Th| s i's thé repI as:errent sheet EP0082657 B2 Descrl ption '

Date: _. 16/ 05/ 94 Polyarrphol ytes are Bgl éners contai ning both a cati oni ¢c. and-
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pol yanp hﬁ&tgﬁz @t least 0SICHne o darbaxylicomnaional iphiylenprolves aepstraf suctka pelyamphblete, -
I nvengd amepared\frofes a car boxyl i c_pol yanphol Zt e- pol yner, having an_int r| nsi c
vi scosi t'y off) S0tog regrent: By weight, Of R IRgstone, ARYE ‘ﬁ?’\é‘p%f? ngl r“lﬂ'r‘f’“‘f' % 19 fasmpla: g0 -

MABJ/ght % of acrylic acid and/or met hﬂchyllc acid; (b) 1.5 to 65 wei ght % of -~

g:acrylan1de and (c) 0.5 to 20 wei ght {%jof dlnethyldlallyl annonlunlchlorlde;_”
% and/ ogs di et hyl di al | yl ammoni um chl orcd€. The present..invention also . .
.- provides a nethod of "inhibiting corrdsilon and scal e by-inhibitingthe,
‘preci.pitation and-deposition of |nor5aﬁ|c salts in an aqueous system
cconpri.sing adding to the aqueous systeg.gt | east 0.1 ppmof such a :
_pol yaggohol yte or a salt of such a pol yanphol yte. Whi l e the nethod of the
resent invention has been found partloularly useful in prOV|d|ng N
=|nh|b|t|on of

in which each R, which may be the same as or different from the other, is hydrogen, phenyl, C,_s' -
, ‘alkyl or —COOX, R! is a straight or branched chain of from 0 to 12 carbon atoms, and X is .
-35 hydrogen or an alkali or alkaline-earth metal;
: (u) 0.5 to 20 percent by weight of at least one catlomc-group-contalmng monomer; and
{iii) optlonally, at least one non-ionic monomer.

In the formula, R is preferably hydrogen, methyl or ethyl R'is preferablv a stralght or branched cham ST
40 of from 0 to 3 carbon atoms, and X is preferably hydrogen, sodium, potassium or caesium. T
: The invention also provides a carboxylic polyampholyte po!ymer, havmg an mtrlnsnc viscosity of 0. 05- !
"~ to 4.5 in 1.0 M NaCl and prepared from: . -
(a) 32.5 to 90 weight % of acrylic acid and/or methacrylic acld
' \,/ ' (b) 1.5 to 65 weight % of acrylamide; and - '
- - 45 {c) 0.5 to 20 weight % of dimethyldiallyl ammonium' chlonde andlor dlethyldlallyl ammonium chlorlde .
: - While the method of the present invention has been found partnculariy useful in providing inhibition of
calcium phosphate scales and silica polymerization, inhibition of magnesium hydroxide, calclum ﬂuonde,
calcium carbonate, calcium sulfate and other scales may aiso be obtained. '
: Examples of the carboxylic functional monomer used as the anionic component mclude acrylic acid,
50 crotonic acid, methacrylic acid, vinyl acetic acid, allylacetic acid, 4-methyl-4-pentenoic acid, and
’ dicarboxylic acids such as maleic acid and itaconic acid, and their salts. The preferred carboxylic functional
monomers are acrylic acid and methacrylic acid. Mixtures of carboxyhc functional monomers mav be used
in prepanng the polyampholyte.
Any ‘cationic monomer may be used preferably one - contammg a quaternary ammomum,
55 phosphomum or sulfomum ion. The preferred cat:omc monomers are: _
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25 -cal ci um phosphat e ‘'scal es and silica polynerization, inhibition of .
magnesi um hydr oxi de; cal cium fluoride, calcium carbonate, calciumsulfate:.
and -et her scal es may al so be obt aPr82 68% term "aqueous”, as used herei n,
is ilgtended to include water in,@ny physical: sigke and to include wat in
whi ch-i s* di ssol ved or di spergeed "any substance | flor exanpl e, inorgani sal ts
in brine or seawater. The polyanphol yte pol yne=x nay be prepared by\nrxing
t he mpnoner s preferatﬂ“f’ﬁ:"ﬁcﬂem HeeCdace of a firde 30 - radical initiator.
_Any - ffee radical initiator ny,y be used. Exarrpl"b “include peroxides, azo "~
initiators and redox systens.” The preferred catgl ysts are sodi um persul fate -
or a.mxture of anmonium persul fate and any azopeype initiator, such as
2,2' -azobi s- (2, 4-di net hyl - 4- met hoxyval eronitri I/Ei)\ The pol yneri zation may -
'aI so Be initiated phot ocheni cally. The pol yan‘i‘) & y®e nmay be made by any of
a variety of 'procedures, for exanple, in soluti Q8. suspensi on, 35.- bulk and
emul sions. .The ‘tenperature is not critical. The reaction will generally
occur between 10 and [err], R;eferably 40 to [err]. It is generally ,
|rrpra’ét|cal to run the rea® fon bel ow room t eMpBrat ure because:t he reaction
is too slow Above a. terrpecahure of 60C, the becul ar wei ght of the -
pol ymer t ends. t o :decr ease. |The reacti on, deper||d|lng on the tenperature,
general ly takes from-1 to H2CkOurs. Measuri ngHf 6=0r esi dual ronomer wil |
verify when the 40 reactioniis conplete. The pH of the reaction mixture is.
not critical . The pH is: genePaIIy in the range 4.5 to 9.0, The nol ecul ar
ight of arrphol ytic pol ymerfj.,u s difficult to ageurately measure. The
_\p/\rymers are instead, usually identified by intrinsic vi scosity. The
intrizmsi c viscosity of the puPyarrphoI yte is not Neritical in the.i nventi on.
1t is preferred that it be AN gast .05 45" dl%/,/’g\ 1.0 M sodi'um chl ori'de:
(nmeasured-on a 75*Cannon lﬁob dhde capillary cf{;reter) The treatnent -
concentration of the polyanphol yte enpl oyed iNyd he present invention to :
inhi kbt corrosion and scale deposit and formation is generally at least: 0.1 -
- ppm’ preferably 0.1 to 508 pem by wei ght of the total solution of the
wat er -carryi ng syst enF't!neFH@"zﬁﬁ'é&ﬂegHz Pr%’f’erabBS/R’ t he concent ration level.
range WI|| befromabout 1 R;o -200.- ppm_ .
35

where R? is hydrogen, phenyl, or C,_; alkyl, preferably hydrogen or methyl; R* is a straight or branched -
50 ' chain or from 1 to 12 and preferably 1 to 3 carbon atoms; and X is an anion, preferably a halide or aiky!
sulfate. Other examples of X include sulfate, sulfonate, phosphate, hydroxide, borate, cyanide, carbonate,
thiocyanate, thiosulfate, isocyanate, sulfite, bisulfite, nitrate, nitrite, oxalate, silicate, sulf' de, cyanate and
acetate; other common inorganic and organic anions are also suitable. ,
. . Specific examples of the particularly preferred cationic group containing monomers inciude
55 diethyidiallyl ammonium chioride, dimethyldiailyl ammonium chioride, methacryloyloxy ethyl trimethyl
. ammonium methylsuifate and methacrylamido propyl trimethyl ammonium chioride. Mlxtures of .
cationic-containing monomers may be used in preparing the polyampholyte. '
- The polyampholyte may also be prepared by polymerizing a monomer containing a tertiary amine as
the pendant group with subsequent quaternization of the nitrogen in the polymer to form the cationic mer
60 units. Likewise, sulfur-contalmng and phosphorus—contammg monomers may be exhaustlvely methylated -
to form cations.
_ One or more non-ionic monomers may optlonally be used They are preferably of the formula
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g”"SO The aqueous systenlnay be any aqueous system for exanple, a cooling
i -water, boiler water, desalination or gas scrubber system If the systemis

a deSallnatlon systen1 t he pol ya ould have an intrinsic viscosity -
belaw 2.8 dl/g in 1.0 NISOdIUﬁlCqug*%%%ség Exanpl es Preparation of the S

Polymers 60 .65 2~ This is the replac®®mént sheet EPO 082 657 B2 Date
16/ 05/ 94 Polynmers 1 to 32 The pol ymerd df the exanpl es were produced _
m xi ng-the cationic, anionic and opti ¢Tg non-ionic nononers indicated in ..
Tabl e gl , -usi ng the-anounts, solids co lpat i on, initial tenperatures and
-pHindicated 5 The nonomer " ni X* was purjged with nitrogen for one hour. The
sol vent was deionized water. The initiatNor mas added and the conponents
al | oned to react'for about 3 hours. Tghl e | - -Mononer
Initigf Chai n Poly- tldhlc/Anlonlc/- Wi ght

(Mol ES/ I l;eae'a&pﬁ‘l which may be é‘l@%ﬂs or diffefert frdni'ihe otherl &W8rogért! benJiFdr C,_, alkyl .
- Non/Non dthisly h Qfgﬁrﬁ Rethyl, or ethyl, Mt e3éh RTDAGERN gy be the same as or diférBiit from the othelh®@ | dS

pH [ er ydrpganrar CiL; allgiBAZXAIeRAR suieBle horbiodig mdh&rOerSinclud) 3crdmfidé andiss|: den\ra}lveSlVBSS
- such as meg@crylagpidg angoN,N-dimethyl acrylamide; acrylonitrile; vinyl acetate; vinyl pyridine;

5 hydroxyalkyl acrylates; methacrylate and its derivatives; butadiene; styrene and its derivatives, including . -

" substituted styrenes; esters of olefinic carboxylic acids; alkylene oxides; divinyl ketones; vinyl ketones; "~ .
divinyl ethers and alkyl vrnyl ethers. The preferred non-ionic monomer-is acrylamlde Mlxtures of non-ionic
monomers may be used in preparing the polyampholyte. -

_ - A 'non-ionic monomer may be used and subsequently hydrolysed to obtam the desired amount of .

20 anionic component. Likewise, a copolymer may be prepared from non-ionic monomer and cationic
monomer with subsequent hydrolysis of the non-ionic monomer to form the anionic portlon, e.g.
acrylamide can be hydrolysed to form acrylic. acid.

" The term “aqueous”, as used herein,; is intended to include water in any physrcal state and to mclude
water in'which is dissolved or dispersed any substance, for example, inorganic salts in brine or seawater. :

25 The polyampholyte polymers may be prepared by mixing the-monomers preferably in the presence of .
a free radical initiator. Any free radical initiator may be used. Examples include peroxides, azo initiatorsand "
redox systems. The preferred catalysts are sodium persuifate or a mixture of ammonium persulfate and
any azo type initiator, such as 2,2'-azobis-{2 4-d|methyl-4~methoxyvaIeromtrrle) The polymanzatron may -
also be initiated photochemically. -

- 30 The polyampholyte may be made by any of a variety of procedures, for example, in solutlon,

- suspension, bulk and emulsions.
The temperature is not critical. The reaction will generally occur between 10 and 100°C., preferably 40
to 60°C. It is generally lmpractrcal to run the reaction below room temperature -because the reaction is too
slow. Above a temperature of 60°C., the molecular weight of the polymer tends to decrease. The reaction, -
* 35 depending on the temperature, generally takes from 1 to 12 hours. Measurlng for residual monomer will
" verify when the reaction is complete.
The pH of the reaction mixture is not critical. The pH is generally in the range of 45 t0 9.0.  _ .
The molecular weight of ampholytic polymers is difficult to accurately measure. The polymers are |
instead, usually identified by intrinsic viscosity. The intrinsic viscosity of the polyampholyte is not critical in
.40 the invention. It is preferred that it be at least 05 di/g.in1.0M sodlum chloride (measured on a 75 Cannon -
Ubbelohde capiliary viscometer).
_ . The polymer may be produced from any ratio of the monomers. It is preferred for scale and corroslon
RN " inhibition that the polymer be prepared from 5 to 90%, most preferably 22.5 to 70%, by weight, carboxylic
. functional monomer; 0.5 to 85%, most preferably 2.5 to 25%, by weight, cationic monomer; and 0 to 85%,
#5 more preferably 1.5 to 85%, and most preferably 5 to 67.5%, by weight, non-ionic monomer. _
The treatment concentration of the polyamp_h'olyte employed in the present invention to inhibit
. corrosion and scale deposit and formation is generally at least 0.1 ppm, preferably 0.1 to 500 ppm by
weight of the total solution of the water-carrying system being treated.. Preferably, the concentration level
range will be from about 1.0 to 200 ppm.
50 The aqueous system may be any. agueous. systern, for example, a coollng water, boiler water,
desalination or gas scrubber system. If the system is a desalination system, the polyampholyte should have
_ an.intrinsic vrscoslty below 2.8 dl/g in 1 0 m sodlum chioride.

Examples '
56  Ppreparation of the polymers
Polymers 1 to 58 : '

The polymers of the examples were produced by mlxlng the cationic, anionic and optional non-ionic
monomers indicated in Table |, using the amounts, solids concentration, .initial temperatures and pH -
indicated. The monomer mix was purged with nitrogen for one hour. The solvent was deionized water. The . ' T

" 80 jnitiator was. added and the components allowed to react for about 3 hours. '
. Polymers 31 to 37 of Table | were prepared by mixing the cationic, anionic and nonionic monomers in
the ratios indicated in Table |. The solutions were then neutralized to a pH of 7.0 with 50% w/v aqueous
sodium hydroxide. Chain transfer agent and catalyst were added in the amounts indicated i in Table |. The
solutions were placed under fluorescent hghts for sixty minutes. The resultmg gels were diluted to 600
.65 mg/L active polymer.
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1522 DVDAAC/ AN AM 2.5132.5/65  .003 SPS/1.6x10-4 SMBS - |
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5/85/10 2 | @ o .#0% SRS/ BWEGO0KSESB B o = 3 R 802 £525Q 062 6
DVDAAC/ AKEAME 8f 44488 = © S G037SPS/ 1%xTert] ~SvBS ™ - 30
4.5 50 0.91 7. DVDAAC/ AN/ AM 8/ 50/ 42 1003 SPS/ 1. 6x [err] SMBS -

| 30 4.5 500.93 8 DNVDAAC/ AN AM 10/35/55 G-Aaoos
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20
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.40 27  DNVDAAC/ AA/ AM 10/ 47/ 43 - ~.003 SPS/ 6.4x10-4 SMBS .15.0 %
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60~.5 4 <« This. is the repl acenent sheet EP O 082 657 B2 Date:

16/ Q5/ 94 scal e rate = wei ght . of 63@%& tube (m test volune through
(1) _ The % i nhibition of var ) e inhibitor mixtures is in atle
in IéBLiaédérsmable |V Percent 10 . Exanple - - Pol yer

Active- A 90/10 a¢ry|tmibe/dln'@tipylgﬁllyl ammonium chloride28polymer was prepared in e same manner i
85 23 as Polymers 1to0 30 a2§38 to 58. The copolymer was then hydrolysed by addin toz;duometﬂc amount of 30
ethy!

5 . ::s;:g!ehyeroxle?g: afgleve a 70/20/10 ?E?olymer of acrylic acld/acrglfmlde di Idlal_-yl amn?)omqm
70 26 - 29 2.5 | 79 21 29
7.5 'Exampies 1—31 {cBolihg water) =~ 32 5 - 62 29
12 Calcium phgsphate inhibition was tested)u( mz%qpmquaggg 6.0 mg/l POZ with 10 ppm of
. . inhibitor, at a pH of 8.5 and at 80°C for 24 hours. The percent inhibition, as reported in Table Il, was
10 determined by measuring the POS concentration in solution before and after the 24 hour period.
| ” TABLE Il -
o " Percent
Example Polymer’ " inhibition
15 :
1 19 - ' 10 ’
2 13 . 40
2 "3 18 80
. . 5 -4 . s -8
6 12 90
7. 15 g0
o 8 '8 . . e
9 17 95
S _ ‘10 3 _ 20
35 o _ R -
- 1 .14 : 0
12 7 9% -
L N
18 6 . w0
~ : % . 2 95
-~ 45 . A - _
: ' 16 38 . <92 )
7 - 39 18
50 o I IR 85
| 19 St | 92
| 20 4 100
65 : : - : I .
21 : 3 - ' - 94
| | 22 7 100
60 | 23 . & 0
The percent |nh|b|t|on of calclum phosphate was measured usmg 2.5 ppm and 5 ppm inhibitor, by the
_method outlined in Examples 1--23. The results are reported in Table il. _

65 -
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Exanples.30 - 45 (Boiler Wter) 25 Polymer 10 was added in the anount
indicated in TABLE V to sanples of synthetic boiler water containing
varging amounts of [err], O+, [err], I\/g++ and chel ant (sodi um
nitrjlotriacetic acid). ‘Each Exam® 882:85¥est ed under three conditiofis}
wi thout any terpolyrrer with 1 ng/l yagd ith 10 my/ | of terpolymer.
m xtures were heated to 90C and hel d at that tempaeature throughout the
tests. The pH was maintained 30 between 10 t oirhiitiomach sanpl e was
observed after 1 hour_ 4 or 5 hours, and 21-or—22—tours- The observations
are déscribed in TABLEXPLE { asholymer cqg 23 PHPedi ¢t PRMe ef f ectiveness of
he inhibitors.in boilerygater systegs. Under Jghe obsegyation rankings, Ais
" the nost preferred resul t, whereas F is the l'east. preferred result. Table V-

35 CObservations Dosage zarg/ 1) , -No | nhi bisdbor . Terpolyner (1
rrg/l)"’Terponrrer (10 ng/l) Ex. [err [err] [err |\/g++1'hr. 4 hrs.
21°hrs. 1 hr. 5 hrs. 2% hrs.” 1 h® 5 nrs. 222 hrs. 30 56 50
500 100 - 10 . F F g F 4 F Fa E w A D D31
.56 5. 500 100 10 - F - F F FF F D -
E " E 32 56 . 2&%0 50. B0 10 B ~ F 100 F E E.
F-- A A A 3 56 - 5 50 : 100 F - F
E° F - F '§9A A%a° 56 0 50 1%%oo 10 10 B
BIC BIC . C c 0. C  sA A 5 Ad5eg 35 - 56 5
| 500 210 10 B B/C . BIC c~C - C . A A A
.36 56 - 50 50310 10 ®C . C 3% C 10 C C C
LA CA ‘DMDAAGA-d%Zethyldlallsﬁmmomum5chlond50 0 10 € C . F E-
E - Bp A—lsoprdbyl alcdh A3 - 50 ., 500 -100 1 D D -
D 25 eAa ‘A A - A 39 56 5 500 100 1
Desalipation :
C é(arg:’e':?n wa pa;sedt u;h)aﬁnetal U tubeto maintairi\the tenﬁxerature at 006 Q115°C). 4R U tube56 i
- 50 5(vas itintbrsed i a cylifdirical cefl. Seawater, wittfa concentrétion factdr of 1.6 time@normal sedwater, (BH - -
A 8.2) was passed through the cell at a rate of 600 mi/hr. After 24 hours, the scale deposited on the U tube was: .

removed, weighed and analyzed The effectiveness is reported as % mhlbmon def‘ ned by the equation:

30
. blank scale rate-mhrbrtron scale rate .
% inhibition — x100
' ' blank scale rate '
’_35 The scaling rates were' determined by the equatio_h:
| - weight of scale on tube (mg) -~
scale rate
. <0 test volume throughput .
' The % mhrbltlon of various scale inhibitor mixtures is indicated in Table IV 1
- SRR - TABLEW g P
L : ' ' -/ Percent . s
: 45 Example Polymer - Active ~inhibition -
a2 " B4 5 85
™ 33 55 5 95 g
<o .. 56 5 - .76
s 7 5 ) -
N - % 55 2 79
7 . 55 - 7B R )
o 38 58 s a 62
60 : . . |
-39 - 13 - B ' .0 :
: : : (90% Increase)
L 0 .19 5 0o . .
65 -. _ - : (70% Increase)




"Polymeg 11 was agded in the amount indicated inyTable Y to samples/pfognthetic Aipiler w
50 Eont i ng varying a ounls f POs OH, ﬁ%' Mg** a x chela t (sodium nAnlotnacetl acid). ach
Xa

T e wa ested der three conditions; without, an olymer, wit| Il d h 1 .
A A Clseqdrp fob Wbk Rbdtati 16 SO0 She il mﬁsﬁ’tﬁiﬂeﬂt‘m bt toste, BB
. parti cumas @sinadied bedeeanotdme dacH dample@ds olisefvad dfieC Liodt, ai‘:raﬁ:@ spamrzat.ed hes.t he

bot t om {! b° ohiservatioppare Hesgribedurl Tablet Thertesdislubedto padic theiéfiettiveneas)of theuBhibitoesin On
t he bot g P "”H‘f?e@f - Hadesthe obsaryptionfapkinasdhis 1A mostpreferrediresult ahersasFjethe feast at ed.'

rre

on ‘the % the size of a large cotton ball 65 Thi s Isthe
r epl acenent sheet EP 0 082 657 B2 Exanpl es 46-57 (Gas Scrubbers)
Dat e: 16/ 05/ 94 Zeta potential is-a neasure of particle surface charge at

t he partlcle/mater shear surface. An effective inhibitor will increase the
chargg, t hus i ncreasing t he repuslive forces between particles. This wi |
i ncrease the 5 dispersibility of the particles and. decrease t he
- coagul ati on, precipitation and subsequent scaling. The Zeta potentials of
magnetite (iron oxide) particles and of cal ci um carbonat e and nagnetlte n
a 70/ 30 wei ght blend were determned for 1 000 ppm suspensions in dei oni zed
water at varying pHs. 0.5 ppm and 5 ppm of various polyners wer.e added to
t he suspensions and the zeta potential was-remeasured. The change in the
\ijta potentlal after inhibitor addition, or zeta potential increase, .is.
’ noted |n TABLE VI . . Waen t he zeta ' e s O

30

. 38

56. 5 50 100 _1 A e A A A
. Ad2: 56 1 A B . B |

A - A A A 43 &%366§9 5 500 10 1 A

Axamplﬁ 4156 (Poiler waterh = A A 44 56 ‘50 50 10 _

55

- 65
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il o : 5
’;glO potential increased, nore stable suspensions were created. M xed .
‘ deposits of magnetqte and cal cium carbonate are particularly typical  of
1 deposits found in many gas scrubbing 98% ey Table VI 15 :
i Zeta ‘pot ent i-al Increase (mV) Concentration
i 70/'3‘6 Exanpl-e: Rol yner — (PP pH :
' I\/agnetlte Gar bgnat e/ I\/agnetite 20 46 : 17.
5.0 =) : 8. w <« <0<’2< « € <« <24 544 <« « <« 17
{i5.0 ]g ~ 3.5 15.0 48. 17
0.5 : _ —t—4 SA—5—49 17
13 ??: 50 . ~10 8. B : 41.4 52
13 5 QD 8. _ 3A 27.2 53
13 Flpt e < < <ot € < < <78 < < < < <[38.1 54
‘6 h. 0 8 9.1 36.9 55
26 bsd 10 - 13.4 . 139.0 30 -
%_56 - :Gu- v o w0 00dbw <« « « B < < < « 5.9 o
gl 39. 1 57 eIk 6 0.5 - 10 - 6.6
i1/32.5 35 Exgirrrﬁ 2 3—~{58-—66—(SiH-Hea—t+rhi-bi-ton) 2-0.0 se—of—1.-4 M sodi um
il chloride, 8§ &8¢ 0 £0.1 M sgdiumsilicate sol-gtt.i on, ‘and a predeterrri ned :
g anount of ijndi| @ tar], i any,” wer & m%eld ahd <di Futtd V\n‘fh“dl’étllled_'wat.er to
h gi ve 100 |8 1 ignp—h _ - _ _ ‘hel d at about -
i [err] throygho®| t.He experiment and the pH vvasad,j usted to 8.[0 by the
addi tion 4q o¢of hfdrockl oti & aei & Phewsid i ga woRONEr <oRcewt|ration was
determ ned |af {er] 5./0 m nutes by the nol ybdate nethod [ Al exanger, G B; JACS -
75, 5055 (1958) ]| and at subsequent tine intervals. The data Vere. anal ysed
by €le w o w § 8 0 uwow €« 0 aa < « z L
. &~ : . . %-n::
5 : ng_g_
-S> Z| . 5Ec
w E1E|o Q Q. . . : ' £0°2
2 E|S|% »+ v v 3 F OV O VUL O @ <L 8¢9
' Z — £E8 9
f L B I TR R B g;; -
< ' e 888 :
. ; . 3 Baw
sle2222eee--r -~ F 252
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N Slg ggge222888sge e 22| £358F
= | R | Bgs2g
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| use of a-second order ki neti-c plot and the polynerization rate was
determned. TABLE VI re _ .
polymeri zati-on process. A reduct®@d82®%his pol ynerization rate is

i ndi_CaklaMPleds7-dfe @XPS&iKErsf €duction in the rate of silica deposition

records the effects of

i nhi bitor

on the silica

heat™ 't r arzefagbtetinllis\aahaaturé 6fpariaR sirfdae tHarje@bthk ParBsla/@stbrSshéd sur&&f&tﬁﬂ@ﬂ‘ectiu-@bég R

VI | Doiohibitor will increase fhe

e dispersibility of fthy
: Pol ,ygre ‘ih ‘The zeta po’tentig:g%
- ~ 70/30 weight blend were.

0. 6 60and 5 ppm of various polys _ )
61 ( Cochangsliomhs zefdbotentid hfter 1w bRaTadditoNR6r26te fotériialincteates; is abtedlinThblévICWhdniikE | cal
bat t érg;?mrenw irareased.cmore ptable sispepisibig wessscreated-Mixied deposits ohmagnetiteped atciurme

i mmelf sPHIRNEIR e pagicylerly Bt of dergsits {pyad insmant gpsSETibRieg swsieRssol ution
tenperature and agitate the controlhg@ Wath. The unit contained a 1000 watt

ful'l y adjustabl e stainless. steel

rs were added to the susp

icles and decrease the lagj
{iron oxide) pamg; :ﬁg

for 1,000 ppm suspensio!

'pm*g%hg/ingedsmgtﬁemepum éoréed between paltixiasifThie will increase
_@(@ipilatiog @nd subsequent scalingjgne
calcium’carbonate a

n deionized water at varyi Hs,0.5 pp e
o resbbadiiod Brgxanpl e

ions and the zeta potential was rervea

gnetite in a .

heater which pernittzd doriisr at ure control

"to err], and a 10 litre per minute punp wth abui lidcrdase pa@ssure nozzl e
—A-measur ed

16/ 05/ 94

agi ‘&t or that ensured high tenperature uniformty _
contact thernoregul ator was uSeeHE the 65  tenperature sengi’ ‘;tg) enent. 6.
This is empieP! acegimbr sheet BE{H082 657  Magnetite tite
The: ;_pH of the solution-vas-controlled with a Kr uger. and Eckel § Mhdel
cont®ol | er57 Thi s uni 17 was 5.0 8 -0.2 - 215
N 58 17 5.0, 10 s . 180 -
\. ;o . . . ... . _' e . ;___.:‘ "
. 59 17 05 8 . “ 14 245
60 17 0.5 10 -1.6 ns -
61 19 5.0 8- 119 21.4
o g2 19 5.0 10 1.4 274
63 19 05 8 21 272
64 19 05 10 1.6 ' 268
35 o ' _ . .
65 13 50 8 10.2 319
66 13 5.0 10 86 ‘414
o 67 13 .05 8 34 272
{ 68 13 - 0.5 10 74 38.1
. 69 6 50 8 S0 36.9
\—"as : . o ST .
: ' 70 6 5.0 10 134 39.0
7 8 05 8 59 0.1
0 72 6 08 66

Examples 73 to 75 {silica inhibition
20.0 cc of 1.0 M sodium chloride, 8 cc of 0.1 M sodium silic

10

325

ate solution, and a predetermined amount of

- inhibitor, if any, were mixed and diluted with distilled water to give 100 mis final volume. The temperature
55 of the mixture was held at-about 40°C. throughout the experiment and the pH was adjusted to 8.0 by the
- addition of hydrochloric acid. The silica monomer concentration was determined after 5.0 minutes by the

- molybdate method [Alexander, G.B.; J.A.C.S. 75, 5055 (1953)] and at subsequent time intervals. The data

- . were analysed by use of a second order kinetic plot and the polymerization rate was determined. Table VIl
records the effects of inhibitor on the silica polymerization process. A reduction in this polymerization rate

60 is indicative of an expected reduction in the
surfaces in aqueous systems. -

een Rej laced

i

rate of silica deposition onto heat transfer and water transport

440 pH




capabl.e .of turning power on and off to a Dias ninipunp whenever the pH of
the corrosive tiquid environnment fell bel-ow the set point: The peristaltjc

Dias punp, with a punping capacitygpqg2@sw per hour, naintained the
sq ytion pHwth the addition of sulfuric acid. Standard gl ass and

sattirat ed cal onel el ectrodes were usHPLENMNS  the sensing el ements. TheZhath

was continuously aerated at the rate of @g &€ pers,én%%ﬂg%pugh a.nmedi um

porosity plastic g&Rarfipi®Per Simiynletibe tormaure alrgtesnt-ru,;,ﬁ,meem Two SAE 1010
st eel i:oupons ‘each-havH-Rg—a—surace—area—eft—4—2-square—+hehes  (24.1

[err]), were suspend@® by a gIN®se& hook. TFhe solution VBl une to test ni et al

surface area ratio f% t he test was - apprﬁél mat el y 100006 1. The corrposrtlon
of the synthetic watér used in ?he test Was as follows: i-ndicating content
per |i®re of 10 d| sbslled vvath | on: 50 Ca++ oiyg++ [err]
c-. - [err] ' '

: " 328
15 rﬁ;ameleaﬁ (Mpﬂmiss as er yas 318 mand the

te”perat ,f,s E.T%’ur ersl c. \}S%E%ﬁ; onta at re n ay
i cyclenst] Wintdiher srpﬁ.wsu ks GIRBIHS ?

i indicat mmﬂedtérB thre csaltwefo eomrcy aﬁrﬁ@ﬂﬂdercﬁ’erh udwwthtahﬁmt.esressaﬁu rl&zu@n :
4 was di scabeatgetzlatam;lm lﬁghesthpemhretunmmﬁram the bqslarAedeasu\red cdmmmdmfegalatbdwday :

cycl e, t‘ﬁ@’ #0 Qg?%‘ rre sP'Eﬁ‘ﬂS eﬁ” se ﬁ tdEIe te rmglrtrgéﬁed
the 14 mmﬁalﬁ,u Lpa?@snre aQ: ul % °’ ol TR, The
ot est I' € Shdidtaingty e summf pH Ws’ih ithe ddiitiok oV|sl.|H‘unc Gt aa ald gl ssrdau dbﬁs;atea alomel

015 age . electrodes were uwas@m sgmslrlaaaqu tspW bath was continu uNT ramh theerate of 60 cc per |

minute thro edlum Iastlc dfs tube to e pir _saturatlon
(nrngFYr) 25 co&g msgach ha@lzg‘ ggu ac area of 4. square Tﬁres {24,1 cm?), O.O
: : susp‘g y a glass TT §o(sut|&\ vo! test metal surface area |o for the test was
0.56  appro ly 1000:1.
The compasition of the synthetrc water used in the test was as follows; mdrcatmg cantent per lrter of
dlstllled ‘water: .
on: . Ca** Mg** Weo; . CF | sof.-. -
ppm: 88 24 - 40 70 328

36 The total hardness as CaCO; was 318 ppm and the pH was 7.5. The temperature was 50°C
The test was conducted on the basis of a 2-—3 day cycle: the system was treated with the corrosion
- inhibitor compositions -indicated in Table I. After every second or third day, the test solution was - -
-discharged and a fresh solution was prepared. Atthe end of a 14 day cycle, the coupons were removed and
P analyzed and the test was terminated. The corrosion rate of the coupons was measured by their weight loss.

during the 14 day cycle, and the result was calculated as mils per year (mpy) The test results are
o summanzed in Table VIIl .

. S TABLE il |
\~./. 45 . . - . e 4 . . ge
- : Corrosion rate (mpy) : Turbidity
: " Dosage : = . ANTU)
- Polymer - {ppm) . Steel , Copper - . Admirality = = - steel —
L= o 787 058 - 079 145
- %0 ' S : - : - ST
9 _ 10 _ 60.0 . 056 - - - 039 : 41
55 T(:Ianms - |
_ 1A method of mhlbltmg the precipitation and deposrtron of inorganic salts in an aqueous system
comprising adding to the aqueous system at least 0.1 ppm of a carboxylic functronal polyampholyte ora -
~ salt of such a polyampholyte, prepared from:
50 (r) 5 to 90 percent, by weight, of at Ieast one carboxvllc functional monomer of the formula

- 65
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| A pol yanphol yt e polyrrer having an intrinsic viscosity of 0.05to 4.5 in
1:0 M Nad and prepared from35  (a) 32.5 to 90 wei ght of acrylic acid

and/or methacrylic acid; (b) 1.5 to 65 weight of acrylamde; and (c) 0.5 tQg~—

20 wei.ght of di-net hyl di al | yl anmmoni um Dm&'ﬁﬁ7and/ or diethyldiallyl am
nbni um chloride. 2. A nethod of inhibitig sileNg Precipitation and depositi

of inorganic salts in an aqueous system corrprl sing adding to the aqueous
systemat least 0.1 ppm of a carboxylic funpbsagaal posipamphekidatorpol yner as
49 claimgd in C ai m 1Exdretient andolvoene 45 HeprRbl yanptatd MPahigyre™) it ei ner

Iatrinsic-Viskositit \rcm—g‘os DS, 5 Tn .0 MNac, nhergegceltrtaus (a)
32 5 bis 90 Gew. -% Acry? gure unc”°88er Met hacryl si ure; (b?sl 5 bis 65
Gew % Acrylami d; und (cy40,5- bis g0 Gew. - Oidp 0.6

[51 met hyl d| aI fyl ammoni unthl ori d und/ oder Diethyl diallylamoni unchl orid. 50

2. Ver f ahf%n zur | nhi bi efung der Ad8fillung Ad Abl ager ung®@dn
anor gani schgn Sz}e &}rn ei,nem wassri gen System wel ches di e Zugabe von

weni gst ens e R ARl RP b LTREED BirlenyGaF BRRCY biddBk! dr 8T, AMhdaik
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. Faux d amgmmr x wgh the addition of sulfuric acid. Standard glass and saturated calomel
elect ere used as the sensing elements. The bath was continuously aerated at the rate of 60 cc per

minute through a medium porosity plastic gas dispersion tube to ensure air saturation.

Two SAE 1010 steel coupons, each having a surface area of 4.2 square inches (24,1 cm?), were
suspended by a glass hook. The solution volume to test metal surface area ratio for the test was
approximately 1000:1.

The composition of the synthetic water used in the test was as follows; indicating content per liter of
distilled water: .

25

lon: Ca~" Mg“* HCO; ci- SO;
ppm: 88 24 40 70 328

35 The total hardness as CaCO, was 318 ppm and the pH was 7.5. The temperature was 50°C.
The test was conducted on the basis of a 2—3 day cycle: the system was treated with the corrosion

inhibitor compositions indicated in Table |. After every second or third day, the test solution was

discharged and a fresh solution was prepared. At the end of a 14 day cycle, the coupons were removed and

analyzed and the test was terminated. The corrosion rate of the coupons was measured by their weight loss
during the 14 day cycle, and the resuit was calculated as mils per year {(mpy). The test resuits are
summarized in Table VIil.
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~ | TABLE Vil
.95 Corrosion rate (mpy) Turbidity
Dosage ' - {NTW)

Polymer {ppm) Steel i Copper Admirality steel

o - — 0 78.7 0.58 0.79 145

9 10 60.0 0.56 0.39 a1

Claims
58
1. A method of inhibiting the precipitation and deposition of inorganic saits in an aquecus system
comprising adding to the aqueous system at least 0.1 ppm of a carboxylic functional polyampholyte or a
salt of such a polyampholyte, prepared from:

80 (i) 5 to 90 percent, by weight, of at least one carboxylic functional monomer of the formula:
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30 _ R? . R
where each RS, whlch may be the same as or dn'ferent from the other is hydrogen, phenyl or C, -3 alkyl, and
each RZ, which may be the same as or different from the other, is hydrogen or C,.; alkyl, and
{iii) a catuomc-contamlng monomer containing a quaternary ammomum, phosphomum or suifonium -
35 ion. -
3.A polyampholyte polymer hawng an intrinsic viscosity of 0.06t0 4.5 in 1 .0 M NaCl and prepared from
{a) 32.5 to 90 weight % of acrylic acid and/or methacrylic acid;

{b} 1.5 to 65 weight % of acrylamide; and : '
{c) 0.5 to 20 weight % of dimethyldiallyl ammonium chloride andlor diethyldiallyl ammomum chlonde

Patentanspruche

1. Em Verfahren zur lnhlblemng der Ausfillung und Ablagerung von anorganischen Salzen in einem
; ' wiéssrigen System, umfassend den Zusatz zu dem wéssngen System, von mindestens einem
\-e/ 45 .Polyar_npholyten mit Carboxylfunlmonen oder von einem Salz elnes deramgen Ampholyten, hergestellt'
" aus: '
i) 5 bis 90 Gew -% mlndestens emes Monomeren mit CarboxyI-Funktlon mlt der Formel:

: "R R

50 b

aE
. _ _ H _Fl!‘_i. _
- 55 o . L : ' C=0
(o) ¢

- worin jedes R, das gleich wie das oder verschieden von dem anderen sein kann, Wasserstoff, Phenyl,
60 -C,_s-alkyl oder —COOX ist, R! eine gerade oder verzweigte Kette mlt 0 bis 12 Kohlenstoffatomen lst. und X
Wasserstoff oder ein Alkali- oder Erdalkalimetall ist; o
" {ii) 0,5 bis 20 Gew.-% mindestens eines eine kationische Gruppe enthaltendem Monomeren. und
(iii) gegebenenfalls mindestens einem nicht-ionischen Monomeren.
. 2. Ein Verfahren wie in Anspruch 1 beansprucht, bel dem Jder Polyampholyt mit Carboxylfunkhonen ein .
65 Terpolymeres |st, hergestellt aus: : .

et Has Been Replaced 16 .
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Table V| I Turbidity 25 | - Dosage - Corrag{on
Rate (npy) .+« (NTU) Pol yrer (ppm St eel Co
Adr%J;aI ity . Steel - 0 0820657 78.7 0.58
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0.05 t 0 4. 5ii) middeStedd Silsdsh nmdoqm‘cmam&darﬁeféhm&5ormel(a) 32.5 to 90 wei ght of
acryli:g acid:and/ or nmethacrylic acid; (b) ,1.-5 to 65 wei ght of acryl am de;
and (c) 0.5 to 20 weight of di met hyI di 1I“yl. anmmoni um chl-ori de and/ or

di ethyl diallyl am noni um chl oride. 2. ¥et'hod of ‘i nhibiting the
precipitation-and deposition of i norgar|| q salts .in an aqueous system
conpriging adding to the aqueous system a@t=d east 0.1 ppm of a carboxylic

functional ‘pol yanphol yte pol ymer as 40 dI aimed in Caim1l. Patentanspr. uche_

45 1. PoI-yarrphoI ytpolymer mt einer Int Nisi c- Vi skositat von 0.05 bis 4,5
.in 1,0 MNaCl, hergestelit aus (a) 32, ,!‘i '\5R=90 Gew. -/ 0 ‘Acryl saure und/ oder
I\/Ethacrsyl sgure; {b) 1,5 bis. 65 Gew. - Qo Acrytam d; und (c) 0,5- bis 20
CGew.-q'0 \@mmﬂd 'ddaableyh wivrtias odenvenichieden vamdenpareleren sein kann, Wasserstoff, Phenyl oder

| Di et hy| ditst mme R, é?qgéﬁlchme das oder vegseifiesian ¥an denyantiererl dginckeom Yagesrstoff -
é;g{ Ielml u\rz%lf qy e éx nrt]I%ItXndgrrl] Vc\)g% erer{ Sd(a:sh 38 qgs_aqerngre]s r[t]1m§ll1ur}r%-m P‘%spﬁonnﬂn oder :

Pol yanffhol ys.pem ya@amomaouyﬁareb omyb.wnkinhgm @idkositdt &oh 1D oértﬁdou 560116 m NaCl und

beanspr ud’ht estellt sdem wassri gen System unfagt.. 55 ' :
(a) 32,5 bis 90 Gew.-% Acrylsdure und/oder Met acrylsﬁure,

‘\,\j : (b) 1,5 bis 656 Gew.-% Acrylamid; und: ' '

: _ 25 (c) 0,5 bis 20 Gew.-% Dlmethyl-dlalIyl-ammomumchlond und/oder Dlethyl-dlallyl-ammomumchlond

Revendications _ _ .
1. Procédé d'lhhlbltndn de Ia pféCI pitation et de la déposition de sels mlnéraux dans un systéme aqueux’

comprenant I'addition au systéme aqueux d’au moins 0,1 ppm d'un polyampholyte a fonction carboxyllque
ou d'un sel de ce polyampholyte, préparé a partir de: ;

- 30 (i} 5 a@ 90 pour cent, en poids, d’au moins un monomére a fonction carboxylique de formule:
. P .
_ _ [ L
i’ o . ' ‘I:_(I: R S
- l
_ C=0
. |
40 ox
dans Iaduellé chacun des R, qui peuvent étre identiques ou différents I'un de I’ autre, est I'hydrogéne, le
phényle, un alkyle en C,_; ou —COOX, R' est une chaine droite ou ramifiée de 0 3 12 atomes de carbone et
\,\/' P X est I'hydrogéne ou un métal alcalin ou aicalino-terreux; =
- . {ii) 0,5 & 20 pour cent en poids d’au moins un monomére contenant uh groupe catlomque, et
{iii) éventuellement, au moins un monomére non ionique. '
_ " 2. Procédé selon la revendication 1, dans lequel Ie polyampholyte a fonctlon carboxylique est un.
terpolymeére préparé 3 partir de:
50 (i) un monomére a fonction carboxyllque répondant é la formule de Ia revendlcatlon 1, saufque R n'est
pas —COOX;
© (i} au moins un monomére non |omque de formule
' ' R® R®
' | I
58 C=C
Lol
H C=0
! .
- N
% /N
R2 R?
dans laquelle chacun des RS, qui peuvent tre |dent|ques ou dlfférents 'un de I'autre, est I'hydrogéne. le -
- phényle ou un alkyle en C,_, et chacun des R?, qui peuvent étre identiques ou dnfférents Iun de ("autre, est

6_5 I'hydrogene ou un alkyle en C;_,, et
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Revendi cat-ions 1. Polynrre pol yanphol yte ayant une vi scosite intri nseque d
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