TI TLE: FORMULATI ONS AND METHODS TO REDUCE HEXAVALENT CHROVE CONTAM NATI ON
5This application clains the benefit of U S. Provisional Application

61/ 469, 1280f2012613583@ March 2011. This U S. Provisional Applriusaiizos3ps her eby
i ncorporated by reference. FIELD OF THE | NVENTI ON 10The invention incl udes
formul ati a th 2 r L um

cont am ndat o PR TRCSHNS ANBHHEHEins T R EEKAYALERT GO ™ c1 o
repair o %WAMTI,O'\M te remedi ation, recycling operations, painting and
de- pai nting operations, and dust cleaning work areas. 15 BACKGROUND OF THE
| NVENF1 ON ThiChpplidation eldims $he bemafit bfyUiS ProvisiahehApflicationl ) ) or

hexaval ent %‘ghron‘i&m Vi )N!%Cr &VI 311 or COr+6) oxidatjon states. C(Vl) is a

not or i ou$1éMRIAE3 ab Masch g0ahe ThisHen ProvisionafApRlicgon dahereiygeni ¢ due
to the abjili i inits water soluble form Cr04=, to migrate
in the b?%%dgé%‘@g dﬂ/&g@eﬂﬁé& 20t o access sensitive living biological

ti ssues, causing oxidative danage to these tissues. Cr(lIl) is reactively

inert and relatively nontoxic; further, it is an essential trace nutrient
in the diRELROMINBANVENTIONor ns of hexaval ent chronmium are recogni zed by
the United States National Institute . of Enyir nt al alth Sciences as a
G oupll  Known THGTRHEQIAE M5B FOrRBtOpe Rty BSOS F B5HUGR oS08 ng under
| ncreasi xheslenehrdRfiusi @reard tibﬂﬂﬁ&ﬂé@nvﬁs.gmkeﬁ%,' R.ashfktdl8LAhcS ur f aces,
protective coatings contal ni ng hexaval ent chromum (“chromate,""Cr(VI)," or
"Cr ") havYimidhieg) flrebcdvépair oSeguipoeniesite denediatsor) aeaydiagaperatmons, excel | ent

| ong term corrosion inhibition, enhanced coating adhesi on, and self-sealing
att ri but ®3Intigrand ge1RAINtEg eRREHANG AU WOKP(RASA UM st eel , and
zinc (gal vani zed) materials. During the process of applying these
protective coatings, including re-finishing or stripping such coatings, the
Cr (VI nmBAOKGHGURDIGF THEEINS/ENTION™eNt as dusts (airborne Cr(VI)) in places

such as surface finishing shops, nondestructive inspection facilities,
repair facilitGheemiung exisdaprimandy iy ivalent\Wor(2) por Boswyaleot/ US2012/ 031398 To
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rags and e‘%ﬁbﬁﬁkht’aﬁ&?ﬁg%ﬁg%c&ﬁé@ i%"r‘%&t?& Iy c_?_ aindgeHikdfie t& thd ébili%J gfé es,

ai r-assisted face paper boots). e equi pnment so use cones
cont am n&réd)vort in ith evalerGaluble fdrmf €rOsThés enigrate matie biotdgical iflugdsdarsd s ar e
very hazardous to human health. As such, agencies such as the

. . . . U. S.
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frequent citations to these refinishing shops for chromate contam nated
dust vi olase recagnized BFtieEdaRedStates Sativpa InstrEne oo nairpamestal tHeatthol ogy i s

needed f %rcieorll%teg )é'sfayér%%pcplzr?onvertl %ufn%rn ca%gglggn cFhus, hexavalent chromium is

25 coming under increasing federal and state environmental regulations.

For metal surfaces, protective coatings containing hexavalent chromium
(“chromate,” “Cr(VI),” or “Cr'") have been heavily used for many decades
because of their excellent long term corrosion inhibition, enhanced coating
adhesion, and self-sealing attributes, especially for coated and/or uncoated

30 aluminum, steel, and zinc (galvanized) materials. During the process of applying
these protective coatings, including re-finishing or stripping such coatings, the
Cr(VI) materials enter the environment as dusts (airborne Cr(VI)) in places such
as surface finishing shops, nondestructive inspection facilities, repair facilities and

repainting areas.



15 "chromum(VI)") fromchromate containing coatings and chromate
associ ated application/renoval materials or equipnent. The present
i nvent i orwpro1/1384f or mul ati ons and net hods to reduce cRCHHESAMEWBI398

Compr 1 Sing at ORI aTpRIe RdERE: o EATIREIReRAR: ho T BR L v
to chromipaftitidrig pow, paint I@P@‘yegm paif tiridferdfiodesal fitaes, sabyand

Preferably, one or nore chel ating agen‘; are added to the fornulation to
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are not A RaE EE0End HOPAMSGE 5P seeq Desomes antspinpiest ik Be oy ()
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ferrous an errous substrates; e app on an chem'cal stripper

removal dfealth( \As)smhntagemmﬂgsmh aeth?e Uﬁaﬂ)@mpatlommcsaeﬂywdlldealtht he
clean-up of Cr(VI) caontaining paint mxing and application equi pnent, 30

the cl eartdmyinis @U@pé@&tﬂ) havestiich quidginearon teslevelsd cirematesrlioyyed in

and adhedns SBrRha Ak boesk T bl SPns s S et ROl Re B o
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cont am nat ed surfaces and spill containmen Preferably, the reducing
chenilfal avarigeddy, OBldA resulhut frequentecitations bathesesefinlshing shagls foonpounds,

sulfites, sulfjdes d|t te, | fur dioxide, ferrous salts,
5hydr oxy ICRFFTEE caitiaria F&lglé'St ¥'8F#'@H§ sol ubl e thiol conpounds, oil sol uble

mer capt ans, disul fides, thiol ethers, other simlar organosul fur conpounds
or derivati ves, ascor bi ¢ aci d, ascor bat e, sorbate, sorbic acid, acetic
acid, pr@RIBRIDESCRIATIGQNOR aHEINVENTE®NE o uene, butyl at ed hydr oxyani sol e,
tert butyl hydr oqui none, propyl gall ate, Ggl ycolic acid (or hydroxyacetic

aci d) and ot héybatter leghrelegy is Perdedrardetoxifying chromate AR "G MEY Ofi i | ar

el de waeriptlAch BShE Chropiate'Bhlifing eRaRRES A8l chigpToRobBlkdc o

et hyl etgpplicatRingrendVdEfatefBlk bt e Lﬁﬂﬁéﬁﬂoy@r@%t |9Wﬁ’cﬁ6n pfdWdes rret hyl

i sobutyl ketone M BK), Gaf Of cleaner cl eaner, GO JO cl eaner,
ot her si oimaulatiens and m@hods te pdugsi oiigomgﬁn(\él) cma;mmnatlem,rwbphrmdude@rmver

h i, chl et h P hl t h | hi
tSlrJ::chﬁgr gifﬁ)}’%&@ﬁe e%HF'BQrﬂe‘-{er%E%Rﬁr X oe S'ﬁagﬁﬁaéﬁb%s@a% iNg v j pr opyl ene
| | | TRSTE %Q#JG
gy?l?gl i gghgme%?ﬁégﬁk%;lré(ggét?eg%h[)q‘rhlgucm n}:oCEt'lrbgﬂﬁmgﬁ'i% @gﬁ ut arl aci ds,

aromapi ¢ wigttabrasbons soldentet Prdférablyamwneeor rdomnehdrlaﬂmgs agénseare @YEEY to
propyl ene 20carbonate, chloroform carbon tetrachl oride, ethyl acetate,
i sopr oparibe forsnalation & assist ©ARGHAA RN erasustian of Groddt s, or a ni xture

AP 2 S R

adj usti n@r@{mgnhéludé%utvéwe%c& lingited &s:ttﬁetféuovvhgqﬁétésxegmdl fiers, gelling
agents, or m'xtures thereof. 25In sone alternative enbodi nents, the present
i nventi on i ncleudéwe application of Cr(VI) containing chemical conversion coatlngs to the
25 surfaces of various ferrous and non-ferrous substrates;
¢ the application and chemical stripper removal of Cr(VI) containing
primers, sealants, and adhesives,
e the clean-up of Cr(VI) containing paint mixing and application
equipment,
30 e the clean-up and disposal of Cr(VI) contaminated tape and masking
materials, paint booth filters, PPE, rags, and non-used coatings,

sealants and adhesives,



met hod to reduce Cr(VlI) contam nation, which includes: applying to a
surface of a paint coating or finishing a C(Vl) reducing formulation,
wher ei n tWe 20tyssd9at i on conpri ses 0 aPCeaseene3regiuci ng

agent oM | $Lndaf ol Gty PG SMNT g 0ERETLERYpE BB ahgIUCT 1O
2012/ 135594PCW Uskhida0aibeddor @@@Xb@&ahﬁﬁat@@rgmﬂa@és 8Ad @pillsdorRaihnieptr educe

Cr(Vl) in the paint coating to resulting in a treated paint
coati ng; and Hreﬁenablyi,gtherreducmgtcé@npaalnmcludﬁ,uhugls poklinitad itg, wates

pr ef er abISHuEI EVPGFartPTidsn SaISRES iU cksr @ Prer Wi e dFralis seks, i
adj ust| n%yﬁ&%%émm%@a‘n\ﬂ%@ﬂﬁe SBIARACKARIE i) SGARbLNGIA Liguia. gel 11 ng

agents, ures thereof n sone a ter atlvé e nments, the

present imereaptans, disalfides sthiol rethérsg otier similar @geldbsulﬁﬁcbmmp@rﬁerorul ation,
conpri si 2% 10 applying the formul ation on a cont am nated_surface;
wai ting Fivatives, PaEIrBiCafidimscarbate ngorRata, éoftﬁé a§'l§|v AgRtc ﬁﬂﬂepwlﬁ vi si bl e

compr i nacth e iR RO Rne, BuSRIR Y oRBoRbIE 7 o' 0’ 271t eronce
col ot o®jutylApfoR{iRioRe] propyhgallaxemylyebiOacitet Hikdx)ddetit dcCird ettiepduc] s

agent conprising at | east oné red um&g chem cal capabl e of reducing Cr(V
to Ol | |o)hy¢mdy @eidsdAEAYr fqm@a@dl gegothernmdar a@ids,term nyxturenmqreefsent

t Cr (V1) kit Cr (VI
A 'nS”fB?C rﬂmﬁ@le pibs oF SIS brtered solVnl ST whtrertiiador tor

eval uat i I Qm{
Prefer abl%g, Ed?‘%é gﬁ%r‘?@?@é%ﬁ%ﬂﬁﬁ@ eyq )ﬂe EOrﬁnere ()I g‘ﬁbsthyll n whi ch
at | east |$Up$opﬂll@tome)cglymﬂ ethdrhmethyinseiutpinkerbné (MIBKY, Graf Off*edeanérpn. The

formul ati on eferably includes (1) a reactive reduci n& agent conprising at
| east 25 & lﬁi’@leﬁ erié @Iaan@ra@&mreslmlarr @W@ﬁﬁ%{ s@rdagreasncagents) ; and

(2) 352 Ty ko 420 e BP0 el
) e s s g, 1
b. one ofttriprapylemegalvcal reetiybetings,. D-limonene, limonene, citrus extracts, N- methyl
pyrrolidone (NMP), alkyl esters of succinic, adipic, and/or glutaric acids, aromatic
hydrocarbons, dimethylformamide, dimethyl sulfone (DMSO), propylene
20 carbonate, chloroform, carbon tetrachloride, ethyl acetate, isopropanol, skin-
penetrating hand creams and ointments, or a mixture thereof.
According to some further embodiments of the present invention, the
formulation includes one or more emulsifier agents, pH adjusting agents,
activators, surfactants, viscosity modifiers, gelling agents, or mixtures thereof.
25 In some alternative embodiments, the present invention includes a
method to reduce Cr(VI) contamination, which includes:
e applying to a surface of a paint coating or finishing a Cr(VI) reducing
formulation, wherein the formulation comprises
o a reactive reducing agent comprising at least one reducing
30 chemical capable of reducing Cr(VI) to Cr(III); and

o one or more solvents.



WO 2012/ 135594PCT/ US2012/ 031398 Preferably, the organic conmpounds are
organi c acids, other sim/lar conpounds, or a m xture thereof. Suitable
exanpl es W 201p13889gani ¢ aci ds i nclude acetic acid, fornmPCTASR@2/08t30%r

AN i ds. . . ; h

arbod; ment s, e TR FTREbERE step, b to retfebrE bR she rBffEFontibb™

Preferably, the wg,a(m;[\{‘, r@@d”ﬁﬂgtinmt@g%iﬁmtiﬂ%&bng| cohol , acetone, other
S,

simlar organic solven or a mxture thereof. | EF DECRI PTI ON OF THE
DRAW NGS Fi guree remeviag dheifrieatacopaiat ceatingoncent rati on (ppn) over 20 hours

f 10 ti ti b Vi d di di et hyl dithi b t
CEDTG  eher Bl o mlarg e, EP R aRs a0 Of GaTRe TSI or { he
di Vi i i 0 Cj _f - DEDTC
o oaue adehis! Mare blaf8idbl. (e foltfugtion EbRibfisedbnd o b dlIerxceds DROT

concent r @gents, pppadjustiieg adéntspactivatbrs] Surfactahtsy viscosity nekdvfises, gzllindg ) and
sodi um di et hé;l di t hi ocar bamat e (DEDTC), wherein DEDTC was at 50-fold nol ar
excess t @IERES, onixtures thereolii ssol ved Cr(V1), illustrating the efficiency

of 50-fold nolar c - [ i . ), over tinme.
Figure 3 is alﬁlsgg%r%aﬁ?%fjgi?%wggﬁgﬁﬁt%b%ﬁe%@%hﬁ@@ﬂ@@/ urs of 20
reacti on mhétpdetuseenCVi Midduring frintilationl ebfprisingT T) . wherein DIT was at
10- fold nolar excess to the anmount of the dissolved Cr(VI), illustrating
t he abfici ency o@pplpingdhd fahalatier emsa CH{VT) contastnatiedgsurfasedi ssol ved Cr (V1)
over tine. Figure 4 is di agram of. Cr(Vl), concentration m over
20 hour s of r dactPiiiG DR SieblcaMBHTlpRS e g HiRiTae GIAeBa8s 8 hnor of n
DTIT was at 50- 2 to the anount of the dissolved C(VI),
illustrating thea%ﬂéj%ﬁﬂgtlg@aﬁéc’%@ﬁfol d nol ar excess DIT on reducing the

di ssol ved Cr (¥l )ewalgdting thee completioRiof the Co(VI3 redutiti@armnterhpékifd/the
concentration (ppn) over 20 hours of reaction tinme between C(VI) and
sodi um di t hi oni t €©lPDPt teosHrface, togng @i More caliosnPh @ iRhereace colof §0@. nol ar

of 105 ol noaeauctheFrPlatRRatGRorL ik d rerttive HLBb Ak v over
Ui e, VoRHRIrkPRORAGCHA IR capabid bOKeRhg Gr( I GAOHAT) O

Cr(VlI) concentration (ppm over 9 hours of reaction tinme between (vl) and
sodi um diankli (@)pione qrDhore solvenrts, wherein Dithionite was at 50-fold nol ar

excess to the anmount of the dissolved Cr(VI), i|lustrating the efficienc
o Eost ol d moMiTedioeganky s Hesessh gnveatRs cidese SHILL BEHoRRt 5 et

time. which comprises (1) a Cr(VI) reducing formulation; and (2) at least one color

20 reference tool for evaluating the process and/or completion of the Cr(VI)
reduction.

Preferably, the color reference tool comprises one or more colors, in which
at least one color indicates the completion of the chromate reduction. The
formulation preferably includes (1) a reactive reducing agent comprising at least

25 one reducing chemical capable of reducing Cr(VI) to Cr(III); and (2) one or more
solvents.

In some alternative embodiments, the present invention includes a
formulation to reduce Cr(VI) in a coating, comprising:

a. a reactive reducing agent comprising at least one reducing chemical

30 capable of reducing Cr(VI) to Cr(III); and

b. one or more organic compounds.



DETAI LED DESCRI PTI ON OF THE | NVENTI ON AND BEST MODE Broadly, this
i nvention provides for formul ati ons and nethods useful in reducing Cr(Vl)
cont am nawpDan12/1353%e environnment, particularly for the PCOAS3IG20581398

10 i Lnni ) i i i nt.s, a0 ts,
pr |r renemr)\s{I ntgog(r:o@%@?gﬁg’%grbgh%e@?%@!ﬂgﬁgﬁigﬁ'?’iaﬁ@ggég@éﬁﬁﬁ&?gr ?rul ations
and net h‘t@mp%fuﬁdg,sﬁeginﬂkﬁwetﬁ@ffe@h iSOitél@I@'é)@ﬁidléméf mécdﬂ'géﬁidm&é inglideace

refinishing work areas in netal surface refinishing shops, field

mai nt enadcetiofcidg farprie acidaotharsipiar a5ids, ans a angtureéheyebbr sinil ar
processes. Hexaval ent chromum can al so be 15called "chrompte", "Cr(VI)",
o S or i o sgceording 8 SoBegihef Sybodneiise tis taBiatoBALEs oadrude (1)
bei ngeabl I r I ?@“ﬁ Xxposure to

t he oger éﬁ%ﬁﬁ% gﬁieé%\%l\%nﬁérﬁe%rte Fé??lg?’ ﬁegé'?gﬁrg(u%dall\{%notndol SVQVQ?& tS% icity; and
(3) the fataohol,aedcetond, Dthemgiatilabbryanid solvdmtssabamiatiee thereaft er nati vel y, the

formulation is conpatible with 20 the substrate within the exposure tine
period, such as within a few hours, then the formulation can be

neutrali { , sent invention has the advantage of
usi ng thﬁgggﬁp@gbiifn@_lﬁibgc%%«gﬁ@g eval uate the conpletion of the
Cr(VI) reductimgureenitd @lagram©f @\ cehearafatst (P} 6¢er20 RoGrs(of! )
reduction nmakes the present invention a convenient and non-hazardous 25 way
t o r aduceeamtion medretwpen &irofl3 andrdodivgm wiiethyk dithicrgrivamapail DEPRG),or

ot conp BT ToTOHABIST BXGRSdRyNe FHIGH o d0e FISOESCont | rm i he
Cetuces G 10 MHSRRIGETHERnchof TOUEIR acticRts DFETRIGR RRMAREER, | 02 and

| ess t oxidissokieda®r(Wl) oteattinef chrom um The formul ation conprises at | east

one reactive reducing agent (RR agent) and one or nore solvents. The RR
agent i ncl udedigire| %t @géaméﬂ&rﬁﬂ@ COResfteation (gpm) over 30 hours of

reduding T e LEEORR T BRR R YAl BBk FREDRCE or ol

the redugiigephBRDTElwdsSateS5(-bl@ rAdlaFekER A the AUt &f thadigtBRedpr ef er abl y,
it is asnmall nolecule with high diffusion rate through pol yneric coatings

such as tpdallsstratingrthesefficieiney ©f 50afvlck olaimekcess BEBPHEsIv erducing the

Hydr oxyl ami n hydragen sul fide ion, and mldly acidic hydrogen peroxide
are exarrﬁﬂ%?ﬁj@ﬂ é’&ﬁlo"ﬁﬁi'@&%l e RR agents that be fornulated, preferably

wi th_ penet r at g, bl 3isds i dror (V19 BREGHEAGh {pinFoRSaPAguRrdrTer s For

pur poses of the present vent1on, dnless ot e’ speci the word
" coatong'reaction trhertetiveet @p(\)ang, dithiotiesital ¢BTTHowhereth DIMWeas abb0<oat i ng

10i ndi vidual |y or in conbination. ~Alternately, the RR agent could be
a non-t ofolé Mgl exerss taithe ameunofdbedissoled Gr(Vhe llbistratingtae effigientyas

het e can! 0" O Rt eSe BT G ftpugind RS SRATHER) Bler e ™"or opt oni
aci d, ascor bi Fi@skd isqf diabRRh oFIGHVBcoRetPatickb{pbriNbverdPhbGatdfon, the

solvent can also be referfed to as a carrier agent or a carrier. The
sol vent ceactlon tivaedetwbean Grt\d) enddithiethieitah(Pai gawheneio B3 Thessdt Begr easer,

o1 6 2 abHd0B fexSaksdy The radiun of the disselue b Hhhofing the REfciefEhs  abi e
i i . : L _ & _ 7t abl

o0l vent - o SO Al R T i Ao R B VIF BlonimBL | Sacti ve RR

agent penet r atFigurefRisrd diagedrh g ArOVI rahtenttdtorRPpprgeovert 20 heashofsol ubl e or

i nsol uble Cr(VI) conpound séﬂso that the RR agent can convert the C(Vl) to
Cr(111) weadion time hesween Sirod) @pdrsoriyna slithianite (QRidvenite), Wheseipl es of t he

compouna ot i vas P g FtLeraheREly s sibfet B iEUFTEOBhe sai s
30 illustrating the efficiency of 10-fold molar excess Dithionite on reducing the

dissolved Cr(VI) over time.



hydr oxyl am nes and the |ike, solvent soluble thiol conmpounds, oil soluble
nmer captan, disulfide, thio-ethers, other simlar organosul fur conpounds or
deri vat i We©,201138591 xt ure thereof. Preferably, the reduecCmngisetesisas

nel ud Cer. N AV tol
(25, 35 - 1. 4. 6ATEHT Ea PRt 3T TrEHI SBngrhsratadt (b} Buero b of

di et hyl dirt&dtRppetitaaBetfeb Tr(\REEhE) sodaid cﬁtﬁidrﬁteO(fDiﬂMﬂ\f/%plmeélnsul fide ion
(HS-) are especially effective exanples of suitable

2012/ 1355udantausas ak S0Fokbmolarducess ta thenamaliet oktheedissnlved Co(VIhi | / wat er

or water .based ca[rier syste t.hat coul d be ysed, al one or. bl ended

Coger hor TTREPAIPE FHigENGHE PoRIE ThBt hxirs it S R HEadnd U i e ¢ hi o
or thikol vE i is an effective organosul fur non-thi ol

al ter?nat |O\q/§e§65\n/é’tdh@§ ﬁ%«}#rgg?f solubility and exceptional Cr(VI) reducing
capability. Sol vent based reducing chem cals are preferred when the organic
sol vents are use t he reduci ng chem cal s penetrate the paint or

d hel
Sther t v T BB s SRRIPE QM T IEGRMETION ANDIGRST MPRE | cul arl v ef f eot i ve

2 mxture ¢ herkgrdTeyinlreRRBRgto e SR Kin(a05RRR ighodsRRREHL 47
extr act aneduGAFCHVI) taniiniARRoire 7 dnriohere patticbRmiyol th pro@aBesphon ¢

acid with a -Stermnal and a -SH term nal. Cyanex(r) 302 has

bi s( 204, 4emoving drystrippingl Gridhotamtaipmgspins, convdraioasoats; prafnens, conponent .
Preferreq | evels of sulfur-based RR agents ra fr 1 to 10 % by wei ght.
For - app! TeBRAGaMsr BbehYe chaube fdaes SoeRRrmons dmetiods oq
15such a i r Wal( B } 5 f educi ng
chon cal &S ePaalBistth AERESTS SR d bl Rl ARG otk dbad b ased
reduci ng i neetakcsurfadenrefinshitig $Agpsy Gdidomaintémantel gitaquipmént amchatcapes t o

sul fur-based reduci ng chem cals include, but are not |[imted to, acids and
sal ts of Syplems: apgrthe dthemadmilar pergesses- adexavsientLbremius €an iicebe sor bat e,

sor bilgIt 2%5%%?%&@@# g:\\gr(vt% ﬂ\epigo{&i{/laﬁpm,d, but yl at ed hydr oxyt ol uene,

butyl : _ { ydrioqui none, propyl gallate, glycolic
acid (or hydr gneagfiahagisl ¢fthatesirtenventitnihexide d¢) B8ing/dtfe to Feédudec aci d,

the salts thereof, and conbinations or mxtures thereof.” Effective
i nor gani €r(\dddoihagmigssGrial)s reducimg theeexpbsuce totheidperatoroand f at e 25and

e RS ) ol T oDeSBA 8 T By e
ronad, sl IR, CPaeAld P ARl Sote i

chemi2gal she3nbsteateunitiaihlthe gxposwre timapeviods suskhas Withirch diele Houfrs,ethennot
limted to, phosphine, carbon nonoxide, 30 sulfur dioxide, fornmaldehyde,

net hanol thefemulgiien cen beinputialiepd. Maie dgeartgaty (the)presers, inyeminnhas

bor ohydri 1,0 [l itri [ ' ' hypophosphi t e,
bor o0 e gPShyTB SBl % v Adohe PRSP e B b e "/ poPh
sol uti ongonfletiorPaf theofr(VPy raduation featitioR. TR 86bY EMdrdR astesiatéd ffthel sewher e
in this application. Qher suitable reducing chenmcals mght include bases,
such as, Gr(Mdi) srguicticnmakes:theapresenpinypation a conreniest and cohehazaedauses,
| deh

acet a25de V\yaoyllefo reduce Cr(VI) for operators working with the Cr(VI) painting or coatings.

Operators can avoid the environment when the Cr(VI) reduction is not complete,

and they do not need to do any further testing to confirm the completeness of

the reduction.

The formulation of the present invention reduces Cr(VI) by converting
30  Cr(VI) to Cr(III), a far less reactive and less toxic oxidation state of chromium.
The formulation comprises at least one reactive reducing agent (RR agent) and

one or more solvents. The RR agent includes at least one reducing chemical

6



50t her al dehydes, hydroqui none, propional dehyde, sodi um borohydride, nethyl
magnesi um chl ori de, hydrazi ne, and conbi nations or m xtures thereof . O
course, t\ﬁezsuilltsssyne bases nmust be non-corrosive w thi nPCRASE@20BBO8 s Of

appl yi ng r Jp a few
nour o, ¢ sePRAEEY ¢EhNhind of B Ad Rt N RERE VD T HED D BN et a
subst rat %nd}&ﬂhej‘oﬁd&bhﬁ; Hréi%r@lﬂ? cenrt feduting Plenifdl ISR tAREG mefcdpign r educi ng
chemi cal (s) in the formulation of the present invention can be 0.001 to
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C (M) to C(lIll) during a singular process. This singular process of
reduci ng and stripping provides a sinplified inexpensive process of
stripping C(Vl) paints with m nimum or no exposure to the hazards of
Cr(Vl) dusts. 7



In sonme further enbodi nents of the present invention, the Cr(Vl) 30
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to increase the EH 25i nprove the extraction efficiency or penetration, or
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t he surface’ can re evaporati on or So vents whi ch
provi des rhigtures theergef. exposure tine for the RR agent to react vmth Cr (V)
in the coatl n Sui t abl e exanpl es of the thickeners are 5h droxy r opyl

cel | ul ose, ?qqt'ﬁemgawsm €F109 seRNicqlp iR bRYSVad t@égc'uﬂ thiegiatene, or
B e T L
and i nt emnatedals| hydioapidsnine, exaticEmiditmandganese(ll) ion, vanadium(ll) ion,

chromium(ll) ion, alkyl peroxides, hydrogen peroxide, percarbonate, perborate,

and the like. In some embodiments, reducing chemicals can be suitable gaseous

compounds, which include but are not limited to, phosphine, carbon monoxide,

30 sulfur dioxide, formaldehyde, methanol vapor, nitric oxide (NO), hydrogen gas
(Hz), H2S, a borane, borohydride ion materials, nitrite ion materials, phosphite,

hypophosphite, and the like. These reducing chemicals can be used as gases,



and assist with weakening it. In other words, the activator can expand the
10nol ecul ar and internol ecul ar bonds in the paint filmso as to allow
di ff usi orwofR2otde539¢duci ng chem cals into the paint fil mPCT/US2012/681398
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Cr (VI'} i etheraldenydes, bhdoauirene, pregionaldehydsmsedium ﬂoor@ydn(jlel methyl

20Sur f act ant tting th ia f wh
Che.sol vanRotesiip shlarie: Byiins ot Vo ihafSls oL BRASER Pdtn @ Thelude
dodecyl %nz@%é @bﬁmémsesﬂmsﬂwrﬁe@r@wé AMAtretheded SIS Iof APPRHGE
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li ke. |n theimedudrg farmelaionseaithe present siveniienuddier eenduursf thedaasesng

Cr (V1) 2 T fol | owi ng
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g(r)(l\Z/} )132%8%.%@ ?J&@l%éﬁﬁﬁaﬁnﬁe{ &ieé%]r%gt}p@ r%to(]:ut ni ng paint

m Xi ng arﬁofrmpjaiicbrmatfitbelfcafqujlamimnd:omprlses trfmeetbﬁlaaramm% eetlicaigsghaegaicabit Cr (V1)

cont am nat e @(gq ng maski n@ r| aé gal nt booth filters, PPﬂE rags,

and non- 58 '% {VRgBOWEX R, ﬁﬂ% R 8xGRSSIve In somgnsiances. For

noi styr e I W pes
19" AR é%cﬁré%g)ss.oé r@a@&ngggeg{ﬁ WRBIRIHLAR a ghﬁ% e

for G (V) nt am nated surfaces cont al nen e met hod
of the proesr@atveutmtbatsubatrataairmwsetdhleerfrmbbtammg steps

| t f t d
107 o mi at | on AChPISHEY H EpBeRPARAIEEbr LB RoPTeSEal PYSTioh e ERUS'gQﬁt
comPr 151 g ahd (] AR A G AEERICk e ERABNAE] a%gﬂ(;%mgng(vw to

Cr(lrrtr), ne or nore solven yi ng-t he rmul ation to a

pai nt cometaxmepetl‘ianml ,Sbopropyl alcohol (IPA), méth)?l by k@ohhe(lvl’Eth),rmied’nylon to

convert Cr(Vl) to Cr(Ill) in the paint 15coating or finishi nf%
20 isopropyl ketone, glycol ether, methyl isobutyl ketoné (MIBK), Graf Of

cleaner
GOOP® cleaner, GO-JO® cleaner, other similar degreasers or degreasing agents,
paint stripper or remover, such as dichloromethane, Perc (perchloroethylene),
Trichlor (TCE, trichloroethylene), turpentine, linseed oil, propylene glycol,
trypropylene glycol methyl ether, D-limonene, other limonene, citrus extracts, N-

25 methyl pyrrolidone (NMP), alkyl esters of succinic, adipic, and/or glutaric acids,
aromatic hydrocarbons, dimethylformamide, dimethyl sulfone (DMSO), propylene
carbonate, chloroform, carbon tetrachloride, ethyl acetate, skin-penetrating hand
creams and ointments, or a blend or a mixture thereof.

Degreasers or degreasing reagents refer to cleaning agents specially

30 designed and made for removal of grease, oil, and depainting. These may be
solvent-based or solvent-containing, and may also have surfactants, dispersants,
or other chemicals, as active ingredients. The solvents have a dissolving action

on grease, and can act as a dispersant for dirt and other particulates. The
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d) Renoving or refinishing the paint coating. The acconpanyi ng vi sual
observations of color change are unique to the C(Vl) reduction process of
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colors, in which at |east one color 20indicates the conpl et| on of the
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one or  oPhELHFR &R e ARRPEL AR RO R Slan b st B i@ )
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or no exposure to the hazards of Cr(\/I) dusts

In some further embodiments of the present invention, the Cr(VI)
30 reducing formulation includes an effective amount of one or more chelating
agents. As used herein, the terms “chelating agent” and “sequestrant” refer to a

compound that has the ability to bond to a metal ion through two or more atoms
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nature and/or state of the coating (primer, top coat, and/or otherw se),
and WO 2012/ 135594PCT/ US2012/ 031398 ot her factors. It nmay therefore be
desired twopnrovidg®4t he user of the present i nventi on w PhTASC@RO813p%f er ence
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synbol s \RFEBE, a4&h 86 NaPH rcidntstich astagetis acish, aneedesiable goredientsdat ani nat ed

surt dde pireBHRY phCon I8 sk hE Paupfa 1o RREEEEs HRRs RSyl |1
some prefdfrth@RRea@ml MBprovingetheOdittattiah e‘fﬁc\zieﬁcwaha @erfiRfitirk] e can 30 be

added to the tool. The cover can be easily noved a ong the surface of the
tool in epeaetratmlauof Itlme RE&nagant dntiocthesupiatiaglite raact witla Crad)tals@howmenctben sl ot

can show WO 2012/ 94P S2012/ 0313 opriate. colo

corr esp\(l)vr‘?ﬁfﬁw [P# HSHhe %ﬂe“ﬁhéﬂ’h‘@tﬁ%% g%bﬁéﬂddcﬁw Caﬁrﬂﬁ ot her
simlar tive
anbod; ment 222 E?%?@?&ﬁﬁ?ﬁ%%%??gﬁé PRMITHTBEuRd, the, tybB AT BRI 1T

i N a2goatotingr, ermdiropmetitalofactors. &or easmples iff thélcatingdg @ty basigrusigignat | east
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nor e or g@GIiC BYrAstusting agenirteraduse theneH gapAnhened thw teackiviy of She)RRi

The of garSen et e FEVIBEVGHNE rolerfbdllo's Hidie B f°5ﬁé¢954%re@?-”22?350f
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wor ki ng woating,he mard basicgthgdjusting agedti odgiar I()e/n)eedewbto wcsepsiedhefpt m ¢ acid
can t Edu?%p%\;e tt?e e%racttlgﬁlecfﬁger?gyl (t)r Sené%rashon or méE\(lng the coating more
compatible with a more basic RR agent.
Deicer formulation can be added to the RR agent, which will assist the RR
agent to penetrate into the coating to access Cr(VI) so that the RR agent can
reduce Cr(VI) into Cr(III). The best part is that the deicer formulation can
30 achieve the penetration without dissolving the top coat of the painting.
Thickeners, gelling agents and/or emulsifying agents can help the reducing

formulation adhere onto painted surfaces, especially when that surface is slanted,
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was ni xed wi t RCHVatEHy Ry bs-ussAdorptraase thepanairatiofmtes TBAGNAKX SRR agent

over ni gniote 1o oILePL nehie BERFHI e B AR B B HE R o 2o
wat er (HRRY ARisewilty wERIRINING te WSGfleRNorfS, thelacavator cn\ekpdnd/Bifé HPDI  vat er

and 1:2 MEK/HPDI water. 5Procedure: 1. Prepared the RR agent solutions:
AddedOan nappeupr bad intarmalecular bondsirthe painbfilm sodisumallow diffusion of

di et hyl di t hi ocarbamate. tri.hydrate. . TC), or Cyanex(r) 301 to the

appr opr i 55{1% rﬂ&%rﬂﬂgﬁ '@Lﬁ'ﬂg‘? Ehﬁ H@'&Pﬁgﬁone (MEK) and hi gh-purity deioni zed
wat er (HPDI oOfgnq| y@w ' Y G¥/v) was

pr epar ed aheac!lzogg%plr%é,eﬂz\i\hg?lgi%i:é 8%&%%9‘%\%\%3%5‘;%{% gl%ng with the
RR agent paettulanyds@itdbie.dWdteo basdohdedeateishyel thiegpolyroer inarixi@0tidEK, H20 and

MEK wer e added to sodium diethyl dithiocarbamate trihydrate separately at a
1: 2 rati 6oaHRg| Aftes the watergrolgaslest from the desseasens svkay intpstheaiglymer

For myk at ingélri%%f ltﬁgﬁ?gﬁﬁg‘ﬁ, RRYrbitidte BRsBRAEBH anf dhlsRaLR S 91) Sits20ent

(9) rri
creating an aqueous interface inside of the paint coating. At the same time, the

degreasers transport the reducing chemical to the aqueous interface where the
reducing agent can react with the dissolved Cr(VI) ion or wetted chromate(VI)
salt to convert it to Cr(III).

20 Surfactants assist with wetting the surface, increasing the area of where
the solvent can penetrate the paint layer. Suitable surfactants include dodecyl
benzene sulfonate, sodium xylene sulfonate, and other anionic surfactants,
and/or nonionic surfactants, such as polyethoxylates, and the like.

In addition, the present invention includes methods of reducing Cr(VI)
25 contamination. This method can be applied to the following processes to reduce
Cr(VI) to Cr(III):
e the process of re-finishing or removing Cr(VI) paints or finishes;
e the application of Cr(VI) containing chemical conversion coatings to the
surfaces of various ferrous and non-ferrous substrates;
30 ¢ the application and chemical stripper removal of Cr(VI) containing

primers, sealants, and adhesives;

12



Vol. (m) 2.3 MDithiothreitol 7.1 1% H20/ MEK (y/y) 20 1.1 M Sodi um
di et hyl di t hi ocarbamate tri hydrate (DEDTC) 8.7 1:2 H20/MEK (qv)** 35 1.7 M
bi s(2, 4, awon2oreet3hsph pent yl ) di t hi ophosphi ni ¢ aci d* 16.5 1PCHIGLNMEK3(398y) 30

ol vents. wer o naisoa FERRHEHHhnenER G ¥nd 3pticdion, o Gt 7

phleheved. MEK and water were inmmscible at this ratio,

final

vol unme wase

but in the presence of t'he RR agent, the solution was honobgeneous. 2.

Wi ghed 500 ny (tmao@Ieaﬂ uptanshdispesat bf EnL} cosiagninatedgene @ndi maskieach of

t he

twel ve gl ass centr e tu PTEE: 1 i ned screw ca l.n 25sone
i nstances, pri ormla % patlrﬁgbgq%cf E"—‘lr%rgppéom%?' mn‘?ﬁ‘ Pﬁg‘gcﬂ?t'qp.ﬁ'ng a nortar
and pgstle unti | atl rﬂ@%nﬁhéadl"%g stency of a very fine powder. 3. Prepar ed

the step 2 centrl uge tubes

e") as described bel ow

Added not hi ng st owetvor mdistard- E‘s&sstbd\&(\ﬂorrtaiad:éd sanding operations; antd. Added 16 7
m. of 1:2 H20/MEK (v/v) to two tubes (Blank #1). 30c. Added 14.4 nL of 1%
H20/ MEK ( v/ v) ° ocherpicaliyipes fer gmyl)quqntammated surfaces and spill containment.

10

15

20

25

30

Broadly, the method of the present invention includes the following steps:

a) Applying to a surface of a paint coating or finishing a Cr(VI) reducing
formulation, wherein the formulation comprises (1) a reactive RR agent
comprising at least one reducing chemical capable of reducing Cr(VI)
to Cr(III), and (2) one or more solvents;

b) Applying the formulation to a paint coating or finishing;

¢) Allowing the formulation to convert Cr(VI) to Cr(III) in the paint

coating or finishing; and

d) Removing or refinishing the paint coating.

The accompanying visual observations of color change are unique to the
Cr(VI) reduction process of the present invention. Specifically, the visible color
change varies according to the degree of reduction of Cr(VI) to the Cr(III). The
sequence of color change includes the yellow base state (untreated Cr(VI)) to
orange to light brown to dark green to dark blue/green to dark brown/purple. A
correlation of the percent reduction to the respective colors will be provided in a
circular “color wheel” that can be used to visually assess the level of Cr(VI)
reduction prior to proceeding with any maintenance operation.

The Cr(VI) reducing formulations used in the method of the present
invention have been discussed in detail above. The method applies such
formulation as a coating to the surface of the paint coating. According to some
embodiments of the method of the present invention, the reactive RR agent
alone can be used as the Cr(VI) reducing formulation. Then, a suitable amount
of time is allowed for the formulation to convert Cr(VI) to Cr(III) in the paint
coating or finishing. After Cr(VI) reduction, the treated paint coating can then be

removed mechanically, such as by sanding or grit blasting, or chemically by using

13



WO 2012/ 135594PCT/ US2012/ 031398 d. Added 8.0 niL of the dithiothreitol
solution to two tubes. e. Added 16.7 nL of the diethyldithiocarbamte
(DEDTC) swbupiamisive two tubes. f. Added 12C#/uskoiofo3t3be

anex(r 3 ' . e |y and
gaceé(t)ené;gcﬁgggwompgi 9@/1\6?‘Er#$srn @% %%gﬁggnélnﬁ MQ SnfeeﬁﬁéFsgrrpl e
tubes i ntremioRsl éamls@be f@n@l/védi |bg\/@@|réb%usfaa@lﬁﬂ%htng bwhbﬁn&ﬁdth@mgr end
overni ght (-14 hours) .5 cycles/second to provide sufficient m xing
of the RRhigendd st@lthe strrpp@dts’rurfaq:e anewrlayarmfdiaxevalest gowine or Fhe

appr oxi e actlon ti was 10about 18.5 hours. 6. Centrifuged the sanple
t ubes ag%z%a ent @U@%ﬁf%??\é%aw Mg i nutes. 7. Renoved the liquid by

d d/ | bl e.
5. Dr Ped t ho Sy oot 8 PHURURRTR e BRelf i el S pRAT RN 2 Nater

15bat h atpesibdwf tBﬁé:béfureabelappﬁcatmmr@r usageThilteraativealy, therRR agehtyead f or
Cr(Vl) usi ng an | on Chromat ogr aph |C) systemwi th a Dionex |onPac AS1l 4
x 250 mmberRided tedihesalvamt to ragk l?f@ofpélmwl 1ot 9fdhe presgntinyYentionw r at e,

Ei)ig; agg?g@wtﬁ@e ﬁ@lﬂeﬁ%\b%hgﬁ/@/ﬁgﬁ%@]wﬁﬁiﬁpﬁmé tht 02)2er vV\gt I ons

of Sanpl %@aﬁﬁ@(_}ﬁm”ﬁé ohenk efiis spredtiin tﬁ@ma t(a@:fé@rth@@drfa'céldﬂ%eon) Bl ank
#1 Top: clear/slightly yell ow MEK phase M | ow aqueous phase

Bott dfh IsoBlhg, lghemaswsa)w:tbsthe pecebaliomob theamg@ténwmhelmtqw ddl e:
slightly c%ﬁ{/el:r?\ﬁrf\ﬂ')]?r?slﬁe oﬁ/ he palnEt A er%rsltﬂtai)ley ae|%1|08\r% 819 JZII!TI%? a few hours
to overnight, most of or all Cr(VI) in the paint coating can be converted into
Cr(III). After the treatment method of the present invention, during the paint
removing process, the paint dust from the treated paint would not contain any
15  significant amount of Cr(VI).

Moreover, the present invention includes a Cr(VI) reduction kit, which
comprises a Cr(VI) reducing formulation; and at least one color reference tool for
evaluating the process and/or completion of the Cr(VI) reduction. Preferably, the
color reference tool comprises one or more colors, in which at least one color

20 indicates the completion of the Cr(VI) reduction. The formulation comprises (a)
a RR agent comprising at least one reducing chemical capable of reducing Cr(VI)
to Cr(III); and (b) one or more solvents. The formulation can be any of the
formulations discussed above.

As discussed above, the process of the Cr(VI) reduction using the

25 formulation of the present invention has a unique advantage of associated visibly
detectable color changes, corresponding to various stages of the Cr(VI)
reduction. For example, the sequence of color changes include the yellow base
state (untreated Cr(VI)) to orange to light brown to dark green to dark
blue/green to dark brown/purple. The exact tints and hues of the colors at

30 different stages of Cr(VI) reduction may exhibit some variations due to, inter alia,
different RR agents, other components of the Cr(VI) reducing formulations, the

nature and/or state of the coating (primer, top coat, and/or otherwise), and

14



Bl ank #2 Top: slightly yell ow agueous/ MEK phase Bottom bright yellow solids
(SrCr04) Top: colorless MEK | ayer Bottom bright yellow solids
Di t hi ot hrwot2012/18639ght yel | ow sol ution/ enul si on upon m xPAF/US01RO38BcONS

vel Tow S et TRt B ReBfe i picVis MR s RRE AP RIS o Lipon
m Xi ng;  sldriionsKeith bedidr deferehes eouls T ®bl May frbudaPto Bdigththe Xkt AW

solution* Bottom bright yellow solids Cyanex(r) 301 Bright yell ow
sol ut i on/irterpretiog th@@ﬁlquuthgsuefac@aftﬁf applyimngaheagpresenti ingentiaone sol i d

ttled but th db | | ft t he | d
ook on &sBroi uhenhe T sReRs R colghs assediaBerits LR e dE 0B Bor ( om
bright yelLgw solids *After renoving the liquid phase from

the sanple centrifuge tube, it was let sit for about 24 hours, 5at which

time the sol utThencdlarurefereacd ol candmncicmila (“theocalorishest”) or rectaddndagol or
changes were observed for the DEDTC sanples (bright yellow to green) and

for the GyamLQthsr S¢abiarpaRs [maymbe rpadwﬁlatnmro@ambﬂarM%w afhe 10

changes i Cr(lln)

comp! e s tanf fabdC A G BrslatferhERERTBl sbfaIels oo v

sol uti onkopeBpEhdiRg t@ vaHbhis stages oﬁ'ﬁl@é\tr(t\bl?]ﬁéd@h@h%v\/éhi/ patthilad ank #2 (1
v/ v% H20/ MEK sol ution) did not have enoug 04. The results al so show
t hat 10r (Voymulaomotlt detse bawel ak feashene anjor ésdicatingthe eymplebo of ithe was
possi bl edﬁgﬁ) D&%&C was very effective in 15reducing Cr(Vl). It was al so
appar ent ' 10h% Cr(Vl) failed to dissolve in the MEK/ H20 m xtures,

hanpering the poedpild Gardrdd ébedﬁﬁeﬁthtr@ SPFef%Fé?‘@Pttb&rbanTi‘?a\FeV&#éléF €

whet her or not the preesent |nvention can re m ght b
2012/ 135 58dieColSZti2o B a8 Atdrd érsterprieting thaarnks @gsocatedswithitheoolofs. diss ol ved

She orrat ¢ OIS ORRETRE [ebrasents the Colors WhICh are GEVEIoped by cach Stage of -
15  the Cr(VI) reduction after the RR agent is applied to the Cr(VI) material. The
color can be printed on or otherwise applied to a portion of the surface of the
color reference tool.
The interpreting mark can be text and/or number. For example, the
interpreting mark can include the words “reduction on-going,” or “reduction
20 complete.” Or the interpreting mark can be “100% complete,” or *100%,"” which
denotes the percentage of Cr(VI) reduction. Other types of interpreting marks
may be used such as differently worded instructions, the numbers representing
the value of the Cr(VI) reduction levels corresponding to the color on the
reference tool associated with the interpreting mark. Alternatively, the
25 interpreting mark can be non-text like marks such as icons, pictures or other
sign-like symbols which assist in the interpretation of the color of the
contaminated surface or provide instructions of how to proceed when the color of
the surface is similar to one of the colors on the color reference tool.
In some preferred embodiments, an optional cover with an open slot can
30 be added to the tool. The cover can be easily moved along the surface of the

tool in a circular motion or other suitable motions, so that the open slot can show

15



5This exanpl e eval uated the effectiveness of the RR agents on reducing the
di ssolved Cr(VI) over tine. The RR agents were sodi um di et hyl
di t hi ocarwarzat2a36PEDTC), dithiothreitol (DDT), and sodi Berdiseé2osisve

Sat ur at o RAPRISHgR? G splrBreofiiid 13 M BT St P YD BLRR, U0,

for di thimy dthet Sindikir colstorMefende Bl vah @lfso Ddaset er was high-purity
dei oni zed water (also called HPDI water or H20). The source of Cr(VlI) used

for testing wdB soowi alerontve emiodiraenisdtha praseaboveotiomMdmluderacedur e: 15A
47. 31 nyg/_m VI') sol uti "chromate solution") was prepared by

it 5ol v g mdlation be i S8YBLBG EoRtn OB v o - Each of % he RR
agentg were eval vat ~fal - forfXefnsint rison to
t he a?munt of ‘é?hg?‘%&?\\//lé)r:eé@gfgﬁ a%ﬁﬁgg%'ﬁﬁ n\%\@?‘%tﬁ?és{% Odl ssopglggq:lh% t he
appropri ate sol veapabld ofireducirenCr(¥1) wnCt(IA); drati | i tated the nol ar excesses

descri bed above 20(concentrations listed in Table 3). An appropriate anpunt
of the chromatte QQf Of MYHE\RAJARIAEAMPPYBESt 0 each RR agent sol ution j ust

one i nute)  Areiiaith B GBpb R SRR e A s RANY of 56t o5
hours_usicthpRintis oA naRRIreahaRky. ELBbIEISGATIYS bhiffe BoaNRxad@MRAKIASLL 4 X

250 mm 25anal ytical colum, KOH gradient elution, 2 mn flowrate,
El ectifoc laeatic acidpéareic iacid, OHED)similamhadds, randsai ppixtese itiereofir Tbatorgamaedi at el y

bout one. pi f ddi tian,.of the, chromte sol ution t h RR t
Sorutt on acidhiatt hile 3 dydL e Hicbiah il &idkatind e Niae Se dPare vitk B cquent -
i nj ect | - | : i | i od of
bt 10 cpatii SeXPATing/CU), fnd KD ic B lclit AefRlss Bice @ EO71 0 ©
2012/ 135FINHGT/FIB20amPks FoARICTRI cars reRReATEVI) Roitsalf albeitrat a SBwagent

Formul ati on I ngredients Positive Control Negative Control DEDTC 10-fold
nmol ar exd¢d®s 15.9 pl of 47.31 nmy/ml Cr(V)* in 1.5 m of

15 According to some further embodiments, the formulation includes one or

more organic solvents. Preferably, the organic solvent comprises isopropyl
alcohol, acetone, other similar organic solvents, or a mixture thereof. The
organic solvent can add viscosity to the formulation, and can also assist in

disbanding the primer coating from the substrate at the same time.

20
Examples
The following examples illustrate various aspects of the invention and are
not intended to limit the scope of the invention in any way.
25

Example 1
This example evaluated the effectiveness of several RR agents at reducing

Cr(VI) in strontium chromate powder (SrCrO4) in liquid. Three different RR
agents were evaluated: dithiothreitol, sodium diethyldithiocarbamate trihydrate,

30 and Cyanex® 301. The active component of Cyanex® 301 extractant is bis(2,4,4-
trimethylpentyl)dithiophosphinic acid, which is about 75 wt% of Cyanex® 301,
and it is manufactured and sold by Cytec. Strontium Chromate powder was

mixed with a roughly 5-fold molar excess of each of the three RR agent solutions

16



0.144 M DEDTC 15.9 pl of 47.31 mg/ml C(VI)* in 1.5 mM of MEK saturated
wat er 0.144 M DEDTC (in MEK saturated water) 50-fold nolar excess 15.9 pl
of 47.31 wg/znu/m@\vl )* in 1.5 m of 0.722 M DEDTC 15.9 pCTafS2e1z/03B9srg/ m

Cr(Vl)* ted
wnt or) DFRdERyEa B ipfpoedleth@hes MRk Fes O syl ierad' (M) B8 S"E1 OF
0. 144 M HBigh-pbrify dtioAized vatér (APDT watdr\dr) H,0)wérebusdd & tHolvents: 1

v/v% MEK/HPDI water and 1:2 MEK/HPDI water.

5  Procedure:
1. Prepared the RR agent solutions: Added an appropriate amount of

dithiothreitol, sodium diethyldithiocarbamate trihydrate (DEDTC), or
Cyanex® 301 to the appropriate mixture of methyl ethyl ketone (MEK)
and high-purity deionized water (HPDI or just as H,0) as shown in Table

10 1. 1% H,0/MEK (v/v) was prepared ahead of time, while 1:2 H,O/MEK
(v/v) was prepared along with the RR agent—sodium
diethyldithiocarbamate trihydrate. For 1:2 H,O/MEK, H,O and MEK were
added to sodium diethyldithiocarbamate trihydrate separately at a 1:2

ratio until the final volume of 35 ml was achieved.

15
Table 1. Formulation for RR agent Solutions
Weight Final
RR agent Solutions of RR Carrier (Solvent) Vol.
agent (g) (mL)
2.3 M Dithiothreitol 7.1 1% H20/MEK (v/v) 20
1.1 M Sodium diethyldithiocarbamate trihydrate _ ok
(DEDTC) 8.7 1:2 H,0/MEK (v/v) 35
1.7M bls(2,4,4—tr1metl;3cligintyl)d1th10phosph1n1c 16.5 19% H,0/MEK (v/v) 30

*active ingredient in Cyanex® 301 at approximately 75 wt%

**The two solvents were added to the RR agent separately but in a 1:2 ratio until the final volume was
20 achieved. MEK and water were immiscible at this ratio, but in the presence of the RR agent, the

solution was homogeneous.

2. Weighed 500 mg (£ 2%) of strontium chromate (SrCrO4) powder into
each of twelve glass centrifuge tubes with PTFE-lined screw caps. In
25 some instances, prior to use, the strontium powder was milled by using a
mortar and pestle until it had the consistency of a very fine powder.
3. Prepared the step 2 centrifuge tubes (“tube”) as described below:
a. Added nothing to two tubes (Positive Control).
b. Added 16.7 mL of 1:2 H,O/MEK (v/v) to two tubes (Blank #1).
30 C. Added 14.4 mL of 1% H,O/MEK (v/v) to two tubes (Blank #2).

17



saturated water 0.144 M DTT (in MEK saturated water) 50-fold nolar excess
13.0 pl of 47.31 my/m Cr(VI)* in 1.5 mM of 0.720 MDTT 13.0 pl of 47.31
ng/ M Cr (WDR20127135045 m of MEK saturated water 0.720 M PTT/USR12N0ERS98

St r oL vaten) gDt ol L O AR BBkl 7 31 T
1.5 m of 10% MEK/ vmded 16.244L bf eHd Bietiyidiehibedtbafbte (DEDTC) solution to
two tubes.
f. Added 14.4 mL of the Cyanex® 301 solution to two tubes.
5 4. Capped the tubes securely and placed them in a laboratory tumbler.

5. One hour later, put the sample tubes into the tumbler, and allowed the
samples to tumble end-over-end overnight (~14 hours) at 1 - 1.5
cycles/second to provide sufficient mixing of the RR agent solution with
the strontium chromate powder. The approximate reaction time was

10 about 18.5 hours.

6. Centrifuged the sample tubes at about 3,000 rpm for about 20 minutes.

7. Removed the liquid by decanting and/or pipetting to remove as much of
the liquid as possible.

8. Dried the samples (solids) using a gentle stream of nitrogen in a water

15 bath at about 35°C for about 2 hours.

9. The samples were analyzed for Cr(VI) using an Ion Chromatography (IC)
system with a Dionex IonPac AS11 4 x 250 mm analytical column, KOH
gradient elution, 2 ml/min flow rate, Electrochemical Detection (ECD) with
50 mA suppression current.

20
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MEK/ water) 50-fold nolar excess 15.9 pl of 47.31 mg/m C(M)* in 1.5 m
of 0.720 MDithionite 15.9 pl of 47.31 mg/m C(VI)* in 1.5 mM of in 10%
MVEK/ wat erwO0.202013549Di t hi onite (in 10% MEK/ wat er) *47. 31PgRdg/usko1Cofsp§ was

pr epar ed ' Na2Cr 2072H20 in 2 mM of HDPI water. Results:

5Fi gures C?aggﬁgﬂ@rﬁ%@ﬁ?%gg?esul ts of Cr(Vl) reduction in DEDTC over tine up
to 16 to 30 hours. Figures 3 and 4 show the results of Cr(VlI) reduction in
DTT over tine up 16 to 20 hours. Figures 5 and 6 show the results of C (V)
reduction in Dithionite clablet2.n@bgervations of Sampkesl e 4 details the final
resul ts ateng—wth—sore—observations—as—to—f{he—<col S c_”‘.an"%s assocth at ed
with the| 10uearti dns. WO 26124RG594PCT/ USP012/ 031398 F5Bl"e 4. Results and
Vi sual Opservations RR agent Fold Excess over O ((aftey CRarifugaitonReduct i on

Top: clear/slightly yellow MEK phase Top: colorless MEK layer
Blank #1 Middle: yellow aqueous phase Middle: slightly yellow aqueous layer
Bottom: bright yellow solids (SrCrO.,) Bottom: bright yellow solids

Bright yellow solution/emulsion upon

o . mixing; a few seconds after mixing, the
Dithiothreitol Same as that of Blank #2
solid SrCrO4 settled but the liquid phase

remained bright yellow

Bright yellow solution/emulsion upon
Top: bright yellow solution*
DEDTC mixing; solids settled a few seconds after
. Bottom: bright yellow solids
mixing

Bright yellow solution/emulsion upon

® mixing; a few minutes after mixing, the
Cyanex Top: Brownish-purple liquid layer
solid settled but the liquid remained bright
301 Bottom: bright yellow solids
yellow; after 15 minutes, the liquid took on

a brownish purple color.

*After removing the liquid phase from the sample centrifuge tube, it was let sit for about 24 hours,

5 at which time the solution found to be a green color.

Conclusion:
The color changes were observed for the DEDTC samples (bright yellow to
green) and for the Cyanex® 301 samples (bright yellow to brownish-purple). The
10 changes in color are indicative of the presence of hydrated Cr(III) complexes.
The IC results showed that the blank #1 (1:2 H,O/MEK solution) contained
a sufficient quantity of SrCrO, while the blank #2 (1 v/v% H>O/MEK solution) did
not have enough SrCrOs. The results also show that Cr(VI) was not detected in
the samples containing DEDTC. It was possible that DEDTC was very effective in
15  reducing Cr(VI). It was also apparent that some of Cr(VI) failed to dissolve in
the MEK/H,O mixtures, hampering the reduction activity of the present invention.

To evaluate whether or not the present invention can reduce Cr(VI), it might be
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Observation Pro Con 1 mnute 15-24 hours DEDTC 10-fold 20% 20% (18
hrs) Green precipitate observed i mediately upon mxing, filtrate was still
bri ght yeWbaw2af3sss renovi ng the precipitate Reduction iPa@iusatiem3tsys col or

change StiaRShleH'drébare! Qiutibf 3F tisBived Cr(vI), and/or changing the strontium

chromate into another more soluble chromate compound.

Example 2
5 This example evaluated the effectiveness of the RR agents on reducing the

dissolved Cr(VI) over time. The RR agents were sodium diethyl dithiocarbamate
(DEDTC), dithiothreitol (DDT), and sodium dithionite (dithionite). The solvent for
DEDTC and DDT was methyl ethyl ketone (MEK) saturated water, which referred
to about 28 v/v% MEK in water. The solvent for dithionite is 10 v/v% MEK in

10 water. The water was high-purity deionized water (also called HPDI water or
H,0). The source of Cr(VI) used for testing was sodium dichromate dihydrate
(NaxCr,07¢2H0).

Procedure:

15 A 47.31 mg/ml Cr(VI) solution (“chromate solution”) was prepared by
dissolving 288.0 mg Na,Cr,07¢2H,0 in 2.00 ml HPDI water. Each of the RR
agents were evaluated at 10-fold and 50-fold molar excess in comparison to the
amount of the Cr(VI): Each RR agent was first dissolved in the appropriate
solvent at a concentration that facilitated the molar excesses described above

20 (concentrations listed in Table 3). An appropriate amount of the chromate
solution was then added to each RR agent solution just prior to injection into the
Ion Chromatography (IC) system (within about one minute).

All samples were analyzed for Cr(VI) over a period of 16 to 25 hours using
an Ion Chromatography (IC) system with a Dionex IonPac AS11 4 x 250 mm

25  analytical column, KOH gradient elution, 2 ml/min flow rate, Electrochemical
Detection (ECD) with 50 mA suppression current. Immediately (about one
minute) after addition of the chromate solution to each RR agent solution, the
first injection was added into the IC system. Subsequent injections were made
by the IC system at regular intervals over a period of about 16 to about 25 hours.

30 The results are shown in Table 4:
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produce precipitate, inconplete renoval of C(Vl) 50-fold 50% 60% (24 hrs)
After the green (Cr(Ill))precipitate was renoved, the liquid was yell ow,
i ndi cat i yjo=0re13888i dual Cr(VI) presence. DTT 10-f ol dPBIAGS2@2AB139S hr s)

Changed col or gradually V\té%ien%glﬂlﬁgn&ﬁ&%ﬁ&ﬁaﬂgj yel | owbr owngr een dar k
y  Col or

green. Reduction indicate ange
RR agent Formulation Ingredients Positive Control Negative Control
10-fold molar 15.9 pl of 47.31 mg/ml 15.9 pl of 47.31 mg/ml | 0.144 M DEDTC (in
excess Cr(VI)* in 1.5 ml of Cr(VI)* in 1.5 ml of MEK MEK saturated
DEDTC 0.144 M DEDTC saturated water water)
50-fold molar 15.9 pl of 47.31 mg/ml 15.9 pl of 47.31 mg/ml | 0.722 M DEDTC (in
excess Cr(VI)* in 1.5 ml of Cr(VI)* in 1.5 ml of MEK MEK saturated
0.722 M DEDTC saturated water water)
10-fold molar 15.9 pl of 47.31 mg/ml 15.9 pl of 47.31 mg/ml 0.144 M DTT
excess Cr(VI)* in 1.5 ml of Cr(VI)* in 1.5 ml of MEK | (in MEK saturated
0.144 M DTT saturated water water)
o 50-fold molar 13.0 pl of 47.31 mg/ml 13.0 pl of 47.31 mg/ml 0.720 M DTT
excess Cr(VI)* in 1.5 ml of Cr(VI)* in 1.5 ml of MEK | (in MEK saturated
0.720 M DTT saturated water water)
10-fold molar 15.9 pl of 47.31 mg/ml 15.9 pl of 47.31 mg/ml 0.144 M dithionite
excess Cr(VI)* in 1.5 ml of Cr(VI)* in 1.5 ml of (in 10%
0.144 M dithionite 10% MEK/water MEK/water)
Dithionite
50-fold molar 15.9 pl of 47.31 mg/ml 15.9 pl of 47.31 mg/ml 0.720 M Dithionite
excess Cr(VI)* in 1.5 ml of Cr(VI)* in 1.5 ml of in (in 10%
0.720 M Dithionite 10% MEK/water MEK/water)

10

*47.31 mg/ml Cr(VI) was prepared by adding 288.0 mg Na;Cr,07¢2H,0 in 2 ml of HDPI water.

Results:

Figures 1 and 2 show the results of Cr(VI) reduction in DEDTC over time

up to 16 to 30 hours. Figures 3 and 4 show the results of Cr(VI) reduction in

DTT over time up 16 to 20 hours. Figures 5 and 6 show the results of Cr(VI)

reduction in Dithionite over time up to 20 hours. Table 4 details the final results

along with some observations as to the color changes associated with the

reactions.
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Sul f ur
seconds,

odor,

prone to oxidation

the col or changed from yel | owbr owngreen dark green.

Wthin 20-30 seconds,

Reducti on i ndi cated by

50-fold 99% 99+% (15 hrs) Wthin 15 to 20
Dithionite
10-fol d 9902000353948 hrs) The sol uti on becane browni sh periusep2onsds at el y.

Unfopfl 21 AR S 3N ObddfGebrsea! col o

Fold Excess Percent Reduction Observation Pro Con
RR agent | over Cr(VI) 1 15-24
minute hours
10-fold 20% 20% Green precipitate observed Reduction Strong “sulfur”
(18 hrs) immediately upon mixing, indicated by | odor, reaction
filtrate was still bright yellow | color change produce
after removing the precipitate,
DEDTC precipitate incomplete
50-fold 50% 60% After the green removal of
(24 hrs) (Cr(I1I)) precipitate was Cr(VI)
removed, the liquid was
yellow, indicating some
residual Cr(VI) presence.
10-fold 30% 99+ % Changed color gradually Reduction Sulfur odor,
(15 hrs) | within a couple minutes from | indicated by prone to
yellow->brown->green-> color change oxidation
DT dark green.
50-fold 99% 99+% Within 15 to 20 seconds, the
(15 hrs) color changed from
yellow->brown->green->
dark green.
10-fold 99% 100% The solution became Reduction Weak sulfur
(18 hrs) brownish yellow indicated by | odor, oxidizes
immediately. Within 20-30 color rapidly in
seconds, the color changed change, no solution
Dithionite gradually into a teal color. precipitation
50-fold 100% 100% The color turned to brown observed at
immediately, and then within the
a few seconds, the color beginning
turned to green/teal.
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change, no precipitation observed at the begi nning Weak sul fur odor,
oxidizes rapidly in solution 50-fold 100% 100% The col or turned to brown

I medi at eV 20evds53%en within a few seconds, the col or t@rcCma2e10/0g13een/t eal .
WO 2012/ JC%}%ERJ%%%T/ US2012/ 031398 Concl usi on: The results in Table 4
show t hat € reduci ng agents were effective in reducing Cr(Vl). Mre

i nt eresti ngl y, THelsiles i Table hpghdviriatste retlgelHg tagents wakd efagiveane
i ndi cated by col or change. The col or changfe associated with 5 Cr (V)

reduct i omedhugieg Co(MI)i Maratinteresiingbhbairesultsssiownthetisagaredudtionay to reduce
Oper at or SRS TS HGY EMREFEfon DR EORF COPIOF aSRciaten WEh not
ol 3 5000 PAREAuaRLs DBevERER AR EHELE SRR AR L e
show t hatredice @r(¥1Dfdroperatbes wasking withethieeCt(V¥)epaintioguor yoatgngsit t he
reduct] Orbpoefrat%rré \C/c’l:ll)l abgidct%remelsn?/tirio?lnme%% V\?hhe?\%e Cr(VI) reduction is not complete,

and they do not need to do any further testing to confirm the completeness of

the reduction.

10 Among the RR agents tested, the results show that DTT and Dithionite
was very effective in carrying out the reduction of Cr(VI) to completion as shown
by the IC results and the color changes. However, DEDTC was only able to
reduce Cr(VI) partially (about 20%) in the time allowed and dose provided.

However, the RR agent formulation needs to be further evaluated to

15  improve compatibility and the efficiency of the reducing reaction. For example,
the solubility of the chromate compound in the solvent needs to be improved.
Possibly, a chelating agent can be used to increase solubility of Cr(VI) by forming
a soluble “metal chelate” complex with the counter ion to the Cr(VI), such as Ba,
Sr and Ca.

20
Example 3

This example examined the effect of a chelating agent on the solubility of
SrCrO4 and on the reducing efficiency of the RR agents. The chelating agent
tested was ethylenediamine tetra-acetic acid,

25 (CH,COOH)>.NCH>CH.N(CH.COOH), (also called “EDTA”). The RR agents
tested were DTT and dithionite. NaOH was used to adjust the pH of the chelating

agent solution.

Procedure:
30 1. Prepared 0.1M EDTA: Added 10.4 ml MEK saturated HPDI water to 375mg
EDTA. Then, added 175ul of 10M NaOH to the mixture and mixed for about

15 minutes.
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by the IC results and the col or changes. However, DEDTC was only able to
reduce Cr(Vl) partially (about 20% in the tine allowed and dose provi ded.
However , Wbaomw@ent formul ation needs to be further evalliseeEd/ 5398

151 v, @' 'éoﬁdtuo‘??&’f% frf1't tra B E‘HTA g&&ﬁ%%%lfeac“ on. For

exanple A5 rona e’ conp n-the vent needs to be

i nproved. P@@r@LAEDm sbl@lnah) ngd@@@ﬁto ehof Oa I\mamrA of St@ﬁrﬁaﬁm Sahgbility of
Cr (V1) byformngas ‘metal chel at e” nplex with the counter ion to

the O (Vi), S€&y- Al §éch§r3C&'ﬁ’§ fewnd beb@%ﬁ%lv@d@""thrﬂ|3sfeé‘6<@|'ﬁ#lt63’exam ned the
ef fect of a(%glaﬁk@t P{%gb%ﬁ%”%}he Co?]%ﬂ'l}?hb'\}iéfb@fsoﬁﬁ?rgﬁerﬁ”d on the reducing

efficiency eI ating agent was et hyl enedi am ne

tetrasaceti Addition .of ZHT: CHﬁdENEb@&QR@H@DW%@EVeDS&C(@A/EDTA@ddIMn EDTA") .
The RR agents tested were DIT and dithionite was used to adjust the

pH of the cP@Patechtp sigB: Wdthin swndSeréBa@déltlom acoler tEpnsfeamationm EDTA:

Tom Nac It TR LE Orhl B8 R Bhae o Rark GrgeRfitGe 7o01cr

2012/ 135594(%€Ua?l3%é?érﬁﬁé%8ﬁ>r%rar@fmm @o’é@ésiltas&@ pr&uﬂé&éylm the 0.1M
EDTA sol ution of step 1 (SrCr04/EDTA solution): ded 6.0 m of 1M EDTA

of step 1 tmlrma:esw@ thedirgel colaribefrgodak greenfyue éanmza)t Dark gteesklulueed Wi t hin
a few m nutes, | ow sol ufi Wweth no visible solid
o eodht 5 vy BRINC g colan bt dioattodsn ré'('%ﬁ)eto the SrOr 04/ EDTA

sol uti on gpr

transforﬁgtRB&EISH of DithéiH 'I %é |2gr11g pﬂé\?\l tigg eenEah‘ﬁgr& 4?\%?6e
(aqua) . Thescﬂmuom.eWhtﬂmBotsmoatlsa,rmmotrapsmmaohamgad apivhoprioteeddd/ 5
mnutes with the final col or_ being dark green/bl ue qua Dark gr een/bl ue

10(aqua) beantplions: cYelloyy o &vee dDadk Green —é@r@en/ Blaa-entire

Cot ut i on. _viht i HBidEprseeSosted Mot 3 MBMssTud e ﬁa%‘aw% m%‘ﬁﬁ%& ceeded

as fqkl ows: Yell owG eenDark G eenG een/BlueBlue. The entire col or changing
process | asted about 3 mnutes with the final color being blue. 15
Concl usi @onclusion: The results show t hat the addi tion of the chel atl ng

250 hssi ot i 1 EaaHIER 51 (006 NecAORiioN BEEIECHTRING 6T BEITA, Mias éihi't.yng
helat i naCanAnE e BRE R0 Of SR NP S ?‘R?ﬂ%%kgﬁ%ﬁﬁt@%ﬁahﬁﬁmét onal

Mor e i mpaothantlass QrelSBd Ansiidrg thie shelating selevits swoh & EDPA@anddeanges, the
addi ti on of EDTA does not decrease the reducing efficiency of the RR agent.

I n adfi t iCORSIderasl a5 baldnide RR agents anskbthendhelafindegentae Thw addidomates
associ at ?\%dﬁ Eé‘ the EDTA solution might optional.

More importantly, based on the visual observation of color changes, the
addition of EDTA does not decrease the reducing efficiency of the RR agent. In
addition, the presence of EDTA does not affect the color changes associated with

25 the various stages of the Cr(VI) reduction. While not wishing to be bound by
theory, it is presently believed that Cr(III) complexes caused by the present
invention might have a blue/green color, and as more and more Cr(VI) was
reduced to Cr(III), the color slowly changed to blue/green color.

This discovery of the efficacious effect of chelating agents leads us to

30 theorize that other chelating agents would also be effective. It is also possible
that such chelating agents would enhance the solubility of other alkaline earth

salts of chromium(VI) and dichromate than just those of Sr, Mg, Ca, and Ba salts,

24



25 the various stages of the Cr(VI) reduction. Wile not wishing to be
bound by theory, it is presently believed that C(l111) conpl exes caused by
t he presawd20rviBs9%Hon m ght have a bl ue/green col or, an#Cagseoz®3wngl nore

col or T ESHEEURIGHohr ContGn (PLBCET 8T i PHSF SRRARERANT A fEE T cacs
us to 30 ExARples6r slthteffddivr chBRItiAL! a&n@Qﬁ@@dl‘Sg%é \ariaplebdegrbbeofi ve. |t

is also possible that such chel ating agents woul'd enhance the solubility of
ot her al lpaptonatieamiall kRawn te sudheampaurids, andnualigr andgibsalublaanetaliion t hose

Becr 04, ChelBS ERESHe, el RDISIRE) IR HILATR IO A G Hnegl (&

Exanmpkes f8|iov§iH5.h effective chelating agents, including the variabl e degrees
of protonationwell known to such conpounds, and water and oil sol uble

met al ion céelfminogarborplatasymostipeeferable bf eedticty #thifoudg, 7 INTAar e not
limted to the 5fol | owi ng:  Am nocarboxyl ates, nost preferable of denticity
4 through 7 (Nmilvilogriiagetic sicid, MEH 09 e, EQI&-RIBA-fdietheenatrigmise

(di (et hyl ene) t\f jam e N LN NS pentaacetic acid); oxalic acid and its
salts; 10 pyrg\{jh@gp%aWeEgn%%fsﬁ{é?gng’hexyl phosphoric acid and its salts),
phosphori ¢ aciglali@agddindeits gdigsphat es’  organo phosphonates of the formla
RPGBH2; organo phophinic acids of the fornmula R2PO2H, where R is any
conbilfiat i one ofpysdphdsphateg) di(2tathylheyyl phasphetieacidiend its sales) cplmegphoric

addi ti onal 15groups prpvided these groups do not adversely affect the netal
i on chel ati ng%éﬁgéﬂplqtﬁ? Bﬁostqt#@%%rrpound to conplex the metal ion

("chel ating,! i&%?)h%hgn%@ @ﬂhQQ‘oﬁﬂﬁfé%%Hf acids and their salts, for

exanple citric nic acid, tartaric acid, glycolic acid, pyruvic
aci d, ot heresiorgaso phopliaic auidb ofhtberfoRfakd RsPO,H, wherdlReisadmyve RR agents and
chel ati ng conpounds can be provided in liquid, solution or solid form

Furt her, they corbimionefcalkyle par adlkyiands ang EheylikeRegan aetairbadditiapald

prodycts and cJ ers. . or [ hat i f S le 4 This
examL){ e exam S W%Pf%é&qﬁgg‘é%‘?@s @é nég?ﬁv%rﬁgﬁ]agfeggﬁgﬁq%ggf SrCr04 and
on the reduci '@ﬁe%fciﬁlt\;ﬂ%a BBME}%f EHéecdﬁ%@\ﬂﬁ'Ecﬁcérﬁgféxacﬂé rAéetahiniERelatin
Procedure: 301. 0.1M EDTA Preparation: Added 15 m MEK saturated HPDI water
to 556. 3ng EDlgandhHen, added 270plof 10M NaOH to the mixture and mixed for
about 15 minutes. WD 2012/ 135594PCT/ US2012/ 031398 2. 0.3M DTI.: Added 281
DIT to 6.0nl GheRtipBLaresviis o€ S@Bﬂlgge'réﬂftﬁi Hﬂ@éémpﬁ]@ﬁ"%%gd”@ C ny "

SrCr04 to the T Lt ; 0 d i I C lLetel y.
ol or 1 anst ot e 8t ByBolcotiy By A& biher AiaP atfist ATRAACE Y-
whi chocan be isalter preted to suggest that SrCr04
The above RR agents and chelating compounds can be provided in liquid,
solution or solid form. Further, they can be added separately or pre-blended into

formulated products and cleaners, or any combination of these.

25 Example 4
This example examined further the effect of EDTA on the solubility of

SrCrO4 and on the reducing efficiency of the RR agents (DTT and dithionite).

Procedure:
30 1. 0.1M EDTA Preparation: Added 15 ml MEK saturated HPDI water to 556.3mg
EDTA. Then, added 270ul of 10M NaOH to the mixture and mixed for about

15 minutes.
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5needed to be dissolved first before reacting with the RR agent. 3. 0.3M
Dithionite: Added 291ng dithionite to 5.6nl 0. 1M EDTA and m xed for a few
m nut es. Wbheni2zzigsd 22. 7ng SrCr04. SrCr04 appeared to dip€salse@20813ps et el y.

Col t I 3,
per(rjlrapsr(l?)ﬁgibar%;-e—tl-:[O '&% ?éigmg?{_trhtlsgip ?Blrﬁ\g?tﬁgg‘ %ﬂ?ecté ?E[Tﬁévfhe
10di ssol vedmfistes) Th‘éﬁ'dd@letlrMG R@S@@lttoethérml'ﬁEDW\%%u@ees#@oao di ssol ve

first before reacting with the RR agent. Conclusion: The results (color
change) shoappéaied Bn)dtssolye\ﬁ@nnwlelfeheccmme tiamstorswdioni wias oslgratigbty lesst he

sol vent w thout  aff the L hg eff|C|enc of, the

3701 04 does'h tm@#&? d BRI b, MeBTRREtRh o TR B ReCrOs
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effectl';l ve fo‘?érgu |on §8IR/%J:I Vi; éf8 I?ta?gﬁ@\/\gfshpte% gﬁ"’é@m vi ew of the
acconpany. ng. 3M3Dcth|onntdt o@dldemhzgnng rcbuimcinmmtos."o 608 9. 1MEDEAX abd ynixed forhe
presence of EDTA,.  the 20 dissolution and the reduction of SrCr04 can be

done al nosta §WhmingERSouENSN addedrdd/me oreiCapl FLronappeared$pelissphscess.

Formol at P oneoBietRig e Tt ATs a8k K lesS i ihg Marshisidihie, g
SrCr04. The3t parhBRs @geaus:é Ve ERafplen3, Odumuémt@kea(cﬁéfd’ HireeW) dithitheni te. Sinilar

to the previous exanples, the anmount of the RR agent was about 10 x the
mol arl0anoundissdlves Cu\L),i \MhtlEhtEl inei presemtordenple abi rOn deaded te dissoleTiRstvas
about 5 x tQ nol ar armug? Btron iumin the primer powder. 30The priner
coating wasPEOFSFRAFtBEM! tl?(?B‘ num panel s by using a flat-sided
spatula into a plastic weigh boat. The scraped-off priner was mlled to a
fine powder (< 60 mesh) prior to use. The priner was M L-PFPF-233773 nade
WO 2012/ CimoR$ET/ US2012/ 031398 by Deft. Per the MSDS, and this prinmer
cont ai ned about 19% SrCr04. The al um num panel s were_ priner coated

al uni nuns cut e rerelte(eaterschanas) shawdhat E@E%%Mﬁﬁ‘n@ffe@lyﬁdﬁéhﬁﬁoélmg 0. 1M

NaCH 12 0g ST (it et P afectie e o e Elncl B e R aEA 0 Toom
NaOH, ‘and pH @i Sdod¥pdt e foabé prsidisisivadiif ETRDWhidtPnfikeyie a mild pH

formul ation. MEK was partially separated out initi al | y, and 10t herefore,
t he bot t Iferniation xé ihe presenl iventiosta simpdar, timeusaying) awl cast gffecdve t he

t f thioth DTT 0. 1M EDTA: Added 0.472
DTt ot 30mhlabien sor G e A, Sxpar Al o yie of the acteManSIdSdle oni o1 o
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20 dissolution and the reduction of SrCrO4 can be done almost simultaneously, or

most preferably, in a one-step process.

Example 5
This example examined the effect of the Cr(VI) reducing formulations,

25 using EDTA of 0.1 M, on the powdered primer containing SrCrO4. The two RR
agents were dithiothreitol (DTT) and dithionite. Similar to the previous
examples, the amount of the RR agent was about 10 x the molar amount of
Cr(VI) in the primer powder, and the amount of EDTA was about 5 x the molar
amount of strontium in the primer powder.

30 The primer coating was scraped off of five aluminum panels by using a
flat-sided spatula into a plastic weigh boat. The scraped-off primer was milled to

a fine powder (< 60 mesh) prior to use. The primer was MIL-PFPF-23377] made
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4. Added the DIT reducing agent solution (step 2), the dithionite reducing
agent solution (step 3), or the EDTA solution with no reduci ng agent
(control )WOa0e/B5%00 ng portion of the priner powder aceocrdisag2/sivhe

formul at Wﬁefgsﬁqﬂtﬁéo §§%| m@(’ ﬁ%ﬁriﬁﬁr ? né@%bgéggg%h Cz,?rrpl-m% for about 1

m nut e usi’ng oni c *t he —sanpl es for
about 10 aMmues paAEls dvare BrAndotbaied BREFIUMPAItho thediheh&idh of hand- 7.
Tunbl ed end-over-end for about 24 hours using a rotary inversion mxer at 1
25t 0 1.5 sizgdiaosippes. second. 8. Centrifuged the sanples at about 2500 rpm
for 15 mnutes to separate the mxtures into solid/liquid phases. 9.
Filtered the liquid phases using a 0.2 pm PTFE nenbrane, and then
transtermpgeddipef il trate into a separate vial. 3010. Rinsed the solid
materirals tw ce using 550 pl HPDI water for each rinse. Centrifuged the
resul tind.l 0dM BDTAndMixedt376€05 grEDTA,qu00dml Mﬁimsatarhted HAD watgui ahd WO
2012/ 135594PCT/ US2012/031398 rinse into the liquid phases of ste

Anal yzed t h@-S1pg¢ UaQHat@6§tr(eélf§63@%H'q %B%Eﬁpeﬂ?@f'ﬁﬂk%}'um had t()h]é)qplvt system

'n o - 35c vaP TN BA2kFOROR, 2hheP e NI bl P BRI Ty "

Cr (V1) usi ngrovitd é)fmltéq?lﬂCfﬁﬁh@l@tl@lﬁ'hwE&&Ia@fﬁa@mhyl\ééibar@é%dt%l@éﬁy gpichod wi th

the level of quantification being 0.0030 pg. Visual observations of color
changé are terefdore,thEdisitde gvasTalxed tbordughAgmt priot k0 BB 80 fasitanpravenins
Sanpl es Priﬁw%rse(p%?gtio%RoPﬁ%Rt. Sol vent Comment Control 1 100.1 Primer only
2. 0.3M Dithiothreitol (DTT) in 0.1M EDTA: Added 0.472g DTT to 10.0ml of
0.1M EDTA prepared in step 1.
3. 0.3M dithionite in 0.1M EDTA: Added 0.5215g dithionite to 10.0ml of 0.1M

15 EDTA prepared in step 1.

4. Added the DTT reducing agent solution (step 2), the dithionite reducing agent
solution (step 3), or the EDTA solution with no reducing agent (control) to a ~
100 mg portion of the primer powder according to the formulations as
provided in Table 5.
20 5. Vortexed the samples for about 1 minute using a Thermolyne Maxi Mix II
vortex.
6. Sonicated the samples for about 10 minutes using a Branson ultrasonic bath,
Model 5510.
7. Tumbled end-over-end for about 24 hours using a rotary inversion mixer at 1
25 to 1.5 cycles per second.
8. Centrifuged the samples at about 2500 rpm for 15 minutes to separate the
mixtures into solid/liquid phases.
9. Filtered the liquid phases using a 0.2 pm PTFE membrane, and then
transferred the filtrate into a separate vial.
30 10.Rinsed the solid materials twice using 550 pl HPDI water for each rinse.

Centrifuged the resulting liquid, and filtered the liquid. Then, added the liquid
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Control 2 100.1 4.9nil 0. 1M EDTA Prinmer + 0.1M EDTA (no RA) DIT 100.5 0. 3M

DTT 4.9nl 0. 1M EDTA Priner + DTT in EDTA Dithionite 100.3 0.3M Dithionite

4.9mL 0. IWORDIRA3FE%H mer

yel I ow Bri géliparRatadvs) using the IC system of Example 2.

11.Dried the rinsed solid materials by nitrogen evaporation in a 35°C water bath.

+ Dithionite in EDTA 10 Tabl e 6PCTaiSor12@B368 vat i on

At ter <3 nout 0o e fauid iFsts SEaFREE, ERAR-Afs NAlhaskaerto kAl ™

Analyzed the solid material (Solid Composite) for Cr(VI) using an Ion

5 Chromatography system and Mod. OSHA ID-215 method with the level of
quantification being 0.0030 ug. Visual observations of color change are noted
in Table 6.
Table 5. RR Agent with EDTA formulations
Primer
Samples RR agent Solvent Comment
(mg)
Control 1 100.1 | mmmememeeem | e Primer only
Primer + 0.1M EDTA
Control 2 100.1 | —mememeee- 4.9ml 0.1M EDTA
(no RA)
DTT 100.5 0.3M DTT 4.9ml 0.1M EDTA Primer + DTT in EDTA
0.3M Primer + Dithionite in
Dithionite 100.3 4.9ml 0.1M EDTA
Dithionite EDTA

10

Table 6. Color Observation of the Formulations in Table 5

Upon addition of After~3 hours of
Samples After~24 hours of tumbling
liquid to primer tumbling
Liquid: Bright yellow
Control 2 Bright yellow Bright yellow
Solid Yellow
Bright yellow > Liquid Dark green/blue
DTT Dark green
brown (within 1 min) Solid Light blue/gray
Dithionit Bright yellow > Dark blue/ | Liquid Purple
ithionite ark blue/purple "
purple (within 1 min) purp Solid Slightly yellow
Results:

Initial IC analysis of the supernatants showed that no chromate was

15  present, indicating complete reduction of chromate in the primer powder. The

resulting supernatants were then diluted and spiked with a Cr(VI) standard

solution to a concentration of about 500ppm Cr(VI). When these samples were

assayed, Cr(VI) was observed in the IC analysis of the spiked supernatants, but
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Li quid: Bright yellow

Solid Yellow DTT Bright yellow 4 browmn (within 1

mn) Dark green Liquid Dark green/bl ue
Bri ght yeWbawm23pisapl e (within 1 min) Dark bl ue/ purpl e PCgaisdoiRosphe

at much lower levels than what would be expected for 500ppm Cr(VI). So it was

10

15

20

25

Solid Light blue/gray Dithionite

theorized that the RA solutions likely still have additional reduction capabilities

even after reacting with the Cr(VI) in the powdered primer, which was expected

because the RR agent was present in 10 x molar excess to Cr(VI) in the primer

powder.

Table 7 shows the results of the IC analysis for the supernatants and the

solid composites of the samples respectively.

Table 7—Solid Composite Analysis

Amt, Amt. Total Amt. %SrCrQ, | Extraction
% %Cr(VI) in
Samples Cr(VI) in Cr(VI) in of Cr(VI)* in Efficiency
reduced Primer*
solid (mg) | liquid (mg) (mg) primer (%)
Control 1 3.90 NA 3.90 NA 4.5 176 | -
Control 2 0.680 3.48 4.16 NA | = | - 84
DTT 0.00078 < 0.006 <0.00678 | >99.8 | = - | = | e
Dithionite 0.600 < 0.006 < 0.606 845 | - | e e
*The primer contained 17.6% SrCrO, as determined from the IC analysis.
Conclusion:

The results from Table 7 show that DTT was the most effective in

reducing Cr(VI) in the primer while dithionite was still effective. This result is

consistent with the color changes listed in Table 6, demonstrating that the color

changes can be a signpost for the effectiveness of the Cr(VI) reduction (see

Table 6). All systems reacted fast enough to be commercially applicable for

processes such as surface finishing of aircraft coatings, painted ship surfaces,

part surfaces, and other similar operations.

In this example, dithionite did not reduce all Cr(VI) in the primer, but the

incomplete reduction might be attributable to the fact that the extraction

efficiency of the EDTA/solvent solution was only about 84%. Even though the

Cr(VI) was not completely reduced, the leftover dithionite solution still had

significant reducing capability as shown by the spiking test of the resultant

supernatants. It was possible that the Cr’*ions generated by the reduction of

Cr®* competed with Sr?* ions for EDTA (the chelating agent) in forming

complexes, thereby limiting the chelating agent’s ability to completely extract (or
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Solid Slightly yellow Results: Initial 1C analysis of the supernatants
showed that no chromate was 15 present, indicating conplete reduction of
chr omat e WO 202138594 mer powder. The resul ting supernat anP€TWSe@ 2081308 di | ut ed

and spik ' ( Mt 10 t] A out
500ppm Cr m\}e')]ﬁ%%“thr\%@eﬁ%mﬁég wﬂ@%ée{s@g;g'a&a@@F?bm&gsdrg%soﬁ%@ in the
| C anal yfﬁlﬁrﬁobeihg%cﬁ@tlhétérwm priceBs are Badommitéhded to facilitate sufficient

2012/ 135594PCT/ US2012/ 031398 at much | ower |evel s than what woul d be
expect ed exbacEo pp enaple\ull rediaction afesr(Yhewshen dithionite arrashensisdlant i ons
likely still have additi ogsé (rg@duct on capabilities even after reacting
with the @FPAUNDS are feed gadhe BR 998N8y | which was expected because the RR

agent -was pre [ r ; hRat ' owder .
Tobl 67 shows e csd B thd DT reBHERGSolio ttdias RIc!tBeBledERVN POIee e

sol i d compogilé¢tely. oThé hesultzgbbesthae Eidctanesgist thalsbhent BoextadmgpOvi e
Anal ysis Sanples Amt. C(VlI) in solid ( in liquid (ng) Total

Y ot Grenihe prife comtinescudl i adudin B Grany to cr(ih).
Further, the post-spiking test results show that additional Cr(VI)
reductions were found for both DTT and Dithionite supernatants after reacting
10 with Cr(VI) in the primer coating. This demonstrates that the true capacities of

the formulations in this example are greater than what had been shown.

Example 6
This example evaluated the ability of the RR agentsina 0.2 M EDTA

15  solution to penetrate and reduce Cr(VI) in primer coated aluminum alloy panels.
The primer panel was a coupon-size aluminum substrate with an unaged (newly
deposited) primer coating, and the primer coating was MIL-PRF-23377] primer
coating. The tested RR agents were dithiothreitol (DTT) and dithionite. No IC
analysis was done on the panels.

20
Procedure:

1. 0.2 M EDTA Solution: Added 15.0491 g EDTA and 2.0082 g NaOH to 150 ml
25% IPA in HPDI water. Stirred for ~18 hours to dissolve EDTA, and then
diluted it to 200 ml with 25% IPA/HPDI water. The resulting mixture had a
25 pH of about 8.5.
2. 0.5 M DTT Solution: Added 2.3374 g DTT to 30 ml of the 0.2 M EDTA

solution.
3. 0.5 M Dithionite Solution: Added 2.6122 g Dithionite to 30 ml of 0.2 M EDTA
of step 1.

30 4. Placed 2" x 2" aluminum panels coated with Cr(VI) primer into individual petri
dishes, and then applied either 2.2 ml of the 0.5M DTT solution or 2.2 ml of
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%rCr04 in primer Extraction Efficiency (0/0) Control 1 3.90 NA 3.90 NA 4.5
17.6 Control 2 0.680 3.48 4.16 NA 84 DIT 0.00078 < 0.006 < 0.00678 >
99. 8 WO 2012/135594 PCT/US2012/031398

0.5M Dithionite solution directly onto the primer coating on the aluminum
panels.
5. Covered the petri dishes and allowed to sit for~24 hours.
6. Removed the supernatants from the petri dishes.
5 7. Rinsed the aluminum panels twice with 900 pl of HPDI water for each rinse,

and then dried the rinsed panels.

Results:

For DTT, some color changes were observed for the supernatant,

10 indicating that DTT reduced some Cr(VI). However, the primer coating was still
intact with the original yellow color after soaking the panel for about 24 hours in
the DTT solution. While not wishing to be bound by theory, it is presently
believed that DTT was only able to reduce Cr(VI) on the surface of the primer
and was not able to penetrate the primer coating. Much longer soaking time

15 and/or increased soaking temperatures can be used to speed diffusion so that
more complete Cr(VI) reduction can be achieved.

For dithionite, no color change was observed. However, a significant
amount of precipitation was observed, indicating that Cr(VI) might have been
reduced and then precipitated as the sulfide, such as a solid precipitate of

20 formula Cr,S3 or the like. It is well known in the art that solutions of dithionite
and related thio-based solutions are unstable and slowly decompose to elemental
sulfur and other products over periods of days and weeks. This does not prevent
the use of these compounds for the present invention, though it does suggest
that the preferred formulation be a solid form if thio compounds are to be used.

25  Of course, the non-thio AA agents can be used.

Further, the primer coating also appeared to be unchanged, suggesting
that dithionite in water was unable to penetrate the primer coating.

Other RR agents, increasing concentration of chelating agents, or other
additives should be evaluated to increase the penetration into the primer coating.

30 For example, to penetrate such primer and topcoat coatings, the RR agent(s) and
chelating agent(s) can be formulated with oil-penetrating liquids, or such

coatings can be loosened first by scribing, ultrasonic, thermally, gas absorption,
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Dithionite 0.600 < 0.006 < 0.606 84.5 10*The primer contained 17.6%
SrCr04 as determned fromthe |1 C analysis. Conclusion: The results from
Table 7 S\MOWOIZVna559DTT was the nost effective in reduci n@CCUSWIR/081398 he

ff ' i st ent
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changes %@@nﬁﬁ o oth@aRhitivdsotart fiso Bbfigetitsanaeas@thd penéiratidn m't@@h@t ion
(see Table 6). Al systens reacted fast enough to be commerci al b%tﬁ

i ngs,

appl i cabIp@mnerrcq@tlages@bsolsblemrﬁatmgti’rmeea‘getmtsmmgemseduwmh ail so
pai nt ed s@ﬂ?@ surf&.'ces IEa_rt sur aces and other simlar operations. 20In
this exa CHMPIEXHIAGEHES r educe all Cr(M) in the priner, but the

i nconp Ietereqlprlﬁg t Ri I e ction
efficrency of ebQE%Tﬁ}/a X\y‘e)cﬁ?lﬁgo tiggﬁ\fggrdgnlbh %@%m"dgﬂ@?dﬁé@ orﬁgh t he
Cr (V1) waperoxite agrplicdisé )examﬂ)lesemf vetrtnemadalfmoleeulemetjhcmglawnsg)that|coaldst| |
had significant reduci ng capabil as shown by the spiking test of the
resul tantbezer@Ul%@(ﬂan@Fﬁréb'YI W'twnﬁtﬁégn%ﬂé'qsrﬁﬂd Qile tQ)p@ﬂ@HQt%@Pe@Qﬁt%d by

t he redu%]tn 3%{3% Cr6+ conpeted with Sr2+ ions for EDTA (the chel ating
agent) Fj g? conpl exes, thereby limting the chelating agent's ability
to conpletely extract (or V\D 2012/ 135594PCT/ US2012/ 031398 di ssol ve) SrCr04
fromthe prinmer. A higher concentration of EDTA or additional EDTA being
addedOl atexaniple ¥he process are recomTended to facilitate sufficient

i1 ar compodUeoaPo@ GReq Hes REECERES: b6 PRI NAL taBAsron RE By
reduci ng (ﬁ'(\yﬁtiﬁ@?@rdc;t. was able to reduce Cr (V1)

Procedure:

15 0.2 M EDTA was prepared as shown in Example 6. 0.3M sodium ascorbate
in 0.2 M EDTA (ascorbate/EDTA solution) was prepared by adding 0.2985 g
sodium ascorbate to 5.0 ml of 0.2 M EDTA and sonicating for 2 minutes. Sodium
ascorbate dissolved completely to produce a colorless clear solution with a pH of
about 8.5. No additional NaOH was used.

20 Added the resulting ascorbate/EDTA solution to 22.9 mg of pure SrCrO,
powder. The ascorbate/EDTA solution contained about 10x molar excess of
ascorbate and EDTA to the amount of Cr(VI) and Sr(II) respectively.

All SrCrO4 power was dissolved. Color changes were observed within two
minutes:

25 Bright yellow = green - dark green - emerald green

After about 24 hours, the solution was brown/purple.

Conclusion:
The color observation shows that sodium ascorbate was very effective in
30 reducing Cr(VI) in SrCrO4. More studies are needed to evaluate the reducing

efficiency of sodium ascorbate over time. It is interesting to note that ascorbate
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conpletely. The results show that DIT can assist the solvent in extracting
Cr(VI) fromthe priner coating as well as the reduction of C(Vl) to
Cr(l11). Wonpassssthe post-spiking test results show t h&CTasAdd2iodrsag Cr (V1)

Feact i ng o it 4 Khgting Bhchih e Mo, B BIEMALE L < ne
true capagbiiteh®dubhRincBomeF ®kirgan RR ddurt andadBh@atin@ agesat er than what
had been shown. Exanple 6 This exanple evaluated the ability of the RR

agents in a 0.2 MEDTA 15 solution to penetrate and reduce Cr(Vl) in
pri mer C%jt ed!aggum' num al | oy panels. The prinmer panel was a coupon-size
al um num te with an unaged (newly deposited) prinmer coating, and the

primeg coatin P i [ i S were
G i 6t b of o EE B v ke i BeRleregol B BB Ry 2 ol
20 Pr ocedhbe elissdlved.@ (W) EVEALtISw. uThe megativie doritrol(4 91144 MO¥ONiwnd 2. 0082 ¢

NaOH to 150 ml 25% 1| PA_ in HPD water. St(i)rred for -18 hours to dissol ve
EDTA, and@seprdate; the positiye Gonsi@l is; 1.60mbabYniPAlHRR spied with b 2meepl  The

23374 o GRSk SSROEpERHBh, “Rebadtcd g i Lot A SN o e
Sol ut i Onf'soﬁidlfﬁ?@ic?lr@iaal?e gihbtfdte ¢NBI&,092800y] of 0.2 M EDTA of step 1. 304.
Placed 2" x 2" alum num panels coated with C(VI) primer into individual
D I of W 2012 1335 9ARCT] USRI o1 031338 O oM DI Chi ont Lo sorut on

: 0 . : ionite solution
di rect | y SSRED 'PHEMRAMRER eﬁ?ﬁ ﬂéeé%)rhe al uni num panels. 5. Covered the

petri dishes and allowed to sit for-24 hours. 6. Renobved the supernatants
fromthe petri dishes. 5 7. Rinsed the alum num panels twice with 900 pl of
HPDI wat é@rodaglureach rinse, and then dried the rinsed panels. Results: For
DTlI, sone col or _changes were observed for the _supernatant, 10indicating

that DTT redudedr(¥bhetock solufion pwgeRiaparedhBrssy iTherRR ggenhush sisssodiym
15  ascorbate) was dissolved in the appropriate solvent, and then an appropriate
amount of the Cr(VI) stock solution was added just prior to injection into the Ion
Chromatography (IC) system (within approximately 1 minute). Sequential
injections were made by the IC system at regular intervals over a period of about
16 hours to evaluate reduction efficiency of sodium ascorbate over time.
20
1. Cr(VI) stock solution: Dissolved 0.7475 g sodium dichromate dihydrate in 4.7
ml HPDI water to produce 52 mg/ml Cr(VI) stock. Diluted 192 pl of the 52
mg/ml Cr(VI) stock solution with 808 ul HPDI water to obtain 9.98 mg/ml
Cr(VI) stock. 500 ppm Cr(VI) was prepared from this 9.98 mg/ml Cr(VI)
25 stock by dissolving 50 pl Cr(VI) stock in 950 ul HPDI water.

2. 0.144 M sodium ascorbate: Dissolved 0.1441 g sodium ascorbate in 5.0 ml

25% IPA/HPDI water. A portion of this solution was used as a negative
control. The other portion was spiked with the Cr(VI) stock as shown below.
3. Ascorbate/Cr(VI) solution: To 1.5 ml of 0.144 M sodium ascorbate, added
30 14.4 pl of 52 mg/ml Cr(VI) stock and vortexed for about 10 seconds by using

a Thermolyne Maxi Mix II vortex mixer.

33



intact with the original yellow color after soaking the panel for about 24
hours in the DIT solution. Wile not wishing to be bound by theory, it is
pr esent | yWwbebizxmeid4t hat DTT was only able to reduce Cr (YOX/useomiea13ssir f ace
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dithionite, no color change was observed. However, a significant anmount of
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deconpose to elenental sulfur and other products over periods of days and
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i nvention, though it does suggest that the preferred fornulation be a solid
formif tﬁﬂswt%:onpounds are to be used. 25 O course, the non-thio AA agents
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ol ecul e pipgeAt bdorrgents that could be fornulated, preferably with
penetrating fluids and oils, to penetrate top coats and priners. 10 Exanpl e

7 Thi s exanpl e eval uated the effectiveness of sodi um ascorbate on
reduci ng CréVI!s Ei n SrCr04. Procedure: 150.2 M EDTA was prepared as shown in
Exanpl e &Xdg sodi um ascorbate in 0.2 M EDTA (ascorbat e/ EDTA sol uti on)

was prepar ed blﬁhfegéri%'?ﬂﬂe%vg%ﬁe ttﬁéﬁé’f‘féﬁﬂv%ﬁ%% Biaécgjliﬁr?i rﬁr\;}e% s;%iFé)i B EDTA

and soni cating m nut es. Sodi um ascor bat e ssol conpletely to
prodaoe M EDTA dressducirepCr(¥0) imt $rgrOwi th a pH of about 8.5. No additi onal
NaCH was used. 20Added the resulting ascorbate/ EDTA solution to 22.9 ng of
pure SrCr04 powder. The ascorbat e/ EDTA sol uti on contai ned about 10x nol ar
excess ofP$ %Rjrrg_ate and EDTA to the amount of Cr(VlI) and Sr(ll)

respecti Ve ‘?ﬁ ' Al'l SrCr04 power was dissol ved. Col or changes were

e ot ST MEDTRASerRES bSShoUR B pREE U R SERITE o ¢ o cor

hypophosphite in 0.2 M EDTA (hypophosphite/EDTA solution) was prepared by

25 adding 0.1599 g sodium hypophosphite to 5.0 ml of 0.2 M EDTA and sonicating
for 2 minutes. Sodium hypophosphite dissolved completely to produce a
colorless clear solution with a pH of about 8.5.

Added the resulting hypophosphite/EDTA solution to 21.2 mg of pure

SrCrO4 powder. The hypophosphite/EDTA solution contained about 10x molar

30 excess of hypophosphite and EDTA to the amount of Cr(VI) and Sr(II)

respectively.
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The col or observation shows that sodium ascorbate was very effective in 30
reducing Cr(VlI) in SrCr04. Mre studies are needed to eval uate the reducing
ef fi ci encwoab12¢13859%4m ascorbate over tine. It is interesPChg/Sea208t308t hat
ascor bat V\? 2012/ 135594PCT/ US2012/ 031398 al so acted as a chel ati ng agent
in the pr e§ T exanpl e, and thus ascorbate can provide the dual function of

bei ng an RR aggidrCOgpawasevat digoR@antNo ExlarBhande waslobsexaftee eval uat ed
the effectiveness of sodi um ascorbate on reducing the dissolved Cr(VlI) over

time. Th@bﬁagaﬂuhwrtondlcatung ghat. fwmphosniutmaﬁ &Kﬁuﬂatade/yas net posffective
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Cr (V1) stimpkoweohygophiosphite’s regativicd towasd Cr(Vig  RRe dgeating sfipH camverddi um 15
ascorbati was di ssolved in the appropriate solvent, and then an

appr opr i &MeVRAuferQsf, ionkhednuch maredaressivaly (Rpcing bi@l'@f@ﬁ“ﬁlmé‘ﬂ)rj@n:or to

i njecti Orf—gd o the lon Chromatography (1C) system (within approximtely 1

m nute). e%énti al injections were made by the I C system at regul ar
intervals over a period of about 16 hours to evaluate reduction efficiency
of sodium ascorbate over tinme. 20 1. C(VlI) stock solution: D ssol ved

0. 7478 ¢ Exadiplenl@i chromate di hydrate in 4.7 ml HPDI water to produce 52

wth 805 piHIBE Starate SyBliglel oSl fasconon relasr@bOR AT (1)

was prep ck by dissolving 50 pl Cr(VI)
st ock in%@gr(MPﬁP%)Ph@an?aét%?Cdﬁéﬁ %A%ésgéiﬁﬁﬁpascor bate: Dissolved 0.1441 g
sodi um ascor bathe primér Wasglsciped! FFAOHNEE (Sladlamindmpmartelofcoapohisize) sol uti on
was used as a negative control. The other portion was spiked with the

o (V) stishg adakrided spafaandvasealisckng @/t@a(m@stlcswmhlbﬂat fdermar of

0.14 and

vort dred Par BRI GPRE 2R LS Bythie DoB TR RS Ik Bag Miich Br s ox

m Xer. F&dRalehp 1995 SHCNR2 Oftrd ﬁﬂn%%va% milleg tBesfihé pewelePpFil tdVase.a
portion of the solvent (25% | PA/ water) with no RR agent that was

spi ked iffher@rttmiruvasethaemxayetof@ruaetomdhﬂdwwm| on in step 3. 5. The
sanples were tested for Cr(VlI) by using the I C system described in 5Exanpl e
2. Results: The ascorbate/ Cr(VlI) solution changed color fromyellow
to greenphpRfliiately. After sitting the solution overnight, the color
becane brown.

20 1. 0.2 M EDTA was prepared as shown in Example 6.

2. 0.3 M sodium ascorbate in 0.2 M EDTA (ascorbate/EDTA solution) was
prepared by adding 0.2994 g sodium ascorbate to 5.0 ml of 0.2 M EDTA and
sonicating for 2 minutes.

3. Added 3.9 ml of the resulting ascorbate/EDTA solution to about 80.5 mg of

25 the milled primer powder. The ascorbate/EDTA solution contained about 10x
molar excess ascorbate and EDTA to the amount of Cr(VI) and Sr(II)
respectively.

4. Vortexed the samples for about 1 minute using a Thermolyne Maxi Mix 11
vortex mixer.

30 5. Sonicated the samples for about 10 minutes using a Branson ultrasonic bath,
model 5510.
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10The anal ytical results show that about 70% of Cr(VlI) was reduced before
the first injection into the IC system (less than 1 mnute). At about 0.6
hour s af twozaﬁadismjm he Cr(VI) to the ascorbate sol uti onPCI3ER@2OM3P8 was
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sol ution. Fwiig;etfydetsl*péi seobnd.i on did not produce any undesi rabl e pungent

odor. Exanpl e The exanpl e eval uated the effectiveness of
sodi um hypoﬁml;ﬁlugecbthewsamnlestat rbewr A5eh rpredacil hgnioutas to sepasatertbe.
Procedur e: ?t M EDTA repared as shown in Exanple 6. 0.3M sodi um
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25 adding O fi TA and
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produce a cobosfeasd the ghass itota sepamltefmaj pH of about 8. 5. Added t he
resultin hﬁpophosphl t e/ EDTA solution to m_f pure SrCr04 powder. The
hypophos%n' wsethihe selid,maber '@éﬁWl&ﬁd&h"%ﬂ@@ﬂJ' M(B’P rWﬁtQF fageashdiss. of

DRSPS oL s B T g0

di ssol ved. fesedahey tHhRiEE phaseLosSeps! AhdloredBRUqud Ighﬁyé§(alsd1@all‘e@|“ ng
t hat hypophosphite as formul ated was not an effective RR agent for Cr(Vl).

LowerlOpH t osufiesnatapty) using dre Ihsystpmreft Exagnelephosphite 5 ester chel ating
t 272 b nb hel
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Cr (Vi 7 ] VI
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ascor bat e tﬁhlrcmnhtogrdm'W\Ay)stdm aﬁd(Md)cﬂ)OSIdA IDF2M3 jmdthoch wdthr theeleeelagint ai ni ng

primer powder. mer was _scraped off of five (5) al um num panel s

pri
(coupon si z@l)'arltﬁclcﬁgo'ébﬁ!rhl()@pa@digspatul a and was collected into a plastic
wei gq boat. The primer 15 coating was M L-PRF-233773 nade by DEFT (1D No.
01-Y- 540) whi ch contains approxi mtely 19% SrCr04. The priner was ml |l ed

to a fine poyhtesl PWagra hmedslsnmihg of@BF With W&Solliien Bdyedr €optrapRiwgds 1n 0.2
M EDTA. Procedure: 20 DTA was prepared as shown in Exanple 6. 2.

0.3 M sodi milledsyimenpewier with the DT M EBI Asabutiary &bderl Gweithautany RRs pr epar ed

by addi n%gg. 5994 g sodium ascorbate to 5.0 m of 0.2 M EDTA and sonicating
for 2 m BY: 3. Added 3.9 ml of the resulting ascorbate/ EDTA solution to
about 80.5 ng of

20 Results:

The color of the control solutions remained bright yellow, while the
ascorbate solution changed from yellow to green upon addition, and then to blue
green after half hour. After 24 hours, the control solutions remained yellow, the
supernatant of the ascorbate sample changed to dark brown. The solid remains

25 of the ascorbate sample after 24 hours showed a white/tan color, which was the
same as that of the controls.

The color changes indicate that ascorbate was very effective at reducing
Cr(VI) to Cr(III) in the primer powder. In fact, it was as effective as that of DTT
or that of dithionite (as shown in Example 6) without producing any undesirable

30 odor, such as sulfur odor.
The results from the color change were confirmed by the analytical results

for the solid composites in Table 8. Further, the results in Table 8 show that a
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25the mlled prinmer powder. The ascorbate/ EDTA sol ution contai ned about 10x
nol ar excess ascorbate and EDTA to the anmobunt of Cr(VlI) and Sr(Il)
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dithijgnite (as shown in Exanple 6) w thout producing any undesirable
30o0dor, such as sul fur odor. The results fromthe col or change were
confir medCdmglustom: anal ytical results for the soI id composites in Table 8.

Further, the results in Table 8 show that a
2012/ 135594Pdﬁé§2b%2t63’1%@ OH%NaW@HEFO'@F emr)geé@ndamq eyl sesltsy was

achi eved 4 heEXCess
of EDTA v%%gr%unlsﬁe/%té Wle}g%ﬁ%btalt@ "Eﬁl ng ?gfégé\%oounégﬂ% rﬁﬁg ?@tlﬂg pr esent |y
bel i eved prinadr jdveddr wittlesut producing any undesirable odor. Such odors might

15  become hazardous to works if present in an open shop operation. Therefore,

non-odorous ascorbate formulation might have broader applications than thio-
based formulations tested in the previous examples.

In addition, while not wishing to be bound by theory, it is presently
believed that the higher concentration of EDTA in this formulation (0.2 M) as

20 compared to 0.1 M EDTA used in Example 6 led to the increase in extraction
efficiency.

More importantly, the distinct color change associated with the Cr(VI)
reduction using the present formulation can be an easy tool to use to identify the
completion of the Cr(VI) reduction without any further time consuming,

25  potentially costly testing. Further, this color indication can reduce the operators’

exposure to Cr(VI) dusts.
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concentration of EDTAin this fornmulation (0.2 M as conpared to 0.1 M EDTA
S5used in Exanple 6 led to the increase in extraction efficiency. Table
8-Sol i d CGyoporVt3ssvAnal ysis Sanples Amt. Cr(VI) in solidPCwg)S200210313@¢8 (V1) in
l'iquid (rf&}am %% Ant. of Cr(VI)* (ng) ok reduced WCr(VI) in Primer*

%r Cro4 i Extraction Efficiency (0/0) Control 1 2700 NA

This example evaluated the ability of various carriers to swell, delaminate,
and/or digest the primer coating. The aluminum panels (in coupon size) were
low carbon aluminum coated with MIL-PRF-23377] Deft chromated primer

5  without topcoat.

Procedure:
1. Each solvent/stripper as listed in Table 9 was placed into a petri dish. One
panel was placed in the petri dish so that it was covered by the respective
10 solvent/stripper. Then, the petri dishes were covered, and the panels were
allowed to sit in the solvent/stripper overnight. No RR agent was used.
Observations were made as to the effectiveness of each solvent/stripper to
swell, delaminate, and/or digest the primer coating on the panel.
Lift Off® is a commercial paint stripper with its main ingredients being kept
15 as trade secret, containing < 10% acetone. Goo Gone® Pro Power includes
petroleum distillates, citrus extracts, and tripropylene glycol methyl ether.
GOJO Orange Pumice includes petroleum distillates, propylene glycol, and D-

limonene. Both Goo Gone® and GOJO are terpene-based cleaners.

20
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3.90 NA 5.1 20.1 Control
0.014 > 99.6
| C anal yswe.2012/13839%1 ) was not detected in this sanple.
0.5 ppmfor this netho L Of s &Hm ot h vi sual

observation of color Cﬁléaﬂ%l%g%%&'lmﬁ;ﬁapﬁelrc +H' esu (g denonstrate that

ascor bat| e sen@nv/Stiipgdrf gct | ve aeséiystioh ng Cr (V1) to Crdbsetvation the prir
powder W i i . : '
ure solven No réaction
50:50 MEK/Toluene Pure solvent mixture No reaction

10

2 56 3.542 3.60 NA
*The prinmer contained 19.13% SrCr04 as determ ned fromthe
PETASRI10/0313P811 t  was

98.4 Ascorbate 2 < 0.012** <

rer

Benzyl Alcohol
(BnOH)

Pure solvent

Delamination around edges of the

panel (about 5%)

PolyGone 310-AG

Polysulfide digester

No reaction

Diglyme

Bis(2-methoxyethyl) ether

No reaction

N-methyl
pyrrolidinone (NMP)

Pure solvent

Delamination around edges of the
panel (about 10%)

Commercially available paint

Full delamination (100%). Some rusts

Lift Off®* _
stripper observed on substrate.
Commercially available cleaner,
Goo Gone® Pro Power | degreaser, and adhesive No reaction
remover—orange terpine based
_ Commercially-available hand _
GOJO Orange Pumice No reaction

cleaner—orange terpine based

Formic Acid

Pure HCOOH, pH~1-2

Coating bubbled and delaminated
completely within 20 seconds. Color
changed from yellow to brown. No
immediate rust formation on substrate

within a couple minutes.

Acidified Benzyl
Alcohol

~6% Formic acid in BhOH

Full delamination (100%) with no
change in primer color and no rust

formation on the substrate

Alkaline Benzyl
Alcohol

~8% Diethylamine in BnOH

No reaction

*Lift Off® was manufactured by Motsenbocker’s. It is an aqueous-based, biodegradable paint remover made

to strip spray paint, primer etc.

2. Added each of the RR agent (sodium ascorbate and DTT) solutions to the

delaminated primer film from the formic acid (HCOOH) test:

a. Placed the delaminated primer coating from the formic acid test into

two separate vials.

b. Added a few ml of HCOOH, a few ml of sodium ascorbate, and about 1

ml of 0.2 M EDTA into one vial. Allowed to sit overnight. After about
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15 becone hazardous to works if present in an open shop operation.
Theref ore, non-odorous ascorbate formul ati on m ght have broader
appl i cat iwa0tdassohi obased formul ati ons tested in the pCEWXSeU3/08398 | es.

| ddi tion, whi e PR I
bl eved that ¢ n® REGE hE SHEE o e BupiplaceneRaedo o' dubR A BRH 2. 2
as 20 conpared tgddsolidMhaRgéd ¢6 edgriapiskcamr. e 6 led to the increase in

extraction efficiency. More inportantly, the distinct col or change

associ at ed wi tch Atdedsore)voturde of iacatoms; agd shmepyaldmetoff GbMUD AT /lAMcan be
an easy tool to to identi t he conpl etion of the Cr(V]) ,reduction

M thout any. furt FTASPIHIOESad ¥ segona S8 Bipranth saSeryiotl ARG IRt her
this golor indicagi I r$,. r Vighqdust s.
w0 2012/ 135594pc NI 35 SERE" Lhe SupaRipRirk chanGeQRS WdLibR (dbribhal ¥ e
the ability of viie solig admngeédits atgragishldolordel am nate, and/or digest the
primer coating. The al um num panels (in coupon size) were | ow carbon

al um num coated with M L-PRF-233773 Deft chronmated priner 5w thout topcoat.

Pr ocedur Pq?n% I%%ch solvent/stripper as listed in Table 9 was placed into a
petri dist. H%e panel was placed in the petri dish so that it was covered

by the respectNME B&&9| HeohdisLift DB andifermictdted B showed SbAfe d&jreeserer ed,
and the panels were allowed to sit in the solvent/stripper overnight. No RR

agentiOwaslelmainatich ske prmeasrcoating e Niid and denayl aleohsl s eftectivengss inf each
solvent/stripper. to swell, del.am nate, an r di.gest t rd mer, coating on
The. panetieiariatipg gng BRies soabRg e shoRf torbe HidRim. hefaron hese

i ngredie ' t ﬁ?ﬂél | 100 : Goo
Gone(r) %&@%ﬁ%@*ﬁ%%ﬁg?ge@ro telﬁnﬁ{cqﬁ{suﬁt at(zéssf“(gt%teraﬂigex? ?gﬁcll?@,%ffand

t ri pr opyloeelarhination e the priateresoati &IkUtGregngres Bukilling theahaltixsofither ol eum
distillates, propylene glycol, and D inonene. Both Goo Gone(r) and GOQJO are
t er pene- PAERRS @aERAdPLNAPE Pegstyiory afbediibenenis Belanypatos andfar difing

gglr \éqg;{ @@@P&%&S’M&qﬁ sofleViRBtnchs, MR pRESHt 'sBiePthréRS@nkaiidy MEK
the workers doing the re-surface finishing and painting production.

The most effective carriers appeared to be Lift Off® and formic acid, both
of which caused full delamination of the primer coating. Lift Off® showed to be
very effective at delaminating the primer coating, but it produced an

20 unacceptable side effect of corroding the substrate (the rust appearing on the
stainless aluminum substrate). This side effect can be reduced if it is diluted
somewhat with one or more weaker strippers, such as benzyl alcohol or NMP.

Formic acid was the most effective at full and quick delamination of the
primer coating. In a subsequent testing to identify the percentage of formic acid

25 to enable sufficient coating penetration, an about 6% formic acid addition to the
benzyl alcohol was tested and found to be able to increase delamination capacity
to 100% from about 10% from the pure benzyl alcohol. Further studies can be
done to study the efficacy and safety issues associated with formic acid. Itis
also desirable to prevent premature removal of the coating by the formic acid

30 because removing the coating prior to the full reduction of Cr(VI) to Cr(III) can
create safety issues. Therefore, it is preferred to reduce Cr(VI) prior to the

stripping of the coating.
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No reaction 50: 50 MEK/ Tol uene Pure solvent m xture No reaction Benzyl
Al cohol (BnOH) Pure solvent Del am nation around edges of the panel (about
5% Pol yG¥0eoR1058& Pol ysul fi de digester No reaction D @C¥rsS2012/031398

ol vent - Dol amCRAHon Fasid) SAIRES aphdieitthe PABRbelt BRI YRR oV ©
Comrer ci alelaminueid pitner paaig BY the ReNEWLId, detRRRAEr (4<L0A%Ate JFTe T ust s

observed on substrate. Goo GonePro Power Commerci ally avail abl e cl eaner,
degr easeDT QYrappgaressto eedusadv eVl moasigierably i the HEOH tlelaminated arine@my O

O e P CORTRhAsE AR AR er D8 M BHOARECSE T Enh ST g Dased No
5 reduction capabilities of the RR agents. In addition, at the lower pH environment
provided by HCOOH, the much more reactive HCrO4™ species was generated so as
to enable the reduction of Cr(VI) in the delaminated primer coating. Further,
while not wishing to be bound by theory, it is presently believed that the
increased surface area of the delaminated primer coating in comparison to the

10 intact primer coating might also assist this increased reduction efficiency.

Example 12
This example evaluated the Cr(VI) reducing efficiencies of ascorbate and

DTT in the wet-wipe application of the Cr(VI) primer coating.
15

Procedure:

1. 0.5 M sodium ascorbate in 0.2 M EDTA: 0.5084 g sodium ascorbate in 5.0 ml

of 0.2 M EDTA in 25% IPA/H,0.

2. 0.5 M dithiothreitol (DTT) in 0.2 M EDTA: 2.3374 g DTT diluted to 30 ml with
20 0.2 M EDTA in 25% IPA/H;0.

3. Control: 0.2 M EDTA in 25% IPA/H0.

4. Wetted a cotton wipe with each of RR agent solutions or the control.

5. Sanded a small amount of primer powder off an unaged, non-topcoated
aluminum panel over a glass petri dish so as to collect the sanded primer
25 powder in the petri dish.
6. Used each of the wet wipes to wipe off the primer powder off the petri dish,

and observed the color changes over time.

Results:
30 e Ascorbate: All primer powder was collected by the wet wipe with ascorbate.
The primer collected on the wipe changed color from yellow to green in about
30 to 60 seconds.
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Coati ng bubbl ed and del am nated conpletely within 20 seconds. Col or changed
fromyellow to brown. No i nmediate rust formation on substrate within a
coupl e mwoter/138%94di fi ed Benzyl Al cohol -6% Form c aci @CTASBne3B30s$ |

del am nat,i o010 ' ' ri : : formati on on
the substr ag]e_i—AlLﬁ@?mégvé’ﬁg;gﬁﬁ%?g@Rg&hgﬂﬁlgg%@i%ﬁg -ﬂ!\r)\e Bﬂ%tero reaction
*Lift O f (rgoleeteddnthaaipy esared\idisefircy@ionwsto blowrs withirado eeesndsased,

bi odegr adabl e paint renover nmade to strip spray paint, prinmer etc. 5 2.

Added each controle ARpaydar Wasasollected dydheavet wipe Wit cosablit Nerslaro t he

del am nated priner fi mfrgmthe formc acid (HCOOH) test: a. Placed the
del ami nat ed“ 1% 888§ MG rom t he formic acid test into two separate

vial s b. Added a fewm of HCOOH, a few m of sodium
ascorgate, and about 1 10m of 0.2 MEDTA into one vial. Allowed to sit
over ni ghtCon&fusimn:about WD 2012/ 135594PCT/ US2012/ 031398 18 hours, the col or
of the supernatant changed to a purPI e color, and the salid changed to a
grayi sh col 6$corbatemnba%¥cyﬁ%r evahlouetaobe yeet gf@C,t'VédB redueng §irQ invEhey. 5Mm

DTT/ 0. 2M : 0 i . se ial. Allowed to sit
over ni gms?”%‘?? QF'ma%oD&W%?&ﬁﬁ%ubgéd ﬁhn@tegﬁéﬂgﬁ'pcsﬁgmga%@'er nat ant changed to a
purple color, and the solid changed to a grayish color. Concl usion: NW,
Benzyl al cohol, Lift Of, and formc acid all showed sone degrees of
10delianm mexampde lBe primer coating. NMP and benzyl al cohol's effectiveness
in delam nating.the priner coatin re shown_t.o m ni mum_Ther ef or e,
these ot 1 pperDisBypriElei R S eRCT s oF e AR ADEMEL estlliigaui r o' any
lifting r ] j f ' ' : | - I'1ing
the. matr (G0 AFEOAEIRLLES Giwdr preiid Bie CRTE) Shtaiitto AR CORIRYT

Del am natTiherRRadénts Wwere 0 150M Bodininh astorbaterend 0N IDTT, as prepaned imst ances,

m ght present sone safety concerns to the workers doing the re-surface

fi ni shi ngxarPl®a2ntiheceyited was @48.M EDTA inT?'i%Vhi%tIPéﬂT'ég-ti ve carriers

q be. Li . : ) ¢
ol anPnati on Qevel s B Eachbt e Mibd'solbhs sgbbafs, BTYOEH tivel:  ve o
del am natygig ddaedrbiddeh iRkt NBrimy coatedrd QMARH cRlp8R4IRASHTRI ab e si de
effect of corroding the substrate (the rust appearing on the stainless

al um numtepdsaty.afbgn, thiei aumiinien gfahets: werensdneleddijuasing i100+griti sandi papeed
sonmewhat with one or nore weaker strippers, such as benzyl al cohol or NWP.

Observation:
20 e Ascorbate: During sanding, a yellow solution formed, which then changed
into a green paste within about 60 seconds.
e DTT: During sanding, a brown solution formed, and then changed into a
brown paste within about 60 seconds.
e Control: During sanding, a yellow solution was formed, which changed into a
25 paste while the yellow color remained unchanged.
e Substrate: In all three cases, the substrates appeared unaffected by any of
the RR agents or the control.
Conclusion:
30 The RR agents were shown to be effective in reducing Cr(VI) during the wet

sanding process. Further, they did not appear to affect the aluminum substrate.

Therefore, the RR agents, DTT and ascorbate, might be considered efficacious
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Form c acid was the nost effective at full and quick del am nation of the
primer coating. In a subsequent testing to identify the percentage of
form c acwo 20B¥659aabl e sufficient coating penetration, PER/USh@a03B98 f or m c

et oase T2 R bRa R B ey S Bt ARG ARATRbOE B SRuREefE, € boncy

al cohol . duyihghtae vﬁét}éﬁn@lﬁ@@[ﬁbr’@ﬁoﬁ@ﬂ%pPﬁcaﬁtId#FJYTIﬁé]ﬁréﬁéﬂhcéﬂl‘leafﬁﬂnﬁfaﬁghy
i ssues associated with formc acid. It is also desirable to prevent

pr emat ur énigbtrbe akaried to meatcbdhe mgnas of metalxlloys substiateciodbatisfee r enovi ng t he
ti i .0 the ful duct.i f Cr(Vl L1 f et

Coaues’ Hoistupitn Wity ok gRgreithe Tneler stirecd while it proviod Blie EREALE, Tont ny

of thg C‘?@éllh&flm b f@%{@?@é%&%@ﬁQ&%@SlS% Based on the col or

changes assocl ated 1 n the subseque esting of the del am nated priner
coating by the formc acid, both RR agents (ascorbate and DTlI) appeared to
reduce Cr(Vl) considerably in the HCOOH del am nated prinmer coating. It
appear s tEXamplexdty | owered the pH sufficiently to enhance the 5reduction

capabilities : LLd ] : i nt
provi ded by qurﬁ@e%rgﬁ;ﬁg?@%%@%bagyéé@‘égc %@e&ﬁ?ﬂéﬁ%éf ed so as
t o enabl ®R Bgerite Gt solveR¥ (Cdlvier systdif), deft DFPatTRd RR bEBhtsOP@el Ng.
Further, whiTe not wishing to be bound by theory, it is presently believed
t hat 10he soditine aseatbaier (ascerbate)angd asdosbideicichi hifit @ s armemmerdallyg i n

conpari son #jqqlthe. Ointact prinmer_.coati r(lj%rnm' %ht | so assist this increased
reduct i o VBHFIEPAHEPLIIRRE WIUR Itg Jnain INgrediglits Dengsade 8¢dfhat ed the o (W)

reduci ng efficiencies of ascorbate and DTT in the wet-w pe application of
the C(Vl) primer coating. 15 Procedure: 1. 0.5 Msodiumascorbate in 0.2 M
EDTA: 0. Po8ckedyrsodi um ascorbate in 5.0 m of 0.2 MEDTA in 25% | PA/ H20.

2. 0.5 Mdithiothreitol (DTl) in 0.2 MEDTA_ 2. 3374 g DIT diluted to 30 n
wi th 200.12 W3EdSedivmAseorhateid M Bisodsrp ERITA i HUPREDTA i n 25% | PA/ H20. 4.

Sanddd a sl 1 o Yo s ERRGIAR SRTATRERS It e e ARl
al um num panel oxffutas dmMeigRiitim EDPA weR iBSolublecd % afllof A0 SAMIESH pri mer
25powder in the petri dish. 6. Used each of the wet w pes to w pe off the
primer powder of solutien peasraddeds HisedidmobB&Aben dissolyetd@ontleliees over ti me.
Resul ts: however, the organic component of Lift Off® remained separate from
the aqueous phase.

20 b. Added 0.6 g sodium ascorbate to the mixture of the previous step.
Ascorbate dissolved immediately, resulting in a yellow colored liquid
mixture. However, the organic phase was still separate from the
aqueous phase.

c. Added 2 ml isopropyl alcohol (IPA), and mixed for a few minutes. It

25 was found that the organic phase was still immiscible.

d. Added 10 pl of diglyme (bis(2-methoxyethyl) ether), and mixed for a
few minutes. The organic phase was still immiscible. A higher amount
of diglyme can be used, such as 1/3 to 2/3 of the total volume.

2. 0.3 M Sodium Ascorbate/ 0.2 M Disodium EDTA in Lift Off®
30 a. Added 1 g disodium EDTA to 10.5 ml Lift Off®. Found disodium EDTA

to be insoluble in Lift Off®.
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30 Ascorbate: Al primer powder was collected by the wet wipe with
ascorbate. The priner collected on the w pe changed color fromyellow to
green in wbaot2/Bss9o 60 seconds. WO 2012/ 135594PCT/ US20CZ2/UB3W303139OTT: Al |

powder was col] e i P8, W DX } on the
w pe changed cddlgzrj&%jr g%?@/@fp\gﬁvf ?%i(zr/gw?tdv]\ﬁl't E'Sﬁ)%ﬁsﬂét%&r@{ss.sgl%%ﬁﬂlﬁ?: Al l
powder was col | efdsgirRysdlitgoryet Wi pe with control. No col or change was
observed. 5 Concl usion: Ascorbate and DTT were shown to be ver

effective in cedtdded0& ¢ 'spdliunmascarbatenasd pixeddor pdexaninubesunidldde n t he
wet -wi pe application. 10 ample 1 hi s anpl e, eval uat ed 't he

ef fecti veness Ofaﬁqngq;@s.g _%EE“S?'_HegeJ@@i rﬁé“'&”@\fpﬁi&%%at 0%‘%@'@%@ of wet
sandi gg t3r.‘e0@M@&ditﬁﬁ%ﬁs@%ﬁé_ﬁi@ﬂfﬁ@?@oat' ng. The RR agents were 0.5 M

sodi um ascorbate an as prepared in Exar;g)l e 12. The control was
f

0.2 M EDTA i n a25Addadd IgP#adiat. astbBmte tall10dnbhist Off“cand noiked ier & fewee
sol utions (ascorbate, DTT, and control) were added to each unaged, priner
coat ed al umi num BWIEEH- HlAscomake solids dissvrd, butthe Praamnie PAASR num panel s

wer e sanded by ugj O-qri p Ll Qp. Ascor bat e:

Duri ng sandi ng, %é[{}’g?ﬁjegﬁlgbl uq«f%%ﬂ}t@%@ktu%ﬁ%igm&glﬂéﬁg%d into a green
paste wi thi 0.3 NEcoffic ACRICAIRF0.2 @TtétrabbdilAOEDTAGH D&t OFF™r own sol ution
formed, and then changed into a brown paste withi nbout 60 seconds.

Cont 116l : Duri g Addetl A g detyasadiwnddd TA t@AOwakLiftddffedandvmixed tdramtpyd i nto a
25paste while the.yell ow cql or remai unchanged. . trate: In_all three
cabes. the subst mides g bedeBastdi B3TadoRER)n sif CHEDRRELfiseDaBic | he

control. Concl Usbl‘?éb'e r%ﬂTé?@e@Eeﬁaﬂ%Eécﬁ were shown to be effective in reducing

Cr(VlI) during the wet sanding process. Further, they did not appear to

affect the al b Added 0I5 @aterbicTicid ¢b the staphe niRikktunge Mlissolif dissolwedscor bat e,
m ght be considered effjcacious WD 2012/ 135594PCT/ US2012/031398 and safe
to be used on t hdhedlesHitingraolyfianonacha PHhatiabPWedP. st eel equi pnent during t he
wet ésndi ng operation or application. The strength of the formulation m ght
be varied to match the range of netal alloys substrate so that the

f or mul at i@mcigignd not degrade the netal surface while still provide the
Cr(VI) b5reduction benefit during the fast wiping action. Exanple 14 This
exanpl e expl orlée ehsencdionashiowd tinat éikse adldiiani af idaQld incseasest thersoldiilityhe

or compatibility of EDTA in Lift Off®. Even more importantly, the use of
tetrasodium EDTA instead of disodium EDTA increased the solubility of EDTA
20  and/or sodium ascorbate in Lift Off® without the addition of NaOH. As such, the
use of tetrasodium EDTA increases the compatibility without any additional
ingredients, simplifying the process greatly.
In addition, it is interesting to note that the addition of ascorbic acid
instead of sodium ascorbate lowered the pH of the resulting solution from 8.5 to
25 about 5.5.

Example 15
This example evaluated the effect of the ascorbate/tetrasodium EDTA,

ascorbic acid/tetrasodium EDTA, and DTT/tetrasodium EDTA on the Cr(VI) in the
30 intact primer coating. The intact primer coatings were on the primer coated

aluminum panels (in coupon size). The primer was an unaged Cr(VI) containing
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RR agents in a new solvent (carrier system), Lift Of. The RR agents were
10 sodi um ascorbate (ascorbate) and ascorbic acid. Lift Of is a
comer ci WDRoeviasivabl e paint stripper with its nmain i ngPEWitSPAI/BBPNOg trade

L R e T B R R P ,

m nut es. ahdeDHT scrﬂetamﬁmj At iwisOictidlsgdisth DA, of a 10 % NaOH sol ution
was added. Di sodi um EDTA then di ssol ved conpl etely; however, the organic

component of Lift Of remained separate fromthe aqueous phase. 20b. Added
0.6 g sog; Escor bate to the m xture of the previous step. Ascorbate
di ssol ved'? ter resulting in a yellow colored liquid m xture.

HOWeVgr 1t hém%&htﬁn%%é 3™ EbTRSRIRIE @-rﬁghéﬁq ?g%@ﬂﬁnphase

C. or a w mnutes. It
25was foundasdmatoatemdot Gaqtatrasodiem BT Asta 20 nilriift OFFRI Mixet fokdrifswv 10 pl of
di glyme (bis(2-methoxyethyl) ether), and _m xed for a few mnutes. The
organi c phaﬁlém%ﬁia ugt| @ll 5@'@%‘@@"90@@50'\4@% Jheresiting solytioningdyareHGfn be used,
such as 1/3 _é of the total volunme. 2. 0.3 M Sodi um Ascorbate/ 0.2 M
Di sodi um E ift Of 30a. Added 1 g disodiumEDTA to 10.5 m Lift Of.

Found di $0dp! QHME@IE&Bl@Abi%IéG) Q%'BWITA?M [ifﬂ-d)ff@ Kdded W g ascorbic acid and
2012/ 135594 t 1.6 mM of 10 % NaOH. D sodi um
EDTA 1di ssol ¥&dg tetradodiune AN TA tcgzecmnlunftc@f . Mixed foxchaltawv misuigsaodil ath

i ssol ved, SHlEisuE dirsveol THe Bhst teséaaﬁp%haaﬁoﬁﬁcﬁra%@ﬁ S%'5. M Sodi um
Ascorbat & | p 3T 0h> neepAldsd s ofrsoien BSPTHR Sniq 68 Blrabbdibn T, and

m xed for a Tew U e SO ut the organic
phase separ BDEA to@0. mIrhist O&SuUl Mixed for atfewemmdesiupti aifsahblewtzeré 4. 0.3 M
Ascorbic Acid and 0.2 MtetrasodiumEDTA in Lift Of: 10a. Added 0.8 g

t et r asodi unslisspiyed.o The resulfing solation haska pHh@fAlAMt 5365 ew mi nutes. The

separit ed BOCkt BRuGH. bhct(Fhuih Heecottbd il MERRAF R RITEEG s
di ssol ved; digadregiliicl dtsbvecthiéd Solutians, aLatHthel paepsiti Byémidi ieRe! usi on:

The observation shows that the addition of NaOH i ncreased the sol ubil i ty or
conpat i bi | i $GlUBGNEDTA in Lift O f. Even nore inportantly, the use of

Observation:
20 For all of these RR agent solutions, there appeared to be no change in the
color or adhesion of the primer coating. The formulation needed to be improved

to enable the RR agents to access the Cr(VI) ions within the primer coating.

Example 16
25 This example evaluated the effectiveness of citric acid as a RR agent

and/or a chelating agent for extracting and/or reducing Cr(VI) within the primer
coating of the primer coated aluminum panels cut to panel sizes. The primer was
an unaged Cr(VI) containing primer, #MIL-PRF-23377.

30 Procedure:
1. 50 wt% citric acid: added 9.5969 g citric acid to 9.4 ml HPDI water, and

mixed to dissolve citric acid. The resulting solution had a pH of about 1.
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tetrasodi um EDTA i nstead of disodi um EDTA increased the solubility of EDTA
20 and/or sodium ascorbate in Lift Of wthout the addition of NaOH As
such, thewoge1203539¢t r asodi um EDTA i ncreases the conpati BCTiusgomiostsosit any

2o 1 on 2 $SRLH LR 3P R ¢ AP IRatTcRM FER i HeRL et B

I nstead of gREHAOr 2SN Aiittet OReadstififgROIudiont el & bl asLtsp! ution from

8.5 to 25about 5.5. Exanple 15 Thi s exanpl e eval uated the effect of
t he ascorhabatfecittie adidinadeeral nalsaf drbivt%eedirily acid taSovl HRDED®AET, and

Dn et pe Xl o el i deSy, e lresiig RokBisndintie ol oAbl 501 n eoupon
ntact pri nP” e sobgien
5015 Ta006,RUeT EatRaf Bk 4A3hrEE slionO® & PhBfineMipmersed one Srcr,

sodi um ascobdstidepriraec codted ahgmhunapdnéllin. eathesohlt@nat Letdhaganels/gilsin

t etrasodi um EDTA. Procedures: 51. 0.3 M Sodi um Ascorbate/ 0.2 MEDTA in Lift
O f: Added thexsQlutions Q¥AraighEr bate and 1.6 g tetrasodi um EDTA to 20 m Lift
Of. Mxed for a fewmnutes until all solids were dissolved. The resulting
solution had a pH of about 8-9. 2. 0.3 MAscorbic Acid/0.2 MEDTA in Lift
O f: Addeshsknhatnascorbic acid and 101.6 g tetrasodi um EDTA to 20 m Lift
Of. Mxed for a few mnutes until all solids were dissolved. The resulting
sol uttbon had &@Wwsadl chisoge vBtieanyg of thessoluons overnigheD™Yo colot changd to  Added
0.9 g DIT_and 1.6 g,tetrasqodi um EDTA 0o 20 m Lif f. xed for few

T nutes ot ArmEcodong st ¥dhe EAcat. bilor ehanag i the Tegcdle iR e oh o

about 5- gg%%@.do4meé&t%€ecﬁfﬁgﬁq wmeﬁkoémpﬂe Séﬁ)ab‘*‘é)@""%%%%na ;

M L- PRF- prinmer to eac above t e solutions. Let

sit over @dbbsionrofithe coatind,i suth. as@eamirstiooror BBlingafithefcottieg.e RR agent
sol utions, there appeared to be no change in the col or or adhesion of the
primer coating. The fornmul ati on needed to be inproved to enable the RR

agent1§ t&o ﬁ%@'the Cr(Vl) ions within the primer coating. Exanple 16
25Thi’s e aﬁ% val uated the effectiveness of citric acid as a RR agent

and/ or a chel gHen@saleshow Thateeitricgdidl dit A RIakrRAE bR ExtEaE\drCro) frbhh the
prinmer coating of the prinmer coated al um num panels cut to panel sizes. The

pri mer wdbe phimeragatingras\iintendedt diedchip evaluate, othen suitiie ag83.7. 30Pr ocedur e:
1. 50 wt%citric acid: added 9.5969 g citric acid to 9.4 n HPD water, and
m xed to dissolve citric acid. The resulting solution had a pH of about 1.

Example 17
20 This example evaluated the effect of adding HCOOH (formic acid) to the

RR agents in reducing Cr(VI) within the intact primer coating. HCOOH was
added to evaluate its ability to break down the polyamide structure of the MIL-
PRF-23377 primer in order to allow the RR agent access to the entrained SrCrOs.
Formic acid is a known reducing agent, so it might also provide the added benefit
25 of enhancing the reduction potential of the resultant formulation.

The intact primer coatings were on the primer coated aluminum panels (in
coupon size). The primer was an unaged Cr(VI) containing primer, #MIL-PRF-
23377.

30 Procedure:
1. 50 v/v% HCOQOH: Mixed 4 ml HCOOH with 4 ml HPDI water.
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WO 2012/ 135594PCT/ US2012/ 031398 2. 25 wt%citric acid: added 5 m of 50 wt %
citric acid to 5 mM HPDI water, and m xed for a few m nutes. The resulting
sol ution Wedomllpﬁﬂs%f about 1. 3. 5 wt%citric acid: addedTUSa12081339 wt %

citric a dt 9 t d resul ting
sol ution M gt Ve q-l 'L( e 4%,4@%% %F#@(eet s%l utions
to a cont a| A of théfHBrv?@% HG@O‘H %IQ%@%WeMr’eﬂﬁlﬁ SEAA esdhd ke fon dREve! i n
each solution. Let the panels sit in the solutions overnight. Qobservation:

10No vi sual rle’mtﬁg-eT\WEtr‘ﬁSlalhyg(SDlLttl@B ksl alnFUDfsabmérhl ght. No col or change to
he | . %Hangg)ogn t he Ieachz} F woul d
’ F 9@9&'“%@%@ 8% abl e
h t t b t f
changg 1O 5 COH%P@’SOO\‘;/V @ﬁ%'sﬂ&tloﬁﬁéﬁﬁ% W@t@ﬁ ql %Hd‘?ﬁleHg&L Ing o

t he coatl ng usi on The res ow that’ c¢itric acl not
break down afewxhinatds. STl RHulting sdiatipn hadra DHEUfIaIDQUB.$ i nt ended. Need to
eval uate other suitable acids, Exarrpl e 17 exanpl e eval uated the

effect oft adgiMPHomb0 v \WenkiEOQH: jideed DH“@ @@nggnhqf thedkywgecr (V1)

o br eak dotiOLhb s ae a28srBin SR8 Tr A7 ot g SIS et 2 or et
to all ow th@sa{q@g@mt.@pﬁg@g pHof BBogthirained SrCr04. Formc acid is a
known reduci ng agent, so it mfght al so provide the added benefit 25of

enhan@i ng. t Addeddadt obtthdD@m oalr sofutione te @saantainer;fimmensed iope.SrCrO4  The

intact priner_coati s were on th i oat e um num panel s (i n coupon
ey B imeR Eosat sl oanel P easteti e e e SR theoa 55 s,
30Pr ocedur e COOH: M xed 4 ni HCOC]—I with 4 M HPD water. WO
2012/ 135594%#5'?5%08‘%5)‘@?398 2. 0.3 MAscorbic Acid in 50 v/v% HOOOH Added

0.4234 g 6asAddéd abaut 1 mil&G0Bv/vPo HC@(DI& to@ felw Phg-EFEIareel GrCr@y dissgiverpar ed in
step 1, and mxed for a few mnutes. The resulting solution had a pH of
about 1. S'meeQ'aF#"Bdi@jmﬁ'er&gﬁ@)ﬁQQt é\ki’rma}iky, VI €2aisconiv: SPAHREY @'@'9 "% odi um

te 5 ICOOH sol ut d t 1, d
mxedoror_anpish Mgl A O%eRid et o o ut' on had & phof about 1. 4. 0.3
M DTT i n 750auded@HReKior Arttsst DO Eo the Hrivteraoatdtpafii(iPpdiEanoH

solution as prepared in step 1, and mxed for a few m nutes. The resulting
solution had a pH of about 1. 10 5. Added each of the above four solutions
to a contginer;.immersed one SrCr04 priner coated al um num panel in each
sol uti on.Y9¥tVaY498  panel s sit in the solutions overnight. 6. Added about 1
m 50 v/y% i@ H Riiont C 04. SrCr04 dissolved inmediately in the
form c aci only sparingly soluble in 15water without
a chebati ng agenwithiry 10M|d|ecb520fcbmnag¢he@lanelsmt@meesdﬂim the priraeipr i mer

coated al um num panel .
coating began to turn pale. After about 18 hours, the coating was pale
gray, and the leachate turned a blue color. The aluminum substrate
appeared to be unaffected by the low pH. After about 18 hours of the
treatment, the primer coating was easier to scrape off (less dense and
25 less adherent to the substrate).

b. After about 18 hours, the leachate was withdrawn to another
container, and its pH was adjusted to be greater than 7 by the addition
of NaOH. The color of the leachate changed to yellow/orange/brown.

2. Sodium Ascorbate/HCOOH solution: the same as that of ascorbic
30 acid/HCOOH solution.
3. DTT/HCOOH solution: the same as that of ascorbic acid/HCOOH solution

except a small amount of gel-like precipitates fell out upon pH adjustment.
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Observat i on: 1. Ascorbic Acid/ HCOOH solution: 20a. Wthin 10 m nutes
of putting the panel into the solution, the prinmer coating began to turn
pal e. Aftw0 20203565928 hours, the coating was pal e gray, &ad/ush@zloasehat e

the o i e FREHCQOR sl M PHIRE Bpng AR R ol T oati g vas

easi er to sphdffebiutidregsnédadhenflce2&les SARENEPEIN 18 RoliRke tikaibsitdfat e) . b.
After about 18 hours, the | eachate was withdrawn to another container, and

its pH was W4 leachatetsolutiongrasadiustachio abave 7 hideaendon didmasichrag®. The col or
of the | eachatg changed t el | ow or ange/ br.qwn, . Sqdi um .

Rscor bat o HiGeRy Enaiting# felicbiug/iSaR o " 5§ Visuabetiedt o e i

sol utgon. SSutg[r'g{éﬂ bggwgd_on: t he sane as that of ascorbic aci d/ HCOOH

solution except a snall anount of gel-like precipitates fell out upon pH

adj ust mert. . 50 WO 20 COOBES® HBET SKEGRN oWt AR ik thé Primier)p MiGE@dIafitheon: the
primer coating filmturned browmn. The | eachate solution turned a |ight blue
col or. Aft epoldliRn ehangashiipd yellow ta-prown atter ahewtal @ miputesiand tRduddj ust ed

to above 7;gltsegglang%rggg?&gﬁqﬁ%ghange much, remaining a |light blue/cream

color. No v ‘al um num 5substrate was observed. 5. 50 v/v%

HCOOH on gyup elr§i<bOBured eneriiteACOOHL dre thie pARel codtieel SlahAiurdfpanBe sol ution
changed fromyelTow to brown after about 10 mnutes and to blue green after

aboutl018 hoWithin 26 .segoniis; tie pfinmIr@atiog dufneddaromopbubbling, andowaser coat ed
al um num paaal : .1({Wthi n 20 seconds, the prinmer coating turned brown,
bubbl i ng, afdHREE ani nat ed. 7. Added 2 drops of 50 v/v% HCOOH on t he

priner coat Rggétf‘ﬂ%rbﬁﬂ"bf Bb f\‘/é@@o ﬁgg@?—fj@n tﬁ@?riﬁ{ér%’étéf;ﬁgéﬁélg Wwithin&h brown,
bubbl i ng, "a S : ust on. pal e gray col or of

t he coati ngsedohds, thegaimegcoeatiny tureed brdowvmabulsblingf aRRR veegeddlamirthte:OOH
(RAJHCOOH) was simlar to that observed after reacting with the conbi nati on
of RR agent and EDTA (RA/EDTA) in Exanple 5. The col or changes indicate

t hat 1§heC$ﬁ”dl 1 may be able to extract 20 SrCr04 fromthe intact priner
coating. &V e of this di scovery is that SrCr04 would be rel eased into

the | eachate wpergalé @?a)REblég@ﬂthé%tﬁ@ﬁé‘ﬁ@:ahtiﬁ@dﬂ@ﬁtﬁe%nﬁlﬁh@ﬁéﬁ*@f Cr (V).

Wth this benefit, even if the released Cr(Vl) was not reduced or
conpl et elRR agenfcad] HCOOH (R HIHOIH) wassireian acthalopsaryed after apadtingact

primer coaji i s very desirable bec agents c be used to
fully 25?’\@&11&83 @mbﬂn)aﬁom @E&Pt %ﬁaﬁntﬁ'ﬁﬁ'—s’fﬁ%ﬁ%ﬁ&& MPlethese results
show t hat the ESHOH a6 s i f f trate
base netal, e\;@{? at t%@ggt r er{egt?ot\'j{vH %E{éogﬂélﬁ%d;?ﬂ%ﬁag?%mer ?:(15'%%( ﬁ??:sf ound
t hat 20hi ISeCER.Girbrh therintddt yrinseraoaling paiengllye sbthisldscovery is that SrCrO,
would be released into the leachate where the RR agent can chemically reduce

the released Cr(VI). With this benefit, even if the released Cr(VI) was not

reduced or completely reduced, just the ability to extract Cr(VI) from an intact
primer coating is very desirable because other AA agents can be used to fully
25  reduce Cr(VI).
Importantly and very unexpectedly, these results show that the present
RA/HCOOH formulation did not affect the substrate base metal, even at the
extreme low pH of about 1.
Further, it is found that while SrCrO4 normally is only sparingly soluble in
30 water without a chelating agent, SrCrO4 immediately dissolved in 50 v/v%
HCOOH solution. Therefore, the results demonstrate that decreasing pH in the

solvent medium (provided by 50% HCOOH) can serve to increase the solubility of
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30 water without a chelating agent, SrCr04 i medi ately dissolved in 50 v/v%
HCOOH sol ution. Therefore, the results denonstrate that decreasing pHin
t he sol vewo 20edi3sst ( provi ded by 50% HCOOH) can serve t oPCRAISe@E28313b%

i thout ksl T adtectEmBARET WieRt Shpateoh s tlatd ot SANAZHRG S, °

theory, 'Wlshlﬁg%@)‘éelﬁﬁdrtd Wthéﬂ‘?dltﬁﬁéﬁesbhﬂy b@l’é‘)e‘d @t thé Farmiic abid (in

concentrations) converts CrO4=ions into the far nore soluble and reactive
HCr 04- i dvigh cmrttnau@ns) eenvestsuCnQ4n dorssy iNECElRl jar mace Kublecoel ieackiveiht be

very 5solyble in a us formc aci exanpl e eval uat ed
Ve’ ert 1 cltaheyioBs, 911 Pt ta FerditipisHEE BB gt Ao 0% K var (Vi)
ions kn rq ting. The acids were 10 benzoic acid,

ascor |ctsg§=b?rrpg@%eﬁ)c£afgl rc(%?%l'coom, and formc acid (HCOOH). The soI vent s
wer e di net hyl sul f oxi de (DMSO), benzyl al cohol, and HPDI water. The sane

primer coated alum num panels (coupon size) were used. Procedure: 151. -100
ng/ M bedXaMPI&dBy i n DVBO (benzoic aci d/ DMSO): Added 0.52 g benzoic acid

o benzoi o aci d TeHPREnBlatEd TRt atioriy PGP RN WA, acet 1 Aora
(‘ascor bi goRehe HOKIAERY! Cr (VD i0)s iPGRAdrEnLd Brithercoating C Thel stidowdrel 50

v/iv% acetic acid, and m xed for a few mnutes. The resulting solution had a
pH oflo1. Henaoic @B, Ias@@rdam@md agsitie aad EChHGDO pcrtd f@rmm acid45€EQix aci d/ 5%

i xed 1 or " Sl hspe dimays i Biesioe: RRHE0] hefar aichel A BPD Wi 075"y
042 o adtl B m?f Qo AU %‘1’#‘%&@%@?%@@%@ A or e fow

m nutes. The resultl ng solution had a pH of-1.5. 6. Added each of the above
five solutions to a container. Then, added each of the follow ng sol vent
sol uti on?r@@q&'r@ont ai ner as a control DVBO, BnOH, 50 30V/V/o acetic acid,
5 v/iv% acet | - . F- 23377
pri { ate f f%{aﬁg d_ﬁf ol utions.
Let the pangéﬁ;zoﬁg 5C|¢|mot51|¢,| @Mggl ons over ni ght Observation: 1. DMSO The
| eachate had a sI i ght bl ue coI or. The prl mer coatin s still yellow No
i si A0l 8@ ENIoi/ DMS Axd%kngﬁgabewmadd had a
slight blue cg[ngr e prlrrer coatlng was stlll yellow. No visible effect
on the subst BnO—| The | eachate was colorless. No effect on the
IF’.)LIenng(S: t%?;? @Q\/I(Aé&Srtﬁe AkidA 5F/v®h Ackti¥ Al LidsBBbi@SE8/ 5% Jacelie abldh £Ct On

20 Added 0.42 g ascorbic acid to 8 ml 50 v/v% acetic acid, and mixed for a few

minutes. The resulting solution had a pH of~1.5.
4. 0.3 M Ascorbic Acid in 5 v/v/% Acetic Acid (ascorbic acid/5% acetic acid):

Added 0.42 g ascorbic acid to 8 ml 5 v/v% acetic acid, and mixed for a few

minutes. The resulting solution had a pH of~2.
25 5. 0.3 M Ascorbic Acid in 5 v/v% Formic Acid (ascorbic acid/5% formic acid):

Added 0.42 g ascorbic acid to 8 ml 5 v/v% formic acid, and mixed for a few
minutes. The resulting solution had a pH of~1.5.
6. Added each of the above five solutions to a container. Then, added each of
the following solvent solutions to a container as a control: DMSO, BnOH, 50
30 v/v% acetic acid, 5 v/v% acetic acid, and 5 v/v% formic acid. Immersed one
MIL-PRF-23377 primer coated aluminum panel (coupon size) in each of the

ten solutions. Let the panels sit in the solutions overnight.
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4. Benzoic acid/BnOH The | eachate was colorless. No effect on the priner
10coating (the coating was still yellow and adherent). No effect on the
substr at evOR01253849Acet i ¢ aci d: The | eachate's col or charge@ste2loB1ses The
primer coating changed fromyellow to brown. No effect on the substrate.
This is simlar to the observation for 50% HCOOH i n Exanple 17. \Wen the pH
of the | exsppiiohdwas adj usted to be > 7, the |eachate did not change its
color. 6. Ascorbic acid/50% acetic acid: The | eachate's col or changed to
bl ue. Thd. p@M@ Ebetleac@atmba@@oshghbbweadlm The arigrasenatieg v@s idll or wit h
substanti aI bbl oat The substrate appeared to be
gl %\ﬁ'@rfe@f Piharubstdte, |

unaf f ect ed. Y achate was adjusted to be > 7,

the | gachat %M_&%S_g @acﬁéﬂérﬂﬁd g %ﬁa{]waefceld?r HifheNEo then
to orange s cetic acid ate was co orless pri mer

coati ng chawgedtlﬂ yelow eINowisible effactgm the)substmoe effect on the substrate.
When the pH of the Ieachate was adjusted to be > 7, the |eachate did not
change i t5s BROB:  The leashatepvas ﬁ%'PEl#@ oNa&ftact opdha primmer qoakipgadthe s col or

No-offect ootk Wakul Jfo Rl kre i N LA ERE R B - ust el 1o be

> 7, the 4 epehRicadimrBH: The lcxehafe Was Y6lorews. I NeesTeb@nttherprirgeror ange:

sl owl y. 9. 5% Formc acid: The | eachate was col orless. The priner coating
changéd f r oeeafisigl (the coatin@was il vellewins adhiarent)orNe effeciudstheat e. When t he
pH of the 30l eg@?ate was adjusted to be > 7, the |eachate did not change
its color. Brbic acid/5/0 formc acid: The Ieachate s col or changed

on the T%&%@@%@?‘%ﬁ% e IO AR, poting 2 < o<

| eachat e washadjedstren yetiotveto>browrt. hio leffach ah ¢he lsabgteatel tFhis o similaptyel | ow
and then to orange slowy. Conclusion: 550% acetic acid by itself showed

simlar col 8ie ehsgrgation tor 5% HCRAH R Example 17 hdVhen the pb'd%ftmﬁde%@‘aﬁat of

e adve o Uab pglPraf BB Pothd REAEK I 5obThape EERL" R’ oxtracted o
SrCr04. %% As®rbie avfd/909% ab8fid &hidi Fhé fdadhatedeolvRehstRanto Blubse Tl e to
change the color of the Teachate and the prinmer coating to a | esser 10

extent. Theprmer eoamgaclimgad fornyeliovr fo @ geedntyaligye soled with suhshantiate
abilities t dc a l.o ercenta f 5% The results al so
Show that sB4BEEGeTLe soating HMBone surdiRs eRbaaddinhe dEREECtEta T hat ¢ he
resulting c i able to
ot ract o BHeped Vﬁ%f"e@%ﬁf%";?f e [CRREE oS aBflcteP L0, HRbciigers

reduce the ehdngedtieddcdiorGrOrh kghttblee saorarigerierown ahathéry tabtatgaasiolsly. The
addition of 5% acetic acid or 5% formc acid to the ascorbic acid showed
sinilar donpX4tAeeti agidihe leashatenivas gelodessolee drimenf@atingihangeds t o

extract andeb&aRwlcbithgdBwh NG effcPntfid Sublipfte! WheRtha b aret ! ©

acid and fo
the leachate was adjusted to be > 7, the leachate did not change its color.

8. Ascorbic acid/5% acetic acid: The leachate’s color changed to light blue. The

25 primer coating changed from yellow to green. No effect on the substrate.
When the pH of the leachate was adjusted to be > 7, the leachate changed
its color to yellow-green and then to orange slowly.

9. 5% Formic acid: The leachate was colorless. The primer coating changed

from yellow to brown. No visible effect on the substrate. When the pH of the
30 leachate was adjusted to be > 7, the leachate did not change its color.

10. Ascorbic acid/5% formic acid: The leachate’s color changed to blue. The

primer coating changed from yellow to green. No visible effect on the
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20Fi nally, the other two solvents, DMSO and BnOH, did not show any effect
on SrCr04 extraction fromthe intact primer, nor did they have a
del am natwogotr13sel | i ng ef fect on the coating. Siml arlPgT/ushe20813h8 nat i ons

of benzoic ' e | ' 0k anpy n
SrOro4 ext r%@sﬁ!g@@ﬁé@}&uﬁa ‘?ﬁcegﬁrs‘ﬁgévv%ﬁ;&o‘wﬁgiagétpﬁ?%dn%c:w?eg uEr?énrge%@?'%l )
i ons. 25 Exegedlis color to ydlltwp afdhahan & bemigedsiawlyi ous combi nati ons of
aci d/ ascorbate 'and evaluated their effectiveness at extracting/renovi ng and

reducing Cr(Vl) fromunaged, M LPRF-23377priner-coated alum num panels in
coupon sizes. 30The two acids, acetic and formc acid, were eval uated at
concent r #OANGHSIA¥ 50 wt% 5 wt%and 0.5 w% The acids were expected to

br eakgown or ‘ﬁog/ﬁ%ketié/\é)cia%ﬁi’tﬁlgéy?@%i%P%8!’09%&@9%?5‘. REHRY leABHate 4! N9 tO

all ow the RR agent access wthint | mer coati ng.

Procedur ¢o thd priRvermaatidg B2 thatrpf B8%aformiclacid ih Exbinpld o7 pimdadatingthét st ed i n
Tabl e 10 bel ow using this procedure: a. To each sanple, added about 0.8 g
sodi um as03p FEEHC @dia.lo")% pHgiNhe pbledoexteast Syyy, from the coating apd tpg each

test tub e i : D) o e 10.
o " raded et AR AP EIGES: “P SRRk SR oitiE e e BofshBRD) & 1o
Sanpl e Fap el #lé eehddg@thdt@eedf fie eaaare arel theasrimar YodthRf ©da fdsdat num
panels into separate petri dishes. 3. Added each of the 12 solutions in
Tabl 6010 exterdnelhefrefione, geeticiacitl ama formmelacicdgappaased hashes conyeaakilitiesto
subnerged i,n t&ﬁ olution. 204. Coyered %e petri dishes, and let the

panel s sileddFe r@@vqmakﬂéovg&emﬁme. Of W%-2012/ 135594PCT/ US2012/ 031398 5.

After overni gfthe Eat aish shif il Sod bEAFIALE dOBRARIbIESE] adlicphic and
| pip ecor de

transferred to separate vials using a piIpette. the color of the
| eachat e.acid, an@.th&t tteerksultingocombindd $0 % \sicetic acitfastobbicrhcidf satitign wat er f or

each ri nslﬁightAgg%%Ie to extract SrCrO4 from the intact primer coating and even possibly

15  to reduce the extracted SrCrO, at the same time or shortly afterwards.

The addition of 5% acetic acid or 5% formic acid to the ascorbic acid
showed similar compatibility with ascorbic acid. However, their abilities to extract
and reduce SrCrO4 were shown to be less than that of 50% acetic acid and
formic acid.

20 Finally, the other two solvents, DMSO and BnOH, did not show any effect
on SrCrO4 extraction from the intact primer, nor did they have a delaminating or
swelling effect on the coating. Similarly, the combinations of benzoic acid/DMSO
and benzoic acid/BnOH did not show any effect on SrCrO4 extraction, nor did
they show any indication of reducing Cr(VI) ions.

25
Example 19

This example tested various combinations of acid/ascorbate and evaluated
their effectiveness at extracting/removing and reducing Cr(VI) from unaged, MIL-
PRF-23377primer-coated aluminum panels in coupon sizes.

30 The two acids, acetic and formic acid, were evaluated at concentrations of

50 wt%, 5 wt% and 0.5 wt%. The acids were expected to breakdown or digest
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5the rinsates to the | eachate in the previous step. 7. Analyzed the
resulting | eachate for chronmate content by using the I C system and process
i n Exanplwo2012/B8559Recor ded any changes to the priner co®&CIAg2010/03t3be panel s

i shes by e SULER AR PHIRAPAARE T ABERr et b B BROAL GRS oMo 67t ape

the prinmgpaiegti ng fromthe panel, and collected the scraped priner coating
in the petri dishes. 10. Pulverized the scraped priner coating into a fine
powder using the spatula. Analyzed the powdered priner coating for the

Cr (V) c?)ntenﬁ using IC with 15the nod. OSHA | D-215 anal yti cal nethod, the
| evel of T '®i cati on bei ng 0.0030 pg. The results fromthese exposure

Chser at 1 'ong CPerghyp BalpiteCackbraing o fi@ ghitydgorig el s obls fifdlow .
For m ¢ Cont asihg this procedure:
a. To each sample, added about 0.8 g sodium ascorbate (Sod. Ascorbate)
to a test tube.
b. To each test tube, then added appropriate amount of HPDI according
10 to Table 10.

c. Added an appropriate amount of the acid according to Table 10.

Table 10. Sample Formulations

1 Formic 50 NA -- Control 0.8 5 5 10
2 | Formic | 50 0.4 5 5 10
3 Formic| 5 |[NA-Control| 08 | 05 9.5 10
4 | rormic| 5 0.4 0.5 9.5 10
5 Formic | 0.5 |[NA-Control| 08 | 0.5 9.95 10
6 | Formic| 05 0.4 0.05 9.95 10
7 Acetic | 50 |NA-Control| 08 | 5 5 10
8 Acetic | 50 0.4 5 5 10
9 Acetic | 5 |NA-—-cControl| 08 | 05 9.5 10
10 | Acetic | 5 0.4 0.5 9.5 10
11 | Acetic | 05 |[NA-Control| 08 | 0.5 9.95 10
12 | Acetic | 05 0.4 0.05 9.95 10

15
2. Placed 12 unaged, primer-only coated aluminum panels into separate petri
dishes.
3. Added each of the 12 solutions in Table 10 to one of the petri dishes, making
sure that each panel was submerged in the solution.

20 4. Covered the petri dishes, and let the panels sit overnight in the solutions.
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After overnight, drew off the liquid leachate from each petri dish, and
transferred to separate vials using a pipette. Recorded the color of the
leachate.

Rinsed the panel/dish twice with 2.5 ml of HPDI water for each rinse. Added

the rinsates to the leachate in the previous step.

. Analyzed the resulting leachate for chromate content by using the IC system

and process in Example 2.

Recorded any changes to the primer coatings on the panels (e.g. color
changes, delamination, bubbling). Dried the panels and petri dishes by
dabbing them with a lint-free wipe.

Used a spatula to scrape the primer coating from the panel, and collected the

scraped primer coating in the petri dishes.

10. Pulverized the scraped primer coating into a fine powder using the spatula.

11.

Analyzed the powdered primer coating for the Cr(VI) content using IC with
the mod. OSHA ID-215 analytical method, the level of quantification being

0.0030 pg. The results from these exposure tests are provided in Table 11.

Table 11. Test Results and Observations.

50% Formic Control 0.5 83 99.8 ND 99.8 brown gray/blue
50% Formic + RA* 1 33 99.9 ND 99.9 gray blue
5% Formic Control 1.5 16000 64.4 ND 64.4 dark brown light yellow
5% Formic + RA 3 13000 71.1 ND 71.1 light yellow blue/green
0.5% Formic Control 2 38000 15.6 ND 15.6 yellow/brown clear
0.5% Formic + RA 5 36000 20.0 ND 20.0 yellow green
50% Acetic Control 1.5 9000 80.0 ND 80.0 brown pink
50% Acetic + RA 3 25000 44.4 ND 44.4 brown yellow/green
5% Acetic Control 2 34000 244 ND 24.4 brown clear
5% Acetic + RA 4 27000 40.0 ND 40.0 light yellow green
0.5% Acetic Control 3.5 47000 -4.4 ND -4.4 dark yellow Clear
0.5% Acetic + RA 5 43000 4.4 ND 4.4 light yellow light green
Primer PC NA 45000 NA NA NA NA NA

ND = Not Detected

*RA refers to 0.4 M sodium ascorbate
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Conclusion:
Table 11 shows that 50% formic acid was able to reduce 99.8% of Cr(VI)
in the primer coating without sodium ascorbate and reduce 99.9% of Cr(VI) with
5 sodium ascorbate after about 18 hours. 50% acetic acid was also able to reduce
Cr(VI) in the primer coating, though to a much lesser extent. Therefore, formic
acid is much more efficient at extracting Cr(VI) from the primer than acetic acid.
Further, a higher concentration of any acid is much more efficient than that of
any lower concentrations. In addition, it appears that the presence of ascorbate
10 enhances the extraction efficiency of the acids.

IC analysis of the leachates shows no indication of Cr(VI) in any of the
samples, including the control samples. Prior to the experiment, it was expected
that the Cr(VI) would be detected in the control samples because there was no
exposure to the RR agent, namely the sodium ascorbate. However, the results

15  show that the Cr(VI) was reduced in the control samples by the formic or the
acetic acid.

The kinetics of Cr(VI) reduction within the primer coating by formic and/or
acetic acids are unknown and were not studied in the previous experiments. So
a quick test was performed on the IC by spiking the leachate samples. The

20 results show that formic and acetic acids did reduce Cr(VI), although much
slower than sodium ascorbate.

For example, the leachate of the 50% formic acid control (contained no
ascorbate) was spiked to 100 ppm Cr(VI), and was then injected on the
instrument about 8 hours later. The Cr(VI) concentration was found to be

25  reduced by 50%. However, when the leachate sample with 50% formic acid and
ascorbate was spiked to 500 ppm Cr(VI), and was injected into the IC about 9
hours later, the IC results show no presence of Cr(VI), suggesting that all spiked
Cr(VI) had been reduced.

Similar results were obtained for acetic acid except the spiking of acetic

30 acid control showed only about 40% reduction of Cr(VI) after about 14 hours,

which suggests that acetic acid reacts more slowly than does formic acid. The
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relative rates of Cr(VI) reduction within MIL-PRF-23377 primer coatings for all

three compounds can be shown as follows:

Acetic Acid < Formic Acid <<< Ascorbate

Unexpectedly, the acid and the RR agent (ascorbate) were discovered to
work in a synergistic fashion. The acid (formic or acetic), which was added to
the formulation for the sole purpose of digesting the polyamide framework of the
primer composition, can also work with the RR agent (ascorbate) to extract and
even chemically reduce the Cr(VI) contained therein to some extent. At the
same time, not only does the reducing agent (in this case ascorbate) chemically
reduce the Cr(VI), it also improves the efficiency of the acid at extracting Cr(VI)
from the primer. While not wishing to be bound by theory, it is presently
believed that the ions in HCOOH, the acid dissociation HCOO™ anion and H™ ion,
can penetrate and swell the primer thereby opening up fluid channels, through
which the RR agent in the solvent (water and/or EDTA) enter and chemically

reduce Cr(VI) to Cr(III) in the primer coating.

Example 20
This example evaluated the effect of the RR agent formulation and the

addition of an organic solvent to the formulation on the topcoated aluminum
panels (coupon size). The aluminum panels were 3 cm x 3 cm aluminum panels

coated with a MIL-PRF-23377 primer and urethane top coat. “%" refers to v/v%.

Procedure:

1. 50% Formic acid: Mixed 5 ml formic acid with 5 ml HPDI water.

2. 50% Formic acid/0.4 M sodium ascorbate: Weighed out 0.8 g sodium

ascorbate, added 5 ml HPDI water, and then added 5 ml formic acid. Mixed
for a few minutes.
3. 50% Formic acid/25% IPA/0.4 M sodium ascorbate: Weighed out 0.8 g

sodium ascorbate, added 2.5 ml HPDI water, followed by the addition of 5 ml

formic acid and 2.5 ml isopropanol (IPA). Mixed for a few minutes.
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the Cr(VI) in the primer coating was not fully reduced or extracted.

2. The two solutions containing IPA (solutions 3 and 4) produced light blue
leachate solutions. The coatings were delaminated fully from the substrate.
20 Rolling back the top coat revealed a grayish primer layer with no visible yellow
color, showing that the RR agent was able to access the primer underneath
and reduce/extract the Cr(VI) within the primer.
3. The two solutions containing acetone (solutions 5 and 6) produced a light
blue leachate. The coatings were delaminated fully from the substrate.
25 Rolling back the top coat revealed a grayish primer layer with no visible yellow
color, showing that the RR agent was able to access the primer underneath
and reduce/extract the Cr(VI) within the primer. Additionally, the primer was

separated from the substrate and easily peeled away.

30 Conclusion:
The reducing solution containing 50% formic acid, 25% IPA or acetone,

and 0.4 M ascorbate was able to, within 18 hrs, delaminate the top coat and
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relative rates of Cr(VlI) reduction within M L-PRF-23377 prinmer coatings for
all three conpounds can be shown as follows: Acetic Acid < Formc Acid " <
Ascor bat ewb 2012/13559Wnexpect edl y, the aci d and the RR agemCT(ussmmbm%) wer e

di scover S etic),
whi ch wagg%%{%é%r tt(ﬁgegﬂﬂ ngta;féh&? e S c%@e% &%g(tﬁgfdggﬁ & r?ef]g t he
pol yam deyrirfigtavdirkesth. tmjummwenéﬂwuhﬁg wﬂmmmrﬁé@%dﬁéﬁkwmds the RR
agent (ascorbate) to extract and 10 even chemi cally reduce the C (Vl)

cont ai nedfaritbedPA foumulabiengand iis.ability tta elishomd the psimerocoadingyfravdbet he
reduci ng ent_(in,this case ascorbgte) .chem caII reduce the Cr(Vl), it
i so | mycbbatetelas YRR AR, ST e PRITAT CAaId FPTRGEERTURe-( 1 om 1 he
prineg. While not wishing to be bound by theory, it is presently believed
t hat theé §ﬂﬁé'é QgHCOO—I t he acid dissociation HCO0- anion and hi+ ion, 15
can pene swel |l the prinmer thereby opening up fluid channels,

through whi ch THeee:@ih 516 @8dted 'thé *ﬂéd@éhﬁg efficidrigtatith@rsioe FfolrkiE Aciceah@r and

chem cally reduce Cr(VI) to Cr(Il1l) in the primer coating. Exanple 20
20Thi s eXafifisediiralaseerbate s@utiomn eata Gr(VﬂheorRmmlwad sudfane véthio@a paiot t he
addi tion of ,an &Jaanl %?sol v n on_the

to t for at| t ated al um num
banel s ( 0GHGN BT il i gBneftoblasBh Bt aceBSion I (e A pane! s
coat W 7 LPRE; rh%ﬁg s to
v/ 0/ 39 2?&6 oc’e% Eﬁﬁegég or mmg 2a3??g dllk)l% mgo(e?@%?nﬁecd grcf‘}/d)' )\;q\ﬁt’ ?rrﬁ 5 m
HPDI wat evern@vheér@Yncluding ttecwdll @nd the dittdrum ascor bat e: Wi ghed out 0.8 ¢
sodi um ascorbate, added 5 m HPD water, and then added 5 ml form c acid.
M xed for a few mnutes. 30 3. 50% Form c aci d/ 25% | PA/ 0.4 M sodi um

ascor bat%owged out 0.8 g sodium ascorbate, added 2.5 m HPD water,
fol | owed By addition of 5 M formc acid and 2.5 nml isopropanol (IPA).

M xed for a fQWeHSG%tféﬁch&u@@ﬂaa/sbaliﬁ%%éfnbh@ﬁﬁlaﬁ%M%ﬁ)répaﬂé@%uﬁwﬂéfﬂ C
acid/ 25% | PA: M xed 2.5 HPDI water with formc acid and 2. | PA.

5. 50% f ¢0hhe f@r@iudalzmd‘@rc%ample #RMirxéablz. B m;lngﬂtma pmz@ura\ﬂlswdanm f or m c
one 5 6. 50%for.mc acid/ 25% ace ne 0.4 sodi um

S tor bt Exatu 135 T Seuors ned BlarreB Al S80S GOBS HEBBE ot or
ol | ovied ¢t A8 o thS FimE 8 SathoARrtaiflihtdo St BRLRE Pretal

Added- 7 e SI X above solutions to eac by using a

transfer vmllpeirtdetheRLﬁntmm)mﬁueeradatdnam num panel in each dish, and let it
sit in 10the sol ution overni Ohservation: 1. The two sol utions w thout

any organl c sopuéhe f ittﬁ'Pma@?r'%céﬁérn@HraY@QI thej sohiop emeheyellvwgoloeed a cl ear

punorga A SRREIEt S A8 cboRtPaRTn B AR ARUP IR B lFeRRE, ° e

t opcoat VIFF® mirfliés mté\%fsyeﬂillgh‘ﬁ’coldﬁ@hﬁﬁ@é RstdReniditat@d Minutes, am@ aPr i mer

coating was not fully reduced or extracted. 2. The two sol uti ons cont ai ni ng
| PA (sol diZ0gninuesitie 4plasrchdnged margsubbtantialle bz harpde goeanistoaslor. The

coatings were delam nated fylly fromthe substrate. 20Ro|ling. back the top
coat Tavent cd Fa ragianl ol the sakipn oA oprored Bnafe SRION N« show ng
that the i
Feduce! eXCRATY PRI Bt ol CorRf BRESSre VB TbIck RABR G i low o
cont abni mjuexgedyisrewer®bbderoed aboan? neihutescafteregbraying ghe wallueAfteraatimite. The
coatings were delamnated fully fromthe substrate

170 minutes, most of the yellow colors had changed to purple blue.

For the wall #2, some visible color change from yellow to blue can be seen
immediately after spraying the wall. After about 170 minutes, a majority portion
of the yellow color changed to purple-blue.

30
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25Rol | i ng back the top coat revealed a grayish primer layer with no visible
yel l ow color, show ng that the RR agent was able to access the priner

under neatWoant/1B3stdace/ extract the C(VI) within the pri meT/USAddiosizonal |y,

t he prin%bn -§Fparated fromthe substrate and easily peel ed away.

30Concl usi-orn: é@ reduci ng solution containing 50%formc acid, 25% | PA or
acetone, and @ofor\d es bftef s irizi-:PtHé asvorbteformitCadid Soludieh M thatwall he top
coat and WO 2012/ 135594PCT/ US2012/ 031398 r educe/ extract (based on vi sua
obser vat iandsorothechiterr showva Hips)the iselutionwwys efficiems ipreduging GodMhwdthin the

Addi tional. benefits to. this fornmulatjon are added viscosit f the |1 PA
for mul ot RS dRatnOScaistenty spidyed Ehbmnalicand igrs et e arirt bodtht he
substFate at the same tine, nmaking the priner coating easier to renove. 5
Exanmple 21 The exanple tested the reducing efficiency of the 50%
form c acid anhile td foodiswofthe dovdrdion fsarkint disclosad eorfstifive) presaithni nat ed
surface within a paint booth, including the netal walls and the ventilation
filter mirefer r@dse.mbﬂdlme@t@amaw othess g d P0§$1@|esdlté%ﬁ%'n§¢ncbﬁqw¢_mm¢ﬂ 23377

primer c ' ' : ) I re. | i : | and
Phe i1 apentihaE BTN B bubivaishEcny BF LBt St 4R st doRe s on
was prepag gsibeiufidenstoddtimatithe teangukéd hereih @fe hdrBlyedeseriptivd attiferl0 usi ng
the procedure listed in Exanple 19. The solution was placed in an aerosol
spr ay0botthar Jintirg), anchidnas vaious chargesspay pednade witdopt departingaromdghe
contaninategéi%ﬁface on hpe.net€l wal s and the ventilation filter

mat eri al P’ RECPRS PEFSRVEREIN-  after spraying the sol ution on the

yel | ow col ored 20 priner coating left on the filter, observations were then
made at 80 mnutes and 170 m nutes intervals. Slight col or change was
observed at 80 minutes, and at 170 m nutes, the col or changed nore
substantially to purple greenish color. For the netal wall #1, the
sol ution was sprayed on the yellow prinmer coating portion of the wall, and
then sone visible color changes fromyellow to 25 bl ue-grayi sh were
observed about 2 mnutes after spraying the wall. After about 170 m nutes,
nost of the yellow col ors had changed to purpl e-bl ue. For the wall
#2, sone visible color change fromyellow to blue can be seen inmediately
after spraying the wall. After about 170 mi nutes, a majority portion of the
yel | ow col or changed to purple-blue. 30 WD 2012/135594PCT/ US2012/ 031398
Concl usi on: Col or changes after spraying the ascorbate/form c acid
solution on the wall and on the filter show that the solution was efficient
in reducing G (Vl) within the primer coating accidently sprayed on the

wal l's and filters of the paint booth. 5
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VWhile the fornms of the invention herein disclosed constitute presently
preferred enbodi nents, many others are possible. It is not intended herein
to menti onoabi2/ess9he possi bl e equival ent forns or ram PCTASR@RH3IBHS t he
invention. It is to be understood that the terns used herein are nerely
descriptive, rather 10 than limting, and that various changes may be nade
W thout @@fipisting fromthe spirit of the scope of the invention. WO

2012/ 135594PCT/ US2012/ 031398 Clainms 1. A formulation to reduce C (V)
contam nation, conprising: 5a. a reactive reducing agent conprising at

| east one reduci .chem cal c le of reducing Cr(Vl) to Cr(I11); and b.
one or reﬁggqr(}@%pgr_l%g_re% é@?hﬁoﬁﬁ%‘w P“«:Fgmm”%',” erein the reducing
chem gal conpryj s r : ol ki i des,

di thi oni te. sd":'fﬁ?e%%’girﬁé%ﬁé%@ﬁ?@?ﬁb?@@ ?@anae?nﬂéﬁte’g'h Thehficd] ke,

sol vent sol ubl e tdpable obrazhueirdsCr(Wi) tosOt(il);eartker capt ans, di sul fides, thiol
ethers, other simlar organosul fur conpounds or derivatives, ascorbic acid,
ascor bate, sobhaPRe OEBIBFESOWENES: acetic acid, propionic acid, butyl ated
hydr oxyt ol uene, butyl ated hydroxyani sol e, tert- 15butyl hydroqui none, propyl
gallate, glycolic acid (or hydroxyacetic acid) and other a-hydroxy acids

(AHA), T or MTheahfulation ¢ftddim $) Wherdin 8 Bsdudtg éhémicbMesprieiseRater3. The
formul ation of claim1l, wherein the solvent conprises water, toluene,
20acebone, solubledhiol ébgippnvds,i stdiiiespsulfides; alitbigniteg suljur diokige, kerreuse ( VEK)
met hyl isopr etope,. gl ycql, ether, neth i sghutyl ketone (M BK) G af
Ot eaner s Briihdliinds ¥6 yod HRE savent Sohunie BRA dormp e aiolitle

degr easi ng i Qi i r ; i e, Perc
(perchl or oert%‘%y naér)ls? r |Igﬁ%$m?ﬁ'@%’rcﬁg§¢/%m§f%ﬁberﬁ)éyﬁhfgé@gﬁglﬁ%%,apl i nseed
oi |, 25pr opgirivatives yasaorbit aciel apgdrbaks, gbyliate, sarblrydcidtdoetic doid,i nonene,

| i ronene, citrus extracts, N-nethyl pyrrolidone (NW), alkyl esters of
succi ni c, aBopiQNic agid) brtydated Avdeopdelyene bwiriated hygpxyeaniselentert-

di net hyl f or ' i V. I ( : .

chl ortaf or m BaaErod i gp MRl i et ackl @PHERGoRRAAGRELS and

ski n- penet r gihch @-Mirex ¢ BERABTARRY, RrMidBAEHSan® btiver X%t atids, Idred Rlturét. The
formul ation of claim1, further conprising one or nore chelating agents. WO
2012/ 135594Wer¢afS2012/ 031398 5. The fornulation of claim1, further
conprising one or nore enul sifier agents, pH adjusting agents, activators,
surfactants, viscosity nodifiers, gelling agents, or m xtures thereof. 5 6.

P e 3 TR RS SRR Re S ONAed o bohe! © o

20 acetone, ethanol, diglyme, isopropyl alcohol, methyl ethyl ketone (MEK),
methyl isopropyl ketone, glycol ether, methyl isobutyl ketone (MIBK), Graf
Off® cleaner, GOOP® cleaner, GO-JO® cleaner, other similar degreasers or
degreasing agents, paint stripper or remover, such as dichloromethane, Perc
(perchloroethylene), Trichlor (TCE, trichloroethylene), turpentine, linseed ail,

25 propylene glycol, tripropylene glycol methyl ether, D-limonene, limonene,
citrus extracts, N-methyl pyrrolidone (NMP), alkyl esters of succinic, adipic,
and/or glutaric acids, aromatic hydrocarbons, dimethylformamide, dimethyl
sulfone (DMSO), propylene carbonate, chloroform, carbon tetrachloride, ethyl
acetate, isopropanol, skin-penetrating hand creams and ointments, or a

30 mixture thereof.

4. The formulation of claim 1, further comprising one or more chelating agents.
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formul ati on, wherein the fornulation conprises i. a reactive reducing agent
conprising at |east one reducing chem cal capable of reducing C(Vl) to
Cr(lI11); wodoniss94one or nore solvents. b. allow ng thectarsauzasizon of

roated pai THe ndiagen of Bekms, B0 CbSHo S dihala emlBIH AR " e
net hod of CbH'd@Jstm‘Q*@jéﬁt@ édﬂﬁalfd?é @Ur%cta?ﬁtsfﬂﬁédﬁv rA6diAEts eRllipge or nore
chel ati ng agents. 8. The nmethod of claim 7, wherein the formilation

further con@gertté,sorolﬂil@(turesrﬂieeecrfrrul sifier agents, pH adjusting agents,
activators, surfactants, viscosity 20nodifiers, gelling agents, or m xtures
t her eof . 9. Anethod to use a Cr(VI) reducing fornulation, conprising

iy apgl ylsngAtrﬂ@chBerta%gp&e@gm)n t@or(gf?FnYﬁétldiP%ﬁLBr{&ﬁg;‘?d surf ace;

wal ting for sulrta time Whi surface undergoes a

25vi si bl e col @. appipigg;toansurtaceeofad paint mgatimg oe dinfshitg &CrOfI) récuding V1 )
reducti on by conpari n the color of the surface to one or nore colors on a
ref erence col or gula m,wt@rﬁ@thhéd‘oanutatlanrﬁomprwwei n the formulation

oo e caait o of RN HEhR EPLARRENS Aok dRTRLpERG, L'
sol vents. 11. A C (V1) clicefi¢st ¢apable of Kéém@rrigSCrYQUI) to Cr(III); ancg- a Cr (V1)

reduci ng formul ation; and | east one col or reference tool
for dval uating thenpronegsrrmrel/soh/ea&mpl etl on of the Cr(Vl) reduction.

12. The kit of claim rein.the_color referen ool corrprlse one or
Tor e col or s it SRR he e Of Sk L 6, G AT HaR i Rt SRR ¢ he
chromat e reduch&p(:r iﬁélr%sﬂ_lﬁﬁpi?hta t‘?éat%ﬂ?ﬂarﬂt]cjoatlwgeéﬁﬂn the forrrul ation
conprises a. a reactive reducfng agent conprisin | east one reducing
chem cal capall eravhovieg tice bgatad paint toatid.I11); and b. one or nore

solvents. 15 14. A fornulation to reduce Cr(VlI) in a coating, conprising: a.
a reactive reducing agent conprising at |east one reduci ng chem cal capable

of 1 qducingrlk (Mihod Of Hafith!? h@Bfh the formulation further comprises one or

more chelating agents.

8. The method of claim 7, wherein the formulation further comprises one or
more emulsifier agents, pH adjusting agents, activators, surfactants, viscosity

20 modifiers, gelling agents, or mixtures thereof.

9. A method to use a Cr(VI) reducing formulation, comprising
a. applying the formulation on a Cr(VI) contaminated surface;
b. waiting for a suitable amount of time while the surface undergoes a
25 visible color change; and
c. evaluating the completion of the Cr(VI) reduction by comparing the

color of the surface to one or more colors on a reference color tool.

10.The method of claim 9, wherein the formulation comprises
30 a. a reactive reducing agent comprising at least one reducing chemical
capable of reducing Cr(VI) to Cr(III); and

b. one or more solvents.
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b. one or nore organic conpounds. 20 15.The formul ati on of claim 14,
wherei n the organi c conpounds conprise organic acids, other simlar
conpoundswoan122139t ur e t her eof . 16. The formul ati eeTafS2ecas3vd 4,
wherein the organic acid conprises acetic acid, 25formc acid, other
simlar acids, or a mxture thereof. 17.The formul ation of claim 14,

further gqnRIGreVI)Fe@i&iow kifBoRpAsiagni ¢ sol vents. 18. The fornmul ation
of claim 18, erein the organic solvent conprises isopropyl 30al cohol,

acet one, ot hed.safr(\dy redymng forsulaton;sancbr a nmi xture thereof. 19. The

formul ation of claim14, furth COMpri sing one, .or re chel atjng agents.
b. “afleast orie color re erenc%ooﬂor%va uating tEﬂe) process and/0|g g

5 completion of the Cr(VI) reduction.

12.The kit of claim 11, wherein the color reference tool comprises one or more
colors, in which at least one color indicates the completion of the chromate
reduction.
10
13.The kit of claim 11, wherein the formulation comprises
a. a reactive reducing agent comprising at least one reducing chemical
capable of reducing Cr(VI) to Cr(III); and
b. one or more solvents.
15
14. A formulation to reduce Cr(VI) in a coating, comprising:
a. a reactive reducing agent comprising at least one reducing chemical
capable of reducing Cr(VI) to Cr(III); and
b. one or more organic compounds.
20
15.The formulation of claim 14, wherein the organic compounds comprise

organic acids, other similar compounds, or a mixture thereof.

16.The formulation of claim 14, wherein the organic acid comprises acetic acid,

25 formic acid, other similar acids, or a mixture thereof.

17.The formulation of claim 14, further comprising one or more organic solvents.

18.The formulation of claim 18, wherein the organic solvent comprises isopropyl

30 alcohol, acetone, other similar organic solvents, or a mixture thereof.

19.The formulation of claim 14, further comprising one or more chelating agents.
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