of nitrophenol from an aqueous solution into octanol. US
5,512, 1800 dadanyi fiteaocliccqummneds; sucthaes phenol airgspisppigtophenols) phiotophanolspedtenas

used to extract nitrophenol i.n ni.Cropor.ous:Aenbr a t

cont i nui ng ﬁBﬁ“&W@hﬁmaﬁgﬂgﬁﬁ%ﬁp&éﬁm ol V&R m@)%%?%%%eo% I\E/)l\na‘%yhggeﬁ

M Cr OPOr OUS toXIEMMeBitAS forSefnbaEny teak biganid givleules fRnpipseus process steeanshey due
to pressure inbal ances. TgQ overcoc[ge this_problem various inprovenents
have been slddowa. Somp ofthesramethodsusaBsmbiaR®enbr anes conprising a thin

| ayer of non-porous organic-perneabl e polyner bound to a m croporous
menbrane to avoi d phase breakthrough, for exanple US 30 4, 960,520. However,
in all ol5t derabpre selysats extrantipy ensing [aistoperss amembignesn & Frgwde c@ Rhdsfound

| S broduced i ehho tkedEfleliR HiaoGYREE stlant is WP ki, " FOP BRartflY KilkD)
Bhave and Sirkar Journal of Membrane Science 20 (1984) pp 125-145 report the use of

microporous membranes for immobilising solvent interfaces during solvent extraction.

Tompkins, Micheals and Peretti Journal of Membrane Science 75 (1992) pp 277-292

20 report using microporous polypropylene fibres to stabilise phase interfaces during

extraction of nitrophenol from an aqueous solution into octanol. US 5,512,180 describes
a process wherein polypropylene glycol MW 4000 was used to extract nitrophenol in a

microporous membrane contactor.

25 A continuing problem with membrane supported solvent extraction with microporous
membranes is the breakthrough of one phase into the other due to pressure imbalances. To
overcome this problem, various improvements have been suggested such as using
composite membranes comprising a thin layer of non-porous organic-permeable polymer
bound to a microporous membrane to avoid phase breakthrough, for example US

30 4,960,520. However, in all of these processes a solvent phase containing the organic

compound is produced which must then be disposed of or treated in some way.



2 Contacting two aqueous streans with opposite sides of a nenbrane to
effect extraction of organic pollutants fromone side to the other is also
known in Jva‘ﬁl/?sr{; Supported liquid nenbranes have been_applied in this
mode. For exanple US 5,507,949 describes a 5 process whEFUCRMWH®Zpores of a
m croporous hydrophobi c membrane are fjlled with a hydr ophobi c

pol yanphi philic oligomeric or pol erEI’I?C liquid to allow mass transport of
vari ous organi cs across the menbranes. In this application the driving
force for cgxfabfyltweAquédas Rpchms Mt E‘é?tretsﬁﬂs bm%&m%&&%&@&&%prow ded
by a stripping sol utlon The dr|v1 n orce produced by a stripping =

sol uti on neganicaioliutapis fropoenecyids @rthwgmlsmi@dmomlxo theeartt Supported liquid
correspon S c [ VEL S of an
organ o elrils hedt*bdf BoAEHL uR: WP M Sithle s SXorSAT el 5

sol uti dn. pB:cedsogherahlﬂye potes \of a miommmtﬂg:yﬂrdphé&uomemmm dilleg wﬁth hl sed,

for exarrp s a nethod for

088, 443. M.chael.s et al 0S
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nutrient- Q&Eﬁtﬁlol’%aﬂﬁs GRS mEnbAAE BSihitappRtdion/Hel dofvihg TBIE fRRFadliohh Wat er
15 inmm scible so nt filled pores. The two streanms do not m x but the

organi ¢ t 85Peate supnogted diguidsmembrapesimeibe ROVIded by & FFIERIAE é@%@% tike
nb d with
menbrane Tgﬂvifn Fordt' ddﬁEEd B4 gﬁ’iggmﬁﬂsﬁﬁ‘xﬁon 3 g%!kraxgﬁn %&)@rm Or & gﬁx}x@

t he out si the oIIowf| atilise t lents

t oxi caHt s acid tgyitpeartespondingrsalt using\a basic ﬂnmmsisﬂmdmoﬂmvmgn obarc orghmic

conti nued p WL S p gﬁnm es have
been enpl 8?/%08%5 %Hfsepcglginé??lgc. g o% g%%#% so grﬁl ceﬁslglyglom one‘%gqueous
st ream i nswippingtshintions fiap ,aBBquOuﬁBiseﬂ, ot esarples USi 41988813y@nidivbpdis et al. pol yner
films used. for keepjng.separate two agueous phases, .one bein ste

St 6am anGERES R REOEIE FProding s BPSEF SF TR S RBE PET ERSBH ot an
can be 2%itod @tieitiionthiliyy aQUGEY Strdath usih® hallow Qibrs @ibnitR4nd atittC aater 0! | ed
pH. In the aboye prior_art, g_‘granes are substantially rj gl d and are

enpl oykd RS sokyiqet fillediporesy, A B0 streams o, pot mix but the SRgapisdpeARIs 8% | n
spiral  wWouaskfRAUE RS theTREEE staadi i Sdss tﬁsﬁeﬂsﬁhale@qletﬁu%@%@ahﬁ sRad- mass

transfer and. fluid distribution around all of 30 nenbrane surfaces.
organisms growing associated with the outside of the hollow fibres utilise the nutrients

and organic toxicants as growth substrates which provides the driving force for continued
transport. o |

20 , _
In further applications non-porous membranes have been employed to effect extraction of
organic molecules from one aqueous stream into another. US 5,552,053 discloses solid
polyamphiphilic polymer films used for keeping separate two aqueous phases, one being a
waste stream and the other a stripping solution in which the organic pollutant can be |

25 concentrated by conversion into an ionised form at controlled pH.

In the above prior art, membranes are substantially rigid and are employed in shell and
tube modules, in plate and frame modules, or in spiral wound modules. These modules
are designed to generate good mass transfer and fluid distribution around all of the

30 membrane surfaces.



MO 01/28666 PCT/ GB00/ 03902 In a fem/cases tubul el ast oneri ¢ non- por ous
honngeneous menbranes for exanple S|I|cone rubber (cross |inked

pol ydi met h ane) tubes have been disclosed. The tonmeric
menbr anes gﬁxﬁFﬁgéseparatlon by all owi ng specific- chenlcaﬁaégé%ﬁﬁgﬁ (for
exanpl e, hydrophobi c organic nol ecul es such as benzene, toluene, or their 5

derivatives) to preferentially dissolve 3n the nenbrane and pernmeate across
the menbrank a fgw diasesy gibulét @hstemetit monpbtous homogéhegis: membeares &t ¢xample

driving for CFgﬁ{gor ?ﬂa(an%swlgkj % Hglgg’ m%&o%ysﬂ%? e;\fubrlg 21%9@ bgénsg’x%é?ésgﬁ arpystem

of appar at u¥* m contai ning toxi ¢ ofganic
conpounds i tabbRel elastoinbic inRfibemes providk aeparatioh\bypiomiradpecifie Ichermoaiespenlésber
menbr ane tubes suspende a bioreactor receptacle filled with a .

bi ol ogi cal I (for xawgl en&ﬂﬁﬁ?ﬂ"h‘ﬁe“ﬁﬂ%‘? dRRlEgHes EE 7D oRRAEENE Y PHERE, %‘c%"&%’s t he
silicones rHQ-%ﬁvéE?ﬂi}Sr@ﬂ?enﬂﬁl@ dlﬁoﬁet@&e%&ﬁ&ﬂle%klbﬁnﬁ&w AFosSRIE ItbRBMIRY €

they are destroyed b m-'crobial culture. Further exanples of the use
of tubul ar by diffusivarindemtatinflyencs ofaz ehamioa) @qtyibodridng foree. n¥errexpmale, Hpst ens

(Cote et . L

per vapor at i ’r?gféayhu%ﬁ s&’% @%g,a%urn&;@%n%ﬁa%le ém@%@n ?L%afte%

© pl47). In steeanf containia rodie ntgasic campbxmdsss feditb itieoinside b balectivelpripermeablehav e

been used to_extra organi cs roma us strea prior s (US

4,715, 21. 7; SHODE Qg’g?erl ‘141%5 b‘fsB i Fig? JHoF nf"’&"'ﬁ‘%&‘eﬁﬁ%? ‘xf?)*bu ng

sol uti ong cemgh&llyﬁcwegﬁiam@macm toxic ofbasit Qoimpbells§ diffidel dtrds8 the) sitiostt

solution is knowmn with regard to nitrophenolic, co recover For
eraﬂgeps éi’

exanpl e, vaﬂhbefsmﬁﬁb‘@é% torthe Riglogically,adtie mepiung v @5 degproyed Fl}eppl ng

sol utions coptah Ef&gmfy trophenolic materials. These stripping solutions are
generated as a product of nitration reactions. US Patent 4,597,875
"di scl oses a process for renoving 25 the nitrophenolic materials from an

| kal i t gl ' t] byt t t

Pover 15 prRaR SaRglsd; ot o el S Bl dusonllis SUbithes o Soglhaih br D,
sol i d neltSer iidrobibl systenss $Cgrarat g Jouthalodf Membranea Stienvat w89_@cp103h dnd

di d of -b t 4,9 I h
hePor bar T nes et BSESRRon e, Fomala Weoheas Sl THB kD, i
fol | ow ng WHeCheld ofUdbeinftal adlysis, WaicBhe nibber HiRhrdnes hawd betd dsed Us astrhd

extract t he nitrophenolic conpounds fromthe wastewater at el evated
organics from aqueous streams prior to analysis (US 4,715,217; US 4,891,137).

20 The processing of organic-laden stripping solutions comprising organic acids in
dissociated form in an aqueous solution is known with regard to nitrophenolic compounds
recovery. For example, vatious processes are known in the art for disposing of stripping
‘solutions containing nitrophenolic materials. These stripping solutions are generated as a
by-product of nitration reactions. US Patent 4,597,875 discloses a process for removing

25 the nitrophenolic materials from an alkaline stripping solution by treating the wastewater
with an acid to lower its pH and convert the nitrophenolic compounds to a water insoluble
solid material which is separated out of the wastewater and can be disposed of by .
incineration. US 4,925,565 discloses a process in which the alkaline stripping solution is

- treated with acid to lower.its,pH,'following-which a substantially water insoluble solvent

30 is used to extract the nitrophenolic compounds from the wastewater at elevated

temperature. The solvent is recovered by distillation and the residue containing



tenperature. The solvent is recovered by distillation and the residue
contai ni ng WO 01/ 28666 PCT/ GB0O0/ 03902 4 nitrophenolics can be i nci nerat ed.
I n vari at g 2866US 4, 925, 565, the sanme inventors use (FH %9'0?' cont rol
of the pH to recover specific nitrophenolic fractions by solven

extraction (US 4,986,917) and precipitation (US 4,986, 920). However, the

recovery of _the nitrophenolic fractio I|cate by the fact that t he
ni t r ophendHECRISROHCS 579 b meingrated; ygtaggn%%ﬁsgbpq%pﬁ ¢ SERE BYePR IS ne

wast ewat erfifferehtiali dohf8l bPMeSEH ©i fccRPapetifie nlﬁaﬁmmadﬁaﬁbn&cpcwehat I ons
.above the saturation concentration of non-ionised nitropheno

conpounds. extractigat QIS 4,986,918 apd prseipation {3 ﬁ&ﬂﬁal%rf&vmels theoreceieganf cs
renoval , ted to
bet weon’ scUGAUEHREICH: SEAR iCRahAcaRE by e b AP HEIIERNC Tue? sbid”

- menbr anss. prérdipitqmsementacldrﬁnamn ofnalkdd:eeamatdte cgnmbine renisedd nitrephenolic art .

15 In one aspect,the I_ny nt| vi des a ess r.enovyj ng and
Fecover | g SORBE M RS0 SPaYE o o AR cOhBREAE *of SosriSERNd 1
‘aqueous f|ﬁi&§)heh$lﬁ;daﬁ@6ﬁﬁﬁmwmrl si ng- the steps of (a) transferring the
undi ssoci at ed phenolic conpound fromthe aqueous fluid to an alkaline
-stripping solution, wherein transfer of the undi-ssociated phenolic

conpound f1nGR pbhs: &fHENNS ﬁtﬂbﬂnés%t B%Daaicmmaat he teRipbRfirs 8f BpéribnOCCUr'S
across. 20 a nmenbrane; wherein the nenbrane is non porous, selectively

per meahfe wﬂhﬁnme meniotmet eg; dmtqdn@ thetvern| SOrE0°G; far kexpmple wben Hsingg

sol ution %Xf'o yolume of aqueous fluid treated so that

t he total e IC :)un(f concentration in the alkaline stripping

sol ution, corrprl Si ng the sum of the di ssoci ated and undi ssoci ated phenolic

conmpound ncentratio e sol ubility of the phenolic conpound
in the 25 &‘T”F‘tté‘a"eg ﬁ‘i‘fﬁ% tlf %‘B' td); (c) regulating-the pH-

of the al kallne stripping sol ut|on |n contact with the nmenbrane to a val ue

at Ieai% 36 gH units above. the amwg di ss ciatiaqn constant of the
~phenol ApoRRect th "nB’eSSH § g %?P’ES‘F"SF THMQYIRS 20 TSRQYRTIRS PRE OF
cont ai ni NGnétk kandigdBeisted | phehdle sahpﬁma&t &eoﬁ'eaainuan\ﬂﬁ&JeﬂecPf&é‘ss
di ssoci ati on _constant of the phenol i ¢ conmpound and (e) separati

resul ti ng AeHRg thectns afin(@) transferring the undissociated phenohc compound from the _
aqueous fluid to an alkah_ne stnppmg solution, wherein transfer of the undissociated .

t he

phenolic compound from the aqueous fluid to the alkaline stripping solution occurs across.
20 a membrane; wherein the membrane is a non porous, selectively permeable membrane;
(b) regulating the volume of alkaline stripping solution employed relative to the volume
of aqueous fluid treated so that the total phenolic compound concentration in the alkaline
stripping solution, comprising the sum of the dissociated and undissociated phenolic
compound concentrations, is above the solubility of the phenolic compound in the
25 acidified stripping solution of step (d); (c) regulating the pH of the alkaline stripping
solution in contact with the membrane to a value at least 0.5 pH units above the acidic
dissociation constant of the phenolic compound; (d) adjusting the pH of the phenolic
compound containing alkaline stripping solution to a value below the acidic dissociation
constant of the phenolic compound and (e) separating the resulting phenolic compound
30 rich phase and the acidified stripping solution.



30 rich phase and the acidified stripping-solution. WO 01/ 28666

'‘PCT/ GB00103902 5 By the term"sel ectively perneable" it is neant a nenbr ai
which is perneable to the undissociated phenolic conmpound and which is

i mper meabl &YYIHE di ssociated phenolic conpounds 5 By thEVEEIMMBhenolic
conpound rich phase" it is neant a liquid or solid phase which contains
more than 40w % phenolic conpound. It wi$l be appreciated that the term
"phenol i ¢ cByRBeIREn “selettivdi¥ispeninyableinip ixumeamfa hémbradtwhichds ReDidablado dien R i s
or conprises an aro ic._group. 10 The, pbresent in t Qrs have. foun hat
control of DR S%Hawqaé“ﬁ@lglq?gpﬂ‘l‘gpgﬂ 'Tﬂb‘g#‘ r'lsgm?(ﬂ’ﬁ?al}ég%oc{é% $S§qc§atﬁdgﬂ}eﬂ%ﬁc

- reduci ng of .gas&kwdand in increasing the menbrane lifetime. In the present

i nvention, phenolic conpounds present in an aqueous fluid in undi ssociated
15 formare recovered by nmeans of nenbrane extraction across a nenbrane:
The menbrang, GORLAl Shedllic GHoudt fich BasBOliqb heari®h Bkl GRIiPBRABINM

| ayer. THe pHenolic conpounds™ pass 1 hto an alkaline stripping solution in
whi ch t he pleimains moeothproddwi$s phedeligewmmusdoci ati on: The al kal i ne stri ppi ng
solution is then further processed by adjusting the pH downwards until the
phenol i ¢ conpounds re-associate and precipitate out of solution as 20
phenol i ¢ conpailNee iipedtidtédihhtibe frmSphetlic cAmpedd libdudes app aodpavink|of ieder go.
a dissociation reaction when the pH_of the stripping solution is above the
‘pKa of the pFerawia ROE shswin is ofises anR&nF?“laﬁ‘ég‘g’g‘P'di'ty constant and is
defined pg follows (see for exanple "Organic Chenmistry" third Edition by

25 T.WG Sol ooms, John Wley and Sons, p 680): R-O4d + H20 R- 07+ Ot (1)
~RO H O+ pKeptsseatinventopy have oyl thagontrol of the pH in the alkaline stripping solution

assists in the reducing of costs and in increasing the membrane lifetime.

In the present invention, phenolic compounds present in an aqueous fluid in undissociated
15 form are recovered by means of membrane extraction across a membrane. The membrane
contains at least one non porous, sele.ctively permeable layer. The phenolic compounds
pass into an alkaline stripping solution in which the phenolic compounds undergo
dissociation: The alkaline stripping solution is then further processed by adjusting the pH
downwards until the phenolic compounds re-associate and precipitate out of solution as

20 phenolic compound rich liquids or solids.

A phenolic compound will undergo a dissociation reaction when the pH of the stripping -

solution is above the pKa of the phenolic compound, where pKa is the acidity constant

and is. defined as follows (see for example “Organic Chemistry” third Edition by
25 T.W.G.Solomns, John Wiley and Sons, p 680):

R-OH+H;0 == RO +H;0* (1)

[zo"[&,0*

pKa = logw( ROH] 2

30



WD 01/ 28666 PCT/ GB00/ 03902 6 where Ris an aromatic group containing
organi c structure. The phenolic conpound containing al kaline stripping *

sol ution } guently neutralised to acid pH and the phenoli c.
conpoundéwﬁgp%gﬁFto undi ssoci ated form and precipitate SGBQBNﬂMNp sol ution
as organic liquids or solids. The organic liquids or. solids are separated
fromthe acidified stripping solupion.ﬁThe separated acidified stripping
sol uti on rveherecR i ami anomasict groun ¢oppinieg/Eaniestrughte.ssoci at ed phenol i ¢ conpounds
and may be cycled back to the aqueous fluid to undergo further stripping.
In the present invention the extraction and al kaline stripping solution

r egener at i’ The phemie sompeundrioaginkigadkadine sinpping 3elutidn Banssehwmly neutifisédne
process are phenolic coppound rich .organic |i.quid treat ed agueous waste
Peopect i vab gid et aniné BRSO GobT AR an 4f Kadirasuttomsh FRCpreap Bt O

enpl oyesl rolsalutidifas Grghdi€ liyaitis oEsolifis. TROSGAMS lighids Or §0lide bR Gepaited Gomegul at ed
so. that the total pﬁenolic;co ound concentration ', 15 in the al kaline

stri ppi ng thonrudified stripping spitipg; tThe senaratesk acidified) sisippiag selutommgy ¢AMABS oci at ed

phenolt ¢ GRMRAUAGe/eR G ERLARS phéndlif Cbur R0 iy o2l HRL wleof the

phenolic conmpound 1 n the acidif “stripping solutron step but is
al so aboveqtéves flolditei widesgodfurthersérippingn olni the praseprsLintention thet extraction and

alternative t.he t.ot.al ol i Q ) i I n.th | i ne

St pp; ng et pERpRE sBRS0R rua BRI wE UpBRI I B e dels Belle G 1

t he acilgli fthegraessi api plgnskd wbinpoundf rich @pgabit) liquddt andStreated) auebey wabtan t he
solubility of the phenolic conmpound in water. The latter alternative is
possi bl e HEPEHYEY- t he acidified stripping sol ution of step (d) may .contain
salts. Wen salts are present the solubility of the phenolic conpound in
the solution is reduced when conpared tQ pure water. 25 Thus in one aspect

the presedt sten{erthe yatumeof alkslingeripping seludan employed felativrytodhe volmedfer i ng
the pr occdeidis RERRAal ity TRSARtAL SRR CRI pheudl. Vatpdl AMERITON, 1t e
phenol 1% dothsalkaline stipping $rdution ecmpsising thesumpofithe dissogiated and undigspéintgd
sol ution, P i eéoﬁmptom %I):?Jentgitiom 85 not only above the solubility of the phenolic
compound in the acidified stripping solution of step (d), but is also above the solubility of
the phenolic compound in water. - In an alternative the total phenolic compound

concentration in the alkaline stripping solution is above the solubility of the phenolic
20 compound in the acidified stripping solution of step (d); but is no greater than the
solubility of the phenolic compound in water. The latter alterhative is possible because
the acidified stripping solution of step (d) may contain salts. When salts are present the
solubility of the phenolic compound in the solution is reduced when compared to pure
water.
25
Thus in one aspect the present invention may provide a process for removing and
recovering one or more undissociated phenolic compounds dissolved in aqueous fluid, the
process comprising the steps of: (a) transferring the undissociated phenolic compound
from the aqueous fluid to an alkaline stripping solution, wherein transfer of the
30 undissociated phenolic compound from the aqueous fluid to the alkaline stripping solution

occurs across a membrane; wherein the membrane is a non porous, selectively permeable



30 undi ssoci ated phenolic conmpound from t he aqueous fluid to the al kaline
stripping solution occurs across-a nmenbrane; wherein the nenbrane is a non
porous, selectively perneabl e WD 01/ 28666 PCTI GB0O/ 03902 7 menbrane; (b)
regul ati ng YR812R86%me of al kaline strippig Solution enpl ofé‘é"‘?@[”&%’%e to
the volune of aqueous flui ‘dtreated so that the tiotal. phenol i ¢ conpound
concentration in the alkaline stripping7solution, conprising the sum of

t he di ssoci amMramd (negdsiiig the eolumetofrabialioe smppmgrsdluuomcmpiqyad redmsre tps

b th i|ity.of the t at.
The. pH of A el Bramebyy B Rates fo FRERS AL oftpsi Sonfiapot RineehiiisP e o
a val ue at |t1(ib'iﬂkalﬁ185s it bdlationh Gotfprishey theistiinCoftthe Wissodidted And mﬁgbaaﬁed of

the phenolic conpoun d) adjusting the pH of the phenolig¢ conp Hd

cont ai ni ng d’lhklwhicrf‘@mpgﬂl? mﬂcwgmee%ﬁ Hove @%SWIW of dhe phanglic S?}'Pl

di ssoci at4o c %gfa R i R LeRaétalitR Gt he
resul ti ngs ph%e%egl :Z@S} 88%(1&“1;1? phasgﬁ(glr%g@t he n%oeggﬁuéﬁrf eg sttrl ppi ng
solution. | meinﬁrmamvam)efchea&t e mﬁ@s&naqu\tbmwdw dissosiptémscansigntoefatye f or

removi ng and re gverin e

di ssol ved i F 15015’3“’19 85}) ?‘ﬁ eéﬁ] %% n%c)ﬂregéﬁcn% e &stcg%tgﬂc@%&%%?
transferri ngﬁﬂmy&ﬂhﬁﬁﬁm atﬁmqobﬂawl uhe abmimdmdmitrmmimnﬂﬁfalmphnmhél uid
to an al kal i ne strcjfggénn sol ut.i on elnﬁra sfer of the u ssog ted
phenol i ¢ corfBRALR éel’éff&@%&ge PYRe BRYRAEC forRe “scpr? SBfution
OCCUr S ag@ 0SBidifed Wifpid Wiutither ei n-the nenbrane is a non porous,

sel ectively perneabl’é nenbrane; (b) regulating the volune of alkaline
stripping solution enployed relative to the vol une of aqueous fluid
treated so tj |3y AVindadd e i ne
20 stri ppi ng SO ﬁ%hﬁa%ﬁ’éc?ﬁ ri gl?tng ﬁ um o %?’EG&%%SE&(H at eé(; co"ljelﬁﬁé

undi ssoci at eniephmt mndlsanompdmhdnaimmomwundm disrolved 9n ahuppus ﬂmd, Shsl prbeedss t y of
t he phenolic co difie str 4.0 ( and
no greater fﬂgw rﬁgoftﬂﬁ ?qefaﬁ‘a SIFRES 41Ps§ ! ggi’%%g’n cgm%mf ﬁ@m tg%
regul ati ng taqeeduk! fiufid tt@anadlkﬂ:he rsmp@ixrgl muﬁm, Svhletein @ansfer o theamidissbdidted t he

nmenbrane to vaJ ue at st 0 5 Hmt abqve. t he, aci d| c .di ssoci ati on
const ant of ﬁ%‘”fi‘r‘%‘ﬁ@m B{;’Hﬁl ing SEPPRG SRR OGS ag0shol i ¢

conpound. cont @kiae;Ahkdih T méﬁlﬁiaﬁé) wﬂ n§x9 biiobi® Nselebtively fériRall€ kAR,
aC|d|c di ssoci ati on constant of the phenol ic
(b) regulating the volume of alkaline stripping solution employed relative to the volume

of aqueous fluid treated so that the total phenolic compound concentration in the alkaline

-~ 20 : stripping solution, comprising the sum of the dissociated and undissociated phenolic

compound concentrations, is above the solubility of the phenolic compound in the

acidified stripping solution of step (d) and no greater than the solubility of the phenolic

-compound in water; (c) regulating the pH of the alkaline stripping solution in contact with

the membrane to a value at least 0.5 pH units above the acidic dissociation constant of the

25 phenolic compound; (d) adjusting the pH of the phenolic compound containing alkaline

stripping solution to a value below the acidic dissociation constant of the phenolic

compound and (e) separating the resulting phenolic compound rich phase and the
acidified stripping solution.

30 - Preferably the aqueous fluid is an aqueous process stream.



conpound and (e) separating the resulting phenolic compound rich phase and
the acidified stripping solution. 30 Preferably the aqueous fluid is an
aqueous p\{vﬁ%ﬁfs 6stream WO 01/ 28666 PCT/ GBOO 03902 8 Preferably the
aqueous VY% contacted with one side of the nmenbr anBCHEBO ein the
al kaline stripping solution is contacted with the other side of the
menbrane. In a nore preferred aspect $rior to adjusting the pH of the
phenol i ¢ Pcafgrabipdhecagpueaisflurdjisaoitatted with one sidp iofithe sdmbrarerand tWheread thal | ne

stripping _sol.ution.is reaoved fr coptact . with t 5 nbr gne._Preferably
The afkar ARAIES {ohEind sIBER S Conadll SABBS e Gdk.bf e pplbreie JRRamOF o ¢ ne
aﬁueous . bi-dﬂérﬂadﬁsbé;t lpﬁcr wadjustig the ok 611me .ﬁhéﬂbliam&npdﬁgaﬂﬁtam 10f Alkdlide
alternative the alkaline strippi.ng sol ution separat in step.(e) is
recycl ed FE&PPIRE 1984 :ate e‘@#ﬂsuﬁﬂpﬁaﬁﬁ%ﬂﬂ?w ¥ %W‘gaf‘?‘ﬂe”&faﬁ Sﬂtslné‘esol ution
prior t9 g9 the alkaline stripping solution fromcontact wth the

menbrane. The resulting phenolic conpound rich phase of step (e) may be a
liquid or a solid. 15 The nenbrane of the present invention can be

configured_ ] | . | ] illed in
the art. - STERe0E GAPIEE ke fhnd stidfue NG MR 13 ARfectd

deri vati vAuifleprign® tdmace ofith tHecmembdanainds onenmryfeired afterogtiviendie i aliedliner pl anar
geonetry. 20 For el | and .t.ub Si gns he .mengbr ane conprj ses.ane or nore
Dubutar  mefplER saoiin sexdied i Sep 8Pt Hiuten IF R oorbled SHRRBE of kal | e
st ri ppiong akaling stepping sddgtiod phiok b renioving théhRAIGR! stippingredition tiogn totuek ar

menbr ane(s)  and the other of the aqueous fluid or the alkaline strippin
sol ution Mathithe WEMPEBE with the external surface of the tubul ar : :
menbrane(s). For spiral wound designs, either the aqueous fluid or the

al kaline stripping 25 solution is within the nenbrane |eaves and the other
of the aqiliberesultingphenglic ¢campoundrieh phase aftstepfe) may be@ liguidor aisglid.n cont act with
the external surface of the nmenbrane |eaves. It will appreciated that in an
i ndustrial setting preferably the aqueous fluid is held within the
internk b¢ memboine ol thetprésehtanventiom camis configwed ithaccoddiadei with atyrafghe ng

SOl Uti 0N 41841 known to those skilled in the art, such as spiral wound, plate and frame, shell and

tube, and derivative designs thereof. The membranes may be of cylindrical or planar
geometry.

20 For shell and tube designs, the membrane comprises one or more tubular membranes. In
this aspect either the aqueous fluid or the alkaline stripping solution is held within the
internal volume of the tubular membrane(s) and the other of the aqueous fluid or the
alkaline stripping solution is in contact with the external surface of the tubular
membrane(s). For spiral wound designs, either the aqueous fluid or the alkaline stripping

25 solution is within the membrane leaves and the other of the aqueous fluid or the alkaline

stripping solution is in contact with the external surface of the membrane leaves.

It will appreciated that in an industrial setting preferably the aqueous fluid is held within
the internal volume of the tubular meniﬁrane(s) and the alkaline stripping solution is in

30 contact with the external surface of the tubular membrane(s), and wherein the tubular .
membrane(s) and the alkaline stripping solution are operably contained.



30 contact with the external surface of the tubular nenbrane(s), and
wherein the tubular nenbrane(s)-and the alkaline stripping solution are
operably contained. WO 01/28666 PCT/ GBOO' 03902 9 In yet further industrial
settings pre?®W26y the alkaline stripping soluti'oniis hePET(HBOYI3R02 t he

I nternal volune of the tubular nenbrane(s) and the aqueous fluid is in
contact with the external surface of th2 tubular nenbrane(s), and wherein
t he tubul ar nenbranes and- =5 the al kaline strippi:ng: sol ution are operably
contai ned. The nenbrane of the present.invention i.s forned fro [
conpri ses alh¥gtdPsthar 1dpstrigh seitip p’ﬁéﬁ\ﬁ?}yd@eé = 5PR0e ,s{’@g?’éés[ F%}glvvthm

per neabl e NMELARGI vdiife BRI RSN REMGRRE(SS indthe AquédASBERIE GH SomeEwiaN e
such as a tube or sheet of material, or a conposite nenbrane. 10 The

conposi t e mihextameal gerface of el whular membiane(slignd waersthe Bibylap srembaes anchy er
and one or tﬂpﬂﬁﬁ'@%%@ﬁ’% ¢ Jﬂﬂeﬁ %%%1 tERPr i se a mixture of materials.

The non- por ous, per ne ayer or material prevents direct
contact of the aqueous streamwi th the alkaline stripping solution. This

“is inportant, If direcgt contact strippin evice such as. a or

pl ate colu Spem%ﬁnﬁﬁgfbﬁﬁ’?s%t%‘fe&ﬁgnﬁ X igcf’n PECLRYS ?Wgtep\hags%%ﬁgéons 15
woul d mi X apebvidead fonuibid, Sitectively peridableGndhstiariea The Menibiarke pisieéasisest Aspect
t he menbrane or the non-gorous sel ectively perneabl e Ia%?e}; there%f i's
for med fromhemowi@@@_lanwb@wméfe%ﬂfef&ﬁw%ﬁF B¢ JemEREn e
based e|ps ng%ﬁlgb&ﬁ'rﬂéﬂu&gn@%hp%%ﬁgﬁwa abh-BorRRE stiRsiVMRly peamesble et T S,

et hyl ene- propyl ene 20 diene ( ased el astoners, pol ynorbornene based
el ast oner s, opebymoresfuther miseralsior may empEse My of M3 - PEsepneiogSsoner s,
but adi ene a | L1 ' e OJF8h hoer,
but yl rubbergggéaysy Iglé- d@&%ﬁ%ﬁ&{ ??Iﬁ%#%ﬁé%%%r%ﬁg@() opr en%?qdag‘gsls{sreu%&n &b

el ast oner s, teqiliciine stwibyidg solutidra SThinsimponant.y Hardpeettconta¢tatrinping dsvice such

pol yet hyl ene, . | ypr | ene, polytetrafl uoroethylene .(PTEE
pol yvi nyl i dha peked Ebf’)‘g'ée?°[‘]‘ﬂﬂje—')“’%’é?§8?“s micmbrang fé%‘i?%’, i e EH“'R"H FRgams
t her eof . 13 N wahul Bixemt Bstrexvhdd be hb cesiRINp segasatiopPri ses ‘a rei nforcing

materi al selected froman external mesh and support. This is particularly
advant ageous for honobgenous tubes or sheets. Such tubes or sheets nay be

reinforced 49, LRARASSHEAAE Mmefibratie of HRSRMIFrous Melectively permeable layer thereof

is formed from or comprises a material selected from modified polysiloxane based

elastomers including polydimethylsiloxane (PDMS) based elastomers, ethylene-propylene
20 diene (EPDM) based elastomers, polynorbornene based elastomers, polyoctenamer based

elastomers, polyurethane based elastomers, butadiene and nitrile butadiene rubber based

elastomers, natural rubber, butyl rubber based elastomers, polychioroprene (Neoprene)

based elastomers, epichlorohydrin elastomers, polyacrylate elastomers, polyethylene,

polypropylene, polytetrafluoroethylene (PTFE), polyvinylidene difluoride (PVDF) based
25 elastomers, and mixtures thereof.

In a preferred aspect the memﬁrane comprises a reinforcing material selected from an
external mesh and support. This is particularly advantageous for homogenous tubes or
sheets. - Such tubes or sheets may be reinforced to increase their burst pressure, for

30 example by overbraiding tubes using fibres of metal or plastic, or by providing a
supporting mesh for flat sheets. '



30 exanpl e by overbraiding tubes using fibres of netal or plastic, or by
providing a supporting nmesh for flat sheets. WD 01128666 PCT/ GBOO 03902

10 When the nenbrane conprises a non-porous |layer and an additi onal
conponent WO28666,4di t i onal conponent may be a supporti nBCTERWN3%THe
supporting |layer may be a porous support layer. Suitable materials for the
open porous support structure are wel [1l0known to 5 those skilled in the art
of menbrane processing. Preferably the porous support is fornmed from or

conpri ses materi al selectedfrompol ric terigl. syitable for
abrT cat: NGl ftyrERe, FERRTSeY, P (PRFOTSHR AP 400 8 SPTEA o PR E. Pver se
0SNDSi S MREHitiGAe Tompdeht iy Be a BEIpoeinghRAE The SUppBHEAYR Siay be a porous
pol ytetrafl uor oet hy ene (PTFE), _pal yvinylidene difluoride %PVDF
W

pol yet her SUPHOFaYer o Seitableanatpraals t%mn P&@W@PW&WH@ berosn trenbr anes
have a i Qﬁbsl:@ﬂﬁ{:&‘ ttﬂeﬂ*t@ﬁﬁ%ﬁBraﬁ@BioQéSstQr P@f&m&&é ué)@tﬁ dtﬁegranes

my have i nterna laneters from 0 mm ™ an knesses
bet ween 0 .fiomapd camrisas amatérial sele¢ted om mﬂymmtenalosme fert fabdcating he

Iengthtodla ter ratli t r n

1x106. 15"FF 'gﬁﬁt gﬂ’bt‘ﬁ%"g r}’(ti“ r&a{{ i o°rsug§1{'r & opmiR “%:Et}’féa[r\“ggb‘%’éé%

consi der alpblyethglegs rpolylpmpytehe, pdigeigifiuotoethgiens (P EFE) @b]yomyhxienemluﬂuoades

typi cal | yﬁﬁ% qﬁ@ﬂ%ﬁge t marrb ane, extraction processes, and have the

advant age BXUEBEe0hg t he menbrane tubes passes down a

| ong fiew path before enmerging fromthe menbrane. Thus it is possible to 20

renove a h| gerceﬁr"tlthage of .t he phenql i c conpound contam nants jn one pass
prablydhg,

down a par pewbranes have @ihigh, lengfh 4Q diameter satios ffop examplefhie ve
mani f ol d' %um':ﬁéhﬁsﬂe'é%a W”miéﬁ?alm floktliots Fslo Rg, DAgeed il ough

several or many nbr ane rmdu es to achieve the desired degree of renoval.
Thi s redu@hltlmqssﬁhbmrt Bl cind gt -9 mum landfon & length of Hem i 900 wetzas. SHr t er

renbr ane 8o dele i iRk AL bW ek B0t Btafesent 1 nventi on 2

pH cont ro use

High length to diameter ratio such a those given above are 'considerably longer than the
length to diameter ratios of membranes typically applied in prior art membrane extraction
processes, and have the adtrantage that the aqueous fluid entering the membrane tubes
passes down a long flow path before emerging from the membrane. Thus it is possible to

20 remove a high percentage of the phenolic compound contaminants in one pass down a
single membrane tube, and this reduces the'negd for extensive manifolding which arises
when the aqueous fluid must be passed through several or tnany membrane modules to
achieve the desired degree of removal. This reduction in manifolding results in cost
advantages over shorter membrane tubes. |

In a further preferred aspect of the present invention a pH control system is used to

regulate the flow of alkaline stripping solution which t:ontact_s the membrane.

Control of pH in the alkaline stripping solution is important. Upon contact with the
30 membrane the alkaline stripping solution pH will tend to be decreased by the dissociation
of the phenolic compound, and it is advantageous for the process efficiency that the pH of



regulate the flow of alkaline stri p_pi”ng _'sol.ut I on which contacts the
menbrane. Control of pHin the alkaline stripping solution is inportant.

Upon conta | the 30 nenbrane the al kaline stripping ' pH wi | |
tend to be%%ggsed by the dissociation of the phenoli c%@#ﬁ%‘ﬁg‘fz and it
I s advant ageous for the process efficiency that the pH of WD 01128666
PCT/ GBOO 03902 11 the al kaline strippi ng gol f Lion is kept at least 0.5 pH
uni t s. . abov thetdliialipKatrippingliclugipe ifdfept at lwwgmﬁmﬁ*ﬂ@"m P%é oféhp Rhreeliqy
fixing the flowate and str 1 _ . | 4 St ri Qnl Lidns0 as
to ensure tﬁ%?p?‘%ld‘s @gg(ﬁl?ﬁt&l %%vgé&gr}g‘u@bltﬂé Q\&ﬁrlaghéeﬂrd %I%@Fi&qh%ncentfat I on
i n"the al kalkirippingt solytiohrn assotoutnsore thatr this vaditioml isnswaysr méd owshigheraajkaddbus 5
fluid and al kaline, str itgé)i .sol uti.on wll geet. t hi 3 condi gi on better than
a lover  coREBREFEORGR SPHing, solpion 197 giren YRENYT BYPORT 1B rmi e
possi bl e fa lpyeand! didline digpi@tselution willgimeen ik apadition ceepOtad hdadeng i n
the aqueous fluid; this results in a |ower recycle stream- fl owr%gag_from
step (e), asendsawmtionofaikal. Jbbigheraliali sopeenirption Also MaKRRPETILIG SdoYFr Aidlbssi ve
calkali int | ne: St ri PO ' il Yo TRl £ e i in
t he recover?ﬁg?éa{ggélj %%g%%lp?l%mélg%ﬁ%%hﬁgsd are r%mﬂntiwaet ?lgrfrpnm?’v\g&pﬁg%lg lrl:il({’()tures
‘Wi th wat er, lowerrecysieestyrams flowiate fromhster (¢)cawb hgnsa radmpfec¢psp hfective Shsiemhe

ot her phase.(s a water rich e. Jor. exanmpl e. " Spl.ubj ki L] f ic
Compounde- - HSVETE o Shekersty R S dEi g HRinging sofishf bl efile Slee 4
Conpany, 10\e the récokétd Stapé.ovi des data showi ng that at 30C phenol and water
can exi st as a phenol rich phase conprising 70wt % phenol and a water rich
phase conprising 91 wt% water. -H gh ionic strength in the aqueous phase
'serves to r egkidficlcBRposHis AR EWnas fétn @ fiasd Mixaies wik) watke illerCorphagsind
rich phase and al so reduces the concentration of phenolic conpound in the
aqueous phad®a pheaplig ¢opepoupd rigfk Phase.@nd therpther phase iy water dehphast FPreX@gmifound

system In “E gh]ﬁllniﬁ(E:iQSS 8{“{)@&}6?@5&@{&&”@&&(: th :3r';/§ r?aiyrltlg.geiﬁél'l, NHir £ B4abn, VHE USE

of hi gher al oncenttation “1n the stripping So ution, and the use of a
hi gher ati d NestraredrCorapangy Néw Yiorlel %d iptovidrs datashowing shat at305C phepoband watere

hi h I di fi.ed st.rippi | ut i f 25
i Ghor . per C.H S58 1 SHERD) FbaReR, R e Rhftf B B el Bl bl 7,

| ower comprising 91wt% water.

High ionic strength in the aqueous phase serves to reduce the concentration of water in the

* 20 phenolic compound rich phase and also reduces the concentration of phenolic compound
in the aqueous phase, relative to the levels in a pure water — phenolic compound system.

In the present invention, all other things being equal, the use of higher alkali concentration

in the stripping solution, and the use of a higher acid concentration in the acid solution

lead to'a higher ionic strength in the acidified stripping solution from step (d), and so to a

25  higher percentage of phenol recovered in the phenol rich phase and to. a lower
concentration of phenol in the acidified stripping solution which is recycled to the
process. Hence in one preferred embodiment of the present invention the aikali
concentration in the stripping solution and the acid concentration in the acid solution are

as high as possible without causing loss of selective permeability of the membrane

30 through chemical attack.



concentration of phenol in the acidified stripping solution which is
recycled to the process. Hence in one preferred enbodi nent of the present

i nventi onyid@ ali concentration in the stripping so the acid
concentrationn?#kthe acid solution are -as high as poss%gﬁh&&m?ﬁ@ut causi ng
| oss of selective perneability of the nbrane 30 through chem cal attack.
WO 01/2866665§g 00/.03902 12 Prefer the al kali concentration in the
stri ppi ng Hefetblve the 2l caucentratipndg ﬁ}EFe?‘i't‘Epé'EQ Wiutjon and the aqid ¢pneentigtionyiy ar e

such that g&iagdiifsoRios bfel suBh Moht 2eidkeld MipphfP shtioRkepdraied it ateg,mehafc
conpound rich phase has a salt concentratlon of greater than 5w %

pr ef er abl ycompewnderich phasy bes oaelyronpertration if yeregtes dhasy Switlrprefombly, greater

pref erabl y, ﬁﬁ}tg $ lution in

cont act qul%[ hgﬁﬁfu@tét@%@/%a\%ﬁ%&ﬂy%é{& ?%wfpl ts conposition
is well5m xed throughout the vol une operably I n contact with the nonporous
menbr ane. ferahly th H of t aJk |ne stri solut on i.n

Cont act - wEREEHE 6 Apdrs ASuon Asehfiee Fer B fernppit AERR S Wl ke

subst anti aJoltuattittaeox&mdnhg aD ginéd mhmgmdmtel WRUmS bicr4bily McofAbt it thei N
contact with the non-porous nmenbrane separating |ayer. Preferably the
aqueous f INPBOTERTRSMPIEES phenol i ¢ conpound sel ected from phenol, cresol s,

15 chl orophenol s, dichlorophenol s, dinethyl phenols, nitrophenols,

bronmophenols, chlorocresols, benzenediols, benzoquinones, and m xtures
t her eof0 Mreferablybthe nER@f dhy alkaliee gtnppqaemgmgellutqoamtmrthge@napomueter al

Pydr oxi do Eangie b HEBid B0 e 3t sifuerbiab P WA MO GROHE e BT |
conpound cstrrppmgmnlmgomirﬂmhtamsmdtmepm-pg:omhuhbm;eparamglamed in step (d) by .

the addition of an acid. Preferably the acid is an aqueous sol ution of an
acid selected from hydrochloric acid, 25 sulphuric acid, nitric acid,

phosphor i @réfsiably thedlussus tﬂﬂ@&ntdﬁ&raeﬂfenolicmompbwd seictef m&epueﬁd asqpgt the
aq ueou% f lciﬂoropheno(i ont %gﬁlgr%plvl\émps, ° ncﬁmgtlhgl%hggol a pI o ﬁll bromophenols,

chlorocresols, benzenediols, benzoquinones, and mixtures thereof.

Preferably the alkaline stripping solution comprises a mineral alkali selected from sodium
hydroxide, potassium hydroxide, calcium hydroxide, and mixtures thereof.

20 _
Preferably the pH of the phenolic compound containing alkaline stripping solution is
adjusted in step (d) by the addition of an acid.

Preferably the acid is an aqueous solution of an acid selected from hydrochloric acid, -

25 sulphuric acid, nitric acid, phosphoric acid, and mixtures thereof.

In a further preferred aspect the aqueous fluid is contacted with one side of a plurality of

membranes in series, in parallel or in a combination thereof, and wherein the alkaline

stripping solution is contacted with the other side of each of the plurality of membranes.
30 o

In further preferred aspect contact between the alkaline stripping solution and molecular



nmenbranes in series, in parallel or in a -conbination thereof, and wherein
the alkaline stripping solution is contacted with the other S|de of each
of the plurality of menbranes. 30 In further preferred aspect contact

bet ween t h&QI286G6ne stri pping sol ution and nol ecul ar WO 8ET/EBEHE02

PCT/ GBOO' 03902 13 oxygen is partially, sl' st ntially or conpletely
prevent ell This aspect is advantageous 13because yield of phenolic
conpounds i sxjgeR o patialyrdibaitiaty e compleyelp bagemed dfhigashete)s adofntigedus
process. Wthout being bound by theory, it i1s believed that thi |s due to
oxi dation PeeaBse; Beld obphenolic ﬁﬁ@ﬁ%&r’és FW%YEM%& (he TSRRMEFY Strges (P 3

condi tions bf‘ﬂ;te R:??o%se WEBo8t BMing bRl 5 Yhedhy, i BRlfeved 6%ﬁ'at ftlﬁE iSHRD bﬁldaﬁﬁp overy

process for I ¢ conmpounds from “coal™-derived oils by ions of soluble
metal salt si‘ea@eon‘s' ofthel pb¢mte jan wma 0¢O Qe dhﬁlm&onm;n the presgaee of

1681- 1683 . ogecu  Agen (PR UEEnBle SRR FrbdlSs Fi! IRABINY oSO Frob

nol ecul ar o%& en can preve y car uct1on and
oper ati on otodlderivedroils &y Sorsad sqﬂuhiametatpﬂtsyﬂé Y.smd g H. YUEEI996 VolumeEs

.stripping so]ution and/or ewat 0 are o ul | .of. | iquj.d and

i Lo gas Botrbenes geiss des Bt oPishraply. skttt of Br Sfkaline sridtine ltlitn Fpi ng
'sol ution t 0 p{HicBhHbRgeR AT iBRH J}%rév'eﬁﬂe& 89l cREfuDESHAR RE aBY opériticROsTTihe
spargi ng of the stripping solution and/or_the sg_?s headspace above the

stripping s®@rasesseavipmepurmaploysd, st vegsels fop thersinping soliition fgdier wagsyVaifhg of
the wastgyater @ iR pregltmb@ﬁéan&m SRAERARNEIHRE. we?érsy@tésf B oflige term

"inert gas" It meant a gas 415 contal ni ng oXxygén at |evels
bel ow | wt %alkiliese :pnmmg solptign tyempleeularoxygen eancbeclimitedhoroprs vertedhby aigREthuous

or discontinuous of at
| east one ofPtHeES égaki? Iﬁ)gﬂg%ut@%gjor PLE a%nmgadg?%ﬁteg%oﬂéﬁg%fnﬁ H% Sfomwﬁ t he
al kali sol uhhdmr bg ifkérs Qas)t prefenibly nitfdgtn) spargines p£dhe tWastewatstilahd/on thehgasol i C
compound Fi hase, of is _contactegd with,an. ani.c_sol vent and
subsequent | eac Eﬁf’?éﬁ“ﬁwa’ﬁw for. Byobedem | erfﬁ?%"ééspgrf?e {Lﬂyﬁﬁ Yife

desirabl g5 t @oftfiRingGkyscntt RREE BLIb® 1IGREMROUNd cont ai ni ng al kal i ne stri ppi ng
solution and/or the separated phenolic corrpound r| ch phase wt h a sol vent

or solvent mxture in step (e).
The process may be performed in a continuous, semi-continuous or discontinuous (batch

mode) manner. In the latter aspect the flow of at least one of the agueous ﬂu1d, the
* alkaline stripping solution, and the alkali solution is discontinuous.
20
 Inone aspect the resulting phenolic compound rich phase of step {(e) is contacted with an
| organic solvent and'subsequentlyu'eated in a further process. In this aspect it may be
desirable to contﬁct the phenolic compound containing alkaline stripping solution and/or
the separated phenolic compound rich phase with a solvent or solvent mixture in step (e).
25 This may be particularly useful when the separated phenolic compound rich phase is a
solid. The solvent introduced may dissolve the solid. This may be further useful when
this solid is a produét or reactant in a reaction and where the solid and the solvent used to
~dissolve the solid can be sent to'the further process in which the solid material is produced
or consumed. '
30

The process of the present invention may be performed in a reactor comprising at least a



25 This may be particularly useful when the separated phenolic conpound
rich phase is a solid. The solvent introduced may di ssolve the solid. This

may be fugigdghs¢dseful when this solid is a product or N a
reaction and where the solid and the solvent used to di@?@%“?@&“?% solid

can be sent to the further process: in4v\,hi ch the solid material is produced
or consuned. 30 The ?rocess of. the pre]segat | nventi.on _ may bezﬂg)erforr_red in a

reactor ¢ 700¢.rf;Segpnd ZoRg, 2 HhitfFoney Tt egOtheriy 63ch of 4hg zenes i, one, a

second ZONRscrele frbineBclZ ARG zoRd) IWhdrefrPME st Z0Mind WL 8ol RAE BreQlpadi& BONES 'S
di screte fromeach other zone, wherein the first zone and the second zone

are separ dbeaomporopnmembingovistrin therfisptAras cowtineiba agyreus flvidy whesein tesont ai ns
the aqueodsednubfl Sonk 2Gytaifl BeUHCRIAL AeipBiRE sl RnGOATHERRE AR 1 N

al kal i ne stripping solution; erein the zone 5 contalns phenolic
conpounil contams phemyliakérapiund centaining iakkglincostuppingsolwioer wherein Hige thivd zohez one

and the faourt one are. operably connected,tq, each ot her, wherein.the
second zoﬁagdi‘ge %%‘wg‘r%?ﬂffrecgﬁ gbcl?:‘f é%fmf'c".ﬁoee BU(%P% %’g?f'fltgﬁ&e%‘gtzg? %t he

al kal i ne sipetablpi dognefddutol the fowth gones ahdinherelie thsesiRalink estdipinig Boldtivieisand t he
second zone such that the, al kaline strippi sol ution i |1 m xed

t hr oughoutc“ic?létegcyFﬁYFE’.‘ thepfoprth zoneand ,°t‘$f}én‘§%‘k%ﬂ 45 ﬂ???‘i'ep@%es"gpgﬂgon i s

ci rcul at edoR@bNRSHell Hfked Bitbigho@tGRRQoRié. t he second zone at a high rate
relative to the flow of aqueous fluid. By the term"high rate”" it is

preferd®ly meant that the volume of al kaline stripping solution contacted
“with the NEhel FkHhE ink RERb Uf, Hﬁ:fti:' e acted
with the ne rg ’e.&e‘[%e 15%??% o@lalf]%a?ifbh%@t%%ﬁng@so utildgnm\g/tgfﬂﬁne to
aqueous f |se¢adzobeata highmeteaelativeioithe fiare of aquadnsshnid. Ny the ¢ermJ‘high ratg” it, or .
>10:1. A I eg t.o r | at . ..alkaline
stri ppi ngqgg%g‘%l&l(;)lg ‘%éé‘%ﬁﬁeh%?”?r%ﬁdﬁ‘%ﬁ lr{’? haﬁcz%lﬁ% s%%g hsgluéggocﬁé&%%%ﬁ%g agueous
f1 ui d and/membrhe ispleatet then tierviojunieruf aqudous fluid cofitadtbbwiih dramdmbrmee Mheon may
be 201{1eated&€§Lﬁre or duriqri .contact with tgﬁ.rre rane. Thg aqueous fluid’
and/ or 17 hd®f REAKAS iRm0 NUPR P BRICoYre JOLPRE SCHPERE MBI M8y have a
t enper at Ungenfidaieandyoes2:1, >5:1, or>10:1. A pH control system may be used to regulate the o
flow of alkaline stripping solution between the fourth zone and the second zone.

The aqueous fluid and/or the alkaline stripping solution of the present invention may be

20 heated before or during contact with the membrane. The aqueous fluid and/or the alkaline
stripping solution of the present invention may have a temperature above room
temperature (25°C). This may increase the rate of mass transfer across the 'non-porous
membrane. In a further preferred embodiment, the temperature of the aqueous fluid and/or
the alkaline stripping solution may be above 60°C. In yet a further preferred embodiment,

25 the temperature of the aqueous fluid and/or the alkaline stripping solution may be above
70°C.

It is known as for example in “Solubilities of Organic Compounds” Volume II p 373 by
A.Seidell, third edition, Van Nostrand Company, New York 1941 that at temperatures
30 above 65°C phenol and water can be totally miscible. In the present invention,

temperatures may rise above ambient upon addition of mineral acid to the alkaline



tenperature (25C). This may increase the rate of mass transfer across the
non porous nenbrane. In a further preferred: enbodi nent, the tenperature of
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finite fraction of.the phe [ u . . 1 0. ' | f or m
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undi ssoci ated phenolic conpound will act to reduce the driving force for
mass transf dke ¢pncentration of undissociated phenolic compound. In general, the” higher the

1]

concentration of total phenolic compound in the alkaline stripping solution at a given pH,
the higher will be the concentration of undissociated phenolic compound. This
Lmdis.sociated phenolic compound will act to reduce the driving force for mass transfer of
20 undissociated phenolic compound from the aqueous fluid to the alkaline stripping
solution. This effect will be relatively greater for the aqueous fluid in the section of

membrane near the point of exit of the aqueous fluid from the membrane.

Thus in a further preferred embodiment of the present invention, it is desirable to use two
25 well mixed stripping stages in series. In this embodiment, the aqueous fluid first contacts
a membrane whose other side is in contact with a well mixed strength 1 alkaline stripping
solution in a first stripping stage, and then contacts a second membrane whose other side
is in contact with a well mixed strength 2 alkaline stripping solution in a second stage.
Strength of an alkaline stripping solution is determined by the strength of the alkali, for
30 example, the mineral alkali, fed to the alkaline stripping solution. In this aspect, the
mineral alkali concentration fed to stripping solution 1 is stronger than the mineral alkali



20 undi ssoci at ed phenolic conpound fromthe aqueous fluid to the alkaline
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to be consta ng stage and nay be set at different val ues
in stage 1 and stage 2. The use of nore than two stages is al so envi saged.
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operating_the process of thé present invention. Figure 5 is a schematic of
an appar aﬁeé‘reog@ﬁafheﬁ@he planAPpRals opratngshe pracessof thepresrnt ipvention; gure 6 is a
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Figure 7 is a schematic of an apparatus operating the process of the present invention.

to use two 25 well m xed stripping

20
Figure 1 shows a schematic of one embodiment of the process. The aqueous fluid
containing undissociated phenolic compounds (1) passes on one surface of a membrane
containing at least one non-porous separaﬁng layer (5), optionally mounted in a
membrane module (6). Undissociated phenolic compounds in the wastewater permeate

25 across the membrane into the alkaline stripping solution (3), whose pH is such that the
phenolic compounds are converted into their corresponding salts. The aqueous fluid
exiting the membrane has a reduced concentration of phenolic compounds relative to the
aqueous fluid (1) entering the membrane. The phenolic ébmpound_laden alkaline
stripping solution (4) leaves the membrane module (6) containing dissociated phenolic

30 compounds and enters a néutralisat_ion vessel (7). By manipulation of the ratio between

the volume of aqueous stream fed (1) and volume of alkaline stripping solution fed (3),



Figure 7 is a schematic of an. apparatus operating the process of the
present invention. 20 Figure 1 shows a schematic of one enbodi nent of the
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conmpound ri or soll I sation vessel (7) may
optionally girddessestreariifl), octouhd nengralisationptanls &) xture (9) is 10 passed to a
settling vessel (10) where the two phases are separated. The organic rich
phase (either liquid or solid) is renoved (11) fromthe settling vessel

(10), angst g a priFesdl dntbod NG He membiahed Ry Cothitise buagieof (ubdlar mémbranes
reci rcul ated back either to the agueoys roceglg ﬁt%é&amﬁlg, r.,to the
" neutralisat ivoith suitshle bead pese ?P"&e%f’%? T Aipwdng, Sow < 39 %Eﬁ‘ﬂflafﬂé?s%y
conprise a RyRgdhe aQf inkdtRE| AT theBRAAKRARS. This bundle of tubular membranes may be
~ suspended in a tank or other vessel so that the outside surface of the fibres is substantially

immersed in the alkaline stripping solution. In this case the alkaline stripping solution
20 will be mixed or agitated using a stirrer or pump or some other suitable device to ensure
that the alkaline stripping solution is well mixed at all times and the composition of the
stripping solution in contact with the membrane will be the same as the concentration of
the stripping solution (4) leaving the tank (15). Figure 2 shows this general arrangement
where a bundle of tubular membranes (13) are connected at each end to allow wastewater
25 flow through headpieces (14), and are immersed in a tank (15) of alkaline stripping

solution.

Figure 3 shows yet another preferred embodiment, in which one or more elastomeric
tubular membranes (16) connected using suitable headpieces (17) are suspended in a well
30 mixed tank (15) containing alkaline stripping solution (4). The elastomeric tubular

membranes can be coiled, stacked or otherwise arranged in the tank so that they have their



Wi th suitable head piece connections for allowng flow of the aqueous fluid
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sol uti on inembrane separating layer. It is with these objectives in mmd that the configurations of

Figures 2, 3, 4 and 5 are found to have advantages over passing the aqueous and organic
' streams in countercurrent flow through membrane modules as shown in Figure 1. In the
20 configurations of Figures 2, 3, 4 and 5 the alkali added (3) can be concentrated but as it is
immediately mixed into the phenolic compound laden alkaline stripping solution (4) in
the well mixed tank (15) the actual alkali concentration of the alkaline stripping solution
in contact with the non-porous membrane separating layers can be everywhere
- substantially less than the alkali concentration of the feed alkaline stripping solution (3).. .
25
A further preferred embodiment of the process as shown in Figure 4 by way of non-
limiting example can be employed. A well mixed tank (15) containing an elastomeric
membrane tube (16) immersed in alkaline stripping solution (4) has a pH sensor (18) in .
contact with the well mixed alkaline stripping solution (4). This pH sensor measures pH
30 and transmits this information to a control device (19) which regulates flow of feed
alkaline stripping solution (3) to the tank to hold pH at the desired value. Using this



15 contact with the non-porous nenbrane (4) separating |ayer at a high
enough value to minimse the need for alkali addition and to ensure
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Figure 1. Tﬁ%%%#oi se%\é(#llfrl%ﬁhprggﬂlﬁﬁni he stripping tank by a pH sensor (18)

and a g:oh‘it rol -device (19) which regulates the flow feed 10 al kaline
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tank (15) or tank (20) and or the aqueous stream (1) can be increased above ambient

conditions to increase the rate of mass transfer across the non-porous separating layer of
the membrane.
- 20
In yet another preferred embodiment shown in Figure 6, the use of two stripping stages is
shown with two strengths of alkaline stripping solution. The aqueous fluid (1) enters the
first stripping stage in which a membrane (30) is suspended in the first stage tank (31). An
alkaline stripping solution containing mineral alkali (32) is added to the stage 1 tank (31)
25 automatically by a pH controller (34) connected to a pH probe (33). The stripping solution
in stage 1 is well mixed throughout the volume of the stage 1 tank (31) so that it is of
identical composition to the stripping solution (42) exiting the stage 1 tank. The aqueous
fluid (35) flows out of stage 1 and into stage 2 where a second membrane (40) is
suspended in the stage 2 tank (41). The aqueous. fluid (2) flows out of the second
30 membrane (40) with a reduced concentration of phenolic compound relative to stream (1).

In the second stage, alkaline stripping solution containing mineral alkali (37) at a lower



recirculated (21) to the nenbrane nodul e or nodules at a high rate so that
for all practical purposes the alkaline stripping solution can be

consi dered well nixed throughout its volune. Phenolic conpound |aden

al kal i ne H39BRORg solution (4) is withdrawn and passe&CTGBO#E3902
neutralisation tank (7). 15 In yet another preferred enbodi nent the
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and or t hecoacentation ﬂmnemmr( (32) ¢nadded to rlwer ftapec2i tank (45 amrdmaaically bpagil i ons to
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stripping solution. The aqueous fluid (1) enters the first stripping stage
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pH probe (@g)opeméssthatqbpm@pbmwucgmpomdogn@g@ammxssmm(m;séqsstdmnoughout _
the volu t s osition
to the stmrEtl %Elt%l e l?cg"eo"# E’ﬁcgléox{c | ng E?‘sr%é‘é% Iﬂ% atr]#ig.g?’%hgeﬁlgqu s fluid
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ded t b t ank 2 t f th
S bon’Se bR e pipne ahro! el SRR (PR St Sl R S b
relatiye tduedus@aid(i)l). I n the second st age aI kal ine stripping solution

containing mneral alkali (37) at a |l ower WO 01/28666 PCT/ GBOQ 03902 20
concentration than stream (32) is added to the stage 2 tank (41)

aut onat i cahlyge Babtier PR ferf@Niniidliliint 6B8%n ﬁpﬁ%&fetﬁ%& frodesh 97 FiHRe4 (381 The

stripping solution in the stage 2 tank IS we mxed'fhroughout t he
vol ume of nitnegenspayge addpémﬂwmmg sofutiog (6} lmth@mellémced tokibiteapidt o t he

stripping t ) ut|0n5
(36) " ox i et 8\ tble b ind i 8Gufs i3t A EartoFLBRARRAL 1 01 ©
syst emi$ s inwoduceimoettie wﬂdnmgb_mke(w)scomng theestrippingl sobitiond¥), at acpmpmund
concentr atb'ef%rv]v th snsi%ﬁigg Qahgt?o@licfmsd llescsl‘slﬁgr}uatpogen rises through the stripping solution,

sweeps the gas headspace in the vessel, and leaves at the top of the vessel (51).

The processes described above may be operated continuously, semi-continuously or in
20 batch mode. The tanks may be single tanks or multiple tanks. The neutralisation vessel
(7) and the phase separating vessel (10) may be combined into the same vessel. Mixing of
one or all of the tanks may be achieved by using any device known to those skilled in the
art, such as mixers, pumps, or air lift devices. Variations and changes may be made by
those skilled in the art without departing from the spirit of the invention.
25 .
The invention will now be described in further detail in the following non-limiting

Examples.

EXAMPLES
30
EXAMPLE 1



the total phenolic conpound concentration in st r.eam (42). The stripping
sol ut:on (42) fromthe stage (1) tank is passed to the neutralisation
vessel (7)., | |.owi ng phase separation, the phenolic co rat ed
aqueous Ia?‘é‘F&(’f%y is recirculated back to the 10 .'-aqueogger@g?@ﬁ%#). n
yet another preferred enbodi nent shown in Figure 7, the process of Figure 4
has a nitrogen sparge added to the striZgdpi ng solution (4) in the well

m f<ed tank (15) to avoid. :zgontact between the stripping solution and

mol ecul ar o A rﬁﬂm- i dar i Jusea tioobha vel |
m xed tank )(i‘ﬁ%&?ow’n?é%’ﬁl g ? %ﬁgﬁg I’bl(&%gllrb gagé l?t? |ﬂ%e§pr%%§l{ Hlat a point bel ow
the strippi akaked suipping sdlaticnctomprising a BA% solutiond sodiimdwydrokids vipne added to
stripping solution, . sweeps th as headspace .i.n the, ves s at
S PPN, S0 ek Sy g Bt SR RASChfon bE aS kS o
CQN: nu?@{(ynteﬁﬂrai?;ﬁaaltéfrm H:Ebm?ﬁcmss @9 n’fiﬂt Qb litredlef a Wintewawricontimingfe
single tanks or nultiple tanks. e neutralisation vessel 7 nd the
‘phase separ atti%hpberel swere( egyculgied om: Wbrtltfeném?&n%f &gs?g'ft?mﬁﬁl&i ng

of one or {36, 304solRin AGarBRL GSChdlil YRSy W Ynd EKblG daopiny { O
t hose skill edén}b(r?\;r{ehlg’ge'a?ta% §suc ag m xers, purrpgb,%horyai.r lift devices,
Vari ati ons aolitiohongeistaepHigeaten thanp. Aftes 2S5 days theexperimern avag storpgds Aeslt
departing fromthe spirit of e | ti | ! bt be
deser i bod 1 1t eopspas FotploA ieiBYEL| Y pis"or (el Rl Wikl s be
EXANPLESm g(ldﬁ),%M&LEbSI additiod /oP 88 6.9 HDI GRdA6N) 3002 pigkishT¢mdored brgamiadayex anpl e
escribes batch operation of the present invention. 1000 .l of .| he
stri pping sé'?’ﬁ%qd(ﬂ‘?smﬁma&t??gﬁgné&ﬂﬁ?‘ﬁtﬁhﬁf‘ gl%hms%r&iaﬂﬁ] i reRicga vﬁiér@éé added
to a stirregdstabiatogRbey sHdTouril t3%e Hokd Bah 60 plinoR Si | i cone rubber
menbrane tube with 5 internal dianmeter of 3 nm wall thickness 0.5 mm 20
litres of a wastewater containing 5 w. % phenol were recirculated froma

drum t hr ought hyept g9l de of the el astoneric
15

The following example describes continuous operation of the present invention. 1000 mL

of alkaline stripping solution were added to a stirred tank containing a 25 metre length of

a silicone rubber membrane tube with internal diameter of 3 mm, wall thickness 0.5 mm.

A pH sensor was suspended in the tank and a controller was-connected to the sensor so as

20 to add 30 wt.% sodium hydroxide to the tank when required to maintain pH. . The
controller held pH at 13 +/- 0.2 pH units. A flow of aqueous process stream containing

- phenol at 5 wt.% was pumped from a drum and passed through the inside of the
membrane tube. The overflow of the alkaline stripping solution was periodically removed

to a tank where pH was adjusted, resulting in formation of a pinkish coloured organic

25 liquid. The resulting aqueous and organic phases were separated and the aqueous phase
mixed with the aqueous process stream in the drum. The pinkish coloured organic liquid

. was atialysed and found to be greater than 60wt% phenol.

EXAMPLE 3
30



menbr ane tube. 20% sodi um hydr oxi de was added regularly to the al kaline
stripping solution to naintain pH greater than 12. After 25 days the '
experi menvowagsess opped, and the al kaline stripping sol y&%g ;r,gved. The
pH of. the alkaline stripping solution was 10 adjusted to addi ti on of
33 wt.% HO solution, and a pinkish c Ioured organi c | ayer forrred and was

separ at ed t he a ueou Thi $2or anic liquid was apal ysed via gas
chr omat ogr’i‘ﬁﬁéﬂ ‘?36‘9'% ﬁﬁr"ée Phibs "%GWE A?IB?Fé?t’&I(Lat"E)%ﬁ@EE’efm’?S The
fol | owi ng pRse! &n%ﬁﬁdé BOf QOWhdtdWHS ORPAsRiVaRR  strearh NBorR! SR laBpgent i on.
1000 niL of al kaline stripping solution were addedtoastlrre t ank.

cont ai ni ngnaau@sn%wa%trpfé thhe gyasteyater had gt ofiBE ranﬂﬁﬁmlaﬁé orthayeresplt h
i nternal  ghgelay -HBbI (BE¢ @:&“%ﬁﬁ Bra2iBR0-

h C)¥¥he
suspended ‘T n”’t he tan a a-controller vva connecte to th sensor so as 20
to add 30 watste%wonhmmwdpoa(pﬂeammdt hé wahtt@vvltﬁérm@d]mmoedo testraptiontafi n pH.

The controll.er at 13 +/ uni t . e rocess
e can Rl 1013k B b actd e el N i wd BRI BMERSR 301 OC
through t eof N3imfhe.dok OtShem wallthicknes tilibene riﬁ‘i&rmembfdnemtﬂflmfﬂe&dhkhﬂl ne
strippi ng sol ufion was I cal renoved a tank ere pH

adj ust ed, %9{%?4‘@“‘??@ Ri’i‘grﬁ’? JB oIS, WaF ﬁﬁ?%]i‘Fa ?bghﬂ\é‘ladl%i qui d.
The resul tm B V3SR &l BB HeGrasRAERSE aNEThe sERPRE attedoxarme hbgispapgeous
phase nixed with the aqueous_ process streamin the drum The pinkish

col our B &f Q%fh wessplrs a5 gontipgenslyfad yith gitrogen a5 i MA@ nigogen @Fﬂlteha‘f?feowt %
phenol . %&&Mx&%ﬁ%ﬁs Bﬁﬂﬁ%&%&&%c seldtich & pkol2, QY B, exanpl e

descrlbes the use of t cl ai med proceSs i n batch node to recover phenolic
conmpounds Naﬂcbhwas added eventime vian pid conteedientp maintain thefptah 1 e prssols eressgd

manuf act ue a ned
or t ho- crescﬁ 3 lﬁ? Qﬁ?oro omﬁtg[l%t?(gq(t)l%oﬁ}%l%’lﬁl% ;ﬁ%d%‘:ﬁ&m@t
par a- chl orssenidllgoalt rths &l-es()lﬁ’cm)lden"ﬁlﬁed stvm enmlms)nwatter simoved| framn athe pH

arou ndlSIS ' %vasmtlwtatgr,A'aZ: (s grazlng rCarbone(}i' bC? Ith%nwastewater was reduced by over

90%. Concentrations of cresols in the wastewater were determined by extraction of
aqueous samples using dichloromethane and subsequent injection onto a gas .
chromatograph (GC). An organic rich phase was recovered from the wastewater via the
claimed process following pH adjustment of the stripping _sQluﬁon to acid conditions with

20 37% HCI. Purity of the recovered organics was assessed by adding a drop of the recovered
organic phase to dichloromethane and injecting onto the GC. The relative fractions of the
three cresols in the recovered organic phase (determined by GC analysis) were 21% OC,
50% OCOC and 29% PCOC. . '

25 EXAMPLIE 4

A wastewater containing 2,4 dichlorophenol (24DCP) was treated using the claimed .
process in batch mode. The membrane was as described in example 3, and a nitrogen . .
blanket was used as in example 3. The 24DCP containing wastewater had a pH of 10 and
30 contained 24DCP, phenoxy butryric acid, n-butanol, butyrolactone, and 4-hydroxy butyric
acid. During the extraction test essentially all the 24DCP (as identified by GC analysis).



cresols. 10 litres of aqueous waste were used in the test. This was
recirculated through 37 in of a 3mm+i.d. x 0.5 mmwall thickness silicone
rubber menbrane tube imersed in 1.2 litres of a caustic strig in

sol ution. YWRM288s a gas:headspace present above:the |iqBFYSB ‘5‘??9&%
vessel s used to hold both the wastewater and the stripping solution. The
headspace 10 of both vessels was contin@usly fed with nitrogen gas to

mai ntai N a wad rengedd Homnkecwastsventer, drtdarhé [Total OsganichEarbdmr (TIOKC ) tieowasts was was

initially a dilyte caustic solution at pH 12, and 47% NaOH was.added over
tine via a ﬁ?ﬂ!“teg rafﬂupéﬁgg’o “ﬁ?pd?%scbﬁtgmp‘ﬁsdf’mfgy ﬁglﬁ%‘F 8@'&%%]"%‘&%5’% the
menbrane.  The a8 BPY NRIH wiE Sddanideeting vid a B Gonirbildr g malifaif Xite 51L b TNad est

essentially all the cresols (as identified by GC anal ysi s% were renpved

from the 15Pheaglicsaeressed dbrimembranst dhe GREEFHPEI CiasHeARIptRRt 3P G- nEPlRE g wat er
was T Edugedﬁ%vglvgf" the %ﬁ%oli?%gglggﬁx{&,t paGt tlﬂof: sﬁ’fp?_ﬁ@l Dhjtidn WG HFEiavBiRla were.

determ ned by extractron o ueous” sanpl es using dichl oronet hane and
subsequent ¢ordisivhs eithai 76 HELg ditrex b aqnepeyphash wedQyrocssgedoingnlaberatont igphase

was recovered.fr.o h stewater vi.a_the [ o] ' H

d; ust ment GOt 2 P S RySLSHEbrebiie bk, ol oy KACKERg BRYRERT
Purity of tbfa aRpIfahiededdnad offanisdn diciesmethand)yolikuvetidriy GCcmalysisf usitge
recovered oqr(aganl c phase to di chlsglro t hane and inj cé’i gg‘y% he GC. The
relative frBRaKiagaas aProxydor quaRRRK, Spwe F*gs?rﬁa‘flﬁg’a%'g@ Fea” i'c phase
(determyped by GC anal ysis) were 21% OC, 50% OCOC and 29% PCOC. 25 EXAMPLE
4 A wastewater containing 2,4 dichlorophenol (24DCP) was treated using the
claimed. pESAMELEH batch npde. The nenbrane was as described in exanple
3, and a nitrogen. . blanket was used as in exanple 3. The 24DCP

contai ni ng wastewater had a pH of 10 and 30 contai ned 24DCP, phenoxy
butyric aci @, wastewatanebntainingy paiasbloserertherergsol - REGOGx yvap rsptadc usiag i batchDur i ng

the extraction test. essentiall |t | | £ 35

anal ysi s) V\E?%?H%ége ﬁ%ﬂ@fﬁ?ﬁ%& 'Qg‘?&égé:aragérgr%sées Xq&%dofrrﬁ % gem\/%aﬁ B4 er,
and t hﬁ 1bot ﬁitrogkrgblaﬁlcelt was obedras (id @k3mypie 3|t The ‘Rgtﬂlmwmmaterdﬂdwpi-ll lo§ 1drandnd

35% The stripping solution sinitja I lute ustic, soluti. at pH
12, and 47969%Rs QO phsaowK, Btnic Asidy L’H&??anomdr‘g'ﬁ?'%?"’f B A% TP ho pH
at 12 as  pH of the waste was adjusted to 2.5 before extraction using 47wt% NaOH. During the

extraction test over 95% of the PCOC (as identified by GC analysis) was removed from
the wastewater, and the Total Organic Carbon (TOC) of the waste was reduced by around

20 50%. The stripping solution was initially a dilute caustic solution at pH 12, and 47%
NaOH was added over time via a pH controller to méintain the pH at 12 as phenolics
crossed the membrane. The experiment was conducted at 30°C. Following removal of the
phenolic compounds, pH of the stripping solution was adjusted to acid conditions with
37% HCIL. 10 litres of aqueous phase were processed in a laboratory rig, producing 19

25 mLs of recovered organic phase, which remained as a liquid. Dissolution of a drop of this
recovered organic phase in dichloromethane, followed by GC analysis, using peak area as
a proxy for quantity, showed this organic material to be 96% PCOC.

EXAMPLE 6
30



phenolics crossed the nenbrane. The experinment was conducted at 30C.
Fol l owing 5 renoval of the phenolic conpounds, pH of the stripping solution -
was adj usiypdiadgeaici d conditions with 37%HC . 8 litres,aof -aguegys phase
were processed in a laboratory rig, producing 21 nis o? recovered organic
phase, which turned solid overnight. Dissolution of a drop of this
recovered organic in dichlqromnethane, 2f‘ol | owed by GC anal ysis, using peak
area as a“pValgMaecopaing Rhyndé’f?é\%ﬂe‘% Ryiag bﬂ*ﬂh?ﬂe@tlﬁﬁf’ﬁﬂ‘ic& aimesl preceyg o, 24DCP.

10 EXAMPLELR feniBsdetWad & d&oieal 1H'e'§lﬂnﬂ@r33 aﬁ@la%ﬁoééhtﬁlélﬂ&f]%? bsddPsGy) Was

treated using batch operation of the clainmed process e nenbrane was as
descr i bed ekampig Fnghe vastewntdr bad 4 PHnoft hepyeen Db amkétS wod comaidead 2i g1 Léxanpl e

2ci o, but PPEharig 5 ciadh B8 Qe dorh T ERY Rl GY B ' L0E

adj ust ed tvﬁs BexﬁovbéfmmheMawatemmMe Totall Ovgatiic Eatlhdn (IDOO) o the weasteardsr act i on

test over % of the P as .dentified by an renoved from

t he wast e\ﬂﬁi‘%@"r YA ﬁgg: ggﬁfm@ﬁ%ﬁ@‘éﬁ%"?’%ﬂ%ﬁ’&ﬂ%‘f “ﬂ%‘@mi& reduced
by around 2 Oan'aaf’/m NAOHSIsi ad@dd&ef fiind viaONpM@sntidliet tohhivitath Ghe Ipmtz& 12asti C
solution at pH 12, and 47% NaOH was added over tine via @ pH-controller to

mai ntain ﬁ’h@obﬂf‘?fﬁedlﬂ“‘ayf’m& iT8g expergaedt (wash gonduriad 4630 GhEoloWBE| nent
vas conduedfitapbe phexﬁﬁ) wagsﬁgaﬁga&m%nw adiREI@ldcfa CRRBRY@Rn PH Of

t he strlplngs adj ust o acid conltlons W|th 37% HCI .~ 10
I|trele)f 3&W6h§0;mmef mxeeuqomeewsed:rmswdlmbdmmly rig, g»rodpmosidéi) ng 19 25

mLs of tion of
a drop of %%%?&?g%%ﬁﬂpor ganic p %ﬁ&gﬁ&%%ﬁﬁ@@% ﬁglrltllgn oﬂx ﬁ’l%gmgd by GC
anal ysi s, this revgveredh krganieaich phase andxxhlorbmeﬂqnnarfbildqud 5sh G@keghatylsiss usingani ¢
material to.be 96% P 0 WO 01 6 PCT. 3902. 24 A
Nast evat PRI ATRIS BN Ao PR 5P QHFonS Hr BLP e S e O hPPgRobk e
cl ai med process. The nmenbrane was as descrlbed |n exanple 3, and a
nltrogen bl anket was used as. in

EXAMPLE 7

A wastewater containing cresols was treated using batch operation of the claimed process.
Three distinct organic compounds were detected in the wastewater by gas chromatography
(GC) using extraction into dichloromethane followed by injection onto a column and
20 detection with FID. One of these was identified as p-cresol while the other two
(henceforth compounds A and B), which had lower retention times in the GC method
used (p-cresol 6.30 minutes; compound A 5.95 minutes; compound B 5.00 minutes) were
not identified. The relative fractions of the organic compounds in the wastewater was
approximately 67% p-cresol, 22% compound A and 11% compound B. The membrane

25 was as described in example 3, and a nitrogen blanket was used as in example 3.

The wastewater had a pH of between 9-10. The stripping solution was initially a dilute
caustic solution at pH 12, and 47% NaOH was added over time via a pH controller to
maintain the pH at 12 as phenolics crossed the membrane. The experiment was conducted
30 at 30°C. Following removal of the phenolic compounds, pH of the stripping solution was
adjusted to acid conditions with 37% HCL. 10 litres of aqueous phase were processed ina



exanpl e 3. The wastewater had a p'H"Qf' between 2.5 and 3.5, and contai ned
7.2 g L-' phenol. During the extraction test over 99% of the phenol (as

i dentified nal ysis) 5 was rermoved fromthe wastewa and t he Tot al
Organi c Carvg%ﬂl%?%c) of the waste was reduced by around %?&G"?ﬂ‘g’%ri ppi ng
solution was initially a dilute caustic solution-at.:pH 12, and 47% NaCOH

was added over tinme via a pH controller 3% maintain the pH at 12 as phenol

crossed -t he laberanrpmig, producmepbil mistofinasovemddongewd. phase3 @dichFeitamed g a
renoval of t.he .phenal H.of ~“t he .strippi.ng. sol utioniwas, adj ust.ed to..acid
condi tions qf"f‘}' ?Ee ?f‘%’ %E‘Ii O ngggﬂngﬁéwﬁé%e%m@sﬁe%&prr’@g ersefs%ggei n a
| abor at gr y lﬁiaalionproﬁddmuh P o’kléaﬁxic m:ﬁpc?ﬁdsf gcmveeo?dere% gﬁg@jﬁephhsér(dgtbmﬁﬁed Bhi ch )
remai ned as a liqujd. Dissolution a drop o is recqyered organic-ric
phase in di Qﬁ%}aﬁ’ﬁ’éh‘{slf‘?eﬁ,%%m"{eé% "ﬁfj°’@9‘§’ﬁa“r§%‘1é%°&%‘??fﬁ‘g\%eak area as a
proxy, foy quantity, showed the organic material present to be 100% phenol .
15 EXAMPLE 7 A wastewater containing cresols was treated using batch

oper ati on oEXAMPEE & ned process. Three distinct organic compounds were
detected in the wastewater by gas chromatography (GC) using extraction

i nto dichloronethane followed by injection onto a colum and 20 detection
with FID. OTée dblléwiag eexanmple desstibdsi baich aperptiar ©f ahe \phasénd inbention heith tthe

(henceforth _goppounds A and B), ich_had.l o retendiopn tines, in the GC
tethod use AP et sope g i e e EEeEt { R AE R i o
5.00 m Ny eshe Wa¥iEvatéiOin doReRt inithatle edtamal Slrfick \of the abhiad Atendkareh®s @ gaNi C

conpounds in the wastewater wa approxi mately 67%.p-cresol, 22% conpound A
and 1 1% conﬁ@aﬁwatacwr@mﬁgw%@hmwgwdsgdwm AmaiEiAgH Wometif g

ni trogen bl ganlealof4afiddas fibber hBmBUARbE with idtSRal\Bah&MESS mha tral tlEkdREs

bet ween 9-10. "The stri pgém? solution was initially a dilute caustic
sol ution at OPHnmp2 ligregjo siippingsehdion gemprisinga | Qwit % sqiptiancrfisediumer t o

mai ntain th : - BlsRs! 4 crﬁﬁﬁ-ﬁ Eng r e | t was
conduct ed 3813'%%3!0%&%':%%%\,\” ng i*#F‘Sei'ﬁrmavg 0 8‘t e p%ﬂgi%l ?lgﬁeco(;r%hpglﬁn%%?é&b%f t he
strippi ntf soleaibrame tukesandctecki ¢d the coxtaiaen. Temperdiute offthe whastewB#%vasGlontralled i t r es
.of agqueous p re processed,ipn a 01/ 28666 PCT/ 0/ 02 25,
| abor at ory FPS&%p\ﬁﬁ | Was SPpeggd u@?%e@ﬁ%%"l’agﬁ 'ﬁ%ﬁ'ﬁg g’e “8‘??2‘98 STHRRE,
remai ned as sétution container. After 36 hours the experiment was stopped, and the alkaline stripping
' solution removed. The pH of the alkaline stripping solution was adjusted to less than 5 by
addition of 33 wt.% HCI solution, and a pinkish coloured organic layer formed and was
20 separated from the aqueous phase. This organic liquid was analysed via gas
chromatography and found to be more than 60wt% phenol.

All publications mentioned in the above specification are herein incorporated by
25 reference. Various modifications and variations of the described methods and system of
the invention will be apparent to those skilled in the art without departing from the scope
and spirit of the invention. Although the invention has been described in connection with
specific preferred embodiments, it should be understood that the invention as claimed
should not be unduly limited to such specific embodiments. Indeed, various
30 modifications of the described modes for carrying out the invention which are obvious to
those skilled in chemistry or related fields are intended to be within the scope of the



liquid. The recovered organi c phase contai ned approxi mately 10% water. The
relative fractions of the three organi c conpounds in the recovered organic
phase (determ ned by GC anal ysis) were 66% p-cresol, 26%c% &HBQZA and 6%
compound BWOPLRBESKPLE 8 The fol | owi ng exanpl e descri bes batch opeéeration of
the present invention with the alkaline stripping solution in contact with
the internal surface of a tubular nmenbrahme and 10 the wastewater in
contact wi tflibwihge¥ias.nal surface of the tubular nenbrane. 75 L of

wast ewat er containing 2 wt.% phenol were added to a stirred tank contai ning
a 100 netre length of a silicone rubber nenbrane tube with internal
dianeter of 3 nm wall thickness 0.5 nm 2 litres of an alkaline stripping
solution conprising a | Oa % solution of sodium hydroxide was recircul ated
froma container through the inside of the elastoneric 15 nenbrane tube and
back to the container. Tenperature of the wastewater was controlled at

50C. Nitrogen was sparged through. the wastewater tank and the al kaline
stripping solution container. After 36 hours the experinent was stopped,
and the al kaline stripping solution renoved. The pH of the al kaline
stripping solution was adjusted to less than 5 by addition of 33 w. % HC
solution, and a pinkish coloured organic |ayer forned and was 20 separated
fromthe aqueous phase. This organic liquid was anal ysed via gas

chromat ography and found to be nore than 60w % phenol. All publications
mentioned in the above specification are herein incorporated by 25
reference. Various nodifications and variations of the described nethods
and systemof the invention will be apparent to those skilled in the art

wi t hout departing fromthe scope and spirit of the invention. Although.
the invention has been described in connection with specific preferred
enbodi nents, it should be understood that the invention as clained should
not be unduly limted to such specific enbodi nments. |ndeed, various 30
nodi fi cati ons of the described nodes for carrying out the invention which
are obvious to those skilled in chem stry or related fields are intended
to be within the scope of the WD 01/ 28666 PCT/ GB0O0O/ 03902 26



followng clainms. WO 01/28666 PCT/ GBOO 03902 27 CLAIMS 1. A process for
renovi ng and recovering one or nore undi ssoci ated phenolic conpounds

di ssol ved in agueous fluid, the process conprising the st (a)
transferri W@%ﬁ@“ﬁne or nore undi ssoci ated phenolic corrpolﬁériﬁﬁ ’r""é%zt he
aqueous fluid to an alkaline stripping solution, wherein transfer of the
one or nore undissociated phenolic condbunds fromthe aqueous fluid to the
al kal i ne stCLAM®Bg sol ution occurs across a nenbrane; wherein the nenbrane
i's, a non porous, selectively perneable nenbrane; 10 (b) regulating the
vol une of al kaline stripping solution enployed relative to the volunme of
aqueous fluj.d trgaiesss dort Fadovidgeaid redoveirgnond or aorp amdidsanigied phemmlicon in

the alkaline strippin olution, ¢ ri sing the. sum of the dissociated and

undi ssoci at@&lmﬁeﬁ‘ﬁflolﬁsegeiwam’ﬁ @Hﬁ%ﬁ?%ﬁ%ﬁ?f“%%&?& °§he sol ubility of

t he phenﬁ' i(]%) Eﬁ%ﬂﬁ%ﬁe bie &' 1Bore @6didickiatd phbsdlieRbAGoEEE BoOfie juesteuidd) ; 15
ating the p

(c) regu ] of the al kaline _stripplngfsolution I n coptact ﬁ/ith
t he menbrarte aw alkalinestripping sobwion, WhereipHtransfer 0T \0et HeMAES YRgssoctate

di ssoci ati of. st ant LClui Afkatifd btrip g [ t H of
the phenol i e(r:“glgpﬁ‘ﬁ'ré "(I:lg;ntﬁtg?ﬁlﬂ%g @i +<lgsl ill‘#gqug?ppl ng é%@gitnlgggr?mtﬂ%nam?fgl ue
bel ow t he asirshsCa Ghchshrarieatwhereir dhes nemibrarfe ishe nohepnsbusc seloetiusbhgermeeble20 (e)
separating the resulting phenolic conpound rich phase and the acidified
stripping S§PB®@PGN. 2. A process according to claim 1 wherein step (b)
conpri sqgy r@ywgatding tiehwlnat biElkaldie sdippalg suutihrenmbyed relativet todhe eotpiney ed
relative to the vol une of aqueous folgqlﬂlg tkeat ed@g 25 t hat .tEt(fa %ﬁatlal

phenol i ¢ cophraueens diitEsatsd0ithat the,tofal phepolig compoundl cpRGSAAHOR IR (S HEHE apove
the sol ubi 'ééiypéﬂé\ﬁbmﬁorﬁ %ﬁ%&ﬁg%mréﬁ tHeNdi¥¥@bifted aBd hdRkEsAES phamticdi ng

to claim1 or ereln the aqueous fluid i s an aqueous process stream
compound concentrations, is above the solubility of the phenolic compounds in the

acidified stripping solution of step (d); _

.15 (c) regulating the pH of the alkaline stripping solution in contact with the membrane to a
value at least 0.5 pH units above the acidic dissociation constant of the phenolic
compound; _ _ _

(d) adjusting the pH of the phenolic compound containing alkaline stripping solution to a
value below the acidic dissociation constant of the phenolic compound and;
20 (e) separating the resulting phenolic compound rich phase and the acidified stripping

solution.

2. A process according to claim 1 wherein step (b) comprises regulating the volume
of alkaline stripping solution employed relative to the volume of aqueous fluid treated so
25 that the total phenolic compound concentration in the alkaline stripping solution is above

the solubility of the phenolic compounds in water.

3. A process according to claim 1 or 2 wherein the aqueous fluid is an aqueous

process stream.
30
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30 ittt rartrii it Lrii WO 01/ 28666 PCT/ GBOO' 03902 28 4. A process

according to claim1l, 2 or 3 wherein the aqueous fluid is contacted Wi t h

one side % Hg penbrane and wherein the al kaline strippi n%@&gl ution is

cont act ed X@E#%%¥he ot her side of the menbrane. 5 5. A B 033%2%cording to

claim4 wherein prior to adjusting the pH of the phenoli c conpound

contai ning al kaline stripping solutio8 the alkaline stripping solution is
r enovedt.f r om pontsaetcovdinghtot diemnip 2tor 3 rvéherefn thé apuevoe fisidde comtadtedgwitlo cl ai m

R i e A R R A

process acshdrdide 9f the nidntbraned wWherein the alkaline stripping solution
separated in step (e) . is recycled to the phenolic conpound contai ning

al kaline stripping solution-prior to renoving the alkaline stripping

sol uti 0§ f4,0M GOBloREk akickding BECIBRTP WhBRIn prior Fo ad}an@QEéﬁH%?@férﬁieH&wto any
one of the preceding clains wherein the resulting -phenolic conpound rich
phase of stospotmd) cprtaining aiiepline strippingrwbuion, shec strippingy sabtonods cl ai ns
l1to7 V‘heeﬁgdtiﬁﬁn[:m% qu & 20 corrpound-rich phase of step (e)
s a SO|I rocess according to any one of the preceding clains
wherein the nenbrane is mounted in a plate and frame configuration,

shel | and tube confl uratlon or a p|r canf atLon 11. A
process acéor di*h §T a?ﬁ‘/" T9HE’ 195 Claim ge"fﬁ Bgeaﬁﬁg'ﬁﬁg é%’r?é‘nbr ane
conpri 3@s saﬁaa@dmrﬁypqeﬁluwyaédm&m@aa&mmpxa:rwednﬁchmamﬁﬁmﬁdew d or the
al kaline stripping solutionis held within the internal volume of t he
tubul ar menbrane(s) and the other of the aqueous fluid or the alkaline

strippi ng B0l UtA ABcdsS adcBrderiy to Rfaim WiviHrdid e au&ﬁﬁ%ppﬁ@smohaeﬁrﬂd ihhe

tubul ar nenbrane(s).
step (e) is recycled to the phenolic compound containing alkaline stripping solution prior

to removing the alkaline str_lppmg solution from contact with the membrane.

15
8. A process according to any one of the preceding claims wherein the resulting
phenolic compound rich phase of step (e) is a liquid. |

9. A process accordmg to any one of claims 1 to 7 wherem the resulting phenolic

20 compound rich phase of step (e) is a solid.

10. A process according to any one of the preceding claims wherein the membrane is
mounted in a plate and frame configuration, a shell and tﬁbe configuration, or a spiral
wound configuration. '
25

11. A process according to any one of the preceding ciaims wherein the membrane
comprises one or more .mﬁular membranes and either the aqueous fluid or the alkaline
stripping solution is held within the internal volume of the tubular membrane(s) and the
other of the aqueous fluid or the alkaline stripping solution is in contact with the external

30 surface of the tubular membrane(s).
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LI fio o or 1 11111 1 s WO 01/ 28666 PCT/ GBOO' 03902 29 12. A
process accd&ditig to claim1ll whereil n the ‘aqueous fluid is held within the
i nternal volume of the tubul ar menbrane(s) - and the al kaline stripping

sol ution i ¥QPM/2868nt act with the external surface of the PEHEREN/03902

menbr ane(s), and wherein the tubular nenbrane(s) and the al kaline
stripping solution are operably containeg. 5 13. ‘A process according to

clai-m 11 whepei nat fiScedd hadokdiBs 36 ClaRRi NOwAGEM | me Maqu8oil Ghird W hal Nwithik fhe
internal volune of the tubular nenbrane(s) and the aqueous fl UI disin

contact wi t Hiterpdevalyme of dhe suhujas raerpbrape(s) andytieaslk #mbwam g yolulep ispiter ei n
t he tubul ar Jysn] S ) ] shi¥SceaNUE Elraﬁ 10
14, A procesésmacco?gﬁgeﬁeg&clsal mell g%l&%{lérqggm %@%ﬁe tuegrgp{f?ﬁlgﬁgr
menbr ane( s) mesbrankeés} anithe alkalnwmmumsuhEmnammrablmntamedny one of clains
11 to 14 erein the tubular 15 nenbrane(s) has a length to dianmeter ratio
of from I0,000 to 1,000,000. 16. A process according to any one of the

precedi ng chai Aprotbgraetdiding€o elbitnl ] Wheretilthé PRhING hdppiigd @lution i€ Bl bihinni t h
the nonporous nenbrane is wel| mxed throughout its volume such that its

conposi t i on thesintsal ¥plyme rﬂféléfg?fbﬁ‘ﬁ' mepybrene(shark the @gueoys Eyidgis dg comact Withone of
the precedi gy &lefldBuri€bLIHB nlthifr Blitn®fank§ and Wﬁ@khﬂ@m lbhulap Hieﬁﬂrai@ﬁsy don 0N

cont act W|th the non-porous nembrane is controlled so that 1t

subst ant i al ithe agheous flms arhopapapveantaired. vol une of al kal i ne stri pp| ng sol ution
I n conta wi th the non porous nenbrane separating |layer. 25 18. A process
according to any one of the preceding clains wherein the. aqueous fluid
contai ns a phenoli prooﬁssnacmrrﬂngtd clained1f 1Dor phevielein checmbhlar memmbanefhénol s,

elastomeric.

15. A process according to any one of claims 11 to 14 wherein the tubular
15 membrane(s) has a length to diameter ratio of from.10,000 to 1,000,000.

16. A process according to any oﬁe of the preceding clairns wherein the alkaline
stripping solution in contact with the nonporous -mem’b'r'ane is well mixed throughout its
volume such that its composition is uniform throughout.

20
17. A process according to any one of the preceding claims wherein the pH of the
alkaline stripping solution in contact with the non-porous membrane is controlled so that
it is substantially the same throughout the volume of alkaline stripping solution in contact
with the non-porous membrane separating layer.

25
18. A process according to any one of the preceding claims wherein the aqueous fluid
contains a phenolic compound selected from phenol, cresols, chlorophenols,
dichlorophenols,  chlorocresols, = dimethylphenols, nitrophenols, bromophenols,
benzenediols, benzoquinones, and mixtures thereof.

30
19. A process according to any one of the preceding claims wherein the ‘alkaline
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di chl orophenol s, chl orocresol s, dinethyl phenols, nitrophenols,
bronophenol s, benzenedi ol s, benzoqui nones, and m xtures thereof. 30 19. A
process to any one of the preceding clains wherein the al kaline
HI | ff 11?%%5}#‘1% NERN 1111 L 14 S WO 01/ 28666 PCTPEBGHIUBE2 1.0
stripping solution conprlses a mneral alkali selected from sodi um

hydr oxi de, potassi um hydroxi de, cal ci®n hydroxi de, and ni xtures thereof.
20. A pr ocﬁéspiag saniiomepmppises sy minveal alkali tselegeéﬁ'emi sedium lyidroxideh potessiunt he pH

of the 0 %EH ont.ai.nin I ine stripping solution is

adj usted | ‘Iié %?:\lf %ﬁg‘l& dmfduéi%t%fr h acid. 21. A process according
to claim 20 V\/nerel n the aC| d is an aqueous sol utlon of an acid selected
from hydroghl oric acid, s hurlc aci hos orlc ‘aci nitri cid, and
m xt ures i rREQfESS Q“fm (fé‘@s@eé’gé}béjaﬁeﬁ ing,claims %}F'Féelﬁith"tl’é o2rtB"’ced| ng
claims whe &h@hé BSimpoRal ﬁtﬁmln? alltaBhe8@iphi %ﬁﬁoﬁ%ﬁs‘iﬁsmasté?@?'b ache

sel ected firsom nodi f'i ed pol ysi [Ffoxane baé:’eél-ﬁ(g el astoners includin y

pol ydi met haddijonpfanecidPpVs) based el astorers, et hyl ene- propyl ene 15 di ene.
(EPDM based el astoners, pol ynorbornene based el ast oners, pol yoct enaner
based el astoners, polyurethane based el astoners, butadiene and nitrile
but adi ene IhbbeApMmdcccmdlmstmgchO wiherzin die acmlbbetr aqubmtsyblunubbéan ik ed

el ast oners QpLene el ast,o hl ohydr| n
ol ast oner s BRASR RIARRTHE LR GRS so BeSthos 350 Wi phiec i Anihes

pol yt etioaf theveshet hyl ene (PTFE), pol yvi nylidene difluoride (PVDF) based 20
el astoners, and nixtures thereof. 23. A process according to any one of the
precedi ng clains wherein the nenbrane conprises a reinforcing materi al

sel ect ed T30M 38 pRoekRIRE0rdifiR &ary Yhe BF mzqrréeed@@ clafins AheHEAGRSBeRBRAEH N 1O

any one of the preceding clainms wherein't menbrane is a _conposite

menbr ane clorped Jiomy & prImmprises @upisrial aﬂectechtfrqnea's?dx@we palypilqxare (pasedayer .
elastomers including polydimethylsiloxane (PDMS) based elastomers, ethylene-propylene

15 diene (EPDM) based elastomers, polynorbornene based elastomers, polyoctenamer based
elastomers, polyurethane based elastemers, butadiene and nitﬁle butadiene rubber based
elastomers, natural rubber, butyl rubber based elastomers, polychloroprene (Neoprene)
based elastomers, epichlorohydrin elastomers, polyacrylate :'elastomers, polyethylene,
polypropylene, polytetrafluoroethylene (PTFE), polyvinylidene difluoride (PVDF) based

20 elastomers, and mixtures thereof.

23. A process according to any one of the preceding claims wherein the membrane

comprises a reinforcing material selected from an external mesh and support.

25 24. A process according to any one of the preceding claims wherein the membrane is a

composite membrane comprising a porous support and at least one non-porous layer.

25. A process according to claim 24 where the porous support is formed from or
comprises a material selected from polymeric material suitable for fabricating .
30 microfiltration, ultrafiltration, nanofiltration or reverse osmosis membranes, including

polyethylene, polypropylene, polytetrafiuoroethylene (PTFE), polyvinylidene difluoride

AT



25. A process according to clai-m24 where the porous support is formed from
or conprises a material selected:frompolyneric material suitable for
fabricating . 30 microfiltration; ultrafiltration, nanofiltration or
reverse osMR#236fnbranes, including pol yet hyl ene, pol yprBpl/EHPIN2

pol ytetrafl uoroet hyl ene (PTFE), polyvinylidene difluoride I I11LIT1T 111111
LErer e 1 * CL MS W 01/ 28686 PCT/ GBOO 03902 31 ( PVDF)

pol yet her sutehabicl polytersiil féiey tbmixeecdereo6. A process according to any one
of the preceding clains wherein the aqueous fluid "is contacted with one
side of a plurality of nenbranes in series, in parallel or in. a 5

conbi nat i o Ner gof oceaiile i ab thy SR ot il iR WroROlila@¥ous fuid
contacted wth t ot her side of° each of the plurality of nmenbranes. 27. A
process accir ctintagtedowitinyone sisleodt a phurplits efnergbranes WssopRerig; prralisk 95iBdess | s

performed in _a.continuou . : Tolc 0f.dl e of
clains 2 tBO%HW?@rtE‘Frﬁo r%ngf r}%ﬁ%#}% a%ﬁ?‘éd;e\s#ﬁ%ﬁ? §%‘§ thgsdéadgghg%gs@ﬁ{lﬂ, t he
al kal i ne st pihppdidgofeativf theplusaticy dftimeenabriosdsi sol ution is di scontinuous. 15
29. A process according to any one of the preceding clainms wherein the
resulting phenolic conpound rich phase of step (e) is contacted with an
organi ¢ sol yent Anglocesy h&@etiiRNtd anyt sr2nbtheiplecading cldies wheriretr. praess &
process according to any one of the preceding clains wherein the process is
20 per f or negerformgd i eendipuus AN ng at | east a first zone, a second zone,
athird ne, and a fourth zone; wherein each of the zones is discrete
from each other zone; wherein the first zone and the second zgne are

separ at ed b@8t heArpocegoacoordingsoramaens; of cigias 81 tp 2Gwhereip dhe Hoyiaf atdeashienss t he

aqueous 11 ulg: 2% WS hlid N SERAN. 4ABFR il 'Hla” RC R Bk

al kal i ne stf ri ol u
discontinuous.

15 29. A process according to any one of the preceding claims wherein the resulting
phenolic compound rich phase of step () is contacted with an organic solvent and

subsequently treated in a further process.

30. A .process according to any one of the preceding claims wherein the process is
20 performed in a reactor comprising at least a first zone, a second zone, a third zone, and a
fourth zone;
wherein each of the zones is discrete from each other zbne;
wherein the first zone and the second zone are separated by the non porous membrane;
wherein the first zone contains the aqueous fluid;
25 wherein the second zone and fourth zone contain the alkaline stripping solutioﬁ;
wherein the third zone contains phenolic compound containing alkaline stripping solution;
wherein the third zone and the fourth zone are operably connected to each other;
wherein the second zone is operably connected to the fourth zone; and
wherein the alkaline stripping solution is circulated between the fourth zone and the

30 second zone such that the alkaline stripping solution is well mixed throughout its volume.

e
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wherein the third zone contains phenolic conpound contai ning al kaline
stripping solution; wherein the third zone and the fourth zone are

oper abl y g&nﬂﬁﬁ}gd to each other, wherein the second zone is operably
connect ed o 'tH&% fourth zone; and wherein the al kal i ne SEFGHIVB82s0] Ut i on
Is circul ated between the fourth zone and the 30 second zone such that the
al kaline stripping solution is well m32ed throughout its volune. CL 14 WO
01/ 28666 PIT/ GBOHY00&S @zcordidg Bl cldinp3® ohasinaCcsld cohtrd) systertt listused 30 replaiateci N a pH
control systemi ed to requlate the flow of alkaljne stripping solution
et ween ¢ HB¢ fit oF AR stibmtreHsRoE bearnbn s 2o S geeeoH#BE of g o any
one of the preceding clains wherein at |east one of the 5 aqueous fluid
and the alkaline stripping solution has a tenperature above room

t enper at ur¥2: 33 PIRCssE accalingle @By aneof the prasriing rlaings whersingt deastpng of theai ns
Wher ei ns atagh&RS L ARACakd tﬁe“%lkaﬁﬁh“%ﬁ%bé’ | Wighicanflad he 1@h el Cartive | BINY

sol ution haéls a tenperature above 6 l.nfg10'.34. A procesﬁs%ﬂacco?di ng to any one
of the preespiragree| ai ns wherein at | east one of the aqueous fluid and the
al kaline stripping solution has a tenperature above 70C. 35. A process
according to any one of the preceding clains wherein the aqueous fluid 15
cont ai ns S3bst anprioedss actarding toasay ofe ofi thepresedthgi chuimg svhereinoat leastgmeiof the
materi al s. 36. ogess according tg any one of the pre L ng- clains
Wherei n ¢ e Guit 78 B Riae pate it hed Comemb PRI P e Lo (o) Lo

ef fect j@n i nproved separation of the phenolic conpound rich phase and the
acidified stripping solutjon. 20 37._ A process, accordi ng e of the

: 0 any
precedi ng ¥ ai HsPIRFRSS ascardingoto 2aYy ame ofdhe pregeding claimgs whersin 3 aéteoﬁ'ﬁf’g d from

the phenol jsGeduo ARRAUAG thel IRY AR Bpi %%I&ioﬁ%&ate%@ﬁﬁﬂéﬁﬁlvleqw&f greater than
5wt %0. 25 38. A process according to claim37 wherein the acidified

stri ppi ng sol ut ion separated fromthe phenolic conpound rich phase has a
sal t concetrat] &Bce%;, adbiafeh aﬁ?@ﬁk Jt h%réeding claims wherein the aqueous fluid

15 contains substantial quantities of dissolved inorganic or organic materials.

36. A process according to any one of the preceding claims wherein the alkaline
stripping solution is cooled prior to step (€) to effect an improved separation of the
phenolic compound rich phase and the acidified stripping solution.

20 _ _
37. A process according to any one of the preceding claims wherein the acidified
stripping solution separated from the phenolic compound rich phase has a salt
concentration of greater than Swt%.

25 38. A process according to claim 37 wherein the acidified stripping solution separated
from the phenolic compound rich phase has a salt concentration of greater than 10wt%.

39. A process according to claim 37 wherein the acidified stripping solution separated

from the phenolic compound rich phase has a salt concentration of greater than 20wt%. .
30 .

40. A process according to any one of the preceding claims wherein contact between the

\

L i



39. A process according to claim 37 wherel n. the acidified stri ppi ng
solution separated fromthe phenolrc corrpound rich phase has a salt
concentration of greater than 20wt'% 30 40. ‘A process according to any one
of the pred¥YP¥?866s| ai ns wherein contact between the. 1 | RCT/GB00/03902- - - - - - -
WO 01/ 28666 PCT/ GB00/ 03902 33 al kaline stripping solution; and nol ecul ar
oxygen is partially:substantially or completely prevented. 41. A process
accordi ng t Qlkalisd %Pﬂng\@&bﬁbﬂla@ﬁbﬁsﬁl B paialiy| Libktai@al§ior icBRbRELy S
sol ution and nol ecul'ar oxygen is prevented by sparging any of the alkallne
stripping &Bvasttdn, the gas headspace above the al kaline stripping
solution, the Wastewater or the gas headspace above the wastewater, with
an inert gas. 42. A process according to claim41l wherein the inert gas is
nitrogen. 30. 43A propwss)@e@sdiagancldhngo tvdlemlira'pmntm betveseritire alhalingestisping
cont ai n| er t sol uti or the wastewater., are naintai ned
Pl “sucr?t RpASH apd FralédlsR 3x98kn, & rientd 1 cheniipih ey B HeCEcine FEHHHE  of
and cont act shlativgahe piichealidpatd dovs tiie amaamg strippitigl @utidAdthe MAsROdler for aky/ gen
is prevented. 15 44. A prqcess as suba!t antially described herein and with

ref erence t@aﬁhﬁ?da?&e%hoveﬂ} waergvithapipert gas | || i 111111/

42. A process according to claim 41 wherein the inert gas is nitrogen.

10
43. A process according to claim 40 wherein the vessels containing either the stripping
solution or the wastewater are maintained full sﬁch that there is no gas headspace above
the liquids in the vessels and contact between the alkaline stripping solution and
molecular oxygen is prevented.

15

44. A process as substantially described herein and with reference to any one of

Figures 1-5.
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