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SCALE | NHI BI TI NG AGENT AND METHOD FOR USI NG SANE BACKRESEIND oF
THE | NVENTI ON - The present invention relates to an agent
for preventing scale formation and a nethod for preventing scale
formation. More particularly, the present 5 invention relates to an
agent for preventing scale formation and a nethod for the samne
which is effective in preventing scale formation in water systens, such as
cooling water systens, boiler water systens, and the |like. The present

I nvention is particularly eff ectli ve in preventing Cﬁ'l‘fﬁ‘-'i% and
silicate scale formation. Scal e obstructions are generated

on heat exchanggcgmgfmmﬁd n&&;glqu(ﬂAng) V\Ngﬂgﬁj%ﬁlﬁﬁ% Fwnt act with

water in a water systemy such as a coolin systent a boiler
wat er system or the like. The types of scales which are deposited

i ncl ude cal ci UBACKGROIUND QRETEIRINVENTION calciumsulfite, calcium
phosphat e, calciumsilicate, magnesiumsilicate, nmagnesium

hydr oxi de, zi nc phosphate, zinc hydr oxi de, basic zinc carbonate,

and the |ike. Scal eThprebint Mventfontefates ¢4'hidert ée?prevemhiffg%klb?&ﬂmoﬁ n water
systens that enp] oy high _concentration operation. In, for exanpl e,

an open circul 884 agnethed forprovanting ssale &rmation; Motsrpasticwlarlyi, dre pissenat i on

is preferged t fal kY 7 I I Vel en .a high
concentr asii on glggr at %ﬁ%é@%ﬁ%&&%@'@ﬂvﬁrﬂ gé%g". fﬁﬁ?@ aﬁ%ﬁn\rllxtt&ogfmctgﬁl i ng

wat er bdmewvhich iheffeptivsingrevehtiigdiscak)Bintition dh 9aRt ywwettnsabich abecone
concentrated in the 20 n addition_ to the_heat exchange surfaces

.
beconi ng nore F?%Eﬁmtff sggf:qv;?,h)g}rlcr water syster.ng,wgd the liks; Therpresspt pHatigh ssol ved
sal ts declinesgs ﬁﬁﬁwﬁdﬂrfdcﬂvéa%%g{i%wm and Bficate scale formdfgat! 1 N0 scal e

obstructions can becone major s to e operation o
Scale obstructions are generated on heat exchange surfaces and inside

10 pipes which are in contact with water in a water system, such as a cooling water
system, & boiler water system, or the like. The types of scales which are deposited
include calcium carbonate, calcium sulfate, calcium sulfite, calcium phosphate,
calcium silicate, magnesium silicate, magnesium hydroxide, zinc phosphate, zinc
hydroxide, basic zinc carbonate, and the like. Scale formation is particularly

is ~ troublesome in water systems that employ high concentration operation. In, for
example, an opeh circulating cooling water system, high concentration operation
is preferred to conserve resources and energy. However, when a high
concentration operation is performed by reducing the amount of cooling water
blow to the outside of the system, dissolved salts become concentrated in the

20 water. Inaddition to the heat exci\angc surfaces becoming more likely to corrode,
the solubility of the dissolved salts dcclincs. resulting in scale formation, The

resulting scale obstructions can become major impediments to the operation of

.
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2 boil ers or heat exchange devices by reducing heat transfer
efficiency and by narrowi ng pi pes. Pol ynmers whi ch
cont ai n carboxyl groups, such as polynerized nmal eic acid, acrylic
acid, itaconic acid, and the like are often effective in inhibiting 5
formati on of cal cium or magnesi um scal e. Furthernore, copol yners which
conbi ne nononers with a carboxyl group and nonomers which contain a

sul fonic acid group, such as vinyl sulfonic acid, allyl sulfonic acid, and
2-acryl am de- 2- et hyl propane sulfonic acid, are often used as scale
preventing agents, depending on t He water quality. ToMIPEI2E t

formati on of sili I vent agents such as
acryl ani de pol ym?rgfs} é%gth?%tn&ﬁ&“ﬁﬁéﬂm“p@r Vgt“ﬂw transfer efficigngycand byand t he
| i ke, have been paspeingdipeshus, different polynmers have been used

to inhibit scale formation, depending on the type of scale. However, to
dat e no uni velf’g!ﬂm%fcwh@hfcemmqaoboxpt £roups, surh asgolymdnized ke

descri bed. u wat er ' ,cally
i ndustrial water ord' taphc “Jhﬁncﬁg%ld ?‘ﬁ&ejtshéthVpaé%og? aﬁmyg “&Hﬁ@

numer ous anfl var ifousation rof . caleamt locuingnésiumwa&k Furthcnnoﬁ:@ladplﬂ*mékg W&
concentration oper%izt Qns in a ?ch water systemor a

wat er system forfoERYFFan0 “E'?ﬁ%t”@ bﬁ@é&@%ﬂ“@%&?@“ﬁr‘@v@hﬁpﬁg‘na@ent
whi ch can sulfbiig Cdcid/ @hotp 384088 Vi) RhifortE 13, MPCSwrsY GAL kg L here
is no scal e preventi ng agent sat | i's requirement. O
particul ar concermargamids-2-methylpropand mﬂafomclasxdnm Bften usedawdate peedtnd | ng

' Sapaneee Lai o etk SeRRENRYR b BTN Bl SR ofimiale sel

proposed a Ilcal e preventing agestsageinis Ml&ﬁd@@élyﬁi&rﬁ&ﬁﬁh'p@%ﬁk SiybthyRne
preventi ng | I I.ca scale formation he scal e prevenhting agent

proposed in this giYA9liand #he like, have been proppsed; Thus diffarentinalyntrss baverbeemd
acrylic acid pol y{g&d to lmﬁﬁs&ﬁ% tmﬁadeééndt qon%é\??@&fs@&!b ORowsvet, Whate

acryl ami de pol yner has a good scal e préven
no universal scale formation preventing agent has been described.

The water used in water systems is typically industrial water or tap water.
15 These types of waters contain numerous and various jons. Particularly when
conducting high concentration operations in 2 ¢ooling water system or a boiler
water system, for example, there is a need for a scale preventing agent which can
effectively respond to all scale types. Curreatly, there is no scale preventing agent
which satisfies this requirement. Of particular concern is the fact that there is no
20  scale preventing agent which effectively prevents the adhesion of silica scale.
In Japanese Laid Open Patent Publication Number 61-107998, there is
proposed a scale preventing agent which has an excellent effect in preventing
silica scale formation. The scale preventing agent proposed in this publication
contains acrylamide polymer and acrylic acid polymer. When the silica

25 concentration is low, acrylamide polymer has a good scale preventing effect.
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3 - However, when the silica concentration is high, the effect is

_reduced. I n Japanese Laid Open Patent Publication Nunber 7-256266,
‘there is disclosed a water treatnment nmethod in which a water

sol ubl e cationic polyner, halogenated aliphatic nitro al cohol, a

| ow nol ecul ar wei ght carboxylic acid polymer, orphosphonic acid 5 are

added. However, because the proposed cation polyner is a quaternary
anmonium salt, the cationic property is extrenely strong. Under these

condi tions, t he conponents of the water treatnent nmethod can form
gel reaction products ' W th si I [ d!a Furt hernore, sl iNE95B+26m
m croorgani sns _can also formeasily result, the use of the

proposed wat er Foyyayst, wheatne S‘HF%C%QQW 1§ Iygm.tlsm&am wduwsdsinJapanese  because

of problens ari Japanese
Laid Open Paten [%',.;E@BF;IE ?g?te}xggutﬁﬁc%r ﬂgmg%BgZ%gs‘s hﬁfeels disclosed a vent I ng
agent cont ai ni rigamuinymethyd inrwhich aweatdr selalsle atibsivpstphechdlyenated a]iphzmc
carboxylic acid,pol hosphoni,¢ acid js proposed. However, although
pol yet hyl ene glwgﬁ?lx?r@ éﬁ%@?‘iﬁv@aﬁwai\swwm RN FRRRSARANGHCIS cal e when
the 15 Si | i£8 184 elbiveYer Obeck | ot her

I ons, and t he eﬁ?ect S " Chn?)sf .tg%’gbﬁpgeddscaﬁaﬁ pbbyﬂl‘%ﬁ] E%%SUM\AARY
OF THE | NVENTI Gihmonium salt, the cationic progietty isextemelp§tenni. ldridetlheseppmﬁh?am, i nvention

to provide a s e forma ti,n ent andasc formation
preventing met h‘gﬂ%??ﬂ?n{ss&&ﬁ%%?“ﬁ?ﬁ jsthod g"b § rence of

various scal es gRR§G&. Frthémoed, ﬁim&ﬁéh?ﬂ&oofghkﬁﬁn@ém alsoform easi@)Qkaaﬂg wat er
systens, boiler water systens, and the lik It is another

obj ect of the piestbthe uﬁfrﬂféhﬁnrmse%moh@le C@p@mo&mmmaﬁmmsmus
preventi ngy ageng. agd o?ﬁﬁbﬁﬂs%gﬁﬂéﬁgﬂnﬂé@w&?ﬁé %xﬁ.t hod which is effective
in

In Japanese Laid Open Patent Publication Number 2-31894, a scale
preventing agent containing polyethylene glycol and a low molecular weight
carboxylic acid polymer or phosphonic acid is proposed. However, although
polyethylene glycol is effective in controlling the adherence of scale when the

15 silica concentration is low, it is easily influenced by other ions, and the effect is
not stable. |

OBJECTS AND SUMMARY OF THE INVENTION

It is an object of the present invention to provide a scale formation

'prevénting agent and a scale formation preventing method which is effective in

20 preventing the adherence of various scales generated in water systems, such as
cooling water systems, boiler water systems, and the like.

It is another object of the present inveation to provide a scale formation

preventing agent and scale formation preventing method which is effective in
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4 * preventing the adherence of silica and cal cium scales in water
systens, such as cooling water systens, boiler water systens, and
‘the |ike. ' Briefly stated, an agent for preventing scale
formati on and a nmethod for preventing scale formation include a

pol ymer which has at |east 50 nole %of 5 N-vinyl formam de units or
N-vi nyl acetam de units and a phosphorus conpound added to water in
a cooling water system a boiler water system or the |like. The

scal e preventing agent and scal e preventing nmethod of the present invention

are effective in preventing the 4adherence of vari old1953bs of
scal es which are Pﬂ‘f ner at ed I n cooling water systens, boiler water
systens, and t Reveating the pdherence of stligaiand galgium seples mwmysqemeﬁeh% is

effective inp t I and cal ci um scal e.
According to a%@(gﬁ@v%ﬂ&skl@m?%ﬁe pre 52 #r?\}/lga}cl lcl)cﬁ a scale formation
preventing agent foBmﬁgsiatedaamagnhﬁmgpmmngsqmmunmonan&aimedwdvfan er system
conprises a pol yner , havi at Jeas 50 % of N vin s or
vyt 15 " PROSRAR HaleAoR faru R RALERS THALCH Mt e S0 mote % of

Accor di ngst o aa@b{cﬁgrfoﬁﬂm&buﬁ&tomtwflmcaémeﬂa.@aaueg] sBRorudcoiioladl f or

preventing scale fornation in a cooling water syste a boi | er water
system | aiMimWlnhmdmemawsmn@odemwmmﬁmdﬂ@tTh‘bast 50 %

phosphor us. com$SHARVENR R gt M freipth pSE S ARSI RS

boi | er water sysfeefive in preventing the adherdte afbwivious ands mfhalea)b}xehtag f eat ures

and advantages of the present . ipyention wl | becorﬁe alpcp?rent from
the fol | ow ng Gggggqa;est ingpoling water systems, boiler water systems, and the |
10 particular, the present invention is effective in preventing the adherence of silica
and calcium scale.

According to an embodiment of the present invention, a scale formation
preventing agent for use in a cooling water system or a boiler water system
comprises a polymer having at least 50 % of N-vinyl formamide units or N-vinyl

15 acetamide units and a phosphorus co@ound.

According to another embodiment of the present invention, a method for
preventing scale formation in a cooling water system ot a boiler water system
comprises the step of adding a polymer having at least 50 % of N-vinyi
formamide units ar N-viny! acetamide units and a phosphorus compound to water

20 used in the cooling water system or boiler water system.
The above, and other objects, features and advantages of the present

invention will become apparent from the following description.

WANMMIRATKWPHATAM I MAlivt e
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5 - DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS

The present inventors have discovered that a scal e preventing agent
conprising a polyner which has at |east 50 % of N-vinyl formanm de units or
N-vinyl acetami de units and a phosphorus conmpound has an excellent scale 5
formation preventing effect in a water system Conpared to the scale

preventi ng agents of the prior art, the scale formation preventing
agent of the present i nvention shows an excellent effect in
preventing the adherence of scale. It is 5 particul arl %FJSf}ez%t ive for
preventing the adherence of silica and cal’cium scale. B In the
present inventi opEPAPOES DY ORES 5381,% O

uni ts containing Nvinyl formaml?g as F:‘:)r&égeﬁ?ig? ﬁ(ﬁap?%ﬁ

N-vi nyl acetam de as represented by formula [2], is used.
HCONHCH=CH[ er r ] 1] .. . CH.err] CONHCH=CH[ err [ 2]
There are no particul z‘irll"l‘{'?#f“al“i"ﬂﬁ%'st'ﬁv‘i RS é@lﬁl‘?ﬂlﬁgpﬁéﬁﬁ% Bt t he 15

N-vinyl formam de:oﬁipﬁisthh\tlpbwmﬁ@ﬂﬁ@maget RGO of N-:ﬂﬁyl%ﬁﬂiﬁﬁﬁe uhit€y May be
made by reacting acetf dehyde with formam de or acetam de. The resulting

ZI'E ggr Ih]}/:j(ragxyet hy IY-viny ed’l““-Naﬂ aphpsphomys ﬁﬂwm\{ll bﬂsaaeqﬂmﬂedbtq:ﬁ o
product is ?Ker m)l yze tgﬁi}%ﬂing%&lﬂ&g%% 8"%' gospéreg thé gcﬁ“ ét}nﬁ ures.

Al ternatively, tngems hﬁrthé prior mnt,otlel Gtal€ Sstmatisn pridenting dpentefadhe résont he

liquid state, andth errml gener ated N-vinyl formam de
or N-vinyl acet arff“beé‘ Bﬁﬁ éﬁ%‘g‘ﬁtﬁqﬁgmﬂf@ﬂﬁﬁlﬂ}%@?ﬂeme of scale. It is

particularly effective for preventing the adherence of silica and calcium scale.
In the present invention, 2 polymer which has at least 50 % of monomer
10 units containing N-vinyl formamide as represented by formula [1], or N-vinyl
acetamide as represented by formula (2], is used.

HCONHCH=CH, )
CH,CONHCH=CH, B

There are no particular limitations to the manufacturing methed for the

15 N-vinyl formamide and N-vinyl acetamide monomers. Forexample, they may be
made by reacting acetalydehyde with formamide or acetamide. The resulting
N-(a-hydroxyethyl) formamide or N-(a-hydroxyethy!) acetamide is etherified by

contact with alcohol. Thereafter, the etherified product is thermolyzed in the

gaseous state at high temperatures. Alternatively, the etherified product can also

20 be heated in the liquid state, and then thermolyzed. The generated N-vinyl

formamide or N-vinyl acetamide can be removed during thermolysis.
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6 In the present invention, polyners with at |east 50 % of

N vi nyl , formam de units or N-vinyl acetam de units may include:
honopol ynmers of _ N-vinyl formam de; honopol ynmers of N-vi nyl

acet am de; copol ynmers of N-vi nyl formam de and N-vinyl acetam de;
partially hydrolyzed products of an N-vinyl 5 f or mam de honopol yner;
partially hydrol yzed products of anNvinyl acetam de honmopol yner ;
partially hydrolyzed products of a copolymer of N-vinyl , f or mam de

and N-vinyl acetam de; or copolyners of N-vinyl formam de or
N-vinyl acetamide and a vinyl mononmer. ABlI nmixed pol yners ani968426! yners of
N-vi nyl formam de and N-vinyl acetam de may be used for the scale

preventing 10 agdRtthepréssat javension; polymerst wish at deast 58 Peasf Nidn vi ny |
formam de units . ot ' . ' it | at |east 50
% fdm%u“‘ndﬁ"“r‘r% e g%,#ég#*g?g‘ﬁ%ﬁ@ggﬁg&ﬁg‘#@- 3‘81&‘%@?"?‘ B with
N-vi nyl Nrdnytdormamide; hognopolyoheraafdd-wifiy Che etamjdehepolyadrsvf Nxangl any

articular limtations, . so | png as, the copql ymer or. the caopol yner
gbt ai ned by fur _M&nswgw segiamige; poctgfly el pFoscte R A Nodnglt sﬁc_h
vinyl nonogrers ggqfasite mﬁﬂg@?m‘(&r; m?ﬁ@l{y%r?lyzcd 820du§|ﬂ8ﬁn@ﬁviﬁ?ﬁk§émﬁﬁr yl am de,

(meta) acrylonitryl, Nrmethyl (neta) acrylam | met hyl
(neta) acryl ani temopalymers gamtilly) hydrolyzedt prodecth\df @nespalymee rofl Nienyl

styrene, allyl roxyet hyl.{neta) acryla nmet acryl ate
of (pol ‘%’ﬁ%{;’%ﬁ ehe ox é’°§¥“‘}¢%1 ar ﬁ%ﬂ?@@*ﬂ-@&"’%@ﬁ“ﬁf%‘?%er of
(poly) ethyl eneNe¥inyl acetniddandd vifiFlinfonmheh 11 rhind@ polgidrsARAMEdpoters of

nunbe

et her of (poly) ethyl eneoxi de of nole ] mber 1-30; ani oni c, monomner s
such as (meta) Atvipykfermamide and Nivinyhacstamigampy bs used for the scalg greyentingot oni ¢

acid, nal ?EC ac iagent Bﬁgﬁrﬂr&c&%%tx@rpq?%énng%%e%ﬁ%géﬂ rﬂﬁgﬁ% m&:afxg%{eg |

salts of ese. Furt such vin nmer s e vin su aci d,
styrene Novinfloacetamide whits e at b 50 &e- 2- net hyl propane sul fonic acid,
28 B A Oy - A R R NG Sh of Tt of pol SOBEERCWRE N 2T O

formamide or N-vinyl acetamide may be used without any particular limitations,
so long as the copolymer or the copolymer obtained by further hydrolysis is
15 water-soluble. Examples of such vinyl monomers include nonionic monomers
such as {meta) acrylamide, (metaj acrylonitryl, N-methy] (meta) acrylamide, N,
N-dimethyl (meta) acrylamide, methyl (meta) acrylate, ethyl (meta) acrylate,
styrene, allyl alcohol, hydroxyethyl (meta) acrylate, mono (meta) acrylate of
(poly) ethylene oxide of mole number 1-30, monoallyi ether of (poly) ethylene
20 oxide of mole number 1-30, and monovinyl etherof (poly) ethylene oxide of mole
number 1-30; anionic monomers such as (meta) acrylic acid, alpha-hydroxyacrylic
acid, erotonic acid, maleic acid, fumaric acid, and itaconic acid; and alkali metal
salts of these. Further, such viny! monomers include vinyl sulfonic acid, styrene
sulfonic acid, 2-acrylamide-2-mecthyl propane sulfonic acid,

25 2-hydroxy-3-allyloxypropane sulfonic acid, isoprene sulfonic acid, and alkali

. This Sheet Has Been Reilaced_ :




nmetal salts of these. Further, such vinyl nononers include cationic

_nononers such as allyl ami ne, quaternary amoniumsalts or tertiary
"salts of dinethyl am no ethyl (meta) acrylate and di ethyl am no
ethyl (meta) acrylate, and diallyl di met hyl amoni um chloride. 5

In the present invention, there are no particular Iimtations on the nethod
of honopol yneri zati on or polynerization of N-vinyl formam de or N-vinyl
acetam de nononeric units. Polynerization may be conduct ed as sol ution
pol ymeri zati on or bul k pol ynerization, but because the honopol yners of

N-vi nyl formam de or N-vinyl acetanhde or the copol ymegge8s.abt vi nyl
formam de or 10 N-vi nyl acetam de used in the present invention are
preferably water smiabsalts of these. FurthehyahmmwlImmmwt;mudmﬁghl@moumeﬁzat i on
using water as the splvent,is, preferred. In water-b

pol yneri zati on, ‘58 y! ?Bf’@t AVAFTRATY REmonium §3israf; t&'ﬁ‘*‘@oﬂaﬁ-ﬁ Pf)ﬁlmefhyl of

t he nonomer is pr eﬂﬂ[n%‘é thyR (iFleth Rrkle de@ﬁé?ﬂﬁﬁié hﬁgl t:{j?ngﬁfafeégxhd f‘%ﬁgﬁr ‘o

replacing the atnosphere w th an ' nactive

50-100 [err] C. 15 dimethydhpmeniunachlonde s t hen conducted by addition of a

e
-azobi s (2-ani di ephemepstfadriAtioy df gﬁ%eﬁﬂhi&h'&‘%l-vmyl fonnanﬁd’eO&l ﬁ-d}h !

N di met hyl ene isobutyl am dine di hydrogen chloride, "and 4, 4' -azobi s

(4-cyano val eri ani acctami 7@wnemnnpemmmw&mmobmsndus@drasasghumm um

per oxi dos, such asPoOHeHERREREE B inec Bl Bl S MBARRIN R orRi, | .

like. Pol yrrer i zat i formamideoomiNivinyl acetam:de or Qi qRipolya@rsodfiNvinyt Corivamide. orAf t er

cool i ng, ueou solutlon dIS e[5|o sol ution of a
pol ymer can E obt P‘B’r’&‘l‘?ﬁe t?&"ﬁ‘?‘ﬂ‘lm Emeyd‘@a‘B‘r”P ble or
N-vinyl "acetam de liE Gwdtél-l-ﬁéed p%liiﬂénzht‘i&ﬂ &‘u% vrdteraS kH%Goﬂ@zEtﬂé’ﬁz@z‘éﬁca n an
8 aqueous sol vent, and nmay be conducted as sol ution

pol yneri zation, su hp'efnfsr-based polymenzatqgm apraquéonsisalatinn ag watendispeirsion solution
POl YTer 22t 00 |1 Se 86 B ALK s g v b st o sl B o
N-vinyl acetani de peplacidgtie ittholpt@teolitzainactied gasEiesoliution 8 hedtedzo 50-100 °C.
15 Polymerization is then conducted by addition of 2 water soluble polymerization
initiation agent. Examples of suitable palymerization initiation agents include azo
compounds, such as 2, 2-azobis (2-amidino propane) dihydrogen chloride,
azobis-N, N'-dimethylene isobutyl amidine dihydrogen chloride, and 4,4'-azobis
(4-cyano valerianic acid)-2-sodium; persulfate compounds, su'ch as ammonium
20 persulfate, sodium persulfate, and potassium persulfate; and peroxides, such as
hydrogen peroxide, sodium periodate, and the like. Polymerization is normally
completed after 3-6 hours. After cooling, an aqueous solution or water dispersion
solution of a polymer can be obtained. Polymerization of N-vinyl formamide or |

N-vinyl acetamide monomeric units is not limited to being performed in an
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5 ° a portion of N-vinyl formanmide units or N-vinyl acetamide units

hydrol yzed to N-vinyl amne units may be used, so |long as at | east
50 % remain as N-vinyl formam de units or N-vinyl acetam de units.
There are no particular limtations to the conditions

of hydrol ysis. For exanple, hydrolysis nmay be conducted under basi c

condi tions by adding ammoni a, prinmary am ne, secondary amne or the |like 10
to an aqueous solution or water dispersion solution of the pol yner,

fol | owed by addi tion of sodi um hydroxide or the |ike.
Alternatively, hydrolysis may be 8 conducted under MIi9826conditions
by addi ng i norgani c acids, such as hydrochloric “acid or the like,

to the aqueous3qusPYR Jobient And Ay be enndheted pssolution polymerizstionhsuspension
polynmer, follo t] ] . . n the present,invention, the
BB ER, o Pisoh pofynegiaton il skl SRR Gl

nmol ecul ar wei g of N-vi nyl
formam de units or N thenpleseat diveatiols Wwmdpdlynferd beicopdlpiyrs of N-vinyl bet ween

about 2,000 ang abouj 1,000,000. |f the | ecyl ar i ght of the, pol yner
is less than a %6‘Q vinylacetany ’?‘Ur"“i?t d‘ﬁg‘i?b@ﬁ‘gﬁ?‘ﬁ)ﬁ@“éf’?%’f“%y be
i nadequat . a portion of N-ﬂgg f?ﬁtﬁgg& adits\de I b‘i‘h}dojcetraﬁ?deﬂﬂx'iﬁ( KpdroR%Eods

1, 000, 000, the viscosity ol sol utfon becones too dgreat, and the
sol ution may bd-vinykangige unigompy hellsed, Fhiong as at least 5thdh eeudinmas Wevignlt of t he

pol ymer can be t ek any .appropri at e. neans . ...Such as gel
per neati on chrg?%é\aﬂﬁ a‘%ﬁ‘g.o K-vinyl acdtirmidd ““ﬁls'l TR 'Erpé&é?#!"il‘w%ﬁ?%n, one
type of polynego the dhditions 6ftg/drddikis/Fef datiptyhydrolysis may bd dhdBsdimdeni ts or

N-vi nyl acetam de units nmpy be used alone, or two or nore 25 .. types may
be conbi ned an&asigeqpditions by adding ammonia, ptimary amine, secondary amine or the like

Comains!d ‘o HEoBEARRCREE A IS UESE BB o 2 20
on the phosphoraddition of sodiumolysivaxidt oo tHeelikes edtermibtiecly,ohydoelysig mayybéde used
T 0000 o it cont b SRR s SRl .y ony
et hyl i dene di phgrinéome dikaCiotthé 3 s6lublyh 8P Svaftr AMBpBSion solution of the _
t et ramet hyl ene phosphoni ¢ acid (EDTP); phosphono butane tricarboxylic acid
polymer, followed by heating.
15 In the present invention, the molecular weight of the polymer with at least
50 % of N-vinyl formamide units or N-vinyl acetamide units is preferably
betwesn about 2,000 and about 1,000,000. Ifthe molecular weight of the polymer
is less than about 2,000, the scale formation preventing effect may be inadequate.
If the molecular weight of the polymer exceeds 1,000,000, the viscosity of the
20 solution becomes too great, and the solution may be difficult to handle. The
molecular weight of the polymer can be determined by any appropriate means,
such as gel permeation chromatography.
In the present invention, one type of polymer with at least 50 % of N-vinyl
formamide units or N-vinyl acetamide units may be used alone, or two or more
25 types may be combined and used.
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(PBTC); am no net hyl ene phosphonate (AWP); pol yam no pol yet her nethyl ene
pbhosphonat e (PAPEMP, Corrosion '96, The NACE Annual International

Conf erence and Exposition, Mar. 24-29, 1996, Denver, CO, USA, paper nunber
10 575); phosphono pol ycarboxylic acid (POCA, CAS Registry No.
110224-99- 2); and bi s(pol y-2-carboxyet hyl) phosphinic acid (CAS
Regi stry No. 71050-62-9). These phosphorus conpounds may be used
i ndividually or in any conbination. There are al so no
particular limtations as to the formof the scale preventing
agent. For exanple, a powder which is a%ix of polymer w tMHS}MAast 15
50 % of N-vinyl forpam de units or Nvinyl acetam de units and the
phosphor us g%ﬁﬂﬁ YR Prevsptingo agent o6 ithecpresant vmeemorbelﬁ@rcenta@é aand t hen

used. ALt er nal ipggiond Tompound. TRIVROHS gkl (G 3 U Shaipeie! Yer and

t he phosphorus “co erna fluid
type preparati mompomtchtorbmcd.rﬂ'h:qbﬁoumg Sy el w3ad with good re‘sinta spdlhmrTBl’ and a
separat e aqueous sol.uti of.. a phosphorus conpoun

In the present WP@ Qmp B'Pb"ﬂ’éi“ég“?'?g ?‘Fa‘&'ﬁﬂ%‘i“@hn?ﬁnﬁab‘?sa?@“‘iﬂ?‘dt he ratio
of 5 the ®IMMPY h9arokd QURRUMEELipHY

for mam de units or y S‘P m éﬂzﬁ‘ 'g sgﬁr%ngéeaél}ﬁl tsDi@ J%ﬁgn%gphorus

conpound. Home\ﬁeirameihxmegﬁlospfwmcwnd (EDTP); phosghohg butane ticptboxylleaciks conpound
is preferably

5 ! B badoomeRTene hosdhios EAVRY selsaminopsipbermeiens 4 5. 2 |

even nore phosphogiter (BAFEMP, Corrosion '96, The mw GinQall Oftemhtional
preventing agent of the resent i.nvention can : added as an

aqueous sol ut i dronfrreess and Expasisiondvacs24-29, dB%Pﬁ{‘Yeéatqf%rp%l Rapes number
appropria for o8B YW%’?@ ﬂ%’iﬁl‘ﬂ I it is
pr ef er abl Eadafor st’;r?z%thota o gagentr ?‘Tr%)cn %Rﬁmr asn i (E;?usi %:/orrpound
to be sandfbl&(hdv-?acacm:t&ahylb phaspliniofacid{CAS R@ismytbér 7105056"269)V\/at er is
achi eved.

le fo
preventing agenwplfﬁgh%g"é?ﬂ ouREsTR q’ee"}s?ﬂe@ﬁf"?%’% ¥e8{3"§taaﬂ§f’°ﬂ#‘g%'°8ne or nore

other scal e preventiTigreid®4lso 38 pARRURE limitations as to the form of the scale
preventing agent. For cxafnple, a powder which is a mix of polymer with at least

15 50 % of N-vinyl formamide units or N-viny! acctamide units and the phosphorus
compound may be dissolved in water before use and then used. Altematively, an

aqueous solution containing the polymer and the phosphorus compound may be

used. Alternatively, a two-fluid type preparation containing an aqueous solution

of a polymer and a separate aqueous solution of 2 phosphorus compound may be

20 used |

In the present invention, there are no particular limitations on the ratio of

the amount of the polymer with at least 50 % of N-viny! formamide units or

N-vinyl acetamide units to the phosphorus compound. However, a weight ratio

of polymer to phosphorus compound is ptcferably between 1:9 and 9:1. A weight
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10 Exanpl es of scale preventing agents which nay be used in conjunction
w't h t he present invention include: polyacrylic acid, polynaleic
acid, copol yners of acrylic acid and 2-acryl am de- 2- net hyl propane
sul fonic acid, a reaction product of NN, NN N, N -tetranethyl

et hyl ene di ami ne with epichlorohydrin, and a reaction product of N,
N, N, N-tetranethyl ethylene diamne with dichloroethyl ether. 15 The
scal e formati on preventing agent of the present invention nmay be further

m xed with corrosion preventing agents, sych as organi c phosgneyskg, and/ or
anti bacterial agents, such as hydrazine, and added as needed.

Al ternatively, tBRSQF polymer to pREIPFhGAS SodiBdund HeARLRS: S BiPS:AliLLYen more

When using the scale Pornatlon preventing agent and scale formation 20
preventing met hopeefekabldie present invention, there are no particul ar

limtations to th ter.qualjty or e | I LLqas of the
boil er or heat exchan&%ﬁﬁk\l\ﬁﬂ%m&déﬂcgéggfﬁéélre%lf glgeeéﬁgé#‘gg’gg@%n&ha%& be
altered as descrjhRd s8h@vRubsusssdlutioh hich is prepar@p sy ftémenttaigniwldcteist s. and

water quality of any standard boiler and heat, exchange device. The
scal e preveht i ng2RRIeRHate for tgcwalerasystepy &aratihich ds %Sﬁg'&“bf Norally, dsisnt 25

invention is effgoicloife fof mrﬁﬁp&a&é@g@?%ﬁgﬁg@hﬁ%ﬁw B3chipdund Bre

cal cium ate, phate, zinc phosphate, .
zi nc hydroxi de, sedvtbatiaconeinkratiert of, 1-100 mg/liter in the wateniscehineed) | ke which are

generated in boilers gnd _cogqli ter systens and_ . |.C ereto
the heat transfer surfat8&M° %%ﬁa@é?ﬁ'@t‘% R'?&?Wgcﬁfxgr"%eh%cég
present inventi omnvehtiéd fopethey Rith dnd bEHRF bt RelRGrOnatndigenisldsarededal es. 5
The mechani sm of how { he _scal e preventing agent and scal e preventi

met hod of tiRe pr Examples afscale rspveningrngents whichmay herusedipicorjungtiop v i ng
silica scale f mﬁo LS : \@ﬁ%ﬁ:ﬁ'.'i p@;mgthat
t he am de group ﬁesfﬁeﬁg h &kﬂk@%/'irﬁr%tl 2 01%}#& ume,-[lc g&rld”c ﬁoé:ﬁ) Vi nyf
acet am de unit andrylibecit andPaayamides2methyl propaneculfodieacid) @ sqaktion prodiet d gr oup
of the phosphorus act erqgistjcally, 10,  nst, the_.silica
hydr oxi de group, gﬁﬁﬁéﬁg@ﬁ eéxwmdx%%%gﬁe@cgymgﬁ%pc%darcactxcn scal es
to the wall sur f 88duct of N, N, N, N'-tetramethyl ethylene diamine with dichloroethy! ether.

15 The scale formation preventing agent of the preseat invention may be further

mixed with corrosion preventing agents, such as organic phosphonate, and/or

antibacterial agents, such as hydrazine, and added as needed. Alternatively, these
chemicals may be added separately.

When using the scale formation preventing agent and scalé formation

20 preventing method of the present invention, there are no particular limitations to

the water quality or the operating conditions of the boiler or heat exchanging

device. The present invention may be altered as described above to suit the

operation requirements and water quality of any standard boiler and heat exchange

device. The scale preventing agent and the scale preventing method of the present

25 - invention is effective in preventing scale such as calcium carbonate, calcium
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Enbodi ment s The present invention is described belowin

further detail. The present I nvention is not limted to these

enbodi ments. 15 The pol yners and the phosphorus conpounds used in

t he Enbodi nents and in the Conparative Exanples are described in

Tables 1 and 2, respectively.

12 Tabl e |

Desi gnati on Pol yer . - Mol ecul ar

wei ght Al pol y-N-vi nyl formam de

80, 000 A2 hydrolYzed product of polY 133y

f or mam de 0, 00Q ‘ o 10 mol e .09 ..b

a3 cop Ty SRRyt hasplereAite st ae, PRaresich silfatey o

(nmol e ratio 6:diica and the like which are gtﬁérated in boil&r9 R Q0GRAY Qitelas?&tﬂnb gndici d and

9, 000 hy roxyallyloxypropane S onlc aci d

( mole ratio 8: ”l‘:h adhere to the heat tmmg surface and %WF Ig'fpm ahﬁh@ f or mam de _

Z‘_ng) present invéntioR{ e ffective in preventing adherence of sxllcf‘&ﬁ%&.am de (nmole ratio
5 . The mechanism of how the scale preventing agent and scale preventing

method of the present invention is particularly effective in preventing silica scale
formation is not known. However, it is thought that the amide group of the
N-vinyl formamide unit or the N-vinyl acetamide unit and the phosphate group
or the phosphonic acid group of the phosphorus compound act synergistically

10 against the silica hydroxide group, and effectively prevent adherence of silica
scales to the wall surface.

Embodiments

The present invention is described befow in further detail. The present

invention is not limited to these embodiments. -
15 The polymers and the phosphorus compounds used in the Embodiments
and in the Comparative Examples are described in Tables 1 and 2, respectively.
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A6 - sodi um pol yacryl am de 5, 000

A7 copol ynmer of N-vinyl acetam de and acryl am de 38, 000
(nmole ratio 6:4) ,
13 - Tabl e 2
Desi gnati on Phosphor us conpound P1
sodi um hexanet aphosphat e P2 hydr oxy et hyl i dene
di phosphonic acid 5 P3 phosphono but ane
tricarboxylic acid ' P4 pol yam no polglet her
met hyl ene phosphonat e [ Cal gon Co. ] 12 53-2fodi um
tri pol yphosphat e P6 nitro tr| nmet hyl ene phosphoni c
acid P7 et hﬂ“éhe‘ di am ne tet rarret hyl ene
phosphoni c aci anrTro—pettyteme—ptrogphonat e
P9 ph Qﬂumq@o y car boxyl | iBolymerd Molecular prggght bi s
(pol y- 2- car boxyernyl,) pnps I”Tl];m Scale ad nce jest
met hod Al WE?' -vm(i!'orrrqalm"n_n‘rl\enl ating. caolifg walel systéem havi ng
a heat exchang¢ arese 15 hydmly@‘dpﬁ:ﬁlpfﬂ')pblmmb'bﬂbrﬂaﬁﬂe n err]9omd a water
capacity of 0.45 nferr] L\ggmubwl Distilled wat er and sallts were
added to ét sugl !Y} we copolymerofmginyﬂbmmtde ;ﬂed hide § N 45,000
{mole ratic 6:4)
Ad copolymer of acrylic acid and 9,000
hydroxyallyloxypropane sulfonic acid
(mole ratio 8:2) _
AS Copolymer of N-vinyl formamide and 25,000
acrylamide (mole ratio 4:6)
Ab sodium polyaerylamide 5,000
A7 copolymer of N-vinyl acetamide and acrylamide 38,000
(mole ratio 6:4)
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cooling water systemas circulating water and make up water. The cooling

wat er system was operated for 30 days while maintaining the water

quality at a constant val ue. The heat exchange devi ce tube was

made of material SUS304 (equival ent 20 to 18-8 stainless steel,

havi ng 18 % chrom um conponent and 8 % ni ckel conmponent), and the

outer dianeter was 19 mm The tenperature of the circul ating

water at the inflow was 30 C, the tenperature of the circulating water

at the outflow was 50 C, and the circul atjng water flow ratﬁ#\%s_z .5 n's.
g

14 . A fixed anmount of scale formation preve gent was
added to the wat er system Sca}%lé/\gi ch adhered to the heat exchange
tube after 30 days was coll ecte fter ashing the coll ected scal e

at 600 [err]C |t %&ﬁ%&&{“ gnt and Si qq;hh;ryhomscomqgltﬁxgntent wer e freasur ed

h
t hrough st andarld—a cal. jchend sfry fechilgileg 2.5 scale
adherence rate was exyir essed sodlumikinRtaptiosph®é cni err]/ nmont h.

Enbodi nent 1 Twmﬁ—Pm;,y\gmmg/ L of
phosphor us conplound P2 1 wer lhydroxy ethylidens diphasphoni¢ 26id\at o1 having thelf ol | owi ng

‘water qualgty: pH 9.0p3 cal Ci IdiudgfnsliRRsStridmidxylic acid mg/liter, Malkalinity
350 ng/liter, sktreart56—rg-t+i-etr—aRt—Hagresurhatiress—10—350

ng/liter. Scal ef adher¥nce polyensinapblysther cetbylene bwebherits (GalgonGad scal ¢
adher ence ratg was 4 [nonth tor CaO and 2
ng/ cni err]/ nont h-f-ga-ﬁ-q-eu gﬁ{u&%ﬁfy‘gﬂm nbodi-hent—2

P6 nitro trimethylenc phosphonic acid
P7 sthylene diamine tetramethylene phosphonie acid
10 P8 amino methylene phosphonate
P9 phosphona poly carboxylic acid
Pi0 bis (poly-2-carboxyethyl) phosphinic acid

Scale adherence test method

An open, circulating, cooling water system having a heat exchange area
15 of approximately 0.25 m? and a water capacity of 0.45 m’ was used. Distilled
water and salts were added to Atsugi City water., This water was added to the
cooling water system as circulating water and make up water. The cooling water
system was operated for 30 days while maintaining the water quality at a constant
value. The heat exchange de-vice tube was made of material SUS304 (equivalent
20 to 18-8 stainless steel, having 18 % chromium component and 8 % nickel
component), and the outer diameter was 19 mm. The temperature of the
circulating water at the inflow was 30 °C, the temperature of the circulating water

at the outflow was 50 °C, and the circulating water flow rate was 0.5 my/s,
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15 hg/l iter ofpolynmer A-2 and 5 ng/L of phosphorus conpound P-2 were
added to water of the sane water quality as Enbodi nent 1. Scal e adherence

was 15 tested as described above. The scal e adherence rate was 6
ng/cnferr]/nonth for CaO and 1 ng/cnferr]/month for Sigerr].
Enbodi nent 3 15 ng/liter of polymer A-7 and 5 ng/L of
phosphorus conpound P-4 were added to water having the sane water
qual ity as Enbodi nent 1. Scal e adherence was tested
as descri bed above. The scal e adher ence ,r ate was 6 nyg/cni ﬁ@a%é:{?&]th for
CaO and 2 ng/cnferr]/nmonth for Sigerr]. Enbodi i)

12 ng/liter of pol m*m°m%f§€§?f%m§gﬁlﬁféﬁ%@h§é§ﬁV‘?ﬂg%éedr@tuter of 5

phosphorus compound P-2 were ad e Same water quality
as Entwatérspstemd Scaic whishadieeedmoaiee asexchatige tubeaftdeicdaybeds above. The

scal e agher e rate s 4 nmg/cnferr]/month for CaO and 1
mo/ cnferr]/ m)rﬂ’ﬂ“?%f c@%\tu}q &’2‘ collcctq:g scaql. at 601) °C, the CaQ content an% s?o,
content were measured through standard acalytical chemistry techniques. The

5 scale adherence rate was expressed in units of mg/cm?¥/month.

Embodiment 1

15 mg/literof polymer A-1 and 5 mg/L of phosphorus compound P-1 were

added to a water having the folloWing water quality: pH 9.0, calcium hardness 350

mg/liter, M alkalinity 350 mg/liter, silica 150 mg/liter, and magnesium hardness

10 150 mg/liter. Scale adherence was tested as described above. The scale adherence
rate was 4 mg/cm¥month for CaO and 2 mg/cm?¥/month for Si0,.

Embodiment 2

15 mg/liter of polymer A-2 and 5 mg/L of phosphorus compound P-2 were
added to water of the same water quality as Embodiment 1. Scale adherence was

15 tested as described above. The scale adherence rate was 6 mg/cr®/month for CaO
and 1 mg/cm?¥/month for Si0,,

Embodiment 3

15 mg/liter of polymer A-7 and 5 mp/L of phosphorus compound P-4 were
added to water having the same water quality as Embodiment 1. Scale adherence
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Compar ati ve Exanple 1 20 ng/liter of polynmer A-1 was
added to water having the sane water 10 quality as Enbodi nent 1. Scal e
adherence was tested as described above. The scal e adherence rate
was 21 nmg/cnferr]/month for CaO and 16 ng/cnjerr]/nmonth for

Sigerr]. ' Conpar ati ve Exanple 2 20 ng/liter of
pol ymer A-2 was added to water having the sane water 15 quality as
Enbodi nent 1. Scal e adherence was tested as descri bed above. The

scal e adherence rate was 25 ng/cnferr]/nontfjgfor CaO and 13 M1953-26

ng/cn{err]/rmnthfor Sigerr].
Conpar ajab wstedasdeaéribed above, The scale adherence rafé wilg 6 lrigieni*/maéntivfiry mer
A—4 was added to water havi ng ;he same_ wat er qual ity as Enbodi nent
1. Scal e adher ence Gigand2ang/emmontiden3iBed above. The scal e
adherence rate was 48 ng/cn{err]/rmnth for CaO and 38 ng/cnferr]/nonth for
5 SiJerr]. Conparati ve Exanple 4
Embodiment 4 .

12 mg/liter of polymer A-1 and 3 mg/L of polymer A-4, and 5 mg/liter of

5 phosphorus compound P-2 were added to water having the same water quality as

Embodiment 1. Scale adherence was tested as described above. The scale
adherence rate was 4 mg/cm*month for Ca0 and 1 mg/cm¥month for SiQ,.

Comparative Example 1

20 mg/liter of polymer A-1 was added to water having the same water
10 quality as Embodiment 1. Scale adherence was tested as described above. The
scale adherence rate was 21 mg/cm?*/month for Ca0O and 16 mg/cm¥month for

Si0,.

Comparative Example 2

20 mg/liter of polymer A-2 was added to water having the same water
15 quality as Embodiment 1. Scale adherence was tested as described above. The
scale adherence rate was 25 mg/cm¥month for CaQ and 13 mg/cm?*/month for

Si0,.
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15 frg/l iter of polymer A-6 5 ng/liter of phosphorus conpound P-2 were
added to water having the sane water quality as Enbodi nent 1. Scal e

adher ence was tested as descri bed above. The scal e adherence rate
was 39 ng/cnferr]/month 10 for CaO and 59 ng/cnierr]/nonth for
Sigerr]. : The results from Enbodi ments 1-3 and Conparative
Exanples 1-4 are shown in Table 3.
17 Table 3 Exanpl e
Pol ymer Concent rat [ on Scal e adhesiorg rate (nmg/cnierr]/ Moshre
Phosphor us conpound [I)
CaO Sl@ﬂ“l““'*““’e xamplecdi nent | A-1 15
4 2 P-1 5
Enbodi nent 2 A-2 _ 15 6 1
g— 2 , 5 520 mg/liter FBOWHIIIPAL4 Ras added to Evat}r Kaving the same wateg 15
Enbodi nent 4 qualityqsiEmbodiment 1. Scale adhegence was tested as described above. The 1
A-4 e adh t 2 2 P 5
Comp. Ex. 1 scale Aa_ 1erence rate was 48 mg/crg émonth for Ca0 afc&%s mg/cm®*/month for 16

5 Si0,.

Comparative Example 4

15 mg/liter of polymer A-6 5 mg/liter of phosphorus compound P-2 were
added to water having the same water quality as Embodiment 1. Scale adherence
was tested as described above., The scale adherence rate was 39 mg/em?*month

10 for Ca0 and 59 mg/cm*/month for Si0,.

The results from Embodiments 1-3 and Comparative Examples 1-4 are
shown in Table 3.

This Sheet Has Been Replaced

WA




Conp. Ex. 2 A-2 20 25 13
Conp. Ex. 3 A-4 20 . 48 38
10 Conp. Ex. 4 A-6 15 39

59 P-2 5 Enbodi ment
5 15 ng/liter of polymer A-1 and 5 ng/L phosphorus
conpound P-1 were added to a water having the foll ow ng water
quality: pH 9.0, calcium hardness 350 ng/liter, Malkalinity 350
ng/liter, silica 200 ng/liter, and nagngsi um 15 har d@,ﬂ@g}ago
ng/liter. Thus, this water contained higher |evels of silica and

nagne5|un1hardness than that tested i ﬁgﬁodlnents 1-4. Scal e adherence was
tested as described above. The scale aa

rate was 5 ng/cnjerc]l/nonth
for CaO o d@xmi) gg/ N Biyiled MONt N chdREntritioh |CSchik adhesion rate (mg/em*/manth)
18 Enbodi nent
Phosphorus compound (mg/L) Ca0 $i0
Embodiment | | A-l 15 4 2
P-1 5
Embodiment 2 A2 15 6 1
P-2 5
s Embodiment 3 A7 15 6 2
P4 5
Embodiment 4 A-l 12 4 i
A-4 3
P-2 5
" Comp. Ex. 1 A-l 20 21 16
Comp. Ex, 2 A-2 20 25 13
Comp. Ex.3 A4 20 48 38
10 Comp. Ex. 4 A6 15 39 59
P2 S

Embodiment 5

15 mg/liter of polymer A-1 and 5 mg/L phosphorus compound P-1 were

added to a water having the following water quality: pH 9.0, caleium hardness

350 mg/liter, M alkalinity 350 mg/liter, silica 200 mg/liter, and magnesium

15 hardness 200 mg/liter. Thus, this water contained higher levels of silica and
magnesium hardaess than that tested in Embodiments [-4. Scale adherence was

tested as described above. The scale adhercnce rate was 5 mg/cm?/month for CaO
and 4 mg/cm?/month for $i0,.
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15 rfg/liter of polymer A-2 and 5 ng/L of phosphorus conmpound P-2 were
added to water having the same water quality as Enbodi nent 5. Scal e

adher ence was tested as descri bed above. The scal e adherence rate
was 6 ng/cnferr]/nonth for 5 CaO and 3 nmg/cnferr]/month for Sigerr].
Enbodi nent 7 15 ng/liter of polynmer A-3 and 5 ng/L of
phosphorus conpound P-3 were added to water having the sane water
qual ity as Enbodi nent 5. Scal e adherence was tested as described
above. The scal e adherence rate was 6 nggcnferr]/nmonth for pgs3.z¢ CaO and 4
nmg/cnferr]/nmonth for Sigerr]. Enbodi nent 8 12

mg/liter of polgBédifrents3 nou/liter of polymer A-4, and 5 ng/L of
phosphorus conmpound P-2 were added to water having the sane water quality
as Enbodi nent 5. Scal e adherence was tested as descri bed above. The

vgi onf or v / mont - { onSGArEgpami K R hef PR o Lod R 4 e

20 nmg/liter of saawmtﬁhavm?meaﬂdeﬂmmumms Ehﬁvdtmntﬁesmaﬂxmt:er
gqual ity as Enbodi nent 5., Scal e adherence s tested ag SQ}’I bei1d above. The
19 was tested as described above. The scale adherence rate was g? month for

5 Ca0 and 3 mg/cm¥month for $i0,.
Embodiment 7

15 mg/liter of polymer A-3 and § mg/L of phosphorus compound P-3 were
added to water having the same water quality as Embodiment 5. Scale adherence
was tested as described above._ The scale adherence rate was 6 mg/cm?*/month for

10 Ca0 and 4 mg/cm*month for Si0,.

Embodiment 8

12 mgfliter of polymer A-1, 3 mg/liter of polymer A-4, and 5 mg/L of
phosphorus compound P-2 were added to water having the same water quality as
Embo;iiment 5. Scale adherence was tested as described above. The scale

15 adherence rate was 3 mg/cm?month for Ca0 and 2 mg/cm¥month for Si0,.

Comparative Example §

20 mg/liter of polymer A-1 was added to water having the same water
quality as Embodiment 5. Scale adherence was tested as described above. The
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scal e adherence rate was 26 ng/cnferr]/nonth for CaO and 14

ng/ cnmferr]/nmonth for SiJerr].

20 ny/liter of

scal e adherence rate was 21 ng/cnierr]/nmonth for CaO and 23

nmg/ cmerr]/nmonth for Siqerr].
15 ng/liter of polymer A-5 and 5 ng/L of phosphorus conpound P-2 were 10

added to water
adher ence

Sigerr].

pol ynmer A-6 we¥Oadded to water having the same water 15

Enbodi nent 5.

having the same water qyglity as Embodi ment

Conparative Exanple 6
pol ymer A-3 was added to water having the sane water 5
qual ity as Enbodi ment 5. Scal e adherence was tested as descri bed above.

Conparative Exanple 7

| e

The

was tested as descri béd above. The scal e adherence rate

was 42 ng/ cni egchlk/atiRddédee ké was 26 mg/cn@ﬁ&uamnt%orm{dthﬁye&#/ﬂiemxfroé or
Conpar ati ve Exanple 8 20 ng/liter of

Scal e adherence was tested as descri bed above. The

scal e adherence rate was 28 ng/cnferr]/nonth for CaO and 94

ng/ cni er r] / nonCbmparative Exampled [ err] .

Enbodi nents 5-

10

15

quality as

The results of

8 and Conparative Exanples 5-8 are shown in Table 4.

20 mg/liter of polymer A-3 was added to water baving the same water
quality as Embodiment 5. Scale adherence was tested as described above. The

scale adherence rate was 21 mg/cm?*/month for Ca0 and 23 mg/cm?/month for
Si0,. '

Comparative Example 7

15 mg/liter of polymer A-5 and 5 mg/L of phdsphoms compound P-2 were
added to water having the same water quality as Embodiment 5. Scale adherence
was tested as described above. The scale adherence rate was 42 mg/cm?*/month for
CaQ and 32 mg/em¥month for Si0,.

Comparative Example 8

20 mg/liter of polymer A-6 was added to water having the same water
quality as Embodiment 5. Scals adherence was tested as described above. The
scale adherence rate was 28 mg/cm?¥month for CaO and 94 mg/em?*/month for
Si0,.

The results of Embodiments 5-8 and Comparative Examples 3-8 are
shown in Table 4.
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20

Pol yner
Phosphor us
Enbodi ment
P-1

6

Enbodi nment
P-3

3

P-2

26

21

42

8

Enbodi nment
phosphor us
quality as
above. The

5

10

15

Tabl e 4 Exanpl e
Concentration Scal e adhesion rate (ng/cnfierr]/ month)
conmpound (ng/L)CaO Sigerr]
5 Al 15 5 4
5 Enbodi ment 6 A-2 15
3 : P-2 55
7 A-3 15 6 4
5 Enbodi nment A1 1953- 12
, _ 2§ A A M195326
5 Conp. BEpaple® A-1 20
14 Conp. Ex.__ 6 A3 - 20
Bdmple Pol)GQFrp- EX.Codeentration | ScaleAdhesion rate (mg/em¥month) 15
32 Phosphorus compound (mg/L) P25 —Cony). Ex
A6 20 28 Ca0 §i0,
9 | Embodiment 5 alp nmo/lifter gf pojynmers A-1jand 5gg/L o
co ound P-5 hwere p.g : ﬂddedsto wat er havirg t he sane Wat er
Enb¢di—mert—t1Scate—adherende weSs—t-estretd—as—dese bed
scall Emhedimenthbe rat (%';Nas 5 fy/ cn'?err] nontth f or 3
Embodiment 7 Al 15 ] 4
P-3 5 _
Embodiment 3 A-1 12 3 2
A-4 3
P2 5
Comp. Ex. § A-1 20 26 14
Comp. Ex. § A-3 20 21 23
Corp. Ex. 7 A-S 13 42 32
_ P2 5
Comp. Ex. § A-6 20 28 %4
p-2
Embodiment 9

15 mg/liter of polymer A-1 and Smg/L of phosphorus compound P-5 were
added to water having the same water quality as Embodiment 1. Scale adherenice

was tested as described above. The scale adherence rate was S mg/em*/month for
Ca0 and 2 mg/cm¥month for SiO,.
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15 ° CaO and 2 ng/cnferr]/month for Sierr].

21 Enmbodi nent 10 15 ng/liter of polynmer A-2
and 5ng/L of phosphorus conmpound P-6 were added to water having
the sane water quality as Enbodi nent 1. Scal e adherence was tested
as descri bed above. The scal e adherence rate was 6 ng/cnferr]/nonth for 5
CaO and 2 ng/cnferr]/month for Sigerr].. . Enbodi nent 11

15 nmg/liter of polymer A-3 and 5ng/L of phosphorus conpound P-7 were
added to water having the same water quality as Enbodi nent 1. Scal e

adher ence was tested as describgd above. The scal epaghppgence rate
was 4 ng/cnferr]/nmonth for 10 CaO and 1 ng/cnferr]/month for Sigerr].
Enbodi nent 12  gmhbodiment 10 15 ng/liter of polyner A-1 and 5ng/L of

phosphorus conpound P-8 were _ added to water having the sane water
qual ity as Enbodi nent 1. Scal e adherence was tested as described

above. The scale ad hﬁéﬁgfigef éﬁo@ﬂ@i-ﬁaﬁ%’n@ﬂ @fﬂ’h])édmﬁ\ts‘@orﬁﬁunﬁ'-ﬁ were CaO and 4

ng/cnferr]/nonth for
added to water having the same water quality as Embodiment 1. Scale adnerence

was tested as described above. The scaleadherence ratc was 6 mg/cm*month for
5 Ca0 and 2 mg/cm?¥/month for Si0,.

Embodiment 11

15 mg/literof polymer A-3 and Smg/L of phosphorus compound P-7 were
added to water having the same water quality as Embodiment 1. Scale adherence
was tested as described above. The scale adherence rate was 4 mg/cm*/month for

10 Ca0 and 1 mg/cm¥month for Si0,.

Embodiment 12

15 mg/titer of polymer A-1 and 5mg/L of phosphorus compound P-8 were
added to water having the same water quality as Embodiment 1. Scale adherence

was tested as described above. The scale adherence rate was 8 mg/cm?/month for
‘15 . CaO and 4 mg/cm¥month for Si0,.

Embodiment 13

15 mg/liter of polymer A-2 and Smg/L of phosphorus compound P-9 were
added to water having the same water quality as Embodiment 1. Scale adherence
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Enbodi nent 13 15 ng/liter of polynmer A-2 and 5ng/L of

phosphorus conpound P-9 were added to water having the sane water
qual ity as Enmbodi ment 1. Scal e adherence

22 was tested as descri bed above. The scal e adherence rate was 7
ng/cnjerr]/nonth for CaO and 3 ng/cnferr]/month for Sigerr].
Enbodi nent 14 - 15 ng/liter of polymer A-7 and 5ng/L of
phosphorus conmpound P- 10 5 were added to water having the sane

wat er quality as Enbodinment 1. Scale 22 adher ence vvaMlt%S-aéd as
descri bed above. The scal e adherence rate was 6 :(Lerr]/rmnth
for CaO and 4 mGﬁ@émt}mnbdmrﬂ&s@{leadlﬂemmcratewas'fml;/c me frresults

fr;glmeErSTbodi mantcso m&% ag/emﬁ mforrglaabl €

Embodiment 14

15 mg/liter of polymer A-7 and 5mg/L of phosphorus compound P-10
5 were added to water having the same water quality as Embodiment 1. Scale
adﬁerence was tested as described above. The. scale adherence rate was 6
mg/cm¥*month for Ca0 and 4 mg/em?*/month for SiQ;.
The results from Embodiments 9-14 are shown in Table 5 .

Table 5
10 Example Polymer Concentration | Seals adhesion rate (mg/cm*/month)
Phasph
phorus compouad (mg/L) Ca0 Si0,

Embodiment ¢ A-l 15 3 2
P-5 h]

Embodiment 10 A2 {5 6 2
' P-6 5

Embodiment 11 A-3 15 ' 4 {
P-7 5

Embodiment 12 A-l 15 8 4
P-8 s

15 Embodiment 13 A2 15 7 3
P9 5

Embodiment 14 A7 15 3 4
p-10 s
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10 Exanpl e Pol yrer Concentration Scal e adhesion

rate (ng/cnferr]/nonth) _ Phosphorus conpound

(mg/ L) Cao
Sigerr] Enbodi ment 9 A-1 15 5
2 P-5 5 Enbodi ment 10
A-2 15 6 2

P-6 5 Enmbodi nent 11 A-3 15

4 1 P-7 5
Enbodi nent 12 A1 _ B3 45 g MI933-26 4
5— 8 5 Reféing to TableF R0k &RBE sekd from these relgulés%&cmbodimems . 15
Enbodi ment 14 which used palymer A-1 having 100 mglg % of N-vinyl fornfarmide units, 4
P-10 . . . . . .

23 polymecA-2 having 90 gle 1 o viny] Sormpide ity Poly ST A 18¥Re e se

results that e6®oele¥dfN-vinyl formaiideCinity 9¢ folpficl BET havidg 6P o410 nole %
of N-viny|l forpamn de uni t.ae, \ pol%rrer A-2 having 90 nole % of N-vinyl
f or mami de® uni t S-VIRY IFsmide gnits, egsther with phosghomy|cemppiids Niadi 8yiPwr or nani de
uni ts or pol yMgiheAnde RRVFRIOGRISRDSc ' Llguni ts
toget her wi th phosphorus Comouﬁ‘%z%ﬁgﬁﬁgntftgs&ew%&c@ﬁ%&ﬁ%ﬁfﬁg}éﬂfb&e of CaO
and Si 2 scal eprevemtingeffests were excel | ent scal e formation

DY SUEN 13 o1 €51, 1y coprs, Compurnive BB 505 HRSIMAT RN 52 o
Conpar ative Exsithbdt ahyi phiobphdeit @ddpéund. Comparative Example 2 included only
10 polymer A-2, and Comparative Example 6 included only polymer A-3. Scale
adherence rates for these comparative examples were relatively high. Therefore,
scale formation was not prevented if a phosphorus compound was not included
with the polymer, even when the polymers contained at least 50 % of N-vinyl
formamide units.
1s Comparafive Example 3 included a copolymer of acrylic acid and
hydroxyallyloxypropane sulfonic acid, which is widely used in the priorart as a
scale preventing agent. Comparative Example 8 included sodium polyacrylamide,
which is also a prior art scale formation preventing agent. The scale adherence
rate for these comparative examples were high compared to the embodiments of
20 the present invention. Therefore, the scale preventing agents of the present
invention demonstrate an excellent scale formation preventing effect, compared
to the scale preventing agents of the prior art.
Furthermore, the scale adherence rate of Com;iarative Example 4, which
included polymer A-6 and phosphorus compound P-2 jointiy, was high compared
25 to Embodiment 2, which included polymer A-2 and phosphorus compound P-2
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10 pol ymer A-2, and Conparative Exanple 6 included only polynmer A-3.

Scal e adherence rates for these conparative exanples were
- relatively high. Therefore, scale formati on was not prevented if a

phosphorus conmpound was not i ncl uded wi th the pol yner, even when
the polyners contained at |east 50 % of N-vinyl formam de units.
15 Conpar ati ve Exanple 3 included a copol yner of acrylic acid
and hydr oxyal | yl oxypropane sul fonic acid, which is widely used in
the prior art as a scal e preventing agent. Conparative Exanple 8

i ncl uded sodi um pol yacryl am de, 24hich is also a prviosaes scale
formation preventing agent. The scal e adherence rate for these

conparative exjnigle tiee dxiceflentsealp araventing effeet whidhdslobtaingdsbythe Pint t he .
present invention. .Therefore, the scale preventi agents, of .t he present

i nvention demoMt Pgtpé’ﬁfemc%f@gl l?hgﬁﬁmg't?af‘)é&?"&f‘%at"f Sﬁe B?’éﬂérﬂf’?’?ﬁmﬁf'ﬁect ,
conpar ed demoristratel @nly0atiepdlyifos WhichGnckeRMN-%ingf fobfifmids bON-vikiyl.
Furthernore, the scal e adherence rate of Conparative Exanple 4,

i ncl uded pol ynBfetamige Snis. FuBgsHeRe.i Séemwmnmivje@wmpw.mim@hl gorrpar ed
g? ) t 05 Embogh FBQfuate: seXIB ' ptdveheity HRECHPRIYHE AS; %hi%ﬂ%a&’lﬂ@ﬁﬁi‘eog}sf conpound
jointly. Thus, N-ninyk formamédet usitg keenpwhete aednig anj\mﬁﬁom\hitﬁgzhbﬁpmhtsai ned by

t he joi nt use I .and phosphor.us unds in the present
i nvention is °°‘_“P°““ds'd‘2{’i‘3$§f¥g§é€‘“ﬁﬂl f9m\’/ﬁ“!‘ %15%‘\%3’5%%@%45% N-vi nyl
formam de or Nynitdust total at lcas@S@‘/ﬁitE'dg&télﬁi ddRquaid SchRG6ADIiSn g?c%exﬁ Wi n

Conparative Exanple 7, there is no an "adequat e scal e preveéenting
ef fect by pol y#8eetA-5  which has 40 nole % of N-vi nyl formam de

units, evgn when usefl,ing Qb \GblA0d YhbdkiROIS TR Pention with reference

to the accompanying drawings, it is to be understood that the invention is not
limited to those precise embodiments, and that various changes and modifications
may be effected therein by one skilled in the art without departing from the scope
or spirit of the invention as defined in the appended ¢laims.
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conpounds. Therefore, the N-vinyl fornmam de units and tgmmuummnauﬂt"am] de
units must total at least 50 %to create an adequate scal '

" preventing effect. 10 Havi ng descri bed* preef érré&d °
enbodi nents of the invention with reference to the accompanyi ng
drawings, it is to be understood that the invention is not limted

to those precise enbodi nents, and that various changes and nodifications
may be effected therein by one skilled in the art w thout departing from

t he scope or spirit of the invention as defined in the appended

cl ai ms. 25 M195321f

WHAT IS CLAI MED IS 1. A scale formation preventing agent
for use in a%“'@&@gﬁmnﬂ‘”s’ conprising: 3 a pol ymer havi ng
at least 50 %of N-vinyl formam de units or N-vinyl 4 acetam de units;
and 5 a phosphorus conpound. 1 2. A scale formation
preventi kg agent adcoAdseale fasmetien preyentingessentnfosaise ip a watepsystemr is at

| east on nentzﬁtﬁ%agkspt ed fromthe group consisting of 3 honopol yners
of N-vi ngl for €Y honopol yners of N-vinyl acetam de, 4 copol yners

of N-vingl formam deobynierRaving it least SO0 N-vifiglrfomedmiye byidror/N-zing 5
products of an N-vipyl formam de honopol yner, partially hydrol yzed products
6 of 4an N-afeRdeEEasd de honopol ymer, and partially hydrol yzed
productscof a 7 SRMonRh 8{, -vinyl formam de and N-vinyl acetamide. 1
3. A scale formatic? p?@\l‘/’enu‘r‘\‘ %dgggnt according to claim1l1, wherein said 2
pol ynmer ils at | east2.csalsfommationpieyenting agenbaceordisdg tb olaim by whereimskid vi nyl 3

TonCer 51,2 GBI Sl e B OR S W SO L oot o
3 homopolymers of N-vinyl formamide, homopolymers of N-vinyl acetamide,

copolymers of N-vinyl formamide and N-vinyl acetamide, partially hydrolyzed

products of an N-viny! formamide homopolymer, partially hydrolyzed products

of an N-vinyl acetamide homopolymer, and partially hydcolyzed products of a

copolymer of N-viny! formamide and N-vinyl acstamide.

3. A scale formation preventing agent according to claim 1, wherein said
polymer is at least one of a copolymer of N-vinyl formamide and a vinyl
monomer and a copolymer of N-vinyl acetamide and a vinyl monomer.

4, A scale formation preventing agent according to claim 3, wherein said
vinyl monomer is at least one member selected from the group consisting of
(meta) acrylamide, (meta) acrylbnitryl, N-methyl (meta) acryla_mide, N,
N-dimethyl (meta) acrylamide, methy! (meta) acrylate, ¢thyl (meta) acrylate,
styrene, allyl alcohol, hydroxyethyl (meta) acrylate, mono (meta) acrylate of
(poly) ethylene oxide of mole number 1-30, monoallyl ether of (poly) cthylene
oxide of mole number 1-30, monovinyl ether of (poly) cthylene oxide of mole

number {-30, {meta) acrylic acid, a-hydroxyacrylic acid, crotonic acid, maleic

® 2O WM R WN = WRN N n s
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Consisting of 3. (mera) aerylam do (meta) Sﬁﬁ??oﬁf? ?‘yf ﬂﬂlH@lflllll I

acrylamde, N, 4 N-di mret hyl (nmeta) acryl am de, nethyl ﬂEUa Ltacryl &
ethyl (meta) acrylate, 5 styrene, allyl alcohol, hydroxyethyl (neta)
acrylate, nono (nmeta) acrylate of 6 (pol y) ethylene oxi de of nole
nunber 1-30, nonoal lyl ether of (poly) ethylene 7 oxi de of nol e nunber
1- 30, nonovinyl ether of (poly) ethylene oxide of nole 8 nunber 1- 30,
(meta) acrylic acid, a-hydroxyacrylic acid, crotonic acid, nmaleic

26 9 acid, fumaric acid, itaconi @6acid, vinyl sulforivi¢988c26l, styrene
sul fonic acid, 10 2-acry Ian1de 2-net hyl propane sul fonic acid,

2- hydr oxy- 3- al acid, &W@p@lﬁel@ﬂﬂw acid; ity rshbfonic jacid, stytspe snbomicilatidni ¢ aci d,

(et ) "oy atEagpies BRI oleopcisiorts 8, 2oty PG Miaiporta ™

acryl at el quat mmmmamumrmﬁahé ciQall gl aarifey hua’:lﬂ’hﬂ? aftinfoniunt $82ts a}‘ acryl ate,
14 tert|ar s ,of |eth ani no et hyl metazhacrylate and dial |l yl
di met hyl 145 inp ﬂ|(er= )fernte tcmarysaltsofdme yhaming ebyl{@etaht i on

preventipg age&&y@tlﬁf%%ﬁﬁd SnfmbRum s%lts‘gg ﬁxgpaaﬁ‘bdeu?yx (met2) ¥LPile, MONONEr IS

an al kal1 netal of at |l east one ne consi sting
of (meta}4 acr yteriaracrlts of disshyl dayiae refiiyl c(mtab @W@tmdl (haﬂyil dimetiylei c 4

aci d, fUi‘l?l‘l o g,%th t@g&@bc acid, vinyl sulfonic acid, styrene sulfonic

acid, 5 2-acr met hyl propane sul fonic acid,

2- hydroxyl 3-allyl oxsmmfenﬁtmnpnvmhgemmtm@ammsmmﬁsﬁwl fonic
acid. 1 6. A scale formation greventl ng agent according to

clai m 1, Zwher evitysmopomer is an alieali metal palts ofatnlgass e anemher gfitheystomeen about
2,000 ancg abo“&n@tsgcg %Q:{a)la\%ﬂ'éif 2cid, g-hydro;yacéllﬁca%{cf {:{]?Jnﬁ@ééy.@ flfiEvent i ng

agent according to reater an one 'type of pol ymer
havi ng at4 | easacx&Oﬁlmsob aeddy iitagdnid wd;avihylesullﬁbnbsacm styretmr sulfomicracid,acet am de.

Ll 1 bt e YERB1 S AR ORREC The
nmenber sef ect egulfdnityicid) SndisehteneGQlTonis heidd

1 6. A scale formation preventing agent according to claim 1, wherein said
polymerhasa mlecular weight between about 2,000 and about 1,000,000.

7. A scale formation preventing agent according to claim 1, wherein
greater than one type of polymer having at least 50 % of N-viny! formamide units
or N-vinyl acetamide units is included.

8. A scale formation preventing agent according to claim 1, wherein
phosphorus compound is at least one member selected t‘rem the group cbnsisting
of sodium tripolyphosphate, sodium hexametaphosphate, nitro trimethylene
phosphonic acid, hydroxy ethylidene diphosphonic acid, ethylene diamine
tetramethylene phosphonic acid, phosphono butane tricarboxylic acid, amino
methylene phosphonate,  polyamino polycther methylene' phosphonate,
phosphono polycarboxylic acid, and bis(poly-z-carboxyethyl)' phosphinic acid.

2 Oy W AW NN =W o= N

This Sheet Has Been Replaced -




3 ' of sodiumtri pol yphosphat e, sodi um hexanet aphosphat e

trinmethylene 4 phosphoni ¢ aci d, hyd'r oxy ethylidene di Hllmmmml IH“IH“'
et hyl ene dianmne 5 [ [ 0no anes

t et ramet hyl ene phosphoni ¢ aci d, phosp

tricarboxylic acid, amno 6 met hyl ene phosphonate. pol yam no pol yet her
met hyl ene phosphonate, 7 phosphono pol ycar boxylic acid, and

bi s(pol y- 2- car boxyet hyl ) phosphi ni ¢ aci d.

27 8 9. A scale formation preventing agent according to claim
1, wherein a 9 ratio of said polymer ;Lo said phosphorus \gpagaoynd is
between 1:9 and 9:1. 1 10. A scale formation preventing agent

according go claim 1g VOGS Rrfation pre\(rf gﬁ%ﬁ’geﬂf ac%@:‘dﬂxg&@lc}émrlimcéﬁ'ﬂ

phosphor us “conpound |s between 1:1 scal e

for Inrat ion pr eve%ﬂmgfﬂgiqmiymdmsaid ply:sphomwumponm_i Btbpmmfia and 9:1. conpr i gi ng
at | east one menber cted Sromthe oup nsi st.in . & CQrrosjon
prevent i nglagent , S@n g"[éﬁ”é\"“&&@ ‘“%8?'3&8?“%“1‘% c@apﬁ\al 5’8\‘?%‘1 eic
acid, 4 4 Conahaapgam Solyrmerty kiig pRéspRorafebmpoand 16 afweds 12- e uby| pr opane

sulfonlc acid, a b reaction product of N, N, N, N -tetranmgthyl
et hyl ene dilami ne wi t hile A scale formiation preyenting agemtcaceordiag de iclaim J &rﬁwt of N

[IIZ N, A e t H gt ][ gr ;‘)épe"i\?e?t Y Bfte %cm?crsgécgéﬂf?tﬁnmcgtbv\g'c@}ksﬂﬁgﬁﬂ%hgﬁ)@er

I'ng sca of na
conpri sing % he sp&wemhgatdnmgnammr apent, palyacrylicescid, pimyt%qu: geiidyi nyl 3
f or mam de unlts or V|n eta | ospho co und to
water 4 % used“dm yé%ﬁ"'tjgé??&qﬁcr?@ 9&%‘?@?\’3‘& ‘ﬁ!a Pf‘gl’fm?/\ﬂi@ %@r tm 1
13. A nethog for eione Prbdit SERING isprmat INBetrse @y Tl sMByiéde Cfimniae 1With 2

wherein said polynmer and said phosphor us cog‘pound are added to sal d water -
at 3 a §inal emxehlalohMmend rereaction tpeadueteef N, M ', Maetrgethyl sthylene

14. A neth for e mation according to claim12, 2
wherein said pol ‘Oﬁggﬂreasth?%%g&nenber sel ected fromthe group

consisting B of hozopAl Mewod fof pheveriting! schler foamatibe, nhammeﬂ yyseeng  Of
N-vinyl acetamde, 4 copol yners, of N-vinyl forma a;/‘; HNIVI n}il
acetani de, parti SPRPrisigetha Hseof adding a polymer having at least 50 ¥ of Novin

3 formamide units or N-viny! acetamide unitsand a phosphorus compound to water

4 used in said cooling water system or boiler water system.

1 13. A method for preventing scale formation according to claim 12,
2 wherein said polymer and said phosphorus compound are added to said water at
3 a final total concentration between 1 and 100 mg/L.

1 14. A method for preventing scale formation according to claim 12,
2 wherein said polymer is at least one member selected from the group consisting
3 _of homopolymers of N-vinyl formamide, homopolymers of N-vinyl acetamide,
4 copolymers of N-vinyl formamide and N-vinyl acetamide, partially hydcolyzed
5 products of an N-vinyl formamide homopolymer, partially hydrolyzed products
6 of an N-vinyl acetamide homopolymer, and partially hydrolyzed products of a
7 copolymer of N-vinyl formamide and N-viny] acetamide.

WAMEEITRIRVWITIA PAMN L4038
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5" products of an N-vinyl formam de honopol yner, parti l m |
_products 6 of an N-vinyl acetam de honopol yner, and p ﬁ““ 1“'”[““‘“'
hydrol yzed products of a 7 copol ymer of N-vinyl formamtle @nd N"vi f

acet am de. 28 1

15. A method for preventing scale formation according to claim12, 2
wherein said polyner is at | east one of a copolyner of N vinyl fornmam de

and a 3 vi nyl nononer and a copol yner of N-vinyl acetam de and a
vinyl nmononer. 1 16. A nethod for preventing scale formation
according to claim15, 2 wher ei #8sai d vi nyl nonomerMi®3a36 | east one

nmb | ected f h f t I d
(motay Boryi oni tryb, ARIRRVET pifeentine g ot Saeaeding 16 Kk, 14 ot i
(meta) pcryl aitiettin s:ﬁ@?dfly e iR Lkt @ﬁfo‘fh%bﬁ:! xﬁérfh‘IN-ﬁﬂﬂtfaﬁnﬁﬁﬂe/hﬁitﬁ 5
styrene, allyl aI coho hydrox et hyl ’5 acrylate, nono (neta) acrylate

of 6 3 (pol%syl songmasan @@a@mﬁrm-@mhm@m@a@daMcmnpymr et her of

(poly) ethylene 7 I r of (poly)
et hyl eng oxi de of lﬁol%%ﬂ% ﬁt' P%S%@%‘%%J?‘*?‘%P-M@%W&“%.qg

[ err]-hgdr oxywiereih sadam)d,mmﬁkaMa lest one madnbé:Cse&cted from @i ghoug umaric

acid, itaconic 3ac ell n n| c acid Yrene sul fonic acl d, 10

2-acryl dmi de-Config 'WF “&féb PWFﬁ)E‘“'&r@P QLW’@}VKW‘%“%Y P‘}‘Fdﬁxypropane 11
sul foni g aci .agmﬂ a&?ia e anmoni um
salts 019 12 NN met \ii ajm&ﬁ%lh‘g{d%%&h lq%‘lée&b act P'a%ﬂéﬁl{?‘gfa? ?aé?%tesal ts

of di net Byl arstyreaegialiyl alqomt,écwdm;/emyl (atsta)laaty&nte @m&eﬁm&)m&h@nfum salts of

Gyl ( ot o) GEb Ky EhP S Rhe B Shiner (5o, modpit cliel pf ] e = (! M 1
17. A mgthod dxide armoiemmw 15303 nfonb Oifx ?pédxarafqmﬂrmyl@xetmd& ofinield 5, 2

wher ei n sal d vi s .an al ka nmetal salt of at |east .one nenber
of the & "3%5&%% gﬂ%’?)ﬁcﬂﬂ’g agid, eerhydeexyscaylic acid, &@FQS“‘-" agiq, ‘B‘kyacr ylic

aci d, crgot onig gt?.xgmn acid, itacollR! ?dl& ﬂﬁ}‘ldsuldfsb'ig%itf s%‘fér&t su?foﬁiﬁ%lac aci d,

vi nyl sul foni c a tyrene sul foric aci acryl am de-2- net hyI

pr opanelul fo?mcxyhmxdb&-meﬂwdirmm&ne sul foyik oacidyr 2-hpdrexB3-allylosygrémame c aci d, and
I sopreng,

sulto rﬂ'omc acxd, isoprene sulfonic acid, allyl amine, quaternary ammonium salts of
12 dimethyl amino ethyl (meta) acrylate, tertiary salts of dimethyl amino ethyl (meta)
13 acrylats, quaternary ammonium salts of diethyl amino ethyl (meta) acrylate,
14 tertiary salts of diethyl amino ethyl (meta) acrylate, and diallyl dimethyl
15 ammonium chloride.

17. A method for preventing scale formation according to claim 15,
wherein said vinyl monomer is an alkali metal salt of at least one member of the
group consisting of (meta) acrylic acid, a-hydroxyacrytic acid, crotonic acid,
maleic acid, fumaric acid, itaconic acid, viny! sulfonic acid, styrene sulfonic acid,
2-acrylamide-2-methyl propane sulfonic acid, 2-hydroxy-3-allyloxypropane

A Ve W N o~

sulfonic acid, and isoprene sulfonic acid.
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29 1 18. A method for preventing scale formation
claim12, 2 wherein said polyner has a nol ecul ar weight b mﬂ mn mnllll =

2,000 and about 3 1, 000, 000. 1 19. A net hod or pravemtl
scale formation according to claim12, 2 wherein greater than one type
of polymer having at |east 50 % of N-vinyl 3 formam de units or
N-vinyl acetam de units is included. 1 20. A nethod for
preventing scale formation according to claim12, 2 wher ei n phosphor us

conpound is at |east one nenber sel ected omthe group 3 Mlgg)ﬂ%sti ng of
sodi um tripol yphosphate, sodi um hexanetdphosphate, nitro 4

trimethyl ene phosphonjg ﬁcllngtho I Heve en&n%wa}]oﬁ%atfun %9&8@32&5%[%' gzut ane

et hyl ene 5 di am ne tetrane nic aci hono

tricar boxyIZ Cc acwbered saxd qu'merdtmtrhg{bmke vpdﬁgm[blamai eboqoaloparxndlequl yet her
met hyl ene osphg Q‘%ﬁ phosphono pol ycar boxylic acid, and

bi s(pol y- 2-car bo '@ ?ﬂ) phosphinic acid. 1 21. A method for

preventing scal e for ngg.i Anmetke@ Tek ﬁ}av&lﬁ:égk&lmah%m& accordmge:baﬂmmalz atio Of
said polymer to said phosphorus conpound is between 9 and 3:1

22. A met hcd for Whseipcgreatay thaa que tmr ﬁﬁwlmﬂab@maj#h’gm csoc%aqwfnwwl
wherein a ratio gfmad I onpound is between 1:1
and 3 433 ?J t&mx@ v:ﬁyia&?%nﬂd@@rﬁéﬁpﬁc@ﬁ%ﬁt ing scale formation
according tb cl a| m 1220.2 A methbdrfbhmvﬂtﬁﬁplwﬁé ﬁgxnaﬁlsh &Qoddingswi daitplZr  at

| east one nber %gtﬁe(:t ed fromthe 3 group consi sti ng of a corrosion

preventing ‘agent ¥ in phosphorysfompoung is 4t least one memben sslepts fz@m the grpup
pol ymal ei ¢ fici d, c&daihy "8¥ SodtmAf] fpéiy’pﬁoggﬁitg sGSin Shexametapho ate, m%ro

2-acryl am de 2-net hyl propane sulfonic acid, a reaction
N, trimethyiene phosphonic acid, hydroxy ethyhdene dtphosphomc actd ethylene

diamine tetramethylene phosphonic acid, phosphono butane tricarboxylic acid,

5
6 amino methylene phosphonate, polyamino polyether methylene phosphonate,
7 phosphono polycarboxylic acid, and bis(poly-2-carboxyethyl) phosphinic acid.
1 21. A method for preventing scale formation according to claim 12,
2 wherein a ratio of said polymer to said phosphorus compound is between 1:9 and
3 9:1. |

1 22. A method for preventing scale formation according to claim 12,
2 wherein a ratioc of said polymer to said phosphorus compound is between 1:1 and
3 4:1.

1 23. A method for preventing scale formation according to claim 12,
2 further cox_nprising adding to said water at least one member selected from the
3 group consisting of a corrosion preventing agent, an antibacterial agent,
4 polyacrylic acid, polymaleic acid, .copolymers of acrylic acid and
5 2-acrylamide-2-methyl propane sulfonic acid, a reaction product of N, N, N/,
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6 N'-tetramethyl ethylene diamine with epichlorohydrin, and a reaction product of
7 N, N, N, N'-tetramethy! ethylenc diamine with dichloroethyl ether.
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