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Pr| ority is claimed to United States of Anerica Provisional Patent
Applications Serial Nos. 60/257,712 and 60/ 307,722, both entitled "Bond
Enhancenent Antitam sh Coatings", respectively fil ed Decenber 21, 2000 and

July 25, 2001 This i i 1 _ I nt of copper and
“its alloys, and mre%@gbim%@ww&g@%m sg'n S|t§§]@i1ce
and/ or inproved package adhesion for integrated circuit |ead fra

U S. Pat. No. 5,449,9S 1 of Parthasarathi and Mhulikar (the "951 gmtent)
di scl oses t h&riggty istlaimed tookinited Stetes of AmeriogProvisional Peteut Applirations

app | ed Vb S0/ES A And sy R Som FiRnGE o diantction: 2Rl BiR SoneeEn

frang apg édﬁﬁe@qﬁmeb&n‘ﬁ@-tﬁrg(ﬁjoﬁﬁmnezﬂ opackage.. The " 951 patent teaches
15 el ectrol ytic application of the coati ng froma solution conprising

excess hydroxyl ions (OH), hexaval ent chrom um lons (Cr(VI)) and zinc ions.
The " 951 patent .re fen ctrol Slt Pat . No.
5,022, 968 of erﬁtsrt“% g”sefi%@eskb’g r}%?taéﬂ? %‘gqﬁgﬁ%ﬁta‘ﬁ@@r €ses use
of sodi PRRBMEAIP Y S5hiREs PRVRSS MY SR E arior iRl AN e aBResiH o e ThE
" 951 paFent |dent|f|1essglt%alt| ng tﬁe | ead frarreorpl}rh?(r)r tgﬁgttgchrr%nt gf the 20
seni conthtegrated direvit isad firemeead frame die pad (a.k.a., die attach-pad or

paddl e). After attachnment, bond pads on the die are W re bonded to
assoti ated | eads of the lead frane. To facilitate such wire bonding, the

associ ated | gh9arad N¢. Wﬁsﬂd}%&ﬁ&‘a&tﬁ%ﬁdmﬁﬂﬁ&%t isaé%gt ) Wscfiad -

Prior to the wire bonding, the nask is renoved, permttin I'rect contact
bet weenusseafls dioordium-zinczaatinghe ths dedi feanedof] aaadtegmltademnattl(l@)l packageeThoat i ng

o edo B RG Oh ‘S5 BBREF <P BRRlfERdn & coppet lead IFare inproves e adheston *' o ¢

between the lead frame and the polymeric matenal of the IC package. The ‘951 patent teaches

15  electrolytic ep_plication of the coating from e'selution comprising excess hydroxyl ions {OH),
hexavalent chromium ions (Cr(VI)) and zinc ions. The *951 patent references the electrolytic
deposition of U.S. Pat. No. 5,022,968 of Lin and Chao (the ‘968 patent). The ‘968 patent
discloses use of sodium hydroxide or potassium hydroxide as the hydroxyl ion source.

The 951 patent identifies plating the lead frame prior to attachment of the

20  semiconductor die to the lead frame die pad (a.k.a., die attach pad or paddle). After attachment,
bond pads on the die are wire bonded to associated leads of the lead frame. To facilitate such
wire bonding, the associated inboard areas of the leads are masked prior to being coated. Prior
to the wire bonding, the mask is removed, permitting direct contact between each bond wire
and the assoc1ated lead. Altematlvely, the coatmg can be apphed over the entire lead and,

25 thereaﬁer etched or othermse removed at the wire bondmg location.

o Contammatlon from mmc specles is beheved assoc1ated with die failure. See
“Metalllzanon Contammatwn,” Mlcroelectromc Defects Database CALCE Electromc
Products and Systems Center Umversxty of Maryland, Apnl 12, 2000 (1dent1fymg chloride and
sodlum contammatton ﬁom moldmg compounds die coatmgs and die attach coatings) and

30 Barnes and Robinson, “The Impact of lonic Impurities in Die Attach Adhesives on Device
Performance”, Proc. of 34™ Electronics Components Conf., May, 1984, p.68 (identifying die

attach adhesives as a particular source of ionic contamination).



Contam nation fromionic species is believed associated with die failure.
See "Metallization Contam nation,” M croelectronic Defects Database, CALCE
El ectroni ¢ Products and Systens Center, University of Maryland, April 12,
2000 (identifying chloride and sodi um contam nati on from nol di ng conpounds,
die coatings, and die attach coatings) and 30 Barnes and Robi nson, "The

| npact of lonic Inpurities in Die Attach Adhesives: on Device Pefh@ismdse,
Proc. of 34a' Wihdbe rionpEminioniging éris fororficontaivinatiohdf 4lecrofi patlhgiid f yi ng
di e attach,adhesives as.a E’a%i cul ar spurce of ionic_cqntaninatiaon). 3
Auguat - ZBBHCHR Y850 95 5Io0RS Ak HBIONGE NFATSIRptROF WEih i Ras PloHng

el ect r orgoGut i ' | : EJTRY t.reat ment
process m.%%ggﬁn%ﬁdggi p é%yﬁ%gﬁ%gmoﬁtﬁgﬁv\%%t?%?gﬁ%%@gg?ggﬂs{m'ng')céﬁ%garam)unts
or free ahimipatds tasidueheditthiienspivhichicoell cansegpoteritab Ftlurdsdaiethetbnis QAL kHBIRONS,
mhicﬁ coulg %Fuse potential failures in electronic packagi ng applications.
In ofe £PBEEAMOHF- t he i nvention, aqueous el ectroplating sol utions and

net hods are ' ] Lt L: chran The

ol uts one. 1 nep Ot 8kl Of b B AL AR UecRooBRE ;AR AP SHF © ons.
The sol yrodded farthderdepositionles zinc aid Gabintien AMRUBtRhS MRS e fFRf e 1ABENST

al kal i tals, alkaline earth netals, or a conbination thereof, other than

10 sodi FHSaclyamaws; nd hydsoxyh ions; Bhre sodwtions fueher dndhad carceffachue hydratofione

ions. T kal | | bj, di | j i npl tati f
the- i nven g idil el ihions Bk Blnd b Al U oA dFerk b PR hefons.
shodDd podiier atd potiseiving t6&@ﬁﬁﬁ3r®hﬂ®@féfﬁbé‘§ﬂmﬁ:@h@ﬁ%@iyﬁ}@ﬂéf?ﬁb gfb@‘erpézf Ea;q ;Jm

ions in the solution or in excess of conbined anbunts o ther a
net al i &Ealiiprytidiung sol ution: The chromi um fromthe chroniumions may be

BrHe;SC;ni geahSroBB i engiiedons or 3ot pliionsat Befbetedbedeliamoatt
pr ef er ablf yubiding ivhs SsR@Mbicférhbly®k iP eﬂ&@@oﬂé&nﬂ?ﬁ%w %%—lﬂ% a%g Qgtgég#

0.1-50 g71 Na2Cr20-2Hi O, nore preferably of 10-500
ZnO, andeny ip thepsofption\erimercesg Bif combindd ameunts oE41e pthist glkel n2fal 166k ig fhe RbOH,

0.5440 -ZNGQ d 0, 4- /1 20 Na2Cr.z0~2Hz0Q. The sol uti ons ve an
aroihe STRaBEhe X ormiui o dhe SR friRay PeBEOSTOR SRR PRI Y Dot
stabi | | The sblationd prefeRsbl§ tayhak0 a pebstvamapatusdy dHEWaRt1 1% Ek&s) mgis@wae e
precipitation over a desiréd period (e.g., at |east 3 days). e coating
pr ef er aBPNHtioRs prefrabdyl consist ebssatially 9ft 3-£3%Y g/ROH, Ofl- 525 p/@ Zn6c nd €30 g/l

en SRR Mol SRR o A e 5w B gl g
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I n nmaj or wei art of a combinmation of“zinc dn m urh bly the

zi né0 an¥azGrOm2biOaThe sulutipussitehavs mhmspouht akestkbikieem@gnhoimeyiumThe det ail s -

of- one ﬁr re %P%gigents oftaée i pvention are set forth in the -
acconpa g;fa:%w{:ﬂs P SUSHIV e RS IR LE DT P a5 sehsatially prayentzinebj ect s, -
and advapiagias pRcidthelolovbry RRIHERDeltbl e Loar10RE ARjs)! T om the description |
and draw ngs, and fromthe clains.
The coating preferably is applied via electrolytic or electroplating techniques.
Advantageously, a current is applied to the item or member to be coated, such as, for example,
25  asubstrate or a lead frame. The plating is effective to plate exposed portions of the item with a
coating consisting in major weight part of a combination of zinc and chromium. Preferably the
zinc and chromium are codeposited with a flake-like morphology.
The details of one or more embodiments of the invention are set forth in the

accornpanying drawings and the description below. Other features, objects, and advantages of

30 the invention will be apparent from the description and drawings, and from the claims.

FIG 1 is a scanning glectron microscope (SEM) image of a first coating according to

' principles of the invention.



FIG 1 is a scanning electron mcroscope (SEM image of a first coating
according to principles of the invention. FIC-2is an SEMimge of a
prior art coating. 3 August 2004 Like reference nunbers and designations in
the various drawi ngs indicate |like elenents. The potentially contam nating
sodiumions generally originate in the hydroxyl salts and in the associ ated
dichromat e coffddiadh SEM magapf@prios @rEortizg. substitution of ohAUSHSLAOPE

i h | | kal h d
excel lont pi ok ?%3%%%5?%&%‘?&%&-d?&g%tw%aili‘%ﬁé%%m Soiesiihcss 588 alimtons
of the el ect r Thé poteatAROICMAnEIRMKgORARG: mrﬁ%ﬁé}hll%ngﬁl{@riﬁﬁm % l&ﬁéf{

al kal i ne

salts include those based on the alkali netals
eart h metdhe aseciaied dighromets comipepnds. wxaebeezm&mad gt ssbstitutiontudione bPmore

di chronmet e/ ch h Table |: Table d |

ConpouncieEh cHr AL Del RTb HALL oFsRpBik pe saTitiore o gt seesla piaed Tom
t

S i iod o o LY

(200) | i ténvinetined: 20~2H201870 30CR0+ROOH1800 (15C) r ubi di unRp2Cr 20~

15CCs CsOH395 10520 704714, 13CBaszBa( O p6 (150 BaG ol L
sol ubl e col d%q t(%gﬁl‘é%‘ qgeeg@ydr%}gs &E’ﬁ? basedonytha alkali netalgRb, Li

exenpl i féﬁdtdjgeah@mgf %{i“ﬁ’“ a0 RO % O nomi nal
by wei ght) foil pr oé{ljce %F%Et ro ep?)‘l%‘ls:%oll v?g&tﬂ i Sgi? (P@f(g%ct rocl eaned
in al%ormanomte/eitmmemenﬁﬁundmaehommmh resi dual I ubrl cant,

contam nants) oxides, and the like fromits surfaces. A sanple f0| I (Sarrpl e
1) was then pI ated in an el ectrol yte pT"é’ﬂ‘?hg sol ution cont ai ni ng 27 g/l

RbOH, 1.77 d | ) t +2—64 Sueh a
solution cp Eeﬁ&gt ai neﬁI %‘% ?&l |\§ )épi;gso v tﬁ mg@e@? 2% ion of
t he al kal i .’mt°'+..,u -4 teF RO *' FIBErAUES
pernmits the d|§r§ol vi g oNa9Fnc dxi de (the hydr oxild&20420%H: 3470 @ARO°C)
sodium | Na,Cr;0722H;0 1800 (20°C), 4330 (98°C)
K*_ KOH 1070 (15°C), 1780 (100°C)
potassium K>Cr,0; 49 (0°C), 1020 (100°C)
‘ L_i+ LiOH 128 (20°C)
lithium Li;Cr,0,°2H;0 1870 (30°C)
Rb* RbOH 1800 (15°C)
rubidium Rb;Cr;0; . 50 (15°C)
Cs" CsOH 3955 (15°C)
cesium Cs;Cr;04 714 (13°C)
Bzf’- Ba(OH), 56 (15°C)
baﬂfm BaCr,0; Slightly sotuble (cold)
Sr 2 Sr(OH), 4.1 {0°C), 218 (100°C)
strontium SrCrO, 1.2 (15°C) |

To exemplify the invention, a copper alloy C110 (>99.90% Cu, <0.05% O nominal by

weight) foil produced by electrodeposition was initially electrocleaned in a commercial alkaline

15 cleaner to remove residual lubricant, contaminants, oxides, and the like from its surfaces. A
sample foil (Sample 1) was then plated in an electrolyte plating solution containing 27.2 g/l
RbOH, 1.77 g/1 ZnO and 1.48 g/l Na;Cr,072H,0 with a pH of 12.64.. Such a solution can be
obtained by initially dissolving a high concentration of the alkali metal hydroxide in water. This
initial concentration then permits the dissolving of zinc oxide (the hydroxide concentration

20  being effective to complex the zinc to form zincate ions (Zn(OH)4 ). A second solution of the
alkali metal hydroxide may then be used to dilute the first solution to reduce its zi:ic |

concentration to a desired amount along with reducing the hydroxide concentration to a desired

3



20 being effective to conplex the zinc to formzincate ions (Zn(OH4 z)). A"~

second solution of the alkali netal hydroxide nay then be used to dilute
the first solution to reduce its zinc concentration to a desired anount
along wi th reducing the hydroxi de concentration to a desired 3 August
2004 anmount. If not already added, the chromate or dichromate igﬁgound may

be added _at thi int, It t ient to identify th BLi200%
of the. peaioPl IEnftiioaty srerlsih® SR iy oAt roMRONBA My Heraddet i Bisi ent s
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by two sides) for a duration of twelve seconds. en
rinskl afidowth sech sample foik(Sempla HevasalfearsingloiQFh bl wglace NaDiRim #platihgnt
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rapidly removed fromthe coated specinen. To the esi'v
separ at e¥amplgrh abiiainéd with ¢he rubstiumriydroids besedsolutien. 'Susgrising!®nhe fiface has a
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perfornmance was achi eved despite the ering rphol ogy of the coating on
Sanpl e 1) conphe @ohish tesistdnae obthe SaztjrigeofBaniplesal , Zemdudw atii@sinified RSt 250°C

sa IOes t reat ed i@ t he manner of Sanples 1 and 3, one end of each of a pair
of ¢ o0el% HEminse bake st 1 fabogatery e Obsgrved taemeipmsisioco waesimitarooghat, 30
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15 exanpl es of possible plating solutions and paraneters. All are believed

suitable for plating on copper alloy specinens a8er such speci nens have

been el ectrocl eaned (preferably in a sodiumfree solution to avoid sodi um

resi dues and possi bl e associ ated contam nation). An exenpl ary

el ectroplating current is a cathodic current of 5-100 anperes per square

foot (asf) (54-1076 A/nz) based on total area (e.g., both surfq Qf2084

- foil stofithy madihi eempbuil Ate shesrairans g?ﬂzcsb MBa)Biéng B ahtereak Botwae qﬂ@%
current density of 10-50 asf (108-538 A/nR2) and a sol ution tenperature of

45-60C ?é’élﬁhgeomﬁmmdafﬁéaeatqdnﬁne&nlﬁwﬂe@th tdnelsg@mmm@uée-amt@mm solugion

2ot am R0 LR S el ol Bl SRRRER D) Hhe 05 Hikaaspyes
could ha ﬁlbécﬁllﬁtﬁéatmg alsh@hrefotde iRt eXeds18f 140G HDOCT Miaslepthae a BRLKE S rmgm

SourcePl ati ng Current SourceDensit and Tine25 g/1 RbOHL. 25 g/ 1 Zn0 6 g/l
Cr 0310 lagh (0.3pmae)dh 8 V97 97.5H0SBA. 3ﬁ%FRbQ?BB_A:25aqi 0. 12%0n) 18asyised RithGr 20, 10

Coc 100 VA SR B cr R Spaiar e dscbe issanike 2)-aaevenhiebershiu nz
205300 siedgt Bbi%trﬂs‘?(ﬂidjb@h@@ﬂ%tﬁﬁ@ﬂf?@tﬂ@&xﬁéﬁm@tﬁﬁgort%@nﬁ’sE}ﬁb 1 't

is expected that the baths and plating conditions

woul d pemperdbire mpussienl desgribed abdveeat ment results sinilar to those set forth
for the other. x | es. The ocess of this inyentiaon can _be applied to any
desired mat ghs © Ig}()“ﬁ@ﬁ"ta%%@ﬂ@&?ﬂﬁ%?%%%@@eggm@aalef Wﬁﬁag@?ﬁéﬁ?e

degpr edriRkERBP be @ g,a.nl, to
polymers is de5|er eﬁﬁﬁu@h&ﬁ&&%@# oﬁlrsqlglr-}'té ?ﬁghgll-&gso#?gl ni cogl%n%gﬁl?lglg&?hﬁg
exanpl| éniighy berassetiatid wittathe, hyidsoxtyl/ginysdunyl vaditedother mmd.ll:yr‘@sddiae@ wathfthé i f e

of the platin /qilgl ution. The ﬁ%&lcal FI at i solution wthout the 10 Si
addi t | SHCTEOREE/ dhEemate sompand, e&?@éﬂf&@ metals Byibegsspciatechiyith oae of he
oper at |b@,q, R

plating soeléﬁglg;ﬁh (S °g‘? S%ﬁSe%%%é&g‘% Eﬂbﬂ{}h% esﬂfﬁlahgﬁ} tﬁ}?‘lﬁe (%%m(k:dgﬁﬁ enr?’ %g
filter altemativacitiontatbiertthart dealkgdemiefal echild berpmsemu bisteddsetbw ereethmbet offhe

f or gomgm'lt{estfhﬂqtsﬁgde nstrate a -free or ] ow Na plating solution in,

pr ithci 5 pg solptoRsand parqmetery af%bqhﬁgecbﬂ& lefopplating gn
prol ong afBekbedih JR 2 (1N the
parts pgir)ﬂ?h I I?o}fr’\ec( p%:ﬁs)af?éﬁg%dp d’ﬁ%ﬁ%l s%ﬁ?ggﬁ%g?%%%ﬂﬁ%w t he

per f or sadivm- ﬁf:e sdletig ot dvoyl diun residués Bﬁiﬁds&fblﬁss&ﬂﬂt&déoﬂftﬁﬁnﬂmeﬁ) iAdentified
as ammoni u xlafl ugropsilicate an xarrpl es arh?ﬂql ven below. Such a source

may be SGEBRALY CIFErQRIAtNELUITER! 15 ¢ oA Cé’“ﬁﬁ}“eo Hpperes B@cmwpffe@éasf)
sol uti By 7 [ 0.5
o1 o S e R ArRAaNs 3" sl RER ofe By S8R £ EnBRlEe
(12@7 gf 19-3086. Prlefiratily.at pIo6ieg cistengdensity bf EOH50AeNE 08536 A/ N £56Tufiqt 10
sec. e adhemé{} %r@ﬁa results showed 100%transfer of the adhesive of the
t ape t TRPRIatyreS ?ﬂﬂgi?rm%te@meﬁh"éh%wﬁ%ﬁ ipelnde verons alfpmative sqdiup- 35
g/l Zn htbth i S d 100%
t ape agﬁggl on ar%egéj&%ésgq%}ghglg &ggjﬂﬁ?‘%&o%gsé%s cl?%}a %@?{Q%ﬁ?usggx&f) 1%3&?4 /1.
Zn and stiilat tgthht Becribed for[Saamlc? dodll@ B8nBhitedpe adhesion results. At this
point the Si concentration was anal yzed to be 75.8 ppm (a range 3 August
2004 of 20-150 ppmis believed advantageous). This solution was stable for
about 4 days before precipitates were observed. Thus, it appears to be
denonstrated that Si is responsible for prolonging the shelf life of the
plating bath. O her chemicals that contain Si could serve this purpose.
Exanpl es could be al kaline or alkali earth nmetal (preferably other than Na
and K) 5 silicate conmpounds. One or nore enbodi nents of the present

i nvention have been described. Nevertheless, it will be understood that
various nodifications may be nade wi thout departing fromthe spirit and
scope of the invention. For exanple, a variety of lead frame materials may
be utilized and the electrical and chem cal paranmeters of the plating
process may be optim zed for particul ar




10 applications or /
scope of the follow ng clains.

needs.

Accordi ngly,

7

ot her

enbodi nents are within the
CLAI M5: 3 August 2004 1. A nmethod for

applying a coating to a copper or copper alloy item the coating consisting
in major part of a combination of zinc and chrom um characterized by
exposing the itemto an aqueous solution conprising effective anmounts of
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of ac
A coat
' 5

T Rt uedmRalisy s alibotbes

process of this invention can be applied to any desired material or part (such as for example, a

ted with a flake-Ilike nor
eSet forthifex the othes exaraples. 4

hol ogy. 7.

lead frame or other desired element of an electronic package) for which improved adhesion to

polymers is desired. -

In the lprior art, a Si-containing compound, for example sodium metasilicate, is typically

added to prolong the shelf life of the plating solution. The typical plating solution without the

10

Si addition could have Zn hydroxide precipitates in about 0.5-2 hours at the operating

temperature. With the addition of Si, the shelf life of the plating solution is prolonged to a few

days. The solution can then be filtered and adjusted to the specified compositions and reused.

In the foregoing tests, to demonstrate a Na-free or low-Na plating solution in principle,

sodium metasilicate was still added to the plating bath to prolong the shelf life. We believed

15

that a small amount of Na (in the parts per million (ppm) range) in the Si source would not

affect the performance of the plating solution. A Na-free Si source has been identified as

ammonium hexafluorosilicate and examples are given below. Such a source may be used if it is

desired to have a more completely sodium-free solution.

A solution containing 37 g/l RbOH, 2.0 g/l Zn as zinc oxide, 0.5 g/1 Cr as chromic acid,

20

and 82 ppm Si as ammonium hexafluorosilicate (1.37 g/) was plated at 56°C using a current

density of 10mA/cm’ for 10 sec. Tape adhesion test results showed 100% transfer of the

adhesive of the tape to the plated metal surface, The same solution was adjusted to 2.35 g/l Zn
and 40.6 g/l RbOH with other conditions unchanged and produced 100% tape adhesion results.
The same solution was further adjusted to 3.14 g/1Zn and 52.4 g/l RbOH and produced 100%

25

6

tape adhesion results. At this point the Si concentration was analyzed to be 75.8 ppm (a range



8. A'method for treating a metallic surface conprising: exposing the =~

surface to an aqueous sol ution conprising effective anounts of Rb';
hydroxyl ions (O T], Zn-containing ions and Cr-containing ions; running a
current through the surface so as to plate the surface with a coating
consisting in major part of a conbination of zinc and chromum 9. The

met hod of claim8 wherein: a step of providing the solution cofpigdeg004
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10 applications or needs. Accordingly, other embodiments are within the scope of the following

claims.



10 14. The nethod of claim21 wherein: 3 August 2004 the anount of Rb is in
excess of conbined amounts of other alkali netals in the solution. 15. The
nmet hod of claim1 wherein the solution has a pH of at nost 13.0, 16. The
met hod of claim 15 wherein the solution has a pH of between 11.0 and t 3.0.
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0 - }ldi‘:oQb AR S andc omum, characterized by ex;msmg the item to an aqueous

solution comprising effective amounts of hydroxy! ions (OH"), Zn-containing ions, and
Cr-containing ions and of rubidium ions (Rb*) in major part valence balancing the OH,
wherein the amount of Rb* is in excess of combined amounts of Na* and K* in the solution;
and the Cr-containing ions are present in major part as Cr (VI) ions.

3. The method of claim 2 wherein:

the amount of Rb is in excess of combined amounts of other alkali metals in the
solution,

4. The method of claim 2 wherein the solution has a pH of at most 13.0,

5. The method of claim 4 whercin the solution has a PH of between 11.0 and 13.0.

6. A method for coating an item characterized by:

exposing the item to an aqueous solution comprising effective amounts of’
hydroxyl jons (OH);
one or more ions of alkali metals, alkaline earth metals, or a combination
thereof other than Na, to in major part valence balance the OH";
Zn-containing ions; and
Cr-containing ions; and

applying a current through the item effective to plate exposed portions of the item

with a coating consisting in major part of a combination of Zn and Cr co-deposited
with a flake-tike morphology.

7. A coated item manufactured by the method of claim 6.
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than Na and K, to in major part valence balance the OH';
Zn-containing ions; and

Cr-containing ions,

11. The solution of claim 10 consisting essentially of 2 solution of:
3-1300 g/l RbOH;
0.1-125 g/l ZnO; and
0.1-50 g/l Na;Cr;04+2H,0.

12. The solution of claim 11 further comprising an amount of ammonium hexafluorosilicate
effective to stabilize the solution so as to substantially prcvcnt zinc hydroxide precipitation
over a period of about 4 days.

13. The method of claim 1, wherein the amount of Rb" is in excess of combined amounts of
Na" and K in the solution; and the Cr-containing ions are present in major part as Cr(VI)

ions.
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