Technical Field of the Invention The present invent |[ofqsSHBETtHAS BEEN
" technical field of monitoring boric acid conpositions, such as SREPLACED
scal e-i"hhi bi tor ‘conposi ti ons containing boric acid, nonitori
treatment processes using boric acid, and boric acid water tpeatnent

proceSses,, 1 TP copy

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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Background of the Invention Boric acid is used clorI
wat er treatnent agent, particularly as an agent that |n{
formati on of anorphous silica scale in industrial water Hystens he—g
an adm xture of a water-soluble polypolar organic conpound containing
hydr-oxyl , primary am no, or secondary_am no functional groups, and having
a nDPecuIar wei ght not exceedi ng 500, #togetdier with boric acid or another
boron conmpound that forns orthoborate i on when dissolved in or hydrolyzed
by -water, as an inhibitor of amorphous silica scale formation on surfaces
I n contact with industrial waters, is taught in U S. Patent No. 4,532,047,
i ssued Mwmmmmm@mmmwmmm by
reference. Also disclosed in this patent is that boric acid and its

vat er - s cdontaictwith thiese indastril wxters > Themsef biis wdd irittidr sutli SthePborb® bompdthdson Dy

dissolving in industrial waters or by hydrolysis under industrial water

envi 1 ON gy h&mdtves'd¥ amorphous silica scale inhibitor agents is also disclosed, and is described in

more detail, in U.S. Patent No. 4,584,104, issued April 22, 1986, inventor Leonard Dubin,
humnxmﬂadhauﬁnobyndhnnqa 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
nextrons, and thus ere found in many nuclear industry applications: For instance, high purity

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

In'the aforementioned coramercial 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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2 thenmsel ves protect against and inhibit the formati off or—arerphay
silica scale on surfaces in contact with these industr aTHlﬁfaﬂ'ﬁ%"H%BEm
of baric acid and/or such other boron conpounds by thefiselv "%!sﬁ@&mrpho S

silica scale inhibitor agents is also disclosed, and is desCrIbed i —moee '
detail; in U S. Patent No. 4,584, 104, %ssued Apr|I 22, 1986, inventor
Leona’rd Dubi n, incorporated herent o Dy ref-erence. Boric acid al so

has. ot her commercial and/or industrial applications. Boric acid is

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
(reforred to at times hereinafter as "boron compound(s)"), in suchsystern. 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 aqueous system, and/or the determination of
the eopémtmim or amount of the boron compovnd(s) at any given site or within any given
areq, including singular, intermittent semi-continuous or continucus 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, Auother method, known in the technioal field as the mannital itrtion
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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whi ch has bacteriostatic and fungicidal properties, is Hd ‘?E\Wﬁ §EN
citri¢é fruits to inhibit nold, as an additive to m | deWresi %‘r&cﬁ%tex
paints, and as a mld antiseptic additive in consuner products such as
nmout hwashes, hair rinses, and the |ike. Boron conpounds are good absorbers
of thérmal neutrons, and_thus are fouhd in _many nucl ear industry
applications. For instance, high purity boric acid is added to the cooling
wat er used in high-pressure water reactors. Boric acid is also used as a

fire retardant In the,atare ne I al trial
uscs of SRR Ve T coroghemon f e o R Bkt § Wi flo BEfaef Bt

wat er - soI bI e salt and/ or _any  boron qonpound that for orthobora i on
by di ssdit Ré the prosentiigvention Wy pravide animproved M Pk bor on

conmpound |s or may be enpl oyed as_a solute in an aqueous system VWhen

bori ¢ acindustuial aterisystemy{squecusindisirial system)sn svhichor bazon casaponnd(s) isamactive hat

forms ort hoborate i on by dissol vi ng in water or by
treatment agent, ﬂxemmovmmtchammdbyfeedmgmmchmsymammpoﬁﬁon,

commonly added to commercial plating solutions as a bUflL : TC act
u

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
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aqueous system it often is desirable to nonitor the b Efﬁﬂﬁﬁ EENt
wat er #sol ubl e salts and/ or any boron conpound that for i on
by dissolving in water or by hydrolysis under water enV|ronnents (reTe:r'
to at _tines hereinafter as "boron co und(s)"), in such system By the
term nol ogy of ~ "nonitor" =end/ or “nonitoring" is neant herein, unless
expressly stated otherw se, the tracing or

3 hydr ol ysi s under water environnments, is so enpl oyed&:F Sorore—
art

andwnsnadumﬂnhe;nemumwandkmihacumunﬂ:ﬂuuofnmhsunuﬂneckwnnwﬂ,andatﬁnua:
the concentration change and/or conomlnhon gndlent of ﬂte signatnre eompolmd in such fluid
gystem. hlapuﬂbuuiulbmhnumtnuhthndsynunxslnaquunmduwalﬂnmlﬂﬁmun 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 In anotha-prefmedembodmfegtthe mgizgturechenﬂul 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
l-bmhnumulndnnoﬂurpuﬁuuﬂenmommumm4&3mﬂnﬂ4ndauﬂbduwrmmbmmm )
eompound(s) is prefembly fed to the ﬂmd system asen aqueous boron compmmd(s) solution
(liquid boron compound(s) composition) or ase oonoentmed liqmd boron compound(s)
cmmmonhunthuundeesawmuzqmmﬂﬂepohmmMHwnmuﬁcecnqmmndcmmuuunghwdanﬂ
primary amino, or seeondary arnino functional groups, and Imvmg 1 molecular weight not
exoeeding500,prefulblya(poly)aﬂ|mlmne. mmmmvmuommpmude.m )
aquumnﬂnuedbonMIammpowmﬂ@)mnnpunumnwhwhﬂmﬂurﬁumuksaaupMMRechammmd
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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tracking to determne the |ocation and/or route of suchu"bicl)_%g@_,f_' o =)
I n the agueous. systemor |oss of such boron conpound(§) ",&g ‘{s
system and/or the determ nation of the concentration ‘mr he
bor on corrpound(s) at any given site or within any given area, including
singular, intermttent sem -continuous or continuous nonitoring. The test
nmet hods m)st comonl y usedpresentdy t® deternine the presence and/ or
concentration of boric acid in aqueous systems are difficult to per form or
not very accurate. One such nethod, known in the technical field as the

carmne red nethod, is hazardous to perform because it requires the use of
concent r chromatography s s bansition wetalresponsive anelysis, W@nﬂmﬁm

conparator areless accurate’ t'han”desired, for instance not distinguishing
bet ween agqivond-based betos co@psind) mmmmanmmmmm«s)et hod,
known in the technical field as the mannital titration nethod, can suf f er

from i nt gl i EniB, WRin¥6iopPlnd() pRHEREYY borb'ai, sl 0

prOV| de a netho r proc(gog for monttering a
water. 'l'he present mventlon also provndes an improved process for the treatment of an

m&mﬂwatasym(aqummwsym)whmabomncompmd&)mmmw
agcnttlwnnpmvmtchuactmedbyfeedingto suehwﬂersyman

. aqueons-basadboron compomd(s) oomponhon moludmgas:gnam chemical and optionally &
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)emnohﬁne,indmloying&eﬁgnamohqniodulmformemonimingofﬁe
boron compound(s). The present invmtio_n also prov:du a process for mhibmng amorphous -
silica scale formation mmﬁmmmm_mmquaqmsymmhmngapmf
atleutsmdmuinhsﬁsmlvdﬁﬁ@.w;mwmpmd@kmployeduﬁw _
functional silica scale depoait-inl.u‘biﬁr andxs ndded 10 the aqueous system together with a
ngnamro dnemlul. and thebomn compound(s) is mon!mmgthmud:ﬂxe-gnm chemical.
Thepmmtmvmnmmdthmmdothupnfmedembodlmumemfmdm‘bedmm

detail below.
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boron conpound conposition, in a fluid system particul af agqueous
system and nore ?-HlssHEETHALéBEEN

4 particularly when such conposition is fed to the fluild svﬁ'?rhp‘gs%

silica scale deposit inhibitor. It is an object of the bresent I nvention
to provide an inproved process for the_treatment of an industrial water
system (aqueous i ndustri ale=Systenj i n %hi ch - boron conmpound(s) is an
active treatnent agent, the inprovenent characterized by feeding to such
wat er system a conposition,

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 one or & 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 commanly amployed commercially, and also genérally being the most active compound,
partioularly for smorphous silica scale deposit inhibifioi, T

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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particularly a solution such as an aqueous-based sol ution

boron conpound(s) and having enhanced detectability. It i s % TW%FF_S: 1HAS BEEN
elltreat

the present invention to provide an inproved process for th

an industrial water systemin which a boron conpound(s) is an active
treatment agent, the inprovenment characterized by feeding to such water
systen1an aqueous- based Qoron conpounf(s) conposition having such enhanced
detectability that the noni toring of the boron conpound(s) requires no
“hazardous materials, and is very sensitive and accurate. These and ot her
objects of the present invention are described in nore detail bel ow.

Di scl osure ofAhQudlmnumofbmcmdor‘ﬂﬂwbommmpbmd&)mampM des a

met hod or process for nBnitori'ig bori'c aci'd™and™its watér-soluble salts,

and/ or a&ggaﬁﬁg Wﬁ' hijhioduskbiiSed Soinp il nfay'pRovidya siintiber| of ademtapes
wat er or rol'ysts- under ‘wat'er “envi ronnment’s, “imna flu*d system

Conpr'S'ﬂﬁaﬂﬂﬁgq qo%ﬂuﬁﬂﬁﬂnumsompnthﬂunsdhdotdmyﬁnnkJ\emmumnwuﬂlupnd
composition oan bo supplied without the costs aud energy comsumption entailed i 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 sohniqnifprepnre_dom?;_gggdﬁiﬁm.nmmwuqtﬁdmybeapuﬁmlmy
adwnmqymusﬁmnnﬁmdﬁﬁwuyofboﬁcaﬁdoroﬂmrhmmqcquQMMQoasmnmnhm
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. VR - L

Anmplelﬁgh-conmﬁonboricmdmlun%inwmruambi ent temperatures is of
amumsmmdhdulbyﬂuﬂhnhulwmmbﬂMMbﬂhyofbuﬁcmdd.BoneamdisknuwntobesNMMh
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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ftuid- systema substantially honogeneous adm xture of such_a boron
conpound(s) and at | east one signature chem cal, and thﬂr?ﬁfstﬁfzé“ﬁ)@%#ﬂg”
at | east a sanple of such fluid systemto ysi-6. ko zdetect
the presence and/or the concentration of such signature chenical, and at
times =the concentration change and/or  concentration gradient af the

signature conpound in such.fluid -sysfem In a preferred e TRRSISHBET HARBEeN
fluid systemis an aqueous-based fluid system In REPLACED

procoss wherein the boric acid or other boron compownd(s) is”fed:_l_s.is;olutionin an organic

| golvent or as a solution in 2 mixed solvent system, such as a solvent system eompnud of water
and one or more organic solvents, ooncoxmmﬂy witha slgmmm: ohemml. |

By feeding a signatare chemical congomitantly with the boric acldorotherboron

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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anot her preferred enbodi ment the signature chenical is a fluorescent

conpotnd and the analysis is a fluorescence analysis or -
hi gh pressure liquid chromatography and fluorescence anglTyd$ SHEER HASIRERY ‘
preferred embodi ment the signature chemcal is a transition RERUAGER the!

analysis is a transi'tion netal -responsive anal ysis, or a-conbrmatron of

high, pressure liquid chromatography gpd a transition netal-responsive
analy5|s In these enbodrments and in other preferred enbodi ments,

described in detail below, the boron conmpound(s) is preferably fed to the
fluid systen1as an aqueous boron conpound(s) solution (liquid boron

ST Bk i 5 T
gggt ﬁ;gﬁg& roxy pri. n;%nam no, y&EECOH ar oranglo unc;b&é)na 8I’ oups,

(poly)ethanol an1ne The present invention al so prOV|des an aqueous- based
bor on’ cheren vahcunds GiEp fsrin drdiobudatecioh fport dissolukion indfershixirelysia in watsr atecni cal |

active for silica scale deposit inhibition, Thié water-soluble 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 sbove, boric acid itself is commercially the most cotfimon source of orthoborate ion,
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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particularly a signature chem cal that may be detected as to its
and/ or concentration by fluorescence analysis, a conbi m‘

pressure |iquid chronmat ography and fl uorescence analyd
met al - responsi ve anal ysis, or a conbination of high prdssure li-g6

6 chromat ography and a transition netal -responsive analysis. In preferred
enbodi.nent such an aqueous- based borqu conpound(s) conposition is one
havi ng enhanced boron conPdund(s)™ sol ubility conprised of (poly)ethanol

am ne, boron conpound(s), particularly boric acid, and

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
ungnﬁcconmmmnds1unpkumdisuumwz&unolmmhwmmhﬁﬁhuuﬂauﬂm& In mone 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
nmmodhumﬂanﬁneoruﬁmmumﬂ;nﬁmainfnganMKﬁhtkmncmcpmxbywmﬂﬂntbrewaysh:
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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wat er. The present invention also provides an inprove '

treatfrent of an industrial water system (aqueous i ndustHISISHERSHAS)BEEN
wherern a boron conpound(s) is an active treatnent agent tHRERLUADED enment
characterized by feeding to such water systeman aqu

corrpound(s) conposition including a signature chem cal and optionally a

wat er - sol ubl e pol ypol ar organi ¢ conpoygd containi ng hydroxyl, prinmary

am rfio, or secondary am rmo- functi®nal “groups, and having a mol ecul ar~ wei ght
not exceedi ng 500, preferably a (poI y) et hanol am ne, and enpl oyi ng the

zi)?rgg%ﬁ&#%%e pres?ﬁﬁﬁr‘%&%% prowg%sig%gocgrgﬁ??&ﬁowd&tl ngf
ggogguous c@v&ca Sé@ eb oi']ma.tlon on f@rggﬁ%ahgaﬁ@ﬂ@# th the \f\’%er 0

silicat es \/\herel n_a boron corrpound(s) s e I'oyed as the functlonal
silica byxweighteffbe berie aid or oth ﬂbmmmgﬂ)asbommmubmmbget her

with a sighature chemical, and the boron conpound(s) is nonitoring through

the si gﬂrﬂshthrm'mmbmby welght ofthebono acidorotherbmn oompomd(s) (u boric
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 mcmmthe water lolubllity of the borlc acldorotherboron 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

This Sheet Has Been R

e



The present invention and these and other preferred enbodinents .thereof are
described in nore detail bel ow

7 Preferred Enbodi nents of the Inventlon As us dFLS°FEELF EEN L
t ermi nol.ogi es of -"boron conpound(s)", "boric acid or ot her--beran. - S

conpound(s)", and "boric acid or |like boron conmpounds” neans any oné or-a
plurality, in -— - 13 -

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,
uhﬂwkmeumwmhw,L64wxmnqmykmedhmﬁnqlmﬂummnﬂhyknpuhmﬁuguﬂnwﬁwkmp
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 .
qymgurﬁwoﬂurﬁmmmﬂuamiﬂmnﬁwnopuﬁmdupquumpnn&hdﬂntnmhoﬂuz
companent does not have such a deleterious effect on cither the boric acid or other boron
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conbi nati on, of the conpounds of boric acid and its Lts,
and/ or any boron conpound that forns orthoborate i Tg¥;§h§§pﬁxs@@ENn
wat er: or by hydrol ysis under water environnments. Bdyic aﬁgéLAgED e
preferred conmpound anong such group of conpounds, i GRFETHY
enpl oyed commercially, and al so genera%ky bei ng the nost actlve conpound
parti‘cul arly for anorphous~silica-<scal @ depesit inhibition. The
present invention in its broadest enbodi nents is not dependent upon the
concentration of boric acid or other boron conpound(s) when fed to the
fluid system Boric acid (Herr]BJerr]) is soluble in water only to a

el gt SPA %WWW@#WW%%W%%&

40. 2 parts ht .Qoric d per hund parts
100[err]@°‘ﬂ¥ 'g% ﬂf\[qﬁﬁg

26[efr]C3 t he solublllty of boric acid in mater Is fromabout 4 to about 6

wei ght  peoroscompdiind(s) isthe amount necessay in the feed sclutionortherfonh of admixture tabeci d

or ot her boron
effective in thcﬂmd system for the purpose(s) for which it is being added to the ﬂmdsyltem. at

the rate in which the feed is fed to the fluid systen, Aneﬁ'ech.vumqmtnfﬂ_lengnma._
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 fiuid 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, prefarably provided that both the boric acid o other boron compovnd(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) or such anoigmic 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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conpound(s) is fed to a fluid systemas a dilute aqueous solution, for

i nstance one containing up to about 6 weight percen f é*%l BEEN

conpound(s), as boric acid. THIS%?LAC@ 1
8 A liquid conmposition of boric acid or othe -
having_ a high concentration, partlculfil y an aqueous-based conposition,

may pI’OVI de a nunber of a,d.vant ages onparison to dilute solutions or
products in solid or dry form A concentrated |iquid

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 eompound(s) in glycol/water mixtures, glycerine/water mixtures, glycollglyomelwnm
mixtures, monoethanol amine/water 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
concentrations of boric acid or other boron enmpomd(s) and/or signature chemical that may be
pom‘blcmdlqrpraonul for feed at other than amblentroomtemperm for instance at
clevated temperatures, at which boric acid or other boron compound(s) would gmerally.be more

soluble in at least water, and at lower than ambient room temperature.

L |I||
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conposition can be supplied without the costs and engrgr—corsunption—
entailed in the shipping and/or handling and/ or stoflaf#SEHEETHARIBEENt hat
is either highly dilute or requires dissolution beffire usBEPIAGEINCent riat ed
liquid conposition can at tines be fed directly to amrnaustrial —agueous
systenmrby neans of a fluid netering pu or other convention fluid feed
means, W thout either on-sre m xi™g ggﬁianﬂt or sone degree of shi pping
andfor handling and/or storage of solution if prepared off-site. In
addition, a concentrated liquid nay be a particularly advantageous form
for delivery of boric acid or other boron conpound(s) as an active

wat er -t reat ne « Il nvention ¢ ncludes
a process m&’%ﬁ’%ﬁ%ﬁ%@%ﬁﬁ@ﬁ%ﬁé@éﬂ@@% d
system as concentrated liquid, for, ingtance as described in_ .,

21 or onrenttberdean 2 solution, ng o0 3 maaybeueplid s At orin AR o & oglloidifgrmt ur e
chem cal . A sinple high-corncentration boric acid solution in water
at  anbi eradmixtupseotsanyrother typeadf admixture, provided there is a sufficiently homogeneous, or
consistent, distribution of the boric acid or other boron compound(s) and signature chemical in
such admixture to release into the fluid system by such common feed related concentrations of

boric acid o other boron compound(s) and signature chemical. In more detail, at ninfmum 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. Thedﬂwnnkmﬂcnumodkdhﬁunofﬁwlmd&gﬁ@qtuﬂmfhmmncumpummmﬂ
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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course precluded by the limted water-solubility of baric acid. Boric aC|d

Is known to be soluble to a greater degree in sone of|g “‘"v-—

instance having a solubility on the order of about 1 ng(,cnt
at anbi ent roomtenperature. The present invention intdig

9 proocess wherein the boric acid ok 40t her boron conpound(s S a
solution in an organic setvent or as 3 sol«tion in a m xed sol vent system

- such as a sol vent system conprised of water

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
mnmoc.nnlmpathoularcmuukmmthefmﬂmon and/or compounding thereof. Fora
moremcﬂmdsym:uohuh:ghdeyeeofhomogmm may not be necessary, for

: mmwhmtheadmxmreufedbaﬂmdsymﬁgtmnpmdimlmmofﬂwboﬁbnid
or ot boron compound(s) md signaturo chemical ito the fuid theseof prior to any subatantia
transiation of the 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,
such solution brfeedconuimﬂ'omibom 0.3, or 1, to sbout 55, or 60, weight peroent boric acid
or other boron compomd(l), lndm eien morepreﬂemd embodiment at least about 10, or 15, to
about 55, of 60, weight pueentbonc acid o oﬂ:& boron compound(s). 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
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and one or nore organic solvents, concomtantly w th_a_stgaatere i tal .
By feeding a signature chem cal concon1tant|y wth tl o‘her
boron conpound(s) is neant herein that the feed of
boron conpound(s) includes such signature chem cal. eved that no
ot her «ret hod of concom tant addition would sufficiently assure that the
~desited proportionality between the sid8ature chemical and the boric acid
or ot her boron conpound(s) in the fluid systemis achieved. For instance,

if separate feeds of the signature chem cal and the boric acid or other
boron conpound(s) were used, even though the concentrations of each in the
respectlve feed conpositions were known, the feed rates could not be

assured 8@ weightperoen M@QH’MMW@PMMW i s

to monitor the concentration of the signature chem cal, and thus the boric
aci d or whiesuchowaser-soiubbopolyoldr orgmiseintpoundistriethanol fmb-or menocthanol

determ nations, and hence avoids the use of highly-sensitive feed-rate

moni t or i pAkiACiniiSttier more preferred embodiment, the mixed solvent solution or fesd contains
from about 0.5, or 1, o sbout 55, or 60, weight percent boric acid or other boron compound(s)
and from sbout 0.5, or 1, to about 25, or 30, weight percent water-soluble polypolar organic

' compound as described abave, aud in even more preforred embodiment at least about 10, or 15,

mabmSS.m-GO,wﬁglltpmmboﬁoﬁdmoﬂﬁrbmmmpound(s)anda:leastaboutlo,
or 15, to about 25, or 30, weight percent water-soluble polypolar organic compound as described
above, particulatly when such water-soluble polypolar organic compound is tricthano] amine or
monoethanol amine.

- 'The preferred concentration of signature chemical in such aqueous or mixed solvent
solution or foed s described below in more detail in terms of conoentration thereof in the fiuid
system after the signature chemical foed is added, Generally, the concentration of signature
chemical would not exceed that of the boric acid or other boront compound(s) in a feed solution,
and since thers is 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 it no more than about 1 part by
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The signature chemical, also referred to herein as a tracer or traces
species, is in nost all instances preferably an inert %%%ngHAngm
environnent, as discussed el sewhere herein. u REPLACED !‘
10 . Boric acid dissolves in water to formthe

di scuss&éd in U S. Patent No. 4,584,104, the orthoborate ion apparently
rmst Be present for silica=scal e mnhi b#‘?l on,- and

weight of the signaturc chemical per 10 parts by weight of boris acid ot othiér boron
compound(s) (as boricacld). i oo '—
 When the foed composition also contains onc or more of the water-solublo polypolar
onganic compounds for at least in part the purpose of adding stich water-safuble polypolar
orgmio mwd as itself 23 an amorphous silica scale deposit fihibitor, such foed prefersbly
shoﬁl_d conlmn a sufficient conoentration of the water-soluble polypolar organic compound to
pmﬁde'h the fluid system an effective axnount thereof for such inhibiiion purpose, and an
' effecﬁveamom 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; goothernal water systems; salt water systecns for dosalinization purposes;
hdusﬁﬂsquopmgwmbdnsmmfwboﬂaummmdmmmﬁmﬁ
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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hydrolysis in water are active for silica scale depass
wat er - sol ubl e salts of boric .acid form orthoborate
i nclude, but are not limted to, sodium lithium pd 7 P
quat ernary amoni um salts and al kal ine earth netal safts, alun1nun1salts
and transition netal salis if the prégbnce_of t hese types of cations can
be-tolerated in the water systemand if such cations are conpatible with
the chosen paraneters within the process of the present invention. Qher
bor on conpounds that form orthoborate ion upon dissolution and/or

hydr ol ysi I n water jng t are t I|n1te t,0, Qroh ric.,acid and
sodi um & fhe ﬂ%&g@ w&em&ﬂlakm @Fﬂ?"S

connerC|aIIy the nDst common source of orthoborate I on, and boric acid is

t he nosbowsempoynd(s)in meh watetso dn suchdndustrial mmmwmuo&wm not

exclude the use of boric acid salts or other orthoborate ion form ng boron

S?%gugmﬁwsmﬂdwmmpmmmdm ofasaa
component of a multi-component amorphous silica scale deposit inbibition program or instead
for other putposes, When the baric acid or other boron corapound(s), of when the water-soluble

. polypolar organio compound desacibed 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
|ﬂ&aﬂnkyvﬁﬂlnweagmnﬁ:tmukmqyﬂnmndsanunﬂhmmumkasﬂﬂeﬁunuﬁonibrnghmn
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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i nvention is frequently descri bed below with reference —a EEN
ot her boron conpound(s)" wherein the "other boron conpgufid ﬁ?hﬂ1k‘ 8 S

t hose described above. ‘The signature chem cal t | eBEPLAKE '
of chem cal tracer) is fed to the fluid system in an ure toget her
with the boric acid or other boron conpound(s), as is nentioned

11 , el sewhere herein. Such adnj xtu@d preferably is a solution of the
boric acid or other boron

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 described above, may be added to such high temperature water for amorphons silica
scale doposit inhibition purposes or other purposes.

Itiscommmtomﬂlewmoﬁndumidmﬁng’watersy@wiﬂtboﬁcaddor' 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
axﬁhgwnm:au:canumdﬁnﬁwcuﬂhmvmurqmnununaommﬂhnmghbwﬁ&.Addﬁbnnf
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
senously needed, when the cooling waters aro within a recirculating cooling water lymm '
“ﬁﬂﬂnanummwhﬁngomﬁhkvhurqmunrmmﬁnmmﬁkshn&mnm&nmpmmﬁucnwﬁndw
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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cosrpound(s) and.the signature chemcal in a solvent for bgth, for-instance
an aqueous sol ution containing both boric acid or other /[Bpro ¢422ynd(s)
and the signature chem cal as solutes. Such aqueous sol; t'ﬂﬁSH@gro e

adm xture, may contain other conmponents. For instance, aqRERYS ~S D) BEEND
of bori¢ acid or other boron conpound(s) and the si gnature CHefr=e Phy
contai’n one or nore of the_water-sgl ubl2g2 pol ypol ar organic conpounds

descri bed above, and in preferred enbodi ment does contain one or nore of

t he wat er-sol ubl e pol ypolar organic conpounds, and in nore preferred
enbodi ment the one or nore of the water-soluble polypolar organic
conpounds enpl oyed i s nonoet hanol am ne or triethanol amne. In nore

pr ef er r ediljeainatie paké-up wates becdmes seridaslyibigh ey rudkowater bacouos move anst morer on

conpound(s) and the signature cheni cal contalns one or nore of such

wat er - sol &ﬁmﬁﬁhy i et e
or triethanol amne, in an annunt effectlve to increase the solubility of

Erg:i;pref vidhies) OMW%%&%?%WQMM%M'%&W
" 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 fod to the fluid system scparately from the boric acid or other boron
compumd(s)coniposidonfeed.-AmmgmhothumMﬂsﬂm“eomonlyaddedm
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 molecular weight (commonly under 500,000
dﬂm)polymmofadyncmmﬁdb.mdmimmmwhhmpﬁmmﬂynuﬂu
threshold agents or dispérssats in fluid systems such as cooling water systems. LT
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t he aqueous solution of boric acid or other boron conp .
signature chemcal. contains one or nore of such wate SRl IGHEETEAS BEEANT
organi ¢ conpounds, particularly nonoethanol am ne or t |ethmmﬁLAEEDne

an amount of at |east one part by weight for every six '
the bofic acid or other boron conpound(s) (as boric acid). In another
preferred enbodi nent the agueous sol ut #8n of_boric acid or other boron
conmpound(s) and the

12 signature chem cal contains one or nore of such mater-soluble pol ypol ar
or gani ¢ conpounds,

The signatare chernical(s) is herein at times refecred to a4 & “tracer”, the fmotional

"traoer” terminology being applicable to the signatare chemical(s) becanse it scts as a 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 empléyed 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 or other detection methods such as light absorbance
analym;pm-eohm derivatization, conductivity and the like, some of which are described in

nuwedmaﬂhdkwv

The detection and quantification of specific substances by fluorescenoe emission
spaummwonyﬁlﬁuﬁuhdimmnthepnnxnﬂmmﬂﬁyﬁuwﬁhnﬁummmnhﬂofeuﬂﬂbdlﬁﬂulmlﬂﬁs
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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particul arly nonoet hanol am ne, in an anmount of at | east
for every six parts by weight of the boric acid or other
(as boric acid) up to about one part by weight for every
wei ght of ‘the boric acid or other boron conmpound(s) (as be G
Nei t her Tronoet hanol am ne or triethanol am ne are flanmabl e, and their
presence in the aqueous sglution Jtoge2&er with the boric acid or other
boron conpound(s) and the S|gnature chemical will increase the water
solubility of the boric acid or other boron conpound(s). Aqueous sol utions
of boric acid or other boron conpound(s) ‘can be provided with

concentratjons of boric acid t her bo on conpound(,s as, bori ¢ acid) up
to abouf® Om“ﬂ'n M M mﬁ!“&ﬁéﬁﬁ erature

with the inclusion of nnnoethanol. am ne, for i nstance at -a concentration

of aboumbmemﬁ.nnmwbmwymm@mtm

I ncorporation of a'signature chemcal -as a solute is generally believed not

har nf ul theamdunt of exhirted dightis meainired st adhowh evavelength ara spectrumtdfavavielongths,

conmpound(s) provided by.the inclusion

whmhumfmedtouﬁmummonwﬂdmgth#ﬂgewﬂlydwmpmﬁmmom&m

Whmmemmemmtofspemﬂc submmormsonuofsuhmcuauow concentrations
1s desired or required, mwhuoﬁenhﬂxemfortheprmoftheprumtinvmhm,theﬁ)m
are setforupedﬁeombhmhon ofexmtauonmdmimon wavelmgtbs, selectedfor
nﬂuﬁmMiuyophnnmnhanmninuaauununt R
Fluorcscence mﬂmn spectrompy isone ofthe prefemd amlysis techniques for the
process of the present invention. Cutamcompomdammhmﬂyﬂmmtormybe
tqunﬂtopnnddaaummummmﬂmwﬂwahdhmnmihﬁg-Aanuwddhmﬁhmmih;uwuxumﬁﬁn
thvmﬁmi-mablymﬁmmm.QMymeaimem
-enmmmtmmshmﬂdahoprefmblybowlnblem ﬂneﬂmdoﬂheﬂuxdsymmd
meeﬂwﬂuidlylminmprefmedembodmwunmaqumsymmmehpmfmed
mbodmumemshmﬂdbemlubhatluunthemmmoﬂhe tracer that is
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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of. one. or nore of such water-sol ubl e polypolar organic conpounds

particularly the nono- and/or triethanol am nes.

wat er - sol ubl e pol ypol ar organi ¢ conpounds, as noted abo eTH6%§ﬁ§§IW‘ REGY |
mol ecul ar wei ghts not exceedi ng 500, and preferably havel nol eBGPRACERI ght s
not exceedi ng 200. - The polypolarity of these conpounds nmay be derived

from.pol yhydroxy substituents, as for 23

naphthalene disolfonic acid isomers, which are profecred signaturs 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
anmng&mnmnnﬂ&nmpmuﬂsm&kﬂtoanmuwmusmﬂmnnuhasﬁﬂﬂmﬁvmmnuﬁmwnnumz
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
refirence, whesin the tagging of polymers with pendant fluoresoent groups by (anslemidaion
derivatization of pre-existing polymers having carbonyi-type pendm groupa is disclosed. .

Water-treatment polymers tagged with pendant ﬂuoreseentgroupsmyofeumebepupmdby
methods other than (trans)amidation derivatization. Other fluorescent cbmeal tracers and -

' monitoring techniques ere now known, for instance as disclosed in U.S. Pateat No. 4,783,314, J,
E. Hoots and B, E. Hunt, issued November 8, 1988, incorporated herein by reference, wherein
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I nstance in conpounds such as ethylene glycol, glycerine,
sorbitol, tris-hydroxynethyl nethane, tris-hydroxynmet hyf-
| i ke. The polypolarity of these conpounds may be deriv
substituents, as for instance in the conpounds ethyl ene {_am=F
triethylene tetram ne, 1, 6-hexanethyl ene diam ne, bis- hexanethylene
trianjne, tetraethylene pentani ne and2fhe Iike. The polypolarity of  these
conmpounds nay al so be derived from conbinations of hydroxyl and anm ne
substituents, which compounds include the nonoet hanol am ne

(2-am noet hanol) and triethanol amne (tri-(2- hydroxethyl)an1ne) ment i oned

above and t her al kanol ami nes such as dlethanol am ne, N-et hyl am no
DOt haRet ABRERRENt tcacey m&m@mwﬁm m fluareseence monitneing, faeks 8

et hyl ) et hyl ene di ami ne and the |ike. - The nonoet hanol am ne or

t ri et hartbe sodiim salt of 2-naphshalenesuifonic acid andoAcid Yellowdiyeh Buch natirally flaoreseentini ¢

conpounds descri bed above, or other- conpenent of the aqueous solution or

o1t o ot Ul
invention only when they can provide the mommnng desired by the present invention despite
thdtpotmudformsumpuonwmdmmﬂxepufommwofmmrmmt
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/lOorSOOIlOwhmoemmeém;:‘aﬂ;hs 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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together with the boric acid or other boron conmpound(s) and the. signature
chemcal, as a treatnent chemcal (for instance a silic ale EEN
i nhi bitor agent, a chelant, an organic or inorganic co é%gﬁ?@éb I on
agent, a polyneric dispersant, a biocide and/or other a ents

conbi nati ons of such agents), as a boric acid or other Boron conpound(s)
sol ubid ity enhancing agent, or for ofRer purposes and even for no
particul ar purpose, proviT&d thatTsuch othef conponent does not have such
a deleterious effect on either the boric acid or other boron

14

jrmunam pmase——y

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

wavelengths often cin be selectéd to mullify or at least minimize mymterferenoe ofthetmcar
— | .

measurement(s) caused by the presenoce of such species.

. ' Onemedxodforﬂ:eeonunuouson-smmommg of chewmical tracers by flaorescence

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,
incorporated hereinto by reference,

Ihneumwﬁuﬁunofhhhqmnﬂneﬁqﬁdchmuukmmmhyf%ﬂﬂx?jamdﬂhuumuuwc
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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conpound(s) or the signature chenmical so as to di m nifs=tre—=
conponents to an ampunt bel ow the nini mum ef fecti ve |pFblfhSHERNHABBEEN,
amount of the boric acid or other boron compound(s) |j s t hBERKBGED ,
necessary in the feed solution or other formof adm Xture to be effective
in the fluid systemfor the purpose(s) for which it is being added to the
fluid system at the rate in whigch t@8 feed is fed to the fluid system An
ef fective anmount of the S|gnature chemical”is the ambunt necessary in the
feed solution or other formof adm xture to be effective. in the fluid
system for the purpose(s) for which it is being added to the fluid system

at the rate he feed i s, f.ed to,t f st&pt ,Gener al he
oi gnat UWMEWM et fﬁ‘mmﬁesm el

detectin % Ieast the exi stence of signature chemcal .in a sanple of
fluidt dsm as is described in nore detail bel ow.
The adnlxture of borlc acid or other boron conpound(s) and signature

cheni cal nayTleHPLC method can alsobeeﬁ'ecnvdyanployedto separate a tracer compound from

a fiuid matrix for the purposes of then employing 1 iracer-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
tdh&'UﬁhéacoknﬁnﬁﬂopnﬁnhaﬁbuumﬁcGhmDpnﬂngnmhasaBﬁhkuun!(LSOpnﬂm
(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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other than an aqueous solution, for instance a m xed solvent systemor an
organi c. solvent solution, preferably provi ded that both

ot her boron conpound(s) and signature chem cal are solu *ﬂ%@HéEﬁHNBBEEN
practical concentrations, particularly_at anbient room t r REMLACEDhe
organi ¢ solvent of such a.nixed solven?9systen1(mater and or gani =
system) or such an organic solvent solution in preferred enbodi nent is one
or nore of the water-soluble polypolar organic conpounds having a

nol ecul ar wei ght not exceeding 500, and nore preferably not exceedi ng 200,

whi ch ar&tﬂﬁéﬁ%ﬁﬁﬁ%ﬂw&%ﬁww@ﬂh&%ﬁﬂ%@&mwkmmm
 the colarimetric analyzer unit, whicheontainuoolonmmr bythe other cable. The colorimeter

huamldwthntdevelopnnelecuicalmdogapalofthemﬂectedhghtcharamncof
the tracer concentration. Thevolngemmdbythemudtmmmadmlmdiumrmda
umﬁnmmuﬁmcnwuuhrpnnumtmmtJkﬂupomRWNMmpunmmnruuybeeumhumdua
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, J. Hickey, W. H. Hoy, . B.Hootsmdn A. Johnson, issued
February 12, 1991, morpomdhumbymu. Chemical tracers suitable for use in
conjunction with a colorimetric technique inchud transition metals (discussed below) and
mbsunmwhchshowhghubmbmwhehudmbhﬁomﬂnnofothuspmpmmtm
theswmumfhudumswhwumwswmmmruunwmhcohmﬁundngnaqmnutopmﬂhoahdm
ahﬂnbmnnvﬂﬁdhildﬂmﬂﬂﬂelhmnﬂuuofoﬁurqmwhupmumnthtﬂuuumumnihml
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15 sol ution containing boric acid or other boron conpound(s), water and
one or nore of the water-soluble polypolar.organic conpounds[fs

al so a m xed sol vent. system As exanples of substantially
sol vent sol.utions enploying one or nore of the water-solub
or gani c-conpounds are sol ytions of, borB@ acid or other boron
and at | east one specie of chem cal tracer, in glycol, glycerine,
gl ycol /glycerine mxtures, diethylene glycol and the |ike. As exanples of
m xed sol vent sol utions enploying one or nore of the water-soluble

pol ypol ar organi.c conpoqnds are solutions of boric acid or other boron
conpouncisDSRDMRRLANRYEE cr i xt ures, gl yceri ne/ wat ér mi xtures,

gl ycol /gl ycerine/water m xtures, monoet hanol ani ne/ wat er m Xt ures,

tri et hanol ammmmwmmmwmmmummmw
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
. ¢lectronic structure of the molecule. The encrgy abserbed clovates electzons from orbitals in a

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 Re 'i

[N




As a feed to a fluid system nost sol utions contalnlng t he=hosric acid or

ot her boron conpound(s) and signature chenical woul d be'aTHiarmJ{@ﬁ{HA gE‘EN
terrperature at the time of such feeding, but the presenl | NVeREPOAC Qf
course does not exclude the selection of other concentra

acid or other boron compound(s) ang/or ¥t gnature chenical that nmay be
possi bl e and/ or practical for feed at other than anbient roomtenperature,
for instance at elevated tenperatures, at which boric acid or other boron
conmpound(s) woul d generally be nore soluble in at |east water, and at

| ower than aans]n %@Q’&MMWMmmmtmmoﬁMed

specics 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_:_qun;ion may presently not
even be ahaustwe. and most Likely techmquu @mt to the above for the purposes of the
present inveation will be developod in the foture. T
Achmulspemumaybesdmdforamvmptocmbasedmaprefuenoeformor
mmmalyhealtechmques.oranmnlyﬂcalmhmqnemybeselectedforagwmptoocssbnsed
onaprefcenceforoneormorechmulm Mprefmedembodments the chemical
eompcmd(s)selectedasthemershouldbenlublemtheﬂmdofthomulustatthe _
concentration level(s) of the chemical tracer cmployed in the respective fluid. In one preferred
embodimgthechmﬁwoompmd(l)sdmduauuﬂlhoﬂdbedthu_shuginm
mvuonmentofthoﬂnﬂdsysmforﬁemeﬁxlhfeexpmdofﬂmtam. or, jits loss from the-
fluid due to degradation, deposition, eomplexatlon,ot_‘ql_:!!_er phenomena sho_uldbepredichble
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 dus to degradation, deposition,

complexation, or other phenomens, unless such consumption or loss is at a rato that is
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of adm xture, provided there is a sufficiently honbgeneous!
distribuation of the boric acid or otherggoron conmpound(s) and si gnature
chem cal in such adm xture-to rel®ase 1nto #he fluid system by such conmon
feed rel ated concentrations of boric acid or other boron conmpound(s) and
signature chemcal. In nore detail, at mninumfor the purposes of the
present invention, the detection of the presence of the si gnature chem cal

:opezencew(@aa%a%r opﬂ mF)oron c?moundﬁésﬁg‘tw ﬁ af d
ggteefnre ers eg&ghtr{ea & ﬁna¥°0'ﬁ of a s%gg e .ta en ro t e °H$@

fluird-
N boric acid or other boron compound(s) in the fluld, When boric acid or other boron
compound(s) is uséd for smorphous silica seale deposition inhibition, it is believed that the boric

16 ' The adm xture of boric acid or other boron conpaund(s) and
si gnature chem cal may be other than a solution, for inst n¢Ais &y H a ]
solid or dry formadm xture or a colloid form admi xture o any . QE%EEA] 'éﬁgﬂji

addmoﬂmbomndbmpmd(s)hnianegﬂslbkmnmpﬁoioﬂ&nminmaqummsym

: In prefected embodiicat, the combination of the chemioal compound(s) selected as the -
tracer and the analytical technique selected for deterniining 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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systerﬁ at the sanpling point, and that in turn preferably, I ndi cate

at | east.approximately the concentration of the boric aqgj ¢nx
conmpound(s) in the fluid systemat the sanpling point. e de%éiﬁii iGHEN
or calculation of the boric acid or other boron conpound CEHL i on

fromthe signature chem cal concentrat 59” generally requires that at |eas
the relative amounts of be+ic aci® or ot her=boron conpound(s) and
signature chemcal fed to the fluid systemat a given tinme be known. For
fluid systens that are conprised of, or include, flow ng streans, for

i nstance an industrial cooling water system an adm xture of boric acid or

ﬁér&ﬁgeﬁgéﬁ*?“mwﬁﬁ fed! The presalinvantior'doles 6t ekélhidé & Prickss

wnpﬁsed-ofld;lhgaohemicdmboﬂmtheboﬁcgddorothubmmmd(s)
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

. scourstely determined. - |

| Mors than one chemical tracer can be exnployed, and then the presence and/or

.__wnnmmﬁonofpmhmchmhtheﬂuidsymshoﬂdhedemmbymmﬂyﬁcd

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, Bymmnulemmeﬁwdmmmmﬁdwc acid or
other baron compound(s) routes, the location(s) of the boric acid or other boron compound(s)

e S
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17 "r easonabl y assure that any subsequent downstream analysis _of
signature chem cal can be reasonably related to boric ﬁCJﬂﬁilScﬁrr-lE%tj]f/{S 8REQN
conmpound(s), and such honobgeneous admi xture is general Ely ensur f

true solution, but m ght not be achieved in a dry adm X'EU-I’@-J-.QL-.-.-I_EL&I:&BEQ
unl ess parti cular care is taken in thﬁ formul ati on and/ or conpoundi ng
thereof. For a nore stat«se fl ui desys 8m sush a hi gh degree of

honogeni zati on nmay not be necessary, for instance when the adm xture is
fed to a fluid systemthat will permt dissolution of the boric acid or
ot her boron conpound(s) and signature chemcal into the fluid thereof prior

te(r)rbgg?/ substﬁ%l al trg@l gt | ﬁnIOf !&QMWQM&GQMGM?H er rfét

flow to the separate routes may also be determined.

gm—

A stable mixed solvent solution of boric acid with a naphthalens disulfonic acid tracer -
' wasprepared by admixing the following components: -
28 partaby weightwatr = - w
17 parts by weight monoethanol amine
55 parts by weight borio acid-

0.26 parts by weight naphthalenc disalfonic acid

- Exaxple2
Amblemixedmhuﬁsohionofboﬁcaddwiﬁuvmadiumﬂnuwubmpnedhy
admixing the following comiponents:
46.2 parts by weight water
34putsbyweightmono§ﬂunolmine
110 parts by weight boric acid
9.8 parts by weight of an aqueous solution containing 5.1 wt. percentvmndxm

+
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| east a fluid systemcontaining at |east about 40, or 50 wei ght percent
water, and the boric acid or other boron conpound(s) and signature

chem cal are fed to such fluid systemas an aqueous ﬂ | C
sol vent solution or mixed solvent solution. In nore pile @ﬁsé}'ét A@A@%Bé@h

such solutlon or feed contains fromalggt 0.5, or 1,

wei ght “percent boric aci d™or othér boron conpound(s) and in even nore

preferred enbodi nent at |east about 10, or 15, to about 55, or 60, weight
percent boric acid or other boron conpound(s). In another nmore preferred

enbodi nent, such solution or feed is a m xed sol vent sol ution which
cont ai ns frohMﬂMﬁdhﬂM&tﬁQWM@dm@d

wat er - sol ubl e pol ypol ar organi ¢ conmpound as described above, and in even
mor e pr csmpling e fiuidliyseas todetdnmin basding cordition; préforabtp il intendéd orpossible
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.
.. heuuinprefmedmbodmu,thoumphngpoinumuﬂmnw(s)whmmem

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

monitnrthetomthuismostmsiﬁvetoboththe.dmﬁonmdqumdﬁuﬁonofthem
 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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18 30, weight percent water-soluble polypolar organic conmpound as
descri bed above, particularly when such water-soluble p OFgarH- €
conpound is triethanol ami ne or nonoethanol amine. |n afofRSrSHEFTEHAS Bak
pref erred” enbodi ment, the nixed sol vent solution or feed contaFﬁBLA¢FBn1
about 0.5, or 1, to about 55, or 60, wgight percent boricactd or otner
boron conpound(s) and fr3ﬁ1about 0.5, or 17 to about 25, or 30, weight
percent water-sol ubl e polypolar organic conpound as descri bed above, and
in even nore preferred enbodi nent at | east about 10, or 15, to about 55,
or 60, weight percent boric acid or other boron conpound(s) and at |east

about 1 i3 deiifabie) eifévisstancey can FenddPthaippiALK fesé duyirable forgpradtical:

pol ypol ar orgahi ¢ conpound as descri bed
yeasons,

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 a
fiuid system in an amount grossly in excess of the mininmm effective amount because there
gﬂuxﬂbvwmﬂdbenopmwﬁmﬂpmqmuﬁndohgsoﬂntwwﬂﬂjwnﬂ&ﬂnmmﬂshumhnﬂandamy
deleterious cffects on the quality of cither of the fiulds caused by the presence of the tracer
dumﬁmdﬂumdn.Thammmmnofumurdmmdmﬂtobau&kﬂtoﬂunnmmhnuwhﬁngfhﬁdsmﬂun
thuiseffeoﬁvewlﬂloutbeinggrokslymeuivewillvuywithawidcuﬁetyoffmu,
inchuding without limitation the tracer and monitoring method sclected, 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, -
aud the Hke), Generally the dosage of tracer to tho fluid system will be at least sufficlent to
provide a concentration of tracer therein of shout 0.1 ppm, and more commonly at least sbout 10
or 100 pprm or higher, - |

The present invention in an embodiment is & process for monitoring boric acid or other )
boron compounds in & flvid system, eompnmg: adding beric acid or other baron cormpounds to

—_——

———
—_——
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above, particularly when such water-sol ubl e polypolar organic conmpound is

triethanol am ne or nonoet hanol am ne. The pref
of signature chem cal in such aqueous or m xed sol vent YNﬂﬂSBUEEBHAﬁéE?NN
described~below in nore detail in terns of concentrationlther dfPLiACEhe = |

fluid- Systemafter the signature cheni 83l feed is added=EeEnerarty, the
concentration of signature chem cal would not exceed that of the boric

acid or other boron compound(s) in a feed solution, and since there is no
practical purpose for the addition of signature chemi cal in anounts greater

t han t hat reqU|red to _provide an effective amount of the_signature ghem ca
in the f1%p ad&n the fluid-systemat dnast-one ﬂNéPQf @3 ﬂiﬁ?ﬂﬂl

chemi cal is no nore than about 1 part by~
atlentonesampleofﬂtﬁd&omatlmtonemaofthnﬂuidmtemtoatleutoneanalysis.

wherein the malym atlmtdetecutheprmceofﬂlespecieofmmchmmlmthample,
andwhmtheanalymaﬂmdmmnesﬂwpmceofboncmdoroﬂmboron compounds
mﬂleumplebyﬂzedmﬂon ofﬂlcprueneeofthespweofncerchemical

'Ihepmeutmvenﬂoninmembodimmtuaproom formoniwnngboncacidoroﬂ:er
boroncompomdsmafhndsymeomprimg-addmgwﬁeﬂmdsymaeompomm
comprised of an ndmxhnecontmmgboncaoidoroﬂmboroncmomdsmdaﬂustone
npecieoftmarchmeal, whmﬂxepmporuon ofthespemeofmdemicaltotheboﬂc
amdoroﬂxerbommoundslnﬂneadmmmumbsmdallylmm subjecting at least one
smnpleofﬂmdfrmnatleastomsiteoftheﬂmduysmtoulemopamdym, and wherein the
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.

Thepreaentinveﬁﬁon inan ﬁbodimentiumeuiforinhibidng amorphous silica scale .
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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19 wei ght of the signature chem cal per 10 parts by weight of boric acid
or ot her -boron conpound(s) (as boric acid). When

conposition also contains one-or nore of the water-sol ubl Tﬁtﬁ%@ﬁ%ﬁ@x
organi ¢ conpounds for at least in part the purpose of add|ng s (REFLACED ,
wat er - sof ubl e pol ypol ar organic corrpo?gd as itself as ar amoT pnous silica
scal e deposit inhibitor, soth feed preferably should contain a sufficient
concentration of the water-soluble polypolar organic conmpound to provide

in the fluid systeman effective anount thereof for such.inhibition
pur pose, and an effective anount of the water-sol uble polypolar organic

conpoundinhibifinfthb Fornthtivh SF Sfbrphowd/silitd séile 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 at least
ons site of the aqueous qmnlmmepmm&meged§ofmmmm.

In preferred embodiments, the analysis determines a spectral or chemioal characteristic 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 spocie of chemical traoer in another preferred ewbodiment 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 fluid system asa
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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| east '‘about 10 ppm when the fluid systemis conprised of i
and may "be at |east about 50 or 100 ppm in each instancy
by wei ght _of the water-sol uble polypolar organic conmpoung
parts by weight of the industrial waters. In a pne e

enbodi pent, the fluid systemis an indggtrial water system partlcularly

i ndustrial water systens sUth as: TMeat-exchafige systens, including, but not
limted to, cooling water systens; geothermal water systens; salt water
systems for desalinization purposes; industrial systenms containing waters
bei ng prepared for boiler treatnment and stean1generat|on downhol e wat er

;ﬁi:}erﬁdust rea vvat er SW@Me significant %%ﬁg& ‘g!lalgf,%geslcglkg |
i i t 0Pt yuec 8 of BBt be REbiohocBfane tind bl hiothélbatiREP HEBorbh ° "
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 tr4cer and the borom coupound are, in preferred embodiment,
added to the water of the aquoous system together as en 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“umlhgmm

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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20 . of the present invention is highly advantageous for use in nmonitoring_

the borkc acid or other boron compound(s) in such waters. S

industrial water systens boric acid or other boron conpoin + ‘S) J %AS BEEN
EBYACED

added to the system as an anorphous silica scale deposit i

conponent of a nulti-conponent anorpho4@ silica scale deposit inhibition

program or instead for ofnher purposes When the boric acid or other boron

conmpound(s), or when the water-soluble polypolar organic conpound

descri bed above, are enpl oyed as anorphous silica scal e deposit

i nhibitor(s) or as a conponent(s) of a multi-conponent anorphous silica
scal e dupdyn&wlﬁdlhm:ﬂrlypmﬁtmdbwmoﬂhemuwmchmohmﬁhod 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

. sotivates ormodifies a feed of at least ono trextment chemical to the Svid system, whercin 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 a composition that contains boric acid or other boron compounds to the

fluid system. S
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S
program the waters commonly have a neutral to alkaline pH, for instance a

pH val ue~of at least about 5 and comonly higher than 6 '
| east 5 ppmdissolved silica as SiJerr], and at tinmes
450 ppm. or even up to 1,000 ppm dissolved silica as Sil|J err |JR&RLAGEDE. Thg
condensation of silicic acid to anorphous silica is driVvem Dy al Kal r ey
and thus waters of higher —alkalinrity |1 have a greater tendency towards
anor phous silica scale formation for a given concentration of dissolved
silica, other factors being constant. Such waters may also contain, in
addition to dissolved silica, silica in dispersed or even colloidal forns.

25 hi'gh as solEysrin bt Baoinent ab d iah s vt RR, idailig T0S)
ot ent | PTG A Rolbg M AP Tout | nol v are found inindustral systems
with silica Sﬁﬁ&ﬁuﬁﬂgggagéeéﬁéﬁﬁéagiﬂwdhﬁdsynumjdanIqwmnustuunﬂumﬂuwu
through a sids of one or 2 plurality of heat-exchangers, including but not limited to cooling
- * In oertain preferred embodiments, the analysis determines & speciral or cherical
characteristio of the specie of chemical racec thatis proportianal to the conccatration of the
specie of chemical tracer in the fluid systent snalyzed, and more preforsbly that is proportional
to the ooncentrations of both the specie of chemical tracer and the borie acid or other boron
compounds in the fiuid system analyzed.

In certain preferred embodiments, the analysis is one or more of fluorescence entission
spwmwopy,aoombhedhighmmﬁqﬁdchmwomhymdﬂmemmim
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

STHIS GHERS FBBOBEEN

substantially susceptible to depletion mechanisms in the environments of the fluid system in 2
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21 The tenperatures encountered within a fluid_system are of
course dependent upon the type of fluid system 'nd“Str'§Hﬁ¥@ﬁ€§rﬁX§Fﬁﬁﬁ
commonly vayy in tenmperature from about anbient roon1tqnperdE@pEA Ep
about 150. C, and at tines higher than 150 [err]C. For in
geot hernmal water can exceed 250[err]C or 260[err]C, and boric acid or other
boron conpound(s), al one & together &2t h one or nore of the water-sol uble
pol ypol ar organi ¢ conpounds descri bed above, may be added to such high
tenperature water for anorphous silica

-dqmneoratannaﬂmuisﬁmﬁnnxnﬁmnu:ﬁnswﬁupﬁbnhyofbmﬁcmddnroﬂurhnnnx
compounds to depletion mechanisms in the same environments, |
Unless expreasly indicated otherwise herein, all propertics of any chemical compounds,
or compositions containing a phurality of chemical compounds, set forth herein are such
properties as would be determined for such compounds, or composltions, within a tempevature
) nmgeoﬁ&mndhﬁuzoﬁCtodhmn4011lndnmmmnhﬂyumhrzMMmMuﬁepnnmnn 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
presenceot"achemicdspmie(s)ismmthminﬂ:ede;emimﬁonofwheﬂmorﬁotmoh
chewical specie(s) is present or sbsent; and thus inclades the detection of the absence 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
ﬁmnmtm:ﬁnmnuofmmhiummcﬂmmmmﬂaaﬂumwvddbeemdwdanwoﬂwsuwulunmunof
boric acid as to the orthoborate jon formed therefrom. Unless expressly indicated otherwise
herein, the inclusion of & prefix or suffix in parenthesis designates the word with such prefix or
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sCal e deposit inhibition purposes or other purposes. N
to treat the waters of industrial cooling water systens 'ﬂH&ﬁﬂﬁET%@% % \
ot her boron conpound(s), alone or together with one or re of RERRA

wat er - solsubl e pol ypol ar organic conpounds descri bed above&—such cool i ng
wat ers “are routinely neutral to alkallgﬁ descri bed above and may

requi re boric acid or othe& boron «onpodnd(ss addition even if the cooling
waters are enployed in the cooling water systemon a once-through basis.
Addi tion of boric acid or other boron conpound(s) is however even nore
frequently required, and an efficient process for nDnitoring of the added

28{): ?ngcﬁ%#smarm %m c00 |ng er s%? Hiﬁlh:

?ﬁﬁifﬁﬁlﬁﬂeﬂﬁwﬁwc GPCul it et e e '&&"’%ﬁwgﬁ?ﬁe 810 Cuch

O il sl bt B b o ol ot el 1=
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”, "Mﬁqﬂiﬂim)" means "functionality and/or functionalities”, . ..
ﬁmmpﬂkﬂhkﬂ&ihmﬂaﬁxmungnnnqﬁqamﬂmnm@htnuqmﬁqﬂﬁmmhmamdhrmmuuﬂc
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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22 * si'lica,

in the nake-ub wat er becomes seriously high as such water
becones #ore and-more cancentrated. The alkalinity of the_waters—ad

' 1
frequently increases with such concentration, and pH valu=SHQQSHQHMHKBBﬁE§1\

9 or highét ar eum“ m'lﬂlm ntered in concentrated coolli ng WRERLACER i
As noted above=the=B6Frc—acra

or ot her boron conpound(g) &odb05|t|on as fed toa fluid

recirculating c

10

15

20

25

SLAIMS

1. A pibdéss for monitoring a boron compound that
forms orthoborate ion=in a fluid system, comprising:

adding said boron compound to said fluid |
system; o

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

suhjecting 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 chaﬁical 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 qpecie\qf chemical tracer that

is proportional to the concentraéion of said spacie of

_—
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system barticularTy ani -wat er system may further contain—ethe

conponents, whi c conponents in the fluid yﬁglg@@gm BEEN \
i nert conponents ,'mlm gm" gﬂtem Such ot her nateri alls mayggpu\eaoto
the flui d<system separa the boric acid or other Iy :
conposi tion feed. Anong such other materials that are conmonl y added to

I ndustrial water systens are those used to $nh| bit corrosion or to disperse

or inhibit scale formation of types ot her%? han anor phous silica scale,
such inhibitors p t ophosphat es,

pol yphasphat es, #Q&L% ecuﬁcﬂ%@rﬁ&( g%“n%rgn%aeé@ W%O dal t ons)
polymers of acry}ic aci &Foo vVaLi I are :
primarily used ajsl thre%oﬁ"&; agéegrns oﬁgﬂgpgésgﬁ?iﬂ%yfﬁﬁ%sysﬁem such as

cooling water sysigiw®-3 wherein said specis of chemical tracer ig a

-------

transition metal cation that-ie at least in part the

5 ° cation of a waﬁer—'sqluble-boron salt and gaid analysis
18 a transition metal-responsive analysie.' o
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

10 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
chdmical tracer are subatantially added together to

15 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

- 20 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

25 compound having a molecular weight not g.xceeding 500. '

10. . A progcess according to claim 9 wherein the

his Sheet Has Been Rej laced
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23 ' * The sj_gw:ﬂ(s) IS herein at times referred to as a
“"tracer"s the functional "tracer™ term nology being applicaplreyd HEERHAS BEEN

si gnat ure chem cal (ﬁm ' s as a tracer for the plurposegEriacEne
present i Aventi on. mum',”m”ﬁmferabl y sel ected from ansrgthese=that—
are easily detectabl & by tthe“analysi s nmet hod being enpl oyed in a given
application of the present process. Such al ysis nethods include, but are

not limted to, fluorescence anal nyiﬁ’ colFBrinetry anaIOIysish transitioE
I lysis. . . . _ o d "
(HPLCT) “ana e BETPBTRRCPHURRER Mopb bk 588 Y, Bntedi dr et RAR S

exceeding 200.

Gulgretincammmpad

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

triethanol amine. o A
12, A process according to é;nf one of the preceding
claims wherein detection of said specia of chemical. ..
tracer activates or modifies a signal, and said signal

10  upon activation or modification activates or modifies a
feed of at least one treatwment chemical to said fluid
system. g - _

13. A process according to any oﬁe of '1.:he praceding

claims wherein said boron compound i.s" boric acid.

18 14. A process according to 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

20 aqueous system having a pH of at least 5 and containing
dissolﬁd 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

25 provide a concentration of at least about 25 ppm as

boxric acid in said water. —
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Spect £oscopy kon and quantification

anal ysi's, post-c | on, conductivity and the |ike,
Wwhi ch are descri Hmm E'I!eﬂ] E il bel ow Fl uor esc .
&

subst ances by fI uorescence em ssion spectroscopy i's f unded :
~ proportYonality between the amount of enitted Iight andFt amount of a
fluoresced substance present. Wen energy in the form of Iight i ncl udi ng
ultra violet and visible light, is directed into a sa%

f1uorescent substances ther#gé; Siddrahgord cladmekerdy hen enmit that

energy as |igh®. havi nB rwavel ength than t he ght.  The
U T TR

anmopunt of emtted Ilght duym ahbe In practice, the
1ight is di r ewhexeln, i?he&ganpl e cell through an optl cal light filter or
nonochr omat or so that the light transmtted - i
sys em.
i]fiiiifﬁiilfﬁﬁliﬁicw




L4 s
24 IS of a known wavel ength, which is referred to as the excitation
wavel engt i and generally reported in nanoneters ("nni)
is simlarly screened through a filter so that the am)unﬂ
I's neasured at a known wavel ength or a spectrum of wavel engt hs, Which is
referred-to as the em ssion wavel ength and generally al so reported P

nanometers. Wen the neasurenent of SpQBIfIC subst ances

substances at |ow concentrations is desired or required,} St SaEEDHaGBESy

the case for the process of the present invention, the fl, t er s REPLACED K
e eyt

MONITORING BORIC ACID .IN. PLUID SYSTEMS

e e e

ABSTRACT

Apmmumonimboﬁc acxdorotha-bmnoompomdsm 4 fiuid system. Atleast one
spemeoftmuchenﬁcaluaddedtoaﬂuldsystmud:tlmtmnmpleofﬂmdﬁomﬁe
fluid symmismalyudforatluastdtepmeneeoﬁhe fracer, and the presence of the specie of
tracer cheanical in such sanple determines atloas o preséace of boric acid or ofber boron

 compounds in tho sample, |

. This Sheet Has Been Repla

NG lill

T



are set for a specific conbination of excitation and eni ssion_wavel engt
sel ected for substantially optinmumlowlevel measure

3 .
Fl uor escence em ssion spectroscopy is one of the prefgqf SEBL %r NT SHEE'
r i@ﬁ

techni ques for the process of the present invention.
i nherently fluorescent or may be tagged to provide a
characteristic. As noted el sewhere, the tracer used in the present
invention is preferably an inert chem cal, not substantially consuned in
the use environment. The tracer shouldyalso preferably be soluble in the
fluid of the fluid system and since the fluid systemin certain preferred
enbodi ments is an aqueous systemin such preferred enbodinents the tracer
shoul d be water-soluble at |east at the concentration of the tracer that is
enpl oyed in the aqueous system Many types of water-sol uble fluorescent
chem cals which are substantially inert in nost aqueous environnments are
known. Anong these substantially inert fluorescent conpounds are the
mono-, di- aechhicil Fieldfofithefrvehtivapht hal enes, such as the various

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.

e Inventi

Boric acid is used commercially as a water treatment agent, particularly as an agent that
inhibits the formation of amorpixous silica scale in industrial water systems. Theuse of an -
admixture of a water-soluble ;;olypola.r organic compound containing hydroxyl,' primary amino, -
or secondary amino functional groups, and having a molecular-weight not exceeding 500,
together with boric acid or another boron compound that forms orthoborate ion when dissolved
in or hydrolyzed by water, as an inhibitor of amorphous silica scale formation on ‘surfaces in
contact with industrial waters, is taught in U.S. Patent No. 4,532,047, issued on July 30, 1985,
inventor Lconaﬁl Dubin, incorporated hereinto by reference. Also disclosed in this patent is that -
boric acid and its water-soluble salts and/or any boron compound that forms orthoborate jon by

dissolving in industrial waters or by hydrolysis under industrial water environments may by
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25 napht hal ene disul fonic acid isomers, which are prffz EMENTOSHEET
chemcals for use in the present invention. The naphtthégﬁﬁi' '

ne duns
acid isoners are water-soluble, generally available co rrﬁétgaa_._['@égﬂ .....
easily detectable and quantifiable by known fl uorescencd_analysis
t echni ques. Moreover, such signature chem cals have been found to be
conpatible with at | east sone of the m xed solvent solutions of boric acid
or other boron conpound(s) descri bed abgye, '

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 themselves as amorphous silica scale inhibitor agents is also disclosed, and is described in
more detail, in U.S. Patent No. 4,584,104, issued April 22, 1986, inventor Leonard Dubin,
incorporated hereinto by reference. |

Boric acid also has other commercial and/or industrial applications. Boric acid is
commonly added to commercial plating solutions as a buffer. Boric acid, which has
bacteriostatic and fungicidal 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
éuch as mouthwashes, hair rinses, and the like. Boron compounds are good absorbers of thermal
neutrons, and thus are found in many nuclear industry applications. For instance, high purity
boric acid is added to the cooling water used in high-prcsmire water reactors. Boric acid is also -
used as a fire retardant. |

In the aforementioned commercial and/or industrial uses of boric acid, which generally
are also applicable to its water-soluble salts and/or any boron compound that forms orthoborate
ion by-dissolving in water or by hydrolysis under water environments, the boron compound is or
may be employed as a solute in an aqueous system. When boxlic acid ;nd/or its water-soluble

salts and/or any boron compound that forms orthoborate ion by dissolving in water or by
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and so can be easily incorporated into the feed of boric acid or._other

boron conmpound(s) to the aqueous system Some nf ) T SHEET
fl uorescent conpounds are al so water treatnent agents, 61cﬁ%¢k%%%%?gbe

anong the normal conpounds added to an agueous system SU'hgaa}gzq)qﬂumlgﬁ ______
waters, for instance aromatic organic corrosion inhibitqrs,—SUCHh 3s

aromatic(thio)(tri)azoles. Sone water treatnent - agents may be susceptible
to tagging with fluorescent groups, for instance as disclosed in U'S.
Patent No. 5,128, 419, D. W Fong and J3E. Hoots, issued July 7, 1992,

I ncorporated herein by reference, wherein the tagging of polynmers with
pendant fluorescent groups by (trans)am dation derivatization of

pre-existing | yoer s_havi ng. carbonyl -t ype .pendant. groups i s_di.s¢l osed.
Wt er - t r eat mg'ﬁgm of Vﬁgrv‘?&f %’g"é%"&’%s’t' ”5@%@’3’% ?ﬁ"g’(p)er“és centgr %ﬁfjs' °(ri\ri§'§/’sof

course be DI, a6 ioni I BACR 0BL: i WAl kSR A1) Rn SR g | 0N
er fluorescent chemcal tracers an nmoni toring tecnni ques are now
known, for i rifiBasbbatte inbs iRSeashgiinwikr3r by 3@ kis Dier Whtef SnvirarkfientsJ -
(referred to at times hereinafter as "boron compound(s)"), in such system. By the terminology of
"monitor" and/or "monitoring” is meant hereén, unless expressly stated otherwise, the tracing or
tracking to determine the location aﬁdlor route of such boron compound(s) in the aqueous.
system or loss of such boron compound(s) from the ;queous system, and/or.the determination of
the concentration or amount of the boron compound(s) at any given site or within any given |
area, inclu(iing singular, intermittent semi-continuous or continuzous monitoring. The test
methods most commonly used presently to determine the pres’;nce and/or concent:ition of boﬁc .
acid in aqueous systems are difﬁcult to perform or not-very accurate. One such method, known
in the technical field as the carmine red method, is hazardous to perform because it requires the
- use of concentrated acid: Methods which measure color developinent with a comparator are less
accurate than desired, for instance not distinguishing between a boric acid concentration of 70
pp-tn and 100 ppm. Another method, known in the technical field as the mannital titration
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 a fluid system, particularly an aqueous system, and more
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E. Hoots and B. E. Hunt, issued Novenber 8, 1988, incor
ref erence, wherein

26 inert fluorescent tracers are enployed in conbinat
fl uorescence nonitoring, such as the sodiumsalt of 2-
acid and Acid Yellow dye. Such naturally fl-uorescent orr

fl uorescence-tagged water-treatnent conpounds are useful for the purposes
of the present

or at ed her_ei_n_b_é
REPLACEMENT SHE! .
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particularly when such composition is fed to the fluid system as a silica scale deposit inhibitor,
It is an object of the present invention to provide an improved process for the treatment of an
industrial water system (aqueous industrial system) in which a boron compound(s) is an active
treatment agent, the improvement characterized by feeding to such water system a composition,
particularly a solution such as an aqueous-based solution, containing a boron compound(s) and
having enhanced detectability. It is an object of the present invention to provide an improved
process for the treatment of an industrial water system in which a boron compound(s) is an
active treatment agent, the improvement characterized by feeding to such water system an
agqueous-based boron compound(s) composition having such enhanced detectabélity that the
monitoring of the boron compound(s) requires no hazardous materials, and is very sensitive and

accurate. These and other objects of the present invention are described in more detail below.

Di the Inventi

The 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
water or by hydrolysis under water environments, in a fluid systém comprising feeding to such
fluid system a substantially homogeneous admixture of such a boron compound(s) and at least

one signature chemical, and thereafter subjecting at least a sample of such fluid system to




invention only when they can provide the nonitoring desired by t
invention despite their potential for consunption to some_degte
performance of their water-treatment functionality(ies), &
enbodi ment the use of fluorescent water-treatnent species,
wat er-treat nent species, as the tracer in the present proc
In general for nost fluorescence em ssion spectroscopy net g
hi gh degree of practicality, it is preferable to performthe analysis

~ Wi thout isolating in any manner the fl udrescent tracer. Thus there may be
some degree of background fluorescence.- I n instances where the background
fluorescence is low, the relative intensities (neasured against a standard
fluorescent codplpsisoeldeddct the piesencbundlorARY WMk tradn o? fuch BEhadecheied, -Ad i@l | Ve
intensity for instance 100) of the fluorescence of the tracer versus the
background carthéxenceatrajioméhgige addfor conasitrativa gradient bfxhé signadire LoiBPolAM iAkuch @10 when
certain conbinations of excitation and em ssion wavel engths are enpl oyed
even at | ow f|9#daaptefaahsehadiment surh nid systeindsen aqueons-besed Auid ststews Imoul d be

another preferred embodiment the signature chemical is a ﬂuorcsct-;nt compound and the analysis

he presen

PEE

is a fluorescence analysis or a combination of high pressure liquid chromatbgraphy and
fluorescence analysis. In another preferred embodiment the signature chemical is a transition
metal and the analysis is a transition metal-responsive analysis, or a combination of high
pressure liquid chromatography and a transition metal-responsive analysis. - In these
embodimerﬁs and in other preferred embodiments, describeci in detail below,.the boron -
compound(s) is preferably fed to the fluid systeﬁ as an aqueous bml'on compound(s) solution
(liquid boron compound(s) composition) or as a concentrated liquid boron compound(s)
composition that includes a water-soluble polypolar organic compound containing hydroxyl,-
primary amino, or secondary amino functional groups, and having a molecular weight not
exceeding 500, preferably a (poly)ethanol amine. The present invention also provides an
aqueous-based boron compound(s) comp.osition which further includes a signature chemical,
particularly a signature chemical that niay be detected as to its presence and/or concentration by
fluorescence analysis, a combination of high pressure liqu.id chromatography and fluorescence

analysis, transition metal-responsive analysis, or a combination of high pressure liquid




representative of relative performance (under |ike conditions) of  _ ————==
respectively 10 and 50. For nost cooling water backgroun -Q&%PguﬂdﬂEET!
that has a relative perfornmance of at |east about 5 at a rBER al
concentration is very suitable as a fluorescent tracer itself of aQ ...................
taggi ng agent Date =

for water treatnent polyners and the like when such conpo S contain an

appropriate reactive group for the taggl ng reaction. When there is or may
be a specific chem cal species of :

chromatography and a transition metal-responsive analysis. In preferred embodiment such an
aquegns—based bqron compounfl(s) composition is one having enhanced boron compound(s)
solubility comprised of (poly)ethanol amine, boron compound(s), particularly boric acid, and
water. The present invention also provides an improved process for the trea.tment of an
industrial water system (aqueous industrial system) wherein a boron compound(s) is an active
treaﬁncnt agent the improvement characterized by feeding to such water system an
aqueous-based boron compound(s) composition including a éignaturc chemical and optionally a
water-soluble polypolar organic compound containing hydroxyl, primary amino, or secondary
amino functional groups, and having a molecular weight not exceeding 500, preferably a
(poly)ethanol amine, and employing the signature chemical as a tracer for the monitoring of the
boron cqmpound_(s). The present invention also provides a process for inhibiting amorphous
silica scale formation on surfaces in contact with the water of an aqueous system having a pH of
at Jeast 5 and containing dissolved silicates, wherein a boron compound(s) is employed as.the
functional silica scale deposit inhibitor, and is added to the aqueous system together with a
signature chemical, and the boron compound(s) is monitoring through the signature chemical. -

The present invention and these and other preferred embodiments thereof are described in more

detail below.




reasonably high fluorescence in the background, the tracer
excitation and/or em ssion wavel engths often can be sé€
at least mnimze any interference of the tracer neasu
t he presence of .such speci es. One nethod for th Saat
on-stream nonitoring of chem cal tracers by fluorescenc
spectroscopy and other analysis nethods is described in U S. Patent - No.
4,992,380, B. E Mriarity, J.J. Hckey, W H Hoy, J. E Hoots and D. A
Johnson, issued February 12, 1991, incorporated hereinto by reference.
Conbi ned HPLC- Fl uorescence Analysis . - The conbi nation of

hi gh-pressure |liquid chromat ography ("HPLC') and fluorescence analyses of
fl uorescent t PraferredEmbodimentafitheflndentionol for t he present boric acid or other

boron conpound(s) nonitoring process, particularly when very |ow |evels of
the fluorescent t A58%A hegsip theterminologies of "boron compound(s)”, "boric acid or other boron

compound(s)", and "boric acid or like boron compounds" means any one or a plurality, in
combination, of the cozﬁpoundé of boric acid and its water-soluble salts, and/or any boron
compound that forms orthoborate ion by dissolving in water or by hydrolysis under water

| environments. Boric acid is the preferred cozﬁpound ameong such group of compounds, being
most commonly employed commercia}ly, and also generally being the most active compound,
particularly for amorphous silica scale deposit inhibition.

The presﬁnt invention in its broadest embodiments is not dependent upon the

concentration of boric acid or other boron compound(s) when fed to the fluid system. Boric-acid -

(H,BO,) is soluble in water only to a limited extent. Its water-solubility varies from about 2.66
parts by weight boric acid per.hundred parts by weight water at 0 °C to about 40.2 parts by
‘weight boric acid per hundred parts by weight water at 100 °C. At ambient room temperature
(from about 20 °C to abox-lt 26 °C) the solubility of boric acid in water is from about 4 to about 6 -
weight percent. The present invention includes a process wherein boric acid or other boron -
compound(s) is fed to a fluid system as a dilute iquegus solution, for instance one containing up

to about 6 weight percent of the boron compound(s), as boric acid.
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used or the background fluorescence encountered would otherwi se interfere
with the efficacy of the fluorescence analysis. The HP '

anal ysis nethod allows the tracer conpound to be sepa gmmaﬂﬁ@EFTu d

matri x and then the tracer concentration can be neasur

28
for

conbi nati on of HPLC-fluorescence analysis is par
measuring mnute levels of tracer in highly conta pat-e

8

A liquid composition of Soﬁc acid or other boron comi:ound(s) having a high
concentration, particularly an aqueous-based composition, may provide a number of advantages
in comparison to dilute solutions or products in solid or dry form. A concentrated liquid
composition can be supplied without the costs and energy consumption entailed in the shipping
and/or handling and/or storag.e of a product that is either highly dilute or requires dissolution -
before use. A concentrated liquid composition can at times be fed directly to an industrial
aqueous system by means of a fluid metering pump or other conv;ntibn fluid feed means, -
without either on-site mixing equipment or some degree of shipping and/or handling and/or
storage of solution if prepared off-site. In addition, a concentrated liquid may be a particilarly
advantageous form for delivery of boric acid or other boron compound(s) as an active
Water-treatment agent to an aqueous system. The present invention includes a process wherein. -
boric acid or other boron compound(s) is fed to a fluid system as a concentrated liquid, for
instance as described in aforementioned U.S, Patent No. 4,532,047, concomitantly with a

- signature chemical.

A simple high-concentration boric acid solution in water at ambient temperatures is of
course precluded by the limited water-solubility of boﬁc acid. Boric acid is known to be soluble

to a greater degree in some organic solvents, ft.)r instance having a solubility on the or&er of

about 15 to 20 weight percent at ambient room temperature. The present invention includes a
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The HPLC nethod can al so be effectively enployed to separate a tracer
conpound from a fluid matrix for the purposes of then enployinas
tracer-detection nethod other than fluorescence anal yii
tracer-detection nethods include, without limtation,
post - col umm derivati zation, conductivity and the |ike. QY. LBty
Anal ysi s Cblorlnetry or spectrophotonmetry nmay he _eop-eyet ~det ect
and/or quantify a chemical tracer. ColqQrinmetry is a determ nation of a
chem cal species fromits ability to absorb ultraviolet or.visible light.
- One colorinetric analysis technique is-a visual conparison of a blank or
standard solution (containing a known concentration of the tracer species)
with that of mosswherin tizfbotihweidior othet bbren exgppoamd(s) i fed ds 2 sélutiénhiarn argdnisr i metri
method is the spectrophotonetric nethod wherein the ratio of the '
i ntensities ofolverter dspsplutéontin amied solvent systomysuehtas of sabeentpystens comriprjsed ofawater

and one or more organic solvents, concomitantly with a signature chemical.

By feeding a signature chemical concomitantly with the boric acid or other boron
compound(s) is meant herein that the feed of the boric acid or other boron compound(s) includes
such signature chemical, It is believed that no other method of concomitant addition would
sufficiently assure that the désired proportionality between the signature chemical and the boric
acid or other boron compound(s) in the fluid system is achicvcd.' For instance, if separate feeds -
of the signature chemical and the boric acid or other boron compound(s) were used, even ﬁough -
the concentrations of each in the respective feed compositions were known, the feed rates could
not be assured to be the same. Moreover, one advantage of the present invention is to monitor -
tﬂe concentration .of the signature chemical, and thus the boric acid or other boron compound(s),
despite imprecise feed-rate determinations, and hence avoids the use of highly-sensitive fee&-rate p
monitoring equipment. |

The signature chemical, also referred to herein 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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nmeasured at a specified wavel ength by means of a detector such as a
phot ocel | or photomultiplier tube. Using a colorinetric probe
optic (dual) probe, such as a Brinkman PC-80 probe (57@Fm
sanple solution is admtted to a flowcell in which the
One fiber optic cable shines incident |ight through thn
a mrror inside the cell and
29

10

Boric acid dissolves in water to form the orthoborate ion. As discussed in U.S. Pate_nt
No. 4,584,104, the orthoborate ion apparently must be present for silica scale inhibition, and
boron compounds that form orthoborate ion upon dissolution and/or hydrolysis in water are
active for silica scale deposit inhibition. The water-soluble salts of boric acid form orthoborate
ion m water, and they include,- but are not limited to, sodium, lithium, potassium, ammonium .
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 chosen parameters within the process of the present
invention. Other boron compounds that form orthoborate ion upon dissolution and/or hydrolysis
in water inélude, but are not limited to, ﬂuoroboﬁc acid and :s;adium tetrahydridoborate. As
mentioned above,_ boric acid itself is commercially the most common source of orthoborate ion,
and boric acid is the most commonly used boron compound, but the present invention dses not - -
exchude the use of boric acid salts or other orthoborate jon forming boron compounds when such
salts and other boron compoun& %re adequate for a given purpose. For simplicity, the present
invention is frequently descﬁbecl_ below with reference to "boric acid or other boron -
compound(s)” wherein the "other boron compound(s)" includes those described above,

The signaturé chemical (at least ;ane specie of chemical tracer) is fed to the fluid system

in an admixture together with the boric acid or other boron compound(s), as is mentioned
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reflected light is transmtted back through the sanple: )
optic cable and then to the colorinetric anal yzer un | nslia

col ori neter,

devel ops an el ectrical analog signal of the reflected Iéégm
of the tracer concentration. The voltage emtted by the

by the other cable. The colorineter has

activates a dial indicator and a continuous |ine recorder printout "unit.
tage nonitor may be enployed to constantly sense or nonitor
t he vol tage anal og generated by the coi btimeter, and upon detection

set point vol

tracer signa
a responsive
feed. Such a

enpl oyed therefor are described in U

(di scussed below), a responsive signal nmay be transmtted to

of a

treatnent agent  feed line to commence or alter the rate of

Sehithd HERAd isscma{ﬁﬁeﬁefaskgmamuﬁnamwoh@a&mm%nt hat may be

Patent No. 4,992,380, B.E.

Moriarity, J.chbmpdind(enid the\éigidturedhymical in alsolvériofor Botlq fudl irlstancé .an alnétus slution Ssued
1991, incorporated hereinto by reference. Chem cal tracers
sui t abl e for estainingbotk barjcia¢id o1 athsr beirenirompaynd(®) and the signatureshdmidabpssolitese | ude
transition netals (discussed bel ow) and

February 12,

Such aqueous solution, or other admixkture, may contain other components. For instance, an
aqueous solution of: boric acid or other boron compound(s) and the signature chemical may
contain one or more of tile water-soluble éolypolar organic compounds described above, and in
preferred embodiment does contain one or more of the water-soluble polypolar organic
compounds, and in more preferred embodiment the one or more of the water-soluble polypolar
organic compounds employed is monoethanol amine or triethanol amine. In more preferred

embodiment the aqueous solution of boric acid or other boron compound(s) and the signature

chemical contains one or more of such water-soluble polypolar organic compounds, particularly -

monoethanol amine or triethanol amine, in an amount effective to increase the solubility of boric
acid or other boron compound(s) in such aqueous solution. In even more preferred embodiment
the aqueous solution of boric acid or other boron compound(s) and the signature chemical .
contains one or more of such water-soluble polypolar organic compounds, particularly
monoethanol amine or triethanol amine, in an amount of at least one part by 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

27 AUG 1996
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substances whi ch show |i ght absorbance which is det
ot her species present in the systemfluid or subst
color-form ng reagents to produce |ight - absorbance i ch
fromthat of other species present in the system fl uljddate:
30 Transition Metal Analysis A transition _
(transition nmetal ions, oxy-anions, cations and associ ated

21.

12

signature chemical contains one or more of such water-soluble polypolar organic compounds,
particularly monoethanol amine, in an amount of at least one part by weight for every six parts
by weight of the boric acid or other boron compound(s) (as boric acid) up to about one part by
Weight for every one part by weight of the boric acid or other boron compound(s) (as boric
acid). Neither monoethanol amine or triethanol amine are flammable, and their presence in the
aqueous solution together with the boric acid or other boron compound(s) and the signature

. chemical will increase the water solubility of the boric acid or other boron compound(s).
Aqueous solutions of boric acid or other boron compound(s) can be provided with.
concentrations of boric acid or other boron compound(s) (as boric acid) up to about 55 weight
percént or possibly higher at ambient room temperature with the inclu:._;ion of monoetﬁan_oi
amine, for instance at a concentration of about 16 weight percent in the aqueous solution, and

" the further incorporation of a signature chemical as a solute is generally believed not harmful to

the enhanced solubility of the boric acid or other boron compound(s) provided by the inclusion

of one or more of such water-soluble polypolar organic compounds, particularly the mono-

and/or triethanol amines.

The water-soluble polypolar organic compounds, as noted above, generally have

molecular weights not exceeding 500, and preferably have molecular weights not exceeding 200.

The polypolarity of these compounds may be derived from polyhydroxy substituents, as for

orrpounqll
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conpl exes) can be quantitatively measured by one or nmore of known. —

techniques. A preferred technique is the colorinetr H SARES €l
above. Anot her technique is nolecular absorption. EsorptioTXin
‘ a

| aeaLs

the ultra violet and visible regions depends on the
of the nol ecule. The energy absorbed el evates el ectro
| ower-energy state to orbitals in a higher-energy stabkes
can absorb only certain frequencies begﬁuse only certain states are

possi ble in any nol ecule and the energy difference between any ground and
excited state nust be equal to the energy added. At a frequency that is
absorbed by a nolecule, the intensity of the incident energy is greater

th the int itv.of th t d.i f th
absor bance.  AMERIRSICOBPoR sy A e B Mk P ag SR Shdndomey,
cali brati on Cliutre(ARAREAARAR eSS BERN b0l oPRAS Blkybidiiuyp t andar d

sol utions contai ning knowh concentrations of the transition netal (‘or other
sui tabl e tragegderséiontvlyainfc Sidbtiakhts, afdr RiQins MititRohprRandehgRid diadinen of t he

tracer. A nolecul ar absorption
tricthylene tetramine, 1,6-hexamethylene diamine, bis-hexamethylene triamine, tetraethylene .
pentamine and the like. The éolypolaﬁty of these compounds may also be derived from
combinations of hydroxyl and amine substituents, which compounds include the monoethanol
amine (2-aminoethanol) and triethanol amine (tri-(2-hydroxethyl)amine) mentioned above and
other alkanol amines such as diethanol amine, N-ethylamino monoethano] amine, N, N,
diethanol amine, N, N, N, N-tetrakis(hydroxy ethyl)ethylene diamine and the like.

The monoethanol amine or triethanol amine, or other species of the water-soluble
polypolar organic compounds described above, or other component of the aqueous solution.or
other form of admixture, may be present in the aqueous solution or other form of admixture
together with the boric acid or other boron compound(s) and the signature chemical as a
treétmcnt chemical (for instance a silica scale deposit inhibitor agex.lt, a chelant, an organic or
inorganic corrosion inhibition agent, a polymeric dispersant, a biocide and/or other agents or
combinations of such agents), as a boric acid or other boron compound(s) solubility enhancing
agent, or for other purposes and even for no particular purpose, provided that such other

component does not have such a deleterious effect on either the boric acid or other boron

ove—
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technique for transition nmetal tracers is described in.lLS_ R

4,992,380, B. E. Mriarity, J. J. Hckey, W H Hoy, ﬁ_Ad:iEMEﬂTGHEED
Johnson, issued February 12, 1991, incorporated herei %J zhg
31 Anal ytical techniques for detecting the e | v

concentration of a cheni cal

14

compound(s) or the signature chemical so as to diminish the amount of such components to an
amount below the minimum effective amount. An effective amount of the boric acid or other
boron compound(s) is the amount necessary in the feed solution or other form of admixture to be
effective 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 fed to the fluid system. An effective amount of the signature
chemical is the amount necessary in the feed solution or other form of admixture to be effective
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 fed 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 a sample
of fluid taken from the fluid system, as is described in more deﬁl below.

The admixture of boric acid or other boron compound(s) and signature chemical may be
other tha_n an aqueous solution, fo; instance a mixed solvent system or an organic solvent
solution, preférably provided that both the boric acid or other boron compbund(s) and _signamre
chemical are soluble therein at practical concentrations, particularly at ambient room
temperature. The organic solvent of such a mixed solvent system (water and organic solvent
system) or such an organic 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 discussed above. Thus an aqueous

o o
pil o
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speci es w thout isolation thereof are within an evol vi ng
t he above survey of reasonable anal ytical techniques f
process of the present invention may presently not eve
nost |ikely techniques equivalent to the above for the
present invention will be developed in the future. A chenlca
species may be selected for a given process based on a preference for one
or nore analytical techniques, or an angl ytical technique my be sel ected
for a given process based on a preference for one or nore chem cal

tracers. In preferred enbodi nents, the.chem cal conpound(s) selected as
the tracer should be soluble in the fluid of the process, at |least at the
concentration I kSRton &8 spective
fluid. In one s{?)lﬁﬁelo g@%d@boﬁg&d&%nt the n@ g{%(sga Jeﬁ%’?rg?)éuoggl%n%fgigl ected as a
tracer shoul d vaer@iniblegholysdlaiebenit &nipb@.ds 8 RHrén@ P BT W miRéd sbRent Eysteind Asy St em f or
the useful |ife expected of the tracer, or its loss fromthe fluid due to

degr adati on, msbfmmwmdmgmn;olmtsduﬁmsenmlminamn&mm be
predi ctabl e '

water-soluble polypolar organic compounds are solutions of boric acid or other boron
compound(s), and at least one specie of chemical tracer, in glycol, glycerine, glycol/glycerine
mixtures, diethylene glycol and the like. As examples of mixed solvent solutions employing one
or more of the water-soluble polypolar organic compounds are solutions of boric acid or other
boron compound(s) in glycol/water mixtures, glycerine/water mixtures, glycél/glyccrine/watcr
mixtures, monoethanol amine/water mixtures., triethanol amine/water mixtures and the like
mixtures.

As a feed to a 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
feeding, but the present invention of course does not exclude the selection of other
concentrations of boric acid or other boron compound(s) and/or signature chemical that may be
possii:le and/or practical for feed at other than ambient room temperature, for instance at
elevated temperatures, at which boric acid or other boron compound(s) would generally be more

soluble in at least water, and at lower than ambient room temperature. .
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and conpensative, particularly when it is desired not nerely to detect the
presence of sonme anount of the tracer, but also to determ pe_the
concentration thereof, or change in concentration. hgpmmEnTSHEET
preferred enbodi nent, the chem cal conpound(s) selected as BOM
not be one that is consunmed or lost to the fluid, for inst CD@ .........................
degradati on, deposition, conplexation, or other phenonena, .
consunption or loss is at a rate that is1 :

32 :

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 colloid form
admixture or any other type of admixturc., provided there is a sufﬁciently homogeneous, or
con;istent, distribution of the boric acid or other boron compound(s) and signature chemical in
such admixture to release into the fluid system by such common feed related concentrations of
boric acid 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 thé presence of boric acid or othc_r
boron cdmpound(s) in that sample also. In more preferred embodiment, an analysis of a 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 concentration of the boric acid or other boron compound(s) in the fluid system at the -
mﬁpling point. The determination or calculation of the boric acid or other boron compound(s)
concentration from the signature chemical concentration generally requires that at least the
relative amounts of boric acid or other boron compound(s) and signature chemical fed to the
fluid system at a given time bé known. For fluid systems that are comprised of, or include,
flowing streams, for instahc’e an industrial cooling water s&stem, an admixture of boric acid or
other boron compound(s) and signature chemical must be relatively homogeneous as fed to

prrarrtanms .
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predi ctabl e and proportional to the | oss of the boric acid-.et-—octRer_{
conpound(s) to the fluid, particularly when it is desi ﬂgpnAdEMEPE1
concentration, or change in concentration, of the bori acig&ﬁrég _______
boron conpound(s) in the fluid. Wen boric acid or otherl| gtoh.t.-

I's used for anorphous silica scale deposition inhibitionjiait=
that the boric acid or other boron conpound(s) has a negligible
consunption or loss rate in an aqueous systenl In preferred
embodi nent, the combination of the chenttal conpound(s) selected as the
tracer and the anal ytical technique selected for determ ning the presence
and/ or concentration of such tracer, should permt such determ nation(s)

wi t hout isolation . of the tracer, and nore r ef er.abl houl.d permt such

det er i nat | o TESSIAN esre Bty fbiauesh danTsesgt aoplysitet piapte chemieat can'be’ || " VL
referred enmbodi t.h nal. yti | ' rmnin
Phe ©br oaenca st bt 0500l B dr i ot ST, Shd A8 RbloBBledubbarfifi€” ™ 1! 10

det er m nat i 0N geherhify RARNMIFER trle sohitio]) Bht rififthot 6ARhR el in/AdrPadixthr8der! at € the
feed of the boric acid or other boron compound(s)

instance, unless particular care is taken in the formulation and/or compounding thereof. Fora

more static fluid system such a high degree of homogenization may not be necessary, for
instance when the admixture is fed-to a fluid system that will permit dissolution of the boric acid
or other boron compound(s) and signature chemical into the fluid thereof prior to any substantial
translation of the fluid.

In a preferred embodiment, the fluid system is substantially an aqueous system, or at
least a fluid system containing at least about 40, or 50 weight percent water, and the boric acid
or other boron compound(s) and signature chemical are fed to such fluid system as an aqueous -
solution or organic solvent solution or mixed solvent solution. In more preferred embodiment,
such solution or feed contains from about 0.5, or 1, to about 55, or 60, weight percent boric acid
or qther boron compound(s), and in even hom preferred embodiment at feast about 19, or 15, to
about 55, or 60, weight percent boric acid or other boron compound(s). In another more
preferred embodiment, such solution or feed is a mixed solvent solution which contains from

_ about 0.5, or 1, to about 25, or 30, weight percent water-soluble polypolar organic oompoﬁnd as

described above, and in even more preferred embodiment at least about 10, or 15, to about 25, or
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conposition to the fluid being treated with, or for other purposes dosed
with, the boric acid or other boron corrpound(s) conposi
embodi ment t he process of the present invention is conpr s,mbun‘camﬁ'n*@-léﬁ'r
chem cal tracer to the boric acid or other boron conpo{yind(s) conposition
itself, before such conposition is fed to the fluid sy§tssm 2.1 A611896.....
enbodi rrent of the present invention, the chemcal tracer

separate but concom tant feed to the fluid systemtogether with the boric
acid or other 18 _

30, weight percent water-soluble polypolar organic compound as described above, particularly
when such water-soluble polypolar organic compound is triethanol amine or monoethanol
amine. In another more preferred embodiment, the mixed solvent solution or feed contains
from about 0.5, or 1, to about S5, or 60, weight percent boric acid or other boron compound(s)
and from about 0.5, or 1, to about 25, or 30, weight percent water-soluble polypolar organic
compound as described above, and in even more preferred-embodimént at least about 10, or 15,
to about 55, or 60, weight percent boric acid or other boron compound(s) and at least about 10,
or 15, to about 25, or 30, weight percent water-solublé polypolar organic compound as described
above, particularly when such water-soluble polypolar organic compound is triethanol amine or
.monoethanol amine.

The prefen'ed concentration of signature chemical in such aqueous or mixed solvent
solution or feed is described below in more detail in terms of concentration thereof in the fluid
system after the signature chemical feed is added. Generally, the concentration of signature
chemical would not exceed that of the boric acid ér other boron compound(s) in a feed solution,
and since there is no practical purpose for the addition of signature chemical in amounts greater -
than that required to provide an effective amount of the signature chemical in the fluid system,

in preferred embodiment the amount of signature chemical is no more than about 1 part by
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33 boron conpound(s) conposition feed. The present invention does not .
exclude a process conprised of adding a chemcal tracer b e

acid or other boron conpound(s) conposition before it is fleHEPOAGEMERT SHEET |
system and directly to the fluid systemas a separate but CQQZﬁfhw@?EEﬁ '
feed together with the boric acid or other boron conpound( g D& L MG
dual -feed nethod is of nuch | ess value when the dual feed r

conveniently be accurately determ ned. - More than one chenica

tracer can be enployed, and then the pr¥sence and/or concentration of each
such tracer in the fluid system should be determ ned by an anal yti cal

techni que effective for each such tracer, which analytical techniques may
~be the sane or different. '

weight of the signature chemical per 10 parts by weight of boric acid or other boron
compound(s) (as boric acid).

When the feed -composition also contains one or more of the water-soluble polypolar
organic compounds for at least in part the purpose of adding such water-soluble polypolar
organic compound as itself as an amorphous silica scale deposit inhibitor, such feed preferably
should contain a sufficient concentration of the water-soluble polypolar organic compound to
provide in the fluid system an effective amount thereof for such inhibition purpose, and an
effective amount of the water-soluble polypolar organic compound in the fluid system is often at -
least about 10 ppm when the fluid system is comprised of industrial waters, and may be at least
about 50 or 100 ppm, in each instance based on parts by weight of the water-soluble. polypolar
organic compound per million parts by weight of the industrial waters.

In a preferred embodiment, the fluid system is an industrial water system, particularly
industrial water systems such as: heat-exchange systems, including, but not limited to, cooling
water systems; geothermal water systems; salt water systems for desalinization puxpoécs;
industrial systems containing waters being prepared for boiler treatment and steam generation;
downhélc water systems for petroleum crude recovery; reverse- osmosis systems; and the like.
Such industrial water systems often have sigr:iﬁcant amorphous silica scale deposit problems,

and employ boric acid or other boron compound(s) as an inhibitor thereof, arid hence the process




In further preferred enbodi nents, when the fluid systen1has nor.e than _one.
potential boric acid or other boron conpound(s) routes, ‘HE#EEGE ENTSHEEf-=
series of connected systens having nultiple product feed jpoints :
af oresaid sanpling and anal yses are conducted at nore thaw Eﬂ&ﬁngtm
particularly at at least one site along at |east a plurality—af—routes AW
nore preferably substantially at at Ieast one site al ong each of such
potential boric acid or other boron ngound(s) routes. By nonitoring at
at least one site along separate potenti?8l boric acid or .other boron
conpound(s) routes, the location(s) of. the boric acid or other boron
.conpound(s)

of the present invention is highly advantageous for use in monitoring the boric acid or other
boron compound(s) in such waters. In such industrial water systems boric acid or other boron
compound(s) may be added to the system as an amorphous silica scale deposit inhibitor or as a
component of 2 multi-component amorphous silica scale deposit inhibition program or instead
for other purposes. When the boric acid or other boron compound(s), or when the water-soluble
polypolar organic compound described above, are employed as amorphous silica scale deposit
inhibitor(s) or as a component(s) of a multi-component amorphous silica scale deposit inhibition
program, the waters commonly have a neutral to alkaline pH, for instance a pH value of at least
about 5 and commonly higher than 6, and contain at least 5 ppm dissolved silica as SiO,, and at

. times as high as 350 or 450 ppm, or even up to 1,000 ppm, dissolved silica as SiO, or more. The
condensation of silicic acid to amorphous silica is driven by alkalinity, and thus waters of higher
alkalinity will have a greater tendency towards amorphous silica scale formation for a2 given
concentration of dissolved silica, other factors being constant. Such waters may also contain, in
addition to dissolved silica, silica in disperséd or even colloidal forms. In addition the calcium
hardness of the water, which commonly is at least as high as 50 ppm as CaCO, and routinely is
much higher, such as up to 1,000 ppm as CaCQ, or more, aggravates the silica scale deposit

potential. Such water conditions routinely are found in industrial systems with silica scale

deposit problems.




34 anong such routes can be determ ned, and the extent of boric acid or
ot her boron conpound(s) flowto the separate routes may al so be

det er m ned.

stabl e m xed sol vent solution of boric acid with a naplhit

acid tracer

28 parts by wei ght water 17 parts by weilghf*®nonaet HAR:

am ne

was prepared by adm xing the follow ng co

55 parts by weight boric acid 0.26
parts by wei ght naphthal ene disul fonic2acid

The temperatures encountered within a fluid system are of course dependent upon the
type of fluid system. Industrial water systems commonly vary in temperature from about
ambient room temperature up to aboﬁt 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
compoﬁnd(s), alone or together with one or more of the water-soluble polypolar organic -
compounds described above, may be added to such high temperature water for amorphous silica
scale deposit inhibition purposes or other purposes.

It is common to treat the waters of industrial cooling water systems with boric acid or
other boron compound(s), alone or together with one or more of the water-soluble polypolar
organic compounds described above. Such cooling waters are routinely neutral to alkaline as
described above and may require boric acid or other boron eompound(s:) addition even if the-
cooling waters are employed in the cooling water system on a once-through basis. Addition of
boric 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 boron compound(s) is more
serim;sly needed, when the cooling waters are within-a recirculating cooling water system.
Within a recirculating cooling water system the impuﬁﬁes 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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Example 2 - A stable m xed sol vent solution of boric acid wt
vanadi um tracer was prepared by adm xing the follow n
46. 2 parts by wei ght water 34 parts by v&;g_bn
am ne 110 parts by weight boric acid

22

silica, in the make-uﬁ water becomes seriously high as such water becomes more and more
concentrated. The alkalinity of the waters also frequently increases with such concentration, and
pH values of about 7 or 9 or higher are frequently encountered in concentrated cooling waters of
recirculating cooling water systcms.'
| As noted above, the boric acid or other boron compound(s) composition as fed to a fluid

system, particularly an industrial water system, may further contain Ather components, which
may be active components in the ﬂuid.systcm or may be inert components in the fluid system.
Such other materials may be fed to-the fluid system separately from the boric acid or other boron
compound(s) composition feed. Among such other mateﬁals that are commonly added to
industrial water systems are those used to inhibit corrosion or to disperse or inhibit scale

- formation of types other than amorphous silica scale, such inhibitors including chrﬁmium, zinc,
phosphates, orthophosphates, polyphosphates, low molecular weight (commonly under 500,000
daltons) polymers of acrylic acid, acrylamide, and various acrylates which are primarily used as

threshold agents or dispersants in fluid systems such as cooling water systems.

PACTALLAIT L,
EPLACEMENT SH
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35 In certain enbodi nents of the invention, the process I ncl udes
the prelimnary step of sanpling the fluid systemto getermHe e
conditions, preferably at all intended or possible po.REPL&ﬁEMEHEéiﬁiﬁn
sanpling sites. Such prelimnary baseline condition(s) detegfj R@Gw@éf) I
may al so be enployed to narrow the sel ection choice of 6 L
determ ne and/or nodify the selection of post-tracer-'&&d g
poi nt s. In certain preferred en% di rents, the sanpling p0|nts are
at the site(s) where the greatest Xi 3 of the boric acid-or other boron
conpound(s) with the waters to be treated has occurred. |If the greatest
concern is the presence and/or concentration of boric acid or other boron

The signature chemical(s) is herein at times referred to as a "tracer”, the functional
"tracer" terminology being applicable to the signature chemical(s) because it acts as a tracer for
the purposes of the present invention, The tracer is preferably selected from among those that
are easily detectable by the analysis method being employed in a given application of the present
process. Such analysis methods include, but are not limited to, fluorescence analysis,
colorimetry analysis, transition metal analysis, and combinations of high pressure liquid.
chromatography ("HPLC") and these or other detection methods such as light absorbance

analysis, post-column derivatization, conductivity and the like, some of which are described in

more detail below,
E cc E > - s ! X c -

The detection and quantification of specific substances by fluorescence emission
spectroscopy is founded upon the proportionah;ty between the amount of emitted light and the
amount of a fluoresced subétance present. When energy in the form of light, including ultra
violet and visible light, is directed into a sample cell, fluorescent substances therein will absorb
the energy and then emit that energy as light having a longer wavelength than the absorbed ]i'ght..
The amount 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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conpounds al ong one of a plurality of potential boric acid or r_baron
conmpounds routes, it is of course feasible to nonitor=efy
concern. At tines it may be nost efficient to nonitgr
nost sensitive to both the detection and quantificaton of ot GAUGYW,__
chemical, which sensitivity may be derived fromthe laBaeife-conditig
of such route or the concentration of tracer chenica al ong
route. Monitoring the nost sensitive route or the route of npbst concern in
a given industrial installation may not 24 however, be the nost practical .

For instance, the fluid line(s) of sueh route(s) may be | ess accessible to
nmonitoring than other fluid lines. The fluid lines of the nost sensitive

route and/or .t he.route of t. . .copcer.n he.susceptjble to nitoring
onl'y by 5 | e R dmaf Py R i e iR a8l L or Prg o
the fluid W thiRedifnbRMbS ) PR lemfRAREE 2 sitflardy Morefntd fou eSSk L1 VE O

the amount of emitted light is measured at a known wavelength or a spectrum of wavelengths,

which is referred to as the emission wavelength and generally also reported in nanometers,
When the measurement of specific substances or categories of substances at low concentrations
is desired or required, such as often is the case for the process of the present invention, the filters
are set for a specific combination of excitation and emission wavelengths, selected for
substantially optimum low-level measurements.

Fluorescence emission spectroscopy is one of the preferred analysis techniques for the
process of the present invention. Certain compounds are inherently fluorescent or may be
tagged to provide a traceable fluorescent characteristic. As noted elsewhere, the tracer used in
the present invention is preferably an inert chemical, not substantially consumed in the use
environment. The tracer should also pteferabiy_be soluble in the fluid of the fluid system, and
since the fluid system in certain preferred embodiments is an aqueous system, in such preferred
embodiments the tracer should be water-soluble at least at the concentration of the tracer that-is
employed in the aqueous system. Many types of water-soluble fluorescent chemicals which are
substantially inert in most aqueous environments are known. Among these substantially inert

fluorescent compounds are the mono-, di- and trisulfonated naphthalenes, such as the various

e st o




36 nonitoring is desirable, circunstances can render that.aps =
desirable for practical reasons. CGeneral ly it i§ ﬁmhcgmm'rtsusm
enpl oy the | east anount of tracer chemical that is practﬂ cal for. the

circunmstance, and the anount of the tracer added to the Iwéj zy'lsthuﬁa
be at | east an amount effective for the determn nations Uestietd—Sedomm

woul d a tracer be deliberately fed to a fluid systemin an anount grossly
in excess of the mninmumeffective amount because there generally would be

no practical purpose in doing so that w®¥l d justify the costs involved and
any

.

~

naphthalene disulfonic acid isomers, which are preferred signature chemicals for use in the
present invention. The naphthalene disulfonic acid isomers are water-soluble, generally
available commercially and easily detectable and guantifiable by known fluorescence analysis
techniques. Moreover, such signature chemicals have been found to be compatible with at least
some of the mixed solvent solutions of boric acid or other boron compound(s) described above,
and so can be easily incorporated into the feed of boric acid or other boron compound(s) to the
aqueous system.

Some naturally fluorescent compounds are also water treatment agents, and thus may be -
among the normal compounds added to an aqueous systém such: as cooling waters, for instance
aromatic organic corrosion inhibitors, such as aromatic(thio)(tri)azoles. Some water treatment
agents may be susceptible to tagging .with fluorescent groups, for instance as disclosed in U.S.
Patent No. 5,128, 419, D. W. Fong and J. E. Hoots, issued Jﬁly 7, 1992, incorporated herein by
reference, wherein the tagging of polymers with pendant fluorescent groups by (trans)amidation
derivatization of pre-existing polymers having carbonyl-type pendant groups is disclosed.
Water-treatment polymers tagged with pendant fluorescent groups may of course be prepared by
methods other than (trans)amidation derivatization. Other fluorescent chemical tracers ;\hd |
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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del eterious effects on the quality of either of the flu
presence of the tracer chem cal therein. The anount of
be added to the tracer-receiving fluid system that is fecti2§7
bei ng grossly excessive will vary with a wi de variety of|fCotd os- ="
including without limtation the tracer and nonitoring eécted, the
potential for background interference with the selected nonitoring nethod,
t he magni tude of the suspected or potential |eakage, the nonitoring node
(on-1line continuous, sem -continuous, shgig-and-sanple, and the like).
Ceneral ly the dosage of tracer to the fluid systemw || be at |east
sufficient to provide a concentration of tracer therein of about 0.1 ppm
and nore commonly at | east about 10 or 100 ppm or hi gher. The
present i nvedefiholefta? a@RRUIEL i Sinkiod S 2 AbcMiscei bbbl € aci d

or other boron conmpounds in a uid system conprising: adding boric acid
or other bor ahe %868 @4l v 2-nighthalenesulfonic acid and Acid Yellow dye. Such naturally fluorescent

REPLACEM

or fluorescence-tagged water-treatment compounds are useful for the purposes of the present
invention only when they can provide the monitoring desired by the present invention despite
their potential for consumption to some degree in the performance of their water-treatment
functionality(ies), and in preferred embodiment the use of fluorescent water-treatment species,
or other water-treatment species, as the tracer in the present process is excluded.

In general for most fluorescence emission spectroscopy methods having a high degree of
practicality, it is preferable to perform the analysis without isolating in any manner the
fluorescent tracer. Thus there may be some degree of background fluorescence. In instances
where the background fluorescence is low, the relative intensities (measured against a standard
fluorescent compound at a standard concentration and assigned a relative inteusity for instance
100) of the fluorescence of the tracer versus the background can be very high, for instance a
ratio of 100/10 or 500/10 when certain combinations of excitation and emission wavelengths are
employed even at low fluorescent compound concentrations, and such ratios would be
Tepresentative of relative performance (under like conditions) of respectively 10 and 50. For
most cooling water backgrounds, a compound that has a relative performance of at least about 5

at a reasonable concentration is very suitable as a fluorescent tracer itself or as a tagging agent
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37 the fluid system adding to the fluid systemat |east one specie of
tracer chem cal; and subjecting at |east one sanple of '

one site of the fluid systemto at |east one anal ysis; VA GEMENT SHEET
anal ysis at | east detects the presence of the specie off/trac c&g&ﬂnﬁg [
the sanple, and wherein the analysis at |east deterninl§m¥%§:l;- ~-of
boric acid or other boron conmpounds in the sanple by thé detection of tne

presence of the specie of tracer chem cal
. 27

P

for water trea.tmént polymers and the like when such compounds contain an appropriate reactive
group for the tagging reaction. When there is or may be a specific chemical species of
reasonably high fluorescence in the background, the tracer and the excitation and/or emission
wavelengths often can be selected to nullify or at least minimize any interference of the tracer
measﬁrement(s) caused by the presence of such species.

One method for the continuous on-stream monitoring of chemical tracers by fluorescence
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, .

incorporated hereinto by reference.

. alysis
The combination of high-pressure liquid chromatography ("HPLC") and fluorescence
analyses of fluorescent tracers is a powerful tool for the present boric acid or other boron
compound(s) monitoring process, particularly when very low levels of the fluorescent tracer are
used or the background fluorescence encountered would otherwise interfere with the efficacy of
the fluorescence analysis. The HPLC-fluorescence analysis method allows the tracer compound

to be separated from the fluid matrix and then the tracer concentration can be measured. The
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The present invention in an enbodinent is a process for jaea=tor—rg—bor
acid or other boron conpounds in a fluid system conpri sRE@.AG&MEM'@SHEET
fluid systema conposition conprised of an adm xture c@nt ai n%m aci
or other boron conpounds and at | east one specie of trdcbatec! |
wherein the proportion of the specie of tracer chem cal
or other boron conpounds in the adnixture is substantially known;
subjecting at least one sanple of fluid fromat |east one site of the
fluid systemto at | east one analysis; apgl wherein the analysis at |east
detects the presence of the specie of tracer chemcal in the sanple, and
wherein the analysis at |east determ nes the presence of boric acid or

ot her boron conpounds in the sanple by the detection of the presence of
the speci e of combipasion of HRTiG:fhiorescence analysis is plricufarlg 8ffdetive fonieaiurifFmintte BRels

embodi ment is a process for inhibiting anorphous silica scale fornmation on
surfaces in coftrerstinhighly contamingted 8pidbf an aqueous system having a pH of at

| east 5 and cont di ssol ved silicates conprisin adding to the water
at | east one bor O%&%&lﬁfi“’g can also be effectwcly employre?to separatge a tracer comgpound from -

a fluid matrix for the purposes of then employing a tracer-detection method other than
fluorescence analysis, and such other tracer-detection methods include, without limitation, light

absorbance, post-column derivatization, conductivity and the like.

Colorimetry Analysis

Colqrimetry or spectrophotometry may be employed to detect and/or quantify a chemical
tracer. Colorimetry is a determination of a chémical species from its ability to absorb ultraviolet
or visible light. One colorimetric analysis technique is a visual comparison of a blank or
standard solution (containing a known concentration of the tracer species) with that of a sample
of the fluid being monitored. Another colorimetric method is the spectrophotometric method
wherein the ratio of the intensities of the incident and the transmitted beams of light are
measured at a specified wavelength by means of a detector such as a photocell or photomultiplier
tube. Using a colorimetric probe, a fiber optic (dual) probe, such as a Brinkman PC-80 probe
(570. nm filter), a sample solution is admitted to 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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that forns orthoborate ion when dissolved or hydrolyzed by t he_water _in..an
anount effective for

. NP . . - MENT SHEET
38 inhibiting the formati on of anorphous silica sczIRE%er‘csEur aces I n
contact with the water, adding at |east one specie of 'Sétgczr'lgm ____________ m3%8! t
the water conconitantly with the addition of the borof fipoding:
nonitoring the boron conmpound in the aqueous system by determ ning.at at

| east one site of the aqueous system at | east the presence of the specie
of tracer chem cal . 29 :

L

reflected light is transmitted back through the sample liquid into a fiber optic cable and then to
the colorimetric analyzer unit, which contains a colorimeter, by the other cable. The colorimeter
bas a transducer that develops an electrical analog signal of the reflected light characteristic of
the tracer concentration. The voltage emitted by the transducer activates a dial indicator and 2
continuous line recorder pﬁntout unit. A set point voltage monitor may be employed to
constantly sense or monitor the voltage analog generated by the colorimeter, and upon detection
of a tracer signal (discussed below), a responsive signal may be transmitted to a responsive
treatment agent feed line to commence or alter the rate of feed. Such a colorimetric analysis
technique and the equipment that may be employed therefor are 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, incorforated hereinto by reference. Chemical tracers suitable for use in
conjunction with a colorimetric technique include transition metals (discussed below) and

* substances which show light absorbance which is detectable from that of other species present in
the system fluid or substances which react with color-forming reagents to produce light

absorbance which is detectable from that of other species present in the system fluid.
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In preferred enbodi nents, the analysis determ nes a specLLaL_or chem cal

characteristic of the specie of chemcal tracer that ig SM@ﬂ%@HE%T
the concentration of the specie of chemical tracer in t|p S
anal yzed. The specie of chem cal tracer in sone preferre __________ Hé
transition netal cation that is at least in part the catlas—ef—a 7"

wat er-sol uble boron salt and the analysis is a transition netal -responsive
anal ysi s. The speci e of chem cal tracer in another preferred
enbodi ment is at |east one fluorescent sonpound and the anal ysis at | east

i ncl udes fluorescence analysis and preferably is an on-line continuous or
sem -conti nuous analysis. The boric acid or other boron conpounds and the
speci e of chem cal tracer are preferably substantially added together to

the fluid systieskits Metal diflgsisant i al | y agqueous or m xed sol vent sol ution.
Preferably at |east ‘a detection of the specie of chem cal tracer activates

or nodi fies a si gnfatransitiorométdl eongiogmigtransipormesat fons aty-anivng cativockind asseriated n
activates or nodifies a feed of at |east one treatnment chemical to the
fluid system complexes) can be quantitatively measured by one or more of known techniques. A preferred
tet;hnique is the colorimetry analysis discussed above. Another technique is molecular
absor;;tion. Molecular absorption in the ultra violet and visible regions depends on the
electronic structure of the molecule. The energy absorbed elevates electrons from orbitalsina .
lower-energy state to orbitals in a higher-energy state. A given molecule can absorb only certain
_frequencies because only certain states are possible in any molecule and the energy difference
between any ground and excited state must be equal to the energy added. Ata ﬁ'equei;cy that is
absorbed by a molecule, the interisity of the incident energy is greater than the intensity of the
emergent energy, and is a measure of the absorbance. A sample of the fluid being monitored
may be compared to a calibration curve (absorbance versus concentration) prepared from
standard solutions containing known concentrations of the transition metal (or other suitable
tracer species) to detect and determine the concentration of the tracer. A molecular absorption
technique for transition metal tracers 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, i§sued February 12, 1991, incorporated

hereinto by reference.
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I n another preferred enbodi ment the adm xture is a m xed j

containing water and at | east one water-sol uble polypol af REIP@,&QEMEUEWM
havi ng a nol ecul ar wei ght not

exceedi ng 500. In other preferred enbodi nents, the dDatmgrLA@m
m xed sol vent solution containing water and at | east one moTToet nanol

anm ne and triethanol am ne. The boron

31

Analytical techniques for detecting the presence and/or concentration of a chemical
species without isolation thereof are within an evolving technology, and the above survey of
reasonable analytical techniques for use m the process of the preséni invention may presently not
even be exhaustive, and most likely techniques equivalen_t to the above for the purposes of the
preseﬁt invention will be developed in the future.

A chemical species may be selected for a given process based on a preference for one or
more analyncal techniques, or an analyﬁ§a1 technique may be selected for a given process based
on a preference for one or more chemical tracers. In preferred embodiments, the chemical
compound(s) selected as the tracer sho;ﬂd be soluble in the fluid of the process, at least at the
concentration level(s) of the chemical tracer employed in the respective fluid. In one preferred
embodiment, the chemical compound(s) selected as a tracer should be either stable in the
.. envirompent of théﬂuid system for the useful life expected of the tracer, or its loss from the
fluid due to degradation, deposition, complexation, or other phenoména should be predictable
and compensative, particularly when it is desired not merely to detect the presence of some -

- amount of the tracer, but also to determine the concentration thereof, or change in concentration.

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 due to degradation, deposition,

complexation, or other phenomena, unless such consumption or loss is at a rate that is
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conmpound is, in preferred enbodi nent, added to the water in an amount to
provide a concentration of at |east about 25 ppm as boric acid _or othe
boron conpounds as boric acid in the water. The speci g '
and the boron compound are, in preferred enbodi nent; all AEFY
t he agueous systemtogether as an adm xture. The speciejof chem aG..

and the boron conpound are, in preferred enbodi nent, adg|ePt® nétHE Sunte:

t he aqueous systemtogether as a substantially aqueous Sorution. The
specie of chemical tracer and the boron sxonpound are, in other preferred
enbodi nent, added to the water of the aqueous system together as a m xed
sol vent system containing water and at | east one water-sol ubl e pol ypol ar
organi ¢ conpound havi ng a nol ecul ar wei ght not exceedi ng 200. The aqueous

systemis pr%%{&QL%&?;{&%L@%%%}Q&M%ML@%@HSp Shad) o Mlehidg viat er

system n cer n preferred enbodi nents, t cle of chem ca

tracer is for gty whiit 3 QEsHRd to détérRikb 118 BdnchbrREh D cHafge it EoRcehirition] oSHEt €M
er i nstance .when an inert tracer is added for the

boric acid or other boron compound(s) in the fluid. When boric acid or other boron

. compound(s) is used for amorphous silica scale deposition inhibition, it is believed that the boric
acid or other boron compound(s) has a negligible consumption or loss rate in an aqueous system.
In preferred embodiment, the combination of the chemical compound(s) selected as the
tracer and the analytical technique selected for determining the presence and/or concentration of
+ such tracer, should permit such determination(s) without isolation of the tracer, and more -
preferably should permit such determination(s) on a continuous and/or on-line basis.

" In another preferred embodiment, the analytical technique(s) selected for determining the
presence and/or concentration 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 boron compound(s)

" -composition to the fluid being treated with, or for other purposes dosed with, the boric acid or
_other boron compound(s) composition. '
One embodiment the process of the present invention is comprised of adding a éhemical
tracer to the boric acid or other boren compound(s) composition itself, before such composition
is fed to the fluid system. In another embodiment of the present invention, the chemical tracer is

added as a separate but concomitant feed to the fluid system together with the boric acid or other

|

.
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purposes of .present invention, or both for the purposes of the present ..
I nvention and for the purposes of a separate tracer prge AEET
preferred enbodi nents, the specie of chemcal tracer i %?g‘@égfn%

fl uorescent conmpound and the analysis at |east includesiif! uor e
REPLACEMENT SHEET _ ete -.4.1-A00- 886
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boron compound(s) composition feed. The present invention does not exclude a process
comprised of adding a chemical tracer both to the boric acid or other boron compound(s)
composition before it is fed to the fluid system, and directly to the fluid system as a separate but

) concomitant feed together with the boric acid or other boron compound(s) feed, but such
dt}al-fecd method is of much less value when the dual feed rates cannot conveniently be
accurately determined. |

More than one chemical tracer can be employed, and then the presence and/or
concentration of each such tracer in the ﬂuid system should be determined by an analytical
technique effective fof each such tracer, which analytical tecliniques may be the same or -
different.

In further preferred embodiments, when the fluid system has more than one potential
boric acid or other boron compound(s) routes, such as in a series of connected systems having -
multiple product feed points, the aforesaid sampling and analyses are conducted at more than
one site, particularly at at least one site along at least a plurality of routes, and more preferably

- substantially at at least one site along each of such potential boric acid or other boron
compound(s) routes. By monitoring at at least one site along separate potential boric acid or

other boron compound(s) routes, the location(s) of the boric acid or other boron compound(s)
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40 anal ysis, which is particularly preferred because of the ease at

whi ch such nethod can be used for on-line continuous or seni+eoftiNUOUS . |
nonitoring, and ot her known advant ages. In certalnREFb$%$M§HTSHEET
enbodi ments, the analysis is an on-line continuous or s '-coq%

analysis of the fluid system wherein at |east a detectiitbéﬁ - 3n§§§c1e “of
chem cal tracer activates or nodifies a signal, and the stgnal upon
activation or nodification activates or nodifies a feed of at |east one
treatment chemical to the fluid system agherein the treatnent chemica
feed may be, and at tines preferably is, a feed of the boric acid or other
boron conpounds conposition to the f|UId system In certain
preferred enbodinents, the analysis is an on-line continuous or

sem -contin UOH&orfg'sﬁlﬁ'%&ﬁ& G d&&ﬁhﬁé& i 1 exteltr bdridiada wmm&&&«&pec ie of
chem cal tracer I's at

flow to the separate routes may also be determined.

Example 1
A stable mixed soivent solution of boric acid with a naphihalene disulfonic acid tracer
was prepared by admixing the following components:
28 parts by weight water .
17 parts by weight monoethanol amine
55 parts by weight boric acid

0.26 parts by weight naphthalene disulfonic acid

Example 2
A stable mixed solvent solution of boric acid with a vanadium tracer was prepared by
admixing the following components:
46.2 parts by weight water -
34 parts by weight monoethanol amine
110 parts by weight boric acid

9.8 parts by weight of an aqueous solution containing 5.1 wt. percent vanadium

¢
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| east one fluorescent compound, preferably a conpound ‘fcﬁiﬁ e E
inert in the fluid system In certain preferred enbod k3 ‘% i
is an on-line continuous fluorescence analysis of thellfluid2sysAUGnigag! t
specie of chem cal tracer is at |east one fluorescent aTolWiala ki grein
| east a detection of the specie of chenmical tracer activates or nodifies a
signal, and the signal upon activation or nodification activates or
nodifies a feed of at |least one treatnent chemcal to the fluid system
wherein the treatnent chemcal feed mayijge, and at times preferably is, a

feed of a conposition that contains boric acid or ot her boron conpounds to
the fluid system

In certain embodiments of the invention, the process includes the preliminary step of
sampling the fluid system to determine baseline conditions, preferably 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-tmccf-addition sampling points.

In certain preferred embodiments, the sampling points are at the site(s) where the greatest -
mixing of th_e boric acid or other boron compound(s) with tﬁe waters to be treated has occurred.
If the greatest concern is the presence and/or concentration of boric acid or other boron -
compounds along one of a plurality of potential boric acid or other boron compounds routes, it is
of course feasible to monitor only the route of concern. At times it may be most efficient to
monitor the route that is most sensitive to both the detection and quantification of the tracer
chemical, which sensitivity may be derived from the baseline condition(s) of such route or the

- concentration of tracer chemical expected along such route. Monitoring the most sensitive route
or the route of most concernin a givén industrial installation may not, however, be the most -
practical. For instance, the fluid line(s) of such route(s) may be less accessible to monitoring
-than other fluid lines. The fluid lines of the most sensitive route and/or the route of most
concern may be susceptible to monitoring only 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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In certain preferred enbodiments, the fluid system a heat-exchange system
and nore preferably is a cooling water system In certal

preferred enbodi nents, the fluid systemis an aqueous s e%"A it SWEET
through a side of one or a plurality of heat-exchangers, RREMY nﬂ,g)wm
limted to cooling water streans. In certain prieferr@dl RVO WV
enbodi nents, the analysis determ nes a spectral or chem A Y,

of the specie of chem cal tracer that is proportional to e concenfration

of the specie of chem cal tracer in thggfluid system anal yzed, and nore
preferably that is proportional =

monitoring is desirable, circumstances can render that approach less desirable for practical
reasons.

Gener‘ally it is desirable to employ the leasf amount of tracer chemical that is practical for
the circumstance, 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 a
fluid system in an amount grossly in excess of the minimum effective amount because there
-generally would be no practical purpose in doing so that would justify the costs involved and any
deleterious effects on the quality of either of the fluids caused by the presence of the tracer
chemical therein. The amount of tracer chemical to be added to the tracer-receiving fluid system
that is effective without being grossly excessive will vary with a wide yariety of factors,
including without limitation the tracer and monitoring method selected, the potential for
background interference with the selected monitoring method, the magnitude of the suspected or

. potehtial leakage, the monitoring mode (on-line continuous, semi-continuous, slug-and-sample,
and the like). Generally the dosage of tracer to the fluid 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 fluid system, comprising: adding boric acid or other boron compounds to
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to the concentrations of both the specie of chem cal tracer apd-the-berteg
acid or other boron conpounds in the fluid system ana MﬁﬁdACEMENTSHEEm
certain preferred enbodi nments, the analysis is one or ffore O&éi
em ssion spectroscopy, a combined high pressure |iquill ghsaokat,
fl uorescence em ssion spectroscopy, a colorinetry spegitaphetenetrF—aro

transition netal analysis. In certain preferred enbodi nents, the speC|e of
. chem cal tracer is substantially resistant to depletion nechanisns in the
environnment of the fluids, such as degragation, deposition, consunption and
other Iike depletion mechani sms. In certain enbodi nents, the specie of
chemical tracer is substantially suscéptible to depletion nmechanisns in
the environments of the fluid systemin a

the fluid system; adding to the fluid system at least one specie of tracer chemical; and subjecting
at least one sample of fluid from at least one site of the flnid system to at least one analysis;.

. wherein the analysis at least detects the pl.'csence of the specie of tracer chemical in the sample,
and wherein the analysis at least determines the presence of boric acid or other boron compounds
in the sample by the détection of the presence of the specie of tracer chemical.

_ The present invention i an embodiment is a process for monitoring boric acid or other
boron compounds in a fluid system, comprising: adding to the fluid system a composition
comprised of an admixture containing boric acid or other boron compounds and at least one
specie of tracer chemical, wherein the proportion of the specie of tracer chemical to the boric
acid or other boron compounds in the admixture is substantially known; subjecting at least one
sample of fluid from at least one site of the fluid system to at least one analysis; and wherein the -
ahalysis at least detects the presence of the specie of tracer chemical in the sample, and wherein .
the analysis at least determines the presence of boric acid or other boron compounds in the-
sample by the detection of the presence of the specie of tracer chemical.

The present im_rcnu’on in an embodiment is 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 dissolved silicates comprising: adding to the water at least one boron compound

- that forms orthoborate jon when dissolved or hydrolyzed by the water in an amount effective for
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42 degree or at a rate that is in proportion to the susg
boric acid or other boron conpounds to depletion nmechan
envi ronnent s. Unl ess expressly indicated otherw
properties of any chem cal conpounds, or conpositions c
plurality of chem cal conpounds, set forth herein are suc
woul d be determ ned for such conpounds, or conpositions, within a
tenperature range of from about 20[err]C to about 40 [err]C, and
substantial ly under atnospheric pressurg? By anorphous silica scale
h

deposits is neant herein solid materi al at precipitates, or can be
filtered, :

inhibiting the formation of amdrphous silica scale on surfaces in contact with the water; adding

at least one §pecie of tracer chemical to the water concomitantly with the addition of the boron
compou.nd;: and monitoring the boron compound in the aqueous system by determining at at least -
one site of the aqueous system at least the presence of the specie of tracer chemical.

In preferred embodiments, the analysis determines a spectral or chemical characteristic of
the specie of chemical tracer that is proportional to the concentration of the specie of chemical
tracer in the fluid system analyzed. The specie of chemical tracer in some preferred
embodiments is a transition metal cation that is at least in part the cation of a water-soluble
boron salt and the analysisisa tra;nsiﬁon metal-responsive analysis.

The specie of chemical tracer in another preferred embodiment is at least one fluorescent
compound and the analysis at least includes fluorescence analysis 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 togethqr to the fluid sy-stem asa
substantially aqueous or mixed solvent solution. Prefei-ably at least a detection of the specie of
chemical tracer activates or modifies a signal, and the signal upon activation or modification
activatgs or modifies a feed of at least one treatment chemical to the fluid system.

In another preferred embodiment the admixture is a2 mixed solvent solution containing

water and at least one water-soluble polypolar organic compound having a molecular weight not
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froman aqueous system and contains at |east about 30 wei g%u [CENT LOLA]
silica as SiJerr] and nore commonly contains from abo tg 335@§@‘?h bt e

wei ght percent total silica as Si(Jerr], based on the
material. By deposits is nmeant herein naterlal that for : |
on surfaces in contact with a fluid system By the term nol ogy "det ect i on
of the presence of a chem cal specie(s) is neant herein the determ nation
of whether or not such chem cal specie(s) is present or absent, and thus
i ncl udes the detection.of the absence of uch chem cal speC|e(s) at | east
to the limtations of the analytical net%od enployed By the term nol ogy
"as boric acid" follow ng a mention of boron conpound(s) other than boric
acid is neant an anount of such boron conpound(s) that woul d be equival ent

toth tated ano r|c aci to the, aqrthoborate ion forned
t(r)\erefGrgma lGJnI g’ss%e% Séges{'é Py P f"éb(?i' M"mﬁé‘r‘éﬁ“ﬁ d splpent soltioR) i on of a
prefix or suff b&ﬁtahﬁhg%fe?mdtl?ﬁisﬁngg@&i&'a&ﬂaﬁa a&ﬂ%aﬁﬁ%&%ﬂaﬂmﬁ% {ogf I X or

compound is, in preferred embodiment, added to the water in an amount to provide a

concentration of at least about 25 ppm as boric acid or other boron compounds as boric acid in
the water. The specie of chemical tracer and the boron compound are, in preferred embodiment,
added to the water of the aqueous system together as an admixture. The specie of chemical
tracer and the boron compound are, in preferred erabodiment, added to the water of the aqueous
system toget.her as a substantially aqueous solution. The specie of chemical tracer and the boron
* compound are, in other preferred embodiment, added to the water of the aqueous system
together as a mixed solvent system containing water and at least one water-soluble polypolar
organic compound having a molecula; weight not exceeding 200. The aqueous system is
preferably a heat-exchange water system,.such as a cooling water system.
In certain preferred embodiments, the specie of chemical tracer is foreign to the normal
. treatment program for the fluid system, for instance when an inert traéer is added for the
purposes of present invention, or both for the purposes of the present invention and for the
-purposes of a separate tracer process. In c;ertain preferred embodiments, the specie of chemical

tracer is at least one fluorescent compound and the analysis at least includes fluorescence
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43 suffix as an alternative. For instance, "conpound(s)y*~~means d
and/ or conpounds", "determi nation(s)" means "deterninatilpRE W'&ME'W@'%E?
determ nations", "technique(s)" nmeans "techni que and/or |} echnigugs;

"l ocation(s)" neans "location and/or |ocations", "chemc P@}e'i"ggf'Aus"m" .
means"” chem cal and/or chemicals", "inhibitor(s)" means "imhrbitor and/or

I nhi bitors", "conponent(s)" nmeans "conponent and/or conponents"”,
"specie(s)" neans "specie and/or species", "functionality(ies)" neans

"functionality and/or functionalities", 0

Fl

analysis, which is particularly preferred because of the ease at which such meth-od can be used
for on-line continuous or semi-continuous monitoring, and other known advantages.

In certain preferred embodiments, the analysis is an on-line continuous or
semi-continuous analysis of the fluid éystcm, wherein at least a detection of the specie 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 chemical to the fluid system, wherein the
treatment chemical feed may be, and at times preferably is, a feed of the boric acid or other
bbron compounds composition to the fluid system.

In certain preferred embodiments, the analysis is an on-line continuous or
semi-continuous fluorescence analysis of the fluid system and the specie of chemical tracer is at
least one fluorescent compound, preferably a compound that is substantia_lly inert in the fluid
W. In certain preferred embodiments, the analysis is an on-line coﬁti_nuous fluorescence -
analysis of the fluid system and the specie of chemical tracer is at least one fluorescent
compound, wherein at least a detection of the specie 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 chemical to the fluid system, wherein the treatment chemical feed may be, and at times

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

fluid system.
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"aromatic(thio)(tri)azol es" neans aromatic azol es and/ or ar.opatd.e:thid7ol
and/or aromatic triazoles", and the |ike. The term"species" is at tines
used herein in reference to a single conpound, as is a p@ét@rit...i.r-o-r-n.-t--he

t ext concerning such references. The term nol ogy "at '
chenmical tracer” means one or nore chenical conpounds that are within the

chem cal tracer, or tracer, category. I ndustrial Appl T #‘ggET
| nventi on The present invention is applicable t LA T

enploying a fluid systemthat contains,poric acid or ot e[ﬁgtboeoﬁ AUG 19%
conpounds, either as a chem cal treat rrent addi tive, for |irfefance ag g

silica scale deposit inhibition agent for cooling water systens, or for
ot her purposes, particularly when it is desired to nonitor the presence

and/ or concentr at xplnah @ﬂﬁé&mb@&h&w%e%&‘?y&teﬁ%&ﬂeﬁWMﬁ ahdingCh fluid

system or any part t her eof
preferably is a cooling water system.

In certain preferred embodiments, the fluid system is an aqueous stream that ﬂow's
through a side of one or a plurality of heat-exchangers, including but not limited to cooling
water streams,

In certain preferred embodiments, the analysis determines a spectral or chemical
characteristic of the specie of chemical tracer that is proportional to the concentration of the
sbecie of chemical tracer in the fluid system analyzed, and more preferably that is proportional
to.the concentrations of both the specie of chemical tracer and the boric acid or other boron
compounds in the fluid system analyzed.

In certain preferred embodiments, the analysis is one of more of fluorescence emission
spectroscopy, a combined high pressure liquid chromatography and fluorescence emission
spectroscopy, a colorimetry spectrophotometry and a transition metal analysis. In certain
preferred embodiments, the specie of chemical tracer is substantially resistant to depletion
mechanisms in the environment of the fluids, such as degradation, deposition, consumption and
other like depletion mechanisms. In certain embodiments, the specie of chemical tracer is

substantially susceptible to depletion mechanisms in the environments of the fluid system in a
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44 C ai ns: 1. A process for nmonitoring a boron conpound that forns
orthoborate ion in a fluid system conprising: adding sai
to said fluid system adding to said fluid system at | eas} RERL &isﬂEET
tracer chem cal; and subjecting at |east one sanple of fluld fr quIEESt
one site of said fluid systemto at | east one analysis; w n sa :

anal ysis at |east detects the presence of said specie of e cal
said sanpl e, wherein said boron conpound and sai d speci e of chenrcar tracer
are substantially added together to saiq,fluid systemas a substantially
honbgeneous st abl e agqueous or m xed solvent sol ution conprising a boron
conpound feed and containing no nore than about 1 part by weight of said
speci e of chem cal tracer per 10 parts by wei ght

degree or at arate that is in proportion to the susceptibility of boric acid or other boron
compounds to depletion mechanisms in the same environments.

Unless expressly indicated otherwise herein, all properties of any chemical compounds,
or compositions containing a plurality of chemical compounds, set forth herein are such
properties as would be determined for such oo:r:pounds, or compositions, within a temperature
range of from about 20 °C to about 40 °C, and substantially under atmospheric 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 Si0, and
more commonly contains from about 50 to 90 or more weight percent total silica as SiO, , based
on the total weight of dry material. By deposits is meant herein material that forms and/or
collects on surfaces in contact with a fluid system. By the terminology "detection of the
presence of" a chemical specie(s) is meant h&cin the dcrctmination of whether or not such
chemical specie(s) is present or absent, and thus includes the detection of the absence of such
chemical specie(s), at least to the limitations of the analytical method employed. By the
terminology "as boric acld“ fol]owmg a mention of boron compound(s) other than boric acid is
meant an amount of such boron compound(s) that would be equivalent to the stated amount of
boric acid as to the orthoborate ion formed therefrom. Unless expressly indicated otherwise

herein, the inclusion of a prefix or suffix in parenthesis designates the word with such prefix or




of said boron conpound, and wherein said analysis at |east determ nes the
presence of said boron conpound feed in said sanple by saidsdet ection of

t he presenec of said specie of tracer chemical. 2. The|l Hept RSEMENTS LT
wherein said specie of chemical tracer is substantially jinert in the
environnent of said fluid system and wherein said fluidl s 2V cAUPIEGR:S
at | east about 40 wei ght percent water. 3. The process '
sai d anal ysis senses a spectral or chem cal characteristic of said specie
of chenmical tracer that is proportional,;to the concentration of said specie
of chemcal tracer in the fluid system anal yzed, wherein said boron
conpound and sai d specie of cherm cal tracer are added together to said
fluid systemin known proportion, and wherein said analysis is correl ated
to the rate i ' A Q Wale RN =To BN al ong whi ch
said site at %\A%%ﬁ&gtgﬁ’gﬁ‘gé%f%a?%’ @%&%Jg%%%a. ed. qaﬁ&&f{ﬂ%& %rgdcs)dess of
claim 1 wher jeRmsirbich(SPREIS"dbmE8sH a@br deleAtifiiondsS "Bchhig@d(s) théag) Met al cation
that is at least in part the cation of a water-soluble boron salt and said
anal ysis i s #&ediquend/oraschiigiest| “locetiopn)! sean "lacatibn/md/sr locations", "chemical(s)"

means "chemical and/or chemicals", "inhibitor(s)" means "inhibitor and/or inhibitors",
"component(s)" means "component and/or componenfs", "specie(s)" means "specie and/or
species”, "functionality(ies)" means "functionality and/or functionalities",
“aromatic{thio)(tri)azoles" means aromatic azoles and/or aromatic thiazole; and/or aromatic
triazoles", and the like. The term "species" is at times used herein in reference to a single
compound, as is apparent from the text concerning such references. The terminology "at least
one specie of chemical tr.acer" means one or more chemical compounds that are within the

chemical tracer, or tracer, category.

Industrial Applicability of the Invention

The present invention is applicable to all industries employing a fluid system that
contains boric acid or other boron compounds, either as a chemical treatment additive, for
instance as a silica scale deposit inhibition agent for cooling water systems, or for other
purposes, particularly when it is desired to monitor the presence and/or concentration of boric

acid or other boron compounds in such fluid systexﬁ or any part thereof.
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45 5. The process of claim1 wherein said specie of chemcal Lracee-d
| east—one fl uorescent conpound and said anal ysis at | easti I Lu % ENT SHEET
fl uorescence and is an on-line continuous or sen1 cont i nijo

e A 5t s, it e

ged of at | east one
ess of claiml
wherein said adm xture is a m xed Sorution containing water and at.
| east one wat er-sol ubl e pol ypol ar organi ¢ canpound havi ng a nol ecul ar

wei ght not exceedi ng 500, and wherein said adm xture contains from about 10
to about 60 wei ght

CLAIMS
1. A process for monitoring a boron compound that
5 forms orthoborate ion in a fluid system, comprising:

adding said boron compound to said f£luid
system; '

adding to said fluid system at least one specie
of tracer chemical; and

10 subjecting at least one sample of £fluid from at
least one site of said fluid system to at least one
analysis; _

wherein said analysis at least detects the
présence of said specie of tracer chemical in said

15 sample, and

wherein said analysis at least determines the
presence of said boron compéund in said sample by said
detection of the presence of said specie of tracer
chemical.

20 2. A process according to claim 1 wherein said
specie of chemical tracer is substantially inert in the .
environment of said fluid system.

3. A process according to claim 1 or claim 2
wherein said anélysis determines a spectral or chemical

25 " characteristic of said specie of chemical tracer that

is proportional to the concentration of said specie of
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percent of said boron conpound and from about 10 to about 30 we| ght percent
of said water-soluble polypolar organic conpound. 8. =
1 wher und and said specie of chem cg

subst an ogether to said fluid systemas a §
hormgenH!ﬁ Hiu solvent solution ¢ risine a 3
gl ycol/ yceri ne/ Ltﬂqlsrggggrfms BEENIiycol

m xt ure. 9. The process of claifnl whggeismcemi d anal ysis senses a
spectral or chem cal characteri st ,M chem cal tracer that
I's proportional to the concentration of sai4k specie of chem cal tracer in
the fluid system anal yzed, wherein said horon conpound and said specie of
chenical tracer are & al fFECRE 1% bhe F141d | aYPEen PEpLYASn known
proportion, wherein gaid anglygksed gcggyglg aALd1ih hat& At yhi,ch said boron
conmpound belng fed to the route al ong wh said site at which said sanpl e
is taken is | ocated, chaigr \ﬁh‘d!eeﬁmncﬂﬂiﬂ@mceemfa@bﬁwéstmem fies a
signal, and said sig o) ti a es or
modi 1 65 the rate af CoHiaoay Ay Aketh Rhaly b el phiv

5 cation of a water-soluble boron salt and said analysis

is a transition metal-responsive analysis.
5. ~ A progess according to claim 1, claim 2 or
claim 3 wherein said specie of chemical tracer is at
least one fluorescent compound and said analysis at

10 least includes fluorescence and is an on-line
continuous or semi-continucus analysis.
6. A process according to any one of the preceding
claims wherein said boron compound and said specie of
chemical tracer are substantially added together to

15 said fluid system.
7. A process according to claim é wherein the
boron compound and tracer are added as a substantially
agqueous or mixed solvent solution.
8. A process according to claim 6 or claim 7

20 wherein the proportion of said 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'éelvent solution containing
water and at least one water-soluble polypolar organic

25 compound having a molecular weight not exceeding 500..

10. A process according to claim 9 wherein the

M____ﬁ__
This Sheet Has Been R T w SHEET ‘]l

AR - | 27w




46 10. A process for

ina fluid system conprising: adding to said fluid system

moni toring a boron conpound that fornms.orthoborate ion
REPCADEMENT smser

conprised of a subst

oropor 1 o HATRVAIEEAMATRR  °c - ac2

adm xture i%s gubstahtially known;

fromat | east one si
wherein said analys

antially honmogeneous stable adm xture ontalnlng sai d

e@n7 tAG 199 .
oron o

one sanple of fluid
te of said flui | east one anal ysis; and
s at |least detects the presence of said.specie of

tracer chemcal in said sanple, and wherei nsésai d anal ysi s at | east
determ nes the presence of said boron conmpound in said sa Hgtsaid

detection of the preB¥Pelyf °§8?’Hl%58‘53°ém8fha[sr BCRIERRT ¥5 gh':a

sai d boron conpound
.saild adm xture is a

wher ei n
bicdihg a6l d. 11. The process of claim 10 wherein
m xed sol vent sol ution containing water and at | east

one wat er sol ubl e poltypol ar® process accoxding to claim 8 wherein said

10

15

20

addition is of a mixed solvent solution containing
water and at least one of monoethanol amine and
triethanol amine.

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 treatment chemical to said fluid
system.

13. A process according to any one of the preceding

claims wherein said boron compound is boric acid.

14. A process according to any one of the preceding

claims wherein said analysis is an on-line continuous
or semi-continuous analysis of the fluid system.

15, 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

dlssolved s111cates comprising a process accordlng to

25

any one of the preceding claims.

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

boric acid in said water.
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or gani ¢ conpound havi ng a nol ecul ar wei ght not exceedi ng 500, and wherein
sald nlxed—sgLvenL—sgLuLLQn-eontalns from about 10 to about 60 wei ght

he process of claim 10 [ffErET ég@@

s AR o5 o e sm e [

triethanol amne is present in said ' nojjint - om-ah v

one part by weight for every six part boric acid to -
about one part by weight for every ong part by weight of said boric acid.
13. The process of claim10 wherein said speai e of chemcal tracer is at

| east one fl uorescent corrpo nd_and sai gt | east jncludes -
fl uorescence anal yss.t’" LATﬁ’é“persScﬁcscsug?ngc?égl ?SﬂialTolgi/\/I‘?Er%ilaﬁ'“‘sé? d anal ysis

is an on-line conti I’luﬂié‘.‘reﬁi s3] aqieBhis Bt ABa4 Hehs-ddchhndte whtat d system

system.
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47 15. The process of claim 10 wherein said anélysis senses a spectral or

chem cal characteristic of said specie'of chenm cal tracer thaL—+s

proportional to the concentration of said speclie of chenicall AgFAACEMENT SHEET
fluid system anal yzed. 16. The process of claim 10 whereir saldé?%nbﬁb ﬁ@s
is a mxed solvent solution cont %g ﬁt | east o axmat hive,.
pol ypol ar organi ¢ conpound havi n 5Hﬁ§#%§$?2ﬁ. EGhit not exteedrrg—sea—ami—
wher ein sai d admi xture contains firom aB ut 60 wei ght percent of
said boron conpound and from about 10 to, bout 30 wei ght percent of said
wat er - sol ubl e pol ypol ar organic conpound 17. A process for inhibiting
anmor phous silica scale formation on surfaces in contact with the water of
an aqueous system cont ai RioRgréHiNEOANEE £ddD $R1MAYIE WPALERS NY: adding to said
water at |east one boron conmpound that forms orthoborate ion when di ssol ved

or hydrolyzed by said water in an anount effective for inhibiting the
formation of anmorphous silica scale 2BSIRACT

A pro.cess monitors boric acid or other boron compounds in a fluid system. At least one
specie of tracer chemical fs added to a fluid system and at least one sample of fluid from the
fluid system is analyzed for at least the presence of the tracer, and the presence of the specie of
tracer chemical in such sample determines at least the presence of boric acid or other boron

compounds in the sample.
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on surfaces i wat er; adding at |east one specie of
tracer chemc concomtantly with t "¢l boron
conpound; and mw F“EE"@ Blboron conmpound in s S‘%gggg{‘@ﬂg%f§1 iiy
determ ni ng a of said aqueous syst ga wp“ii

_‘of said specie of tracer chenmical, wherein said s

-"and sai d boron conpound are added ta@a4said water of said aqueous system
%0get her as so] utes of a substantially honpgeneous stable nixed sol vent
system cont a?ﬂﬁ"?r’g wat er and at | east one water-sol ubl e pol ypol ar organic
conpound havi ng a nol ecul ar wei ght not exceedi ng 200, and wherein the

proportion-of -said specie of chem cal tracer and said boron conpound in
sai d m xed sblA@rcesy faremeniiosng molwron compourtthhad ferpissertigboratai m 17 wherein

concentr at i oun A Siq S GortheB: Bolig Seid Gl RN 1EeBC CP @

fluid system; adding to said fluid system at least one specie of tracer

chemical; and subjecting at least one sample of fluid from at least one

site of said fluid system to at least one analysis; wherein said analysis at

least detects the presence of said specie of tracer chemical in said

sample, wherein said boron compound and said specie of chemical

tracer are substantially added together to said fluid system as a

substantially homogeneous stable aqueous or mixed solvent solution

comprising a boron compound feed and containing no more than about

1 part by weight of said specie of chemical tracer per 10 parts by weight

of said boron compound, and wherein said analysis at least determines

the presence of said boron compound feed in said sample by said

- detection of the presenec of said specie of tracer chemical:-. - . - o P
2. The process of claim 1 wherein said specie of chemical tracer is s
substantially inert in the environment of said fluid system, and wherein: -

said fluid system comprises at least about 40 weight percent water.

3. The process of claim 1 wherein said analysis senses a spectral or
chemical characteristic of said specie of chemical tracer that is
proportional to the concentration of said specie of chemical tracer in the
fluid system analyzed, wherein said boron compound and said specie of
chermical tracer are added together to said fluid system in known
proportion, and wherein said analysis is correlated to the rate at which
said boron compound being fed to the route along which said site at
which said sample is taken is located.

4. The process of claim 1 wherein said specie of chemical tracer is a
- transition metal cation that is at least in part the cation of a water-soluble

boron salt and said analysis is a transition metal-responsive analysis.
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48 19. The process of claim 17 wherein said specie of chem cal tracer and
sai d boron cmmwmmnﬁll to said water of said aqueous systemtogether
as sol utes system contai ning water and at | east one

wat er - sol ubl e* poi ygol &r dr gam ¢ compound having a nol ecul ar wei ght not

exceedi ng 200, and wherein-said m xed solvent systemis added to said water
of said aqueous systemin an anmount 4ufficient to provide a concentration

of said poly | f S j ght of said
pol ypol ar org‘ kﬁéc pﬁc{)c%p@%aﬁ per %&Fﬂ sr??at SIL‘?%?E %f aP\Aé'Bg%{ tra P’ywa er in said
aqueous syst teast onémuo?éseemrcmmrﬂf amd aaluh éﬁalwiaalaeneastandumjeous system
Is a cooli ng wat er é gm [iher wat er B\xst%np sal t IWater system f or
desal i ni zat i JHOEEE9GE 8 'sliﬂg?f% DG SANBNUS AL SETHEAT VA WAES bei ng prepared
for boiler treatnent and st eam generati on, downhol e water system for

petrol eum crude recovery or reverse 0SNDSIi S tyst em
6. The process of claim 1 wherein at least a defection 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.
treatment chemical to said fluid system.

7. The process of claim 1 wherein said admixture is a mixed solvent
solution contaiﬁing water and at least one water-soluble polypolar
organic compound having a molecular weight not exceeding 500, and
wherein said admixture éo_ntains from about 10 to about 60 weight
.percent of said boron compound and from about 10 to about 30 weight
percent of said water-soluble polypolar organic compound.

8. The process of claim 1 wherein said boron compound*and said specie
- 'of chemical tracer are substantially added together to said fluid system
: .. as. a' substantially homogeneous stable mixed solvent -solution
comprising a solution in a glycol/water mixture, glycerine/water mixture,

or glycol/glycerine/water mixture.

9. The process of claim 1 wherein said analysis senses a spectral or
chemical characteristic of said specie of chemical tracer that is
proportional to the concentration of said specie of chemical tracer in the
fluid system analyzed, wherein said boron compound and said specie of
chemical- tracer are added together to said fluid system in known
proportion, wherein said analysis is correlated to rate at which said
boron compound being fed to the route along which said site at which
said sample is taken is located, and wherein correlation activates or
modifies a signal, and said signal upon activation or modification
activates or modifies the rate at which said boron compound is added to
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10. A process for moritoring a boron compound that forms orthoborate
ion in a fluid system, comprising: adding to said fluid system a
composition comprised of a substantially homogeneous stable
admixture containing said boron cdmpound and at least one specie of
tracer chemical, wherein the proportion of said specie of tracer chemical
to said boron compound in said admixture is substantially known;
subjecting at least one sample of fluid from at least one site of said fluid
system to at least one analysis; and wherein said analysis at least
detects the presence of said specie of tracer chemical in said sample,
and wherein said analysis at least determines the presence of said
boron compound in said sample by said detection of the presence of

said specie of tracer chemical, and wherein said boron compound is
boric acid.

11. The process of claim 10 wherein said admixture is a mixed solvent
solution containing water and at least one water soluble polypolar
organic compound having a molecular weight not éxceeding 500, and
‘wherein said mixed solvent solution contains from about 10 to about 60 -~ -
weight percent of said boric acid.

12. The process of claim 10 wherein said admixture is a mixed solvent
solution containing water and at least it one of monoethanol amine and
triethanol amine wherein said monoethanol amine or triethanol amine is
present in said admixture in an amount of from about one part by weight
for every six parts by weight of said boric acid to about one part by
weight for every one part by weight of said boric acid.

13. The process of claim 10 wherein said specie of chemical tracer is at
least one fluorescent compound and said analysis at least includes

fluorescence analyss.

14. The process of claim 10 wherein said analysis is an on-line

continuous or semi-continuous analysis of t he fluid system. REPLACEMENT SHEET
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I5. The process of claim 10 wherein said analysis serisés a spectral or
chemical characteristic of said specie of chemical tracer that is
proportional to the concentration of said specie of chemical tracer in the
fluid system analyzed. |

16. The process of claim 10 wherein said admixture is a mixed solvent
solution containing water and at least one water-soluble polypolar
organic compound having a molecular weight not exceeding 500, and
wherein said admixture contains from about 10 to about 60 weight
percent of said boron compound and from about 10 to about 30 weight

percent of said water-soluble polypolar organic compound .

17. A- process for inhibiting amorphous silica scale formation on surfaces
in contact with the water of an aqueous system containing dissolved
silicates comprising: adding to said water at least one boron compound
that forms orthoborate ion when dissolved or hydrolyzed by said water in .
én amount e'ffec':tiv'e for inhibiting the formation of amérphous silica scale
on surfaces in contact with said water; adding at least ‘one specie of
tracer chemical to said water concomitanﬂy with the addition .of said
boron compound; and monitoring said boron compound in said aqueous
system by determining at least one site of said aqueous system at least
the presence of said specie of tracer chemical, wherein said specie of
chemical tracer and said boron compound are added to said water of

- said aqueous system together as solutes of a substantially
homogeneous stable mixed solvent system containing water and at least
one water-soluble polypolar organic compound having a molecular
weight not exceeding 200, and wherein the proportion of said specie of
chemical tracer and said boron compound in said mixed solvent system
are known. |

18. The process of claim 17 wherein said boron compound is added to
said water in an amount to provide a concentration of at least. about 25

ppm as boric acid in said water. e
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19. The process of claim 17 wherein said specie of chémical tracer and
said boron compound are added to said water of said aqueous system
together as solutes of a mixed sdlv_ent system containing water and at
least one water-soluble polypolar or"ganic compound having a molecular

weight not exceeding 200, and wherein said mixed solvent system is

added to said water of said aqueous system in an amount sufficient to
provide a concentration of said polypolar organic compound of at least

.80 parts by weight of said polypoiar organic compound per million parts

by weight of water in said aqueous system.

20. The process of claim 17 wherein said aqueous system is a cooling
water system, geothermal water system, salt water system for
desalinization purposes, industrial system containing waters being
prepared for boiler treatment and steam generation, downhole water

system for petroleum crude recovery or reverse osmosis system.
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MONITORING BORIC ACID IN FLUID SYSTEMS

ABSTRACT

A process monitors boric acid or other boron compounds in 2 fluid system. At least one
specie of tracer chemical is added to a fluid system and at least one sample of fluid from the
fluid system is analyzed for at least the presénce of the tracer, and the presence of the specie of

tracer chemical in such sample determines at least the presence of boric acid or other boron

compounds in the sample.
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