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MONITORING BORIC ACID IN FLUID SYSTEMS

Technical Field of the [nventi
The present invention is in the technical field of monitoring boric acid compositions,
such as silica scale inhibitor compositions containing boric acid, monitoring water treatment

processes using boric acid, and boric acid water treatment processes.

Boric acid is used commercially as a water treatment agent, particularly as an agent that

- inhibits the formation of amorphous silica scale in industrial water systems. The use of an

admixture of a w?tu-soluble polypolar organio compound containing hydroxyl, primary amino,
| or secondary amino functional groups, and having imolewlu vmghtmt exceeding 500,
together with boric acld or another boron compound that forms arthoborate ion when dissolved
in or hydrolyzed by water, as an inhibitor of amorphous silica scale formanon on surfaces in
contact with industrial waters, is taught in U.S. Patent No. 4,532.04}‘%, issued on July 30, 1985,
inventor Leonard Dubin, inoorpormd_ﬁueinto by reference. Alaod:sclosed in this patent is that
boric acid and its water-soluble salts and/or any boron oomponnd that forms orthoborate ion by
dissolving in industrial waters or by hydrolysis under industrial water environments may by
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themselves protect against and inhibit the formation of amorphous silica scale on surfaces in-

contact with these industrial waters. The use of boric acid and/or such other boron compounds

by thezelves as amorphousslica scale iniitor agents i also isclosed, and s descrbed in
more detail, in U.S. Patent No. 4,584,104, issued April 22, 1986, inventor Leonaﬂl Dubin,
incorporated hereinto by referene_:e. o

Boric acid also has other commercial and/or industrial applications, Botic scidis ~
commonly added to commercial plating solutions as a buffer, Boric acid; which has
bacteriostatic and fumgicidal properties, is used in-washing citric fruits to inhibit mold, as an
additive to mildew-resistant latex paints, and as a mild antiseptic additive in consumer products
such as mouthwashes, hair tinses, and the like. Boron compounds are good sbsorbers of thermal
newtrons, and thus are found in many nuclear industry applications: For instance, high purity

borle acid is added to the cooling water used in high-pressure water reactors. Boric acid is also
used 23 a fire retardant, _

In'the aforementioned corsmercial and/or industrial uses of-boric acid, which generally
are also applicable to its water-soluble salts and/or any boron compound that forms orﬂxobofaw |
ion by dissolving in wam-orbyhydrolysisunda'waw.mvironmenu. the boron compound is or
may be employed as a solute in an aquecus system. When boric acid and/or its water-soluble
salts and/or any boron compound that forms orthoborate jon by dissolving in water or by
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hydrolysis\mdermenvironments.iuomloyednasolminmaqueou'uystein.itoﬁenis
desirable to monitor the boric acid and/or its water-soluble salts and/or any boron compound that
forms orthoborate ion by dissolving in water or by hydrolysis under water environments
(M to at times hmmaﬁer as "boron compound(s)"), in sucheystem. By the terminology of
"monitor” .pndlor_ "momwﬁng" is meant herein, unlessl expressly stated otherwise, the tracing or
tracking to determine the Incation and/or rout of such boron compound(s) in the aquedts
syatarn or loss of such boron compound(s) from the aquoous systemn, and/or the determination of
the concentration or amount of the boron componnd(s) at any given siteor within any given
area, mcludmg singular, intermittent semi-continuous or continuous monitoring. The test
mﬂhods most conmnonly used presently to determine the presenoce and/or concentration of boric
acid in aqueous systems are difficult to perform or not very accurate, Oue such method, known
inthe.technicll field as the carmine red method, fshamdomwparfmmbmitmq\ﬁrﬂ the
use of concentrated acid. Methods which measure color development with a comparatar are less
acourate thau desired, for instance not distinguishing between a boric acid concentration of 70
ppm and 100 ppm. .Anoﬂ:egru method, known in the technica! field as the mannital itration
method, can suffer from interferences. .

It is an object of the present invention to provide a method or process for monitoring a
boron compound composition, in 8 fluid system, particularly an aqueous system, and more
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particularly when such composition is fed to the fluid system as 8 silica scale deposit inhibitor.
It is an object of the present invention to provide an impraved process for the treatment of an
industrial water systam (aqueous industrial system) in which a boron compound(s) is an active
treatment agent, the improvement characterized by feeding to such water system aqomposiﬁon,
partioularly a solution such a3 sn aquegys-bssed soltion, containing 4 boron compound(s) and
hmngenhaneeddetemblhty ility. Itis an object of the present inveation to provide an improved
process for the treatment of an industrial water system in wln'cli a boron eomppmd(s) isan
aeﬁwkuﬁnmtagmmmvmmtchmmd_ ized by feeding to such water system an
aqueous-based horon compound(s) composition having such enhanced detectability that the
monitoring of the boron compound(s) requires no hazardous materials, and is very-sensitive.and
accurate. These and other objects of the preseat invention are described in more detsil below.
- Disal ¢ the Inventi

'Th_e present invention provides a method or process for monitoring boric acid and its
water-soluble salts, and/or any boron compound that forms orthoborate ion by dissolving in
| waurorbyhydrolysisundqrmenvimm. in a fluid system coraprising feeding to such
fluid system a substantially homogeneous admixture of such a boron compound(s) and at least
one signauire chemical, and thereafter subjecting at least a sample of such fluid system to

i
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analysis to detect the presenoemdlortheconoenuwu ofsuch slgnatuw chemical, and at times ._
the concentration change and/or conomlnhon gndlent of ﬂte signatnre eompolmd in such fluid

" gystem. Inaprefermd-bodxmcntmchﬂmdsymumlqums-buedﬂmdsystem In
another praferred embodlmmt the ngnuure chmul isa ﬂuorcsoent compound and the analysis -
is a fluorescence :malym ora combmau of hxgh preuure hqmd chromawgraphy and
fluorescence amlym Inanotha-prefmedembodmfegtthemg?mdlmﬂul is a transition
metal and the lnalysls isa mnuon metal-mpmve annlyns. or a combimtlon of high -

pressure lxqmd chromatomphy and a tnumu meul-responsive amlysu. In these

embodiments lndmothetpref‘emdembodmta desm'bedmdetailbelw, ﬂleboron )
eompound(s) is prefembly fed to the ﬂmd system asen aquem_n boron compmmd(s) solution
(liquid boron compound(s) composition) or ase oonoentmed liqmd boron compound(s)
composition that includes a water-soluble polypolar organic oompound eontumng hydroxyl,
primary amino, or seeondary arnino functional groups, and Imvmg 1 molecular weight not
exoeeding500,prefulblya(poly)aﬂ|mlmne. mmmmvmuommpmude.m )
aqueous-based boron eompmmd(s) oomposmon whwh ﬂn‘ther includes a ugnlture chemical,
pa:ucularlyaslgnxmreohemmnlthamaybedmmduto mpremcelndlorooncmmonby
fluorescence analysiz, a combination of high pressure liquid chromatography and flucrescence
analysis, transition metal-responsive malysis,. or a combination of high pressure liquid
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chromatography and a transition metal-responsive analysis. In preferred embodiment such an
aqueous-buedbm wﬁpomd(s) composition is one having enhanged boron corapound(s)-
solubility comprised of (poly)ethancl amine, boron cormpound(s), particularly boric acid, and
water. 'l'he present mventlon also provndes an improved process for the treatment of an
m&mﬂwatasym(aqummwsym)whm a boron compound(s) i lsmacuve
u'eaunenugmttlwnnpmvmtchuactmedbyfeedingto suehwﬂersyman

. aqueons-basad boron compomd(s) oomponhon moludmg a signature chemical and optionally a
wam'-cphxble polypolar orgal__nc oompound canmmng hydroxyl, primary amino, or secondary
amino finctional groups, and having a molecular weight not exooeding 500, preferably &
(poly)ethanal amme, ﬁd @Ioﬁn‘ the signature chiemical as a trager for the monitoring of the
boron compound(s). The pmmt invmtio_n also prov:du a process for mhibmng amorphous -
silica scalo formation on. surfaces in contact with the water of an aqueous system having a pH.of
at least 5 mdmuinhsﬁmlvdﬁﬁmm;bmeompmd(s)kmployeduﬁe _
functional silica scale depont mhibmr andxs addedw the aqueous system together with a
ngnamro dnemlul. and the bomn compound(s) is mon!nomg through the signature chemical.
The present mvmnmmdthmmdothuprefmedembodlmu thereof are described in more |

detail below.
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As used herein, the terminologics of "boron compound(s)”, I"boric acid or other boron
compound(s)”, and "boric acid or like boron compounds” means any cne or a plurality, in
combination, of the cottpounds of boric acid and its water-soluble salts, and/or any boron
compound that fornis orthoborate jon by dissolving in water or by hydrolysis under water
environments, Borio acid i the preferred compound among such group of compounds, being
most commonly employed commercially, and also generally being the most active compound,
partioularly for smorphous silica scale deposit inhibifioi,

The present invention in its broadest embodiments is not dopendent upon the
concentration of botie acid or other boron empMi) when fed to the finid system. Boric acid
(-IfI,BO,) is soluble in water only to a limited extent. Its water-solubility varies from about 2.66
pamby.weightboﬁcwidpu'hmdredpmw'weightwamaw'c ﬁnabont40.2pmsby
weight borio acid per bundred parts by weight water st 100 °C. At ambient oot temperatore
(from about 20 °C to about 26 °C) the solubility of boric acid in water is from about 4 to about 6
weight peroent. The present invention includes a process wherein boric acid or other boron
compound(s) is fed to & fluid systew as a dilute aqueous solution, for instance one containing up
to about 6 weight percent of the boron compound(s), as boric acid.
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in comparison to dﬂm 5219?9'“ 'Mfl"‘“i“m in ”1'49! d*? fm,-‘!mmw liguid
composition can bo supplied withonttho costs 20d encegy comsumption entailed in the shipping
andior handling and/or storage of  produot that i either highly difute or requires dissolution
before use. A conoentrated liquid composition can st times be fod directly o an industrial
aqueous system by means of a fluid metering pump or other convention fivid foed means,
without either on-site mixing equipment or some degme of shipping and/or handling and/or
storage of sohniqn if prepared oﬂ-meln addition, a concentrated liquid may bea particularly
advantageous form for delivery of boric acid or other boron compound(s) as an active
water-treatment agent to an aquecus system, The present invention includes a process wherein
boric acid or other boron compound(s) is fed to a fluid system as a concentrated Jiquid, for
instance s described in aforementioned U.S. Patent No. 4,532,047, concomitantly with a
signature chemical. o ' L
A simple high-ooneeutnﬁon boric acid solun% in water at ambient temperatures is of
course preciuded by the limited water-solubility of boric acid. Boric acid is known to be soluble
to a greater degree in some organic solvents, f;rinmeehavinguolﬁbilitymtheorderof
about 15 to 20 weight percent at ambient room temperature, The present invention includes

——
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procoss wherein the boric acid or other boron compownd(s) is”fed:_l_s.is;olutionin an organic
| golvent or as a solution in a mixed solvent system, such as asolventsymeompljiud of water
and one or more organic solvents, ooncoxmmﬂy witha slgmmm: ohemml. |

By feeding a signatare chemical congomitantly with the boric amdorétherboron

compound(s) is meant herein that the feed of the boric acid or other boron compound(s) includes
such signature chemnical.. It is belicved that no other method of concomitant additlon would
sufficiently assure that the desired proportionality between the signature chem:cal and the bonc
acid or ofher boron compound(s) in the fluid m.ls.achxevqc_l_. For i instance, 1f separate feeds
of the signatare chemical and the boric acjd or other boron oompound(s)wmmed. even though
the conoentrations of each in the respective feed compositions were known, ti:e feed rates could |
not be assured to bo the same, Moreover, ane advantags of the present invention is to monitor
the concentration of the signature chemical, end thas tho boric acid or other boron compound(s),
despitc imprecise feed-tate determinations, and henoo avoids the use of lughly-mmtwe feed-rate -

The signature chemical, also referred to hevein as a tracer or tracer species, is in most all

instances preferably an inert compound in the use environment, as discussed elsewhere herein.
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Boric acid dissolves in water to form the orthoborate ion. As discusséd in U.S. Patent
No, 4,584,104, the orthoborate ion apparently must be present for silica @e inhibition, and
boron compounds that form orthoborate ioh upon dissolution and/or hydrolysis in water are
active for silioa scale deposit inkibition, Thé whter-sofuble salts of boric acid form orthoborate’
jon in water, and they include, but are not lirnited to, sdium, lithiam, pétassium, ammonivm
and quaternary ammonium salts and alkaline earth metal salts, aluminum salts and transition
metal salts if the presence of these types of cations can be tolerated in the water system and if
such cations are compatible with the ohosen parameters within the process of the present
invention. Other boron compounds that form orthobarate fon upon dissolution and/or hydrolysis
in water include, but are not limited to, fluoroboric acid and sodium tetrabydridoborate. As
mentioned above, boric acid itself is commercially the most eomon source of orthoborate jon,
and boric acid is the most commonly used boron' compound, but the firesent invention does not
excluds the use of borio acid salts or other orthoborate ion forming boron compounds when such
salts and other boron compoinds are adéquate for  given purpose. For smplicity; the present
invention is frequently described below with reference to "bori¢ acid or other boron
compound(s)* wherein the "other boron compound(s)" includes those described above.

The signature chemical (at least ;me specie of chemical tracer) is fod to the fluid system

in en admixture together with the boric acid or other boron compound(s), as is mentioned -
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elsowhiere horein, Such admixture preferably is a solution of the borio sid or otbes boron
compound(s) and the signature chemical in a solvent for both, for instance an aqueous solution
containing both boric acid or other boron compound(s) and the gnamre chemical as solutes.
Such aqueous solution, or other admixture, may contain oﬁu components, For instanoe, an

* aqueous solution of boric acid or other boron compound(s) snd the signsture chemioal may
contain one ar morg oftf:e Mﬂh polypalar organic compounds described above, and in
preferred exabodiment does contain one or more.of the water-soluble polypolar organic
compounds, and in more preferred embodiment the ona or more of the water-soluble polypolar
organic compounds -qngloyed is monoethanol amine or triethenol amine. In more preferred

| mbodlmenttheaqueuus solution of beric acid or other boron compound(s) and the signature
chemical contains one'or more of such water-soluble polypolar organic compounds, particnlarly
monoethanol zmine or tricthanol amine, in an amount effactive to increase the solubility of baric
acid ot other boron compound(s) in such aqneousolntidn. In even more preferred embodiment
the aqueous solution of boric acid or other boron compound(s) and ths signature chemical
containg one or more of such water-soluble polypolar organic compounds, particularly
monoethanol amine or triethanol ;mina, inl_nqmauntofatleastonepmby weight for every six
parts by weight of the boric acid or other boron compound(s) (as boric acid). In another
preferred embodiment the aqueous solution of boric acid or other boron compound(s) and the
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signature chemical contains one or moro ofsuoh wm-loluble polypolar orgamo compomds
parnclﬂarlymonoethanol amine, in an mountof:tlmonepmbnght foreverys:xparts
by we:ght of the bonc acid or other boron compo\md(s) (as bonc ﬁxﬂ u;‘to about oné part by
- weight for every onepmby weight ofthebono acidorotherbmn oompomd(s) (u borio
acid). Neither monoeﬂuano] amine or tneﬂmol amiue ire ﬂammable, and thelr pmsence in the
agqueous soluﬁon together with the borio acid or oﬂ:erboron compcmnd(s) and the s:gnature
chemical will increase the water lolubllity of the borlc acld or other boron eompound(s)
Aqueous solutions of boric acid or other boron compomd(s) oan be provxded wlth
concentrations of borio md or other burcn eompound(s) (as boric aud) up to about 55 weight
percent or pom‘bly lngher at ambient TOOM wmpmum wuh the mcluaon of monoethanol
amine, for instance at a concentration ofahout 16 we;ght percmtﬂatheaqueous soluﬂon, and
the further incorporation ofangnann'echmonl as a solute is gmmllybehevednotharmful to
the enhanced solubihty of the boric acid or other boron compound(s) provnded by the inclusion
of one or more of such water-solnble polypolar orgnmc compounds parumlarly the mono-
and/or tricthanol amines. ]

The water-?luble p&lypohr orgamic M$, as noted above. g;raﬁy have
molecular weighﬁ not exceeding 500, and preferably have molecular weights not exceeding 200.
The polypolarity of these compounds may be derived from polyhydroxy substituents, as for
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instance in compounds such as ethylens ptycol, glycecine, mannitol, sorbitol, tris-hydroxymethyl
methane, trig-hydroxymethyl methanol and the like.. The polypolarity of these compounds may
be derived from polyamine substitueuts, as for instante in the compounds ethylens diamine,
triethylene tetramine, 1,6-hexamethylene diamine, bis-hexamethylene triamine, tetracthylene
pentamine and the like. The polypolarity of these compounds may also be derived from
cowbinations of hydroxyl and amine substitoents, which compounds include the monoethanol
amine (2-aminoethanol) and triethanol amine (tri-(2-kydroxethyl)amine) mentioned above and
ottier alkanol amines such as diethanol amine, N-ethylamino monoethanol amize, N, N,
diethanol amine, N N, N, N-tetrakis(hydroxy ethyl)efiylene diamine and the like.

The monoethanol amine or triethanol amine, or other species of the water-soluble
polypolar organic compounds described sbove, ar oﬂwrcomponent of the aqueous solution or
other form of admixture, may be present in the aqueous solution or aother form of admixture
together with the boric acid or other boron compound(s) and the signature chemical asa
treatment chemical (forinsunceanﬁuwuledemdﬁnhibimm,uh.ﬂm &n organic or
" inorganic corrosion inhibition agent, a polymeric. dispersant, a biocide and/or other agents or
combinations of such agents), as 8 boric acid or other boron compound(s) solubility enhancing .
agent, mho&uMMw& fornowticulu'pmpose. provided that such other
companent does not have such a deleterious effect on cither the boric acid or other boron

This Sheet Has Been Repl

[T




THIS SHEET HAS BEEN
REPLACED

compomd(s)wthe_ﬁmmeohemioﬂsa utodiminishthe.amomt of such components to an
amount below the nﬁuimuﬁt effective amount, An effective amount of the boric acid or other
boron compound(s) is the amount necessary in the feed solution or.ather form of admixture to be
effective in the fluid system for the purpose(s) for which it is being added to the fiuid system, at
| thenteinwhieh-ﬁefeedilfedmﬁeﬂlﬁdsym Aneﬁ'echvumonntofﬂ!eugnma
chemical is the amomnt necessary in the feed solution of other form of admixturs to b cffective
in the fluid system for the purpose(s) for which it is being added to the fluid system, at the rate
in which the feed is fod to the fluid system. Generally the signature chemical is being fed to the
fluid system for the purposes of detecting at least the existence of signature chemical in 2 sample
of finid taken from the fluid system, as is described in more detail below.
. 'The admixture of boric acid or other boron cotpound(s) and signatare chemical may be
other than sn aqueous solution, for instance a mixed solvent system or an organic solvent
‘solution, preferably provided that both the boric acid or other boron compound(s) and signature
chemical are soluble therein at practical concentrations, parﬂclﬂarly_at‘ambim!tgoom o
tempmt\m. The organic solvent of such a mixed solvent system (water and orgamc solvent
system) nrmchanoigmic solvent solution in preferred embodiment is one or more of the
water-soluble polypolar organic compounds having a molecular weight not exceeding 500, and
more preferably not exceeding 200, which are described and dimmd.above. -Thus an aqueous
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solution containing boris acid or other boron compound(s), water and one or more of the
water-soluble polypolar organi compounds.is inl.l_e:tenﬂy also a mixed solvent systems. As
examples of substantially wholly organic solvent solutions employing one or more of the
water-soluble polypolar organic compotinds are solutions of borlc acid or other boron
compound(s), and at least one specie of chemical tracer, ih glycol, glycerine, glycol/glycerine
mixtures, dicthylene glycol and the like, As examples of mixed solvent solutions employing one
or more of the water-sohuble polypolar organic compounds are solutions of boric acid or other
boron compound(s) in glycol/water mixtures, glycerine/water mixtures, glycollglyomelwnm
nnths,monoﬂhmqlmndwater mxxmres. tricthanol amine/water mixtures and the liks
Ag a feed, to & fluid system, most solutions containing the boric acid or other boron
compound(s) and signature chemical would be at ambient room temperature at the time of such
fecding, but the present invention of course does not exclude the sclection of other .
conceatrations of boric acid or other boron compound(s) and/or signature chemical that may be
possible and/or practical for fosd atother than amibien room temperature, fot instanos at
 clevated temperatures, at which bori¢ acid or other boron compound(s) would gm:rally.bcmore

soluble in at least water, and at lower than ambient room temperature.
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The admixture of boric acid or other boron compound(s) and signature chemical may be
other than a solution, for instance it may be a solid or. dry form admixture or a ocolloid form
admixture or any other type of admzxture, provided there is s sufficiently homogeneous, or
consistent, distribution of the boric acid or ther boron compound(s) andngnanre chemical in
such admixtare to release into the fluid system by such common feed related concentrations of
boric acld or other boron compound(s) and signature chemical, In more detail, at minimum for
the purposes of the present invention, the detection of the presence of the signature chemical in a
sample taken from the fluid system should be indicative of the presence of boric acid or other
boron compound(s) in that sample also. In more preferred embodiment, an analysis of & sample
taken from the fluid system will indicate the concentration of the signature chemical in the fluid
system at the sampling point, and that in turn preferably should indicate at least approximately
the conoentration of the boric acid or other boron compound(s) in the fiuid system at the
sampling point. The determination or calcnlation of the boric acid or thﬂ' boron compound(s)
concentration from the signature chemical concentration generally requires that at least the
relative amovats of baric scid or other boron compound(s) and signeture chexmica! fed o the
| fluid system at a given time be known, For fluid systems that are comprised of, or include,
flowing streams, for instance an industrial cooling water system, an admixture of boric acid or
other boron compound(s) and signature chemical must be relatively homogeneous as fed to
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reasonably assure that any axbsequent downstream amalysis of signature chemical caribe
reasonably related to bonc ac:d or othu- boron compound(s), and such homogencous admixture
xsgenerdlyenswedforammluuon.butmghtnotbeachevedinadryad:mxtumfor
mﬂmm@umxsukmmthefmﬂmmmﬂumpmﬁngtbmf Fora
moremcﬂmdsym:uohuh:ghdeyeeofhomogmm may not be necessary, for
mmncewhmtheadmxmreufedhaﬂmdsy:wmﬂ:ﬂmﬂpmdimlmoncf&ebommd
or otbgrbmm_wmponnd(a) and slg_namre chc_menl into the fluid thereof prior to any substantial
tanslation of tho fluid, -

Inaprefemdembodlmcnt. meﬂmdqm:smbmnauymaqnmsymorat
leutaﬂmdsymeonmmngatlmubmtm or 50 weight percent water, and the boric acid
orothabormcompo\md(s)mdmgnm&mulmfedwmohﬂmdsymmumaqmm
solution or organic solvent solutioﬁ or mixed solvent solution, In more preferred embodiment,
mchsoluﬁonbrfeedconuimﬁomibomos,ml.tonbmnss,orGO.weishtproﬁucid
momabmmmd(n),mdmwmmpreﬂundnbodtmulﬁumm or 15,to0
about 55, wso.waghtpueentboncmdorodmbomncompound(l) In another more
preferred embodiment, such solation or feed is a mixed solvent solution which contains from
about 0.5, or 1, to about 25, or 30, weight percent water-goluble polypolar organic compound as
described above, and in even more preferred embodiment at least about 10, or 15, to about 25, or

IR0
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30, weight peroent water-soluble polypolar mgmio-eompﬁd as described above, particularly
‘when such water-goluble polypolar organic eompamid-is tricthanol amine or monoethanol

amine, - In motha-momprefmedunbodlmt. the mixed solvent solution or feed contains
from about 0.5, or 1, o sbout 55, or 60, weight percent boric acid or other boron compound(s)
and from about 0.5, or 1, to about 25, or 30, weight perceat water-soluble polypolar organic
comapound as described abave, and in even moro preforred embodiment at least about 10, or 15,
0 about 55, or 60, weight peccent boric acid or other boros compound(s) and at least sbout 10,
or 15, to about 25, or 30, weight percent water-soluble polypolar orgenic compound as described
above, particulatly when such water-soluble polypolar organic compound is tricthano] amine or
monoethanol amine.

. - 'The preferred concentration of signature chermical in such aqusons or mixed solvent
solution or foed i described below in more detail in terms of conceatration thereof in the fizid
system after the signature chemical feed is added. Generally, the concentration of signature
chemical would not exceed that of the boric acid or ather boron compound(s) in a feed solution,
and since there {8 no practical purpose for the addition of signature chemical in amounts greater

than that required to provido an effective amount of the signature chemical in the fluid system,
" in preferred embodiment the amount of signature chemical is no more than shout i part by
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weight of the signaturc chemical per 10 parts by weight of boris acid ot othiér boron
compound(s) (asboricacld). . e T "
When the feed compotition also contains one or more of the water-soluble polypolar
orgamceompoundsfornleastmpmﬂxepmponofadam‘gmhmmlublepolypdu
orgmicoompomdumdfumamorphomnhusmledepominhibim.mchfwdpwfdibly
should contain a sufficient conoentration of the water-soluble polypoler orguuc compound to
pmﬁde'h the fluid system an effective axnount thereof for such inhibiiion purpose, and an
“effective amount of the water-soluble polypolar organic compound in the fluid system is often at
1mtai$outmppmwm:heﬂuidsymiaeomﬁnaoﬁnmuinwmmdmayhmm
'aboutSOOtlmpmhmhmubnndmpmbywﬂnofthnwmmnblepolmlu
omﬁccompomdpa'mlhonpmbyweightoﬂhemdumﬂwatm. '
mapmfmdmbommeﬂmmxmmdumﬂmmpuﬁmmy
industrial water systems such as: heat-exchange systems; including, but not Henited to, cooling
water systems; geotheeasal water systcms; salt wate systecns for desalinization purposes;
hdusﬁﬂ-squopmgwmbdnsmmfwboﬂaummmdmmmﬁmﬁ
downhole water systems for petrolenm crude recovery; reverse osmosis systems; and the like.
 Such industrial water systems often have signifioant amorphous silica scale deposit problems,
and employ boric acid or other boron compound(s) as an inhibitor thereof, and hence the prowss
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of the present invention is highly advantageous for use in motitoring the borie acid or other
boron compound(s) in such waters. In such industrial water systediis borid acid or other boron
compound(s) may be added to the system as an amorphous silica scale deposit inhibitor or asa
component of & multi-component amorphous silica scale depcisit inbibition program or instead
for other putposes, When the baric acid or other boron corapound(s), of when the water-soluble
polypolar organic compound deseribed above, are amployod as amorphous silica scale deposit
inhibitor(s) or as a component(s) of a multi-compenent amorphous silica scale deposit inhibition
program, the waters commonly have g neutral to alkaline pH, for-instance a pH value of at least
about 5 and cotomonly higher than 6, and contain at least S ppm dissolvéd silica as Si0,, and at
times as high as 350 or 450 ppm, or cven up ta 1,000 ppm, dissolved silica as $i0, or more. The-
condensation of silicic acid to amorphous silica is driven by alkalinity, and thus waters of higher
dhﬂnitywﬂlhneagrea@rmdmoywwxdsmomhouiﬁeucdefbmnﬁmfougim
conoentration of dissolved silic, other fuctors being constant, Such waters may also contsis, in
addition to dissolved silica, silica in dispersed or even colloidal forms, In addition the calcium
hardness of the water, which commonly is at lcast as kigh as S0 ppm as C2CO, and routinely is
monch higher, such as up to 1,000 ppm as CaCO, or more, aggravates the silica scale deposit
poteatial, Such water conditions routinely are found in industrial systems with silica scale

deposit problems,
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The temperatures encountered within a fluid system are of course dependent upon the
type of fluid system. Industrial water systens commonly vary in temperatars from sbout
ambient room temperature up to about 150 °C, and at times higher than-150 °C. For instance
industrial geothermal water can exceed 250 °C or 260 °C, and boric acid or other boron
compound(s), alone or together with one or more ofthﬁ water-soluble polypolar organic
compounds desceibed above, may be added to such high temperatare water for amorphous sifica
scale doposit inhibition purposes or other purposes.

It is common to treat the waters of industrial eooling’watersy@wiﬂtboricaddor' B
other boron compound(s); alone or together with one or more of the water-soluble ﬁwdu
organio compounds described above. Such cooling waters are routinely noutral to alkaling as
described above and may require borio acid or other boron compound(s) addition even if the
cooling waters are employed in the cooling water system on a2 once-through basis. Addition of
borio acid or other boron compound(s) is however even'more frequently required, and an
efficient process for monitoring of the added boric acid or other boroik compound(s) is more
seriously nceded, when the cooling waters aro withia  recirculating cooling water system, |
Within a recirculating oooliné water system the impurities in the make-up waters routinely
become concentrated by up to a factor of 10 or more, and such concentration exaggerates water
problems, such as silica scale deposits. A reasonably low concentration of a solute, such as
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ﬂieghﬁemk@upmu&musﬁmdyﬁghumnhmbm.mmdmm |
concentrated. ‘The alkalinity of the waters also frequently increases with such concentration, and
pH valtes of about 7 or 9 ur higher aro frequently cacountered in conoentrated cooling waters of
recirculating cooling water systems. - v oma

" As noted above, the boric acid or other boron compound(s) composition as fed to a fluid -
system, particulaxly an industrial water system, may favther contain other components, which
may be active components in the fluid system or may be inert components in the fluid system.
Such other materials may be fed to the fluid system separately from the bario acid or other boron
compamd(s)coniposidenfeed. .Among such other materials that are commonly added to
industrial water systems are those used to inthibit corrosion or to disperse or inhibit scale
formation of types other than amorphons sitica scale, such inhibitors incinding chromium, zino,
phosphates, orthophosphates, polyphosphates, low molemlar.welght (commonly under 500,000
daltons) polymers of acrylic acid, acrylamide, and various acrylates which are primarily used as
threshold agents or dispérssats in fluid systems such as cooling water systems.
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The signatare chernical(s) is herein at times refecred to a4 & “tracer”, the fmotional
"tracer” terminology being applicable to the signature chemical(s) becanse it acts a3  tracer for
tho purposes of the prescat invention. Thé traser is preferably séliced from among thoss that
are casily detectable by the analysis method being employed fi a given application of the present
process. Such analysis methods inoliitle; but are not limited to, fluorescence analysis,

colorimetry analysis, transition meétal analysis, and combinatiotis of high pressure hiquid
chromatography ("HPLC") and these o other detection methods such as light absorbancs
analysis, post-colun derivatization, conduotivity and the like, some of which are described in
more detail below. | | T

The detection and quantification of specific substances by fluorescenoe emission
spectroscopy is fmdednponthepmpomonalltybetwmthammntofmﬂmd light mdtﬁe
violet and visible light, is directed into a sample cell, fluoresceat mbsnnces therein will absorh
the energy and then emit that energy as light having a Jonger wavelength than the absorbed light.
The arhount of emitted light is determined by a photodetector, In practice, the light is directed
into the sample cell through an optical light filter or monochromator so that the light transmitted |
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is of 2 known wavelength, mchitrehndm“theummonmlﬂlsﬁ and generally
repomdinnmomtm('nm") Theemmedhghﬂmmimlymedﬂmughaﬁltasothat
theamomtofnnmdhghtumemmduaknownwavelcngﬂmrupemumofmvelmgthx,
whmhumfmedtoasﬁmummonwavdmgthmdgewﬂlymompomdmmomm
Whmmemmemmtof;pemﬂcmbmmormmuofmhmulwmmum
1s desired or required, mwhuoﬁenhﬂxemfortheprmoftheprumtinvmhm,theﬁ)m
aresetforupedﬁeombhmhon ofexmtauonmdmimonwavelmgths, selectedfor
mbmﬂlyophmmlow-lwdmmmu. R
Fluorcscence mﬂmn spectrompy isone ofthe prefemd amlysis techniques for the
process of the present invention. Cutamcompomdammhmﬂyﬂmmtormybe
memaamlewwmﬁﬁg-m»ﬁm&;mmm
thvmﬁmi.mlymﬁmmm.QMymeammm
-envnonmt.'l‘hetaushmﬂdalsoprefmblybowlnblemﬁeﬂmdoﬂheﬂmdsymm,and
ﬂwﬂuidlylminmprefmedembodxmenunmaqumsymmmehpmfmed
mbodmumemshmﬂdbemlubhaﬂuumhemmmoﬂhemthau
employed in the aqueous system. Many types of water-soluble fluoresoent chemicals which are
mbmmyinminmomqummimmumm Among these substantially inezt
fluorescent compounds are the mono-, di- and trisulfonated naphthalenes, such as.the various
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naphthalene disulfomic acid isomers, which are profiared signatirs ehnh. forussinthe
present invention.. The naphthalene disulfonic acid isomers are watn-solublc. generally |
available commercially and casily ‘detectable and quanuﬁable bylmown ﬂuormmce analysis
techniques. Morcover, suchugnmechmcahhavebemfmdm beeompan‘blew:thatleut |
some of the mixed solvent solutions of boric acid or other boron oompound(s) desm'bed above,
and so can be easily ingorporated into ﬂlefeedofboﬂcacldmothn'bm compmmd(s)tothe

Smmumﬂyﬂuomscmtmmpmdlmdsommmandthusmybe
ammgthenumﬂeompomdsaddedmmamomsymmmchumlmgwms. for instance
aromatic organic corrosion inhibitors, such as aromatio(thio)(tri)azoles. Some water treatment
agents may bo susceptible to tagging with flucrescent groups, for instance as disclosed in U.S,
Patent No. 5,128, 419, D. W, Fong and J, E. Hoots, ismed Tuly 7, 1992, incorporated herein by
refisrence, wherein the tagging of polymers with pendant fiuorescont groups by (anslemidaion
derivatization of pre-existing polymers having carbonyl-type pendm groups is disclosed.
Wucr-ummtpolymmuggedthhpendm ﬂmmtgroupsm:yofmbepupmdbc;
methods other than (trans)amidation darivatization. Other flucrescent chemical tracers and -
monitoring techniques are now known, for instance as disclosed in U.S. Patent No. 4,783,314, J,
E. Hoots and B, E. Hunt, issued November 8, 1988, incorporated herein by reference, wherein
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mﬂumtmmmmplwdmmﬂMm w:thaﬂumeemommnng. such as
the sodium salt ofz-mphthalmmnlfowo ac:dandAdd Yellowdyo. Such natarally fluorescent
orﬂuorewmo&hggedwmummtwmpomdsmuwﬁﬂforﬂmpurpomoﬂheprmt
invention only when they can pmvxde the mommnng desired by the present invention despite
theitpotentlal forconsumpuonwmmedegmmﬂwpuformanceofﬂmrmmt
functionality(ies), andmprefmedembodmentﬂmmofﬂuormtmuuunmtspemes,
or other water-treatment species, as the traoerm tbeprcsmtpmom is excluded.

Ingeneul formmﬂummmsumcpmmpymﬁoduhmngahghdegmof '
praoﬁeslity.|tuprefmblet0perfountheanalymw1thmnmlahngmmymnenhe
flucrescent tracer. Thusthmmybesomedegreeofbad:groundﬂuomce. In instances
whmmebaokgoundﬂuomuulw,them“mmuu(mmedmmﬁamdud |
fluorescent compound at a standard oonoentﬁtion md stiénd o relat!ve intensity for instance
IM)ofmeﬁumuofﬂxemwd:ebmkgmmdmbemhgh,tbrmMma
ratio of lOO/lOorSOOIlOwhmoemmeoml;:aﬂom ofexcim-andemm!on wavelmglhsare
mloyedwmuhwﬂwmmtompmmdmmaﬁmmdmohnﬁoswmldbe
represeatative of relative performance (under like conditions) of respectively 10 and 50. For
most cooling water backgrounds, & compound that has a relative performance of at least about 5

at a reasonable concentration is very suitable as a flucrescent tracer itself or as a tagging agent
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for water treatment polymers and the Iike when such compounds contain an appropriate reactive
group for the tagging reaction. When there is or may be a specific chemical species of
mw high fluorescence in the background, the tracer and the excitation and/or emission
wavelmgﬂuoﬁmmbeselemdtonulhfyoratleastmmmmmymmferenoeofthemar

measurement(s) caused by the presence of such & spemu.
One method for the ccntinuous on-strea monitoring of chiemical tracers by fldorescence

emission spectroscopy and other analysis methods is described in U.S: Patent No. 4,992,380, B.
E. Moriarity, J. J. Hickey, W. H. Hoy, J. E. Hoots and D A. Johnson, issued February 12, 1991,

The combination of high-pressure liquid chromatography ("HPLC") and fluorescence
analyses of fluorescent tracers is a powerful tool for the present baric acid or other boron |
compound(s) mumwmgproem. particularly when very low levels of the fluorescent tracer are
usod or the background flucrescence encountered woild otherwise interfere with the efficacy of
the fluorescence analysis. The HPLC-fluarescence analysis method allows the tracer compound
mbesepumdfromtheﬂuidmuixmdﬂmﬁemmoenmﬁonmbemeamei The
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combination of HPLC-fluorescence analysis is particularly effective for meamrlng minute levels
of tracer in highly contaminated foids. o |

The HPLC method can also bo effectively enployed to separate a tracer eonﬁpmd from
& fiuid matrix for the purposes of then employing s tracer-detection method other than
fluoresoence analysis, and such other tracer-detection methiods inclide, without limitation, light
absarbance, post-column derivatization, conductivity and the like,

Colorimetry Analysis

Colorime&y ot spectrophotometry may be employed to détect and/or quantify a chemical
tracer. Colorimetry is a determination of a chemical species from its ability to absorb ultraviolet
or visible light, One colotimetric analysis technique is ‘§ Visiial comparison of a blank or
standard solution (containing a kmown concentration of the tracer species) with that of a sample
of the fluid being monitored. Ancther colorimetric method is the spectrophotometric method
whegein the ratio of the intensitics of the incident and the transmitted beams of light are
measured at a specified wavelength by means of a detector mich as a photocell or photommltiplier
tube, Usiné a colorimetrio probe, a fiber optic (duel) probe, such as a Brinkman PC-80 probe
(570nmﬁ1u).$ﬁmp1eao1uﬁoniumninedm a flowcell in which the probe is immersed. One
fiber optic cable shines incident light through the sample liquid onto a mirror inside the cell and
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mﬂeﬂedhgbtistrmﬁedhackthroushﬁemleliqmdmw aﬁbuophccablnndthento
 the colarimetric analyzer unit, whicheontainuoolonmmr bythe other cable. The colorimeter
huamldwthntdevelopnnelecuicalmdogapalofthemﬂectedhghtcharamncof
the tracer concentration. Thevolngemmdbythemudtmmmadmlmdiumrmda
conﬁnuouslinereoordetpnntoutumt. Asupomtvoltagemomtormaybemployudm
eonmﬂymnormomwrﬂmwltagemaloggenmwdbyﬁeeo!onm,mdnpondmoﬁon
ofamdgnal(dxmsedbelow). ampmvemalmaybemmmdto aresponsive
mnmntasentﬁedlinetowmmceuralterﬂwmoffeed. Such a colorimetric analysis
techmique and the equipment that may be emaployed therefor are desceibed in U.S. Patent No.
4,992,380, B. E. Moriarity, I, L. I-Iickey,w H.Hoy,! B.HootnndD A. Johnson, issued

February 12, 1991, mﬂorporatedhuunmbymoe. Chemical tracers suitable for use in
conjunction with amlmm@ctechmquemcludamdﬁonmmla (discussed below) and

mbsunmwhchshowhghubmbmwhehudmbhﬁomﬂnnofothuspmpmmtm |

the system fluid or mbmwwhohmctwnﬂmo!or-fomingmgenutopmdmehght
absorbance which is dﬂechblefromﬂmofoﬂuupeoiuprﬁmtinﬂluymﬂlﬁd.

- This Sheet Has Been RTlaced :

AR

THIS SHEET HAS B



30

A transition metal compound (transition mesal ions; oxy-anions, cations and associated
complexes) can be quantitatively measured by one or more of known techuiques. A preferred
tochniquo Is the colorimetry analysis dijcussed above. Another tohnique is molscular
absorption. Molecular absorption in the ultra violet and visible regions depends on the
¢lectronio structure of the molecule. The encrgy abserbed clevates electzons from orbitalsina -
lower-encrgy state to orbitals in & higher-energy state. A given molecule can absorb only certain
mdabmmmmwmuehmijMemﬁmmﬁﬁum
between any ground and excited state must be equal to the energy added. At a frequency that is.
absorbed by a molecule, the intensity of the insident energy is greater than the intensity of the
energent encrgy, and is a measurs of the sbsorbance. A sample of the fluid being monitored
mybewmpmdw:uhhﬁmm(abmbmuvmmmmﬁon)pupmdﬁom
mdndmlnﬁmmuﬁinghommmﬁmdﬁwﬁmﬁﬁmmeﬂ(umwmbh
- tracer species) to detect and determine the concentration of the tracer. A molecular sbsorption
tochnique for transition metal tracers is descxibed i U.S. Patent No. 4,992,380, B. E. Morlatity,
J. . Hickey, W, H. Hoy, J, E. Hoots and D. A. Johnson, issued February 12, 1991, incorporated
hereinto by reference;

This Sheet Has Been Reﬁ

[N




I THIS SHEET 1 HAS £ BEtN
REPLACED

3}

Analymd techmques for deteetlngtheptuence mdlor concentration of a chemical
species without isolation thereof are within an evolving technology, and the above survey of

_ reasonable analytical techniques for use in the process of the present i_:_;yqn;ion may presently not

even be exhaustive, and most likely techpiquu equivalent to the above for the purposes of the
present inveation will be developod in the foture. T
Achmulspemumaybesdmdforamvmptocmbasedmaprefuenoeformor
mmmalyhealtechmques.oranmnlyﬂcalmhmqnemybeselectedforagwmptoocssbnsed
onaprefcenceforoneormorechmulmm Mprefmvgembodments the chemical
eompcmd(s)selectedasthemershouldbenlublemtheﬂmdofthomulustatthe _
concentration level(s) of the chemical tracer cmployed in the respective fluid. In one preferred
embogiment, o checical componnd(s) sectod us  trace iovld b b sl i th
environmentthhoﬂnﬂdsymmforﬂleueﬁxl]iqu&ﬂnp%._pgh:shuﬁ'omthe-
fluid due to degradation, deposition, complexation, ot other phenomena should be predictable
and compensative, particularly whea it'i_g desired not merely to detect the presence of some
unonntofﬂxem.b\uﬂmw.ﬁuuminethemmon:hqgof,_orgh;ngghmmﬁm
In another preferred embodiment, the chemical compound(s) selected as a tracer should

- not be one that is consumed or lost to the fluid, for instance duc to degradation, deposition,

complexation, or other phenomens, unless such consumption or loss is at a rato that is
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predictable and proportional to the loss of the baric acid or other boron compound(s) to the fluid,
particularly when it {5 desired to determinie the concentration, or change in concenteation, of the
mca&dmm&mmm«s)mmeﬂm When baric acid or other boton
compound(s) is uséd for amarphous silica scale deposition inhibition, it is belioved that the boric
addmoﬂmbomndbmpmd(s)hnianegﬂslbkmnmpﬁoioﬂ&nminmaqummsym

In prefected embodiicat, the combination of the chemioal compound(s) selected as the -
tracer and the analytical techniqué selected for determining the presence and/or concentration of
such tracer, shonld pesinit sich determination(s) without isolation of the tracer, and more
preferably should permit such détermination(s) osi a continuous and/or on-line basis.

" In another preferred embodiment, the analytical techmique(s) selected for determining the

prm and/or conoentration of a tracer, should permit such determination(s) to provide a
signal that can activate or regulate the feed of the boric acid or other horon compound(s)
composition 0 the finid being treated with, or for other purposes dosed with, the boric acid or -
other boron componnd(s) compoition. < ¢ |

One embodiment the Process of the present invention is comprised of adding a chemical
mwﬂxeboﬁcaddmomﬁboﬁn'mmpouhd(s)eompoﬁﬂmiudﬂbefonmchmmpodﬁm
is fod to the fluid system. In another embodiment of the present inveation, the chemical tracer is
added as a separate but concomitant feed to the fiuid system together with the boric acid or other

— .
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composition before it is fed to the fluid system, and directly to the fluid system as a scparate but
concomitant feed together with the borie acid or ather boron compomnd(s) feed, but such
dual-feed method is of much less value when the dual foed rates cannot conveniently be
accurstely determined. |

More than one chemical tracer can bemployed,.m_lthm the presence and/or
| y wnnmmﬁonofpwhmchmintheﬂuidsymshouldhedemimdbymmﬂyﬁcd
technique effective for each such tracer, which analytical techniques may be the same or
different, . : :

In further preforred embodiments, when the fluid system has more than one potential
boric acid or other boron compound(s) routes, such as in a scrics of connected systems having
multiple product feed points, the aforesaid sampling and analyscs are conducted at more than
one site, particularly at at least ons sits along at least & plurality of routes, and mors prefexsbly
substantially at at least one site along each of such potential boric acid or other boron
compound(s) routes, Bymoﬁimting at at feast one site along mpw boric acid or
other baron compound(s) routes, the location(s) of the boric acid or other boron compound(s)

e
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among such routes can bo determined, and the extent of boric acid or other boron componnd(s)
flow to the separate routes may also be determined.

A stable mixed solvent solution of boric acid with a naphthalene disnifonic acid tracer -
was prepared by admixing the following components;. -
28 partaby weightwatr = - w
- 17 paxts by weight monoethanol amine
55 parts by weight boric acid- -
.Ozspmbyweigmnaphhlmedimmncid

- Exaxple2
Amblemixedmhuﬁsohionofboﬁcaddwiﬁuvmadiumﬂnuwubmpnedhy
admixing the following confponents: |
46.2 parts by weight water
34 parts by weight monosthano! amine
110 parts by weight boric acid
9.8 parts by weight of an aqueous solution containing 5.1 wt. percentvmndxm
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In certain cmbodiments of the invention, the process includes the preliminary step of
sampling the fluid system o determine bascline conditions, preforably at all intended or possible
post-tracer-addition sampling sites . Such preliminary baseline condition(s) determination(s)
may also be employed to narrow the selection choice of tracer chemicals or determine and/or
modify the selection of post-tracer-addition sampling points.

Inouninprefmedmbodmenu,the sampling poiuts aro at the sito(s) where the greatest
mixing of the boric acid or other boron compound(s) with the waters to be treated has occurred.
Ifﬂiegtwencmmisthepmmdlormmmﬁbmofboﬁoaddorothubmm
compoynds along one of a plurality of potential boric acid or other boron compounds routes, it is -
" of course foasible to monitor anly the route of concem. At times it may be most efficient to
monitor the route thuismostmsiﬁvetoboththe.dmﬁonmdqumdﬁuﬁon of the tracer
 chensical, which sensitivity may bo derived from the baseline condition(s) of such rovte or the
concentration of tracer chemical expected along such route. Monitoring the most sensitive route
ot the route of most concern in a given industrial installation may not, howeyer, be the most
practical, For instance, the fluid line(s) of such route(s) may be less M'ble to monitoring
than other fluid lines. The fluid lines of the most scasitive route and/or the route of most
convetn may bo sasceptible to monitoring ouly by a less desirable analytical method. Thus

while the monitoring of the fluid within the route of most concern or the route most sensitive to
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monitoring is desirable, circumstances can render that approach less desirable for practicalr
Teasons. | |

Generally it is desirable to employ the least amount of tracer chemical that is pnctical for
the circamstance, and the amount of the tracer added to.the fluid system should be at least.an
amount effective for the determinations desired. Seldom would a tracer be deliberately fed to 2
fiuid system in an amount grossly in excess of the mininmm effective amount because there
genetallywoﬂdbempraeﬁcalpmposeindoingsoﬂmmjusﬁfyﬂwcominvolvedandmy
deleterious cffects on the quality of cither of the fiulds caused by the presence of the tracer
chemical therein, The amount of tracer chemical to be added to the tracer-receiving fluid system
thuiseffeoﬁvewlﬂloutbeinggrokslymeuivewillvuywithawidcuﬁetyoffmu,
including without limitation the tracer and monitoring method selected, the potential for
background interference with the selected monitoring method, the magnitade of the suspected or
poteatial leakags, the monitoring mode (ou-line continnous, semi-continuous, slug-and-sample, -
and the Hke), Generally the dosage of tracer to the flnid system will be at least sufficient to

provide a concentration of tracer therein of about 0.1 ppm, and more commonly at least about 10

or 100 ppm or higher, -
The present invention in an embodiment is a process for monitoring boric acid or other
boron compounds in a flnid system, eompnmg: addingbdﬁcaoidorotherboron compounds to

—_——

———
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d:eﬂmdsym,addmgtothaﬂuidlymuleutmapechofﬂawwhmd and subjecting
atlentonesampleofﬂtﬁd&omatleutonemaofthnﬂuidmtemtoatleutoneanalysis.
wheremthemalymnlmtdmmeprmwofmweofmﬁmealmthaumple,
andwhmtheanalymaﬂmdmmnesﬂwpmceofboncmdoroﬂmboron compounds
mﬂleumplebyﬂ:edmﬁmof;l;cmwofthemeofmmmical
mMmmﬂmhmembodimMuapmomformoniwmgbomacidoroﬂm
boroncompomdsmafhndsymeomprimg-addmgwﬁeﬂmdsymaeompomm
eompﬂsedofmndm:xﬁneconhmmgbonuoidoroﬂmboronmomdsmdaﬂustone
npecieoftmarchmeal, whmﬂxepmporuon ofthespemeofmdemicaltotheboﬂc
amdoroﬂxerbommoundslnﬂneadmmmumbsmdallylmm subjecting at least one
smnpleofﬂmdfrmnatleastomsiteoftheﬂmduysmtoulemuamdym.andwhemnﬁe
amalysis at least detocts the presence of the specie of tracer chemical in the sample, and Wherein
the analysis at least determines the presence of baric acid or other boron compounds in the
samplo by the detection of the presence of the specia of traver chemical.
Thepreaentinveﬁﬁonihmﬁbodimmtisameuiforinhl‘bidngmotphouuiliuude-
formation oa. surfhces in contact with the water of an aqucons systemn having a pE of atlesst 5
and containing dissalved silicates comprising: adding to the water at least one boron compound
that forms orthoborate ion when dissolved or hydrolyzed by the water in an amount effective for

—_——
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inhibiting the formation of amorphous silica scalo on surfaces in contact with the water; adding

 at least one specie of tracer chemical to the water concomitantly with the addition of the boron
" compound; and monitoring the boron compound in the aqueous system by determining at st least
ons site of the aqueous qmnlmmepmm&meged§ofmmmm.

In preferred embodiments, the analysis determines a spectral or chemical charactesistic of
the specic of chemical tracer that is propoftionnl to the concentration of the specie of chemical
trmintheﬁuidsystunmaiymd. The specie of chemical tracer in some preferred .
embodimmuisqmﬁﬁonmm!mﬁonthnisatleasthpm&euﬁonof'n.mmluble
boron salt and the analysisisa tt;miﬁon metal-responsive analysis. |

The specie of chemical tracer in another preferred embodiment is at lcast one fluorescent
compound and the analysis at least includes fluorescence malysis and preferably is an on-line
continuous or semi-continuous analysis. The boric acid or other boron compounds and the
specie of chemical tracer are preferably substantially added together to the flnid systemasa
substantially aqueons or mixed solvent solution. Preferably at least a deteotion of the specle of
chemical tracer activates or modifies a signal, and the signal upon activation or modification
activates or modifies a feed of at least one treatment chemioal to the fluid system.

In another preferred embodiment the admixture is & mixed solvent solution containing
water and at least one water-soluble polypolar organic compound having a molecular weight not
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excesding 500. In other preferred embodiments, the admixture is & mixed solvent solution
containing water and at least one of monocthanol amins end triethanol amine. Tbeboron
compound is, in preferred embodiment, added to the water in an amount to provide a
concentration of at least ahout 25 ppm as boric acid or other boron compounds as boric acid in
the water. ‘The specie of chemical trécer and the boron compound are, in preferred etmbodiment,
added to the water of the aqueous system together az an admixture. The specie of chemical
tracer and the boron compound ars, in preferred embodiment, added to the water of the aqueous
symtoget_hu-nuubmﬁmyaqmsoluﬂm. The specie of chemical tracer and the boron
compound are, in other preferred embodiment, added to the water of the aqueous system
wgﬁuaamixdwhﬁtmmwnﬂinhg%md&l«ﬁmmwmbhpolmlar
organicoompomdhwhg;moleonlnwdghtmtexeeedingzoo. 'Iheaqueuussyﬂémis
Wbahm;mmm“umhgmm

I certain profiared embodiments, the spesie of chemical tracer is forcign to the normal
treatment program for the fluid system, for instance when an inert tracer is added for the
purposes of present invention, or both for the purposes of the present invention and for the
pmposesofuepmmm In certain preferred embodiments, the specie of chemical
traoer 8 at lcast oue fiuarescons compound and the analysis at least includes flvorescenco
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analysis, which is particularly preferred beosuse of the ease at which such method can be used
for on-line continmous or semi-contiruous monitoring, and other kaown sdvantages.

In certain preferred embodiments, the analysis is an on-line continuous or
semi-continuous analysis of the fluid system, wherein at least a detection of the specie of
chemicﬂﬂmaoﬁvmormodiﬁuaﬁgnﬂ,mdﬁeﬁpﬁupmmﬁwﬁmormodiﬁaﬁm
activates or modiffies a feod of at least one treatment chemical 10 the fiuid system, wherein the
treatment chemical feod may be, andatﬁmesprefmblyis,'afeedlof.meboﬁc acid or other
boron compounds composition to the fluid system. |

In cartain prefired embodiments, the analysis is an ow-Jine oontinuous or
semi-oontinuous fuorsscence analysis of the fivid system and the specie of chemical traver is ot
loast one fluoresoent compound, preferably a compaund that is substantially inert in the flaid.
system. In certain preferred embodiments, the analysis is an on-line continuous flubrescence
analysis of the fluid system and the specie of chemical tracer is at least mo fiuorescent
compound, whercin at least & detection of the specic of chemical tracer activates or modifies a
signal, and the signal upon sctivation or modification activates or modifics a feed of at least one
mtchmﬁe;lﬁtheﬂuidwmmmemmtchmﬁul feed may be, and at times

'preferably is, a feed of 2 composition that contains boric acid or other boron compounds to the

fluid system. -
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In certain preferred embodiments, the fluid system a heat-cxchange systew, and moro
'_prefcnblyinooolinzmsym

In certain preferred cmbodiments, the fluid syste is an aqueous stream that flows

through a sids of one or 2 plurality of heat-exchangers, including but not limited to cooling

| hmuinpmfmedmbodimm.ﬂiemdysdminaaworohmiéal
haracteristio of the specie of chemical racec thatis proportional to the conocntration of the
specio of chemnical tracer in the fluid system analyzed, and more preferably that is proportional
to the ooncentrations of both the specie of chemical tracer and the borie acid or other boron
compounds in the fluid system analyzed.

In certain preferred embodiments, the analysis is one or more of fluorescence entission
Spectroscopy, & combined high pressure liquid chromatography and fluarescence emission
spectroscopy, & colorimetry spectrophotometry and & transition metal analysis. In certain
prefmpdmbodimmﬁ.mespeciaofehmialmis'mbmﬁmymdmmdepledm
mechanisms in the enviromment of the fluids, such as degradation, deposition, consumption and
oﬂwrhkadepleuonmeahmm In certain embodiments, the specie of chennical tracer is
substantially sugceptible to depl&ion mechanisms in the_envirots of the fluid system in 2
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: dememuarmﬁubhmmmwbﬂityofboﬁcacidmomubm
compounds to depletion mechanisms in the same environments,

Unless expreasly indicated otherwise herein, all propertics of any chemical compounds,
of compositions containing a plurality of chemical compounds, set forth herein aro such
properties as would be determined for such compounds, or composltions, within a tempevature
range of from about 20 °C to about 40 °C, and substantially under atmosphecio pressure. By
amorphous silica scale deposits is meant herein solid material that precipitates, or can be filtered,
from an aqueous system and contains at least about 30 weight percent total silica as SiO, and

 more commonly contsins from sbout 50 to 50 or more weight percent total silioa as S10, , based
on the total weight of dry material, By deposits is meent herein material that forms and/or
collects on surfices in contact with a fluid system. By the terminclogy "decection of the
presence of” a chemical speoie(s)ismmthminmede;emimﬁonofwheﬂmorﬁotsuoh
chemical spocie(s) is present or sbsent; and thus includes the deteotion of the shsencs of such
chemioal specie(s), at least to the limitations of the analytical method employed. By the
terminology "as boric acid” following a mention of boron compownd(s) other than boric acid is
meant an imomtofsuch.bomneompomd(s)ﬂ:atwouldbeeqdvdmttoﬂwmwdamomtof
botic acid as to the orthoborate jon formed therefiom. Unless expressly indicated otherwise
herein, the inclusion of & prefix or suffix in parenthesis designates the word with such prefix or
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suffix as an alternative. For instance, "compound(s)” means "compound and/or compounds”,
"determination(s)" means "determination and/or determinations”, "technique(s)* means
“tachnique and/or techniques”, "location(s)" means "location and/or locations”, "chemical(s)"
means "chemical and/or chemioals", "inhibitor(s)* means "inhikitor and/or inhibitors",
"eompment(s)'_' mem_“_p_omponent and/or components”, "specie(s)” means "specie and/or
species”, "ﬁm&io_nality(ies)" means "functionality and/or fanctionalities®, . .
“aromatic(thio)(tri)azoles" means aromatio azoles and/or aromatic thiazoles and/or aromatic
triazoles”, and the like. Theterm "species" is at times used herein in reference to a single
compound, as is Wt from the text concerning such references. The terminology “at least
one specie of chemical tracer” means one or more chemieal compounds that are within the

chemical tracer, or tracer, category.

The present fnvention is applicable to all industries employing a fluid systern that
contains boric acid or other boron compounds, cither s & chemical treatment additive, for
instance as a silica scale deposit inhibition agent for cooling water systemns, or for other
purposes, particularly when it is desired to monitor the presence and/or conoentration of boric
acid or other boron compounds in such fluid system or any part thereof.
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SLAIMS

1. A pibc"es for monitoring a boron compound that
forms orthoborate ion=in a £luid system, ‘comprising:

adding said boron compound to said fluid |
system; o

adding to said fluid aystem at least one specie
of tracer chemical- and

su.bjecting at least one sample of fluid from at
least one site of said fluid system to at least one
analysis;

| wherein said analysis st least detects the

presence of said specia of tracer chefnical in said
sample, and '

wherein sald analyeis at least determines the
presence of said boron compound in said sample by said
detection of the presence ‘of said specie of tracer
chemical.
2. | A process according to cla@.m 1 wvharein said
specle of chemical tracer is substantially inert in the
environmént of said fluid system. '
3. . A process according to claim 1 or claim 2
wherein sald analysis determines a spectral or chemical
characteristic of said gpecie _gf chemical tracer that

is proportional to the concentra;.{on of said spacie of
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chamical tracer inm the fluid system analyzed.
4. A process according to claim 1, ¢laim 2 or.
claim 3 whaz_‘éin sald specie of chemical tracer is a
transition metal cation that-ie at least in part the
cation of a waﬁer—'sqluble-boron salt and gaid analysis
18 a transition metal-responsive analysie.' .
5. A process according to claim 1, claim 2 or
claim 3 wherein said specie of chemical trscer is at
least one fluorescent con@ound and said analysis at
least includes fluorascence and is an on-line
continuous or sami-continuous analysis.
g. A process according to any one of the preceding
claims wherein sald boron compound and said -apecie of
che‘m:i.cal tracer are subatantially added together to
said fluid system. . |
7. _ A process according to clalm 6 wherein the
boron compouﬁd and tracer are added as a substantially
agqueous or' mixed sclvent solution.
8. A process according to claim 6 or eclaim 7
wherein the proportion of séid specie of tracer
chemical to said boron compound is substantially known.
9. A process according to claim 8 wherein said
addition is of a mixed &olvent solution containing
water and at least one water-soiuble polypolar organic
compound having a molecular weight not g.xceeding 500. '

10. . A progcess according to claim 9 wherein the
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polypolar organic compound has a molecular weight not
exceeding 200. A

11. A process according to claim: 8 wherein maid
addition is of a mixed solvent solution containing
water and at least one of moncethanol amine and
triethanol amine. o A

12, A process according to any one of the preceding
claims wherein detection of said specie of chemical. .
tracer activates or modifies a signal, and said signal
upon activation or modification activates or modifies a

feed of at least one treatwment chemical to said fluid

ngs -

'r13. A process according to any one of ﬁhe praceding

claims wherein said boron compound is boric acid.

14. A process according ﬁb any one of the preceding
claims wherein said analysis is an on-line continucus
or semi-continuous analysis of the £luid system.

1s. A process for inhibiting amorphous silica scale
formation on surfaces in contact with the water of an
aqueous system having a pH of at least 5 and containing
dissolﬁed silicates comprising a process according to
any one of the preceding claims.

16. A process éccording to claim 15 vherein said
boron compound is added to.sﬁid water in an amount to
provide a concentration of at least about 25 ppm as

boxric acid in said water. —
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17. . A process according to claim 15 or claim 16

wherein sald aqueous sYstem is a heat-exchange water

gystem.
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