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WA TF.R 'rREATMENT COMPOSITIONS 

Tb~ prcSt.-r1t mveutj1Jn relates to ~n;npositions suitubk for use in water lreat1mml as corrosion 

;m~i ~:;ale inhibitors. TIJe composjLions are also us~ruJ as dcflocculant.~. cement setting 

i·c~~u,iants and _sequestrants. an<l rnny he lL'5ed t<> provjdc anticorrosion pigments for u~e i11 

in, int~. 

)'hospl~ono~uccimc acid: H20 3PCHCOOI TCU1COOH a11d its salts have b~en made by 

reacting ar. aikyl phosphit:c c. .. 1cr with an alkyl malc:atc in the prcMence of a. base catalysl in an 

•~n:-iyt\l"OU~ medium, and saponitying th,.; resulting phosphonosuccinnte cst<:r. It is k.nowt\ to 

t-~: -capahk. whtm pl'cscnt in low couc .. mtrations (cg. 20 to ! 00 ppm) of reducing scaling jn 

s.::aic :(>rming water ~ystems and th::: c1>rrosion nr ierrous metuis in corrosive, 

..:~tlcinm-containing water syslctn~:. However it ix expensive In make by the a.bo·1c rcmte and 

1~ !es~ effective limn Pt.l?c:r. chcap~r ;ag..;nts. 

( ;H 14.58235 pu!'ports t<} make a plw:-;phnn.iltcd ''ligum~r of acrylic a.cid b)' reacting 

lltmspimrous acid with acrylic acid i11 wall~r and in the prc:s.encc or a persulphate free radical 

.-1\ll.H"Cl'. H<1wevcr it ha:-; be~n :;hown that under the cl>ntlitions described, tbc product is 

i>n.x.bmim;.idy poiyacrylate. Pho~piiOru:; NMR conl1rms that only traces of phosphonate arc 

for.uc:i. 

: ~P-A-•)4y .i )Q l describes 3 rcaci.ion of sodium pho.sphitc with active olclins such ao:o sodium 

. utc.i!ca:c in alkaline.: solution in tht.· pr:s~ncc tii" !!. peroxide (>r persalt. '£11e re-c1ction forms a 

~ixlm-e C<\1'lsisting. predom~nunUy of phosph<mo~uccinatc <ll"\U 

; .!i;m:-:1>honCJ-1.2.3.4-letracarbo:q htittmc, Oht: pllosphonated Jimcr of succinic acid which ii:; 

n.:~<.~t·;:cJ tci her~jn as ''the dimer'') 1c>gc1J1cr with :;odium pho~phatc and 1.raccs of higher 

i.•ii;;.atl'crs or succinic aciJ: The produ1.;l is greatly supcrio1· t(.' c.onvt.·nlttlnal 

ph<.>spnonl}Succinic acid as a corm~ion inhibitor. EP-A·0569731 showc.-d that the dimer is a 

.,jg:1iH1.:untiy ~uorc c.:flcctive corrosi(}u inhibitor tlmn phospho1tosuccinic acid. but that tile 

;nilitur~ ul the 1wo i~ syncrgi:-clic. Tho mrxlur~ t~btaim::ti. in the abov1:: reaction typically has a 

me<m d.:g1"CC ~,rpoJymerisation l>I" :ihout ! .2 w ! .> corrcspondhlg to about 15 l<l 20% hy 
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~v;;:i~hl of c.:iirner. This fortuitous!}' ~orrcsponds 10 the optimum syncr<Jlsfa: e:ffoct. as 

~'.·.·1~~~,1~sfr,!tOO m 1ix::amplc 6 oi' EP-J\~0569731. 

P. 6/20 

Boil ~~P-A-049139 ! and EP-A-056~J73 l described the react ion of phosphi1e si:lits with olefin~ 

gc.•m:.-al1y. but till not recomm~nd the use or fmnaric acitl or :ts salts. EP-A-049139 I stales 

ti1ai :·umttric: acici i:-; comparatbdy m'."lfca~livc. and EP-A-0569731 Si.ales that furnw.·atc docs 

llt)i r;.;Hcl to a sig:niffou.ni. extent :.i..1a.cr normal reaction condiijons. 

W..: [.:.ivc ti.m1~ci -that when a fum;.u·atc suit is n:acted with a phosphiLe salt io an aqueous 

;-.rk.:z.li;1c.; medium cmiluining a irer.: radical iiiii.::-tlor. u produc1 is fomted consisting 

pr.!tlt:mirn.mtly of phosphonosuccinai.t:. togl!!h~r wi1h only a cracu of dimer (between about O.S 

«~1d u,;,out 2% hy wc~gh: of'thc lt~tctl snlids). Because the reaction is comparatively slower. 

lhc cntnpJting reaction !o for1r. pho'lphare can gjve dsc to hi~h levels of the latter. which have 

.;~en fouud i.o •rffocL th.e stability of tht:: product. We hav~ disc.:ovcrc<l lhat the problem can be 

u·.·i.::-i.:.unl: by us1r..g a relntivcly dilute ii::iitiawr s<)lutiou and/o< by adding the initiator 

~u!fo.:it.-nt iy slowly to lhc niixtun:. 

~~rpdsmµly. Ehc phosphonosuc.:cin.att obtained from the phos<.>phonation of f"umarate, wa.'l 

1Gand superior ro the pr~'duct previl.}u.-;Jy described in EP-A~049 l39 [ and EP ·A~056973 I. 

t>l1caE.cd hy phosphonating iualcat~ saits. whe1l 1hc two were compared for use as a corrosion 

:111li i-.caling iuh.ibit.oc en ~\kalinc. 1:1.ard \.Vater syst~n1s. Such sys~ms have posed problems 

••1·hich. um.it now conventional w:.11er u·catmt!nt agents have proved inadequate to cute. These 

discuv<!rics arc directly contrary io the dear teaching of the ahove cited prior art. The product 

.;. ~ pa1 tk:ularly effective scaling, inhibitor it1 hard wster ( eg. abcvc 200ppm Ca) <tnd at high 

;1~ f !uµ abovi.: 8i. lt \..1ras also found lo ~ea substunlially supcri•.tr corrusion inhibitor 

c~w:pe:l'(.-<l tl1 pi1osphunosuccini..: udd prt!par-~d by the more expc;:nsiv<! ester route. over a wide 

rm,~.!X· ·)~·conditions. b\lt csp~cially at !\:iativ1.:·iy high calcium <.:ot1c~ntmtions and pH. The 

•')t-:,\duc' ha:; (,,..:en found 1.0 be an etl:cctive d!!t.locculanl for dctfocculaling .suspt:nsions of fine 

··c,fa~~ .. -iuci1 as tiumium oxide. and a uscCu! .S•..!ifU~stmii.f. cg for acidition to detcrgtmt 
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Ou! !nvcntimz thc~foro provides a m~thod of making a water treatment agent whioh 

~:M-.pris::s reat~ting :.i waier setluhk phosphite sail with a tUmuratc salt in water in the p.rc.1o1enC1; 

;\;· :J :h~t.: raoicaJ imtiatflr. 

t\ccnrding lo u second ~mbodiment th~ initiator is added to a synergh1tic mixtm'C oftht: 

pn1'>sphit~ and the ti.l.111arate ~1l a 1-ato:: and for a time sldlicien.l L<J form a yield of 

phnsphunoimccinatc greater than 80% ba~ed on. the weight of phosphitc l-'mploycd. but not 

:;utricitmtly rapidly lo f1>rtn more Uum 8% hy weight phosphutr: based on the weight of 

:>h\isp11i1e employe<l. 

Accc,rciing to cl thir<l embodi111~nl the invention provides u mixture of a phosphonosuccinate 

s~?!l with from 0. ~ to 5°/11 hy weight., basoo on thu totai weight of the mixture of u 

~ ·!'hosphono- l --~3,4-tctracarbuxy bULanc s~1it. 

.1h:c1:>rdm!;!. to a fourth cmbodhnc1n said mix.Lure ctmtains less than ~% by weight of phusphatc 

blSC(, llTI du: tutal weight of the iaixtm·t. 

A<.:1 • .:wdin~ to :1 fitlh eri1bo'dimem the invention provid~s the lL'it: in wid~r treaLmclll or as a 

d~lfocr:ulanl. cement setting retardant. or st::qu~strunl of a composition prepared accotding to 

~~i.:I fo·st or second embudimcnls anJfor comprising" mixture act;ording to said lhird or 

; !.>art[~ ~mood imcrtLs. 

Thi.: m~1h;.ld m' t)ur in·.1cm.inn according to th~~ first t"mbotlimcnt rt.""quircs 1he u.~e of an al lcru;\ 

s;>Jrht~iy water soluble ~alt of fum.al'ic acid sllch ai; an alkali meCa( or ammonium salt 

{ ien~rnlly 'f>Tet~rrl"<l ure sodium and poLassium salts. Si111lfariy the pho!>-phitc is preferably tr 

wat!:r !'ioiub!e salt of eg. <ln alkaii metal or ~r:nnonh.on. prcfornbly· sodium or pot&ssium. 

:·r:,: n.:.ige11l!> are preferably used in ~ubsiantialfy slochiometrh: proportions. Small excesses 

: ,r dih~t reug~l~~ C;,\n ne h.">i~rated hul f!!S\ilt in~ rcducLion of efficicmcy With respect to the 

a~.?t~; in cxcci;s. F~>r oommcrcinl :·ca">om; we pr~(er thaL neither T(.~agenl should be present in a 

iiiiiiiiif 
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.sl~>:!.!~m1r.etr11.: cxcl!~S -~)f m'm': lh:.m. a bout 10% oy weight. although higher excc:snes are 

Lt:ch:;\..:a!:y possible. 

P. 8/20 

i •K' :1iLi~lor is preforahiy hydmgen pt:roxidc alt.bough other free radical suurccs may be used, 

.:;uch a!; hydropctoxidi:s. chlor;n~ dimc.idc, :-:odium or other nlkaii metal pcr~uiphttle, 

p~rcw-bonatc. ch[ctr..ttc ur hypochf< •riw, uzo ~om(luunus such us 4 .4 1 -azobi.s<..-yanovaleric acid. 

1.!kc·,ro~ysis, ullrR vit'>ld or other ioni~hli; r..idiatioti. or tdtrusound. 

"i"h1..: ~i1itialnr ig prde:.ib;y suprli..xl lo th~ reaction rnedium ut a rat~ 1mfficie11t to mai11tain I.he 

rc • .icl1tln, ul ieHst until:a significant yield of prn<luct has been obtt\ined. 

~~ '..!Cltt:ni.1 iC:r economical operntir.11 lhc yield s~ould be greater than 50% preferably grealer 

~'.-:an 'lOU/o. :non: prcforabiy g.r1..·at~r than 80°1;. cg. greater tl1an 90% and the rcacLion should 

:..tk~ ~,l~c in under 30 huurs. prcll:r:ibly less th:in '.?.5 hum-s, c.~. 9 lo 20 hoers. 

:·i.~ ivachon mt:di1.1m i:-; an aqU\.'OiJ!-. mdium prcforably containing. more than 30% more 

:"irci .. mthi~t more than 5\Wo. cspcciully ntOJ'C ~han 60%, ~g;. 60 t\l 7017!1 by weig,ht Llf the 

r..:tL:.cm~. < "uncentrations abovi..~ '10% solids are genera Hy untleimabJy viscous. 1\ pref erred 

; nc i:~i1ia1or is 11refembly added W Lhe reaction medium continuously or intcrmilleutJy al a 

~,..tc c,;i;!lic~c11l lo maintain the rcacii.on until ii i~ subslantially complete. '!'he rate of addition 

. ~'> "iniifato:-1s controlled.,_._, be suniden\ly high to avoid an uneconomically slow ruaction. hut 

ii~lt ~\ k htgh u.-. tt> cause :>ubstant1ai con1amimition or tJ1e pmdui...1 by fbnnatiun of phospbalt:. 

i o prcvcni 1he lnttcr we ;Jrcfor to use ali the initiator .-i rclalively dilute hydrogen peToxidc 

:-1<>h11ic.n having u strengti1 lC."i~ \hon TO% hy volum~ on volume, ~.g. 0.5 to .:'%, ninre 

~l:-e;~mbly ! to 4%, especially 2 lo 3%. The u::~c or~ dilute solutiun of initialor enables the 

1·~~ ~1!· ;ldcih:ion ,,f the pcmxidc to be more r~adi!y controlkd. 

i'i1~ di:ut<: pt!roxide is L~·pically acidt!d 3~ a ralc of frOff! 2 to ! 0 cm3 hr"1 morl based on 

!im:ar<:?.rc. preferably 5 lo 8 e.g. <i !G 7 over a period of from 5 to 40 hours. However to 

This Sheet Has Been Replaced 

11111111111111111111111 
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:::;i.i·:'\tSI.' !-'itot;pha:1.~ :ormutic.m il i$ preforrcd t~1 rc<luc.: the rule of pcmxid .. ~ addition atlcr the 

·..:u~1.: .1r. l~ abc~~l 70% ~~omr!ctc \ lil'llaliy alkr 8 to ! 0 lwur~) to from \ tC> 5 cm3 iu··1 
morj c.g 

..: in ~. Til<.: tl·a~!ion :nay then :'t' ci.1ntinu~c..1 tor a further~ to l 0 hours e.g. untH yieltls nf 

:~n::1 ti.·!' t.1'-.11 ~n% fuivc: been achi~vcd. Th~ optimum d.osc talc will dcp~nd C)ll the initiator 

cmf>(11y~t.: am.I lhc conccntratio'l .;t whic:h it is add~d as well as ~be concentratfon of the 

rt·n~i::n • and the pf-~ <im! lempcr~Llirt: n'." !hc rcnctton m:xmrc. The o.hov<! recomm'-'11ded rates 

a;1pi·,: ! !' c.lilu~c rc.:mxide added :c 11 reaction mil(ture contaiuinf?, (151Vn sc>lids refluxing under 

::t:n'-;.;ph~:·i~ flr'C8'$Ure nt '..'>H l 0. 

·:·n1: :-i:tJclton i~ dcsir.ibly carric<l ;·1ut at devatcd tt:mperature ~lmi prdcrably at reflux 

t.e.rn~·:att1ri..:. The rt!flu:..: may b1: tlllju81ed to maintain the prelerred water cmJce11tration of the 

~?;1rr:~. \.\.';,: prcl(!r tha~ thl: reaction is carriet~ oul in an inert aunnspi1crc, e.g. under u nilrogen 

H i~ '.>·~s~1h~i: io i:arry out the rC:.tcli('il at tcmp<...-raLur~8 above the normal boiling point urtl1e 

:r1c pi! <.)f 1llc l\.:acthl:t JT.ixturc is preferably <llkaline. !\!though i~ is leclmically possible lo 

l:l-.c.: a nl f ns low a~ 6. <>•even 5. 5, Ulc reaction is vt:ry sillW <~1 any pH hclow 7 and requires pH 

::!bo·1c "; .5 (o ~ct to tll(ire lha.n <.i0% completion in u realistic time. Tbe prclerr~d pl I is 8 to 12, 

t_yricaily <;to 11. Higlier pf) gcncrnl1y gives J faster reactfon hut a pl I above I 0.5 may render 

liic pn~du~:t undesirab;y alkalin~ fo; many purposl:!s. Con1ple1ion of the r~action may be 

. r:~ot1!tnrcd hy .itp NMR in D20. iL1 lhis way the raLc of formulion of phnsphonatc and 

· ~hn~p!·1atc may i1l!' checked and th~ additio11 trtlc n r initiator adjusted whcr<: necessary 1.n 

m•1ic.:h ~hi..· rl.!action c.:onditious. We prefCr to inc!udi! a heel of lro~u I to I 0% hy weight of the 

1UIUi li~l'Xt!.il"C orproduc:! from a p~Vll.lUS batch. 

·:·;,::: ni,lrcmcritic.,ned detailed c.lt:scriptior. i:Lpplit::s sp~cifi~ally lo b:itch pr~pclra.tions hut may 

readily bt..~ adapted io co11finuoui-c or senti-continunus operation including preparation in a pipe 

.._,,. k"-'F r~ticl.t)J". lt is ahm possible to utilise t1uidisc<l bed reactors. 

ilii1iiif 
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~ '!1.: mixture ac1:ording L(1 tho third m fourth embodiment..: or ll1e invention (!Om prises 

p.1~>0.:pJw1r10::.uccinic acid or j;~ salt~: and from 0.1 to 5%1 by w~ighl of total sc,1ids. preferably 

~h~n: o.: t(> 4% .,::;p~da!ly 0.5 lo 1% or i-pJ!U~phono-1.2.3.4-tdracarboxy hutant: (the dimer). 

lb.: -ra!?. m~Jy, pru1Cm1My. be a "'·aler soluble sait such as an alkali metaJ (eg. sodium or 

putassium) (>ran :immnnium !-lait. Altcmatively it may b<.: a ca!cium salt or other alkaline 

!.."arth m~1.af or zra.nsilkm metal. l!.g. barium. magnc."ium. :(.inc. aJumi11itU11, iron. copper. 

akk..:I or cohu[! sail. 

Tn~ ·.vatcr snltthlc.: salts are usc·fi.i.I for water (reatment and th~ v1atc:r inslllublc .11ults ate of 

Hi..lt•1... us ~nti-cor::osivc pigmcnL'i. ::.g. for incorporation in paints and coatiug compositions. 

i'h;.; t!"ixture preferabl) 1.:ontai11s l~s.s tha.n 8% phosphate. expressed as <lisodium phosphate, 

h.v wdgh~ based on (t~tal solids. moi·e: preferably less than 71Vi1. ~specially less than 7.5%. 

!"ypi<.:aliy thl.: pho!:ipha.tc i:; present in proportions hctwcen 4 and 6%. Jn general WC prefer 

i.l'lat i~sl'\ thari 1.5 mole% of tilt" pll0sphoru1:1 in the mixturi: is pr~ent as phosphate. and 

l.!.-:1:i~.,:.!ulh ies-; than:~ mole%. c.~ (!j lo 2.5 mole%. 
J -

AiX.o•ding to the fourth i..:mbodimt:nt our inveution provides a tnelhod o[ tteating water 

purlic•iiar:y water contaiili11g more than 25ppm or calcium and/or batium. especially more 

~l'l.a.'t ~Opp!i.1. cs,. mor~ than 1 Oflppm more especially more than 200ppm. and/or pH greater 

limn 7.~. c:-ipt:vial!y pl-1 greatl.-r !h«u1 &. 

!:,,r e>.amplt! the C'lmpounds a11d mi:<tu1·c~ orthc invention n1<iy be U.'3cd in squce:r.e treatmcut 

~1!' ·.ti! ·;,ells in conjunction ·wilh \:afoiutn salts. or may be added to drilling muds or t(l oilfield 

:ajection waler. prodt;ccd water or waler for hydrosl.atit: testing. as well as to various 

.ndustr;a~ 1.:ooiing. waters and process waters '11\ti to water for use in central hi.:ating systems. 

!°h\.:}' nlay be US~d to tllhibit hai.i!Jlli !-IUfphatc :;calc. 

; '!'('atmel\t of boreh\Jl;;:..s. ~g. to p'"eV·~nl forrmllion of BuS04 scaic when sea water js inj~cted 

:i1~•) aii bcarinJ; slraia co1ltaining. high I.eve!:-; t'f barium typically t::ntails impregnating the 

1ii1iifif 
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i:r:·m3~hm m tbe:: environs of the h1Jlc wilh u calcium s:lit ofthc inhibitor, which is 

i•Jh~qui:-;J?U} leached into any aqul!ow; sy~u:rn circulating in the holt: to provide controlled 

F~>: ..:x•implc in <>il w¢1i~ the hole is flushed om with at.J.ueous surfacianl to provide a water 

w. •. ~t~~bi~ surface and ihen imprcgna.Led with u solution of the inhibitor. Thu calcium salt is 

fr.11r1\,,~i i.l sjtu eilhcr by ~alcium in the 1bmnition. whl!l'C the latlcr comprises limcst1,m.:. or hy 

.·mh"lt~~iU(,"?lL lreatmcnt ~,<the hole with lm :Jqucous calcium i;ult. e.g. where !he formation 

::~'nll"•it:K:s sandstoni:.". 

Ait:..:rm1Livd}' the compositions uw:r be used. for exampl~. t.o treat hoilct waler, water used in 

;,•vapnruti 1<.~ cC'loiing sys1cms. rwalt:r in heal exchange syslt:nii:. induding cooling water and 

Vt&tl•;;1 ill C~iltraJ ht:aling systems, proc:;ss WJtcr U8e<i jn ch~mical. metallurgical and other 

ma:nifoct.uing op~rations. ~iii well i1~jcction and produced water. ·water used h1 hydrostatic 

t~s!il1:~ :·hl.:C water ((w :>wimmi1jg !)('X'ls, :md for air conditio11ing. 

·:"bl.: c m.!p(,und anc.1 mixtures arc panicufarl)' uscftll in treating chlorinated water i;ystem~ for 

wilid·. ulany lhrcshold agi:nts are ineffective. Lffoctive conci::nlratiom; may typically range 

!h::.rrii.:, i w 300 ppm d~p~11din~ on the nalure of the a<.jUCOlL'\ ~ystcru bul arc usualiy Ie8s than 

; (i!1ppru und gcllcndly less tlum ~Oponi. preferably 0.5 !o 20 ppm especially l tc J 0 ppm e.g. 

;5 H: 4 ppm . 

. P•e 1;CnlJ'l)Sitions arc c:ll~ctivc al inhibiting the corrosion or forrou.c.o metals inchiding mild 

~t!!d ;,\'ld •...l~u of ah.u11inium al\<l it\! :.dloys. h can inhihit the formation of calcium carbonate 

:;r ~:!k:um sulphat~ scrue ~s wc:l •1~ barium and :-:trontium scales . 

. '\t:cur-Jing lc1 a forther e~1bodime11t our. invention pmvicics u corrosion inhibiting p(grne11t 

·.-.:hid1 is :-? ~:.'lid cnmf)(lsition wl .. kh m:iy he- pn;rared by rcuctiag a conccntrntecf uqueous 

. .;oh11ion cit' :l \"rulu; soiubk l:orr<>sion inhibitci according to th~! invention wi1h a ·ba'ie or sal l of 

~;;c1 u~~ • .1.mc, bariura, aluminium tw othl!r p<1lyvale-n~ metal and precipitating a solid salt nf a 
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.'·\t.:C:}td!ng !() u funhcr :::mbocl:mcnt :mr invention p1'0vi<les n corrosion inhibiting coating 

comnosidon containing a pigment according to the in'lcntion. 

:·r1..:: ·.~oL"r:lsion inhibiting pign1~nt may be <lissolvcd or dispersed in an anti-com.lsive paint. 

1:amish. r.:namci. lacquer. <'rothcr ..:oatiug formuhuio1l. The formulation may comprise a 

i 1)IJ.iik: lu1uid v~hiclc, ::-:uch Cl~ Wtli.el:' m· c.t vr)latiit· organic solvent including pctroleun1 spirit. 

Luroc-:1tin::. ketone:-;. cs~c~ and.ior aromatic hydrocarbon solvent. ru1d/ot n drying oil, such as 

:11:so.:d 1.d, soy<i oii. tU1ig oil and <.lt-hyt.lrated castor nil. which may <lptionaUy he dissolved in 

s;:i.i -,,oia:iie organjc S(llvenl or "mdsi1fod in said water. 

lb~: E1rnrnialion ryp!cal~y may alsu comprise J rosin. cg a polyester. urea fonnaldehydc. 

mdc11nin1:. acryli~. polyurethane. vhyl chlorjd1.:. viuyi acctalc. phenolic or cp(>XY resin 

cl;ssm vcr.I <>J' <lb11crsed therein c.mdA•r a dispersed pigment. Wu rrefor that the pigmcnl should 

n1.' t"i" ;o;hcmld comprio;e other cm·r-:ision inhibiting pig1ncnts such as rec.I lead. potassium zinc 

..:hrcu:aCe. metallic zinc or alumi;1ium powd(:!r or zinc oxide nndtor that the fomrnlation 

);tmu1;.~ <.'0;1tai11 vn~ or snore orthc <1rhcr corrosion inhibirnrs referred to ahove in i:1ddition lo 

r11c ~\u·mHinn inhibirilig pigmer:1 oflhe invcmic.ln. 

~b . .: C\iwing compnsitfons may a<ldi~iot1aHy ~tmraiu uny of the conventional paint ingredicn(s, 

mciuC:ing pigmcnL-. such a.'i titanium oxide. iron oKidl!. carbon biack. pllthalocynanine 

:;i6!Ut;·!Zs i>i al!.11ninlum st.earatc. chlodnated rubber. rolystyl'e11c. silicone. usphalt. wetting 

;.1,µcm!-. <.!ispers<mts. emulsifier:;. hi ol'idcs. fioccu!ants. marine anti foul an ls, anti foa.tns. 

"i~~::.1~i!icrs. fire retardants. fiom·cs..::cr~. a~rosoi p1·c1pc-llu11ts. taic. clay and/o:- plasticisers. 

1\i:er;.~ativeJy 1hc wali:!r soluble corrnsi()n inbihi:ors of the invention may be used to provide a 

\,nn'\~sion inhi~iting 1re~ltmc11t ((1r m<.:tal i;.urfo.ccs sncb as stcct a1umi11ium ruul alu1niniunl 

:i!loys ;,ii"1eT any machining <ind prinr to f.tomge, coaling, dcctrop~ating, polishin~ m etching. 

; 

0

)':;:>ic~~IJy the v,;orl-. is cnatCd with an atJUCOlL'i soJuti<m .:ontaining m. least an operative: amount 

of i-:u?d :;orrrn;iun iuhihilor C'g, In :o ~{)C) pp1:1 pr-.!fcrabiy 25 l!) 300 cg 20 to 200 C:>pecially 25 

1,1 wn. mm-c esp1.~ciai!y ~rJ to 80 ppm. 

iiiiD 



[ RECEIVED 95/13 15:qg 1997 AT 533969q PAGE 13 (PRINTEO PAGE 13) l 

13. May, 1997 8:22 A ~ W PATENTS .No. 0266 P. 13/20 

-9-

i•,.l\er cor:tactinp, with the cormsfon inhibiting solutirm the worl 111ay be ri1lsed and/or 

:iu:;;i::t:t.cd w (>nc or rr.mc coatir.g or tini~h1ng .opcralions such as resin cm1tin~. iacquering, 

•.:nm11di!Hg. pciinling. ckctmphorotic coating, srmuering. Vl't~>UJ' dcpm~ition • 

..? ;r:<.:lt'>dcpnsititm. ctchu1g chemical or electrical pnHshing or nmy oc puL aside l(1r storaf:'e. 

Tl~c work may l1c gre~1sed for storage. but an advantage ufthc treatment is that greasing and 

C:u.: t.:!imp,"tsit:o:i of the ;nvcnlim: may be tlSt:d 10 ckfloccutaLC disp~rsed or suspunded solids 

M !:~1·k! media. The dispcrsc<l or s11spcn<lccl solid may be any particulate solid whicb is 

~uf!k:cntiy chemicaUy inert to 1'){· dispcr~i::tl nr suspended in lhc aqueous medium. The 

par~ic1l!s m~ prcfe::-ably inorganic. a.1d suh!>tantially watt:r insoluble cg. a mineral such a.~ an 

'.<h1mcnuo;1i.ica1.c or mclal ,,re. Exu.mpl~s include ca.le. calcite. banlc:!, mica. clays such as chin.a. 

1.::uy :1:1d ~ntonilc. shales, haematite, bauxit~. magnelit¢, galena, (;(lpper or imn pyrite:-:, coal. 

~-..:~1htt·. titanium nxid!.: ilnd ::dnc ~>xide. '!'he invention aiso cc.wl!rs the suspension. ol" soluble or 

•:ptirh1;ly ~oiuhle solids in saturate<.! aqut~OtL<; solutions th~n ... ""Qf. 

: "iii..' r,;f0i:d :m.1}, fo1· cxcimple, oo ;1 d~lergcn~ huilder ot fabric conditioner, a day for use in th~ 

fl1<.t11ul:tclure o+'ccrumic articJes. or an ahra!'ivc, plgmenl, dye, pcsticioe. cosmetic or 

~1h~trm.1Cel:tii::nJ. or a wi!ighting ~tgc11: for oil wcii drilling muds. The dL~pcrsed particles may 

~lk:11;:tivi;-;y compri~c a jJolymi:r. rt!sin or latex, e!g f('r use in paints and printing inks. 

·: h~ 1~rt1c;1..· si.r.c of the soli<l is preferably suf!ic1entiy ~mall 10 c1~abk: Lhe pru1iclcs lo the 

n.::Jdily dh;pcrsed ur :~uspcndc<l. l~ur ~xamplc.; we prefor Uu\l lhe parHcies si7.\: is less than 

I t1:m i;g I~::;:.; tlmt3 {l.5mm prcfombiy fi.5 r.o 100 micron especially l to 50 micron~. 

:·h~~ p·rr 1portic.ms of so!id may be {i·om I lo 90% by weight based ~m the total weight of the 

1.'t.~'.ur1n~ilil1n. More USlU.ttly the ~·om._riosilion •.:om~,rises from 10 t!.> 90% preferably 20 to 70%, 

\!:.l :~o 1 > 0~% b} w.;igh1 t•f :mspL~ndod so;jd. 
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. h·.: !ic.1~1i<l mt-'f.fiun\ may he V..il~r. optionally ~oncaining tt dispersant such aio a dilute 

M-'rfaclf:.nl o:- Hgnin sulphonate an~Yor suspending a~cnt such as ~rboxym~thyl cellulose or 

:"X>l> 1iny! pyrrolidone. The ct1mposit1<m may. for cx<unp!e. be in the form of a mechanical 

,li~ri..•rsit'II. slurry, pa&i1c. day or mud. nr a s;i.:dimcnted dii..;ier~ion capable or redi:st1ei·sion by 

~huk. ng .ir stirring. 

'i 'ttC' ;.;-1 (\fthl" liquid medium is usually ncutrnl or alkaline cg. greater than 7. prcterubly 8 to 

\ 4. c~pcr.ialiy 9 to ~ 2. 

n1c :li.t:n::!. mcdu2m ma} optionaHy contafo water misciblc nr cmuisifiable organic solvents. 

be! ~·~cy <Lr~ not uonnuHy needed :.md unless specifically required. cg.where the sm.11ensiou is 

!ni~11~\ud for 1.1sc ;.L.;; a painL composition. 1hey nrc prc:terably ~\hs·.~nt. 

! !:·,· uwcnticm is tlrpa.rticuiar value in pl'Oviding mobile highly concentrated slurries of 

'1i!.!.mcnt:-i. and csocciallv ·urtitanium •.lxide. for u~e a.<> or in paint:-> ~H'ld other coatin11· '" ~ ~ =-

, \i;i,;o:"l.i!ng to u ~pccifa: 1:\nbodimcm there is p\"l .. widt:<l c\ cc>aling con,position comprising: an 

:.1ql!<.'<>..::; baseu liqui<l vehicle. an ~rgani~: hinder comprisjng ;1 drying oil or r<:'sin emuhsificd nr 

:n.c:·spCJ'St:d wjlh said Jiqui<.l vehicle; particles or a pigmunl., which in the:: absence of u 

u'i::f:ciccul<tnl, ha•,,c a t~ndcncy to iluccuk1tc and which arc suspended or dispersed in said 

::qmd vehttic; and a waler solubi ~ ci.~mposition of lhc invcnliun in an amount sumcicnl to 

:·iv.: pr.:fbm:tl pigntcll\ is titanium oi<idc l:tut any ulh~r pigment which ha::; n t~ndcncy to 

.it:cc;.Aiak may h·.: '!.tsc:d. For c:xump}c. Oihl.!'r ~1scfui pigments inciudo, iron oxide. carbon 

1,i:J1:k. tih1halocyaninc pigments or 1duminiun1 skar:1lc. The pigment may comprise corrosion 

:.1i1ibihng pigments ~uch as r~ad 1·.~u'1. potassium zinc chromate. metallic zioc or aluminium 

!~~Wl1~:· er /.inc oxid~ t't zinc, calcmm or aluminium plmsphall!. or c2tratcs. 
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'j1;.! ~.m1.Jositiun may he added lo i:erncnt cum_positions including po11lan<.i cement. hydraulic 

.irnc. pou.obm. slag.bauidi.e. cin~~nl lbnduc. uental cement, gypsum, plaster. concrcLe. grout 

nnl{ filk.-r-i Ln pri.wc!lt prematm\~ ::.ctlin~. 

··11i:.• !;ampoidtions arc useii.11 as s.~uestrants. for use r.s nuildcrs. ;;,min removers and peroxide 

stuhilisc:rs in dctergt)nl and hlcttc11 preparations. The ct1mpnsitic~n may typically be prosenl in 

11 .. ~ 1fotcr~cn\ in cm1ccntmtillnl'l trore 0.01 to 201!10, u~ually O. l to 10% eg. 0.5 to 5% baseri. on 

!;'IJ.• IM.;i!lbl uf the formulation. foe dcl<::rgent :nay contain from 2 Lo 50% by weight 
·: 

~urfaclal1ts. inc1uc.iing :-1ny of the surliu;fants Iistt:d ~low, preforably 4 to 40% especially 5 to 
~U!-i ~·g.. 8 to 20%. T!te detergent preferably contains from 5 to 501

1'0 by w1:tght of builders 

i;cd1 us :rodium lripoiyphosphat1J. ~.odium pyrophm;pha:cc, i"..Colilc or sodium cjtratc, and an 

np:icci: bleach and soil :,"Uspcndir,~.t ag~ni. in minor amou11L'i eg. 0.01 to 2% each. 

P1·udui.:!s <.1ccording lo 'the inventhm may be u~ed in combinaLion with other water trcalmcnt 

: .. !;i.l!Til~ including: st1rfo.ctm1ts. SllCf\ a.; tmionk surfac.tan1s (cg Cu>-lo alkyl benzene 

:mipht mites. C 111 .~ •• ~lky f sulrl111l1.!s, C 11~.211 ali .. ) I i f.o 25 mole elh~r sulphates. C111_20 parafi11 

;-;uipiw111:ttcs, l:m.111 soaps. C.' 111-.ro alkyl pheuoi i-ulpllatl!s. :mJpho:;uccinates, 

su:ph:.succinumatcs. !ignin sulphonatcs. folly cstc1· >:ulphonatcs, C2o..2(1 alkyl phenyl ether 

.. ~1iphu,i;.·s. t :w . .:m ::Jkyi ¢timuoJami<i~ sul phatcs. Crn.20 alpha !'lu)pho fu.tty acid sa!.ts. C111•21, 

ctc:-l Sl~fC\}slna.ks. ise-thtO\latcs. ;:: Hl-ZD acyl taurid¢S. Cro.20 ~1lkyl hydrngen phosphates). 

:?.(:.H-:~·,.,i~ •mrfactants {e.g. ethoxyiatl.il andiur !>JOpoxylat.ed (' rn.20 alcohols. cthoxylated 

.an<l!or p1-09oxytatoo \ '10•211 carbu:<ylic acids. alkanniami<lcs. umine ox.id~s. and/or C10•20 acyl 

'itm'iiu1.11 ar•.diol' gly(:l!"r/l cthoxyiati.::-:} ampho1cric sur.lact<mts (cg. l"Jetaincs, sulphobctain~s. 

:mcJi(I~· quatemiired inud3zolin~s) ano/or cutionic surfa.clants (cg. benzalkonium salts, Cu>-lU 

~'lk:·f t.rimetJ1yl nmmonium ~alts. and.IN Crn.:zo aif..yl tr:mcthyl or Lris{hydro.xymethyl} 

p~1nsri·:on~um salts): scqut:stronls. chdating !lg~nts. cC>rmsio11 :nhibitnn; andior other 

~h:cs·.1f•ld <>g~nts {cg. ::;.oditim tripc:lyphosphatc. ~odium ~thylcmediamlnc letrncctatc. sodium 

:nmk1 ·.rjucclal~. tetra polussiuin pyrophosphate. <lCctodiphosphonic acid and its salt~. 

mn::m.l~1h?m b'ism~Lhylc:ne phosphlmii.: <:1cid and it." salts. dhylencdiamine tetra.Ids (melhyle11e 
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;ii·.rn~£1honic) acid un.d i:s sultsl: !olyt:iazoli.; and mixlurcs of nitrate. henzoule, 

:-h~ d;o:<y-~·phosphonm1cctic tcici and i1s s:ihs and/or 2-phosphoncj-1,2.4-i.ric~~rhoxyhutanc 

:um,(..., s.1!ts) bincicl1Js {l!g. tctr.iki:i: (hyd.roxymcthyl) phosphor1ium salLc;. foni1aidehyde. 

git1tumi4.iehyt!cl: oxiuiidng hiocidcN and/or hlcache~ (c.~ chinrine. chloJ'ioc dioxide, bydrogci1 

p~!'tl:-..ic1i:. sodium pcrbnmtc)~ fo:uu c.ontrolling agcnli-; such as silicnnc antifoams; oxygen 

si:c.r,11 .• ngi.:rs such as hydrazincs tmd1or hydroxylamines: pH c:ontroJHng and/or tmffcring agents 

!-lw:h '\S amines. bor~ti::s. citrati,;s aml/or aci::lalcs: chromium salt~~ ;c.inc salts; and/or other 

'M·liC~' lre..ttmcnl agents_:-;uch as p1>lymcric djsp1.m:;•u1ts and coagulants including polymalcic, 

pol}·a~rylic and pol}vinylsulphonk acids ar.d 1hdr salts. slntchcs :.;,nd/or carhoxy methyl 

ccI;u .0:;1..·. am:/nr molyhdatcs. 

I'll!.: i:mmtiot1 pmvidcs formulahmts IA'mprising im effective amount of a mixture or product 

·.}f ~ht· i!P1~n1ion as ai(Jresaid •md any or the aforesaid Known water treatment agents. Such 

:i.mr.t•lati,ms muy. to; example. <.·on lain frnm 5 to 95% by weight of a product of the 

:1w·~~1lion anll from 5 tu 90% b:f weight or unc or m<lrr..: or any or the aforesaid water treatment 

"~cn1~. :\dditionally the formui•ltions may contain up io 9()i}';, of a <liluenl. tiller <ir solvent. 

~'ho.: :rrvcr1tion. according to a fmihcr ~mboclinie11t provi<les aqueous, solutions comajning 

.1-r.m1 :i.5ppm lo saturalion of any of 1he aforcs~icl pro<lucts rrnxlurcs or fo11nulations 

: h1.' invenrion ]s rnnst,·atcd by tile lhlh.)wing examples:-

I\ ~o~u~icn of pn('lsphornus acid (4.0 tn\>~; 328.0 g) and fomarii.: ac1tl (4.0 mol; 464.3 g) in 

•N::lc:r ;'8GC: ml) wa:-; s!ii·rcd rapidly fo l·orm an cvr.:n paste 50% wl .sodium hydroxide wa.o; 

:.:.tkll.!<J (;v<!r '. hour. ( l 6 mote r::q: l :~so ~}. 

1'h<.: soiutkin {ad.iuslctl t.o !)H l 0). wm; reduced In .:1 65% slurry. by di:o;tillation of w•1tcr. usii:1g 

D~:ll: ~mrk apptll"cllUS. ~ 1172 g) und hC!lled nt rd1ux for JO miri.s. 
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.'•. -~·='''lo .. ,.ty solution of !lydrogcn p~oxid.e was adde1.i uoder ~n ~ttmosphere of njtrogcn lo 1hc 

l'(.•tictun:s al .l'cfiux at an inilial rate of 25 cm·' hr"1 with co-dislillation of water to maintain a 

.:-;5ci1i1 'llur:-y. Atlci- 8-Q hours Lhf rcU\: was rc:duccd I<:> 10 c111J tu-·' _ Following a fu1thcr I 0 

h<.,urs addition of peroxide al reflux_ (1.otaJ addition time IQ hrs}. 600 cml of water was llddcd 

w Lhc.- reaction mjxtu:::c u11d hcatei.l ": rct1ux for JO min.c;. coo!~d to l O''C and Iii lct'Cd through a 

\;,1:.11Ci {gr:1de 3} lo l~lllO\/C r~si<!ual iilS..Olublc <li1mdiu111 rumarat~. Jtp NMR On DzO) indicated 

C))% 1.:onv~rsion to the lc:trasodil;111 salt of pho::;phonosuccin?~; acic.1. 

A. :;211·~ w/w soh.1tion "fthc rn-o-Juct s~par::Jled by ion chromalf.lgraphy comprised 45.4% w/w 

ph(lSptmm.,succinic ai;id. (}. 72";, tUmcr. 1.:l% phosph~tc. 0.2% phosphitc and 0.4% nnileatc. 

'111~ follt>\\ing were c.h~rgcd to a rt:a~ticn vt!ssc!: 1 liLrc water. 57. lg product of Hxampfo I 

1.40% w>lul.ion). fLumu-jc acid (464.0g. 4 moks},. phosphorou::; acid (327.0g. 3.99 mole..<;). This 

wm; \hen neutralised with 1126. 7g ~odium hydmxidc (50%), and the pl 1 •'u.ljusled to I0.1 . 

• ~:;:fa·1J w<1Ler then rcmc;vcd by Ji:->1ribution to give a slurry conh~ining 65% :-l'olids. 600mJs 

:!.4%1 hy<lrngen peroxide soluti<m thc.:n added ovc.:r 25 hours wilh water removed from the 

\'c~su11: hy distiliati.')n at the same ralc as this ru.lllition. 

l'hi.: !'mch.:1..."\ bad o crysttrl i;iY..a: of \ 0 to 2li mit:rons and lnw viscosity. 

, x49g pro~tuc1 of example l {40% solution). fonu1ric acid {.30(Jg. 2.58 mules) and 

:->hoi-.phorous acid (2 I 2g. 2.58 m,)lcs} were charged ton rcactio11 vei>scl. These arc 11cmmliscd 



. ASE iB (PRINTED PAGE 18) l 
c ·RECEIVED es113 1s: itz 1997 AT S33B69'i NTSP 

tl Mat 1997 8:25 A & W PATE No. 0266 P. 18/20 

- l4-

:i1l.:.! th~ pl l a4iu.~ted t.o '0. l w~lb ~27. I g sotiium hydroxide soluti(}J'l (50%). 913g water were 

~i-:.1.•1• :·i.:mc\'Cd hy distiflc.i.tion 1<' give u shmy containing 65% solids. 6001nls of 2.5% 

iiy<.irnger JK'rnxi<lc solutim1 then itddeU over 25 h<'Lll'S. Th~ proJuct had an average crystal 

:-;u.i.: c\!8s U1ur: .~ microns a.n<l was very viscous. 

· !°h:.: p,-odtact of cxampic l w::t"' cc~niparcd wilh ph<>sphonosuccina1e obtained by the 

.s;.-ir~mfflcntion of the methyl ~stc: 1-.::sulti11g from 1h1: reaction of methyl phosphate with 

mclh~ I u:uleat~. The comparison WdS made using coupon tests whitih involved immcrsi11g 

wdgh•::d mild sl~{ coupons in water containing varying concentrations of calcium over a 

ran~.c 1,)f pH. '{be weigpt l(')S8 was rm~asured ~md cnrro!>ion caic\Jated in mils p~r year. The 

,·esul1$. tm:: set oui. in thd(JlJowint! i.ahlc. 

TABLF. 
··-- . ··-- ··---- --·· ··-·· -r- . -······ --· ·- ·--

Condition!> I C 'orrosioo rate rnm p<,-r year 
! lnh:nitnr (?"i~;,. r- Ca~o~(pp~)·-1 -pH ·--- ,·-i:;:xu~~plc. I I c:ou~parati~e 
. ~·.:q·re~!-ied US I ~ 

uci(~) I · 
··!--· . __ .i,_. 

; 0 7.0 

........ '~'- --~-: ; : ~L . {f-·_ : . - ~::~!_ j· .. ~:~ . 
_ -~o ···-·-· i ... -··_ ~~. _L_ . _':~ ___ 1_.o:~J~- -I· __ o.<~57 ... 

·- -~~' ·----1'·· .. - .. '..?~. -~· _ _: -· i ____ o.~ss .. =I·--~-~ I 
1 () 250 I 8 ' (J.OJ8 0.065 

--~·c -·--i --. soo-·· · -r--· ·-8.5 ·-- · 1 ·--0:034 · · '(io43 1 
··---· --.-·!· --· .. -· -!---- ··-- ----1.- ·- J_ -· - "j 

·-----~~} ··--·· ! ---· i~ooo . __ L _~_:s --· L __ o.~26 -1. -~-0~2- ·-

·. f;c pr\'':tluc~ uf Ex<1mpk: ! wa:; conpE..red: in u tube hlocking experiment, wjth the product ol' 

p!?nSJ)honating ~Gdium malt.:atc as d~s~rihc:d in EP·J\-0~6973. Wuter ~lt 60°(' Cllnlaining 

:loOppn: cs1ic1um l.!"x:prc:-ired as carbo:u.ue c:quivalcnt and 450ppm HCO; exprc.~sed a,(t calcium 

c<;rbom:it' equivalent("( .angdi~r inde:c 2.6) un<l huving pH a.t 20t'C <lf 9. was pumpt'Ci through --------
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i! ~t.:.~i1">i("~S st,-ei cupillary for 3 •. •;o:;. ~coru.i.s and the pressure diffe.rcrllial measured. The onsci 

.1:·sc::iii<lg w.1s ro~i~1.crcci" as a ri:-;c in pr~.ssure. which became exponential as Lhc tube blocked 

Witt- 'J.5 ppm of the comparati v.: example. hiocking (Jccurrctl afu..--r 2,500 ~econds. With lhc 

~utnt: ~onc1:mtJ'"ation of Example l only part~al blockii"1.g was ohserv~d even after 3.500 

!'><!Cilnd~. At l [')pm inhibitor h{tlh product.or; were etfoctive in prcvcnl blockage throughout the 

!\:St. 

!'h~ !:efluccuiatinr. ability of the p1·oduct of Exampk I was compared with I.hat orc1 

;:!it>s."lhitcfmaical.tl rcac.tic)n proclm.1: according to lhe c.xamplc of EP-A-056973 l which had a 

d...:~~ o!' poiymcri:1ati0n or I .:L The ~·o prllduct<; wc.•re each ad<led to satnplcs of a 65% by 
· .. 

·,;.,,eight suspension or: tirlnium oxide ln water a:t a level of 0.1% by wcighl of the sample. 

rii~ viscosilic!i ui 1hc lwo sampl~s \i\ocn: measured al :~5" and 21 sc1;·1 u.. ... ing a "Carrimcd" 

;,;1 mtrul!~d i::tJ'css rhcome::ter wH!1 4c1 ~ paraJicI platc.!l (tnd l mm gap. 

·!"ht: ~b11aratc product of Exampk: I iowcrtxi lhc viscCJsity from_ I 0.88 Pas to 0. I 53 Pas. fhe 

:n.'lk:al~ product \1f th~ prior arl tlniy l(wvcrcd ihc viscosity to 0.336 Pas 

'· 

. . ...... . . ··-. .. ·-·· 
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:\ mc:tht,o ~,r mi-tking 1.\ ,..,..iler treatment agmt which compri~s reacting a water 

'\C'.l.ublt: phosphitc salt 9'ith :i water soluble fumaratc salt in water in the presence of a 

r~e radicai !nil1ator . 

., A mi=thod accc,rdi11g tu 1.·luim J in '\.vhich the initiator is added to the mixture of 

phosphilc wid t\mu1.ral~ ~it 11. mt~ H.nd for a time sullfoicnt to form a yicJd ur 
rhi.~phonosuccinate g1·ca11::r than 80% based on lhc wcjgb\ of phosphitc employed but 

110~ sutfJcicmlly rapidly lo form mnre thar1 8% phosphate. 

... ;:~ rm.~~hod uci.:nrdin~ lo dium 1 whereiJ'l 1.lu: fri:e ratiii.:al initia~or is hydrogen peroxide . 

; 

::.. /', n~ixturc of ii rhospbou~>~ucci11at1.: sal! with !hlm 0. i to 5% by weight based on the 

t<.~tul \\eight (If the mix:ure <lf a l-phosphono-1,2,3,4-tez:-acacboxy butan~ salt. 

A mixture acconliug tu claim 5 com.aining lc.;ss lban 8% by weight of phosphate. 

7. 1\ method or lrt:&liog wal~r systems lo inhibit corrol>io111)f :nelals and/or deposition or 
scale ~hic·o comprises rltlding lhcrcto fr<.lm 0. i to JClO ppm of a mixture accordin,g to 

cH: 11 .. "1· o ~· claiim. 5 and 6. 

· S. /\ mcLhod of inhibiting fa)Cculatio11 of u dispersion or· su:-ipension of particulate solids 

in iiquid mooinm which compri~s adding thereto a tleflocculant amount of a mixture 

:i~.:curjing to cithi_"T or ciaittt': 5 and 6. 

:;. A (k:il-rgen~ formulation c1>mpri:>in~ froin O.Ol tl> ?.0% by "'"'eight of a nth1ure 

c.~c.::nrding !o dth~r 1.lf claim:i ~ <ind 6. 

: (: r~ -;uspcnsioil of particles of il f1occu!ublc soiid in \V"clll!r i;onlaining a Hocculation 

:nhinitin~ amm.m1 of~ rniY.lure ~ccording to ci~be1· <.'f claims 5 and 6 

I\ 


