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' o ) The once-through system, as the name implies, is one in which the water is '
A passed through the heat exchange equipment and the cooling water is then
i discharged to waste. Usually, a once-through system is employed only where water
. at suitably low temperature is readily available in large volume and at low cost. The
"1 20 - usual source of once-through cooling water is from wells, rivers and lakes where- 20
R the cost involved is that of pumping only. In a once-through system, no evaporation
o takes place and consequently the water does not concentrate. Circulating water.
characteristics are the same as the makeup water.
i The use of a recirculating system, in which, for example, a cooling tower, spray
2% pond or evaporative condenser serve to dissipitate heat, permits great economy in 25
: makeup water requirements. With dwindling supplies of fresh cold water available
- for cooling requirements of indujstry, increased use must be made of recirculating
systems in which the cooling water is used over and over again. '
After passage of the circulating water through the heat exchange equipment, - .. . -———
the water is cooled in passing over the cooling tower. This cooling effect is 30
produced by evaporation of a portion of the circulating water in passing over the
tower. By virtue of the evaporation which takes place in cooling, the dissolved.
solids and suspended solids in the water become concentrated. '
The circulating water becomes more concentrated than the makeup waterdue’
35 to this evaporation loss. “Cycles of concentration™ is the term employed to 35
indicate the degree of concentration of the circulating water as compared with the
makeup. For example, 2.0 cycles of concentration indicates the circulating water is
. twice the concentration of the makeup water. .
Deposits in lines or heat exchange equipment may originate from several causes. :
40 For example, the precipitation of calcium carbonate and calcium phosphate wiil 40
form scale, but products of corrosion also result in a deposit of iron oxide. In -
speaking of deposits which form in cooling walter systcms, it is importaat to bear in
mind the mechanism causing the deposit, otherwise confusion may result. In
general, the term “scale™ applies to deposits which result from crystallization or
45 precipitation of salts from solution. Wasting away of metal is the result of 45
carrosion, While a deposit results in both cases, the mechanisin of formation is
different and different corrective methods are required to prevent the deposit.
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steam generating system. . : 35

The problems which result from their introduction into the steam generating
system are apparent. Since the deposit forming materials are present, they have a
tendency to accumulate upon concentration of the water and to settle at points in

. the system where there is low flow and therefore to restrict water circulation. The
40 baking of mud and/or sludge on tubes and sheets will result in overheating and 40
failure, thereby requiring down time for repair or replacement of the structural
parts. In addition, mud, sludge and silts may become incorporated in scale deposits
adding to their volume and heat insulating effect. : : '
o Accordingly, internal treatments have been necessary {o maintain the mud and :
45  siltsin a suspended state. These internal treatments have been generally referred to - 45
in the industry as sludge conditioning agents. . _

In addition to the problems caused by mud, sludge or silts, the industry has
also had to contend with boiler scale, Although external treatment is utilized
specifically in an attempt to remove calcium and magnesium from the feed water, _

50 scale formation due to residual hardness, i.e., ¢alcium and magnesium salts, is 50

o

always cxperienced. Accordingly, internal treatment, i.e., treatment of the water

fed to the system, is necessary to prevent, reduce and/or retard formation of the

scale-imparting compounds and their deposition. The carbonates of magnesium

and calcium are not the only problem conipounds as regards scale, but also waters

55 ~ having high contents of phosphate, sulfate and silicate ions either ocecurring .85

~ naturally or added for other purposes are problematic since calcium and

magnesium, and any iron or copper present, react with each and deposit as boiler

scale. As is obvious, the deposition of scale on the structural parts of a steam

_ generating. system causes poorer circulation and lower heat transfer capacity,

60 resulting accordingly in an overall loss in efficiency. ' 60
Although the foregoing description is directed for the most part to cooling
waler systeis and boiler water systems, or more specifically steam generating
systems, the same problems occur in scrubber systems and the like. Any aqueous
‘system having calcium and magnesium cations and the exemplified anions, in
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utilized !
f_:‘:ﬁtcirs, S wherein R is hydrogen or an alkyl radical having ! to 3 carbon atoms,
- water 30 R! is —OH, —OM or —NH,, M being a water soluble cation, ’ 30
of the R is an alky! radical having 2 to 6 carbon atoms, :
nesium - R’ is hydrogen or methyl
waters x:y is from 34:1 to 1:4.
urring . 85 _ The water-soluble cation M may be, for example NH, or alkah metal (such as
: and 3 K or Na). 35
boiler - According to one embodiment the method of the present invention is
steam : employed for controlling the formation and/or deposition of scale and the
wacity, P deposition of suspended matter on the structural parts of a system containing an
L 60 . aqueous medium containing scale forming ions and suspended matter.
2dling . 40 According 1o another embodiment the method of the present invention is 40
rating employed for controlling the formation and deposition of scale imparting
LEOUS impurities on the structural parts of a system containing an 1 agueous medium having

3§, In : scale imparting ions contained therein.
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©l m@stheth?rfégi;ﬁﬁed moronier, acrylic acid is

reacted with propylene oxide to provide the hydroxy propyl acrylate monomer.

from 2 to 6 carbon atoms such as cthylene oxide or propylene oxide. The reaction
- takes place at the COOH or COOM group of the moieties to provide the

hydroxylated alkyl acrylate moiety.
" The polymer prepared either by copolymerization or by reaction of a

polyacrylic acid or acrylate with the propylene oxide would be composed of units
or moieties having the structural formulas .
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C=0 C=0
L Jp Loy
v I
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‘ b,

whcrq M is as earlier defined and where the mole ratio of xiy is preferably 11:1 10
1:2. The polymer preferably has a molecular weight of from 1,000 to 500,000
In order to determinée whether 2 material has applicability as a calcium
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- 7 _ . 1,524,608
g;operatlon or ‘thc boilers, pressure and heat probe anperage were

sured. After. test conpletion, the heat transfer probes were renov
5 obsqbvatlons WCr e recorded as t;csmlg}gosm col or, quantlty, a

‘ly nonitored and the bl owdovvn vol unmes and steam generati-on rates{ 7§

.Chen cal-—5—afatyses-were—enptoyed—to deternr e tutaldeposTt

3 The deposit was difeeswraed i n hydrochl oric AtPO@siand hydr of | uori-.c
't he sol ution was apply@ed for cal cium rragng&jdbmm@p@ﬁphate and
4since the test programwas designed to evaluaté this t'ype deposit.
Mei ght was cal cul at tahiRam t he solution |0 16lbsBonpositi on | n

Wﬂdndthese results haye orted |ntheT§I
fOl | o) CCPW:S -YOI’! oncentratlon % Pgllﬁ/wéwﬁﬁng Tabl es the

fzat ment ancentrathmcatma,dpﬁ,gtaﬁs t he anmount Qborahaeuﬁspe)gtlve
;s added to the boiler water system For.exanple b "A" of
i Copol ymer A was adgmes¥sedn anount of 10 pdrYE! Ai%l) 1()(}()()"’;‘}’er

arts of -water in thgyhold&leBlisy System OQGKﬁmnlb%ﬂ@r' boi | er
‘treatiment refers to dosages as "ppni'. [EER] The term "Boil er

irefers to the levélyclef alkalinity and silida in the boiler water.

i level s of alkalini ngor esidual silica (R will
Yid@il Po ?F%Eﬁ)@lé

A co effect ep03| Tor mati on on heat er surfaces and

r full EE
re care y [ 2 It was e Cl'lgltehl that ﬁgbdx Xx%pu Eé Ctﬁ)e g'reg)én ?nQIeJltnm

ter operationspr mﬂJ n ¥hic bk

rts of the boi | er_ wat sost m Such corrosion-would occur if the
~ "fqgf oy
Tustidn

" slteﬁlt u'g/ell;t?o ?owd-EEP J‘rﬁf éﬂcctlveness,
] referg to r@slb k G@rel ddnd d uihedfssn "8 watl! LtkionafoGnd iR de
0 renove sili C\aatérrswmmsh@clh)as twling €gcr yeites whoe teson@nagainng raltine

formation 25 levs F06l PhePhatAiass pEeatieh o PrRovids A erlcaire RRasalats seale et

i RS' O ref ers’ F?U%EBL |on were conducted utilizing solutiodddk §ctp/€l[;/ c@xéaln‘i%
rount remal Ni N@lcivin Edixea @Eph §hete IBd. €A fter AGIRING thd ©hioBs &
bbser vat i ons anspedifiedti equilibratien time, poidhad phevahate iop measusaTny enemade A
the mixture had been filtered. High residual phosphdte ion concentration indica d
good inhibition.
The specifics of the test procedure are as follows: B
25 . - Conditions of Test: Static; T=70°C; pH=8.5 unless otherwise stipulated; equili-
bration time — 17 hours; concentration of Ca** as CaCOy=250 ppm; concentrauon
of PO,?=6.0 ppm; treatment dosage=10 ppm.
Solutions: (1) prepare solution of 0.4482g. of Na,HPO, per liter DI water (2)
"~ prepare solution of 36.76g. CaCl,-2H,0 per liter DI water (3) to 1800 m] DI water,
30 add 20 ml solution (2), followed by 2 drops conc. HCL. Then add 40 ml solution (1)
and bring volume to 2000 ml with DI water,
Method: Place 100 mi aliquot of solution (3) in clean 4 oz. glass bottle. Add I ml of
0.1% treatment solution and adjust pH to 8.5 using NaOH. Piace bottle in water
: bath set to 70°C and allow to equilibrate 17 hours.
35 Analysis: Filtration — remove sample from water bath, filter through 0.2 2u millipore

filter. Allow filtrate to cool to room temperature and analyze for PQ,? using Leitz
Photometer.

Treatment was added to phosphate solution before mixing. The results of the
test are set forth in following Table 1V,
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1, 524. 608 _ [ EER}
[ EER] [ EER] 10 .- 1,524, 608
ressure t ' _ 1450 psig Heat Fl ux - '
0,000 BTU/ ft[eer]/hr Steam Rate : B 16l bs/ hr Feed
wat er Jrom concentration 3.2 ppn\ lron 5. Trea}pﬁnt_
: : 1 coordin - d
AA/ HPA (3;1)-10,000f mw. Polyner Concentration _ 20 ppn1in
boi I er Cycles 15 . Resijdual PJ eer]
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used in the pres‘érﬂ RISt on & NRX BHBRIeth S0 s8BRF BRIt on in. iron
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[EER] - propyl. 3. A method as claimed i'n claim2 in whi the e |
. 3. _ _ i n-which the pol yner
amcopolyne% of 20 acrylic acid or a water-sol uble salt: thergofyand
2:hydroxypriopyl acryl ate or 20 E . _ ' o hydroXyethyI
agyylate.-@. A method as clainmed in any of claims-1 to 3 in which the mpie
ratio oft4the aggylic noieties to the acrypPd®8omieties istromid—s ra

; = (Jan o2 o @ s mm nieagn tU 1. Z.
- 25 ol ecullar wei ght 3’?‘}{963‘,?}‘

4

ﬁa;ﬁ\[%&:ﬁgl to 4 in which the polynmer has a
( at .of an agucous medium to control the formation
25 6. A net ;hOd as Czjn%}’clmad;gsﬂioﬁﬁ)&?ch&tisﬂalv‘\)ﬁ]ﬁ[taﬁifmﬁepwm‘- ped/orihe depog \f'%gf | ar
wei ght of 1000 to 5QEpdadél maucrlombichwaicsal oREs ARg S % e ‘#;.Eg Pt 6
in whi ch the ol yremedismusda dige e A B b 0
:;T}é‘flrrgg Pﬁrf;lsa?];n \é\lag%éfcﬁ J‘%Eﬁ%ﬁ&%ﬁ%?poﬁé’_&ﬁzﬂﬂhcr%!uble polymer Sompiisigtmioisdicns
clafmed in . haVigNhe BedeR® f@duidner i s used in an amount of 30 from
. o] parts per mllion parts of water in the aqueous system 9. A
‘met hod as c!‘a! med in any of claims | to_8 in which the aqueous 's‘ystehﬁis-a
stegm generating system 10. A nethod ap cl ai"'med in any of clains | to 8 i
whiTh the aqueous systemis 35 a copl,ingiwatkr system | "
35 11. A nethod as clained in any of clai‘nms "to| 8 in which the aqueous
)%gﬁlmls.aéscrubber system 12. A nethpd ascebajmed in any of clains | to
ch is:enployed for controlling th i pn and/ or deposition of |
and the depositi.on of 40 susp ded®matter onWhe structural parts

2
ue
omst

as recirculating and
sphat
ms

wsystem! c i ni : - o 1l
.?@%:' yd elﬁn't ai %{1‘8 agesq%%go%sé eneraColfRfA).um contai ning scale formng 10
mo'-a.n. sugpended gipties VI SR hEa as claimed in any of clains | to Il
W 258 is endl oyed for controlling the formatign a1nd depostion of scale
.%Ilpalatl ng inpurities on the 16 - _ -

' 608 - ' :
€5 o i - . _ —teHp—C——L6 structural parts
:s:%’%gm containing an aqueous medi um hav né schl e Jnparting i onspc'oht a?];eg
agrﬂéﬁgoini aélg.s ,SAelmat.[log' ?s cl ai rer in clalm 13 ¢ which the scale inparting
2 3 - G ecte rom cal cium phesphat n Si - ‘
.§€%,g|gugn siljcate, -~ . ) | Agnesi-um. phosphat e,
ESFEES o - |
55 2 Eg B R-only (D
S3EE8, - R
Soe9 :é’.'S . wherein R is hydrogen or an alkyl radical having 1 to 3 carbon atoms,
"88=8% R, is —OH, —OM or —NH,, M being a water-soluble cation,
;g’g $58 ¢ R, is an alkyl radical having 2 to 6 carbon atoms, _ _
Sega %g 15 R, is hydrogen or methyl - ’ .15
ZES8 .0 ! x:y.is from 34:1 to 1:4. C
“Z@mEs, 2 A method as claimed in claim 1 in which R is methyl and R? is ethyl or
[ & < 2
ATt propyl. : .
5.,.23 g_:} ) 3. A method as claimed in claim 2 in which the olymer is a copolymer of
“eS233 ¢ 20 acrylic acid or a water-soluble salt thereof and 2-hydroxypropyl acrylate or 20 .
5% EQ¥ o _hydroxyethyl acrylate. : _
~gL8g0s " 4. A method as claimed in any of claims 1 to 3 in which the mole ratio of the
c 0l D4 acrylic moieties to the acrylate moieties is from 11:1 to 1:2.
S8 Ve .3 N . . . .
- 5. A method as claimed in any of claims 1 to 4 in which the polymer has a
22580 25 molecular weight of 500 to 1,000,000. _ o ' 25 .
EuEaR ~ 6. A method as claimed in claim 5 in which the polymer has a molecular weight
TAE G 8S of 1000 to 500,000, S -
IgEg8EE . 7. A method as claimed in any of claims 1 to 6 in which the polymer is used in
fowvunw -an amount of from 0.1 to S00 parts per million parts of water iri the aqueous system.” -
' 30 3. A method as claimed in claim 7 in which the polymer is used in an amount of 30
from 2.5 to 100 parts per million parts of water in the aqueous system.
9. A method as claimed in any of claims 1 to 8 in which the aqueous systemisa
steam generating system. -
10. A method as claimed in any of claims 1to 8 in which the aqueous system is
35 a cooling water system. ' ' ' 35
11. A method as claimed in any of claims 1to 8 in which the aqueous system is .
¥ a scrubber system,
: i2. A method as claimed in any of claims | to 11 which is employed for
controlling the formation and/or deposition of scale and the deposition of _
40 suspended matter on the structural parts of a system containing an aqueous 40
medium containing scale forming ions and suspended matter.
13. A method as claimed in any of claims I to 11 which is employed for
controlling "the formation and depostion of scale imparting impuritizs on the
/—————/
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siumsilicate and m xtures thereof. 15. A nmethod as clained in any
5 | to 11 which is enployed for dispersing and maintai ni.ng '

d particulate matter in an aqueous system .16. A method as claine
15 in which the particulate matter is selected from cealcium

€, magnesi urn. phosphate, calcium silicate, magnesi um 10 :

‘clay, irmn oxide and m xtures ther epf24,608

met hod o7 TNG LAGal P8 of piys@m camumgan mdbmammmmggcmn@hmm |
ally as herei ridaﬁfcemempcarﬁcre@u ar descri bed. W P THOVPSO\I & CO. ,
Bui | di ng, 12 Churdh Psmpféed as limed qulm 1y ingyiggh t ;rsal' itates
4- [ nted f Herar tu .Iaégesw Oépl*coc calcium_silicate,

SIUI

-..;n Spa, 1978. Jﬁﬂ Qiéetm é’J ﬁxniny ff difis 135 15GiHidhaieRmployed for

London, WC2Ai sbAYng imd)mmi\nhlrm’rg dippiset parasuldie molierdn nedquoous system.

- , 16. A. method as claimed in claim 15 in which the particulate matter is selected

S from calcium phosphate, magnesium phosphate, calcium silicate, magnesium’
10 silicate, clay, iron oxide and mixtures thereof. - 10

17. A method for the treatment of an aqueous medium according to claim 1

substantially as hereinbefore particularly described.

W. P. THOMPSON & CO.,
Coopers Building,
- 12 Church Street,
Liverpool L1 3AB.
Chartered Patent Agents.
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