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ratio of sulfonated styrene to maleic anhydride were also tested. It was
felt that the conparative results provided the necessary evidence to
_establish,_ the true paraneters of the invention. In the follow ng Tables,
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Tot al 14. 85 0.91 94 * Insolubles are
conposed of magnesiumsilicate and iron oxide In Table IB the results of a
deposit conparison are recorded utilizing a Control, the Comerci al

Pol yneéthacrylate (Item 6, Table |, Section B) and 15 Copol yner A

(Item3, Table I, Section B). The condltlons were those as specified 15 in

Table. t i the: respect i.ve Secti-on under ‘boi l er bal ance$ with the Control

bei ng. cghgyct ed at corrpar abl e boiler balances, -TABLE | B Deposi t ([err])
%.%dal/e’ Reduction' Scal €. .Conponent. Oont rol = Comm PMA - o

Copolyrre-__ -._'AfIVA CopolynmerA Ca . ' 153459 3.69 © 1,760 @‘QG

52 . ST evident frq :tazgata recorde Bzf Oregoing T, le?ha{'ﬁle co e?‘s :

MyO o ct]mtggsn s thz‘lﬁn oles of sulfo styrene m01 er mole %:]

0.26 . . 10.-36 anhydnde m fied. were not-partmularly effecﬁie Wlillbah Ihaﬂng 2 or méreO8 o

1.04 -~ 0. 71 were cﬁﬁe effectlve #L

0.98 525 tl%lf’%f“l? ﬂ%&?}i }zgxglv%oqsgp%pfgzotﬁ%sa %on of

Copol ymer B (2 1 resulits ¢ Lbl reco darived! Rbrh Q) cdlhﬁalﬁs(ﬁﬁﬁh Ot her

in the condltlons:opqﬂgmermad httlorppmmam ﬁderziblﬂes ¢etion B)witha Controh

Sect B d Ty testr?ﬂé'd °Htf
e g I R R .ornit“dtgl sﬁtte re?rttmete 0

superiority: of- the -'_ratlo polyrrer tothe21po|yrrer

1,534,596 = ' 8 It is apparent fromthe testl ng and

t he dat a recorded in the foregor ng Tarbrégg ggat ‘the copol yners used in the
present invention performed . quite. inp ly. This is partlcularly '
evi dent fromthe conpar ative..results obt Q.jegf‘g(ﬂ[(‘MfE?b I egRAt Reductibe :
commer ci al ‘product vétaleh hasDbgen (@nd in G@mme:nﬂstanoxemghﬁeﬂmmemly bei ng
5 used for deposqotnp‘l!’e#trol iGmseleam genell@Png syst ensA™As in Tables | A
to IC, Table II'A- n arns data recorded relagfive to speciflc corrparrsons of -
t he copol yer used n the preseré‘”l nvention 6th t he Cont r3§| and PNVA.
commerci al. gr ade: ﬁ condltlonsligor t he resmctlve tests.gsere -those set
forth in.Table I1,S®gction B, [t | and 4,0.86 t h- the Corffir ol bei.ng, :
conducted at 10 Ineoiyles®abl e c_cﬁﬂﬁtrons E&ﬁiat increaséd pressures; the
pol yners. used in t reral 10. pr.eseniq.gsnventi on a,rga si gni ficantdgy nore effective

than the PVA. TABLE-LLA - Deposit—{gilerr])— %-Seal-e—Reduct i on .
Scale . Lk Insolubﬁ@mcompos@tﬁfedaymfum s1hcate and: iron oﬁmqool yner Conponent
Control .. .. -PNA - A “PVA - A Ca - 1. 93 '
0. 40: . 0.03. ‘Im TablEQIB the result9%f ROdeposit comparison ‘#2e $&orded -utilizinda 71

0. 07 - . 75 . Contro§gh mercial Polymetlgc@ite (Item 6, Tahl@ 1, -Section B) add 06

42 B3  Copolymer A Item 3, Table I, Section B). The conditions were those- as specified - 15

in Table I in the respectlve Sectlon under boiler balances with the Control bemg
conducted at comparable boiler balances .

TAﬁLEtB-

_ Deposxt (g/ftﬁ .. %Scale 'Redu'otiongh
Scale = ' '
Component ' Control Comm PMA Copolymer A PMA CopolymerA
ca . 369 176 006 sz - o
PO, Co 5.33. ©3.08. 012 - 42 98
' MgO . “1.49 . ¢ 0.87. 007 42 95
'Insolubles o .4 08 - L0401 5 '_83 -

. Total 1485 L 0 s 93

S : Table IC records data relauve toa companson of Copolymer B 2 1 ratlo) and :
. | Copolymer A (3:1 ratio) with each other in the conditions specified:(Items 5 and 6 20 .
.~ respectively in Table I, Section B) and with a Control. The results not only establish . . .
~ * ‘the effectiveness of- the. polymer of the invention but also the relatlve supenonty of
 the 3:1 ratlo polymer to the 2:1 polymer



= foll ows: Condr tions ‘of Test.:
25 Concentrat i on .of G
6.0 ppm Treat ment dosage % &l
St er - (2) prepare sol U

[err] 0. 08. 0.10 0. 07 -- 12

| nsol ubl es . 0.60 0. 64 0. 22 63 Tot al 5. 86
2. 06 . 0.45 65 93 In order to establish that the present

i nvention provided overall effectiveness, two different eval uations re
conduct ed which assim | ated water condrtrons 15 found in cooli ter
systens where. t he. concentration of calciumions and 15 phosphat A S are

~such.as to provide a calcium phosphate scal e prone system The; evaltati ons
“were conducted uti’lizing solutions respectively containing calciumion and

i xj. hé34%

.ort hodghosphat e |on After.

16 two solutions and_the

sﬂecr fied

Cequilibration tine, resrdua
~the mixture had been filtered. “H gh'd
|nd|cated 20 good. lnhrbrtron
- 17 hours
[err]

phosphat

' The g@%

Stati &;

~of 0. 4482 g. of [err] per liter D

[err] per.liter D water (3) fo 1890-
.followed by 2 drops conc. '.[err] Therg:
volume to 2000 nl - wi'th DI “water.. MtH

- (3)

est @il phospRR ST
ci ficcsSet thestest [

T =[err], pH= 8.5; ¢
as :L.er-. 250>
0 pmogﬂ utd,eras?gln)

m Qi ualer, - gdghs 20

addé@eﬁ s@EBE DR (
od: Pl ace 100 m. aligd

30 1% treat

e ron measur enent s. were nade after

20
n.concentration
rocedure are as
Gui I'i bration tine
.concentration of
prepare sol ution
tion of. 36.76 g.
m solution (2),
1) and bring

uot @f sol uti.on:

(3) in: clean 4 oz. gl ass bottle. Add A ™ of nehtgsolutron and
adj ust pH tq 8.5 using-NgOH. Pl ace hthIe inwater bath qet t@ [err] .and:
allow'tp —gqu [ibrate 17 Wours.. AnaE&i's: ofq fetreat PR TAO e esarg)l e from
~wat er g)at fRlggraphrqugh 0.2 [erRnillipore filter. A I--(3/v f_g _g-_rate to
. coal tH|r or1tenpepature and. analyge for'[err] 35 usirrg.zl_ersst_‘:’.g
Photorgp & . | SR Wl F . 8EE==35
Treatrﬁantsw_as added to. plﬁosph @e thr .on before M Xi ng. | 5 &8 # 596
9 TABLEH |_§..§ct&,(}, syl f.anat ¢d 8l 22 Rﬁg@l RGNS ¢ _sﬁ'yée',bé,-rral eic
~ Dosagé| & | €éh¥ehtrlatd ¢gn Tr.edinme dﬁtn- : anhydrr Ue “noi e t 68 83 gpm
~ (ppm pef r3) Control : <. : g’-&(ﬁg(.‘gpol ymer A
31 5 . 34, 0 CcpolyrrerA JrpgEss . 10
.5.9-Th|e a‘affectlveness of the: g(lymar of ‘the invention wds < e ent .
-W t hout tigat@ﬁhs SEI| Bhosphat @|pr dipi t ated anhi Igogg’gst L3Y) ‘éﬂ nhi bi tion
‘was obtfifheq Href 49 ppm| of tr%rt ned| waRIEd i 26y '{-Egﬂﬁsecond
-eva,t_),uQ;tr &h \as conduct ed utrEr ifng 8edte . a&ﬁg&ascmﬁaﬁarccﬁﬁ @ In 5 this
evalkug| on ¢onpari sons wer e e aﬁ_&q nst commerci al ‘grad¢ sul f:onat ed
“pol sﬁﬁrqpevtgnqngeLtarn mal €i @(anhydri de .polyners. In this te the. .
per sery a@ﬁrn‘hﬁmtﬂnr wap de[t_'eg i ned {from the rreas.urerrentﬁ of - b“rza resr dual
phosplggt e > STASLEN© oSulfgnated| =~ % Maleic GE
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Pol ystyrene Anhydri de % CaPO4 Tr eat ment Moi et i es

Moi eti es I nhi biti on Copol yner A 75 25

100 Copolyner B 66. 6 - 33. 3 90. 2 Copol yner

C . " 50 o 50 ‘ 75. 4 SPS (MAB400)

100 o 62.3_SPS_(NMWOOO) S 100

- R “47.6 SPS (vao o0y .- - . 100 .- = i

14. 6 SPS- IVWO 000) : ' 100 . 4 1- Et hyI ene
mal ei ¢ - ' - 100 . o <5 anhydr| de copol ymer. .o
Mal ei ¢ Ay -d8.|_-de.. L . 1534,11&) _ - . <5 teI oner 1@,,.}

The data clearly 'esfrrmf agbp%%ﬂ ] fiiie felliis QJTB}Q% :WIEJo ael i BT

pol yst yrene, Xfat diel&ha Vengioe p :ebd:qea ek lyp0| ym%‘rs _
do not ‘cont roI céll’hcsllum Wrexident fomybE comparative result: rseduetbdemcpttMe

present ‘i nve ti ortl el 1 :%% ?][cgﬂ?ml n%:aﬁigﬁeft;g@ngg “’E‘?ﬂseﬁ ‘ﬁﬁ'&ff%“&hé%'%f heyl_‘ng

at least a mo QA t8 xe eéi-omb Yelftive ?cﬂsﬁ)e&ﬁc of

mal ei ¢ anhydri de coihﬁansons of theldopolpmerssed init asenuinvenﬁom tlhe teolhmd any
aqueous system V\/FFM 7S 15£*ﬁ H'éﬁs tion is
a potential pyoblf “ﬁ? #6Hion By e o s;%ﬂp% B 3\7@&]? on woul d
be effective | n g:a&eﬁdﬁu mes‘gﬁﬁeiﬁuyw&&ra‘fesmku hiti the PvEL] ums such as -

primary sewage ef fluents, 'which contain high phosphate |[evel's are used" as
the scrubbing or washing nedium These systems 20 woul d have the - S
prerequisite for ‘the formation and deposi tion of cal cium phosphate 20 :
1,534,596.whicti is to be avoi ded. The- addi ti onal areas of applicationwll - -
be apparent to those operating in the aABHBmAf process V\ater systens.- I'n

order to deternine .the efficacy of 5 Eg %Ers used | present -
invention in rel ated.areas, c.t.bJS_F“ “c“°“ (i)
establish the di spers¢ayee effect of * t heonf| yrrec@ogﬁersuspendedopag.g,g,er nore
5 specifically cl aYiomvdentronCmthe aBWA(ii) estAblishPMhe capabi | i ty- of’

t he polyrrerst0|-- - - . - f: caIC|um
carbonate in an aqﬂ%c;us systeh?3v\,here ‘thed effectOWas i K8y to Bccur. 10

The protocol s:foll d and tkﬁagsresultsgﬁf the t ggs vver7 as fcﬁlows .10
A. Defl occul ati:on Di sper sj.@n of Sugjended Mabier A . 1% irgn oxide or c
ay suspension in: dhisonblzed wakér was ph€pared. B har d'HeSS of63t he si urry
was adjusted to 20 m[err] and“t he sul tan diu ‘m edfor a
tine required to o%f’tprn a. uni ¥r m SUSp%é]ﬁgl on Thégm 5 then 3]? S
adjustedtothetestlngIeve1 ‘ _
15 Aliquots of the suspension were dravvn of f, pl aced in gI ass bottles and "
the appropriate amount of treatment added. The sanpl es were then.shaken to -
ensure good m xi ng of .treatnent and suspension. Using a turbi di meter or ‘an
i nstrunent which. rreasures Ilght transm ssi. on, the ef fect of t he t reat ment
conpared. to a

In order to estabhsh that the present mventmn provrded overall effectlveness,

. two. drfferent evaluations were conducted which assimilated water condmons .
15 found -in"cooling ‘water systems where the concentration of calcium ions and - 15
: phosphate ions are such as to provide a calcium phosphate scale prone system. = .
.The evaluations were conducted .utilizing solutions respectively containing
_. calcium ion and ortho-phosphate ion. After mixing the two solutions and the.

_ slpeclﬁed equilibration time, residual phosphate ion measurements were made after =
: mikture had been filtered. ngh residual phosphate jon concentratlon indicated - 20
. good inhibition. . .

S The specifics of the test procedure are as follows

Condtttons of Test: Statlc T = 0°C H =.8.5; equrhbratlon time — 17 hours,-'
_. Concentration of Ca** as. CaCO, = 25 ppm; concentration of PO, = 6.0 ppm. . o
25 Treatment dosage = 10 ppm. ' .25 -
. Solutions: (1) prepare solution of 0 4482 g.of NaQHPO. per liter DI water (2) prepare
" solution of 36.76.g. CaCl,-2H,0 per liter DI 'water (3) to 1800 ml DI water, add 20
. ml solution (2),. followed by 2 drops. conc. HCL. Then add 40 ml solution (1) and
, : }% volume to 2000 ml with DI water. L
‘30 Met od: Place 100 ml aliquot of solution (3) in clean 4 oz. glass bottle. ‘Add 1 ml of 30
' .1%; treatment solution and adjust pH to 8.5 using NaOH. Place bottle in water bath- '
: set to :70°C .and allow to equilibrate 17 hours.
' Analysis: "Filtration — remove sample. from water bath, filter through 02
IR millipore filter. Allow filtrate to coo to' room temperature and analyze or PO," : .
- 35 using Leitz Photometer. . 35

Treatment was added to phosphate solutlon before mxxmg



20- control (suspension to which no treatnment was added) was neasured.

Treat nents 20 causing an increase in turbidity or a decrease in |ight

transmtted are considered dispersants. TABLE V Dispersion Properties of
—SSTMA Polyners [err] [err] Treatnent Mole ratio [err]

Dispersion '* Clay Dispersion (10 ppm active) SS: MA . 1/2 hr. 18
~hr. 12 hr. 18 hr. SS/MA Polymers- =~ 3:1 1 14:8- . B3\2

7.8 ' * 86.0 SS/MA Polyners . - 2:1 . 18.9 . 89.8°

84. 8 SS/ MA Pol yners: 11 . -12.3 . 84.8. - . 5.0-- 630" The
hi gheri -he A% _the better the ahili34386af the treatment—to-di-sperse. As:.

Z.apparent fromthe. results of thggtigigi €s, the polyners used in the present
25 ~invention and.even the SS/ MA polyner "havi'ﬁrlg Ak dorakdo were quite’
“effective in 25 dispersi fdtt piCBIKhended mt t €7 @ lQkacd 18 hour duration.
_The 1/2 hour dHLALiQN T eSH S de AuiLiugh BRth: OVer Wpgk RORG) wer e- accept abl e

" for.all practical : S—S+hee—the—48—hetr—test—rs fert—tU be -the nore
i nportant resuUlhawoB. Cal.ci um Carbonate Stwdi es 30 . :0 A synthetic -
envi ronment'al was -produced -cont ai ni ng -knO\g\ .quanti't |4e§ of .water = 30 sol uble
gal ci.um chl or i-§evodrsr 8odi um catbonat e undet ‘specific pH.and tenperature
~condi tions. TregidipRt& were adgded to.varigus sanpl ess.of the solution and
~—the anmount of calclumrennining in. solution after—a—pered—ef 'time was
nmeasured and conpared to a Control . The test measured qui Fﬁg accurately the
capacity of t hene3&fectiveRéh YWMetieSpdlymerniflithd invéduion fves mppdrent. Withowtl ti mate
deposi tion -oéatmait-@llmhpm;tbmmigéaﬁq ile plagstriV ithivition, was OBIeAst ed of 10 ppm
0 A a3 1SS LI e v comate Yo PO PFRLGeocfBEh frocedurlth SSIAA
pol yme? .- Thayd Saidatisn e&waﬁmdv@é% € lafzdinst [tBmbeiciabigrade splfetaiedel y were.
29. 6% 29. S%Iysgfmeg-emﬁ%rtgifhmlpigIayhmdr_iée'Miyreer?c{gﬂ%% LY cp‘&a%;i gni ficant.
~ since they uhibitiogwap dptarmingds from the meesyremeny ot tgdetftgr RIS 8Y effi cacy was
- perhaps -l ower 'than those pol yners currently comrercially - 40 avail able
for ‘cal ci um carbonate control, thABLEBpacity of the pol ynmers:when -
consi dered together with the results -acyhs\é%bl e against calciumand-
~magnesi um phosphat es, mgn%ﬂf}@‘%ﬁfl i Cagﬁgdﬂu on ox@gseo, mud, ~and clay make
“the use of theggidaRd YMErs clMadtiey  an i mastteant advakibigoent in the art.
- 1,534,596—— — — ++—Sut-fomation Study The
- cont ri_bu_t i og,fnel-syl fonation tgsthe ef: ficagy of the mopol ymers. used in t he
present . invention, i.e. sodium salt of sulfonated styrene-naleic"
anhydri de Copbmyn®rs (SS/ MA) Viés$ i nvestigttdd to a &&?tain degreefand was
~only partial l}d/' > ¢ resolved. ghe data degermned ingijcated that
sul fonat i on™€dAfrTbutes quite ~ 5 beneficiall'y. The drawback to
conplete r ' of the qu ion was due to the gpfsfi.culty in obtainin
mp g,a%)%hg? qQUESS I€ Ghfs y g

a 100% so the 3:1 nol'e ratio styrene-mal eic anhydride polymer: so
that a "trspyivwregoy esent ati veleenpl e coul'd=be eval u#féd. The following is a
synopsi's of the work performed in this area: 10 ,Qtyrene-naleic _
anhydri de 5%? W?\A,@oo SM A) ar e?ogvai.'l._ab_l einthe 1°1,2::1,-and '3:1 10

'Ethyl'ene.mélei‘c_ o — o 100 .. <5

anhydride copolymer. - = © .. o S0 . R .

Maleic.anhydride : . - _. wo . S 0

telomer I

10 -':["h.e data c.:l'éatlyl'e'StiablifShéd.fhat the homopolymers of sulfonated polystyrene,. = 10

" maleic anhydride and ethylene maleic anhydride polymers do not control calcium
phosphate as well ‘as the polymers used in the.present invention: In addition, the
data confirmed the importance of having: at least-a mole ratio of 2 or greater of -
- sulfonated ‘polystyrene to 1 of maleic anhydride.-~ -~ .~ ... = - ;
15 - The present_invention  is -applicable to any aqueous system where. calcium . 15
"7 . phosphate formation and precipitation.is a potential problem. For example, the
method of the present invention would. be effective in gas scrubbing systems where
. scrubbing mediums, such” as primary sewage effluents, which contain. high- o
phosphate levels are used as the scrubbing or washing medium. These systems a0
20 . would have the prerequisite for the formation and deposition of calcium phos_phatq S



styene to neleic anhydide nole ratios and are reported to have a 1600
nol ecul ar wei ght. However, coversion to a useable soluble form(i.e
amonium or sodium salts) becones nore difficult as the styrene content

i ncreases. Enphasis was directed toward the 3:1 nole ratio because this
nmole ratio was found to be the nost 15 - effective copolyner used in the
pr esent
conver si .
pol yner \t& oth t he ammoni um salt and-the sodi umssalt. This manuf acture,g S
procedure Wigs- not.ef fective for the 3: 1J,53$w; si nce ‘'sone ,copol yrrer remalbp.ed

i nsol ubl e.- ‘BOI'l e&hn&l?ﬁfo BeavdladdS The HhitighaF & ﬁsQ)? Eagfoh@lll be ap Da?engto dhose '

i nef fective.” 20 ‘opérating in th8 bafeas. Off proécelss wat ted _
neutral i-zati on as: tIAeordesdioudntermine. thﬂr@'lcaQsOoSNle dlynders’ adeti Gih tlzlﬁ$re@ént| ‘east
partial |y ‘conver Petionin; flated fqas, fiesain tests, wese pondieberiboe out | i ned by t he

manuf act ur ers ‘except bﬁamsmﬂ:%:sﬁémwme&fof&ﬂ bl;tmall)bﬂﬁnﬁ |46 mbeid Hedre tharb
anmoni um hydr oxi de, e acid ers pr.ovi ed and

hi gher. ternper at ur edi i Fé¢1 llrhdsmheefdrmmlomanﬂre 25
3:1 sol ubilization s)t,\ﬁ&’i l{bﬁ‘%%ﬁ@)ﬁm? °“f"ﬁ§ ‘ﬂ‘BTeé" ABPBICPUHSYSERIVhere i s not -
known. 25 whet her -t he resul tant solution was -representative of .the dry
mat erial -al tthough |Therpsot000®sfpll¢mﬂ@idttlhatesrm@ofﬂreQEs%\oefrehhioll&mq@ol ymer -vent

N e T

ol vl vhiepogihe and the
testing conditi dmsdmrsseo :ﬂ&slurrysms adjhgéd $o 200 ppih €aCO| dridthd el Bedi AR
conpar ati ve, t est“"*ls urrsdrajoqu ¢ anifgo Sechﬂlqns'rl’h\‘eply wahiten t he' -

-45’_"

sul f onat ed’ ol yrrrerl Al Sftfﬁ Hiesag Hto{.e&l ALl 845 ooyl & 15
superiorly. TABLdﬁprnﬁemalmtSDﬁeaﬁne:ﬁaad Vrhel s@ @fog @nces S
Pol ymer .- good mijxi t t Wmt:;lon f}fg&t &turbtrﬁimt ttrppm lnstr:ilmenf P-A k"
. as ransmls € €ClIe c n t * o
[ er r] beSlt rt;gtlpf gﬁ to whrch git eatment was ﬁ;d) w:santlre:s Esmpare ‘Lé >82085
SMA . err causmg arn indtease in turbr r a decrease i ht transmltt %r DR
[err] - - 5 - dispersantsj58 - > 11 _ err
5 170 - 21 . 15. 57 Y S [err] | 7184
33 - . 2.69 SSMA .. [err] . TABLEV 186 . ..18 N
0.98. SSMO"\ [er-r]' .. Dispefsion- PropertleigllSS/MA Polymiﬁ - - .0, 83 SSMVA. .
[err] > ~-.- 10" - 184" 26 pqp. 0.91 *ngf&sgts conposed of - Ca,
[err]: and ln S@ledfk@S (i I ONMAXialE. 3B BUBAESEMN Sisldy ersio €AVY deposit,
sone :of vvhr ch cbouglhsatrepf f BésMAcondu&tn ons: 18F!rressurrahr . 18hr. .- 300 psig .
Heat ‘Fl ux: °  =—————485T000—BTOfer Cyctes: 15 Feedwat er.
Har dness: - 155§3’Mﬁrpé?§"“f’§rr] (?tb Cal 51%) Ph(§§1@hate RB| duak6.0 20 ppm
' o SS/MA Polymers 20 '18.9 - 89.8 6.4 - 84.8
' SS/MAPolymers L1 123 848 sl ss.

* The hlgher the A%T the better the ablltty of the treatment to drsperse 2

S " As apparent from the. results of the studies, the polymers used in the present- A
© 725 . invention and even the SS/MA polymer having a 1:1 ratio were quite effective in 25
- dispersing the suspended matter after an 18 hour duration. The 1/2 hour duration
. results, although not overwhelming, were acceptable for all practlcal purposes-
',smce the 18 hour test is felt. to be the more 1mportant result, -

o B Calcium Carbonate Studies R ' ' L
- 30°. A synthetic environmental was produced contammg known uantrtres of water '~ 30 -
- .. soluble calcium chloride and sodium carbonate under specific pH and: temperature
.- conditions. Treatments were added to_various, samples of the solution and-the .
* “amount of calcium remaining in-solution after a period of time was measured and
.+ s - compared to a Control. The test’ measured quite accurately the:cdpacity of ‘the R
.38 polymers to inhibit the ‘formation and ultimate de fposrtlon of calcium carbonate. 35 . -
R The treatmeént utilized consisted of 10'ppm of A.'a 3:1 SS/MA polymer; B.a -
:2 1 :SS/MA polymer; and C.:a 1:1 SS/MA 2polymer The results expressed -as %
. CaCO; Inhibition respectwely were 29.6%::29.3%: and 36.6%. The polymers weére
.- = considered to be significant since they dld estabhsh -efficacy. Although the degree o _-
- 40" of-efficacy was perhaps lower ‘than “those - polymers currently  commercially - 40 .
*available for-calcium carbonate control; this ‘capacity “of the pol mers when’
~considered together with the- results achievablé’ against calcium and magnesium
- phosphates, magnesium silicates, ifon oxides, mud, and clay make the use of these. L
- polymers clearly an 1mportant advancement in the art. . :

|_n e'ntron Al-t hough the manufacturer’'s 1'5 literature recomended. -
/OgyL.0 the ammoni um salt, attenpts were nmade to convert the 3:1 SMA .-

oI utrons (one the anmoni um; .' -



1,534,596 WHAT WVE CLAIM1S:- 1. A nethod of. controlling the formation and
deposition of deposits on the structural parts of a system containing an
aqueous nedi um which conprises introducing into the agueous nedi um an

effective anount of a polymer or a watéer- soluble salt thereof, the polyner

bei ng conprlsed of sulfonated styrene noieties 5 and noieties derived from

- mal €i ¢ anhydride, the styrene noieties exceedlng the mal ei ¢ anhyd

.derived noieties. 2. *A nmethod as clainmed in claimil, :in which the<E§E§ '
m2:1

ratio of styrene noi eties to malei c anhydride’ derlved noi-eties. is

A rrethod

to 41:210-°. 3. A method h$$48¥aimed in claim'l oor 2, in Whicch the
~ anount otsmhwmrsmdy IO introduced rs fromo0.5 t0.100. parts. of -pol ynmer per
mllion par t'ﬁxea’bnmutmn df sulfoingtion-to ydftheécopﬂyrhaduaa nt:ihal nmed in claim 3,

. in which gy ie d‘P;%j r saltn o GH’@FUEG" StYrP%e- ?'t—') mhglride 25 parts per
.. CO m in
g p@nédgrwﬁ ) ik E*Elrts& e I L o
“claims 1 benefiallyThehd @ImplEes reRMR DA FEHE questidibwis dUBkEthEAL | O Of
“sul f onat e@if% btmaine 4é§0/£ @Olpmnepﬁﬂunh dnqlqjeatveﬂywmmﬂmpet ies of 3:1. 6.
EP f“'{ﬁgh catye P"‘r ﬁf“@ﬁh etvaluptsdpol yner has a:
isa nt
e- e blemthell 2\ 2AB8:pod g -cl aimed in
rtedtshaveatll&@ﬂmole@(hrf ormof its

mol egyil ar mmtgb,t
any of cl mrm tb ntal;w&l,nhydmd\t\/rnoterramdsen

“sodi um saﬁlg htgHo V%f%@,éf i‘g ESP um i n which the
ot em sl die L e e °°t£§" SELATHE BT 0 any of ol a1

| to1¥, |¢ffeathveodopblhee sd amhe Predent Qrive Abhough mtmnu&ymteem 15-

Lo liter PRIYCTSIEN to| the fragoniym e0 -7, i-n. which
* the syste m'e %l%%% és'e%’gé rtﬂ:t?sm#@n gf olling the:
Héﬁl 4

formati: Onreaﬁﬁlediﬁmﬂil&. BOiler RoOBdicaedie MARridkd d.s of a system

. -cont 3 ni n a'Fher €1 eitantiomwali dingted towardmeutealikation asstheﬂadxum salt."Tde ei ni2Of ore -

- particul’ a ? ?"f t least partially converted to the sodium salt by a procedure 30 12. A

ot hod of bl i e S s o DA on

conp und mh@dtaedlhi&hnmm mrumeptﬂm olutith |resmt empthat e, cal ci um

. car b at exl agl comgiped some) ia °lr gﬁa‘ig! ea"dllt XK"GE‘“ and 2l ay on the

- structur sttlf,{]gt a“;;% g}?ﬁ%ﬁ@jﬂ{e &ﬁt” P‘ﬂ‘rﬁ'ﬁaw ng -t he

t endency f orHdtever, tht Bt chpnlyimer (mnnmtldﬁmﬁutd zﬁﬂndhiuni;ddﬁ And¢hech conprises

- |ntr ucr‘ﬁ flthﬂsedl n lﬁ uat ndebhremtawdeh# ging venditionsiare of a pol yner or
| “ﬁ‘lﬂ t ﬁﬁm % Q‘)ﬁ‘ﬁj‘f é‘%‘g of s¥ifonated
spoaerr ve R

styrene nqmtetsix o1 et e e| C. the styrene

noi eti es- exceedlng the mal ei ¢ anhydrlde derlved nnletles .

-- 40 - -~ 13. A nethod as.cl BABSEIVI claim 12 in which the rmle ratro of

_ sulfonated 40 styrene e ydrlde derived noieties is
from2:1.to 4:1. 14. A Egﬁpﬁﬁgﬁ%ﬁ?sﬁﬁ éﬁsﬁhﬁ'& aim 12 or 13 in which the

- amount of . pplyuger i ntroduycad s 1 f (BoierBatances 100 parts of pol yner per

mllion par‘l’lra twatselt I rCohhepnsys‘tPeMkMS RSiO, - ]jiposA (gmtxod -as-cl ai med in

- claim 14 - |sfrom25to
'25 parts perSWh l | rom‘gparts B vvat et80| n theL4system*i~g gg** :
- ) SMA ‘Na - -'5' -- 158' 19 >11.85%+
“SMA' Na = s 170 . 21 15»57'
CSMA. o Na . 100 184 330 2,60
S SSMA Na - - 5 . .- 184 19° . 7083
. SSMA . Na 3 10 - 184 L 2% . 091

* Depos1ts composed of Ca PO,, MgO SIO and lnsolubles
(u'on oxnde -and magnesmm snhcate) L

**¥ Heavy deposrt some of whtch sloughed off

Te_st- condm_ons': '

- . Pressure:. - '300 pSIg

“HeatFlix: = 185,000 BTU/ft’/hr |
© Cycles:- .15 -

' Feedwater Hardness:': 15 ppm as CaCO (10 Ca/5 Mg) .
_Phosphate Residual: 20 ppm_ o :



"16. A nethod as clainmed in any of clainms 12 to 15 in which the pol yner
possesses a nole ratio of sulfonated styrene noieties to mal ei c anhydride

derived noieties of 3:1. 50 17. A nethod as clainmed in any of clains —
12 to I6 in which the polyner has a 50 nol ecul ar wei ght of -from 500 to
100, 000. 18. A method as Crarmee—-n—any of clainms 12 to 17 in which the

pol ymer s Lh. the f sodi um salt..19. -A net hod as-clainmed in any

of clak s o 18 @H’@ em.is a 55 . steam generati.ng. system

55 20. A pd -as ct-al clains 12-to 18 in whi ch the systomls }
a cool ing- _.ter .system . 21, ‘A rret hod aslsél"aﬁ%md in.dny of claing 12 fnm.
in which thé" Syst em waiAT WESCEAIMIIS-Ng system. 60 - 22. A et hod

according to claim 1R l’sluisﬂlpé pentiolling ghei formatiop and depo ‘gﬁ‘?ﬂt?f b on:|

decoribed 23 A iAMAR RS N AT L A, Sor
cal ci um. phos at eg théredfC urpa nﬁﬂﬁéxrﬁg& pﬁseﬁ)b‘ftstﬂf&lﬁl Weﬂs ﬁhgleﬁa aquﬁeous '._,-;;-,
medi um cont ai n| ngaﬁralnoieuendari mmmpiabtcanhmnde,vm«e stwen@mpletles@scqeﬂms thducing . .

into. the 65 ‘aqut ‘lé‘ﬁlv e Ohie e Rbiefles
wat er - sol ubl e ‘sal. Eo géclg%drndgﬂ;gl:zn fﬁéﬁm% &21150 {qatP Afxtgpe% fio ﬁs

13 the polyngg . bel ng3.cAnmthodad: chimealinfdaddtloar X tiy Mi‘cb tharseune of polpmeroi etlﬁ) es
derived from mal emtroelmyeﬂl‘m05ttné°%P&ﬁsélf@°l¥ﬁ‘i°éWé§“‘8R€§é"d‘?fﬁb“%’H%“h"al eic’

anhydri de deri ved 5y | h&ﬁ%d %‘ém.&afﬂ?&l&% %h%muh{bfsb@hm ﬁﬁbdh&dvml ch
the nmole ratio of jsSoi 88580 25 p deri ved ‘
moi eties is fyjpom 2: 15.tAométhad as clarmedmanytﬁcmiﬂs 140 fidn. ? frﬂ?&?"ﬁls?g cl d?m .

23 or 24 in whi chaglr?@ rafiReffyifonated prtenspictios tq Bl aphyfude %*e‘t“& 100

parts of polymer 6. Inlei Rl ab Bladniod 3 aydfRlairhs i iJ'B?nSVIiiEleme pzﬁmeAhmt hod as
clai med in clai m abldcilanieigh of Fromaidn tie 100000.pol i nt roduce%ﬁl s from

2.5 to 25 pars per A, FIP%E g’z%‘e‘%ﬂ“ %9@?‘a‘l“ﬁl¥%“b‘§?1§‘f'btﬁf pobyrgersAn U] etflod

as claimed in any %‘ ?'fAlﬁl'e ifle A ahylot¥ldideM iol’?emmhéﬁflh‘e'sy&&ﬁw&n a nole-
ratio of sul fonat ehesdu‘)igeﬂtémm eties.to naleic anhydrl de derived- noieties

of 3:1. 28. A net hod9aPsmeﬂhatlMm#ﬂlanl}vQﬁFla@lsdlt?r%’IQBhlﬁbch?Ysleﬁ“m%h“& he ,o

pol ymer has. 2515 Wateh om i
15 29. . A nethod agcrg %&ﬁasﬁﬁﬂ 1n%yt>f8£ﬂn§@?oo‘; %&Qghﬁv&%%hﬂ sggas | yme

isin the for m of it s%onleuhnd eﬁaddntrolaﬁs tha formetieroand slepdsiti Preﬂdipﬁ an g,ﬂ!ﬁ cl al m;

23 to 29 in. chsltf!*fé“f Bartengt; & i:%q lﬁ#’g@ﬁeﬁ“atﬂ“ﬁﬂ"s% TR, s4 3. 315 A
' ‘h 1
net hod as cl armed erﬁ nd‘am £l cﬁ e g&rdaﬁoﬂ/\-ﬁlcph\epbhﬁ‘onsoﬁdtﬂéﬁsl Bned - 20

cool i ng wat er SyStcelﬂpou'ﬂa selActedstfhmj caleium| pliosphdte] magmeivaf phyispliates c2Riumo. 29 in

which the s carbgn m at Hate, al &%Y 2}(}}’ .
23 subst ant Iyzt em %é’-r S gg@ % swgﬁﬁﬂ@m ueousmegﬂtamﬁglm;%% te Jé? ?‘O claim
5.4» y 1t cbmprises introducing into the aqueous - KL
medlum an effectrve amount of a polymer or a water-soluble salt thereof, the :
po mer being comprised of sulfonated styréne moieties and moieties derived from
eic anhydride, the styrene monetles exceedmg the malelc anhydride denved :
moxetles - : : T
- 40 13."A method-as clalmed in claim-12 in whrch( the mole:ratio. of sulfonated. ' 0.
- styrene’ moieties. to-maleic anhydride derived moieties is from 2:1 to- 41 o '
" 14. A method as claimed in claim 12 or 13 in which the amount of polymer
- introduced is from 0.5 to 100 parts of polymer per million parts of water in the_
system. -
45 15. A method as clalmed in claim 14 in whlch the amount -of polymer - 45
-introduced is. from 2.5 to 25 parts per million parts of water in- the system. - : N
'16. A method as claimed in any of claims 12 to 15 in which the polymer
possesses.a mole ratio of sulfonated styrene moieties to malelc anhydride derived . - _
moieties of 3:1, ' et
50 17, A. method as clalmed in any of claims 12 to 16 in wlnch the polymer has a 50 -
molecular weight of from 500 to 100,000. - . :
. 18, A method as claimed in any of clalms l2 to 17in whrch the polymer isin the o
. form of its sodium salt. . o L e
" 19. A method as clalmed in any of clalms 12 to 18 in whrch the system isa _ .
. 55  steam generatmg system. - 55
o "20. A method as claimed in any of clalms 120 18 in whlch the system isa :
coolmg water system.
21. A method as claimed in- any of clalms 12to 18 in whlch the system is a gas '

scrubbing system. - o
60 - d 2% 13 method accordmg to clarm 12 substantlally as herembefore partrcularly 60
escribe .
23. A method of controllmg the formatlon and deposmon of calcium
phosphate on_the structural parts- ‘of a system containing an ‘aqueous- ‘medium
o containing calcium and phosphate ions which comprises introducing ‘into_the . :
' 65 aqueous medmm an effective amount of a polymer ora water-soluble salt thereof, 65



25 described. 34. A nethod of dispersing a conmpound selected fromiron
oxi de, clay and m xtures thereof contained in an aqueous nedi um which
conprises introducing in the nmediuman effective amunt of a polyner or a

wat er - sol ubl e salt, thereof, the polyner being conprised of sulfonated

styrene noi et i'es and noieties derived from 30 mal ei ¢ anhydri de, t

rati o of sul fonated styrene noieties to FRugd i ' 30 derife

moi eties being fromi:1 to 4:1. 35. A maimlmmuﬂlmnﬂmm“‘n cl ai ] .
which the nmole ratio of sulfonated styrene noieties to ral eic an I de
derivdginpieties is from2:1 tq W¥H9%s A pethod as.claimedinldiaim34 or

'35 in whi Cihe bh@rﬁ&m}iﬂgtcombrigdlof/mbn'ﬂ&i styreme{ majeties entl ingieties deniv®d5 t 0 100 parts

of pol yner fremrmaiéis |anbyrigarthe stenaanaigtics gxeending Sy Bgleiceapydside. A net hod -as
cl ai med i n“CiE] R‘oagigrb&aé"@iaﬁﬂdtip%laﬁg%%_uﬁﬁch&ﬂé)ﬁm'rdﬁﬂt&‘i@%@d is from2.5
tlo _2.5_--55a!’tﬁoipﬁd's 6tf ch%@ﬁh @qusq°ﬂgﬁn"?‘ﬁafﬁiﬁ is'rfrdrl:lge:égysﬂem_ fgg@ A methéd as .
clained in_ard. afm | agwlapgred 1p © OINFAY 1B W 1HYPUREP mer nossesses a
rol e rati offde m“§Eﬂ jsdrpm 84 te 400 pagts °ﬂﬁ$\§‘f'?ré§" I"Bm?fh&é}s%ﬁﬁ{/émhae deri‘ved 40
noi eties oF Bela 3@thod AEALAGH @S cRird2BAl WhithaY agfoust] 6fi Paiyn# to 38 i n whi ch
the paebyneintrbdisedisfrine2.sltars patsgiet mifior paym ob @tet in meexsaqg. %o. Alpet hod as

Py the

derive

Paby e @ o pagn b 9er i ¢ ,
o e el A IR VR W, SRR e 4 form

41" A nethod mAQﬁeh{dﬁadciameamyarqfofelahisrzstminwhi&ﬁ)tﬁe'rpomie'chsahenégerus

medi unbi s mhlecularoysight o mgﬁ?@r%‘?‘bol L ng wat er. system .42 A nethod as

clai med ingaps }-ﬁfﬁgﬁf‘g‘af@ oo aﬁnﬂﬁhf%ﬁ "{‘?‘nlgchatﬁ%%%ﬂgerl’?éﬁfhﬁm is the-

scr ubbi ng-ne _wmkﬁgnp@asgﬂeﬁmedmn a2y of ClNB @B LEALNinNchiéh the syateiniea 50 - 43. A
met hod as gton pendrating ag:ymo_f clainms 34 to 40_in i.ch'the aqueouszo.SO medi um

i s comPai ned. 3lnAmethedas dlaimed miany of elpigishto 3% vihich-the ey 18 4 s pef'si ng a.

~conpound s&%6 § egftﬁyo%trefglhlﬁﬁﬁd‘i}i(dﬂ%félﬁhﬁb A9 ik he Systehas £gds cont.ai ned in

an ‘aqueousscitBingsyssemdst anti al | y as herei nbefore particul arly described. W
P. THQYPSON &30l metipddpenrdingsie dlaim 33 substaptiatiy g hepeithefosepartiqulagyy noohs L1 3AB.
Chart éPed PEREITR ARG S aiddhistdl %%&g;sunh'%aeé@a f5f)ron oxidal gy OFfice by the
Couri er Pr @sduredtRérBafiegitainedinan adiRéus meditlnh whible contpyiséstrddatisgin Of fi ce, 25

_Soqt_ hanpt othe Brediud ancgffectivg t“nt lymaryor o vaserrsaiible Halg?gggf?ﬂﬁay be obt ai ned.

polf'mer being comprised of sulfonated styrene moietiés and moieties rom
maleic anhydride, the ratio of sulfonated styrene moieties to maleic anhydride 30 .
derived moieties being from 1:1 to 4:1. : T :
. 35. A method as claimed in claim 34 in which the mole ratio of sulfonated
" styrene moieties to maleic anhydride derived moieties is from 2:1 to 4:1.
: 36. A method as claimed in claim 34 or 35 in which the amount of polymer
35  introduced is from 0.5 to 100 parts of polymer per million parts of water in the 35
. system. : . -
~ 37. A method as claimed in claim 35 in which the amount of polymer
introduced is from 2.5 to 25 parts per million parts of water in the a'stem.
: 38. A method as claimed in any of claims 34 to 37 in which the polymer .
40 - possesses a mole ratio of sulfonated styrene moieties to.maleic anhydride derived 40
moieties of 3:1. =~ : _
39. A method as claimed in any of claims 34 to 38 in which the polymer has a
- molecular ‘weight of from 500 to 100,000. . : :
- 40. A method as claimed in any of claims 34 to 39 in which the polymer is in the
45 - form of its sodium salt. L : '
B 41, A method as claimed in any of claims 34 to 40 in which the aqueous
medium is the cooling medium of a cooling water system.
42. A method as claimed in any of claims 34 to 40 in which the aqueous
.. medium is the scrubbing medium for a gaseous system containing iron oxide. - '
50 © 43, A method as claimed in any of claims 34 to 40 in which the aqueous 50
- medium is contained in a steam generating system. - - . ' '
44. A method of dispersing a compound selected from iron oxide, clay and
mixtures thereof contained in an aqueous medium substantially as hereinbefore
particularly described. = : s - .
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