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recovery of substantially pure 5 polyners fr ol utions.

Phosphoni ¢ acid - containing polyners are used i*HS¥#ie treatment of netal
(parti culvaoley/4zd4am ni un) surfaces. Such treatnent may, forPCIGBYI/E299
conprise dipping a netal plate into a bath containing a solution 10 of the

pol ymer or spraying a netal plate with a solution of the polyner. For
exanple) the bath, prior to application to the netal surface, may consi st
essentially of a solution of a r h as | y- vi nyl phosphoni ¢ aci d,
poly (vinyl phosphoniM%#&‘-’%@%Eﬂy%rgié& O% IIE)%‘%MI-;,R(W nyl phosphoni c
aci d-co-net hacrylic acid) gbr@?A}qu\(m@ﬁ@bgﬁﬁmc acid-co-acrylic

aci d- co-vi nyi sul phoni ¢ aci d). ternatively, the bath may contain polyners
i ncluding vinylidene-1, |-diphosphonic acid (VDPA), such as poly (VDPA), 2
copolyners or terpolyners of VDPA with other water-sol uble nononers (e.g.
acrylic acid oFh¢inigbgul pHeniien dJeidps (WIPA receYsyt plonubsaedalholinufers or
pol yners contai ni.ng _phosphopo-succinic acid. Al though the pol yner content
i s depl etRCdY G T rﬁb‘g.ﬁﬁﬁluleg% f@ﬁ'?'ogb% consi der abl e amount of unreact ed

pol ynmer remains 1n the spene bath. Mreover, the spent bath contains

pol ymer residues in the formof netal/pol yner conpl exes, e.g.

al umi ni um pol yheesphonp! esidor con@hningl pelEmesH AP used Thaheteesement off such
conpl exes in th si%ept bat h _can bf in%i cat ed %han i ncrease in tfhe appar ent
mol ecul am&d! ghpParcuarly sgfugymnm}  Fudactonn gdr ey BERt afM2gr ~ tor

chr omat ogr, a v B ; /00299
i i i R i TG E R R e
t he spentofhiatpadamealosapbayingd oetaldplaye with £ solmsionost dife Eolwmer e

precipitate where the netal ion content of the bath exceeds about 200 p.
p.m 5 Htherto, the spent bath has been di sposed of by neutralising the

waste and filtgri t ul § 1. o] Iz:confaining selids (which have
been used for f%rngg?%&{epu{rhgoég%.bvgghtgv%ynocv?/“%gu%odt%e srlg%fjéuéﬁa&(seconom C
met hod oOfndyeCQoRkisy essentially of a solution of a polymer such as '
poly-vinylphosphonic acid, poly (vinylphosphonic acid-co-acrylic acid),
15 poly (vinylphosphonic acid-co-methacrylic acid) or poly (vinylphosphonic

acid-co-acrylic acid-co-vinylsulphonic acid).

Alternatively, the bath may contain polymers including

vinylidene-1, 1-diphosphonic acid (VDPA), such as poly(VDPA),

'\\

copolymers or terpolymers of VDPA with other water-soluble monomers
(e.g. acrylic acid or vinylsulphonic acid), VDPA - functionalised

polymers or polymers containing phosphono-succinic acid.

Although the polymer content is depleted during application, a

25 considerable amount of unreacted polymer remains in the spent bath.
Moreover, the spent bath contains polymer residues in the form of
metal/polymer. complexes, e.g. aluminium/polymer complex or
iron/polymer complex.  The presence of such complexes in the spent bath

can be indicated by an increase in the apparent molecular weight of the

30 polvmer (as shown by gel-permeation chromatography) as well as a

W
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pol yners in substantially pure formfrom solutions such as reaction
sol utions or waste process solutions. Accordingly the present invent} &g 200?
provi des a nethod for recovering 1.5 polynmers in a substantially pure form
froma s‘g%}%gi/@mcont ai ning said polynmers, in which the ne},g?;f‘i_mgg),ﬁr&}%g ses the
steps of (a) treating the solution with a reactant so as to formthe free
polynmers and one or nore salts of said reactant; (b) treating the solution
to renove the salts therefromand (c) concentrating the polymer solution to
recover the ?* polyner therefrom The reactant used in the treatnment step
(a) may leneforbigragmne, olanPaemd &R ashemrprrdecobsiah ¢nrpisehs oric aci d
or phosphoric acid), . Aternatiyely, the reactant may.be a sequestrant
(such as'i- BfdrB%/efAlné?852't° §9d¥’8ﬁ%§%%obn\i cl%gcs%r)m%[rlo% &l X f}?%“%f said
aci d and,saiiiaRAuastE ant - metal 2iohUoRRA2 MORILA3Y 44 B ECTISRI% 0299 In a
first preferred enbodi nent of the present invention the treatnent step (b)
conpri sep.penbrane-filtration of the solution. In a second preferred
enbodi ment of the present invention, the 5 treatnment step (b) conprises
cont atti ng the solution with an ion-exchange resin. In a third preferred
enbodi ment of e Qf e§RNEpdNVERL RIY bE&E di§RALTRSE b3t BRuldlis d ses
el ectrodi alysis of the solution. WThe polyners may be copol yners of
vt nyl phospionted ditiedingneff ahe yesudtiagipbly mepobyraenis gosolvdywhiais plmoni ¢ aci d
and nethscryl is acid, honopolyners or oligonmers of vinyl phosphonic acid)
or ter pobgeiusedfor/landfifnprpRses)e acid, acrylic acid and vinyl sul phoni ¢
acid. 15 Alternatively, the polyners nay be honb-, co- or terpolyners of
VDPA, VDPA-functionalised polyners or polymers containing
phosphono- sucayaitavatidly fdhed ROkMEESantB¥c oI EaRithol NoPréLoITirigrpur e
fornms in the solution. Typically, the solution fromwhich the polyner is to
be recoveekunénsclindadstantialy pure Hromifnemmspbivensr seighplagx esaction
Aci di fi catli on of the 25 solutipn.with an acid (e.g. sul phuric acid,
hydr ochl 3 U&1°88% %?S‘f)lﬁ’fi‘écpaﬁ?)rsf’gm %) reverses the conplex to formthe free
pol ymer and the salt of said acid (e.g. alum nium sul phate or al um nium
chl ori de).

Accordingly the present invention provides a method for recovering

15 polymers in a substantially pure form from a solution containing said
polymers, in which the method comprises the steps of (a) treating the
solution with a reactant so as to form the free polymers and one or more
salts of said reactant; (b) treating the solution to remove the salts
therefrom and (c) concentrating the polymer solution to recover the

2" polymer therefrom.

The reactant used in the treatment step (a) may be, for example, an acid
(such as sulphuric acid, hydrochloric acid or phosphoric acid).
Alternatively, the reactant may be a sequestrant (such as 1-hydroxyethane-

25 1, 1-diphosphonic acid) or 2 mixture of said acid and said sequestrant.



1 2 AUG?2002 W 99/43744 Q | "CT/ G 399/ 00299 Treat ment by
menbrane-filtrati on separates the alunmi numsalts and ot her Iom/nnleq I 7
wei ght inpurities and/or by-products fromthe pol yner solution. The zdﬁgh@g
solution is then concentrated and the free pol yner recovered. 5 Treatnent
by i on- exh#i@d4can | i kewi se be enpBoyed to reverse the mBCAIGHISI2 RS
conplex and return the polyner to its original form Treatnent by

el ectrodi al ysis can be applied either to the spent bath 1,. or to the
acidified spent bath. Preferably, the nenbrane nay be made froma ceramc

material or frEMONeser pfMEScROLYNBAIKRBIAT iR Sprsenf tRLAALLYEl W the
menbrane nmay conprise a |ayer of a polyneric material supported on a paper

subst r at areathenc gtepofty) iz 1ofs mhmbnavebfidmetios adabersrlnednby reference to
t he nol ecul ar wei ght of the polyner to be recovered fromsolution. The 2C
menbr ane prevents substances having a nol ecul ar wei ght higher than the

upper | im t Ofl_Ft hes 'n%Pgh@f]E:r%i \%ﬁi gaﬁf‘%@ af Eh*}ePrJE@%aﬂRre% ('r}‘ PA3S! ng

t her et hrough. The sol uti rom pol ymer I's recovered’'may be a 25
react 5on 18&ditien0BtepAlB)ecdrapiived Yonitben S eheltsoun sy idE b V&SELCHURRESS
solution containing polyners, for exanple a spent bath fromlithographic
pl ate covéfitng. Preferably, the solution fromwhich the polyner is
recovered is an 30 aqueous sol ution 12 AUG 2002 WD 99143744 5

PCTI GB99100299 The present invention will be illustrated, nerely by way o;

exanpl e, as fqhl awshird B dmbdalraén0b{0khdOhdes¥hNYINRBAS BAONIhe
acid-co-acrylic acid) The pH of 10 ~ of a 20% sol uti on of spent bath (nade
by treatment step (b) comprises electrodialysis of the solution.
1Y
The polymers may be copolymers of vinylphosphonic acid and
acrylic acid, copolymers of vinylphosphonic acid and methacrylic acid,
homopolymers or oligomers of vinylphosphonic acid, or terpolymers of
vinylphosphonic acid, acrylic acid and vinylsulphonic acid.
15
Alternatively, the polymers may be homo-, co- or terpolymers of

VDPA, VDPA-functionalised polymers or polymers containing

phosphono-succinic acid.

The polymers may be present in pure or impure forms in the

solution.

Typically, the solution from which the polymer is to be recovered

includes one or more aluminium/polymer complexes. Acidification of the

25  solution with an acid (e.g. sulphuric acid, hydrochloric acid or phosphoric
acid) reverses the complex to form the free polymer and the salt of said

acid (e.g. aluminium sulphate or aluminium chloride).



10 concentrating a 1g/1 solution of spent bath) was adjusted to about 0.5
by addi ng about 740ml of 98% sul phuric acid. The solution was diafi h 2eRiBh00
usi ng an ES404 nenbrane (avail able from PCI Menbrane Systens Limted,

Engl and) 1yl to 4 volunme 15 equiyalents of water had passed through the
system at a #%ﬁgl e inlet pressure of' 10 bar. The vol une og%tTﬁ%Bg%Pﬁ?i on was
then reduced to achieve a 20% sol uti on of the polyner. GV The sol ution was
spray-dried (using apparatus available from Croda Colloids Limted,

Engl and) and the polyner was isolated. Further analysis by 3'P nnr showed

t hat an essenti@lmygnpokem2mipahyteinrdat HeeRaisohatedninud2sMdGRO02 ~~' O
99/ 43744 6 PCT/ GB99/ 00299 EXAMPLE 2 |sol ati on of poly(vinl phosphonic acid)
5 The prodessiaaf EeAggtiar 1WVEaHYy MRS ¢ ptil' ed, birgireguatsbattn céltt ai ni ng
pol y(vinylp i C_aci N [ f the acjdjfli | ymer
sol uti onél(%/\lgg%gﬁgﬁfm'%%r ggg%g/)orﬁeéﬁg%tg#lﬂgéié%%o% %‘g%‘g@gﬁﬁgﬂgggége A second
portion Fy@§,ﬂeu rdtadreiered by neans of a set of 5 GROS5PP nenbranes (both
sets avail abl e from Dani sh Separation Systens A/S) Denmark). The initial
concéntration of the polymer in each portion was adjusted to about 6.7% and

2.7 vol ume eq]ui val ents aof water were ella?sed 5 thr ugh t he systemat a
pressure of 2 rt?é?’,neﬁhg?'l'of‘ﬁ'é‘c GREEENIEGY BF ReatHPIRYE] Bh o it ol yrer

sol utionpg ?@E’;?';,@*Zc@m?é* a3 GR Pl meoﬁ'ol?‘;netrhs ipsoby{%%alsmrmi on was

spray-drie g apparatus available ffomNro Limted, England) and the
pol ymer was 2 isolated. Further analysis by 3tP nnr showed that an
essentially pure polyner had been isolated fromeach portion of the polyner

sol ution. 25 EXANPERS BY rdecippdiadyHif canshreapriied gither Howlhetspept Bethpi t at e

contai ning 0421.Qi Bfled é‘éin?? phosphoni ¢ aci d-co-acrylic acid), HOCl p.p.m
al um ni um f96‘ p.p. mi ron. 36 p.p.m chromiumand 10 p.p. m nagnesi um i ons
was 30 added ~~.5 hg of 50~~ sul phunic acid OQJ |:" hydrochloric acid. (i 7
K

Preferably, the membrane may be made from a ceramic material or

from one or more polymeric materials.

15 Alternatively, the membrane may comprise a layer of a polymeric

material supported on a paper substrate.

The cut-off size of the membrane is determined by reference to the

molecular weight of the polymer to be recovered from solution. The

20 membrane prevents substances having a molecular weight higher than the
upper limit of the molecular weight range of the membrane from passing

therethrough.

The solution from which the polymer is recovered may be a
25 reaction solution. Alternatively, the solution may be a waste process
solution containing polymers, for example a spent bath from lithographic

plate covering.

Preferably. the solution from which the polvmer is recovered is an

30 aqueous solution



12 A UG 2002 WO 99/43744 7 PCT/ GB99/ 00?99 of phosphoric acid and U. i)&
of ;.~ 60,r aqueous solution of | i~ydrox5~etl~ane-1, 1-d~pi ~ospi ~on|1 QGUUZ
(a~~~jilable fromAl bright ~: ~ilson UK Limted as BRIQUEST' ' ADl' A 60-A).

5 The treated solution was subjected to 12 dia-filtrations using an ES 404
menbr anewaosaisbabl e from PCl Menbrang Systens Ltd). After pdrecgnd)29t h and
6th dia-filtrations, 1Kg of sulphuric acid and 1Kg of BRI QUEST* ADPA 60- A
was added to the bath. 10 After the 8th and 10th dia-filtrations, 1 Kg of
sul phuric acid was added to the bath. After the 12th dia-filtration, the
solution was concentrated to achieve a 15 2% sol ution of the polynmer.

Anal ysis at this stage shovved the presence of 2 p.p.m or less of each of
thealurn'nium r esji,um i,en p. 0.l €85, of ,the iron
ions. Also) ana gs?’gks g (ﬁ[ﬂ& 2“&3 plb?n $l(l)§lﬂ aelgcsj OBCEA%h f%t e {)ons of

cal ci um cxiagkak, ascfduu,msand pot assi um was present in the solution. 2. The
solution was further concentrated to 20% and subjected to 6 further
dia-filtrations usi ng an ES 404 nenbrane. After the 6th dia-filtration a
sanpl ¢ of thev\ggﬁy{{# s filtered through a 25 0.45 micron filter paper.
The friltrate pal'e y Iow ~n col our (col our value 0.04; turbida~~ 1.98
NUT) and was found to contain less than 2 p.p.m in all of netal ions 1.2
AUG 2001 ' O 99/43744 8 PCT/ GB99/ 00299 ClAl1\ZI'LE 4 The process of Exanple 1
~~~as repeat edisolatiog of pilydvinydphespieonia\agid-alotzcriytiomdddhi sh Separ aUn
Systens AI'S) and a 200i0 solution of the 5 pol~~nmer was isol ated. E3t AMPLE
5 The process of Exanple 2 was repeated, using a NF 45 nenbrane (avail abl e

from Dani sh S S AJ dS el Nk t ol ymer was
i sol at ed. *BRE}%IES#‘-IO%f eglmé{er ?%O%n cfﬁ ﬁg 5 %}e'n? bith (H—ﬁd@ b\9
10 concentrating a 1g/l solution of spent bath) was adjusted to about 0.5 by

adding about 740ml of 98% sulphuric acid.

The solution was diafiltered using an ES404 membrane (available
from PCI Membrane Systems Limited, England) until 3 to 4 volume
15 equivalents of water had passed through the system at a module inlet

pressure of 10 bar.

The volume of the solution was then reduced to achieve a 20%
solution of the polymer.
LV
The solution was spray-dried (using apparatus available from

Croda Colloids Limited, England) and the polymer was isolated.

Further analysis by 'P nmr showed that an essentially pure

25 polymer had been isolated.



12 AuG la~~ 9 What is clanmed i's: 1. A nethod of recovering polyners in a
substantially pure formfroma solution containing said polymers, whiet UG 2002
said nethod conprises the follow ng steps: (a) treating said solution with
a reactant so as to formfree polyners and one or nore salts of said

react ant YW &¥4f3d*Sol ution; (b) subjecking said sol ution (aPCTEGBAYARYNE
filtration to renove said one or nore salts therefrom (c) concentrating
said nenbrane filtered solution (b) and recovering said free polyners
therefrom and wherein said solution contains at | east one pol yner sel ected
fromthe group,consi;sking of (i) copolyners of vinyl phosphont acid and
acrylic acid; (il) copolyners of vinyl phosphont acid and nethacrylic acid;
(ii1) horopol yners of vnyl phosphonic acid; (iv) oligoners of vinylphosphont
acid; (v) terpolyners of vnylphosphonic acid, acrylic acid and

vi nyl sul phoni ksodatien ofvipglyhomypohaapirosiopcidnyl i dene- 1, 1-di phosphonic acid
(VDPA); (vii) copolyners of VDPA with a water-soluble nononer; (viii)

terpol ynmers of VDPA and two wat er-sol ubl e nononers; (ix) VDPA-funtionalised
pol ygers; andr{X)prdRky4Tedrs ESQMpE Ni NGibRRES PhaNGepiied NisiAs! 8. ban The

met hod of claim 1, wherein said reactant used in treating Step (a) consists
essent i aldnyaiofngapolydustylphespiondc seidéct ed from the group consisting of

sul phuric acid, hydrochloric acid and phosphoric acid. 3. The method of
claiml, wherein said reactant in treating step (a) is a sequestrant

consi sting esgagist Adr¥ioh ofl iy SEi@NiES BaNants sdiutioRNOsPRaBtifeAs gy 4. The
met hod of claim 1, 'wherein said reactant” used in treating step ()

conpr i saseansmoft ar seovfofat5 | GROOPEFnenercbrines! echedetondn phetign owasconsi sti ng
of sul phuric acid, hydrochloric_acid %n% phosphori ¢ acid and a sequestrant
condbst ihgfibessdny ap¢ansoP! 4 SRy AF oxFEPREReMEMbIangs o I6H vaiditle 5. The
met hod ‘?‘??r%'ﬁlnﬁ‘s{vs«a ?5{?&:? s%@ite Sg st b%ﬁm%?k‘)t‘a' ning said at |east one

pol ymer "al'so” contal ns at [ east one conplex of said at |east one pol yner
with a nmetal selected fromthe group consisting of alum num and iron. 12
AUG 2002 to 6. The nethod of claim11, wherein said nenbrane-filtration is
carried out bEhea iniadlr nvacesidation onf athg¢epakimemnanecpelh , pbrivom owesor nore

papar SRkt & pdudie, e a2 3t e PaSRlBTLRF, HE e MO n o

sel @&t eqnfdudl {HaCs P HOMP af ANSresélrddo OB Mr% A EBIiuetividyn gt RRegphoni ¢
acid and acrylic dcid, (ii) copolynmers of vinylphosphonic”acid and

met hacr yporgoaeif dhe (piolynehsobpodny neached B2véryt Shosphoni ¢ acid, (iv) oligoners
of vnyl phosphonic acid, and (v) terpolynmers of vinyl phosphonic acid,
acrylic acid and vinyl sul phonic acid. 8. The nethod of claim1l1, wherein

sai d pol yner e ect f r L5t 000t 5dkd gyiRpol yners of
vi nyl i dene- 1?’%%?%&5‘?3@% c‘ﬁggf’{’jll}?"v&op/%??“‘(‘??)%éip v dribd 0GIREC YIPre
wat er solapbbheateoneadabld ifrorh Nerpdliymerds Bhig MDBA anidt bhd volgtieer was

wat er - sol ubl e nononers, (iv) VDPAfunctionalised polynmers and (v) polyners
congainﬂﬁﬁaﬁﬁosphono-succinc acid. .A AAfy. AL, .A As.r.A Ah

A LA {@CO X 2>, 4

Further analysis by 'P nmr showed that an essentially pure

polymer had been isolated from each portion of the polymer solution.
25 EXAMPLE 3

To 200 Kg of a spent bath with white precipitate contaiming 0.2%
poly (vinylphosphonic acid-co-acryvlic acid), 600 p.p.m aluminium, 190
p.p.m iron. 30 p.p.m. chromwum and 10 p.p.m. magnesium ions. was

30 added 0.5 Kg of 50% sulnhuric acid. 0.5 Kg of hvdrochloric acid. 0 5 K¢



6 X #q9 3 |

| X} xsni g _Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] 3:3]%]2&02
Ra] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cRa! S"$(+] | Xkn/[ - pR. g} xsni d_Z] ca] ca] ca] ca]
caj ca] ca] ca] ca] ca] ca] ca] cal ca] ca] ca] ca] caj] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]

ca] ca] calVea19374# g p | PCT/GB99/00299
el X" " {upkf a\ V\]ca] ca] ca] ca] ca] cal ca] caV] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca! "#) #$3$) WOREEKI&KLEEKEE' ' J' "]

10" 23{vql {upkfa\W ca] ca] ca] ca] ] ca] ca] ca] ca] ca] ca] caV]ca] ca] ca] ca]ca]ca]ca]c

a] ca] ca ] cg alcal «al cal cal LLL A0 .
al cal ¢ 2’]& ]g%ﬁ £ Qah 19_ éfs:a ¢al ¢l cal 680 Bb UL 0BE4) or
10%H& ( )h@ﬂ%@&'u@nd xmaapﬁaomi%nb&' {00! (a1 1A% bEO) Al EBHIOSHIIE) | t F* 10%b
& ()-"109%& ()-1f "109 b&'Ls X /012> g\ =l pL' 10%@& ()- 10b 10b

10b= 10%]@1@-‘1@%@%&%@ %é’flo‘%}ﬂ)é}' ég pO" 10%b& ()-->, 4 6 X

dEg\ =! p” @ALO%@& ()- YS10%@& ()- , 10%& ()- 9@ 10%%& ()-s @

10%@& ()-! 10%@& ()-Sx  #gdBg\ =! p!\ " 10%@& ()-9 10%& ()- 9@

109 () ThOuQ¥EEA (30191168 %4 (sSubje@edl Q@R (dha-TBirhiibhkdbing 3@ 304@AL

109%@& ()- &, ,f 10%G& S) Z( 10%a& ()- & %S 10%@& () - &#S 10%@& ()-& "S

10%@& ()meindsang/(avaiiable from PCI Membrane Systems Ltd).

10@f 10%r&' () - Y"10%m& ()-sffl10%m& ()-9!10%®& ()-!L9!10%& ()-s' f10%m& () -
After the 2nd, 4th and 6th dia-filtrations, 1Kg of sulphuric acid and 1Kg
of BRIQUEST* ADPA 60-A was added to the bath.
10
After the 8th and 10th dia-filtrations, 1Kg of sulphuric acid was added to
the bath.

After the 12th dia-filtration, the solution was concentrated to achieve a
15 2% solution of the polymer. Analysis at this stage showed the presence
of 2 p.p.m. or less of each of the aluminium, chromium and magnesium
ions and 6 p.p.m. or less of the iron ;ons. Also, analysis showed that 2
p-p-m. or less of each of the ions of calcium, nickel, sodium and

potassium was present in the solution.

The solution was further concentrated to 20% and subjected to 6 further

dia-filtrations using an ES 404 membrane.

After the 6th dia-filtration a sample of the solution was filtered through a
25  0.45 micron filter paper. The filtrate was pale yellow in colour (colour
value 0.04; turbidity 1.98 NUT) and was found to contain less than 2

p.p.m. 1n all of metal 1ons



10@ $(+}[ <7/ 10@% 10%r& ()-!"'3940965& ()- 10%m& ()-!L,z
10%m& () - 10%& ()-! f 10%m& ()-Z[\]l1zI ~P1 s', 10%& ()- 10 10 12 AUG 2007
10|}| "109& ()-!1."10%& ()-L*10%& ()-!fS)" 10%& () - | XkmaBP1
;10109 & ()-, S10%& ()-sy L0W& ()-'& 10%& ()- z&! pr?7PL
s’ ()/&00/&&2?)9?’?\@9{100/& ()-Mz 109%& ()lé) L&109&! () 109%& () -3T1 %ﬁ/éF%Q’O"éLg}A%m
| £8109%& ()-4910%& ()-'aLl" 10%& ()-/10%& ()-!1S )" 10% ()-Z 'z 10%& ()-qFbC
s’ s10%0& ()- | 109%0& ()-&@ 10908 ()- (10%& ()- 10 10
100 1 109 ()-F~u' z[<bC s' L ( 10%8 () - L&LO%OE () -
| @ 10960608 ( FNADIOEOS0S: ()-!; "109BOBOE () - @O%08 ()-'*uj _@s' ' 109%& () -
1oo 100 10082- 10%08’ ()- L 010%08 ()- 3! L+ 10%008' ()-*10%% ()-s.8 D'?] @
" & 109%& () - F! k& 10%& () - F!
3" 10% V& () - yT8¥8s dQcesd QYEE {aln b LOUEs (rkp BREXOus@:Sd @RYES (Merhbrahne
109 ()-! Xs% 109%& ()- ! k" 10%& () 1t 109& () -, 109%&' () - lcll~ @9S
1092 &' () (a&lailebies oy iR 0%k &epyratidd SpBtems A/S) and a 209 solution of the

5 polymer was isoiated.
EXAMPLE 5
The process of Example 2 was repeated, using a NF 45 membrane
. {(available from Danish Separation Systems A/S) and a 20% solution of the
polymer was isolated.

*BRIQUEST is a Registered Trade Mark.

15



10s@" 109%& ()-! ~s@" 10%& ()-! X"""#) ##a?~_@! ~F" 10%z& ()- 10%& ()-,y

1092 & ()-10%& ()-& 109 & ()-!3 Y'109Mh& ()- #$$) RHESE} [ <1@ 12 AUG 10/
10zS510%& () - ! p0" 10%&' () - Y! p0" 10%z& ()- Y+ 10%& ()-F"109%& ()- .
| pF" 109 () - $8YREE3I& &LE gH@ 10zSFS10%& ()-9 -

10967& ()-!ps!10% | & ()-!Vs! 109& ()-' 1094& ()- 10z 10z''J''''''aB7@ 10 10Tf
10967& () - 10967& ()-s1096T& ()-!f"109& ()- Ygl0%& ()-1094& ()-'"""""(Ov)mV ,Y
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What 1s claimed is:

1. A method of recovering polymers in a substantially pure form from a solution containing said
polymers, wherein said method comprises the following steps:

(a) treating said solution with a reactant so as to form free polymers and one or more salts of said reactant
mn said solution;

(b) subjecting said solution (a) to membrane filtration to remove said one or more salts therefrom;
(c) concentrating said membrane filtered solution (b) and recovering said free polymers therefrom; and
wherein said solution contains at least one polymer selected from the group consisting of

(1) copolymers of vinylphosphonic acid and acrylic acid;

(i1) copolymers of vinylphosphonic acid and methacrylic acid;

(ii1) homopolymers of vinylphosphonic acid,;

(iv) oligomers of vinylphosphonic acid;

(v) terpolymers of vinylphosphonic acid, acrylic acid and vinylsulphonic acid,

(vi) homopolymers of vinylidene-1, 1-diphosphonic acid (VDPA);

(vii) copolymers of VDPA with a water-soluble monomer;

(viri) terpolymers of VDPA and two water-soluble monomers;

(ix) VDPA-funtionalised polymers; and

(x) polymers containing phosphono-succinic acid.

2. The method of claim 1, wherein said reactant used in treating step (a) consists essentially of at least one
acid selected from the group consisting of sulphuric acid, hydrochloric acid and phosphoric acid.

3. The method of claim 1, wherein said reactant in treating step (a) is a sequestrant consisting essentially
of 1-hydroxyethane-1, 1-diphosphonic acid.

4. The method of claim 1, wherein said reactant used in treating step (a) comprises a mixture of at least
one acid selected from the group consisting of sulphuric acid, hydrochloric acid and phosphoric acid and
a sequestrant consisting essentially of 1-hydroxyethane-1, 1-diphosphonic acid.

5. The method of claim 1, wherein said solution containing said at least one polymer also contains at least
one complex of said at least one polymer with a metal selected from the group consisting of aluminum
and iron.
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6. The method of claim 1, wherein said membrane-filtration is carried out by a membrane made from a
ceramic material, from one or more polymeric materials or from a layer of a polymeric material supported
on a paper substrate.

7. The method of claim 1, wherein said polymers are selected from the group consisting of (i) copolymers
of vinylphosphonic acid and acrylic acid, (ii) copolymers of vinylphosphonic acid and methacrylic acid,
(1ii) homopolymers of vinylphosphonic acid, (iv) oligomers of vinylphosphonic acid, and (v) terpolymers
of vinylphosphonic acid, acrylic acid and vinylsulphonic acid.

8. The method of claim 1, wherein said polymers are selected from the group consisting of (1)
homopolymers of vinylidene-1, 1-diphosphonic acid (VDPA), (ii) copolymers of VDPA with a water-
soluble monomer, (iii) terpolymers of VDPA with two other water-soluble monomers, (iv) VDPA-
functionalised polymers and (v) polymers containing phosphono-succinic acid.



