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MONITORING BORIC ACID IN FL'UID SYSTEMS 

:··· ·-·=····::.:·-~ .. ::.:.;...::~: ... · .... 

ToglmlQll Field of tho Invention 

The present invm&ion is in tho tec1micaJ field of monitoring boric aoid compositions. 

audi as siliaa acale inluDit.or compositions containing boric acid. monitoring water treatment 

processes usi!Jg boric acid, and boric aoid water trmment pmcesses. 
; 

Bppkgmund oftlte lnyontigp~.·. 

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

· ~"bits tho formation or amorphous siliea scale in industrial water systems. Tho use of an 

admixture of a water-soluble polypolar organic compound containjng hydroxylt primary amino, 

or scaondary amino functional &fOUPSt and having a molecular wailrt not exM.edislg soo. 
together with boric acid or another boron compound 1!lat forms ortboborato ion when dissolvod 

'. 

in or hydrolyzed by water, as m inlu"bitor of amoxphom silica scale :folmation on surfacu in 
/ 

.... ~ 

~caet with industdal waters.. is taught in U.S. Patent No. 4,S32.o47, issued on July 30. 1985, 

inventor Leouard Dubin, blcotporated._hrzcinto by refm:u'70. ~'disclosed in this patent ia that 

boric acid and its water-soluble salts and/or any boron ~cl that forms olthoboratc ion by 

dissolving in inclustrlal waters or by hydrolysis under mdustrial water environments may by 
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thcmHtvea ~ apin• ancl,inhiWtthe formadoa of amorphous m1ica scale on surfaces in·. 

contact with these industrial waters. The 1111 of boric aoid and/ot such other boron compOUnds 

by tb=sclvcs u amorphous silica scale inhl'lri1or agents is also diieloed. 8!ld ia clcscn"bed in 
. ' 

more detail, in U.S. Patent No. 4,584,104, iauecl Aplil22, 1986. mvmtor Leonard Dubin, 

!r:' · •.. 

Borio aoid a1ao bu-other oommerclal and/• induttrial applications. Dotie aoicl iir ,. 

commonlj added t0 commercial platissa d.aions ·as a buffer. Boric acidi which bu 

baoter.iostatic and fimgicidal properties, is used ill-washing citric ~ts to inlu"bit mold. as an 

adclitivc ta mildew-resistant latex paint1_ and• a a1cl antisqttio additive.in amisomerproducts 

such as mouthwahet,·hair rinses, and the lb Boron compounds am good abaorbcrs of thetmal 

nmtrcma, and ~ are foUnd in mmy nuclear iDdustl)' applicationL ·Par mlltaaoct. high purliy 

'borlc aoid ia added to tho aooliag water used ill hi&h·presmrc water~ Boric acid is also 

used u a fire recardant. 

In·the atoromend~couimcrcial and/or industrial-. ofboria acid; which pnerally 

arc also applicable to ita..._·solublc salts.m4/or any boron compound that fonns ortboborate 

ion by dfuolvina in water or 'by hydrol)'lb under wats envfromm:nta, the boron compound is or 

may be· employccl as a solute in an aqueou smcm. When boric acid and/or its watef .. soJublo 

salts and/or any boron aompound rha\ tbnns orthoborato ion by dlaol~ in watS or by 

------------·--·-
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hydrolysis under water environments. .i• so cmployal u a soluto in an aqueoas ll)'8tem, it often ii 

desirable to monitor the boric acid md/or. iU wa&er-soluble saha andlor any boron Compound that 

forms onhoborate ion by dissolvina in water or by hydrolysis under water cnvironmenu 
··-

(referred to at times hereinafter u "boron compouud(•)")t m. suoh.,--. By the terminoloay of 

"monitor" mcl/or .~torin&" is meant herein •. 1Dlless expreasly· stated otherwise, the 1faCina ot 

tracking to determine tho locadOJI an~C)f .ro-.. of. such boron compound(•) iil the aquCOUI' 
, ..... : ..... : ... •' .. 

system or loss of such boron compound(s) from the aqueous l)'llemt and/or thodetamiDation of _,. . 

the concmtradon or amoDDt of the~ oompc:gmd(1) at any aivm:tite' or within any given 

areas inolucling sfnplar, intezwittcnt Mli-oontinuq1u or,CIODdAuoua mcmitoriq. Tho t.eat 

methods moat commonly used presently to detllrraino the presence and/or concentration of boric 

acid in aqueous systems are difficult to pcdbn:o or not wq accmratc. One mob me:thocl. mown 

in the technical field as the carmin~ reel !Xldhocl, is hawdous to pedmm because it~ the 

use of conceatmecl acid. M~odl which l1leU1ft color dcwslopmmt with a comparator are less 

acaarate than clCainld, for instance not diatinpsbing 1*wem a bode aoid concen1ration of 70 
:..;.i,\ . 

ppm and. 100 ppm. Alaother method. Jen~ in the techniaal field as die 1D11111ital titration 
;.' ·.' . 

method, CID suffer from ioterferc:nCU. 

It is an object of the present invemfon to provlclc a metbocl or process for monitoring a 

boron compound composition, in a t1uid system. particularly an. aqueous sY,Stem, and more 

.. abli1ii1iii1i1iHf 
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paniaularly when such composition. is ft.=d to tho. fluid,1~ as a lili~ ale deposit inla"biter. 

It is an objcat of The praseni invention to p:o~ ~.imptovcd pmcess for tho treatment of m 

industrial water system (aqueous inctu.trial ll)'Jtem) in which 1 boron compouncl(s) is an active 
. ;". . - . . 

treatment agent, the improvcmmt oharamri7.cd.by feedins to such warcr system a compoafdoa, ..... : .. . . . 

particularly a solution ~ u ~ .~t-:1-sd solutJ~ oonwmna.a. boron mmpound(s) and . .. . . . . . . . . . . .. . 

having mhanctd: ~· It i1111 ~ect of.,,~ invention to provide an improved 

process for the treatment of an ~~al water system .in which a boron ~d(s) is an 

active treatment apnt, tho D.Pmvan"8t ~by reeding to mch V#lter system an 

aqueous-based bmon compouncl(s) composition h&viq such cnhnJt,ed detectability that the 

monitorinl of the boron eompound(s) requires no hazardous~" and ii very·seasitive.and 

accmatc. These and other objects of tho pesent inv-.ltion ~ cJescribecl in more detail below. 

·'!'··. 

· Disglomro of the lnyentim 

The present ~veation provides a method or process for monitorina ~o acid and ita 

water-soluble salts, and/~. '1Y. bQ1on ~ daat.tonm orthoborate ion b)' diaaolWia In 

water or by hydrolyais un~ water environmmta, fn a fluid-l)IStcm compri.uig feeding to such · 

t1uic1 system a aubatantially homapneou admixture of such a boron compouncl(s) and at least 

ono signature cb~cal, and thereafter subjecting at lcut a &ample of suoh fluid system to · · 
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s .. 

lllllysis to deleCt the prosenco and/or the concmcratioa of such signatul\' chcmi~, and at~ . 

the COACentration change and/or concentration gmclimt of 1ho slpatare compound in such fluid 
.. ·' .·' -•... '. . ..... ••"" : . ·_.);:f;a ;-,,.. .. ~~,~~ ';: .. ; ·. ' .. 

· system. In a ptelerted cmbocliment such fluid system is an~ fl'Oid system. In 
• " ,; lo • ".•· • •. • ' ' 

.. 

another proferrecl emboclimmt the signature chemic.I is a fluorcsoent compound and the analysis . 
.. . ." .·._: :llJ''' :-·, .. : . ' ....... ), -,, ··::· . . , ;:~;-.~· · .... ····· .. . 

i1 a fluomcmoe analysis or a ccnubination of high p&Wl\11'0 liquid chromatography and 
'. ; .; · : . , I • 4.-, f \' : ·• : : , •." '· ~ • 

.. 

fhlOlelcenco analysis. In another protmred embodiment the sipatmo oheml~ is a 1n.Dsit:i.on 
, • , ,•, . ·'.' .. :.• .dJ,\..J, .. iol " 0 

.:;•' :~_!)' ,,;;.::.'I '. • • ' ' 

metal and the analysis ii a transition metal~vc analysi&, or a ~on of high_ · 
' ... ' •'I: • • .... : • ,·. '. ' ': ., ?7 • •: -~~ 0:"! 

~ : ;,· > • ; ::,. • I •• I : o ·"'" 0 0 , • ;., .. , i • , • ' 

. . . . : ,: : ~ .. :,.,. • ..... : ,.. . .. . . : . ; "'.: .; ;_. ~ i; ~·- . :.-. '· . ·::.· 

compouncl(s) is preferably fed to th• fluid systan u an aqueous boron compomid(s) solution 
··,nc · · 

(liquid boron compound(•) compoaition) or u a oonoenl&'ateCl Jfquid boron compound(•) 
. . 

composition that includes a water-soluble polypolar orpnlc compound containing hydroxyl, 

primary amino, or secondary amino t\mcti.onal pn1p1, and hning a molecular weight noi 
, . .. . .. ~ . . " . ' .. . . .... ~~-

exooodiq 500, preferably a (poly)athanol amino. Tho present invention llla-pro'Vidca an 
... : . . . ~ ... 

. . 

aqueout-buecl boron compound(•) aomposition wbioll farther fncludes a eipatUn.chcsmical, 
. ,;-- ... : . .. .. ~ : .. _..,;.! • • · 

paticaluly a signature chemical that may be detected as to its presmce and/or concentration by . ,., ~(' 

fluorescence analysis, a combination ofhiah pressure liquid chromatography and fluorcaaenoc 

lllllysis. tramition metal .. responaive analysis, or a combination of high pressure liquid 
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chromatography and a trauitioa ~~vc-~. ,~ prcfarcd embodiment mch 111 

. . • _,, ••• · .. ·.1:--!,!· . 

aqueoua-buacl boron compound(s) compoaitkm is ono haviaa enhlllP. boron GOll1pOU11d(s) · 
~ . . . . . 

solubUity compriscc1 of (poly)othanol amine, bol'9JI _compound(s). p....-dwlarly boric acid, and . .. . .... :,. . '. 

water. The presmt invention alao providel an iu.lpr~!ed ~ ~ .tho.1realalent ot an 
. '," ., ~'' ' ••' .• •• .-. . .,~ ':1'~, :~: """ ~-•· .'·.~: o I.''• . ~ .l. . ' 

industrlal water system (aquaoua inclastrlal aysteln) wherein a bmm CQmPOUDd(a) is an aative 
. . . ···.. . ... 

trea1mellt agent tho improvement~~,... to~-~ system an 
, , : .. •. : ('.". · , :.,., ~ ir-:.~ '' ·• '·' .' • · . 

aqueous-based boron compound(s) compotiti~ in~. a si.._ chemical and optionally a 

water-soluble polypolar orpnic compound~ 1).ydroxyl, primary amino, or secondary 
. ·. . ,. . . : ~ ~ : ... ~. . . . . 

amino limcticmal groupa, ancl haviq a molowlar weiPt not cxocodiq 500, pNferably., · 
. ·' . ..•. : . ··.:·.'.. . . . 

(poJy)ethanol umno, and employina the lipetme ·~- u a~ for the monitmma of' the 

bomn compound(s). The~ invmtion also pro'Yidee a procaa for inluDitfn.l llllOl'phous · 
. . ...... ,., .. :· . 

silica scale fmmation on surfi.coa in cxmtact wi1h the water of an aqueous systan having a pH.of 

at least S and contabrin1 dissolvc4 silicatea. ~ a boron compmmd(s) is employed as tho _ · . 
. . . .. :.~~t. ~ . .. 

ftmcticmal silica scale depolit inlu"bitor._ ~is~~''~ ~.together with a 

signaturo chemical. and the boron compomcl(s) ii momlOrilta through "1c lignatam chemical. . . . ,;: ··.. . ... 

Tbo present invention and those and other prefmm emboclimcnts.theroof aro deacn"bed in more 

detail below. 
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As uae4 herein, tho teimlnologiCI of "boron cmDpound(s)" 1 "boric acid. or other boron 

compound(s)", and "boric acid or like bOron cOnipOUuds" m~ any One or a plurality, m 
combiDaiion,-af tho compouncis of boric acicl i.ud itl ....-;.so1ublo· lal~ and/or' any· boroia 

compound iiiat fom1i orthobOmtC ion bY dfUolYing iD ~Or by hydrolyaii. unclet water 

mrironmenti. ·Borio ·iCicl is tho pretGml ~-among such A of coiDpounda, being 

molt eommonly CiDployecl commercially, aRcl alao pq.uy bang the D10lt active coDi,ound, 
. . 

particmlady tor lmmphous silica scale deposit in1n1riti'm~' 

Tho preaeot invention in ita broa4est ombodimenta is not dcpendellt upem the 

concm1ration of boric I.Cid or other bolOll compound(•) when fed ta die flufd system. Bode acid 

CH.BO,) is aoluble in water only to a limited ment. Its 'ftttlrt.IOlubilil)' varies from about 2.66 

parts by weipt boric acid per hmldrecl parts by weight water at 0 *C tD about 40.2 parts by · 

Weight boric acid per hundrC:d parts by weight water at 100-C. At ambient !OOil t.emperature 

(from about 20 -c to ---26 ~ the 8olubility ofborio acid fn wlter"il'frOiD about 4 to about 6 

weight~ The P-nt invention includes a proceu wherein 'boric acid or other boron 

compomld(1) ia feel to a fluid system as a dilute aqueous solution. for instance one containing up 

to about 6 weisht pc:roent of tho boron compound(1), u boric acid. 
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A liquid compoaidon of borio acid. or DlherborOJl coqxnmd(e) havina a high 
.~ .... ~.. . . . ·'. •, :·· ~- .' . ·. ·- ·; · . ."!·'.·... '·:. . : . . . .•.·. . . 

ooncentradon, particularly an aqueous-based composition. may pmic1e a number of advantages 
• • • ": \ ~ • • .• • ·.-~ •• ji. :"" - : • ~; • •• ~.. :.. ' ~ • - • . ·• • 1.:. . 

in comparison to dilut& ~lutiom or proc1ucts in aolid ~ dry fonn.. A cmwentrl.teCl liquid 
. .. . : . . ~ .. ' : ,; . . . . .: . . . . . -·. . . . . 

composition can be supplied witboat tho com.~ mqy connmption mtai1ed in th~ shipping 
. • •• • ; • ••• • • • • • ••.• •· • • -~·. . ... ........ If'. • • • • • • • • . • • • • 

and/or ~dims and/or stOrap of a product that ii either highly dilute or requires dissolution 
' ~ ;.."": . . . '." .. . . . .·• . . . . . 

before use. A concmtratecl liquicl aom:posidon cm at times._be fed c1irectly to an inclusuial 
• . . . . . .'. . •. ··.••• ·.·: ... ··•·1\J' , ••. 

aqueous sy_atrm by~• ofafluicl~ ~or other ~cm~" Sui_d feed means. 

without either ~te mixina ecP.pmcmt qr _some~-~shippios_~d/or handlins and/or 

storap -~ solud~ if prepared~ .... ~ ~cm.• oonoenuatld liquicl may bc·a partioularly 

advant.apms ftmn for delivezy of'borio aaicl or other boron ~d(s) as an active 
' . . . . ~ ' 

water-trmtment ~to an~ lyateJD. ne pmcm invmdon incllJdes a process Vlhen::in 

boric acid or other boron compound(•) ii fed to a flui~ system u a COllCfllnted. liquid. for 

instance iS daorlbed in aforementioned U.S. ~t No. 4,$_3~1047.1 ~comitantly with a 

sipatUre ---~- . ;: .· 

A simple hi&h-concen~ bode aoic1.10~· hi water at ambient temperatures is of 

counc precluded by tho limit'ed. water•solubi1it:y of boric aG.id. Boric acid is known to be soluble 

to a pater clcgreo in some orplic solvents. for instance having a solubility On. the order of 

aboUt 15 to 20 weight percent at ambient room temperature. The pramt invention inGlucles a 
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proccas wharain tho boric acid or other bonm compo'm3d(1) is fed. as a solution in an organic 
• ' • • • , : , • ~' : • • • • T ~.I ' ' • • , , ; • • 

solvmt: or u a solution in a mixed solvent~ such 11 a solvent System comprised of water 
• . • ;"! i > : " . • ~ 

and ono or more organic solvents, aonGOmi~y with a sipatura chemical. 
• . ': .: : • ~ ' I .• • • . • . : ' • ' 

By f'Mdms a tipatare ch.--~~>;,~ th~~~,~~ ~othcrboron 

compound(s) ii meant herein that the feec1 of the borio aoicl or other boron compound(•) includes 
.. , ' ,;~. ., ~ :· _.. . ·- . 

such 1ign•turo cbealical •. It ii bclicvccl that no other medlod of conaomitant adcltdcm. would 
. • . 11..· • - • ~ • • • ":? ~ . • . . . : 

mfficioatlY. auun that the~ propoitionality hetwem tho sipature chemical and the boric 
. . • ' . • • ~ •.••. ~ . ; . . ... i . 

acid or other boroa. compound(s) in~ _tlui4 system is achieved. For inlClmce. if separate feeds 
. . - .. ····· ' .. ::~·::'."·: ,·. 

of the aip•mro chemical m6 die boric "?I~ or other boron compound(s) were med. oven 1houah 
. . . ·-· . :·... ; .. --

die concentrations of each in tb.a rupcmi~ ~: ~sidOJlS were ~own. tho feed rates could 

not be aumecl to be the same. Moreoftr, one advantage of tho present invention-is to monitor 
• • . ; .•.. ·.. ·:rl<·•- •. -- . . • .... . . . 

the OOllcmtration of the signature olacmi0$1. and dlU --~c acid or other boron oompouncl(s)1 . .:. .• .. 

c1espitc imprcc;iso food.rue detaminatiom~ anc1 hcncx.'_ avoids tho use of higblJ-smsitive feed-rate 

monitorinaequipmcnt.,. ·: _,·;·. ., ...... ~--~· .. 
• """"!."' .. ~ ~- '".:· : 

Tho sipatme chemical, also rofClued to ~erela u a ua=: ~tracer species. is in moat all 

instances preferably au inert compound in .. use mvirmmmt. aa dfscaued. olsowhcro hcrdn. 
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Boric acid dillOlvcs in wam t0 form tho Ol'lhoboiatc ion. As'miculsOd in u.s. Patent 

No. 4,584,104, tho orthObOratG ion appafmtly mu bl present for llilica saalo illlu"bition. iud 

b0t011 compounds that form orthobome ioti upon dlasolUti0n and/or hydit>lyma in water aro 
. . 

activo for silica scalo dapaait inhibiti~ · '11io Wltcr-mhmlo salts Of boric acid· form ortho'bonto · 

ion in water, and they include. but' me not limitil to, iOclium. lithium. p61&1sium, ammonium 

and quaternu)r anlmonimn11alts and alkaline oaitli'mecal salts, aluminum aalta ancl transititm. .. 

matal salta if tho presence of these types of cations Can be tolerate4 in tho water system and if 

suoh oationl am compata"ble With the choBCD panmetet1 wi.tb&i the pooes1 of the present 

invenlion. Other boron compouncll that form ortho1KDte ion upon. dlliOlUtioa and/or hydrotysta 

in water include. hut an not limited to, tluoroboric acid met sodium tetrabydrlcloborata. Al 

mentioned above. boric actd :Itself is c:ommr.i'cilll)' the most common aouroo of orthoboratc ion. 

ancl~c acid ii.1hemost commoolyued 'bo«m;con:spmmd, but the}i'elent.invention does not 

exclude tho use of bone acid salts or other orrho'borate ion ~I bmon compoundi when such 

salts -1 Othfir 'bOron comPmmda are ac1lqUat.o ·ror a Fm purpose. For ldmpUciiy. tho present 

invoadon is ftequmtlfclcscn"bed bele>W With rcfimlcc to "boric·acld or other tioron 

compound(1)• wherela the "other boron compotmd(s)• inclwlcs those described above. 

Tho sianatma Ghcmical (at least ono Specio of chemical ncer) is fed io the fluid system 

in an admixture topther with the boric acid or otbor boron compoun.d(1), as is mentioned · · 
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allOWhare herain. Such admixture prcAtably is a IOludon.ofthc.boria.aai4 or odaet boron . . . 

compound(1) and. the sipature chelnicat in a solvait for both1 for in~~ aqueous sol~tion 

· containing both borio acid or other boron compouncl(a) and. tho signature chomical as solUtOS. 

Suoh aqueom aohltion., ·or otheradmixtute. may contain- other compounta!. fo.r.instance, an 

aqueous sot.moil. of boric-acid or other boron compomcl(•) and tho sipturc chemical may . 
.. 

contain one or morq of tho ~uble pol)'pOlar.cqaniGmmpounds descrlbecl above, and in ... 

profmecl embOdfmeot does contain: ono or mon1-of the water~10lublo polypolar orpnic 

~-and in more pmfmed cmbodiznent rhe·one or more of~ nter-aoluble polypolar 

organic compounds employed i1 monoedllno1 aminoor-.lricthanol.amino. In m•.profelrecl 

mabodimcnt tho 84UCOU solution Olboric .cid or other boron compoumJ(1) and tho sipataro 

chemical containa one· or lnore of mob wata"-loluble polypolar cqanic compounds, particl11arly . . . 

monocthmol amino or triothanol amine. ha an amcJUllt dectivo to incrcue tho solubility of boric 

acid or othot boron compound(s) in au.oh aqueous.solution. In. oven more prefen-ed em'bocliaQt 

the lq1leCHIS. solution of boric acid or odler. boron compound(•) and the sipature chemical .. 

contains one or more of such water-soluble polypolar cqanio compounds, pmti°'1larly 

monoedlauol amino or triethanol amine. in m ummt of at least one part by woiaht for every six 

parts by weight of the boric acid or olhcr boron oompcxmd(1) (u boric acid). Iu another 

profmecl ~tho aqueous solution of boric~ or other boron compound(&} md the 
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s.ipatme ahanical contains one or moro of suoh waier-aolublc polypolar organio compounds, 
.:a.:~··· .: ..... ··~.!l! · .• ·~· . ~ . 

particularly monoethanol amine, in an imount of at lcut one part by weight for every six. parts 
. ~ ..• 

. ·•Of-. · .. · __ , ..... 

by weipt of the boric acid or other boron QOJDpOund(s) (as boric aoid) _up to about one part by 
. . . 

weisb* for every one part by weipt of the boric acid or other boron oompound(e) (u borio 
.. ~ . ; .. ~:, . "'":.... . . . -; . . 

acid). Neither monoethanol mdne or tdothanol amino m fl•mma'blc, and their presence in tho 

aqueous solution top1hor with the borio acid or atharboron campound(a) and the sipature 
·. .. 

chemical will increue the_.. solubility of the bmic acid or other boron compound(s) • 
. l .• .• . !. . · .. ,., 

AqucoUI solutions of bode acid or other boron compound( a) can be provided with 

ooncentratiom of borio acid or other bomn CC>mpO\md{s) (u bmic acicl) up to about SS weight 

percent or pom"bly high• at ambient mam tcmpelat1n with the inclusion of moni>ethanol 

amine. for instaDce at a concentration of about 16 weigbt petecnt In the aqueous solution, an4 

the :fbnher incolporadon of a aipatme chemical as a dute is aemnJly 'believed not bmmfbI to 
. 

tho cmbanocd IOlubilitr of the boric acid or oth".'1' boron compcmnd(s) provided by the inclusion 
. 

of one or mon of such wat.et-solublo polypolar organic compounds, partimlarly tho mono-

and/or triethanol lll1incs. 

Tho water-soluble polypolar orpnic compounds, as noted above, generally have 
·<ow· 

molecular weights not c:xceocling 500, and preferably bave moleaular weights not exceeding 200. 

The polypolarlty of these compounds may be derived from polybydroxy substitucnts, as for 



I THIS Sf-:EE1: HAS BEEN l 
. ficPlAC~O • 
···:~ ...... ·.• .. '""'"'-:· ..... ·····::--.. ~ . 

13 

inetancein compounds mch u Olhytene atYcot. pycedue.-manaltol. sor'bitol. ~~bydroxymcthyl 

methane, frW..hydroxym.etbyl methanol and the-. ThQ polypollrity of~~ compounds may 

be daivecl &om polyamine subati~ as.for inatanGD ~the COJDPOUDds ethylene diamine. 

triethylme tctraminc, 1,6-hexamethylene cliemine, w .. heltametllyl• triamino-. ~ylmo 

pentamine and the Uko. Tho polypolarity of tbcsc: ~cb may _also bo derived from 

combinadont ofhydrmyl ancl-ammo mbsdtueatt. w1iah oompomids-d.nd.e the monoethanol 

amine (2-aminaethmol) and tri~- amfno (td.(2-lydropthyl)aminc) mentioned above and 

other allmnol amines 8'ICb as cliothanol amino, N-etbJ)amin~ .• 9cthanol ammo, N, N, 

diethmol amine, N; N, N1 N~ydroxy ethyl)edlylen~_ cUamfuo and tho like. . . . . 

1bo monoethmol amine or trietbanol amine, or other apecioa of tho water-aolublc 

polypolar orpnic oompounds dcsodba1 abovo, or otllcr.~ent of tho aqueous sollidon or 

oth• form of admixture, a.y bo preseat in die aquecm solution or other fmm of admlxturo 

topther with tho borlc acid or other baron mmpomid{1) andlho sip~~cal as a 
. . 

treatment chemical (far instance a 111ica ale deplt iddbitor ..-. ,~ ahe1mt, an organic or 

inorpnic corrosion fnhibition,apnt;.a polymeric.dispersant, a biQcide and/or 01ber agollt8 or 

combinations of such agents). as a boric acid or other boron compound(s) solubility enhancina 

agent, or for ath• purpoa. and ova for DO pardcular pmposa. providecl that mcb other 

cmnponent doos not have such a deleterious cffcat cm either the boric acicl or oth• bonm 

. -. 
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compomld(s) or tho li&nature ohcmiaal so u to diminiib. the amount of suoh componcn11 to an 

amount beloW the minimum effective amount. All effective amount of the boric acid or other 

boron coqound(s) is the amount nece1sary in the feed solution~ form of admix~ to be 

eft'cctivc in the fluicl system for the pmposc(1) for wbich.it is being aclc1eclr,o ~e ftuicl system, at 

the rate in which the feed it fed to the fluid system. An d'ective amqunt '4 ._ sipaun .. 

ohcmioal ia 1ho 81D0111lt nooe.ssary in tho feecl solution.« 01hcr fm:m of: admixture to bo d:'fcodvo 

jn the:fluid system for tho J>111POH{•) for which it it Wns adclecl. tQ.*° tluid system. at tho rate 

in which the feecl is fed to the fluid systan. Gcnmlly the sipatme chemi~ i• b&ing fed to tho 

fluid system for the pmpma1 of.dctcoting at lcut the cxistmce of lignatmc chemical in a ample 

of fluid taken from tbs fluid qstem, as is clac:n'bed in more cletail below. 

. The admbdure of bode acicl or othet botoa compOQzld(s) aad Qnatm'O chemical may be 

other than 111 aqueous solutima. for imtanac a mixed solvent aystcm or ID organic solvent 

·solution, prcftnbly pnnridcd that both the~ acldOI'. othcr,boron ~d(s) ud li&natme 

chemical .. soluble thereinatpracti-=-1.~ partlGUlldyat,aabl~u·oom _ _ 

temperature. Tbe otpllio solv• of mch a ~.solvent system(~ •d orpnic solvent 

system) or such an organic sol~ solution in prcf'arecl miboc1iment is one or m~ of tho 

water-soluble polypolar orpnic compounds havhrg a IDOlecular weilbt not exceeding S00,-1 
. ,, 

more preferably not cxccc:ding 200, whidi: m: clescn"becl and cliscuued above. ·Thus an aqueous 



15 • 

THIS SHEET HAS BEEN \ 
REPLACED I 

solution containing boriG aoicl or~~- compound(•),,,... and one or.~. 0;f tho ·-·. 

water-solultlo polnolar orpnl",~·~ inb..-,tly al&0 a~ solvent aystom. As .. 

examples of lllbstantially wholly orpuia solvent ~luti~ omployi• ona. er moro of the 

water-aoluble poIJPOlar organic= CODJpQbnds am.JOiutiom of bode aoid _qr.otbc:r boron 

compouncl(s), ad at last oue specie of ohc:micat 1raoe1:, in glyool, glycerine, slyooVsJycerino 

mixtures. dicthylono glycol anclthc ~ As examples .~,~'4 sol~,tolutions .employina 0111 

or moro of the watcr-solul>lo polypolar orpnic compounds arc solutions of boric aoid or other 

boron compound(•) in glycol/watc:r ~- glyccriaclwater ~ sJ.ycol/IJyor;rine/water 

mixtures. ~l.amine(wats mixtures. &ricbn.ol ..,.,~er~ and the like 

mixtures. 

AJ.• feed.~-• fluid .. 1QOst solutions ccmta~ins the borio aaic1 or other boron 

compcnmd(s) ancl lipature chemical~ ba at ~mt l'QOID ~at tho time of sucil 

fecclin& but the preMU inya.dioo of couno clocs na~ exclude tho sclccdon of other 
• . . . I 

. 
poUl"blc and/qr pmctical fotfa.ed at ~c:r than ambient~-~~ instance at . . 

elevated. tcmp«aturea, at whioh bori~ acid or other boron compolllld(s) woulc1 pncnlly ho more 

sol'ublc in at least water. and at lower than ambient room tcmpentme. 

•. 
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The admixtme of boric.acid or othw boron compounc1(1) and Ii~ alacmioal may be 

other than a solution, for instance it ma7 he add OJt dry form admixture or a oolloicl fonn 

admixture or any o~ tJpc of~ provided tharo is.~ is.ufliQiendy homogalcous, or 

consistent. distn1mtion of the boric acid or other boron compoad(s) and. sipatme chemical in 

sum admixture to release into tho tlv!d IYStelD by lllch oe>mmoD. feed telatecl. COJlCOAtratiODI of 

borio acid or other boron compomad(s) and llpatme.chcmical. In more dotait. at uWrimum for 

the purposes of tho present invention, the dctectioll of the pteaeDCO of the &ignaturo chemical. In a 

sample taken from the fluid system should be ~cative of the presenQQ'Of'boric _acid or other 

boron compound(s) in that.sample also. Jn~ prafmm embodiment. au analysis of a muplo 

taken 1iom tho tluid syatem will indicate tho conoeatradon of the sipatmo ehanioal in-tho ftuli 

sy.stan at tho sampliD1 point, and that in tum profenb1y shoulcl indioate ~ leut approxfmately 

the oo:noeatratlon of the boric acid or other bOIOD compound(•) in tho fluid system at the 

swpli1lg point. Tho ~on-or calcalation of tho bc*. .. acid, qr.~ boron compouad(s) 

concalllatiOJa from tho sl~ ch~ OOACeQtrldon purallJ ~ tbaK at least tho 

nlativo amounts ofbolio aoid or other boron coqouml(s) ml lipatQre chemical fed to the 

fhdcl l)'ltOlll at a given time be lmo\\'JI. For fluid l)'atcms that aro oomprised ot. or inclwle, 

flowing streams. for instance an induslrial cooHna water l)'ltem. an admixturo of botic acid or 

other boron compound(•) and signature chemical DIU8t be relatively homogeneous u fed to 



-

. . ·. ~. ~ , . . . . . 
.. 

·-
17 

THIS SHEET HAS BEEN 
REPLACED 

rcuonably rdated to boric acid or o~ ~ co~s), and melt homogeneous admixtura 
. ,('.. .. . . 

is pnmlly aurcd for a true solution. but miPt not bo achieved m. a dry admixture. for .. . . . . . . 
. . . . · .. 

instanae. uni• paltioular care is takm ia the fommlation and/or compounding thereof. For a 

more SWiG fluid •)'Item suoh a high clop of)lom()~ may not be: neoeuary, for 

im1mce when the adndxtmo is feel to a fluid system._ will pqdt cliaollltion of tho borio acid 
... 

or othOr boron compo11DC1(1) and sipaiure chmnicll into the fluid tbereof prior to any 111bstantlal 

1rlDS1atlon of the fluid. 

Jn a preferred embodiment. the fluid system i~ 1111--mtially an aqueous system. or at 

least a ftuid system containing •t Jout about 40, ~SO weight percellt water, and tho boric acid 

or other boron oompound(s) and signature chemical are fed to moh fl\lid system 11 an aqueous 
. 

solution or organfc solvmt solution or miud solvent solution. Ill more preferred embadiment. 

mch solution or teed contains from about 0.5, or 1. ~-~ 55,_or 60. weight permit boric aaicl 
·: ';.Al .,,. 

• • .. ";.i • • - •. ~ . ~·· 

or othet boron CODJJ)0\1Dd(1), and in oven mare pret"a1od embodiment at.lcaat·about 10, or IS, to 
· .. · .: 

··- ....... 
about S~, or· 6o~-weight percent boria aoicl or other boron compound(1). Ia IDothll' more 

prefeaed embodiment. mch eolution or fce4 is a mixed solvent solution which contaim from 

about 0.5, or I, to about 25, or 30, wolpt paoc:nt water-soluble polypolar orpaic compound as 

described above, and in even more pMfened embodiment ac lat about 10, or 15, to about 25, or 
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30, welaht penmt water-soluble polypolar orpnia-compouncl • :ducribecl above, partic:Warly 

· when auCh wmir-eoluble polypolar organic compouncl:ia triethanol amino or monoathmol 

amine. -· In another mom prcfcrrcd embocti'llMllt. lhc mixed solvmt mludon or feed conllins 

ftom about 0.5, or Ii to about SS, ·or 60, weiabtpenent boric acid or other bonm-compound(s) 

and ftom about O.S, or 1, to about 25. or 30, weight pescem watcr...1olablo polypolar organic 

COJDpOUnC1 as dcacnW above, ancl fll oven more preferrecl ombodimint at least about 10, or l~, 

to about SS. or60, weight percent borio acicl or otlwr bona~s) anc1 at least about 10. 

or 1-5, to about 251 or 30, weight percent watet-soluhlc polypolar .orpnio compound as doscn'bccl 

above, particularly whm mch watcl'.-Soluble polypoJar organic compound is methanol amine or 

monocthanol amine. ., 

· .· The prefe11e4 oonccmtration of lipatute chcmioal in such aquaom or ·mixed solvent 

solution or feed ts descnW below in more delail-in .tc:mlS of coacea1radma thereof in the fluid 

SystaD after the lip&ture.ohemfcal fecc1 is ldded.1 Generally, tho oonceatratioD of sipatgro 

chemical would not exceed-that of tho boric acid or other borw compound(a) in a feed mlution, 

and since then ii no ptlC1ica1 pmpose for the addition of R&nataro dlrmical in amoanta gmator 

than that reqWtecl 10 pmvidc an effective amount of the lfpatmO ohanioal in the tluid system, 

in pnfened embodiment the amount of sipaturo chamical is no more than about i part by 

r 
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weisbt of the~ chemical per 10 parrs by. weiaht of boric acid or othfr bOron~, 

compound(s) (~boric~. .. :;, :. .-·· ...... . . . -~; 

When.~ feccl oompoaitlOll also coDtaim one or more of the wate1-•1ublo polypolar 

organic compounds for at least in part the purpose of .. iUch water-soiuble pol~ar· 

orpnio compound as itsilf u an amorphous liliaa scale depolit bibibltor, such fcei1 preiCnbly 
·- .. . 

should contain• sufffci~ ~tmion of tho water--solu'blo poljpom· olpDic compound to 

provide in the fluid~ 111 effective amount thareof t'Or such inbtbfiion i)urpose, and an 

· offectlve amomat_o~·~o wa~lu.ble polypolar ozpnio compound fn the fluid system is often at 

least about 10 ppm when tho fluid system fl comptise4 of indultrial watOrt, anci may boat lc:ut 

about 50 or 100 ppm. in each instance buecl on parta by woig1tt of the water-soluble polypolar 

mpnfc compouad per mflli~ parll by welaht of the induetria1 watcL ... · -

In a profelrecl eaibodimmt, the fhdcl 1ystem is an incluttrill water system. particul.ty · 

induatrial water System& moll IS; heat-excba1lao l)'ltemS9 .inolwting, b\lt not limited to, aooling 
.• -

watc::r aystems; ~ ~ -~ salt water systems for"dcsaJinintion pul'pOse&; 

indmtrial ~~I__.. beinapreimed for boiler treatment and ste8lb pmratim; 

downholo waa l)'l1ell1I tor petroleum crude recovery; roverse-osmosi1 syatmJs; and the liko. 

Such industrial water systau often have slanificant amorphoua silica scalo deposit problems, 

and employ boric add or. othtr bomn compound(•) u au inhibitor thereof. and hence the process 
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ot"tho prwnt inventim ii hiably a4vantapoua for·•in 1llODitOriDi the '&oric acid or other 

boron ~d(s) in "1ch wa• In suoh indtlslrial watc:r·ayst.eiiiJ~·boriaicld ar:Otber boron 

oompound(s) may~ added to the system as an amotphous siJioa·acale dcpoiit inlu"bitor or as a 

component of a multi-component amorphoua lili~ Dle·depont iblnDition pmgiam or instead 

for other parposea. When tho boric aci4 or other boron compomul(s);'or When tho wamr..solublo 

polypolar orpni~ oompomul delcnW abovc, are cnploym 11 alborpbou,s m1ica scale deposit 

inhl"bitol(a) or as a componcnt(s) of a Dl\llti-aomponc:nt amorphO"OS silica IOl1e deposit i'ldu"bidon 

program. the waters aommcmly ha.vo . .1i.Dll1Ual to aDmline pH. fcriuiance a pH value of al leut 

about S and eommonly hisher thm 6, and contain at· least S ppm cli110lv~ silica u Si0:11 and at 

times u hip u 3SO or 450 ppn. or even up to l,OOOppm. disaolved 111ica as Si02 ormoro. The· . 

condensation of lilicic aoid to amcnphous silica is drlven bf "alkalinity, all4 thu waters .of hiaber 

albltaiiy will have a peatcr teGdmay towmds amorphouS m1ica scale formation for a given 

conomtration of dilsol"Yed.~ other f&cton bein1-ccmstant. Sudi wmn may also contafa. in 

addidon to ~vecl m1lca. silica in dispencd or oven oollok1al forms. In lddit.ion tho calcium 

hardneu of the Water, which commonly is at lcut as mp u so ppm Ii eaco, and roudnoly ia 

much higher. such .. ., to 1.000 ppm as eaco, or more. agrnates the silica scale_ deposit 

poteadal. Such water conditiou roudnely are round i11 inclustrial systems with silica scale 

deposit problems. 
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The tamperatma· encountered within a·ftuidaystan arc of course dopmclent upon the 

typr: of fluid system. lllciustrlal water QBtems commonly vary· m temperatum fmm about . 

ambient room temperature up to about ·150 °C; mcl ·at times hiaher than· 150 ec. Por in.stance 

inc1u&trial 1cothcrmal water can exceed 250 ere OI' 260 oc. and boric acid or other boron 

compound(s), alone or togcthetwith one or more of the water-soluble polypolar orpnic 

compounds·descn'bed above. may·bc added ta IUCh hip temperature water for amorphous silica 

scalo deposit inlu"bition purposes or••~-

It i4 common to tnm tho waten of indllllrial coolin&'wat.er l)'ltems with boric acid or· · · 

other boron ~s); alono or tophCI' with one ormoro of tho watc:r-IOluble polypolar 

orpnio compounds described. abovo. Suoh cooling waters m f01Jtincly nmtnl to aJblino u 

described above ad ma)' require boric acid or odl• boron oampound(s) addition ovea if tho 

cooliD1 waters am employed in tho cooliq water system on a onCe-throuah 'bufs. Addition of 

boric acid or other boron oompound(s) II howmr·cven•more frequemly nqaired, ad an · 

efficient prDOll8 for monitodq of tho added boric.acid or· otb• boron ·oompound(1) is more 

seriously needed, when the cooling waiers·m within aredrcolatlng oooliug water qstelD. · 

Within a recircu1atiq cooling water l)'ltem tho bpuritics in the make-up waters roudncly 

become conceotrated by up~ a factor of .10 or men, act sach ooncc:ntration exagerates water 

pmblCIDSi such u silica scale cleposits. A nuonably low concmtration of a solute. such as 
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silica. in tha mate.up water baCOmcs llrioosly hip u ab water becomet-mme ancl more · 

concintratal. Tho alblinlty of the wat«a also flequmtty increues with IUCh concentration, and 

pH 9111ries of about 7 or·9 or higher ara hplentty ancountered in conoeatn.tecl cooling waters of 

· Aa notod. abcwo, tho boric aCid or odier bmoa compoamd(s) cumpolidon u feel to a fluid • 

ayatcm, pardcululy m industrialwater·system, may r.ther oontain other aomponcrnts, ""1fch 

may be activo compoiumts fn tbO fJuic1 system or may be inert components in tho fluid 1yatrm. 

Such other matmdalt·may·bo fed to tho fluid aystem separately ftom tho bariG acid or other boron 

compound(a) composldon feed. ·~ODS l1ICh other ateriata that are commonly adc1od to 

industrial water l)'8tmll are those used to inlu"bit conosion ar to dispeno or inlu"bit teals 

fmmatioa oftJpos otlierthmi mmphoas silica ICl1e, ID(lb inln"biton iDoludina chromtmn, zinc, 

phosphates. orthophosphates. polyphosphates, low molecalar welaht (commonly under 500,0QO 

daltom) palymen ol ..Ylic acid. ~ anc1 'VlrioDI aaylates whieh are primarily 1J9e4 u 

threshold aa-ts or ctiipcDalsts in fluid 8JSlCDI S8Ch u cooling water lyltlml • 

r 

.. ----·------

-
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The sipatme chemical(s) is bt.rehrat times ielerred'tO u a "traexr', the i\mcd~al 

•tnccr'1 terminology beJng applicable to the sipatme cbemical(s) because It acts as a tracer for 

tho purpOSCI of the pRSDt invention. '11U:·tn.oer· is 'ptOfcrably HlectCd froln. among those that . 

, .are easily. detectable by the analysis mitfaocl bem1 emptoym· ui &'given ipplicatiou of the present 

procc:sa. Such analysis methods inolil&t but are nOt ]United tO, fluofescmce amlysia, 

colorimetry analysis. transitiOn metal analysll, arid combinatia of hiah pressure liquid 

chromatography ("HPLC") and these or other detection methods such u light absorbance 

analyaifipolk:Olmim daivadzation. conduodvfty and tho like, some of whtoh are descn"bed jn 

mote detail below. 

Tbc detection and quantification of spticifio substances by fl~ emission 

spectroacopy ia fo1iitclecl Upon the propmtional~ betWeea the lxDo1ini of anltted liaht and 1be 

amount ota ttucnaocd MitaDCe present. Wiim mergy hi. tbC fotm of light. h\Ciudiq ultra 

violet and vfm"bte light, is dfiected into I sample coil, .. flu0resccat SUbstancx:a tllaein Wl1J absmb 

rhe m«I)' anc1. then emit that mqy aa liaht having a longer wavelength than the absorbed liJht. 

The mount of emitted light ls datermined by a pbotodetector. In practice, the light ii direoted. 

into the ample cell through an optical light &lter or IDODOGhromator so that tho light tnnsmitted 

.. . 
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is of a bown wa,,elenath, whioh i• nfea&ecl to u the excitation wavolmgth and gmerally 

reported in nanometm ("mn"). The Cllliued light ii si1m1arly amed. tbrouah a filter so that 
······-::. 

the ammmt of emitted light is measurecl at.a known wavclc:qth or a spectra of wavelengths, 

which is roftmd _to u tho emission watelmgth anc1 geaenlly also reported. in nanoinetcn • 
. ~: . . ; : .. 

ft desired ctt 1"qUfnd. l1IOh u aftm ii the case for tha prooea of tile present bmmtion, tho filters 

are Id for a tpeCific oombination of excitation and cmluion wavelengths. selected for 

FIUOJ'C8Celco aaluion spectroscopy ii one of tho pm«red IDl1ysi1 techniques for tho 

procm Qf the preaem Invention. Catlin compoamda n ~enmtly fluoremt or may be 

taaaed to prcmdo a traceable f1uoreeccat dlaraataistic.· As noted ellcwhcro, the~ usc1 in 

the Pr-at invention ja profcnbly m iuert chemical, not aubltantially consume4 iD the use 

· environment. '1'be tna:r ahould a1ao preferably be IOlublo in the fJuicl of tbo fluid syatem. IDcl 

... · .... · . ; . .... ~ . . . .' . . . . . '"· .. 

emboclimenta tho tracer ehould bt --...Oluilo at least at the conceatntion of the tracer that ii 

employed in the aquoom .,._.. ManJtypot of wateNolublo fluoresoeat chemicals which are 

substantially hiert in mo8t aqueous mviromnentl me known. Amon& these substantially inert 

ftuoreacent aompounds an tho mono-, di- and trilalfoaaW naphthalmes, IU.Ch u.the various 
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naphthalene cUmlftmio·add ilomed, which ll'O prclmred. slpatUn chcmiaala for uso in tho 

prcaellt invention.· The naphtbalmc disulfonlc aCld borDcri ~ --.01ubto. pnerally 
........ ; 

available commerciall)' and ea511y" detictablc and qulntifiablo by known fluorcseenco Utalysts 
.. .;....-·--.. ·:· .-• 

techniques. Moroover~ ·m sipitufo.chemieatl baVe been found io bo compmole with at least 

somo of the mfxecl solvent solutiom ofbOric add oz.· othar bOroa ~~) deacn"becl above. 

amt so ean be easily iD~mto thofceci ofbOrlc add 0r otha:-~ ~•) 10 the 

aqueous l)'8tem. 

Somo mturally f1uorlscait ~ire also water treatment aaema. and thu may be 
: - - . . ··~ .. 

among the nonnal ·compoundl added to an aqueous .l)'ltcm lllOh • c=ooliDa wat«s, for instance 

aromatic mpnic cmrosicm inln'bitoo, mch as anxnatia(thioXtri)aoles. Some water treatmmt 

apts may bo mecepta"blc to tagP,11 with thiOtelcent ~tor imtanoe •disclosed in U.S. 

latent No. 5,128, 419, D. w. Fong IDd J.E. HoOtl~ isad.July 7, im:hatparatcd herein by 

refermco, wherein the·taaama of polymcn with pcmclmt fluoreacealt ~~.by (tran.s)amidation 

derrivatization orpro-adsdn1 pol)'DitD havini cmboayl~typO pendarit 8fOUPI ii diaoloaed. 
·'· "l'l.J.i. \ .• , . : . ~ ·lC'f .. 

Watc:r-trea1me0t polymers tqpc1 with pmdant fluOrescmt groups may of course be prepared by 

-· 
methods other than (trans)amfdation d.erivatiDlion. Other fluoresceat cbetaical ~ and · 

monitorina teclmi~ are now known, for instance u disclosed in U .. S. Patent No. 4. 783,314, J, . 

B.. Hoots and B. B. Hunt, i1111cd Novembar B. 1988, incoxporatecl herein by tefermco. wherein 
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inert fluorescmt tracers an employed in combination with a fluoreacx:nce monitorina. such as 

the sodium salt of 2-naphtbloncsulfoDio acid ancl Acid Yellow dyo. Such JJatmally fluorescmt 
. . . • .. ~ . ,. 

or fluoresccnce-taged water-treatment compounds are uoful for the purposes ol the present 

invention only when they can provide the monitorina desired by the preamt invention despite 

their p0tential for consomption to some dearee in tho perf'ormincc of their water-treatment 

f\mctlonality(ies). and in prcfmed embodiment the use of fluorescent wata'-trealmmt species, 
·; . 

or other water-treatment spccios, as the tracer in the prcsmt proaaa Is excluded. 

Jn genoral for most fiuotescx:noo emission speotmacopy methods havin& a high dogrcs of · 
. . 

practicality, it is piefcnblo to pedbrm the lllUysia without isolating in any DlllDD.er the 
. . 

fluorescent tncer. Thu there may be mme dOarcc ofbackgroun4 fluorescence. In instances 

'When tbl'baokaromad fluorescenco is low, tho relative intensities (meumecl apb1st a standard 

fluoresomt compound at a sllndatcl conoenttation and aligned .a relative intmslty for idancc 

100) of 1hc fluotelcmca of the tracer vmua 4be backpouucl.., bo vsy mp, for inatmco a 
. . . . 

ratio of 100/10 or S00/10 when cerl:&in combinatlom of excitation ad cmiltlon wavelengths are 
. ~··;_.- ... ,, .·' .. -· ... 

employed even. at 1oW tluorescent aompouncl conceatratlou, and such ndos would bo 

repantativo af relldvo pc:rformancc (\11lder like conditions) of respeadYOly 10 md SO. Pot 

most cooling water 'bac1rgrounda. a compmmcl that ha a relative patbrmanoc of at least about 5 
... 

at a reuanablc: ex>ncentration. Is very nit.able as a fluorescent tracer itself or u a taaging apnt 
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for water treatment polyincn and tho like whm IUCh coDipounds coialihl an app.opn. Ractive · 
group far the taalnl raadon. When there i1 or may be a specific chcimiGa1 species of 

n:uonably mp ftucnsconce in the baokgroWld. tbe traCc:r and the Citation and/or emission 

wavelcmgtha oftal ciD be selected tO nUltify or at least tDinimizo any jnterfenliiX, of tho tracer 
. . •iSWl ..... 

measmement(s) cwed by the pre&caoo of IUCh tpeeie&. -·· · · 
. - ~. . ·• . . 

Ono metho4 for the cmdmuous OZMll'euil ·momtorinl of cbeadcil tlacC:li by ttiiore.cence 

emission spectrolCOp)' and Other analyais methods is descnoed m u.s~-Pat.eat No. 4.992,380, B. 

B. Moriarity, J. I. mctey,·w. H.. Hoyi·I:B. Hoots andD~ A. Jobnioft. issaed.Pebruary 12. 1991, 

iDcorponted hereinto by rdermco. 

Cmghfnod HPLC.PJumgnco Anlbmi• 

The combination of high-preamae liquid cbromatopapby ("HPLC") and f'luorcmco 

IDllysea of fl\iOrOIC:mt tracm is a power1bl tool for tho present boric lcid or Other bOtOD 

compomad(1) mabitoringProcelli particalarly when VfllY lOW JeveJa of lhe fluorescent tral' &re 

um or the backpnmd fltlDrWCe lllC01lllterccl waiikl odlerwi• iatafeao with the efflcaoy or ; 
thG tluoroscence analysiL Tllo HPLC-flummcmco analysis modlod allows the tracer compound 

to be _,aratcd from tho fluid matrix and then the uacc:r concentration can be measurec1. The 

'I • ~ 
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combimdon of HPLC-fluorcll*lC& lllllyais ia pildcmlady Cffecdve for meuudDg minute levels 

of 1raQCr_ ia bigbly CODtaminatal fluicll~ 
, ... ! = •.. 

Thc.HPLC mdhod·can also be effeotively cmp10jed ta~ a lraCer aompound from 

a fluid matrix for the purposes: of thaumployina a. trieet-cleteCticm mettiOcl other than 

tluorescmce analysis, and. mch other tracer-detectloa method& incliidli; "Widiaut limitation, lisht 

absarbanoo, post-.cohmm derivatization, conduativity and the lib. 

Colprimogy Analydt 
{;" ! • • • ·. . ; . . . ~ 

Colorlmctr.Y or speatropbotometty m&)'·bo cmp10yed to dOtCat and/or quantify a chemical' 

tracer. ColodmctrJ i1 a detmninadon of a chemical apecioa from its abllily to absorb ultraviolet 

or visl"ble light. Ona oolorimctric anal)'Sis technique iB 'i'Vibl ComPariioa of a blank or 
stallclard solution (cantaining a known concentntioa of the iraoar epeaim) whh that·of a sample 

of the fluid baing monitored. Another colorimclric methOcl is tho fl*1rophotomctdc method 

whecein tho ratio of tho intensldci of the incident amt du:s traDDitted bClllD8 of light are 

measmal at a spacified ~volength by IDCllll of a detector aUda ai a phoiocell ar photomultiplier 

tube. Usina a colmimetrio probe. a fiber optic (dual) probe. such u a Brinkman PC-80 probe 

(S70 nm filter), a 111111ple solution is admitted to a flowcell in which the probe is immcrsid. Ono 

fiber optio cable shinel incident liaht throaP the sample liquid onto a minor inside tho cell and 

r---------------
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Mfleded liaht Is transmitted back throuP the aamplo Uquid into a fiber optic oable ancl then to 

. .. 

the colorimetrio analyzer unit. which contains a colorimeter, by the other cable. The colozimetcr 
. •.·· 

bu a tflnad1ICll' ·tbat-elop• • elcctrlcal IDlloa sipal of tho refleotal liaht cbaracterisdo of 

rhe tracer concen.tndon. The voltaao emitted by tho lrallsducer activates a dial indicator Bild a 

CODtlnuous line raaOrcler pdntout unit. A let point voltqe monitor Ula)' bo esnployed. to 
. .. . \ . · ... ; ~ ~- : . ~ ~ ... ; ,_ .. 

COlllf.lmdy 9ClllO or monitor the voltap analo1 pnerated by tho colorimeter, lllcl upon clcceodon 
~ : .. !... .~ ~ 

of a tnm' slpa1 (discuasccl below), a responsive sipa1 may be transmitted to a TClpOlllive 

tmllmlllt agent teal lino to commeace or alter the iato of fead. Such a colorlmettfc analysis 

teclmiquo anc1 the equlpmmt that maybe ..nployed dinfor are deaanW in U.S. P.amntNo. 

4,992,380, B. B. Molilrity, 1. J. Hickey, W. H. Hoy, 1. B. Haota and D. A. Iohmon, iuud. 

Pebruary 12. 1991, incorporatc4 hcninto by reflrmoo. Chemical trac:cn suitable for use in 

CODjwlction with a colorimetric technique iuolude trasition metals (dillCUllOd below.) and 

subatanoos which show light absorbance which ii dertctable tom that of other species pesmt in 
• J _;;,, .. 

tho.,.. fluid 'Or IUbatmces whiah react with coJar..formin1 msea• to po4uce light 

absorbanaa wbfch ii do&ectable from that of othR species praa fn the l)'lt.em fluid. 

o• I t • 1•t• 1: .. • I t I • S ' • 1• • It 
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A trauition metal compound (tnnsitioa mml imllt oxy-eniom, cations and usociated 

comp!OXOI) can be quatltatively mmuted by ono or men of bown teoJmfqucs. Apetemd 
. 

technique Is the"c:olorlmccry lllllysil dicusod above. Anothor·tcolmipfl molecalar 

abaorption. Molecular absorption in the ultra violet IDCI viaolo tefliCJ118 depmds on tho 

• electronic 11l'Ucture of the molecule. 1ho enaay abMbed olovatel olcotroaa from or'bftal1 Di a 

lowcr-encqy ltato to orbitals in a hi~ ttate. A·aiven moleaale can ablDl'b only·certain 

ftequmcla 'becauso only certain -. m pomDle in 111y molecule and 1ho mcqy diff'erenco · 

between my &RJUDd and excited atato 1D1Jlt bo ep1 io the aaergy added. At a frequency that i1. 

abllOlbed by a molecule. the intensity of tho inaidezlt meqy is pater dllll the intensity of the 

emqcat aqy. IDcl is a D1111Ur8 of the aod>anoo. A·SllDple of the fluid beina monitored 

may bo compared to a uh1ndon. CUI\'& (ahsorbancl venaa concmtration) prepared from 

standarcl IOh:aticm OODtainiDa known ooncmll'atiw ot1ho trwidon metal (or other suitable 

tracer apociea) 10 d«ect lllCl c1ctetmine lhe ~of tho._. A moleaalar absorption 

technique for tramidon metal tracm is delorlbed iDU.S. Patmt No.. 4,992,380. B. E• Madarity, 

1.1. Hickey, W. H. Hoy, J. B. Hoots ancl D. A. Johmoa. issued Felmmy 12, 1991, incorporatocl 

hc:relnto by fttferenco; 
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Analytical tochniques for ddecting tho prescnoe nd/or concentr~on of a abemical 
• • • . ; . • •: • . . . ~ . ~ ••.. ·. ' ' . . . •• ~ • -!!1.•.J. . . 

speajca wfdiout isolation thereof are within an evolving tc:olmolog)', and die above survey of 

reuonable analytical tcohnlqucs for use in tho process of the present invention may prcsmtly uot 
·L :..· ·.. -~- . ~ . 

even be exhaustive. md most likely ~quca equivalent to the abo.,,c ~the pmposes of the 
• . .:. • : •• '•.. - , . 7 .. ~"' ..• ·.·. . . • 

preamt invention will be developacl in the future. 
.··: ··: 

A chemical species may be aelectecl for a aivm proceu ~on a ~ce foronoot 
• • • • • .- • • ·- . ·• r - •• ~ • •. • ". ! •.. '.. - • . . ·• : • . 

more analytical techniques. or an analytical technique may be sel~ ~a aivm prp1 based 
: • 1'1 ·. . • . . . '~" . • . . . =u. 

on a protercnco for ono ormoie chemigai tracm.. In prefm'e4 omhodimesits, tho cbcmiaal 
·.. .. • . . ... ,':, . ';'·'4B ~:~.- .. iJ ··~·-·· ·.;, ... 

~•) selected u ibe tracer should~ ..,lubla_in the,fluid_~~-~ at least at the . 

CODcentralion level(1) of tho chemical uacer employed. iD tm,_~ve ~d. In ono pretend 

embodlnxmt. tho chemical compoond(s) ~ ... ~ ~ar abo\11~ ~~&table m the 

cmvironment Qf Iha tlutc1 system for tbo uotbl life expeatcd of 1ho traeer, ~.ita lou tram the· 
. . .':. .. . .. ' .;. ~ .. ~- ... · ..• . 

fluid due to dopadation. deposition, complexaticm, or~~ phen~ lhoulcl be ptedictabla 

and compenaative. puticalady whea it is desired not merely to detect the prmencc of some 
: .. . .... : . . . :" . . ... . . . ' : ~~·- .... . . . . . . . . --. - . 

amout of tbe tracm", b\lt llao to dda'mino the aoncentradon th~. or-~ ID oonaentration. 

In another protemc1 embodiment, the claemical oompoand(s) selectecl u a tmcet should 

not bo QUO that ii consumacl or lost to tho fluid. for imtance duo to d.epadatioa, cleposidoa, . . 

compJexation. or othcrphenomem., unless such acmmmp~on or loss is at a• that is 

iii1i1Ur 
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pradiclab]e lll4 pmpodional to the Jou of tli8 boric ick1 or other boron compound(1) to the flai~ 

pll'ticularly whm it Is desired tO deteJmitio the cXmcentratiOD, or~ in conceatiation, of tho 

boric adcl or other boron coailpound(a) in the tlUW. Wlien boric acid or other bol\)n 

aompound(1) ii ut4 fOr lniO!phous silica ICl!e deposition inbibitlon, it is believed dial tho borio · 

acid or other bomn COmpaund(s) hU a ugliaiblo cxmsmnption or ldll rate in iJa aqueous system. 

ID pml«ted imbodtiliait. the combinatiori of tho chemical compouncl(1) solectecl u the . 

tracer and 1he analytk:al techniquO selected tor c1eterminiq tho prelence Ind/or ooncmtration of 

auoh tracer. should p.mit' iUch dctennination(1) without isolation of the tracer, and more 

praf«ably should. pmmit mah detemdnatiOn(s) oa·a ~tinuous and/or ·on~lino basis. 

· In another prefa1od oinbodlmmt, tho aulydcal tcdmlqlU(s) ltlectc4 for cletcrmfnins the 

proseace •c¥or·~cm of a tracer, should permit auc:h tfeterminadOD(1) to provide a 

slpa1 that cia activato or regwate tho feed of tho borio acid or other baron compoWld(1) 

campoaitioll to the fluid bciDi treatccl with, or for other pm:poaes c1oae4 with. _the borio acid or · 
. 

' . ~ .: : 

One arabodimaat tbe'iiOC. of tho pmsent mvcmioa is oompdled Of adding a cbemieal 

tl'aCa' to tho boric acid or other boron C011lpOU1ld(s) composition itlelf. before such GOmpOsition 

is fed to 1be ftaicl system. In another emboclimmt of the preaont inveation, tho chemical tracer is 

added as a l&pU'lte but CODCOmitaat feed to the fluid system together with dlo boric acid or other 

' ' 
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boron COtOpOUDd(s) composidoa feed. The pmmtinvmtion does not.exclude a procc:u 

comprised.of~ a chemical tzacer both to the boric acid or other bmm aompouncl(s) 

compolhiou 'before it is fed tel the fluid syJtom. an4 cliiecdy. to the fluid system u a .separate bu& 

concomitant teed together wiib tho boric aciclor .mher boron compomul(s)·foecLJd such 

dual-feed method is of much less value when th• dul:f'ced ma ammot cmvemmtly be 

More than one chemical tracar caa be aployed.. aacl then the pnsenc:e·ancl/or 

oommuation of each l\\Ch tracer ia the fl1licl S)'ltam &hould.bo detmnined by aa 11181ydcal 

technique effective for eaoh iucb. tracar, which anabdcaltochniq1111 roay be tho mne or 

. . . -;: .. ·, ~. ... •• f .... 

In fmthorpefouecl embodimentl, when the fluid system bu more tbm one potcmial 

boric acid or other boron compound(a) routes, Slleb u in a aedca of cmmeomcl systam bavin8 

multiple product feed points, the aforcaaicl sampling ad malysca aro concla.atccl at more than 

one site. particulady at at least one lite alona-at least a-plmality of routes, and more preferably 

aubsbmtially at at least one site alona each of m potemill bode acid or other boron 

compound(s) routes. By monitotina at at least one si• aiona separate potmtial boric acid or 

other boron compound(&) nmta, the location(•) ot'tlao 'boric acicl or other boron compound(•) 
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among sum routes cm bo cletetmlned, llMl Glo extmtt of llOlic acid. or other boron C0Dlp01incl(1) 

flow to 1ho separate routea may also be determinc:cl 

BpgJel -

A stablo miml solvent soludon·of bodc acid wi1h a naphthalene disulfonlo acid 1r1eer- · 

28 partB by woiaht water .. . .. · .. • ·... ·11-

17 part8 by welaht monoothaaoJ amine 

"pa1tl by welaht bario aoid .· .. 

0.26 parts by weight uaphthalmo clisWfoDfc acid 

11wJo2 

A stable mhrecl IOlvent sohnion ofboric acicl with a vanadfum-. wu PePared by 

admixins the foDowlns componcatt: 

46.2 plltl by weiaht water 

34 parts by wei&btmonoethanol amino 

110partsbywolaht1'orio aaid 

9.8 pm:11 by wei&bt of an aqueous dlltion contafnins S.1 wt. percent vanadium 

iiiii1lii1i1~ii 

l_· 
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ID certain cmbodfments of the invmtion, the proceu includes the prolimillm:y. stop of 

sampling the fluid l)'Stom to detamine buclino conditions. preferably at all iat.endecl or po•"ble 

post-1raCS-addi1ion umplina &itca. Such prcliminaiy baolino condition(a) d.otcrmination(s) 

may also be employed to nanow.the sclcalion choice of tracer chemicals or determine and/or 

In certain prcfc111ecl embod~ the lllPplina polntt ll'O at tho sitc(s) where ·t1ao Featest 

mixiDa of the boric acid or other boron compound(1)-witb tho watars to be treated bu occurred. 

If tha ptatelt CODCm'D is the prmeace and/or concmllation of boriG acid or other boron 

compo1PlC1s along one of a pluralU, of potential boric acid or other boma compounds r~ it is . 

of counc feasible to monitor only tho ma of concem. At tlnaes it may be lll08t offtcimt to 

monitor tho tOUte that is most lmlitive to both the.detection and quandfic:aticm of the tracer 

chemical. which sensitivity may bo derived frcxQ the basolino eonditicm(•) of mah fO\lte or the 

concentration of tnecr Cihamcal expected along auch routo. Monitoring the most semitive route 

or tho mute of most concem in a given indllltrial imlallation JD&)' not. bower«. be the most 

practical. Por iDstallce, tho fluid line(•) of such muteC•lmay be I• acccaaDlo to monitorin1 

than other fluid·lmea. Tho flui4 lmea of the IDOlt BCDSiti:ve route ar.d/or tho tOUtO of moat 

concem may ba suceptl"blc to monitm.ina oo17 by a less desbblo analytical method. Thus 

while tho momtoring of the fluid within the route of moat conccm or tho routo most sensitive lO 
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reasons. 

Generally it ii clesirablo to fJIOploy the least amount of tracer chemical that is practical for 

the circumstance:. allCl tbe amOUDt of mC tracer added to. tho ftufcl aylta· eboulcl 'be·ll lcut-au 

amount efflctivo for the determinations desired. Seldom woulcl a tracer be dclibcntaly fed to a 

. fluid system in an ammmt grossly ua.exceis of the mini•num cffc:advo amomit bemte thero 

aenerally would be no practical purpose in doing so thlt W01llcl jllldfy the costs involved and any 

deletmaa& effects on the qUality .of either of the flmds caused by.tho prcsmce of tho ttacer 

chemical therein. The IZDOUDt of tracer cbc:mlcal to be added to tho tncer-nceivina fluid s)'lttm 

that is effective without b&ing grollly messivo will vary with a wide var.iety ot factors. 

incluclina without qtadon the tracer and monitming method solocted. tho potential for 

backpnmd intafereoco with the acleatod monltorfna method, the apitude of the mspoctod or 

potmtial leabp, the maaitarins mode (•line contimmm, mni-cmtinuous, llua-ancl-sampto, · 

ad tho Jfb). Gmaally tho dotap of tracer ID tho fluicl l)'ltml will be at leut roftlclem to 

provide a conccntntion of uacer tborein ot about 0.1 ppm. anclmoro ooD.1monly at loatt abcNt 10 

or 100 pPm or blaher. · 

The pn:&eat iavedtion fn ID anbodimmt ii &plOCelS for momtoriaa boric acid or other 

boron compounds in a fluid system, comprising: aclins boric aoicl or Other boron compoanda to 

·--
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tho tluicl system; adctilag to the flukl l)'ltem at lout OJlfl .. of tracer ehmdcal; IDd aubjoctiq 
.. ·. ·-· 

at leut ono sample of fluid from at 1eut one site oftbD tluld l)'ltem to at lcaat one analysis; 
... ' 

wherein the analylis at least detects tho presence of tho spede of tracer Gbomioal in the sample, 
.1.: .. -

. . ~ . . 

and whcmin the anal)'lis at least determines the preRDCO of boric llGid or o1her boron compoundl 
,. u.··: ..... ; ... .;. - ..... 

in the sample by tho cletmtion of tht presence of tho specie of~ ~cat 
. . . 1 ... ~~- . 

no present mention hi Ill embodiment is a poceas for monitorina borio aclc1 or other 
' o ' I •'' ' i' •.' ~' ' . ' . : • • • • • 

boron compounds in a fluid 1ystem. compdsina: adclina to tho fluid syttem a composition 

comprised of an admixture containing bode acid. ar other boron compounds and at least one 
:: .... .. ):_: 

specie of tracer chanical, wherein the ptoponion of tho apecic of tnoor chemical to tho boric 
•.:.\: .. 

aaid or other boron compounds In tho admion is mbatandell1 known; tu.bjecdng at least one 

sample of fluid ftom at least ona site of tho fluicl IJlteal to at lout one uia'lysit; act 'Wherein tho 
'-"· 

ana1ysla at lout deteats tho prelODCCS of the lpfdo af tnccr chemical in the sample, and whmdn 

tho analysis atleut determines tho prosmoo of boric aaicl or other boron compounds in the 
... 

sample by the detection of the preemce of tho speaio otnoer cbnlcal. 

The presmt invention In an eamndlment is• pioco11 for lnlu"bidns amorphous lilioa scale . 

formadon on mfacea in contaa& 1rith tho water of an aqueous qstem haviq a pH of at least S 

ancl containing dlssalved silicates comprisiq: addina to tho lV&ter at leut one boron compcnmd 

that forms onhoboratc ion when diuolved or hydrolyzed by the water in an amount effoctlve for 
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in1n"bitiq tho fmmation of~ a1ica IClllo on smfaces in contact wl1h tho water, adding 

at least one specie of tracer chemical to the water concomitandJ with the addition of the boron 

compOUD4; ad monitorina tho boron OODlpOlmcl in tho aqueous •ystem by cloterminin& at at least 

one site of tho· aqueou1 system at-least the presence of the speoio of tracer chemical. 

In )Qfelred embodiments, tho IDllysia deternrines a spec&ra1 or dlemical ~atic of 

tha tpCOio of chemical tracer that is propmtional to the am.cmtration. of the specie of ohemical 

tracer in the tlui4 syatan analyzed. The spccia of chemica11racer in .some. pref med. 

embodiments is a 1tmllitioa metal cation that is at least in part tho cation of ·a. water-soluble 

boron ult an4 the malysii ia a tranaition metal-nspoasivo l1lllyaia. 

nte apeclo of chemical tracer in another pmftm4 embodiment ii at lcut one fluorescent 

compo~ and the analysis at tlQt includes fluorescence analysis and preferably is an on-Jinc 

acmtinuou or semi-continuous analysis. Tho boric acid or other boroA compoands and the 

spaaio of chemical traocr are preferably rabatantially added together to tho flmd system u a 

subatantlally aqumu or mixed solwnt IOludm. Prdnbl)' at least a 4et.cation of the specie of 

chemical tracer aativaa or modifi• a tipal, and the signal upon activadoll or modification 

activates or-.odifi• a feed of at least one treatment cheDCll to the fluid ll)'ltem.. 

In mother prcfmecl embodiment the admixmro is a mixecl eolvent solution aontaining 

water and at least one watc:Molublcpolypotar orpnic compound having a molecular weight not 

. ~1ii11iiiUii 
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exceedina SOO. Ia Other proferrecl cmbocf:immts. the admixture is a mixec1 solvent solmicm 

containina water and at least one otJDODoetbanol amino encl triethanol amine. Tho boron 

compmmcl ist in prdnecl embodirDeat, adclad to the water in an am.mmt to provido a 

ooneentration of at least about 2S ppm u boric aoicl or Other boron cOmpaunds as borio aoicl in 

the water. The apeoie of chemical uac. an4 tho boron oompound are, m prefarecl ombodimeat. 

added to the water of the aqueous system together 11111 ad~xtaro. Tho speaio ot chemical 

traccr and the boron compouncl are, in proCerrecl cmbodhnent, adcle4 to the a.ta' ot the aqueous · 

system topthcT aa a substantially aqueous solution. Tho specie of ohemical tracer and. the boron . 
compound me. In other ptefeaccl embo&tinnt, added to tho water of the aqueous ayatcm 

topthet u a mixed solvat system containina water and ai leut one 1'18.tef.solublc polypolar 

oraanfc C01llp01l1ld havha1 .~ molemls ftlaht not exceedins 200. 1be aqu101JS system u 
_ .. _ 

preferably I heat-exo1Janae w.ta' system, IUOh U a cooling water l)'ltelD. 

Jn CJ«taln pzmorect embodhrmts. tho specie of chemiaal tracer i• roman to the nonm1 

treatmeAt prosr- for tho fhdd system. for mst.Doa when an inert tmoor It ac1c1ed for tho 

pmposs of pramt invention, or both for'the purposes of tho pneent invendon and for tho 

pmpoaea of a aeparato tacer process. In catala prefaim embodiments, tho specie of chemicaJ 

tnm: fs at least ODO fluomsconi compound and. die analysis at lout includes fluorescenoo 
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analysis. wbloh ii partiaularly preferred because of~ ease at whit?h such method can be used 

for on-line condnuous or semi-conlhmous monitoring. ml other known a4vantaga. 

In oettain ptefeirod embodimentl1 the anal)'!lis is ao on-line continuous or 

semi-continuous analysis of the f1utcl system. wherein at least a dctaatioa otdie specie of 

chemical n. aotivates or mod.ifiel a signal. ancl tho aipal upon activation or modiflcation 

aDtivatcs or modifies a f'ced of at least one treatment chemical to the fluid system, wherein the 

treatment chemical feocl may be, and at times preferably is, a feec1 of the boric acid ot other 

boron compounds composition to the fluid system. 

In certain pn611e4 cmbodimeD.ts, the analysis iB an on-lino ooutinuou or 

srmi-ocmtbNoul fhM.nlcmco amalyms of the ftuicl syacem ID4 the specie ot-cbcmioal eracer is at 

1eut one fluon:aomt oompound. profcrably a oompamd that Is mbstlntially iiacrt in. the fluid. 

syatrm. In certain prefmcc1 cmbndhMoU, the malyli1 i1 ID on-line aontinUOUI tlubl"eSCeaCo 

uialyail of the fluid l)'Btam and tho apecfe of obemia.1 tracer is at leut one fluorescent 

compound. wherein at least a delecdoa of the specie of chrmioal tracer acd\lates or modiftu a 

signal. and tlao If pal upon activation ot modllcadon actlvate8 ar moclifiea a feocl of at loast one 

treatn•t chcmieal to tho fluid aystan, whcrdn tho 1reatment cbemicel feed may be, and at times 

-preferab1J is, a feccJ. of a composi'lioa that contains lmic aoid ar other botOD. compounds to the 

fluid S)'stem. ---- ----------

.. 
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In certain profemc1 embodiments, tho fluid system is an aqueous stream 1hat flows 

through a side of one or a plurality of~er1, includiDa but not limited to cooliq 

water strcamt. 

charld:cristio of the speoio of chemical tracer that i1_proPotticmal to the conocncratioa of the 

spocio pt chemical n. ill die fluid IJlfem analyzed, a!ld men pmfenbly that is propordonal 
. . . 

to the concentm1ions of both tho apeclo of chemical-.. mcl the hodo aai4 or other boron 

COUJpOWds in tho flmd ayataD ana1yied. 

lu •taha prefemd ~bodlments, tho analysis is ono or more of fluonscen~ emission 

spooCrOIOOP)', a aomblned high,.._. liquicl chromatography ud flmco eadssim 

spectrolcopy, a oolorimetr)r spectropbotomal and a transition metal U181Jli1. In certain 

prefmecl ambodimmtB. the specio of chemical tram ii ·subltazdially nslstant to daplcdon 

mochmisms la the mvhonment of the fluids, sw:h u de&radation. clcpothtoa, conmptioa and 

od1er liko clepletion mechanilDIL In certain embodiments. the apcdo of chanioal tracer II 

aubltmtially mcepb"blo to depletion mechanisms in tho onvironmmta of tho fluid &)'Item ma 

. ... ,, ...... 
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· dope or at a rata that is in proportion to the asceptibilitj of borio acid or other boron 

compounds to clepledon mechmius in tho same environments. 

Unless oxpreasly indicated othenvise hccin. a11 prop.tics ot any chemical compoundl. 

or couipositions contafnina a plurality d' chemical compouncls. set fort1a herein arc such 

properties as would bfi determined for such compounds. or .compomtions. within a temporaturo 

mp of tom about 20 -C to about 40 °C, and substantially under atmospheric pressure. By 

amotphOUI 111ica llCllo deposits ls meant herein solid material that precipiWes, or can be filtered, 

from an aquoua systlm and contains at lmt about 30 'Weipt percent total silica as Si<>z and 

more c:ommcmly aontams from about 50 to 90 ar more wei&ht pc:rcent total silica as Si02 1 buecl 

on the total weight of dry matarial. By clepo&ita is meant herein material that rmms and/or 

collectt on arficcl hi contact with a fluid q8tcm. By tho tetminolo&Y 0cletection of the 

presence of" a oheDD.cal specie(s) ii meaut herein tho cloterminacion of whether ot not such 

chemical specie( a) is preamt or a.bseat; aild dn1s includes tho deteation of tho absc:nce of moh 

chemical speoie(1), at least to tho limitadou of the analytical mechod employed. By tho 

terminoloaY •aa 'boric acid• follcswlng a mention otborou compound(•) other tban borio acid ia 

Dieant an imount of such boron compound( a) that would be equivalent to tho stated amount of 

boric acid u to tho mthoborato ion fonned thmftom. Upleu apresaly indicated otherwise 

herein, the inclusion of a prefix or tuffix in parenthesis desipates the word with snch pre.fix or 

-------------

.. 
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8Uftix u an alternative. For instance, •compouncl(a)• 'd)MS "CDmpO\llld md/or compounds", 

"d.etemdnation(a)" means "determination and/or deteniDnations", "tcchnlque(s)" means 
. . 

"technique and/or techniques", "l0cation(s)11 means "location and/or locations", "chemical(s)" 

means "chemical and/or _cbemioal&", "inhll»tor(a)• m.s "~"lri• .. andlor. inlu."bitors", 

1'componmt(1)0 JDeaDS "eomponent and/or CODlPon•"~ ?s_peci.e(1)11 meant "specie and/or 
·. ·:· 

• " u.c._ • nalihJ,' ''" ".4-...:--~itv ;u fancti-.. 1.• • " specie& 1 ~1111otiO , .. n1CIS1 meaDI lUIWU~_g .. '8wDr _ UN1111UC5 t-·r · ·" 

"aromatlc(thio)(tri)azoles'' ~ .~o azoles ~~Of ~c dliaolcs ad/or aromatic 

triazolea", and 1ho ~ ~c term •species0 is at limos 1IHd herein in referonac to a single 

compound. as iB apparent ftom the tat conccming IUCh references. The terminology "at least 

one specio of chm:dcal tracer" means one or more chemical compounds that are within tho 

ahcmical tracer. or 1racer, eatcgmy. 

ItubeCW AD'kabilitt of rJio Invmtkm 

The prelOQt invmtion is applicable to all industries emplOJinl a tluicl system that 

con1ains boric acid or other boron compoancla, cithet u a dicmical treatmmt additive, for 

m8t.allcc as a .Wea soalc: depoait inhibition aamt for cooling water systems, or for odlcr 

purposos, particularly when it is desired to monitor the presenec and/or concentration of boric 

acid or other boron compounds in suoh fluid systan or uy part thueof. 
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Q;,AIMS 

1. A process for monitoring a boron compound that 

5 forms orthoborate ion·...,:t.n a fluid SYl:l~em, . comprising: 

10 

adding aaid.bo~C»1 c~mpowid to aaid fluid 
. " 

syatem; 
.. 

adding.to aaid fluid system at least one specie· 

of tracer chemical; and 

subjecting at least one sample of fluid from at 

lease one site of said fluid system to, at least one 

analysis; . 

wherein said analysis at least detects the 

presence of said apecia of tracer chemical in said 

is. sample, and 

20 

wherein said analysis at least determines the 

p~~sence of said boron compound in.said ·sample by said 
·-· _),· . 

detection of the presence of said spec:ie·of tracer 

chemical. 

2. A process according to claim 1 wherein said 

specie o~ chemical tracer ~s substantially inert in the 

environment of said fluid system. 

3. A process acco~ding to claim 1 or claim 2 

wherein said analysis determines a spectral or chemical 

2s characteristic of said specie of chemical tracer that . ..-·· 

is proportional to the concentration of said specie of 

ii1li1r1;~1 nr 
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chemical tracer in the fluid system analyzed. 

4. A process according to claim 1} claim 2 or . 

claim 3 wherein said specie of chemical tracer is a 

transition metal cation that·' is at least ,~n part the 

5 · cation of a water-soluble-boron salt_an~ said analysis 

is· a transition metal-responsive analysis. 

s. A process acco~ing to claim 1, claim 2 or 

claim 3 wherein said specie of chemieai'tracer is at 

least one fluorescent compound and said analysis at 

10 least includes f luorescenee and is an on-line 

continuous or semi-continuous analysis. 

6. A process according to any one of the preceding 

claima wherein said boron compound and said specie of 

chemical tracer are substantially ad.cled together to 

15 said fluid system. 

?. A process according to claim 6 wherein the 
-· • • -.".II • ·~ •••• 

boron compound and tracer are added""~aa a substantially 

aqueous or mixed sol•ent eoluticn. 

8. A process according to claim 6 or claim 7 

20 wherein the proportion of saia 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 solvent solution containing 

water and at least one water-solul>le polypalar organic 

25 compound having a molecular weight not exceeding soo. 

10. A.process according to claim 9 wherein the 
··--------· 
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polypolar organic compound has a molecular weight not 

exceeding 200. 

ll. A process acaording to claim,. 8 wherein said 

addition is of a mixed solvent solution containing 
. ·.;·.;. 

5 water and at least one of monoetha.nol amine and 
·~. 

triethanol amine. 

12. A proce•• according to any one of the preceding 

claims wherein detection- of said specie of chemical· .. 

tracer •Ctivates Or modifies a signal( and aaid signal 

10 upon activation or modification activates or modifies a 

feed of at least one treatment chemical to said fluid 

. ~-~ 

15 

system • 

ll • 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 th~ preceding 

claims wherein said ~alyais is an o:D:•line continuous 

or semi-continuous ana~yaisof the fluid system. 

15. A process for inhibiting am.orphoua ~ilica scale 

formation on surfaces in contact with the water of an 

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

dissolved silioaces comprieing a process according to 

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 

25 provide a concentration of at least about 25 ppm aa 

boric acid in said water. 

_ _j 
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17. A prooeaa according to elai111 15 or claim 16 

·-

wherein said aqueous system ia a heat-exchange·wa.tar 

system. 


