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‘CHROM UM APPEARANCE ..PASSI VATE SOLUTI ON AND PROCESS : . The @

' ' ' ' ' tal surfaces to i
resent: invention relates to passivation of ne 7“?
gppearahce of a.chrom um passivate.1 A variety of chron1un1contgegbébtln2
aque@ 5. ‘solutions have heretofore been used or proposed for treating

faces for
zinc,” zinc alloy, cabHROMIUMAGRREARANCE PASSEBVAE NG g{ﬂ;
inprOV|ng the corroglon_resistalND (RROERSS €S - ‘ther'e ang galgur;her
ce the appearance of such surfaces by Tnparting q.yc1r _ o
grng?bright 18?' coating thereto, the latter sinulating a chron1un}frP|sh
Such treating solutions originally contained chromumin the hexaval en

o ature o ”h”DLe rece”*%*eé Feents eI ST Ade' oY mamaLvaion ofi 1y
.m xture of the exav | en

-g} trival ent chriB®Fam guafeses; ﬁ@rémtsﬁm appeamm«;befdfcaeényoﬂgm
_treating waste eéasslfﬁhteifont ai ning trivalent chronium has occasi oned an
-| creased commerci al useg assivate solutions.in - which the chrom um

cﬂnstltuent i's substant aVFfRGFY|PglFhrﬂmﬂum:ywntaﬂningﬂaqueaugie Such

Cprior trivdent sdlotionsphavévhezbtBEorel Bk %2)%(15\/&3"“#% fou%fﬂ]éo be.

Sacsivat i ng.sol UriEHEiRe FhRe,  Fige ggaa&zﬁ'mm.egm atloj nendand
zinc all oy, cadralmimhntmsxmﬁées :f-gt" gﬁgﬁawﬁyr gm%?apaccor%{nn%#n% cd’
magnesi um aﬂgeg%ﬁqf% %5?‘5@ ﬁt Pn%f‘ ﬁph@mqenuhq ;maaaanc@
gglnhlt Pglnggand profe sty | sm’éaeesebyemantmgl anyen.qwfdz‘)% &Il%-%éﬁft 30.
: hexaval entld;hroréd&’ﬂiﬁﬁstﬂé’féw SO QPE kS gmuia%ing a chromium '
finish. Such treating solutions originally contained
chromium ini:the hexavalent state and. in more recent
years the chromium constituent was present as a mixture
~of the hexavalent and trivalent forms.. The reduced
toxicity of trivalent chromium and the increased - -
. simplicity and efficiency in treating waste effluents =
containing trivalent chrcmium has occasioned an increased
' 'commercial use of passivate solutions in which ‘the
chromium constituent is substantially entirely in the
20. trivalent state. Such prior trivalent chrcmium passiv-
B ating solutions have been found to be somewhat less
effective than the traditionalthexavalent chromium
passivating solutions in imparting good corrosion
. resistance to zinc. and zinc alloy, cadmium, cadmium
25, _calloy, and aluminium, aluminium alloy, ‘magnesium and
' magnesium alloys surfaces and there has, accordingly,

BE been a continuing need for further improvement in |
o trivalent chromium passivating solutions and processes.
- . B E The excellent corrosion protection provided by
s 30. ' hexavalent chromium passivating solutions is generally

associated with ‘a light yellow iridescent passivate



en recogni sed and enbodi ed_in ASTM speci ficati ons Conventionally.,
i val ent chron1un1pa33|vate2tllns are of .a clear to |ight-blue col our and
~are of inferior corrosion protection than the 5. yel'l ow hexaval ent o/
--pa55|vate film This problem has been further aggravated by a conversion,
from convent- ional cyanide zinc and cadm um pl ating processes to acid and
al kal i ne non-cyani de el ectropl ati ng bat hs whi ch produce netal deposits
whi ch are not as 10. receptive to chrom um passivate treatnents. Typica
of prior art conpositions and processes for treating netal surfaces are

. those di sfilmedhichiUhascbhesnarecomisaed andriamo@ied 31 B6RSTH, 559, 878;

5920 oot e R ol et 212,

- German PRassivate, Eiimsgare of 3 clear g ightthlwe cmadour aspect the

Q§§§sociated with a Iight'yeIIOM/iridescent passivaté 2. filmwhich has

present 'w&rﬁténofrﬂﬂféﬂo%nc&i‘i%i%rﬁ%ﬂt‘eé@iéﬁ't’!@aﬂsﬂfw' in the "B
treatnent- of _  recept.ive_netal trate to I npart a pa35|vate filmthereon
corr i si rEphLow: ﬁ?vﬁ}ﬁ}‘ﬁgms gih'hsaE# eblemLhas) an oxi d| zing -

| ‘agent | C)béénlfaﬁtheﬁeaggmw&edcwld ,cdnﬁﬁioﬁvfmdeaéﬁbent- o S
g ional cyanide zinc and cadmium plating processes to '
~acid and alkaline non-cyanide electroplating haths
which oroduce metal deposits which are not as
10. - receptive to chromium passivate treatments.
Typical of prior art comoositions and processes
'for treating metal surfaces are those disclosed in -
- United States Patents Numbers 2, 393 663; 2, 559,878;
o '3,090,710; 3 553_034 3.755t018;.3.795.549, 3,880,772; -
15.° 3,932,198; 4,126;490; 4.171,231j“8ritish'Patent Numbers -
586,517 .and 1,461,244; and German Patent No 2,526,832. -



m xture thereof in an anount effective 10. to inpart increased c si on
resi st.ance to the treated substrate, and D) chrom umions substanti y al
of mhéap are in-the trivalent state. The present invention is particularly
applicable but not linited to the t@satment of.al kaline and acidic
non-cyani de zinc and cadm um el ectrodeposits to inpart . |nproved corrosion

resi stance ‘thereto. Pa LY £52 f on
deceorative zinc and cad%%h%# %tfédék%S?%ﬁgh%th%%# t an senlq%rlght

.manganese, alum nium |anthanum | anthanide m xture or ceriumions zEQg
a

20. types al tﬁwgn’c@enepr@waﬂeéfﬁécssu&p@Salaséda"mselwm Bsefwndyine

al t oy substrat eStaacaréstﬁeh%aafz ekt ﬁe,tam BB AaH Iﬁws:@ai
substrates conprised of cad n1in1or oys of cadmi um predom nantly

al | .
conprised of cadfti BAESiVRLL ELAR EREZRO R°Fﬁr NGy i ous aspects 25 as

herei n descri bedaj shpakbyeti! dbhg dior eboeddeo ahhaciiadet iyt of zinc and 2|nc“

. aIon sur faces, 5 has bﬁgg gbseééﬁd that beneficial results are also
oBtained in the BfeqPnBREISFIRE, P&ﬁ] al-umi ni um al | oy, magnesi um and -
nagne3|un1alloy CMr&acéeast boenox fxeni,v abbaflit),mickeds, umdmhd;nwmweon

B et i herafaaaABke) TKIEhtAt) 15eRRARH, a5k AN il G
passivate film t Aeréum ﬁﬁ@ﬁ §§nﬁa@@§@uWﬁtﬁgﬁﬁéo§bﬁ@ta@hamOUﬂt<ﬁfﬂﬁﬁ¥ive
present 'Dﬂ?nt'OEo'ﬂmﬁ&f@rﬁﬁ&?@aﬁbﬁhcb&%o@&%ﬁ?&%sistance to the treated
substrate, and:
D) chromium ions substantially all of which are in the
- trivalent state. _ _
. The present invention is particularly applicable"'
15. but not - limited to the treatment of alkaline and acidic
non-cyanide zinc and cadmium electrodeposits to impart
\c/ : . improved corrosion resistance thereto. Particularly
| satisfactory_results are_obtained on decorative'zino e

“and cadmium electrodeposits of the bright-and semi-bright a

20. . types although beneficial effects are also achieved on

zinc and zinc alloy substrates such as galvanized
substrates, zinc die castings and substrates comprised
of cadmium or alloys of cadmium ‘predominantly comorised
_ of cadmium. While the invention in its various asnects
as herein described. is particularly directed to the
treatment of zinc and zinc alloy surfaces, it has been

25.

. observed that beneficial results are also obtained in

- the treatment of aluminium, aliminium alloy, magnesium
and magnesium alloy surfaces to form a passivate Film
or coating thereon. Accordingly, the present invention
-in its broad sense is directed to- the treatment of metal
'surfaces which are receptive to the formation of a

-~
b

- passivate film thereon when contacted with the solution
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ﬁayafaneters di scl osed. I n accordance with the process aspects of the present -
nyention, zinc, cadmum zinc alloy, cadmumb5. alloy, alumniumand
magnesi um surfaces are contacted with the agueous acidic treating sol ution,

at a tenper- ature ranging,romabout 40[err] up to about 150[err] ( 4~9 to
66[err]) for a period of time typically ranging fromabout 10 seconds up to .
about 1 mnute to formthe 10. desired passivate film A treating bath.

formul ation in accordance with the various preferred fornms of the present

i nvention which are described in detail bel ow may be applied to a substrate
to be treated by.spray, imersion, flooding or the like 15. for a period of

" tinme sufficient to formthe desired passivate filmthereon. The treating

. solutiongis,controll i,.n tenpera e ran of_.about 40 to about

3000 er rPE(EnE; Prefpnciiveielol d R BRI B iR 700 1 o
about 9p§eam¢ter§1ﬁescposed.32[err]) bei ng preferred -20. Tenperatures
above about 90&ﬁr él:cﬁarﬁ%h%%rh)i £RAR A esrgc%s?%é:t_aérsgf au{éapr d loss of the. -

per oxi de-type oOxi di ZI ng agents en use ereas .t enperatures bel ow about"

70[ err] presenpeinwn#éenaezme raSadminm,ofz ifige adday r ezpdmiumy i ncreased ;
contgct 31189 &Quﬁihiﬁﬁeaﬁdpﬁ%%&%ti%nf Iédffafce%S add & Eddu ckness or N

col our |ntenS|t as can be achi"eved at er tenperatures at -short -

time infhkhatle ?ﬁBP@HFI?Ciééﬁt§€FQQ¥%&559 ERIREDNds .t 0 about
1 nminutgtare ﬁahgsﬁgcfebml nbwuﬂ:hwé?nmctot lamwflsdﬂmt( 3@ stconds being

usuald ytgregﬁeé’&?dfor a ngg‘.&r % tt?. 2 f' r aqu%rf %:'rarneg rIgorfTr a ,t he -
o about 10 seconds up to about 1 minute to form the '
'10. desired passivate £ilm.
- _ A treating bath formulation in accordance with
the'wmﬁcus;nsfernaifOnm;of'ﬂrapnm*mt invention which are .
- described in detail below may be applied to a substrate _
- to be treated by spray, immersion, flooding or the 1like N
- 15. for a period of time sufficient to. form the desired -
'passivate f£ilm thereon. The treating solution 'is
' controlled within a temperature range of about 40° to.
about_lSO F (- to 66 C), with a temperature range
of about 700 to about 90°F ( 21%o 32°C) being rreferred.
20. Temperatures above about 90°F ( 32°C) have a tendency.
to cause a rapid loss of the peroxide-type oxidizing -
agents when used whereas temperatures below about 70°F
(21 °C)'reduce the activity of the bath requiring.
 increased contact times to achieve a passivate film of
25. the same thickness or colour intensity‘as can be achieved
at the higher temperatures at short. time intervals.
'Typically, contact times of about 20 or 30 seconds to
about 1 minute are satisfactorily with contact times of
about 30 seconds being usually preferred



“present innvention there is provided a treating solution and process whi
is effective to inpart inproved corrosion resistance to zinc, zinc alloy
cadnium and 5. cadmum all oy, as well as alum nium and nmagnesi um
surf@vgs and to inpart a desirable surface finish which.can range froma
clear bright to a light blue-bright appear ance, which process is sinple to
control and operate and which is of efficient and econoni cal oper ati on.
Thi.s and the 10. ot her enbodi nents of the invention all utilize trivalent
chrom um i ons. The benefits and advantages. of the first preferred -
formof the present invention are achieved in accordance wth the
conpsition aspects thereof by providing an aqueous acidic treating solutlon
containing as its essential 5. constituents, chrom umions
substantially all of esge I referably at
a concentration of fr%%%g%d§£§ 8 a ?Erh@ éEEFE?E&a %?%T é% £ 2éaturatlon .
' m%drogen i ons H%F%hbu}veatp%v—‘l:hera §s| prp@rﬁ.dgﬁ gf taseming Sollutdbout 2.2
ich can be 1gha prseeysnwsﬂéhyignéfféeﬁﬁéeb¥g”iﬂ§5§'t 1§P gayaych as =
z

sul phuric aC|d nltric aci rochloric -acid I'ng agent -of

whi ch hydr ogen COEF3RioR F?§§?Fa?éepF€f§$F§d ziner alagyy Frdmdmm andan
dmount of. aboud:adm.tma&blbyZOas/welnndslémﬁmﬂ:ﬁﬂﬁmp&ﬁﬁeﬁﬁghésﬂhﬁsQﬁ?r:f'a&e§5

Ui et " conbi AR croutiRear “FodtePednle afrPanar bish Thtcucrap: ansrom
t he group consterelQﬁe@nbbrighhltaea lighybbtaerbrighgaappearhntehanum
l'ant hani de. m xjuY &h §ocbIR S uigsshﬁﬁigo’t:o p[:gﬁ@.%l' Qn&noperate and which
is of efficient and economical operation. This and the
10.  other embodlments of the invention all utilize trlvalent

chramium ions.

n



amount effective to inpart increased corrosion resistance to the

eated substrate and to activate the bath and the formation of a chrom um
™~ passivate filmon the substrate treated. As an optional but preferred :
- constituent, the 25. ‘bat h.may contain halide ions including chlorings

brom ne and fluorine ions which have been found to enhance the hardness of

the passivate fil'mon the treated substrate. The halide ions or mxtures

t hereof can conveniently be iintroduced enpl oyi ng any of the al kali.netal

and 30. anmoni um salts thereof as well as salts of the netal ions

her ei nabove set forth. The concentration of the total halide constituent
- in the bath normallymay range up to about 8 grams.per litre with:

concentrations of 5. about Q1 to about- 2.5 g/l being typi:cal. In
this and the third and fourth preferred forns of the invention it may be
preferred that the concen- tration of the total halide constltuent in the
bath normal |y ra_gelgitéiabout 2 granms ‘per_litre with con-

centrations of 5 AR AdFamtages Heithg ftjﬁ?Fd%HefeFFPdaéﬂﬂ‘l on to the e
f or egoi n@f e aes¥nts rwEnt il ette vaacmi@wed D aceerdahyeoiribht h - '

*
CmPat Dt Sebtodd UL Serhle RIRIEE RPTSEOH BlnloRY LiukBat"? wetting
- agent camadidijpr dyeatiing soilodniomtdentsaining aﬁoutslegsenhiah
| ancen”%h%‘&&t‘?fen@%h%mitxﬂn%g é@s%h@ﬂfgﬂie&?r&:ﬁ@m
' are present in the trivalent state preferably at a -
concentration of from about O. 05 grams per litre (g/1)
up to saturation, hydrogen ions preﬁerabLy to provide
a solution pH of about 1.5 to about 2.2 which can be
10. conveniently introduced by mineral acids such as
' sulphuric acid, nitri¢ acid or hydrochloric acid, an
oxidizing agent of which hydrogen peroxide itself_is
- préferred,3preferab1y'pre$ent in ah amount of about 1
: to about 20 g/1, and iron ions preferably present in
15. an amount of about 0.05 to about 0.5 g/l e.g. in the
ferric state in further combination with at least one
additional metal ion selected from the group comsisting
of cobalt, nickel, molybdenum, manganese, lanthanum,
. lanthanide mixture and mixtures thereof present in an
20. amount effective-to impart increased corrosion
resistance to the treated substrate and to activate the
bath and the formation of a chromium passivate £film on
the substrate treated. ' -
| As an optional but preferred constituent, the
~ 25.  bath may contain halide ions including chlorine, bromine
~and fluorine ions which haye been found to enhance the
hardness of the passivate film on the treated substrate.
The halide ions or mixtures thereof can conveniently

be introduced employing any of the alkali metal and.
- 30. - '



Wetting agents suitable for Use in the treating 20. bat h. i ncl ude e
al i phatic fluorocarbon sul phonates avail- able from 3M under the FIuoradéED'
brandnanme, such.as, for exanple, Fluorad FC 98, which is a non-foam ng
wetting agent and its use at about 100 ng/l in the working bath. inproves
the col our and hardness of the passivate film 25. A second cl ass of
suitable wetting agents. is the sul pho- derivatives of- succi nates. An
example of this class is Aerosol MA-80 which is dihexyl ester of sodium

sul pho- succinic acid and is commercially available from Areri can Cyanamd
Conmpany. A third class of suitable wetting 30. - agents. is the

sul phonat es of naphthal ene which are |inear al kyl naphthal ene sul phonat es,
such as Petro BA, for exanple, available fron1PetrochenlcaI Cbnpany In

this preferred bRmenghnt &avt@.veﬁ@x%ﬂﬂﬁa@ Welll 455 ARl Hué[élﬂ sane
way as the firs aspﬁﬁt the case ecorati ve Zi nc ectrop atings, a
further enha n@#@”&pﬁ@&r§ﬂﬁ§ f §Ethgﬂiﬁﬁﬁﬁﬂ§$941Qﬁkﬁbﬁon to

the ‘corrosion reotaﬂ.ahadid@&bhsdit&eﬁthli@iVthlebiﬁatﬁl'ﬁ Miﬁl\l@ fnay lﬁdﬁg@l ch,
ranges. froma ﬁle% % aFtato a ght ﬁ e br| 6P earance sinhul ating 5.
that of a chrom mc8e 88 ?ﬁ?mﬁr i rd §ﬁ|ﬁﬁ SRRLIONR zi ng
dgent inSan annahoutfﬂedttoeabou&cﬂuﬁagdltbeiMmdmwpitarJ- val ent chromum .
to forma chromate fi h C # n

) 8R:E"SnEP kR IITACAN 'EAh A, r&g:‘rllegd r%%ﬂbom |

operating bath in 10. erric state at a concentra
about 0.05 to aBSuthe. @ngea#éOpeﬁtl mayebgnpraf eraesk tzkm; a:dua tdomesinnet al

ion selected fresnthenJbBURHEORSESLT RA1ide constituent in the bath
normally range up to about 2 grams per litre with.cone
10. centrations of about 0.1 to about 0.5 g/1 heing
| typical. : - '
In addition to the foregoing, the use of a
small effective amount of a variety of bath compatible
N . wetting agents also provides henefic;al results in the e
-.15.' nature of the pass;vate £1lm deposited When employed,
the wetting agent can be present in concentrations up '
to about 1 g/1 with concentrations of about 50 to about
100 mg/l being preferred. - :
_ Wetting agents suitable for use in the treating
20. . bath include aliphatic fluorocarbon sulphonates avail-
able from 3M under ‘the Fluorad brandname, such as, for
example, Fluorad FC 98, which is a non-foaming wetting
agent and its use at about 100 mg/l in the working bath'
improves the colour and hardness of the passivate film.
-25. A second class of suitable wetting agents is the sulpho-
. _ derivatives of succinates. An example of this class‘is
: Aerosol MA-80 which is dihexyl ester. of sodium sulpho-
| succinic acid and is commercially availahle from American
. , :Cyanamid Cqmpany. A third class of suitable wetting
' - 30. agents is the sulphonates of naphthalene which are
' linear alkyl naphthalene sulphonates, such as Petro
Ba, for example, available from Petrochemical Company.
In this preferred form of the invention whilst it
is applicable in the same way as the first aspect, in
the case of decorative zinc electroplatings, a further

“

35.



cobal t, nickel, nolybdenum manganese, | anthanum and m xtures thereof

@sent in an anount effective to 15. inpart integral initial hardness to
t he -gel ati nous chromate fil & The trivalent chrom umions can be introduced
“in the formof any bath soluble and conpatible salt such as chrom um o
‘sul phate [err], chromumalum [err] 20. chromumchloride (& d 3),
chromum bromde (CrBr3), chromumfluoride [err], or chromumnitrate
[err] The trivalent chromumions can also be introduced-by a reduction of
~a solution containing hexaval ent chrom um i ons enpl oying an appropriate
reduci ng agent of any of 25. the types well knovvn in the art to effect a

subst ant i cQ e t oi chi one tri ducti f . all of the hexaval ent

chrom uﬁ’f"ﬁ@n%ﬁg‘eﬂ%l \?fe € JpRea ﬂggCS i atsl FEirteR jtl}l valent

chr om uadddmiom tichéhe exnrresbon uteshstanceadgpeaimted ds | ow as about 30. -

0. 05 g/ 0. . | being

pr ef erre yp| C%&“&fd{ ﬁ'ﬁhg%%‘g?g#%%i%aﬁﬁicon?zgﬁ% fr%n%matéjo‘i]?%?é to about

1 gl | tbﬂ&h&-nﬂf-ccm drﬁm ikze bnbohtcappagrencet sdmulatting contains iron
ﬁ | ORR AR B2 N dHREE Hedds £, amount. of about 0.05 to -about 0.5 g/l

wi t '

concentrations rangi ng fTom about -0.7 to-about 0.2 g/l being

preferred. TRBS t&eatdng |$Pjelhféi%e¢‘aﬂ=ﬁ§n§aﬁn grddzdansiaganty | n the
ferric shaha @uRunt fé@fé&@f@éw@o%cﬁbeaéet EheXh%&iaJ&aa&eﬁt-s 10. al though

Itg?s/ C??@Re ad%s&%&e’t%he feérou romaég |f:r‘1-l§“ cn %ee %Ie tahe chrom um

' surface, iron_ ions present in the operating bath in '

10. the ferric state at a.concentration ranging from about
0,05 to about 0.5 grams per litre and-at le'ast one -
additional metal ion selected from the grou'o consisting
. of cobalt, nickel, molybdenum, manganese, lanthanum and

. mixtures thereof present in an amount effective to o \J _
15. impart integral initial hardness to the gelatinous '
‘chromate f£ilm. L S D S
The trivalent chromium ions can be introduced in
the form of any bath sdluble and co satible salt such
~ as chromium sulphate (Cr,(S0,);), chromium alum (RCx(80,),),

20. chromium chloride (CrCl,), chromium bromide '(CrBrj),

chromium fluoride (CrF;), or chromium nitrate (CrNO,).
The trivalent chromium ions can also be introduced by
a reduction of a solution containing hexavalent chromium
ions employing an appropriate reducing agent of any of °
25. the types well known in the art to effect a sub's{":antially
 complete stoichiometric reduction of all of the hexavalent
chromium to the trivalent state. o
‘The concentration of the trivalent chromium ions
in the treating solution may range from as low as about
30. 0.05 g/l up to saturation with quantities of about 02

.i:;.



‘added to the bath in the formof any bath sol uble and conpatible iron salt
such as ferrous ammoni um sul phate, ferric sul phate, ferric nitrate, or n.
halide'salts.. 15. O the foregoing, §erric sul phate conprises the dZé)
prefe(Led material :.for -econom c reasdns and because the use of this salt

al so .introduces the desired sulphate ions into the sol.ution. In addition
to the iron ions, the bath further 20. _contains at |east one additional
metal ion selected fromthe group consi sting of cobalt, nickel, nolybdenum.
manganese, |anthanum, as well as m xtures thereof. The foregoing netal -
lons or mxtures of netal ions are conveniently introduced as in the case

of the iron ions b f I e

i nclud- ing the S&Ppﬁatggév@%Q% éﬂ' &e)ﬂ [ G@g §$ﬂ &gcgﬁéﬁaé&gzsons
t he Ianthanun1|onba&heq@nﬁainaﬂﬁmomnahmMMEﬂ.5otoaebaupulegVéntuawuﬁent
conmpound, but as he rare earth salts of the metals of the 30.
I'ant hani de seri es, ?%erelngf er’ designated as 10 "l ant hani de m xture")
whi ch .contai ns’ IanthanumhﬁnﬂxﬁﬁtknguSan¢¥m@dﬂﬁrhbﬁr containgedxon A

commer ci.al | ysavai %%e# Uil .1?3 giedene m & aﬁoﬁﬂtt a?' S.bBﬁ‘i: kbs%s' ot he .

prracti ce of the presen | s Lant hanum Ra o lori
pfoduct code 5240abow QS G4 o %|wentm‘éioes msénm a‘?i'-'ﬁ’@ ahm

York. This produg, thap tdpdens/2lgf P%@Hﬁ%@régéi‘}:é&d lQhéVilzJo%b&%rfBS a
sol ution contalnlggea out 55 to .60% 8 mgn I e solgil%p
i o B state due to the presence of the bath oxidizing agents
10. although they can be added in the ferrous form. As in -
the case of the chrcmium_ions, the ‘iron ions can be
~added to the bath in the form of any bath soluble and
compatible iron ‘'salt such as ferrous ammonium sulphate,

ferric sulphate, ferric nitrate,_or iron halide salts.

-'15, Of the foregoing, ferric sulphate comprises the preferred =

'material for econoimic’ reasons and because the use. of
~this salt also introduces the desired sulphate "ions.
into the solution. Co
In addition to the iron ioné\ the bath further
20. contains at least one additional metal ion selected from
| the group consisting of cobalt, nickel, molybdenum,
manganese, lanthanum, as well as mixtures thereof.  The
foregoing metal ions or mixtures of metal ions are.
conveniently introduced as in the case of the iron ionms,
25, by way of bath soluble and compatible'metal salts includ-
o ing the sulphates, nitrates or halide salts. For -
~economic reasons, the lanthanum ions are preferably-
introduced not as a pure lahthanum compound, but as a
mixture of the rare earth salts of the metals of the
30. lanthanide series,.(hereinafter deeignated as



0. earth oxide (REO 'coneentrate containing a m ni num of 46% by
ight'total REO conprising about 60% | ant hanum oxi de (La203), 21.5%
neody-m um oxi de (Nd203), 10% cerium oxide (CeQ2), 7.5% praseodym um oxi de
[err]--and 1% of residual REQO15. The presence of such other {gre
earth nmetals in the solution does not appear to have any adverse effect at
the | ow concentrations in which they are present and nmay further contribute
to the activation of the treating solution in formng the passivate film
20. The concentration of the additional nmetal ions for appropriate
activation of the treating bath is controlled to provide a concentration
rangi ng from about 0.02 up to.-about 1 g/l mﬁth concentrations of from about
0.1 to abey ~fs GLI LNQ.RRE d, ddig bath in
accordancgaﬁfﬁﬁgfﬁésmggk e 5 Pﬁﬁ%&dc %iains e |nveg$§£ can
convenieﬂ%l?thPpﬁépEiéénbyc@nﬁtéypﬁgta c@n@@ﬂﬂﬁiﬂ;&iﬁﬁeﬁ?ﬁkkﬁhh% active

consti t Uupahenihi el fiexeuEEPLheBOLs! BRaREHIEZise: MBR UM [ s adapted to .,

be diluted wi{h water to:forma bath gntalnlng t he - 30. constituents
within tHEaGEs??erCBHEeﬁfﬁﬁﬁPSn pyRgEion ig q@%h%ﬁ“@ﬁﬁﬁ%ﬁnshnent of ‘the
bat5..on BatthtChlovidey pabaum-.t tede Badios eamilebachiswead enploying a .

~.concentr f _the_actiy ents w xce i,on of t he .oxi di zi ng-
agent ﬁ%ﬁy?gr%udga SeBg @ﬁ%ﬁ %gagns, th%"'gér ~Typically, a
bat h makprofucbnbas- thsrgeneraih foomudian Lir emEai%utGHzm amﬂ aits)ut 30 g/l

chrom U EanPRokh 0 3oiAiBRUEARaThnk BBd'S5 Hd YBARRYt 5 to about
g weight solids._ The solution is prepared from a rare ' :

10. earth oxide (REO) concentrate containing a minimum of
46% by weight “total REO comprising about 60% lanthanum
oxide (La203), 21. 5% neodymium oxide (Ndzo Y, 10%
_ cerium oxide (Ceoz), 7.5% praseodymium oxide (Pr6°11’ o
_and l% of re51dua1 REO. - : : o
15, © The" presence of such other rare earth metals in
‘the solution does- not appear to have any adverse effect
at the low concentrations in which they are present and
may further contribute to the activation of the treating
_ solution in forming ‘the* passivate film. _
- 20. The concentration of the additional metai ions
for appropriate activation of the treating bath is
COntrolled to provide a concentration ranging from
about 0.02 up to about 1 g/1 with concentrations of from
~ about 0.1 to about 0.2 g/l being preferred. _
- 25, . .The operating bath in accordance with this first preferred
| form_- of the invention can conveniently be prepared by
employing a concentrate containing the active constituents-
“with the exception of the oxidizing agent which is adapted
to be diluted with water to-form a bath containing the
30. constituents within the desired concentration range.7

X4



of the group consisting of cobalt, nickel, nolybdenum 10. manganese

| ant hanum | ant'hani de m xture or m xtures thereof, halide.ions up to CEE;t
20 g/l and a suitable surfactant in an anount up to about 5 g/l if
enplioyed. Such a make-up concentratélis adapted to be diluted w th about :
98. é\ﬁolune percent water to produce an operating 15. bath containing the
active constituents wthin the ranges specified. The oxidizing agent such
as hydrogen peroxide, for exanple, is separately introduced into the bath
preferably in a formcomercially available containing fromabout 35 to 40
percent by vol.unme 20. hydr ogen peroxi de. According to the second
preferred fonn of the present invention there is provided a treating

. sol ut | d h fiectiy t | ht _vell
paseivate fi1 m SATIIAHY dciEn s s FHEBath SR Y adiingdss' O
~“al um ni um and rrmg:ndmtmmsﬁhﬁeameﬂaaﬂms:rcamche Mmieyed repleyingraosi on ,
|
resistance apprQy &r#eg%tﬂ%r SYPYARP Ko tliQrd %iﬁﬁéﬁ@é %ﬁiﬁ%%ﬁ@%ﬁ@@ﬂ)@i’oﬂg

-Tonventional hexa om um passi vat i ng sol ut1ons pr esent

“invention is fuchd&heciamisdzdng agant ydeh igadded separatelsit®le to
~gontrol ang opertaeeo@&a\ﬁmr@ua%wf afyid icaaqm angl I:%ﬂf‘%’&]@é‘lu PEGBEERD -

" The benefits and ‘advant ages "of . secqQnd preferre for e present’
i nvention are amﬁeﬁ%m 53??‘{9161%&&(?2‘??‘?5 ?}eﬂ TP+ B
by "providing an imeeoumom:l 9.6 teeaibou: 40 Lt;/]ommﬂtmﬁsngfmnlaboﬁt -
essent i al ncgggt 5t $8 ot T |3nS SURRE Tl dda bl D An

of - the group consisting of cobalt, nickel, molybdenum,
~ 10. '~ manganese, lanthanuml lanthanide.mixture_or mixtures .
. thereof, halide ions'up to about 20 g/1 and a suitable
surfactant in an amount up to about 5 g/1 if employed.
Such a make-up concentrate is. adapted to be diluted with

U  about 98. 5 volume percent water to produce’ an ouerating

- .15," bath containing the active constituents within the
"ranges specified The oxidizinq agent such as hydrogen
_peroxide, for example, is separately introduced into

the bath preferably in a form commercially available
~ containing from about 35 to 40 percent by volume

20. hydrogen peroxide. _ ' ,

' According to the second preferred form of the present
invention there is provided a treating solution and
process which is effective to impart a clear light-

-yellow paSSivate film to zine, zinc alloy, cadmium,

25. cadmium alloy,- aluminium and magnesium- surfaces which
provides for improved corrOSion resistance annroachlng
or- comparable to that heretofore obtained employing
conventional hexavalent chromium oassivating solutions.'
The. present invention is further characterized by a

"

30. process_which is: simple to control and operate and
' which is of efficient and economical operation.



uration, hydrogen ions preferably to provide a solution pH of about 1.2
0 about 2.5 which 10. can be conveniently introduced by m neral acids:
such as sul phuric acid, nitrig acid, or hydrochloric acid; an oxidi zi NOw
agent of which hydrogen peroxi“de itself is preferred, preferably present in
an amount of about 1 to about 20 g/l, and ceriumions present in an anount
15. effective to.activatée the bath and the formation of a clear :
| i ght-yellow chrom um passivate filmon the treated substrate. In addition
"to the ceriumions in the treating solution, the solution nay optionally
and preferably 20. further contain an additional netal ion selected from
t he group consisting of iron, cobalt, nickel, noly- bdenum nanganese,
| ant hanum | ant hmhedbenefﬁ.usesarﬂsadmdnta@ mfxther e&&kkpneﬂemedmoml de a _
further h d 1R f As menti oned
. 25. forS%héﬁ% ggFg%f%f g??%ht&fi g’?m 0 salhgﬁfe(ﬁ(/%dnt :Ho &H?xtdaﬁfcel on may
;optlonalIylahstheoaoupnsﬁ&lpaeaﬁ®ﬁ§tﬁo¢heﬁﬁﬂﬁ|hxgnnﬁvﬁﬁ$n9t¢nthe coati ng
- n additi 84 éauﬁeagghhcamauafg SoNRiEliohd c%ﬂﬂ?i:.ninT&‘ea§eIﬁé’m ions can be:

rntrgduce Int rmof any bath soluble 30. = and conpatible cerium

salt rnclﬁﬁ?ﬁﬁtééilGﬁP§EFEH&P§sPeFPF°m%¥m(%9%&“%??%5Rﬂ?%é@€%rous chlorldé.
~Lerr] or giir8kewhakhsSazuchrasent ilwntbd Rt d1¥NY stdédigdtefest 5. | east

Some of thglcer "3 cohceh ea&Qtrod %%o n%%odgao 05 grams per

- “1litre (g/l) up to saturation, hydrogen ions nreferably

'Eiglé at a concentration of from about 0.05 grams per litre (g/l) up to

~ to provide a solution 'pH of about 1. 2 to about 2.5 which -
10. ' "can be conveniently introduced by_mineral acids such
as sulphuric acid,'nitriC'acid, or;hYdrochloric acid;
an oxidizing agent of which hydrogen perox1de itself
is preferred, preferably presént in an amount of about ' ;)_
1 to about 20 g/1, and cerium ions present in an amount
15. effective to. activate the bath and the formation of
a clear light-yellow chromium passivate film on the
treated substrate. | | R
In addition to the cerium ions in the treating
solution, the solution may obtionally and preferably
20. further contain an additional metal ion selected from
the group consisting of iron, cobalt, niokel, molv—
bdenum, manganese, lanthanum, lanthanide mixtures as
well as mixtures thereof to provide a further activation
- of the bath and passivate film formation. 'As mentioned
25, . for the first preferred fomp of theinvention the solution
may optionally also- contain halide ions for imparting
hardness to the coating in addition to a small amount
of a wetting agent. The cerium ions can be introduced
in the form of any hath soluble I — '

- 30.
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bath in'the fetravalent state to inpart the character- istic yellow col

of the tetravalent ceriumion into the passivate film Certain oxidizi :
agent s"'such as hydrogen peroxi de, act as a reduci ng agent under the 10.
acid copnditions prevalent in the bul §3of the operating bath and reduce some
of the tetravalent ceriumions to the trivalent state. However, oxidizing
agents such as hydrogen peroxide revert froma reduci ng agent to an

oxi dizing agent at the interface of the substrate. 15. being treated due to
the higher pH prevalent at the interface and oxidize at |east some of the
trivalent ceriumions to the tetravalent state which are deposited in-the
filmand inpart the characteristic yell ow col our thereto. Wen using such

oxidi zing agents as_20. hydrogen peroxide, accordingly, all of the cerium
ions can, if desi3nd coppakibie r*ﬁ?r%ﬂtEeHnFtFei?HecBﬁéPEtFH&PBQFE in

the trivalent st atee pgoﬁhéc ffopprhapﬂdersamsdsﬁeﬂ a9 t6eohst ERlakeAER

he i b Th fil l, o
Contai ns 25 a.m WGHr b 20T FERL GRS PRADA) BHER B! GAFLpOES A

the intensity of (Qeﬂwejlbﬁﬂ lpu(CeﬁNogb {OKhT BE d)ctaUsdah&Ythat . :
cgncentration gf e e n p h r I ons
in addition téplgégéénd&&¥ r%h& #+om/co¥88g §e %ﬁ@fgégcsétgnﬁs tﬂgb :
al so i nprove tfuba#hrxnnt#ﬁrtﬁ#%@%@&ﬁnbfsthbett@ai@ﬂart thescharacterhe

ceri um sul phate Cﬁm’% g éé’lé&t Ubs tl'xétt’etirafraﬁént' éérigﬁl E{:gf ?;hEU

added to the bath t he forn1o an acid solution_such as a
sul phur| c acid sdmﬁ iRABLYRES nthimt heCoEFR M QX ghaiRIdRgeBFFeguUCh as -

‘ hydrogen peroxide, act as a reducing agent under the.
10. acid conditions prevalent in the bulk of the operating
bath and reduce some of the tetravalent cerium ions
to the trivalent state. However,_oxrdizing agents such
_ .as hydrogen peroxide revert from a reducing agent to
(% o 'an oxidizing agent at the interface of the substrate.
R 15. being treated due to the higher pH prevalent at the
interface and oxidize at least some of thetrivalent
~ cerium ions to the tetravalent state which are deDOSited
in the film and impart the: characteristic yellow colour
thereto. When using such oxidizing agents as
-20._hydrogen peroxide, accordingly, all of the cerium ions
can, if desrred, be initially introduced. into the
operating bath in the trivalent state of which a portion |
are ‘oxidized to the tetravalent state at the interface
of the substrate. The paSSivate film usually contains
25. a mixture of trivalent and tetravalent cerium comnounds
and the’ intensity of the yellow colour of the. film is
dictated by the concentration of_the_tetravalent cerium
compounds present. The cerium ions in addition to
'imparting a 1ight-Yellcw colour to the passrvate film
30. also improve the corrosion re51stance of the treated

5)



5 therein.. The concentration of ceriumions in the operating bath can
r e fromabout 0.5 up to about 10 g/| with concentrations of from about
' ‘0 about 4.0 g/l being ppgferred. The concentration of ceriumions s
_ n.part influenced by the magnitude of the yellow coating desired 1o
hlgher ‘concentrations of the ceriumions produce corresponding increases in
‘the yellow col our of the passivate film Because of cost considerations,
~the ceriumions 15. are preferably introducedas. a comercially available
-mxture of. rare earth salts of nmetals in the |anthanide series which
contains cerium conpounds as the principal conponent. One such comercially
avail able material is a.cerous chloride solution containing about 46% 20-.
sol | ds cfubgfkrate er rThereabiimasuiphatpecompoundehige e seilwhon is '

- derived imfyraifffaﬁiei@mdss(BElesanntaaaba gel €ny idehyqerp, Inc. of
VWhite Pl ains, or k- unﬂg %é ggct code 5310 ﬁogtalnln m ni mum of 99

per cent & af°ﬂ(9 fARNREHE CRePY °§6%‘°§e??]3 dlyke su g“ﬁ?“’[ré'rcr] is 1% and .
[err] i Sa&&&%omtmnccowtahﬁngsﬁhet cepiunm salphatealdiysaiaiddbl.e fromthe bt
sanme 0 ce cont ai.ni ng about 42% solids of which Ce('S04)2, H20 pr-edoni nat es

and whicrisarso, pr epar-ed fron1product code 5310 containi-ng ‘other rare - s
earth netal codﬂumnd@nqﬂntratson1bﬁrcarmum ippsntis. the lopeaddiinioon to the :
cerium iyans, fg% ugﬁQ&E 895'gﬂatbyaﬁﬁﬂtpﬁﬁfg?%bhﬁx%P“ta'” at

| east one ad It1ona neta ion sel ecte rou _

consi sting :
concentrations of from about 1.0 to about ,

being preferred. The concentration of cerium ions is

10. in part influenced by the magnitude of the yellow

coating desired and higher concentrations of the cerium

"ions produce corresponding increases 'in the yellow

colour of the passivate £ilm. ' .
Because of cost considerations, the cerium ions

15. are preferably introduced. as a commercially available
-mixture of.. rare earth salts of metals -in" the lanthanide
series which contains cerium comoounds as the orin01oal
component. One 'such commercially available material

" is a cerous chloride solution containing about 46%

20. solids of which CeCl3-6H,0 predominates. - The cerous
chloride solution is derived from rare earth oxide (REO)
concentrate sold by Molycorp, Inc.'of White Plains,

New York under product code 5310 containing a minimum

of 99 percent total REO of which Ceo2 is 96%, Lag0, is
25. 2.7%, Nd203 is 1% and PrGO11 is 0.3%. A ceric sulvhate

solution is commercially available from the same source

containing about 42% solids of which Ce(SO4) .H2 - .

predominates and which is- also prepared from product

code 5310 containing other rare earth metal compounds s

30. 4in similar minor amounts. . - .



of iron, cobalt, nickel, nolybdenum manganese, | anthanum 5. | ant hani de
m xtures as well as mixtures thereof. Such nmetal ions may be introduced g«
~into-the treating solution in this secgnd preferred formof the |nven%gggb .
in the sane manner as already describb? for the.first preferred form
operating bath in accordance with this second pre- 10. ferredfonof the

I nvention can conveniently be prepared by enpl oying a concentrate
containing the active constituents with the exception of the ceriumions
and oxi di zing agent which is adapted to be diluted with water to which the
ceriumions and oxidizing. agent are 15. separately added to forma bath
contai ning the constitu- ents within the desired concentration range.
“Simlarly, replenishnment of the bath on a continuous or |nternittent basi s
can be achi eved enpl oying a concentrate_of the active co |é§£yns with the

exception of the ceriumtRoaddi§aenak® Shedicerigm Jons amti
. i ndividual ly addgqrggggrgbq&bnhgl

d ?h E&@ﬁeﬁaﬂmﬁltont&mwtaﬁIheauﬂnné1 _
rtlke-  up concentr at ont rom ahou ut 80
i ons, from about 282 gthné 05'9%93 PR 5F g(ft&'lehod"tﬁ %3’[ lggonﬁfs (ﬁqglhe group
. consi sting of iref, i26n; coballt, niickell, mollybdenom, manganess , IJaﬁm*ﬂBamm

and o oul o o shansBeaRed) HighukeR 3 yeld, Hal ?"‘%féﬁ e 05

enp ed Such
a make-up concenmetaéteons md&pbedlm¢rbdvaﬁﬂdm&@\Mhﬁ1 ﬁRﬁ,
percent water to E f@ﬁn@gmﬂeznﬁgmtnxﬁgﬁnﬂmﬁsamadded to
produce an opera |ng at contalnlng tqiegeélv tue hghp the

ranges speC|f|edmanner as already descr
The operating bath in accordance with this second pre- '

10. ferred formof the invention can conveniently be prepared
by employing a concentrate containing the active
constituente.with the exception of the cerium ions and
' 021dizing agent which is adapted to be diluted with
: water to whlch the cerlum ions: and oxid121ng agent ‘are
15. separately added to. form a bath containing the constitu-
ents within the deslred concentration range.’ Similarly,
repleniéhment ef the bath on a continuous or ‘intermittent
basis Can be achieved employing a concentrate of the
active constituents with the exception of the cerium
20. ions and oxidizing agent which are individually added
Separately to the operating bath. Typically a bath make-
up concentrate can contain fram'about-lo to about 80
g/l chromlum ions, from about 0.5 to about 50 g/1 of
additional metal ions of the group consistlng of 1ron,
25 cobalt, nickel, molybdenum, manganese, lanthanum,
- | ‘lanthanide mixture, or mixtures thereof, halide ions up
| | to about 20 g/1 and a suitable surfactant in an_amount
B ' ' up to about 5 g/1 if employed. Such a make-up concen-
< trate is adapted to be diluted w1th about 96 volume
30. percent water to which cerium ions and an oxidizing



The oxidi zi ng agent such as hydrogen peroxi de, for exanple, is separately
introduced into the bath prefer- 5. able in a formcomercially available
ntai ning fromabout 35 to 40 percent by volume hydrogen peroxide. As

feviously advised, the Iomﬂéblublllty of cerium sul phate makes it o/

desi riable to introduce this constituent into the. pperating bath in the

form of an 10. agueous acidic solution. Normally, the use of cerium

sul phate in the high concentrations necessary to forma concentrate with

the remaining active constituents other than the peroxide constituent
causes precipitation of the cerium conpound. Even when the ceriumis

i ntro- 15. duced as a halide or nitrate salt t he presence of sul phate .

ions in the concentra empl oyed i ntroduce he .ot her, consti tuents
Lons 1 n,the, concentrate ool oxed | 1Ly oduced fay Lhs other, consl tuents
f or med aheaaeemaeabenaddtusnmScwﬁmmnsnwheammnges(quuifmedu) -aqueous

~acidic u ride ng a ceriumion -

concent?ﬁ%lé%ggizghg gé%%%tggﬁg F% a out ﬁ%#égggfaiﬁ? 60 to 100 g/,

respect éxanpleguts sepaumatedyc nhm1 Hhy e ri-sed of the
1 ated éntﬂaﬂ&gaﬂni \edve dratihy o

CoﬁmerC?Biéyiﬁvﬁn'féﬂnecﬁﬁﬁné%ihi ?ﬁe ad ‘”agﬁ c%'i’xtaiéfﬁ-&_f ¢ avai | abl e )

from cor Accordlng referre the present.

i nvent i Fﬁe?@ te APoppyesn Pb’eélﬁlﬁgles@ly ﬁ%?fhrﬂfliﬂ’%?&%s which is
effective to Iﬁaap&ewaﬁﬂydaa%seal ORthieeicw fymwiqsaywof zinc all oy,

ﬁggnmegpﬁgggﬁﬁ?gglgmﬁﬁﬁ F%kf"'ﬁpgitt dgsg.g\éﬂ]%o?tz gﬂ% rﬁr}s’fﬁ whi ch can range -

fron1a.cbmatibuegbt1nooathegbpehbuanbrbghh.um &heelfiorm ioff dascent , :

10. - aqueous acidic. solution. Normally, the use of cerium
sulphate in the high concentrations necessary to form
a concentrate with the remaining active constituents
other than the peroxide constituent causes precipitation
of'the cerium ‘compound. Even when the cerium is intro-

15. duced as a halide or nitrate salt, the presence of

' sulphate ions in the concentrate employed introduced

by the other constituents causes orecipitation.
Accordingly, the cerium concentrate is preferably formed
as a separate addition component and may comprise

20. aqueous acidic solutions of cerous chloride or ceric

' sulphate having a cerium ion conentration of from about
200 to about 320 g/l and about 60 to 100 g/1, respectively.
‘Such cerium concentrates may conveniently be comprised
of the commercially available materials hereinbefore_

25. described available. from Molycorw, Inc.

According to the third preferred form of the present
invention there is provided a treating.solution and
process which is effective to impart improved corr051on
resistance to zinc, zinc alloy, cadmium and cadmium alloy,

 30. as well as aluminium and magnesium- surfaces and to impart
a desirable surface finish which can range from a clear
bright to a light blue-bright to a yellow iridescent



appear.ance,’ whi ch produces a passivate filmof inproved clarity and |n|t|al

. hardness, which process is sinple to control and operate and which is i
effici.ent and econom cal operation. 5. The benefits and advant ages e'

thir referred formof the present #@vention are achieved in accorda

wi-th The conposition aspects thereof by providing an aqueous acidic
treating solution containing as its essential constituents, chrom umions
substantially 10. all of which are present in the trivalent state
preferably at a concentration of from'about 0.05 grans per litre (g/l) up

- to saturation, (and which can be introduced as discussed. for the first and
second preferred forms ), hydrogen ions preferably to provide a solution

15. H-of about 1.2 t h b t troduced b
mheral aci do. SURRPSEZERPBN PR PEOSRTER, & BBPALVEFenFRIaL MOMTE TR an

- oxi di zi ng agent olambtyhanddingtmameharddesstswhﬁchSpabGEGsrQ@ sﬁhﬁﬁﬁi- :
bl t b bat h | ubl
abl e present in €4 @8RHPolOLn§ 8@&r&té aﬁgoﬂﬁ §n°§n85§E EFP Fu@g ubl € _

&nhd conpati bl e organi c _carboxy resen
i npart initial h%?@m@mtcahdoeeantiynto the paSS|vate film the said organlc

aci d havingsfhe struct umé bt anfi cidbniges ofideeiiirdopieEedfed Fopfer
fromO to 6; b is_a eger from1l to 3; and R represents an al kyl,
al kenyl , or aryl°%f {hﬁ) %ﬁhl%@v??ﬁﬁ?@IéF?]aFBl€Yéﬂr}ncaF§@ﬁd§PGﬁs 30.

as well as the b/aitlfhSﬂ’aelbd:omp@siiﬁﬂdﬁﬁ)aéslbé@t§athérébﬁrByf pra%idihgl %ﬁst One
add't'onal'ﬂﬂéﬂagdng6|eQi§ic treating solution containing as its
' : essential constituents, chromium ions substantiallv
10. all of which are present in the trivalent state
oreferably at a concentration of from about 0.05 grams
per litre (g/l1l) up to saturation, (and which can be. ,'.
introduced as discussed. for the first and second preferred
U ﬁmms )., hydrogen ions preferably to prov1de a solution
- 15. pH of about 1.2 to about 2.5 which can be conveniently
' _introduced by mineral acids such as sulphuric a01d,
nitric acid, or hydrochloric acid, an oxidizing agent-
of which hydrogen nerox1de itself is oreferred nrefer-
able present in an amount of about 1 to about 20 g/l,
- 20. a bath soluble and compatible organic carboxylic acid
present in an amount effective to impart 1n1t1al
hardness and clarity to the passivate film, the said ,
organic acid having the structural formula-
| (oH), R (coon)b |
'25.  Wherein: _ I
- a is an integer from O to 6; |
y - N b is an integer from 1 to 3; and
| R. represents an alkyl, alkenyl, or aryl grouo
e containing from Cl to Cq carbon atoms-
3 - 30. ' as well as the bath soluble and compatible salts
thereof- and at least one additional metal ion selected



- chrom um

fron1the group consisting of iron, cobalt, nickel, nolybdenum nanganese,
o an cerium and | ant hanide m xtures, as well as m xtures thereof -
* pres %iﬂ'l n an amount effective to activate the bath- 5. and fornation

of a rom um passivate filmof the. desired appearance on the substrat
treated desirably inparting init#2 hardness to the gel ati nous chronuate.
film As nmentioned for the. earlier preferred forns of the invention the
solution may further optionally 10. contain halide ions for inparting
~additional hardness to the coating as well as a wetting agent. 1In this
third preferred formof the invention, a further enhancenent of the
‘appear ance of decorative zinc sub- strates in addition to the corrosion
resi stance 15. inmparted is achieved by the passivate filmwhich ranges

from a $heg" ehel Gbubo Brisidtind) U2 MGl RRBRArSnEELry ating that of

osit“or alternatively, ht-yel'Tow appear ance

 si nul atPRGYE anu@mnansansﬁeuséww. N%M ent chromium sol utions.
20, ¢ 1anthahmda_dﬁiklta&est hasbael If We M iaadiverdos east one additional ™

i BRaRehEC R st ol BRHR IS L Sl U SR kel
a§.ni xt andsfokmaeqabn ofha thmmmmvawrm& thdﬂ xtures of netal . -~
ons B SRRAECRERRLEahBN BHCH) RS tLadie el ! o5 0L 2
as di scimpadting inétiaishaadnessc¢ndthﬁeEm&h&hiddnsnrhauﬂsﬂuh materials as
are d'sfﬂﬁﬁed EQOMEntQBnEﬁofﬁr the earlier prefeérred forms |
. of the invention the solution may further optionally
10. contain halide ions for imparting additional hardness
to the coating as well as a wetting agent. In this
third preferred form of the invention, a ‘further
enhancement of the appearance of decorative zinc subw _
o 'strates in addition to the corrosion resistance : '
'.155 ' imparted is. achieved by the passivate film which.ranges
' from a clear bright to a light blue bright appearance
simulating that of a chromium deposit or alternatively,
a clear lightiyellow'appearance'simuiating that obtained
by use of prior art hexavalent chromium solutions.
20. E In addition, the bath further contains at
| least one additional metal ion selected from the
group consisting of iron, cobalt, nickel, molybdenum,_
manganese, lanthanum, lanthanide mixtures and cerium, as
well as mixtures thereof. The foregoing metal ions'or
25.  mixtures of metal jons are conveniently introduced into
' the bath. by way of hath.solubleland compatible metal z
salts including the sulphates, nitrates or halide salts,
as discussed for the first and second preferred forns _
and such,materials as are discussed above for those .
30. preferred forms can be and desirably are used in this
preferred form of the invention.

»



30. - preferred forms can be and desirably are used in this preferred form
of the invention. The concentration of the additional netal ions ot
than.ceriumions for appropriate actjvation of the.treating bath to pZéé%ﬁe
a clear to blue-bright appearance i d%ontrolled to provi de a concentr n
5. ~ ranging fromabout 0.02 up to about 1 g/| with concen- trations of
fromabout 0.1 to about 0.2 g/l being pre- ferred. Wile such netal ions
can be used in concen- trations above 1 g/l, such as, up to 10 g/l, the use
of such higher concentrations even in the absence of cerium 10. i ons
~tends to produce dull filnms of a yellowtint rather than the desired clear -
or light-blue filnms. For this reason, such higher concentrations are
~undesirable from an appearance standp0|nt Afurther- essential constituent
of the preferred 15. - . bath of the present inventi.on conprises an organic
carboxylic acid or salt thereof of the structural form ul'a as hereinbefore
set forth present in ammcafﬁnaﬁiom ab. thmaadditmm.‘sanlet&hriduysand

*Tnitial hard- n 5%”%6% :
unexpect ed |nprg§%héﬁt g#g ﬁ?g the rn%éﬁ{%éﬁg) +E£§E ronounced in
connection wt hﬁﬁetlne@mingyéﬁt&/vﬁq iRkeduae g |¢lmalprw&béﬁfbbh§ﬂ@:@rl umion

“contain- ing soly %&%nc@%&@&dt%&l@!ed?%%dﬁd&rh CEoﬂ@é}g@ré’tf.lon
concentrations of the clarity/hardness agent var

proportidm to rrﬁ]aé‘@&PQr framyiabot G053 .waaqo%ﬂd /B E %nc%n
enpl oyed Wit h hitgiaesi onen &g tH i DU @UY &b fdowt! GRIigAl @ding pre-

effectlveness a% tred. l%ﬂfle such metal ions can be used in concen-'
) trations above 1 g/1, such as, up to 10 g/1, the use of
such higher-céncentratiohs even in the absence of cerium -
10. ‘ions fends_togproduce gull films of a yellow tint rather
than the desired clear or 1ight-blue films. - For this
reason, such- higher concentrations are undesirable from
an apnearance standpoint. ' '
-A. further essent1al constituent of the preferred
15. bath of the present invention comnrises an orqanic _
| ~carboxylic acid or salt thereof of the structural form- |
“ula -as hereinbefore set forth present in an amount
effective to impart increased clarity and initial hard-
ness to the gelatinous chromate film devosited. The
20. unexpected imprQVemeht iw clarity of the film is
particularly pronounced in connection with the light- ,
yellow iridescent films produced from cerium ion contain-~
ing solutions. The particuler-cbnéentratibn'or range
‘of concentrations of the claritv/hardness agent will |
. - 25. vary in proportion to molecular weight of the particular
_ ' acid and/or metal salt employed with higher concentrations
. required far an equivalent effectiveness as the molecular
. ' weight of the additive agent increases. The particular



wei ght of the additive agent .increases. The particular - concentration to
...achi optimumclarification and hardness is also dictated to sone extent
by concen- tration of the qther netal ions present in the bath with _
hi gier concentrati ons bei ng us as the.metal ion 5 concentrations W
.increase. Cenerally, the organic car- boxylic acid additive agent or

metal salts thereof can be enployed in anounts ranging from about 0.05 up
to about 4.0 g/l with concentrations of about 0.1 to about 1.0 g/l being

usual ly preferred. 10. - '~ The additive can be i ntroduced as the
~organic acid itself qor as an ath soluybl e and coppatiple netal salt
i ncl udi ng CRBCEPEZAELLD: Lo Ve, ARFHTHR 5“;3(%1%?6\?!& sa%‘% the several

- addi tional haetakesieois alsohditidted fwy s @dtentdspnthe téeneegani ¢ aci d
hereof . VEFREROPNE T, S080 ooy, Bhedh dels, Bodstn? 1 MRS PR BRI P
forth, orghmgpecacbnppmm'mm hsesd b@é[ﬁﬁ@ﬂlﬁ&f-@hﬁbl@ul'arl y suitable
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. particul ar bpxgliscapid agddtiyer adenf n MetrlhEtemierer®ef this third

R L e A AN S
oxbeption BP° EREUEAAR, Brd HaLh Smeeretathan Ot (bcte bR s adapted
- to be dil uabduwi Lhowal/ar bedngomsuallst prediemed.ng the constituents '

10. N The additive can be introduced as the organic

acid itself or as any bath soluble and compatible _
_metai salt includinq the alkali metal salts, ammonium
salts and salts of the several additional metal ions:

_ in the bath. For economic reasons, the organic acid -

15, is usually introduced as an acid or as the sodium or Q;

- potassium salt thereof. _ -
Within the scope of the structural formula as
hereinabove set forth,'organic.ca:boxylic acids which
_ have been -found particularly suitable include malonic, -
20. méleic, succinic, gluconic, tartaric and citrie acids,
of which succinic and or succinate salts have been
found particularly effective. - '
‘The operating bath in accordance with this third
preferred form of the invention can = conveniently be

25.  prepared by employing a concentrate containing the active

~ ingredients with the exception of the oxidizing agent
and cerium ions, if used, which is adapted to be diluted
with water to form a bath containing-the:cohstituents
within the desired concentration range. Similarly,

30. replenishment of the bathon.a antinuous or intermittant |



s

Wi thin the Hesired concentration range. Simlarly, 30. repl eni shnment & .
the bath on .a continuous or intermittant basi s can be achi eved ng;
enpl oying a concentrate of the active, constituents with the exception L
~the oxidizing agent and ceriun1ionsé§‘f used, which is added separately to
the operating bath. Typically, a bath make-up 5. concentrate can contain .
fromabout 10 to about 80 g/l chromumions, fromabout 1.0 to about 80 g/l
of the organic carboxylic acid and/or salt additive agent, fromabout 5 to
about 50 g/l of at |east one additional netal ion of the group consisting -
of iron, cobalt, 10. ni ckel, nol ybdenum nanganese, |anthanum | anthanide
m xture or mxtures thereof, halide ions up to.about 5 g/l if enployed.

Such a nake-up CcHESIE 'S4 bS aéi@péve&deﬁ]@wyiﬁgl ateénaehhralee%f%héol une
percent water to I‘O uce an o eratln t he _a

QV gh cont ai ni.n g gh %
constituents wit TR FORTELEUGRES (VLR thaS¥RPRFIPRgCEgERE OFifAizdng
hydrogen peroxi deagdrtt nxdngdeiumsiowpar bf ehyed ptwhilchedsi a&deHhSebaﬁ:ately

-preferably in a f | a ni ut _35 to 40
~ percent by vol unme &%f@c}f rgeﬁéﬂe@%;%/agg@ﬁ‘rhﬁf%%?%im@bng%éﬁg%aﬁm%eﬁ errpl oyed,
are prefera&g/|rﬂonnhnkxhtel¢¢ne¢qntnxn “fromgaieout h@lﬂOSobqutoﬁoog/ierous

-~ chloride or ceri G Mgﬁ | NEL-&RT end, i 88 f out
200 to about 320 éﬁﬁian out’ 60 to a ou% 10 OQ? égggect€6%légn£§§ch

ceri um concent r atRESIRE rarkaxEhic a0 RGLPY %@%%r@@ tiyetagent,
commer ci al Iy avalfﬂb& eaﬂmi@rs s ms@& rﬁmf JE §esst | Dedsevahbahhai t16An1

Molycorp, Ine. ACCrd o %f thd °#£é£‘n ReSis1s€ing °OF Lron) cBhalE)"

' | 10. nickel, molybdenum, manganese, lanthanum, lanthanide
mixture or mixtures thereof, halide ions up to about

5. g/1 if employed. - Such a make-uo concentrate 1s adapt—
ed to be diluted with about 98 volume percent water to

- produce an ooerating bath contalnlng the actlve
. 15. . constltuents within the ranges snec1f1ed.. The oxldlzing -
' agent such as hydrogen peroxlde, for example, is .

separately introduced 1nto the bath oreferably 1n a form
commercially available containing from about 35 to 40
percent by_volume hydrogen peroxide. The cerium ions,

' 20. when emplOyed, are preferably introduced in the form of
an aqueous acid solution of cerous chloride or ceric
sulphate hav1ng cerium ion concentration of from about
200 to about 320 g/l and about 60 to about 100 g/l, _
respectively. Such cerium concentrates may be conven—

25. iently comprised of the commercially available materials
| _herelnbefore described available from Molycorp, Inc.

- According to the fourth preferred form of the present

o 1nventlon there is provided a treating solution which

alms_to reduce the_severity of a problem of loss of

. 30. oxidizing'agent associated with prior art baths. Thus

while improvements have been made in trivalent chromium



i nvention there is provided a treating solution which ains to reduce the
severity of a problemof logs of 30. oxi di zi ng agent associated with"
Af.Lor art baths. Thus mh|I33rnprovenents have been made in trival ent

yhr om um passi vate conpositions and processes to produce commerci al
acceptable passivate filnms, a continuing problemassociated with such

oper ati ng bat hs has been the relatively rapid | oss of the peroxide-type-
"oxidizing 5 - agent, particularly hydrogen peroxide, which.is present as a
necessary bath constituent to achi eve acceptabl e passivate filnms. Such |
orior art operating baths also undergo a relatively rapid rise '"in pH
necessi-tating careful caontrol and, addition of acids 10 to maintain the

pH | eveP2geiHRke FOMPRASLHAATSH A0 i REPFERERS tPnBYRAYGLessi ve | 0ss of the
perOXIdeoﬁmeecanudyzemteynaﬁlerpassiw&aélfihmﬁroaeaoﬁeﬁnﬁﬂ#g is due in

el | noPEBRIER ARReR arad il el B RES e RRRS pad ey for ..

 exanpl ethentretdtdee lyy napsisialldss)mf)fthélepeebnﬂ.deﬁeybemm es being

B e Ty S

not onlprésent dsran@emensaryrbnthucqmsbiﬂuenhgtctanhieyaﬁ the bath

| .overnig r pI S T a fresh - |
oper at | ASCRBFABYS! SARRINAL, TG U Sabnogkide e SBetlotha O (e
. per oxi deathssedse M@dﬁﬂ99n§ﬂﬂelﬁtivﬁkﬁerabbdtrése%ibypﬁblune per 25.

- hour of nbRgaBYELRANY RAIREHE GHEES1 NEn@08AEIRLKE 0 acids-

-10.  to maintain the pH level.within:the optimum operating

| range. The progressive loss of the peroxide-type

oxidizing agent, particularly hydrogen peroxide, is

due in nart ‘to the presence of activating metal ions

present in the solution as well as contaminating metal ;;/

ions such as zinc or cadmium,_for example, introduced

by dissolution of the metal from ‘the substrates being

‘treated which tend to catalyze a decomposition of"

the peroxide oxidizing agent. -The rogressive loss

- .of the peroxide—type oxidizing agenis occurs not onlv

i” 20. ‘during nrocessing but also during standing of the.bath.

- overnight and over weekends during plant shutdown.

Typically, a fresh operating bath containing 3% by

volume of a 35% solution of hydrogen peroxide on

: standing overnight will lose about 0.1% by volume per

. 25. " hour of the hydrogen peroxide oxidizing agent while a

' _used solution containing from about 2: to ‘about 10 grams
per. litre of contaminating zinc ions will exnerience a
loss of hydrogen peroxide at a rate as great as about
0.4% by.volume per hour. "It will be apnarent from the

.30.;. foregoing thatdcareful-monitoring of the operating”bath

15.

composition and frequent replenishment of thenperonide'
oxidizing agent is required to maintain optimum bath
efficiency which is not only costly but also time con-
sunming.



used sol uti-on containing fromabout 2 to about 10 grans per litre of

contam nating zinc ions wWill experieence a | oss of hydrogen peroxide at a&gigﬁ_
rate--as great as about 0.4% by volupg, per hour. It will be apparent fro
t he ' 30. foregoing that careful nofAttoring of the operating bath

conﬁoéltion and frequent replenishment of the peroxide' oxidizing agent is
‘required to maintain optinmumbath efficiency which is not only costly but
al so tinme con- sum ng. Thus this fourth preferred formof the present
invention aims to provide.a treating solution and process which is
effective to inpart inproved corrosion resistance to zinc, zinc alloy,
cadm um and cadm um all oy, as well as alum nium and nma neS|un1surfac ‘and

to inpart a desirable sm:rsc&:rﬁsrﬁcmhth\/rpreﬁemd fammyefs qenk o JOvER to
a light blue-bri gti gl %oagé_ l% [ rlt%%q:q_g{[ %%%}P?f‘ness%ra%%fy o '

- passivate filmof T niprov Qortosi O Tesi st ance
clarity and initiisl effedtdse tehiigwpaxntovdimproved ourgiavirasistance s

stabilized agai ngh bafc] A% H1IGYS RAMMIEE A Eefin¥ind W of P oal nst a
rapid rise in pH, whi process 1s”sinple to control_and operate 15, and

which is of efflUﬁéﬁta&nél@@éﬁéﬁFbépdoﬂ@ﬁgﬁﬁi?m'HH¥Qﬂﬁﬁ§|§Q§eﬁﬂi%ﬂﬁ%ﬁ?ages _
~6f the fourth praf aesgesabien seirfiake Ffrl@ﬁ.@ht whientdamm r&frﬁ;éicﬂtcﬁw&d ¢Xear

2ci di ¢ treating BORARRORSC BnlaBhing LHe HEdohE to Feta ChfadHiEN s
chrom um i ons subppeataakky . mhﬁchfpmbdmhesre|pasamuate1ﬁﬂﬂmtafvalent state
preferably. - . improved corrosion resistance, hardness, durability,

10. clarity and initial hardness, which provides a treating
" solution that is stabilized against rapid loss of the
peroxide oxidizing agent and aqainst a rapid rise

in pH, which process is simple to control and operate
-\“f 15. and which . is of efficient and economical operation. o
' ' The benefits and advantages of the fourth preferred fom
of the present invention are -achieved in accordance
With_the composition aspects' thereof by providing an'.
aqueous acidic treating solution containing as its
'20. essential. constituents,-chromium ions substantially all
of which are present in the trivalent state preferably
at a concentration of from about 0.05 grams per litre
(g/1) up to saturation (and which can be ‘introduced -
as discussed for the first to third preferred forms, 'hydrogen
25, ions'preferably to provide a solution pH of about 1.2
to about 2.5 which can be conveniently introduced'by"
-mineral acids such as sulphuric acid, nitric acid, a
hydrochloric acid or the like, an oxidizing agent of
. which hydrogen peroxide itself is preferred, preferably
30. present in an amount of about 1 to about 20 g/1, a
stabilizing additive COmprising a mixture of l-hydroxy



"at a concentration of fromabout 0.05 grans per litre (g/l) up to
turdtion (and which can be introduced as discussed for the first to third
o @éferred forms, hydrogen 25 ions preferably to provide a solution pH_of
out 1.2 to about 2.5 which?tan be conveniently introduced by m neral
aci ds such as sul phuric acid, nitric acid, hydrochloric acid or the like,
an oxi di zi ng agent of which hydrogen pérOXIde itself is preferred,
pref erably 30. present in an anount of about 1 to about 20 g/l, a
stabilizing additive conprising a mixture of 1-hydroxy ethylldene-l,
di phosphonic. acid and citric acid and the bath conpatible and sol ubl e
salts thereof present in an anount effective to reduce | oss of the peroxide
oxi di zi ngthyddideaedl:,d siiphdsphonie gidfandecipetatacipdSand bath, and at

| cast ONenadibkhOMp iR Y YSTAL (4000 *&&{&&Phg:?é‘ééﬁ ing of iron, .

cobalt;, nick enum nan%ﬁ?ese al un1n|u ant g} ant .hani de
i xt ur esinaas éé‘Plumfa sf fpayives tq neduce s p#%e?ﬁrQ @ anount

fef }‘ ect | vsﬁaéashgv%gentthanlaatﬁb AL Hﬂ{e of ofhé &pé Qawﬂ@pass Id v?t e
ofi esired’a arance 0 su eate meniioned for
“the earl#@g préPQrP@d fﬁ%ﬁﬂﬁ§ﬁﬁgf q5%°5%§ optioMy -

contain h&bmdeheogtoup'ccmsmstﬂnyaniﬂircnuﬂcdbaﬁmesmickelhe coating, - and

ohd compaprBPaBic feBdEless i atmiindli, HARANSREP IR Eadh iRt POS?LBSLF
C ncreasemixtmrem.onndecesclazm@Samlﬁarame@smmresnetfpmmﬁa@eemmm e: d.
©an anouni nobnabRkn® REFeREANILD At RAS I ahas é&@zféfmgﬁ%ﬂssed in

CO-Il.-lgecuof a chromium i
pass vate film of the desired appearance
on the substrate treated. As mentioned for the earlier
preferred forms of the invention the solution may optiochally
contain halide ions for imparting additional hardness _ .
to the coating, and optionally, a wetting ‘agent. ' g)
15. It may also incorporate a bath soluble and ‘compatible
' 51licate compound present in an amount effective to .
: impart_increased.ccrr081on resistance and hariness to
~ the passivate film e.g. in an amount of about 0.0l to
about 5 g/1 calculated as §i0, as discussed in connection
20.  with the sixth aspect below. It may also incorporate
"a bath soluble compatible organic carboxylic acid -
present in an amount effective to further impart initial
~ hardness and clarity to the passivate film as discussed
~in connection with the third preferred form . above.
25. In this fourth preferred form of the invention whilst it
' is applicable in the same way as the first aspect
in the_case of decorative.zinc_electroplatings, a further:
enhancement of the annearance of such substrates in
addition to the corrosion resistance imparted is achieved
30. by the passivate film which ranges from a clear bright to



20 With the sixth aspect below. It may also incorporate a bath so le .
conpati bl e organic carboxylic acid present in an anount effective t ,;3
further inpart initial hardness and clarity to the passivate filma e

di scyssed in connection with the'thiﬂﬂfpreferred form above. 25.

In.this fourth preferred formof the invention whilst it is applicable in
the - sanme way as the first aspect in the case of decorative zinc
electroplatings, a further enhancenent of the appearance of such substrates
in addition to the corrosion resistance inparted is achieved 30. by the
passivate fil mwhich ranges froma clear bright to  a light blue bright
appearance sinmulating that of a chrom um deposit or. alternatively, a clear

[1ght- vel| ow apgeqygacerShakahight ohecatle Watit dishoplernd Qg o4

‘hexaval ent chrom umi further essential .constituent
of the treating @amnmummade@m@aﬁc9nmaﬂ#enﬂﬁ§MVﬁkﬁ¢1iNQQ%QFe&FHQanof t he

ihvent- ion 'S t %%%b'a a%nw%tmﬁgrwn@ Rhat Tobtaired byl -igereky -
&t hyl i dene- 1, osphoni'¢c acid I G aC|d as well as the bath
sol ubl e and conp&FﬁSFé P?XEYalent éhg RN i on of the

_di phosphoni g ,and ci t rhcmmmumhmm?mm @F dehe a!:miﬁtm stic
“&action in not on equci n e tjon.and rate.of |os e

per oxi de-type ox}%l &HFSE&?F ﬁf@égﬁ%f&‘ﬁﬂ? f’ TP %f‘%?h}en
operating bath pn.enerj.tsl m@el?-tabié.u?d-plgj adend: oomnl Sined ekt e of

experienced in phi Wi t, 10y AP Vi PMartd gt oo
sol uti ons. Typ| ca dqfos‘ﬁ’t wgtlsﬁdgg‘ll i Zi ng ?gir%%ﬁltuents are ag:lded |ftthe

acid formor as &ed BﬁaMﬁldeﬁﬁ bath soluble and compatible sa
10.  thereof. The combination of the dlphosphonic and

citric acid -constituents appears to prov1de a synerglstlc '
action in not only reducing the decomposition and rate
_ of loss of the peroxide-type oxidizing agent but also
e in- stablllzing the. pH of the operating bath preventing
15. a rapid rise as had heretofore been experienced in nrior
' art-type trlvalent chromlum pas51vation treatlng
solutions. Typlcally, the two stabilizing constituents
- are added in the acid form or as the alkali metal or
ammonium salts thereof. A commercially available -
20. material suitable for use is sold under the brand name
Dequest 2010 by Monsanto- Chem1ca1 Company and comprlses

l-hydroxy ethylldene-l 1 diphosphonate.
- The diphosphonic acid or diphosphonate’ constit-
~ uent can be present in the operating bath in an amount
25. of about 0.05 up to about 3 g/l with amounts of about
0.1 to about 0.5 g/l being preferred. The citric acid
' or citrate constituent can be present in the operating
bath from about 0.1 to about 10 g/1 with amounts of -
about 0.5 to abbut'l;S'g/l being preferred. :
30. " An optional but preferred constituent of the



* ambnium salts thereof. A commercially avail able 20. material suitable
r use i s sold under the brand nane Dequest 2010 by Monsanto Chem cal
o Qgéhpany and conprises 1-hydroxy ethylidene-l,1 di phosphonate. The
di phosphoni ¢ acid or di phosphonat &lzonstit- uent can be present in theu
operating bath in an anmount 25. of about 0.05 up to about 3 g/l wth
anounts of about 0.1 to about 0.5 g/l being preferred. The citric acid or
citrate constituent can be present in the operating bath fromabout 0.1 to
about 10 g/1 with ambunts of: about 0.5 to about 1.5 g/l being preferred.
30. An optional but preferred constituent of the treating bath
conprises a silicate conpound present in an amount effective to provide an

| or oved yGUaSIP AP Sl A o4 th NS A3 BoflguR@SHi¥gLAL! [ | M T or med. on ' 

the treat rat es i cat es to the anmpunts in
whi ch t hdp Sho@EmPunt lefeﬁe%# V%h%%&%%ﬁiql% %ré“@ét’&?ﬂ gers@RsiAnconnect i on

¥M t Pht he o&ldtﬂéa:tqscﬁfc‘énd Q{aﬁcﬂﬁaéﬁ S@fnﬁhé ny&s&iPate! ﬂl@ﬂldf%rgé]g t het Eat h
urther contains a st .0 i ti el ected from.the group

consi st - Ofp the jtypaRe qﬂﬁb ﬁﬂﬁ%e? iﬂ%?g%ﬁe anPenifgdnass, o
-al usi.ni- urﬁrﬁltdikﬁmﬂﬂs Iiaﬂtvimircldethey(tsh@slarmlemednaﬂe aektussed xtures . =

t hereof. , The for on t al
conveni eﬂ't“l fl“orﬁt ed ]:l’neﬁ# tfh% %%r?rhe%i(é\/#a f'fﬁ #’g sgﬁgtconpat i bl e
15. netefl thw (presesitudinuentionyl phat es, nitrates, .halide salts, as

di scussed for t g fiddits idh { higd ﬁ’é&iefﬁﬁﬁuéfr%né‘&ﬁné“&@ 7Bhetial s as are

-dlscussed above for those
" one additional metal ion selected from the group consist-"

m

10. ing of iron, cobalt, nickel, mnlybdenum, ‘manganese,’
' aluminium, lanthanum, lanthanide mixtures and cerium
- as well as mixtures thereof. The forego;ng metal ions
or mixturesrof metal ions are convenlently introduced .
into the bath by way of bath soluble and compatible o/
| 15. metal salts including the sulphates,-ﬁitrates,-or,halide  . S
' salt's', ‘as discussed for the first to third preferred forms
| and such materials as are discussed above'fortthose
pteﬂmneﬂ forms can-be and desirably are used in this aspect of
_ the invention. - L S ' :
20. _ . The foregoing-metal ions or combinations thereof
| with the exception of cerium ions are employed for
producing a clear to a light-blue passivate film. When
a light-yellow iridescent passivate film is desired,
) Cerium'ions are employed, preferably in combination with
25. one or more of the other ‘metal ions to produce a passivate
film simulating in appearance the llght yellow passivate
- films heretcfore obtained employing hexavalent chromium
passivating solutions which have been recognised and
embodied is ASTM specifications in view of their character-
30. istic colour and associated excellent corrosion resistance.



preferred forms can be and desirably are used in this aspect of ‘the ' e
I nvention. .20. The foregoing netal ions or conbinations thereof fﬁk
wi t ht-he exception of ceriumions are | oyed for producing a cle oa
| i ght-bl ue passivate film Wen a IigRSﬁEeIIOM/iridescent passi vat Imis
desired, ceriumions are enployed, preféerably in conbination with 25. one
or nore .of the other nmetal ions to produce a passivate filmsinmulating in
appear ance the light yellow passivate filns heretofore obtained enploying
hexaval ent chrom um passi vating sol uti ons whi ch have been recogni sed and

enbodi ed is ASTM specifications in view of their character- 30. . istic

" col our “and associ ated excel |l ent corrosi on resi stance. The ceriumions
can be i ntroducedrhe éégiﬁnnmehsdcaﬁUb‘éeﬂneheu%k:EdC%n%@ Qﬁn‘fﬂggh the
second and thlrg grefer ngorgi he co centrathgn of the additional,
met al “ions oth ?u?ﬁ PVEn oS PREFEARPr WhitPatBeaseread a8t t he
treatlng bath to ppe Cﬁréfékfaa Earikye- brlght appearance shoul d .be
controlled in the manne ?ﬁﬁé Py §8ﬂn§ gQ the h|rg Rreferred
formof the invention. eCoherar 9 E&RRA forganic

10. . carboxditic ens- 0%#e§atba%h@eebﬂmaSOUSs6055eppronrdatecacauthhbnthe
third preferred fof ndft+dfe PrgSEatn| LYCPL aﬁcet ciSQEhEBQb&ﬁlgr Srﬁlgﬁ%”

shoul d be foll owed. However, the presence o te conpoun
“operating bath asPRRSIXRRCE $ho |?Fc%ﬂﬁ5€?1eﬂdmﬂﬂhth§ mannpg fiiscussed

preferred form ofid heonriesteidn i mnﬁnth@ﬁ:hliﬁd p:eegrﬁeduﬂmu ofa&kmoimmmtiom.ut e

to inproved clarity of the siva
np y ﬁh e operating bath is to contain  an orqanic,_

10. carboxylic acid. or 'salt thereof as. discussed in
connection with "the third preferred form ‘of the present
invention, the teaching there given should be followed.
However, the presence of a silicate compound in the

. ooerating bath as discussed below in connection w1th
.15. . the . fifth preferred fom of the present invention has been found-

§ _ to also contribute to improved clarity of the pa551vate
film, and accordingly, the use of the organic carboxv-'
lic acid addition agent is usually unnecessary when a

_ silicate compound is employed in the bath.

20. The ooerating bath in accordance with thisfmnih

preferred form 'of the invention can conveniently be prepared by
- employing a concentrate containing'the.aCtive-constitu-

ents with. the exception of the oxidizing agent and

cerium ions, if used, which is adapted to be diluted

25. with water to form a bath containing the constituents

_ . within the desired concentration range. Similarly,

. _ replenishment ‘of the bath on a continuous or 1nterm1ttent

' basis can be achieved employing a concentrate of the
active constituents with the exception of the ox1dizing

. 30. ' agent and cerium ions, if used, which is added separately.'
' 'to_the"operating bath; Typically, a bath make-up

conentrate can contain from about 10 to about 80 g/l

chromium ions, from about 5 to about 50 g/l of at least



film -and accordingly, the use of the organic carboxy- lic acid addition
ent is usually unnecessary when a silicate conpound is enployed in the
@h 20. The operal‘ﬁng bath in accordance with this fourth :
ferred form of the invention can conveniently be prepared by enpl oyiwhg
a concentrate containing the active constitu- ents with the exception of
the oxidizing agent and ceriumions, if used, which is adapted to be
di | uted 25. with water to forma bath containing the ceonstituents within
the desired concentration range. Simlarly, replenishment of the bath on a
continuous or intermttent basis can be achi eved enpl oyi ng a concentrate of

cori am (1R aeqLELERAL bRl (0B B Wedln | SnSTRELAEIRE o barh
TyplcmIimonytmmbahtkenmpkednemnd&bdenumxxnunganésen1abuminiﬁmbo about 80

ol chroinions, LAFhaRtul BaWRANOW: SRAN-OL elelegrl | one

additio gr oup consi's 1ron ni ckel , .

" nol ybderhaiidantenssup &Du#meMnsqzﬂﬁﬂwuﬁﬂﬂmIabmmbnﬁdbontbpute or nixtures
th%egfa Qlghides! anaitbe E‘Eeab:%&ﬁpogﬁx @ luf [idua Abescarheedbad! - 5 - 30

| cat e compoun us cal'cul ated’ as

e
sui t abl Sy f adRdnd Fﬁiﬁ'ﬁb;ﬁomrﬁﬂfwfaﬂéhta% gpount BRpEByed. * Such a

- make- up QONEENS T gye LE dto et |é1tn%ké\‘-ﬁﬂ9 85Agéngatral yge percent
wat er tc;é;oduce an Op%ﬁi %’ th ¢ taln e active 10. constituents
wit hin t3éapEegdetos ﬁi?

Fm§uEﬂrS§nﬁydrogen per oxi de
for exarpd€er t6 peaaﬁaeelan uydrthﬁ;i bartim ea@tﬁﬂnhngreher abkiven a

10. constituents within the ranges specified The oxidizing
agent such as hydrogen peroxide, for example, is =
seuarately introduced into the bath preferably in a
form commercially available containing from about 35 to _
40 percent by volume hydrogen peroxide. The cerium - _\J

15. - ions, when employed, are preferably. introduced in the '
‘form of an aqueous acid solution of cerous chloride or:

' ceric sulphate having_cerium ion conéentration of from .
about 200 to about 320 g/1 and about 60 to about 100

. q/1, respectively; Such cerium concentrates-mey7be

20. : conveniently comprised of the commercially available
materials hereinbefore described available from Molycorp,

: Inc. ' : '
- The foregoing trivalent chromium concentrate
_containing the metal ions and acid components in com-
25. . bination with an inorganic silicate compound has a -
'_tendancy to form precipitates during'prolonged-storage
~ due to the high:concentrations and acidic conditions
_ present. Accordingly, Such.foregoing concentrates are
normally diluted with water shortly after preparation

30. to provide an operating bath containing the active
constituents in the desired concentrations. éoncentratee
of substantially improved stability and prolonged shelf




formcomercial ly avail abl e containing fromabout 35 to 40 percent by .
vol ume hydrogen peroxide. The ceriun115. ~ions, when enpl oyed, are )
preferably.introduced in the formof an 'aqueous acid solution of cerous -~
chl orj de or ceric sul phate having cerpamion concentration of from abo -
200 to about 320 g/l and about 60 to about 100 g/l, respectively. Su
ceriumconcentrates may be 20. convenlently conprlsed of the comrercially
avai l abl e materials herei nbefore described avail able from Ml ycorp, Inc.

The foregoing trivalent chrom um concentrate containing the netal ions and
aci.d conponents in com 25.. bination with an inorganic silicate conpound
has- a tendancy to form precipitates during prol onged storage due to the

hi gh concentrations and acjdic conditio resent. Accordi ngl uc '

f or egoi ng concent F&CEagE eLHE fap 1§ ﬁPF ?foé’ﬁg?%fis Fes as
preparation 30. &iGchizsedi Ko ﬁpemtec&gofnaﬂ.hhm aﬁmmg:xetezm forn in
constituents in the desired cqghigﬁrat é&&ﬁg&& ?Bsg ognaugﬁiighhghgy

i ipr-oved stabllltfxﬂﬁHEHF - €’can berprovi by
t he use of organi haditdec diots am&llasmeasﬁd:cjoe{gynﬂn uatecstablen ¢dnddw—
fi-fth preferged foQrm.i.n conbl t trd.v h d
optionally, Eél id ra(tﬂ.songngog tt or?galg' eﬁ}a%t%uc#lg%ba?bé%#o%n?gsgbogg
trations conventi @&algAL dm:i.t\ml:erfh' ehromdom Hens, wiout &) up terabonen’o .
Gl Toate calcul o ¥ Ba A ettt Shaterrtny bRt 4B des JaRERRO! U
' ated as ioz, halide ions up to about 50 g/l and a
'surfactant in an amount up to about 5 g/l. Such stable . - .

10. concentrate is adapted to be used in conjunction with-

a second concentrate containing the acid components,
the additional metal idns'in an amount of about 5 to
about 50 g/1, u§ to 80 g/l of thé.organic carboxYlic
2 - acid and/or salt additive agent if used. Such second
15,'; concentrate can also optionally contaln a. oortion or
all of the halides and’ wetting agents if not employed
'in the first trlvalent chromium concentrate. _ .
In the preparatlon of such a trivalent *hromlum/
-silicate concentrate, the organlc 5111cate is F:Lrst
20. diluted with water to the desired concentration range
whereafter the trivalent chromlum constituent is added
"~ along with thaoptlonal halide and wetting agent, if '
employed. A particularly suitable commercially available
organic S1licate compound comprises Quram 220 available
25. from Emery: Industries whlch comprlses a quaternary amine
5111cate.

“The dlphosphonic a01d and 01tr1c acid and/or
'diphosphonate and citrate stab11121ng additive can be
incorporated in any of the foregoing coricentrates _

30. - including the peroxide concentrate in an ambunt to



surfactant in an amount up to about 5 g/I. Such stable 10. concentrate
ks adapted to be used in conjunction with a second concentrate containing
acid conponents, the additional netal ions in an amount of about 5 to
. 50 g/l, up to 80 g/l 3gf the organic carboxylic acid and/or salt \/

audi ti ve agent if used. . Such second 15. concentrate can al so optionally
contain a portion or all of the halides and wetting agents i-f not enpl oyed
in the first trivalent chromi-um concentrate.' In the preparation of such a

© trivalent chromum silicate concentrate, the organic silicate is first

20. diluted with water to the desired concentrati on range whereafter the
trivalent chrom umconstituent is added along wth the optional hal i de and

tti f I t abl N | abl
or gant o Sredin, te SRR INES cohPRLLLR B0 YnoRhLodbBBRISLS 2 Y SVE A0 e
Industrrbﬂthun(ﬂﬂtnmqntkwslw4qﬂbeeshabylaning sdfitawve. cihebelphosphonlc
aci d andddddés afd s 00 OFatl PROGLIAB LGN B0A: EbkEALBT AR N0 additi ve .

‘can be i'ncorporated 1 n anh or egol ng concentrat es i ncl udi ng
the per B&Ue akptendQ fe. EP}PP‘% h?r%u'ﬁ(ltﬁ" hgodiphesrherd cdesired

- congent I@igHyspHbr d¥e BSisbing DRt hdami Abiee el tKebBoutheset &8 | i zing -
~ additive . ca r ar at e, aqueous. concentrate cqntai-ni ng from
about 3G*RQR q'am %ﬁ%ﬂ %ﬁ ‘ff@? pﬂ%%%ZSﬁFE?‘tS CORPRKBSHABAAt e conpound

in adn xdden Wdpgaritely 160 tlve abweta®OAg ghathf tbherevidec thel d/citrate
ConpounQEﬁﬁied working concentration in accordance with the
 limits hereinbefore spec1fied, and typically, 4-5 g/l
10. of the stabilizer concentrate. In accordance with a
preferred practice, the stabilizing additive is incoro~
orated directly in the chrcmium containing concentrate,
the cerium ion concentrate in the case of a yellow |
passivate'prbcess, or in the second concentrate employed "/
i, in conjunction with the organic silicate concentrate in -
' amounts of about 3 to about 17 g/1 diphosphonic ac1d/
diphosphonate compound and about 16 to about 50 g/l
c1tric acid/citrate compound. . -
o - As discussed above for the first1x>thirdjpnakzred:ﬁnms
20. the treating bath can be avplied to the substrate in a
variety of ways and the process conditions described
for these aspects can and desirably should be used for
this fourth preferred form of the present invention.
At the conclusion cf the passivation treatment,
25, the substrate is extracted from the treating solution
| and is dried such as by warm circulating air. Ordinarily,
such passivated substrates, particularly work pieces
processed while supported. on a work rack are character-
ised as haviﬁg'a'unifcrm passivate film over the surfaces
30. thereof requiring no further processiﬁg. In the case of



added'separately to the operating bath to provide the desired working e
concentration in accordance with the limts hereinbefore specified, and [ .
typfcally, 4-5 g/l 10. of the stabilizer concentrate. |n accordance 'the

a preferred practice, the stabiliziy P additive is incoro- orated dir

in te chrom um cont ai ni ng concentra e the ceriumion concentrate i e
case. of a yellow passivate process, I nthe second concentrate enployed
15. in conjunction with the organic S|I|cate concentrate in anounts of
about 3 to about 17 g/| diphosphonic acid/ di phosphonate conpound and about
16 to about 50 g/I citric acid/citrate conmpound. As di scussed above for the
first to third preferred forms 20. the treating bath can be applied to the
substrate in a variety of ways.and the process conditions described:for

t hese aspects cmaldndvabksipisddes séhoidhl dxre matm imiluliousuth pasftnrad

e oent pr %%%iﬁgyc{%%ssiﬁe%(trac et e ?#%g?@&%ségaé Pleohes |

"~ treatnent, fronlt I'ng -solutron and is

“dried such as &PHMQQQuﬁIinﬂthqrnfﬁﬂivaﬂﬁ(ﬁ#ﬁn|¢%riﬁﬂu#¢§ﬁEE@W%I%@d it is

substrates, paigddsadie/ ﬂpréwi G55t UL SEE G WY St SRR wEFk 01 Scdlr K
rack are character-.lsed as .having a unlforn1pa55|¥ate filmover, the o

surfaces. 3@- BRefedOStefiliSRFhFINAR Here isqussrd BREOWT
smal | work pi ecaesa&a @:lx&li@rtef@ﬁtaddfm bﬂl%espﬁseas imentmoatmsgal |

Pl ' dar i ng 't r E0vraHoRs sysete, YpmEacitl Ot Wieri Meliheetsiafifes: sucn
wor k pi eces 5. imparcerifgs tthes Iou:amsiromsa'dteaawmntof almrirebtmclemeow :
parts. _ o _ : _

10. When such an optional post passivation silicate
rinse treatment is embloyed, ‘the substrate following the
oassivatlon treatment is preferably subjected to at least

"one or a plurality of water rinse steps usually at room
\ temperature to remove re51dual passivate solution from
| 'p_lS.jsthe surfaces thereof whereafter the substrates are
contacted with the post»silicate rlnse_solution in -
_accordance with the teaching given beloﬁ_in connection.
with the sixth preferred form of the presentninventionb-
' ' According to the fifth preferred form of the present '

20. invention there is provided a treating ‘solution which
aims to reduce the severity of a problem of damage to
the oassivate of passivated workoleces during subsequent
processing. Thus while improvements have been ‘made in
trivalent chromium'passivate comnositions and processes

25. to produce commercially acceotable passivate fllms, -such
films as initially formed have been found 1n some. 1nstan-'
ces to lack sufflcient initlal hardness to enable
‘handling of the substrate throuqh further work stages o
without encountering dam_age to the passivate film - Addition~ ..

30. ally, such trivalent chromium passiVate compositions |

. : . and processes have also been found in some instances to
lack optimum corrosion resistance, hardness and durability,



‘as the sixth preferred formof the present invention) to seal any such
facé-i nperfections thereby substantially inproving the corrosion
tection of barrel-processeq parts. 10. When such an optiona
t passivation silicate rin treatment is enployed, the substrate

ol l owi ng the passivation treatnent is preferably subjected to at |east one
or a plurality of water rinse steps usually at roomtenperature to renove

- residual passivate solution from15. the surfaces thereof whereafter the

substrates are contacted with the post silicate rinse solution in

accordance wth the teaching gtven below in-connection. wth the sixth
preferred formof the present invention. According to the fifth preferred
form of téledpéﬁé&ﬁbe2Qilmsnwnmbhoaréhebﬁemaw QMY arld gaidkig sol ution

whi ch ai ns redu everity of a roble of - da e to the passivate
" of pa55|v%R %?ﬁigg gﬁ??nansﬁﬁggaﬁp n@g Thus whil e -
i nprovenents have’rhasntlmsefﬂ.ﬂth preﬁémrad fdnmoflhhepmenathwM| tions

~ and proc 888, %o, pfoRiadhacLeguNTng 2 bt d0RCRP ALY VL || S, such

S filnms as T or med have een ound 1 n Ssonme Instan- ces to |ack
“suffi%i ents |mff«ttatlmruﬂeimvasteﬁmpr@vndnspm@sdfom mesdigianag € hr ough

further vwﬂfcst@?ﬁ miegutcsaﬁ%ﬁt ghlaNea@RTREE a1a dyhe RASRI Mg film
.-Addi tion- , such trival ent chron1un1pa55|vate .compositions and
pr ocessesA HAWEN BB 02RE RAFRARA TN SYEHBCPRs PAACES AFPAFE Gopt i num corrosi on

- resi st ancgeswalne ssusfscdurshikht Which aad m@uctfxfdrd B Mfdah
are’ someyiay hé"”dyaaflghﬁ‘célug bI¥The! 86 W L1981, ARpeiance standpoint.
10. appearance, which oroduces a nassivate film of improved
corrosion resistance, hardness, durability, clarity and
initial hardness, which process is simple to control and
operate and which is of efficient and economical operation.

The benefits and advantages of the fifth preferred form ' \J '

. 15. of the present invention are achievedlin-accordance.witn
' the composition aspects thereof by providing an aqueous
. acidic treating solution containing as its essential
constituents, chromium ions substantially all of which
are present in the trivalent state oreferably at a con-
20. centration of from about 0.05 grams per litre (g/l) up
to saturation (and which can be introduced as discussed
for the second to fifth aspects), hydrogen ions oreferably
to provide a solution pH of about 1.2 to about 2.5 which
can be conveniently introduced by mineral acids such as
25. sulphuric acid, nitric acid, or hydrochloric acid, an
oxidizing agent of which hydrogen-perox1de itself is
preferred,_preferably present in an amount of about 1l to
~about 20 g/1, a'bath.soiuble and compatible silicate
_ compound present in an'amount effective to impart increased
30.. coerSion_resiStance and'hardness to the passivate film
(preferably present in an amount of about 0.0l to about
5 g/1 calculated as SiO,), and at least one additional

4



Thus this fifth preferred formof the present invention ains to proude a
treating solution and process which 5. is effective to inpart |npr0y
corrosion resistance to zinc, zinc £ | oy, cadm um and cadm um al | Q‘
wel s al um ni um and nmagnesi um sur®aces -and to inpart a desirable
finish which can range froma clear bright to a light blue-bright to a
yellow iridescent 10. appearance, which produces. a passivate film of

i nproved corrosion resistance, hardness, durability; clarity and initial
har dness, which process is sinple to control and operate . and which is of
efficient and economical operation. The benefits and advantages of the
fifth preferred form15. of the present i nvention are achieved In

accgrdance W t heth@ mﬁpeeutelcaedafmem thieh erreafp hmwm:uidimg:ﬁmmu,eous

acidic treatin tIO I ts tlt t rom um
ions substantlgf’ﬁ?&g gf:ﬁ H‘ggggd%%é@énfn%%%%e%[r va I{?Fatslé"mcth"
preferably at anuma- laﬁthané.der mixtures: fandmcgmwmyoa@év@ddnsaqoenxtum

_. (g/1) up to cak HEBLLE &:@Q%ng“'iﬁhaﬁagmg‘ﬁnltn%%%idrea%dj Rl figle the

second to flft aspects rogen ions preferably to provide a so Uti on pH.

of about 152 tbaﬁboandzfermtéﬁncaﬁ Becwﬁmémm%sﬁwheocﬁid@uq;@th%eral

“aci ds such as aés:.iéhpalébeﬁréﬁbé ofll thieCsabistrate Mrdixeed.orixg acid, .
oxi di.zi ng agent of mhlahg édrogen eroxide itself |ngreferred preferably

present in an BRBEAPNS utthe earliew preferred) fompshat fFheoinventicamd
conpati bl e sil thaet sotatponnmag’ epeibnallen comtain aldde \ioniso fowart

I ncreased 30. ,corrosion 5§ﬁéstagieh gﬂ?%rdnes %p th aSSIV e film

(preferably pré@gﬁf iR9af ant o} 6? aﬁ&ﬁ %ﬂl | cul at ed as-

Si 2), antioat bphionshdyaddi webhadhg agent. - It may also incornorate -
a bath soluble compatible organic carboxylic acid
present in an amount effective to further impart 1n1tia1
hardness and clarity to the passivate film.

(\_/' - - In this fifth nreferred form of the invention wh:.lst it
' 15. is apnlicable in the same way as the first asnect in

face

the case of decorative zinc electronlatlngs, a further
enhancement.of the appearance of such substrates in
addition to the corrosion resistance imparted'is
 achieved by the passivate £ilm which ranges from a clear
20. brlght to a light blue brlght appearance simulating that -
of ‘a chromium deposit or alternatively, a clear light-
yellow appearance simulating that obtained bv use of
prior art hexavalent chromium solutions. '
A further essential constituent of the treating
' 25. bath in accordance with the fifth preferred fomm of the invention
is the silicate compound present in an amount. effective
to previde'an improved corrosion protection and hardness
to the passivate film formed on the treated substrate.
. o The eilicate_compcund may comprise a bath .soluble and
' 30. -compatible inorganic or organic silibate'compound as well
as mixtures thereof which are preferably present in an
amount of about 0.0l up to about 5 g/1 calculated as sio,



metal ion selected fromthe greup consisting of iron, cobalt, nickel,
-nmol.ybdenum manganese, alumnium |anth- anum [|anthanide m xtures and
c um. as wel |l as n1xture§;thereof present in an anmount effective to
. ate the 5. bath and formation of a chrom um passivate filmof the
ed appearance on the substrate treated. As nentioned for the earliert
‘preéferred forms of the invention, the solution may optionally contain
hal i de ions for inparting addi tional hardness to the coating,  -and 10.
optionally a wetting agent. It nay al so incorporate a bath soluble
~conpati bl e organic carboxylic acid present in an anount effective to

~vv—£ﬂn DA N Al
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further inpart initial hardness and clarity to the passivate film In thi$

fifth pitheconremhinatkions of ndkautofl-dhitos@bauti 0.5 ig/heingble in the
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- 39.ni xEormatdion af me-hum an@r seslesﬁyhme@;eﬁmenmtes
' because of the improved stability and ‘prolonged shelf
life. _ -
. Inorganic siiioates suitable for use in the

" practice of the present invention include alkali metal '5;\-¥

15. and ammonium silicates of which  sodium silicate
- _(Nazo xSioz(x=2-4) and potassium silicate (Kzo.ysioz(y—
- 3=5) are preferred for economic reasons. Organic
silicates which can also be satisfackorily employed
include quaternary ammonium silicates which include
20. tetramethyl-ammonium silicate, phenyltrimethylammonium
silicate, disilicate and trisilicate, and benzyltrim—
ethylammonium silicate and disilicate._ Such silicates
meeting the purposes of this invention may be exnressed

Dwrizower
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by the following general formula:

25, .. ROR':x%8i105:yH,0 _
Where R represents a quaternary ammonium radical substit—
uted with four organic groups selected from the groups
alkyl, alkylene, alkanol, aryl, arkylaryl or mixtures

_ _ thereof, R' represents either R or a hydrogen atom X

© 30. . equals 1 to 3 and y equals O to 15.
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amount of about 0.01 up to about 5 g/l calculated as [err] 34 with
concentrations of about 0.1 to about 0.5 g/l being preferred. Wen

i norgani c silicates are enpl oyed, congentrations above about 2 g/l in
operating bath are undesirabl e becad® of the tendency of. the silica A
to fofm fine floccul ent precipitates with the nmetal ions present in-the
bath under the acidic conditions present which contributes towards bath
instability. Organic silicates, on the other hand, provide for inproved
bath stability and are preferred for the 10. formation of make-up and
repl eni shnment concentrates because of the inproved stability and prol onged
shelf life. Inorganic silicates suitable for use in the practice of the

present i nvent i on i ncl ugacE' fakbrabalnlS: orcARd ARTIRY LiAten gl
‘Wwhich sodiumsilicate [err] and potassium silicate [err| 3-5) are preferred
- for. econoni c reatbadr sgnghasdssandceheragitesizesion arephdors iBHHY orily
- enpl oyed i ncl udeggyatrepBar Y na#RBN1 ¥¥eTakudal 85 chMaisC RheN@r4de 120 py
- fetramet hyl -anmmoni um silicate, ' phenyltrinmethyl anmoni umsilicate, -, _ "
di silicate and tM?gFFiiaPBa SRENEER,y | SPIR QURkSERATY ATFCS LU, Sid Laates”
~disilicate.5Suchpablighedsifeehengoutfapubgophysitalhiand Cedilioian may be
Feprosonts & qUACBPRPYERinERr der e subBE; FEOFERAH I MM Torgani
groups sel ected fincarpbrageduherein by reference. Similar silicates

' including typical syntheses thereof are disclosed in

United States Patent 3,993,548 to which reference is

10.  also made for further details. _ o _

' In addition, the bath further contains at least.
one additional metal ion selected from the groun -
consisting of iron, cobalt, niékel,lmél?bdenum, mang-

Y . anese, aluminium,lanthanum, lanthanide mixtures and

1s. . cerium as well as mixturé;_thereof{' The foregoing

- metal ions of_mixturés of metal ions are conveniently
introduced into the bath by way of bath solﬁble and
compatible metal salts including the sulphates, nitrates,
halide salts, as discussed'for the first to fourth

20.  preferred forms and such materials as are discussed above
for those preferred forms can be and-desirably are used
in this aspect of the invention. _

The foregoing metal ions or combinations thereof

with the exception of cerium ions are employed for

25.  producing a clear to a light-blue passivate film. When
a light-yellow iridescent passivate film is desired,
- cerium ions are employed, preferably in combination.

with one or more of the other metal ions to produce a

- ' passivate film simulating in'appearande the light
30. yellow passivate films'heretdfore obtained empnloying
hexavalent chromium passivating solutions which have



al kyl , al kyl ene, al kanol, aryl, arkylaryl or mixtures thereof, R
represents either R or a hydrogen atomx 30. equals 1 to 3 and y equals

. & \O: 15. Such wat er solubhﬁéorganic silicates including their synthesis
: %‘"-‘ characterization are mor & ully described in the literature such ad he
- a#ficle by Merrill and Spencer, "Sonme Quaternary Ammonium .Silicates", 5.
published in the Journal of Physical and Colloid Chem stry, 55, 187 (1951),
t he substance of which is incorporated herein by reference. Simlar
silicates including typical syntheses thereof are disclosed in United
States Patent 3,993,548 to which reference is 10. al so made for further
details. In addition, the bath further contains at |east one additional
met al |cnb@@ﬂe@@@@gml@ﬂﬂtﬁ@dgﬁﬁhﬁdégﬁsi§tAﬁ@”bﬁ“ﬁpéﬁlqﬁﬁaﬂﬂs im cke

ol ybdenmem@ﬁ tﬁ@ffechakaatawgkaet banamr 20t haRicla JHed Ures and 15.
cerium as wel as mxture§ here F‘ﬁﬁe 0|n rretal i ons or mxtures

- of metal %ﬁ'—ella%tcﬁﬂvsﬂﬁéﬂmyeFﬁFFBHGEed &L 49N SRR, of bath
"~ sol ubl e avdl DorPoduted: ﬂﬁtﬁhesmhhﬁernaéudmbeahabwepfmt SonnEdyidEeS,

hal ide sa di scuss % ggurgg 20. preferred forns -';
and %uch "ﬁé@b gﬁegeggnci gﬁ‘?‘fé&é?@é"ﬁ%?&* or go‘se'pr_eferred forns can be -
and desirably aﬂﬁhmsedncenthatianpeftthé afdiitdoemali oetalhddne egoi ng net al

ons or SRt aNSc BRRRol k! BokNepBEoRRIbaE Sbeaokmy A8 are enpl oyed.

for rodUC|ng ear assiva en a
Ilght yelﬁftﬁvtlrﬁ%!ém%r#abhs%@vﬂfedﬂCﬁnal §l§é§| tedblue-bright -

appearance should be controlled in the manner discussed
10.  in connection with the third and fourth preferred forms
of the present invention. | ' ' '
When the operating bath is to contaln an organic
carboxylic acid or salt thereof as discussed in the . ;
third and fourth preferred fomms of the present mvem-.icn the u
15. teachlng there given should be followed. ' '
The presence of the silicate comnound in the
operating bath in accordance with this f:.fth preferred fonn of
the invention has unexnectedly been found to also
contribute to improved clarity of the passivate film, ‘
20. and accordlnglv, the use of the organlc’earboxyllc acid
addition agent is not essential when a silicate is
present in the bath in accordance with this preferred
form of the invention though it may be desirable.
" The operatinq bath in accordance with this
25.  fifth preferred fom of the invention can conveniently be |
prepared by emploving a concentra*e containing the
active constltuents with the ~exception of the oxidizing
agent and cerium ions, if used which is adanted to
be diluted with water to form a bath containing the
30. constituents within the desired concentration range.



the other nmetal ions to produce a passivate filmsinmulating in appeara
the.light 30. yel | ow passivate filf# heretofore obtained enpl oying
-hexadglent chrom um passi vating sol utions which have been recogni zed and’
ed in ASTM specifications in view.of their characteristic colour and.
associ at.ed excel l ent corrosion resistance. The ceriumions can be
i ntroduced in the manner descri bed above in connection 5 @~ wth the
second, thir dand fourth preferred forns. The concentration of the
additional netal ions other than ceriumions for appropriate activation of

(the treating bal ;g 18agiC debidiiUpridhtd| i WEtRPBRAL ABERLIAAM De

controlled in the manner ~di scdsse - in connection
fourth preferredoFoipbesmithenty basks iGanhe Achipead: emPIEELAL Ag bath |s

‘to. contain an OEBQEEQtQQ&EQﬁﬁ'ﬂhéﬂadtiﬁeS@&ﬁséﬁ@ﬁ@@tsaﬁiéhsﬁhésed in the
third and fourth referred fo E fresent nve tion,the

teaching there gP¥FSEPEASH (?fb NHAIRRE e cerime §PPFcalié"
- conpound i n5the @ge&ast wha.dhatﬂs laamcsewma\lf hté hthefbpéhaﬂliﬁigebl‘atﬁ fonu

—-af the invention_ha ect be found to so, contri but roved
clarity of the pgggiﬁﬁ'?'g 7 Bm aﬂ%‘ ﬁ%dl%c%?}?‘fﬁﬂ §t t fanysen g’ia
organi ¢ - car boxyaboutcl® &@dmbontzﬁpﬂg/lsrhmmmfumehonaL firom absmhlsate is
present in the b h C C e vention
t hough it may beagem ra;%l %%& %prerég{El ng ‘?%éé nééfg%%{’ﬁé%gi\?\n ?’%tte%
: as Sioz, from about S5 to about 50 g/1 of at least one .
10. 'additional metal ion of the group consisting of iron,
cobalt, nickel, molybdenum, manganese, aluminium,
lanthanum, lanthanide mixture or mixtures thereof,
halide ions up to about 50 g/l and a suitable surfactant
in an amount up to about 5. g/1 if employed. Such a
AN -15. .make-up concentrate is adapted to be diluted .with about
' 98 volume percent water to ‘produce an operating bath
containing the active constituents within the ranges

ceriumions are enployed, preferably in conmbination. with one or nore %ngj_

specified.' The oxidizing agent such as hydrogen’
peroxide, for example, is senarater introduced intc
20. the bath preferably in a form commercially available
containing from about 35 to 40 percent by volume
hydrogen peroxide. _
' The cerium ions,. when employed, are preferably
introduced in the form of an aqueous acid solution
25. - of cerous chloride or ceric sulphate having cerium
ion concentration of from about 200 to about 320 g/l
and abolut 60 to. about 100 g/1, respectively. Such
cerium concentrates may be convenientlY"comprised of
| the commercially available materials hereinbefore
. 30. described available from Molycorp, Inc.




25/ fifth preferred formof the invention can cofiveniently be prepared by -
| oying a concentrate containing the active constituents with the -
3yption of the oxidizing gggft and ceriumions, if used, which is adapted
diluted with water to ma bath containing the 30. constituews
in the desired concentration range. Simlarly, replenishnent of the
‘bath on a continuous or intermttent basis can be achi eved enpl oyi nga
concentrate of the active constituents with the exception of the oxidizing
agent and ceriumions, if 5. used, which is added separately to the -
operating bath. Typically, a bath make-up concentrate can contai-n from
about 10 to about 80 g/lI chromumions, fromabout 5 to about 30 g/l of the
silicate compoumtheC FHoxelguiiedy axiibnt rehrahbah Soncerbpate50 g/1 of at

least one 10. . .additionals.netal ion of the group, consisting of iron,

cobal t, ﬁlogg Iinlﬁ?‘gl Ee%a'r% .%%gfr%?é’?‘%‘#’urﬁl%%#n lﬁﬁ%t%ﬁ%Um | ant hani de

m xt ure ecidi components das ahdanfenamnstapfexm aecisbtagtésand a suitable =
sur f act agt...:0 rgﬁgg'. ' '%y%) : & er Achy : make- up
concentrgglgli&lggga apt &tj(%t%g 1 %e%%‘tjmﬂébou '%%q%%%%tg?}%ent water
to ProdugBdancdgdcacongitdicms rRygfelth nPerRr&RglE, ceweki fOBATs within -

- the rangggiageebhiceft rite 0l id¥mA08asthte &SyivKrwaearper oxi de, for.
exanpl e, L; S a;&te&y i nt roduced i.nto 20., . the bath eferably in a form

comer ci #PPFtiVaritisire PESRARATIAR 5D RED e(ﬁ?t??%ﬁ?%%?%eh?t y vol une

~ hydrogencpatainiag the axtive icvmstitueaiten oyiesl deseredef erably

concentrations. It has'béen further discovered in
10.  accordance .with this fifth preferred fom of the present
invention that concentrates of subééantially improved
stability and prolonged shelf storage life can be
.provided by the use of orgaﬁic silicates of the tyves o
_ heretofore set forth in combination with the frivaient ' A\
15. . chromium ions .and, opti¢nally, halide'ions and a_W§tting _

'agenﬁ. - Such stable concentrates conveniently contain_
from about 10 to about 80 g/l trivalent chromium ions,
about 5 up to about 50 g/1 of an organic quaternary
ammonium-silicate'calculated as Sibé, halide idns up to

20. about 50 g/1 and a surfactant in an amount up to about
5 g/l. Such stable concentrate is adapted to be used
in conjunction with a second concentrate containing the
acid components, the additional metal .ions in an amount
of about. 5 to about 100 g/1,, up to 80 g/l of the '

25. organic carboxylic acid and/or salt additive agent if

' | usedé Sﬁch second concentrate can also optionally
contain a portion or all of the halides and wetting
agehté'if not employed in-the'first'trivélent chromium

" concentrate. _ ' -

30. In the preparation of such a trivalent chromium/



i ntroduced in the formof an aqueous acid solution 25.  of cerousg | oride

or ceric sul phate having ceriumion concentration of from about 0 %
about - 320 g/l and abolut 60 to about_ 100 g/l, respectively. Suc um
concentrates nmay be conveniently conﬁ i sed of the comercially a able |
mat eryal s her ei nbefore 30. descri bed avail able from Mol ycorp, Inc. - The

foregoing trivalent chromum concentrate containing the silicate conpound,
nmetal ions and acid conponents has a tendency to form precipitates during
prol onged storage due to the high concentrations 5. and acidic conditions
present. Accordingly, such fore- going concentrates are nornmally dil uted
wWth water shortly after preparation to provide an operating bath

.containing the aCEilEcSEQSEbBBEHt§atE “Eﬁed%%J cﬁ%‘iﬁ?ﬂ%a{ [1:QNSe; ddf  has

been further ‘discqvered_in:10. accol dance mnt preferred form
of the present indehttef vhkh watesntpatbs desdues: sencgnbrathemrahge

~stability and prowhagedree! i:hét Ei’i@&lbhtecﬁiﬁmﬁﬁnp%ﬁ's@@.@&éhﬁ he uRRadd

of gani c S|I|cates f the p ofo orth in conmbination wth the
trival ent 15. BHQUW?%% Eﬁﬁn %BPP aﬁi}dehapﬁdyat&ﬁggaﬁaseﬁmn#ﬁ

-agent.. Such5stabemptogeéntrAtparticumnemyesu&taant&bmmbwwﬂadhgut 10 tO_
~about 80 g/l triv o] n t 5 up t.o .ab /1. of an _
organi ¢ quaternargbgﬁ%%ﬁ?%nggggh%gt%iégggﬁFaFgﬁ ggnFeFﬂnor 5@%d99§5m5 up to |
. 20. about 50 g/%2@navaitablecfzom Emezy Zndustripst whdbbucompyilses Such
stabl e concentratg gSa8daRaRY LMiRE giggchgeconjunctron with a second
concentrate contalnlng t he
_ _ This fiﬂﬂipme&axed ﬂmmlof ﬂma;xesent.unmmtion '
10. further encompasses a novel concentrate ComDOSltlon
suitable for make-up of the operating bath by dilution
with water containing as its essential constituents

trivalent chromium ions and an organic quaternarv
o ammonium silicate which provides compatibility and
15. y storage stability over. orolonged time periods. -
' As discussed above for the first to fourth
' preferred forms the treating bath can be applied to the substrate _
in a variety of ways and the process conditions '
described for these aspects ‘can and d&sirably should be
20.  used for fifth preferred form of the present invention.

' At the . conclusion of the passivation
treatment, the substrate is extracted from the treating
solution and is dried such'as by warm circulating air.
Ordinarily, such passivated substrates, particularly

25, work pieces processed while supported on a work rack
| are characterized as having a uniform passivate film
- over the surfaces thereof requiring no further processing.



aci'd conponents, the additional netal tons in an ampbunt of about. 5 to
about 100 g/l,, up to 80 g/l of the 25. organi ¢ carboxylic acid and/or

sajpt additive agent if used. Such second concentrate can al so optionally
chEEln a portion or all of #@e halides and wetting agents if not enpkged
in first trivalent chrom um concentrate. 30. In the
preparation of such a trivalent chrom um silicate concentrate, the
organic silicate is first diluted with water to the desired concentration
range whereafter.the trivalent chrom umconstituent is added along with the
optional halide and wetting agent, if 5. enpl oyed. A particularly
suitable conmmercially available organic silicate conpound conprises Quram
220 available from Enery Industries which conprises a quaternary amne : -

- silicate. This fifth preferred formof the present invention 10. further
"_enconpassém theovase coficemal it worknpdeceisowhdight alyee tireateskdrup of the

oper at i ng, bk helin bk ULh0Q ¥oLA1ALCHrERBLELAGNBaATL S SaReNt i al

const i tuents trival ent hrom um | ons an an O anl C qdat ernary ammnl um
si | i cat e $MPRFL pFOGh dRs %F@Eﬂ‘ﬁﬁl rap aﬁeuﬁm theopragsiswds ity over

pr olmﬂgedfihﬂeca@ﬁﬁgd@reéeméhﬁcaﬁaeﬂsaaeggramet he fshichl i@ HRiddd)
preferred forns,the treatin can, be a e Substrate in a

" variety oo \@RIeRE ?ﬁ%hoVBgESBLESﬁalFPOHQ g&ﬁﬁédéfGFnFﬁbse aspect s can
and desi riatdaytmédot| dabeiidbussedubelinf a3 thef SMMM@ the present

i nventi O’Ehé“tp}é‘éer?é’”ﬂb’éﬁ%oﬁ £8°s8835L¥9" 580n surface
' imperfections thereby substantially 1mproving the
lo. corrosion orotection of barrel-processed narts.

When such an optional post passivation silicate
rinse treatment is employed, the substrate following '

' the passivation treatment is preferably subjected to
'at least one or a plurality of water rinse stebs usually v/
15. '-at room temperature to remove re31dual passivate ' '
solution from the surfaces thereof whereafter the '
substrates are contacted with the post silicate rinse
solution in accordance with the teaching given below
in connection with the sixth preferred form of the
20. present inyention. ' :

According to the sixth preferred form of the present
invention there is proved a treating process which
addresses the same problem as the £ifth preferred fom of the
'present invention namely that of damage to the na551vate

. 25, of the passivated work pieces during subsequent’ _
processing. Thus while improvements have been made in
trivalent chromium passivate compositions'and'prOCeeses
to produce commercially acceptable passivate films, such
films as initiallv formed have been found in some

30. instances to lack sufficient initial hardness to enable
handling of the substrate through further work stages



treat:nment, the substrate is extracted fromthe treating solution and is-
dried such as by warmcirculating air. Odinarily, such passivated o~
substrates, particularly 25. wor k 'leces processed while supporte.’a-'
‘work rack are characterized as haV|ﬁ8 a uniform passivate fil moveRLHe"
su#féces t hereof requiring no further processing. 30. 40 I'n the case of
smal | work pieces which are treated i-n bulk such as in a rotating
processi ng barrel, sonme damage such as scratches-can occur in the paSS|vate
5. filmduring treatnent and is desirable in such instances to subject

such work pieces to post silicate rinse treatnent (as di scussed bel ow as
the sixth preferred formof the present invention) to seal any. such surface

i nper fections. th#i@@du@uéﬁé@ﬁﬁtériﬂglﬂﬁh&yénﬂotbﬁe|ﬁass19€téoihQﬁ
protection of ba&&&L froc sed E € g ? E an opt i onal ng
passi vation sili ¥re§ riyalen gomipn pagsivate FBWP&ﬁan
t he passivation itimnsmﬁmdlnr@messeabhaveualsotbdehofaunaeaatsome or a -
*plurality of wat S t g enove
- residual paSS|va.e§%%£ ?0%8$$%§$tﬁéézm&$a%%§ %ﬁéggg%émgg§3§%gérh?ﬁg
- .Substrates e cwsacand dirabihityosandi produeer Ehimsswhichoarensome-
‘~accordance with v € C o] t
| S?QQ% 8%%@& ¥ Jardll VERCR 5@”%??%n89§§§%? Br¥n! Gn' E%péh%%ﬂce_

preferred form pr esent ding to the sixt
preferred form oftd ?#Q%ent invention there is proved a treating process
which - Thus this sixth preferred ﬂmmlof'Huapmesan:inwan:on

aims to provide a process which is effective to impart '
10. improved corrosion resistance to zinc,hZinc alloy,
cadmium and cadmium alloy, as well as aluminium and
magnesium surfaces and to impart a desirable surface
~ finish which can range from a clear bright to a light
_ blue-bright to a yellow iridescent appearance, which
15, produces a passivate- £ilm of. improved corrosion
. dre51stance, hardness, durability, clarity .and initial
hardness,.which'process is simple to control and operate
and which is of efficient and economical operation.'
The benefits and advantages of the sixth preferred form
20. of the present invention are achieved by a process which
provides an aqueous acidic treating solution containing
as its essential constituents, chromium ions'Substanti— |
ally all of which are present in the trivalent state
preferably at a concentration of from about 0.05 grams .
25.. per litre (g/l) up to saturation, (and which can be
introduced as discussed for the first to fifth preferred forms
. _ - hydrogen ions preferably to provide a solution pH of
‘about 1.2 to about 2.5 which can be conveniently
introduced by mineral acids such as sulnhuric ac1d,
. - 30. nitric acid, or hydrochloric acid, an ox1dizing agent



.addresses t he sane problen1as the fifth preferred formof the present

on nanely that of damage to the passivate 25. of the passivated
eces during subsequent processing. Thus while inprovements have .
/de in trival ent chrom um passivate conpositions and processes to\u)

'pro-ucé connerC|aIIy acceptable passivate films, such filnms as initially

formed have been found in sonme 30. instances to |lack sufficient .initial

- hardness to enabl e handling of the substrate through further work stages

. Wi thout encountering danage to the passivate film Additionally, such

“trival ent:- chrom um passi vate conpos- itions and processes have al so been

found in some instances to |ack optinum corrosion resistance, hard- 5.

" ness and dof aiich yhydndggnogerexidenitebiléh iar predierredatprefmmy and | ack

'_ | | ght bl ué“%ﬁ%‘ﬁ%s )

OPti UM ¢l 1¢ Yol dQEhaNs APRRALABERL SHENABOLE! 1 HaUaHNS 2 Y prefer ed

formof. the preSent I nvention alns to E oVvi pr ocess i's effective
to inpart ap leaskpRecaddikiorpbnmets; s@ﬁﬁcéeﬂéciﬁﬂcfrﬁmh¢hﬁ | oy, cadmi um

_and cadni ugalp %’onsl:b‘st\ﬁnb 65 8roflNE8BRAR] HAGREII,URcIyHdmi,and o

npard a desirable sur{ ce |n|s£ mgéch can_range fron1a cl ear. brlght to a
WERLHR)  +3BLRaRIM,p haRtAARI de MixtuBeS  produces a

. passivat e dnd meﬁ‘impasmdlboas omirburesi shameof hebﬂ&aﬁfcin@mi ity,

oporat s oAt el 058 Spa bl SRuBR8" 3R Bl LR AR, TR Lo 1

and advantageerigd tof time hspfeicientl tor fozd. a na’ssti.lvatprd:’si.é.m i nvent i on

i ..are achi e\@féﬁ%x@ p&r?&%ﬂ‘@éﬁihg for a period of at least about

10. one second the passivated substrate with a dilute
aqueous rinse solution containing a bath soluble and
compatible silicate compound present in an amount
effective to 1mpart improved corrosion re51stance and

. ‘hardness to the passivate film, and thereafter drying i'-gJ

.15, the paSSivated silicate rinsed substrate. . '
The aqueous ac1dic solution may be as described
in connection with any of the first to fifth preferred
forms, and it may be used in the same way.
, Follow1ng the passivation-treatment,-the sub-
- 20. strate is preferably subjected to one or a plurality
of water rinSe'steps uhich may be at room temperature
or at_eleuated_temperatures whereafter the passivated
| substrate is contacted with a dilute aqueous silicate
solution in the form of a final rinse step.' The con-

25. tact time of the paSSivated substrate with the Silicate
solution may range for a period of at least about one
second up to about one minute or longer and the silicate
solution may_range in temperature from about 50° up to
about 150°F ( 10 © to 66°C). Following the silicate

30. rinse step, the substrate is dried such as by circulating
hot air, for example.



provi des an aqueous acidic treating solution containing as its essenti
constituents, chromumions substanti- _ally all of which are preseny
trivalent state preferably -at a concé#®ration of from about 0.05 grd
. per litre (gil) up to saturation, (and which can be introduced as ctussed
for ‘tfe first to fifth preferred forms hydrogen ions preferably to provide
a solution pH of about 1.2 to about 2.5 which can be conveniently
i ntroduced by mneral acids such as sul phuric acid, 30. nitric acid, or
~hydrochloric acid,” an oxidizing agent of which hydrogen peroxide itself
Is preferred, prefer- ably present in an anount of about 1 to about 20 ol l,
at |east one additional r eg |
i ron, cobalt, nickel, %?&de%%eéff{%%a%%%%;g ?%%Eﬁoﬁmﬁ'e %T
| ant hani de nixtuceat@mmsxastihﬂnaaﬁentiairﬂam&tétuehtneefbathnsadmbd@ t he
substrate with thess | Mg i 0
sufficient to fogﬁla%%agggﬁgﬁgnfﬁé#%§ﬁfgdﬁ£ ¢ é@%ﬁt%@??ﬁggf EOhbberlod of
‘&t least about 1885 wedde aseduhnbunes giherect eﬁrsmtréneanwamnuatdqfut e
aqueous ringe SOLWLLRN 1CHY AUHUY 4o hard), sawbbeeeaéasgype&bﬁl @bdidel sate

conmpound present-i1n an amunt effective to |npartaonﬁrove . corragsion
2

resi stance and h¥CdAbeRt &5 1 hatealenlased zs of er eRRPEFARAF ng 13.
the passivated sighilqdiates Hata3hs! fo¢ cusd Nen 3EHEOPPadei daC oFOlchel ON may

be as described in connection wt irs o fiffth preferred
pe as descrl bed isgoml piorass thillad alisr Lishal “abel bluPbiir o
treatnent, the Slsb.licates of which sodium . silicate (Naz,o.xs:m2 (where
' ‘10. X equals 2 to 4)) and potassium silicate (K O.vSio2
(where y equals 3 to 5)) are preferred. for economic

reasons. Organic silicates which can also be satisfact- -

orily employed include quaternary ammonium_silicates
. which include tetramethylammonium silicate, phenyltfif'
— 15. methylammonium silicate, disilicate'and trisilicate,-
o ' and benzyltrimethylammonium silicate and disilicate. )
Such silicates suitable for use in the nresent invention_
_have the following general formula-
_ R.OR'-xSiO2 szo '
20. -Where R represents a quaternary ammonium radical
- substituted with four organic groups selected frqm the
‘groups alkyl, alkylene, alkancl, aryl, alkylaryl or._
-mixtures thereof, and R' represents either R or a
hydrogen atom, and x equals 1 to 3 and Y equals o to 15. .
25. - Such water soluble organic silicates and their |
_ . synthesis,and characterization are more fully described
- _  in the literature such as the article By Merrill'and-
Spencer,_’Scme Quaternary Ammonium:Silicates", published .
| in the .Journal of Physical and Colloid Chemistry, 55,
. 30. 187 (1951), the substance of which is incorporated
| herein by reference. Similar silicatesqand a typical

..



20 strate is preferably subjected to one ora plurality of water rinse
whi ch may be at roomtenperature or at elevated tenperatures

mh fter the passivated subBtrate is contacted with a dilute aqueous

siNA€ate solution in the farmof a final rinse step. The con- 25. t

time of the passivated substrate with the silicate solution may range for a

period of at |east about one second up to about one minute or |onger and

the silicate solution may range in tenperature from about 50[err] up to

about 150[err] ( 10[err] to 66 [err]). Followng the silicate 30. rinse

step, the substrate is dried such as by circul ating hot air, for exanple

The aqueggatﬁsg'isat&erﬁé&f e Lawawéé&eiﬁbhxieeat SAteds ﬁatl:%neésem | al

constitue e and ati bl e_inorganic or n|c silicate
conpound a§9ﬁe5ﬁ3a§QMW&¥ﬁ4ﬁFQ$ﬁﬁ%% e} 8 SRKEO;] Haéﬁ §96Uép about 1
to about g4@adls, and preferably from about 5 to about 15 g/l (calculated as

E [err]. Inorganlc silicates . suitable fo n the practice_of the present «
“process incl udeBgcadge Rk A0 % {ﬁ‘nuéiﬁ#‘e& gos E‘f "\#1 S4FS Gdi um |

| . silgcat eoi:ganlicv\/emla.c‘ates xthes|usd b1 date ﬁis)xsendomuta.w whefdd-cate [err]

T Y B0 LR SR L ERCR LSRR G Sy R, Tgenie
annnnlunpsthss&hmsaﬂd(ﬂodﬂumLstiieateseasyheremnabmmeIdesﬁribq&mmyltrr—ﬂ
benzyltr%%%tﬁggggﬁb|%%%i;§¥%§ﬁég%%glg?é?lﬁggtérlgthcgfﬁlchgs SU|tabIe.
for use in the ﬁmeadﬁiﬁinnﬁﬁacﬂhe silicate compound the silicate _ .

10. rinse solution can optionally contain a bath soluble
and ccmpatible wetting agent for enhancing contact
with the passivated surface present in colventional

~ amounts of about 0.05 up to about 5.0 g/l. The silicate
. rinse may aISO bpticnally include an emulsifiable

15. organic substance such as an emulsifiable oil e.g.

' - present in an amount of from about 1- up to about 50
g/1 to provide an oily film on the non-electroplated
interior'surfaces,of ferrous substrates to provide
temporary protection against rusting during further

20. Pprocessing steps of the parts. When such parts have
surfaces which are completely passivated such as,
for example, zinc die castings, the use of the optional
emulsifiable oil is not necessary. : g

_ Similarly,.there are applications where an oil

25, is not desired but temporary rust protection of |

" interior unplated surfaces is still required. - In

"these'cases.a.final rinse'containing an alkali metal-
or ammonium nitrite such as sodium nitrite e.g. in an
amount of about 0.1 to about 1.0 g/l may be used. -

.30. In addition a wetting agent or combination of wetting
agents is preferably used in conjunction with the sodium
nitrite e.g. in the amounts of about 0.05 to about 5.0
g/l. The presence of silicates in the final rinse is
also compatible with this treatment.



have the fol'l owing general formula: [err] 20. Wiere R represents a
quat er nary ammoni um radi cal substituted with four organic groups sel egteg™
.fromthe groups al kyl, al kylene, alkanol, aryl, alkylaryl or mxture 0
theréof/, and R represents either R or a hydrogen Atom and x equal s » 3
and y equals 0 to 15.. 25. -Such water soluble organic silicates
and their synthesis and characterization¥e nore fully described in the
literature such as the article by Merrill and Spencer, "Sonme Quaternary
Ammoni um Silicates”, published in the Journal of Physical and Colloid
Chem.stry, 55, 30. 187 (1951), the substance of which is incorporated
herein by reference. Simlar silicates and a typical - synthesis thereof
are disclosed in United States Patent 3,993,548 to which reference is also
made for further details. Because -of the relatively higher cost of such 5.
organic silicates, the silicate rinse solution prefer- ably conprises '
_i.porganic silicates of. which the potassium and sodiumsilicates as

her ei nabove described &t parterchilan mapried putedinte prrikticon in various

siiicate comovatd indld ifiilier bt sdddBfLe Ui néifls Wi PNBE | deBORIBLA

a“bath sol ubl e "artd conpati bl e Wetti nd agent for.enhancing contact wth the:

passi vat ed sUrﬂ&tdﬂi@agnﬂtertkﬂninyﬁntﬁﬁn'W#ﬁkﬂﬁ%ﬁ%ﬁ?%@%u?°0@@% }pceB-

el si fiabi'e 182V OB o P eh-as an eml st i bl 6 o | e.q..

5. Examples 1.1 to 1.8 relate to the second aspect
of the invention which utilizes iron and cobalt as the
metallic activator and also ihcorporates trivalent
chromium to produce bright bluish passivates.

Examples 2.1 to 2.5 relate to the third aspect’

10. . of the invention which utilizes cerium as the metallic
activator and again incorporates triValent-chromium |
but*this=time_gives a yellow passiﬁate.similar to hexé—
valent chromium passivates. . . .~ R ; o

_ _ Examples 3.1 to 3.3 relate to the fourth aspect
~ 15, of the invention which utilizes. a carboxylic acid in
baths of the same general types'as shown in the Examples.
- of the first and second preferred forms. The carboxylic acid

enhances the initial hardening of the passivate. '

Examples 4.1 to 4.8 relate to the fourth preferred form of
20. the invention which utilizes a bath soluble silicate in

the passivate bath as well as trivalent chromium in

baths of the same general types as shown in the_examples

of the first and third preferred forms. The silicate enhances

# - initial hardening of the passiVate and corrosion resistance.

25. Examples 5.1 to 5.5 relate to the fifth preferred form
. : ' of the invention which utilizes a mixture of citric acid
. : and a particular'phosphonic acid to inhibit loss of

oxidizing agent and increase of pH during use of the baths



present in an anmount of fromabout | up to about 50 g/l to provide an oily
filgHyn the non-electroplated interior surfaces of ferrous substrates to
prd€de tenporary protection against rusting during further 20. processing
steps/ of- the parts. Wen such PRyLs have surfaces which are conpletely
passi vated such as,. for exanple,"zinc die castings, the use of the optional
- emulsifiable oil is not necessary. Simlarly, there are applications where
an oil 25. is not desired but tenporary rust protection of interior
unpl ated surfaces is still required. In these cases a final rinse
containing an alkali metal or ammoniumnitrite such as sodiumnitrite e.qg.
in an anount of about 0.1 to about 1.0 g/l may be used. 30. |In addition a
wetting agent or conbination of wetting agents is preferably used in- .
conj uncPEokhfi ENPese deserihed tin tthee firsth and foworh-poéfehoed 0.05 to
about 5f£8rfil,. The presence of silicates in the final rinse is also
conpati bl e mﬁtgxthii treat nent. The invention may be put into practice
in various wayEXaRBL8Shfnet Db Shaalate dibdhenstithvipreferredcri bed to
i I 'ust r foemt b€~ theethiven t@onh whilcly 3¢ & R dth IS8 r%t Vé £105 Sxegpl es. 5.
: E%(arrpl esidsd 59°éé§' r§.at§_sto tghe 'se&llon Pg’s,p’eg fgf t ei?pnvééir::% on which
ult i zesTirontand cobirt-<gs PER 2GRN, A ths Pags R or porates
trivalent chromiumto produce bright bluish passivates. Exanples 2.1 to 2.5

relate to the third aspect' 10. of the invention which utilizes cerium
as the netallic ' : - '



activator and again |ncorporates trival ent chron1un1but this time gives a.
yel | ow passivate sinmilar to hexa- val ent chromi um passivates. Exanples 3. ﬁ
to 373 relate to the fourth aspect 15. of the invention which uti|izes.
a carhoxylic acid in baths of the sanme general types as shown in t
Exanpl es of the first and second pr rred forms. The carboxylic Q[{
~enhances the initial hardening of t passivate. Exanples 4.1 to 4 el ate
to the fourth preferred form of 20. the invention which utilizes a bath:
soluble silicate in the passivate bath as well as trivalent chromumin
baths of the sane general types as shown in the exanples of the first and
‘third preferred forns. The silicate enhances initial hardening of the
passi vate and corrosion resi-stance. 25. Exanples 5.1to 5.5
relate to the fifth preferred formof the invention which utilizes a :
m xture of citric acid and a particul ar phosphonlc acid to inhibit |oss- of- .
oxi di zi ng agent and increase of pH during use of t he baths of the types:
Bescribed in the first and fourth preferred forms. Exanples 6.1 to 6.3
relate to the sixth preferred formof the invention which 'is a post
passivation silicate 5.. ri-nse process which produces hardeni ng of the
passi vat e. 47 EXAMPLE 1.1 An operating bath was prepared containing:

EXAMPLE 1.1
An operating bath was prepared containing:

Ingredient 'Concentration;;g/l'
H202 ' o | 5.3

0. | FeNH4SO4 o 0.25

*Ferrous Ammonium Sulphate = Fe(SO4)°(NH )2504’6H20

CoSO

15. Steel test-panels were subjected to an alkaline,
non-cyanide electroplating stev to deposit a zinc plating
thereon after which they were thoroughly water rinsed
and 1mmersed with agltation in the above operatlng bath-
for a veriod of 20 seconds. At the conclusion of the

©20. treatment, the passivated panels were warm water rinsed,
and air dried. An inspection of the coating on the
- ' panels after drying revealed an exceptionally brlght clear-
; ' bluish colouration with no haziness. Additionally, the
. ) - coating exhibited the appearance of a bright nickel

25.



redi ent. - Concentration, g/l [err] 2.2 .18 [err]

err| 5.3 [err] 10. . [err]

err] 1.6 *Ferrous Ammoni um Sul phate = [err] 15. .
test panels were subjected o an al kal i ne, non-cyani de el ectropl atysg
step to deposit a zinc plating théreon after which they were thoroughly
wat er rinsed and i mrersed with agitation in the above operating bath for a
period of 20 seconds. At the conclusion of the 20. treatment, the
-passi vated panels were warmwater rinsed, and air dried. An inspection of
.the coating on the panels after drying reveal ed an exceptionally bright
clear- bluish colouration with no haziness. Additionally, the coating

exhi bi t echtémiappedeeneopdhtdnhr aght alisokelxhd®hited &xolilgntel ectropl ating
~and al so ﬁ%gkb£éﬁgt§ﬁgglgﬁn&iéﬂﬁ e1h i_g%gggn n light finger-rubbing.

a
at'i Nng bath was prepar ed cont ai ni ng:

EXAMPLE 1 AR 0pE
| ngr edi ent Concentration, g/l [err] 5.6 [err] : .
- 0.4 [err] 10. ' ' EXaMPLEGilb 2.7
5  An operating bath waS'prepared“cohtainiﬁg: ' .
" Ingredient : " Concentration, g/1
crz (504) 3 - 5.6
. NH,HF, | 0.4
00 _ R o . . .
(H,S0, | 2.7
: Hzoz ’ 5o3
' FeNH4SO4 ~ 0.58 - N _
CoSO, - TH,0  3.75 S e

. 15. FIPR | : . S
) The operating bath of Example 1.2 is similar to

that of Example 1.1 with the exception that the trival-
ent chromium}'ammonium bifluoride, sulphuric acid, iron
and cbbalt constituents are all at higher concentrations.
‘Zinc plated test panels treated with the bath of Example

20. .
1.2 produced results substantially equivalent to those
obtained with the operating bath of Example 1.1.
_EXAMPLE 1.3 |
25 An operating bath was prepared containing:
- Ingredient Concentration, g/1
Crz(s_o4)3 3 ; 3.0 i
NH4HF2 ' p,24 h
30. H,80, . | 1.54
FeNH4S04, | 0.25

NiNH, SO * 2.1



[err] 5.3 [err] 0.58 .15 . - [erri\
3.75 The operating bath of Exanple 1.2 is S|mlar to that of Exarrple 1.1

W tA 't he exception that the trival- ent chrom um. amoni um bifluoride,

sul phyric acid, iron and cobalt constituents are all at higher -
concentrations. 20. Zinc plated testiffhnels treated with the bath of
Exanpl e 1.2 produced results substantially equivalent to those obtain

with the operating bath of Exanple 1.1. EXAMPLE 1.3 25. An
operati ng bat hwas prepared contalnlng | ngr edi ent Concentration, g/l
[err] 3.0 [err] . = _ - 0.24 30. o [err]
1.54 [err] 5.3 [err] _ 0.25 [err]

2.1 *Ni cket #heke LinufinbphaheSulpkrate Zi NESQ|,aUNH , ogso p&H D treated
with this operating bath under the sane condltlons as escrlbed i n Exanple
5. 1.1 were observed, after drying, to have a coating which was very
bright with a clear bl #ine pbabedatesh patehotnaatedswithThbisoapergtiagso

‘exhi bi t ed 900dlﬁﬂaﬁfuﬂéﬁfsihea@&ﬁeo@oﬁaﬂéioﬁénﬂgrdéHEPiBQd lﬂ Example
- EXAVPLE 1.4 An operating bath was prepared | dentical hat as set forth

rn Exanpl e 5_L 3 Ly } ve¥R @k%%ﬁ??@n aﬁfaer drying, to have a coating which
was very bright with a clear bluish colouration and no

haziness. The coating also exhibited good smear resist--
ance on light finger rubbing.

10. ' : EXAMPLE 1.4
An operating bath was prepared identical to that
'~ as .set forth in Example 1.3 with the exception that - L
1.6 g/1 of nickel sulphate was-emplbved in place of
_ 2.1 .g/1 of nickel ammonium sulphate. The zinc plated
.15.' test panels ‘treated in the manner ad previously
" described in Example 1.1 employing the treating solution"
'_Of-Example 1.4 produced'results substantially comparable
to those obtained with the treating bath of Example
1.3 except that the coating had a slightly less bluish
20. colouration. ' ' o -

. EXAMPLES 1.5A to 1.5E’
A series of paSsivating solutions were prepared:
for treating zinc plated steel test panels to evaluate
'25. their relative corrosion resistance to a 5 percent
neutral salt spray after passiVation.- The'composition'
of the solutions 5A, SB, 5C and 5D are giveni'in Table
1 below: .




1 /'l of nickel sul phate was enployed in place of 2.1 g/l of nickel

a I um sul phate. The zinc plated 15. test panels treated in. the manner
a eviously described in Exanple 1.1 enploying the treating' solution of.
Exaﬂple 1.4 produced resul ts substantially conparable to those obt ai ned \J/
W tth the treating bath of Exanpfe 1.3 except that the coating had a
~slightly less bluish 20. colouration. EXAMPLES 1.5A to 1.5E A series of
passivatina solutions were prepared for treating zinc pl ated steel test
panels to evaluate 25. their relative corrosion resistance to a 5 percent

neutral salt spray after pasglrgtlpn The conposition of the sol utions 5A,

5B, SC and 5D are given in I _? =bel ow. _'50 Table 1
__Egpffntrétion gglolngredlgna 1 5€hncentrlt§5§5 g/ll rrJ 1 5D
B 1 Y S
o [Zgrr]' Cxy ?s"b )3 025 103 o er7) 3.0 3201 Sol ut |3or?i 5A 'c'o.nt allng

- onl y r| vq&ﬁarﬁﬁ. chrom umionsg, §Q| ut [ onoleB ‘addi 10|.ar4al ly c 24 ns ferrous
i ons?

o _ j
sto4 - 1.54 . 1. 54 1.5¢ 1 54 !
. .' . | 03 . | ._593 - 5.3 . 503' .
H202 5. _ | :
FeNH,SO ' - : 0.25" 0.25 0.25
' 4774 : - | o .
10.  coso, - - 1.6 -
| | - - - 24
NJ.NH4SO4 _ ' - o
_ . | _ | |
'-Solution 1.5A contains.only trivalent chromium . .;)

ions; solution 1.5B addltionally contains ferrous ions:
15. solution 1.5C contains a combination of iron and cobalt
| ions while solution 1.5D .contains a comblnation of iron
and nickel ions. _ _
In addition to the foregoing operatlng solutlons,
a traditional hexavalent chromium passivating solution
- 20. (Example 1.5E) was prepared to serve as a control contain-
ing 0.63 g/1 sodium dichromate, 0.63 g/1 ammonium bi-
fluoride, 0.0l g/l sulphuric acid, 0.65 g/1 nitric acid.
Thls solution is designated as solutlon 1,5E.
Dupllcate sets of 3 inch by 4 inch (7.6 cms by
25. 10.2 cms) steel panels were cleaned-and zinc plated
?uéing_a non-cyanidefzinc,plating electrolyte for fifteen : g
minutes at a plating current density of 20 amperes per _ _
square foot (ASF) (2.2 Amperes per Square decimetre (ASD)) o
whereafter they were thoroughly rinsed. Each set of '
30. zinc plated testlpanéls was then immersed in the



15. solution 1.5C contains a conbination of iron and cobalt ions while T
-solution 1.5D contains a conbination of iron and nickel ions. In addltlon»] -
to t'he foregoing operating solutions, a traditional hexavalent chromu '
passjvating solution 20. (Exanple 1.5E) was prepared to serve as a con-

contain- ing 0.63 g/l sodiumdichromgte, 0.63 g/l ammoniumbi- fluoride,S
~0.01 g/l sulphuric acid, 0.65 g/l nltric acid. This solution is designated
as solution 1.5E. Duplicate sets of 3 inch by 4 inch (7.6 cnms by 25. 10.2
-cnms) steel panels were cleaned and zinc plated using a non-cyahi de zinc
plating electrolyte for fifteen mnutes at a plating current density of 20
anperes per square foot (ASF) (2.2 Anperes per Square decinetre (ASD))
whereafter they were thoroughly rinsed. Each set of 30. zinc plated test

panel s was theFespRatdse itraatdng salsgdan kox raaertpd vfitterntyr a
period of twentgscoReRNdheteafRaly Ahdy Qi A MR WA MEE OFiRdd8 £ 0ai Alardeged

B e P Dhe et s owed %‘#F?é‘é’&é?erﬁ%égtﬁé?%&%sf e iteo
;he lee perceghlmewbme@'m@stﬁny%ﬂnfaqurdandé wﬁtﬁcnswmtéu&ndiwmws hFor _
urt er co ar QS L al e .se W t hout.
fny passtvab odne BBt BAHEe Sl ikl & Adedie nbise 0
‘test. The resnlew;rm sadite spatayf dicrth a rtokdl e fl . fARI-FEHredEUTRMEs SALT
'SPRAY TEST  RESJ:T$ur¥AMR BomPashtive purgddddNG WigHR cat SEEENE zinc

test panels without any passivation treatment was also
subjected to the neutral salt spray test.  The results
10.  ‘are set forth in Table 1. '

TABLE 1 -
o _NEUTRAL SALT SPRAY TEST RESULTS
N\ EXAMPLE TEST = PERCENT WHITE  PERCENT.
15, PANEL = = CORROSION, % = RED RUST, %

1.5F Untreated - 50 . 508
1.5 5a 45 - 55 o
1.5B 58 10 - 15 0

20. 1.5C - 5¢ - ' less than 2 e
1.5D" ‘5D _ less than 10 0
1.5E = S5E - 45 - 55 o

Based on the foregoing test results it is apparent
25. that the untreated zinc plated test panel is a gross
failure; the test panel treated with solution. 1.5A is
a failure; the test panels'treated;with solution l.SB .
are a marginal péss}'the tést-pénéls'treated-With' | _
- solutions 1.5C and 1.5D pass the test; and the test panel
30. treated with solution 1.5E is a failure.



, . PANEL CORROSI ON, . % RED. RUST, % 1.5F ,untreat ed

. 50% 1. 5A 5A .45 -55 0 1.5B
- BR 10 - 15 L 0 20. -1. 5C 5C. less than
2 T 0 1.5D 5D | ess than 10 0 1.5E  \JBE
45--55 . - - 0 Basag%ylthe foregoing test results it is apparent
- 25. that the untreated zinc plated test panel is a gross failure; the test

panel treated with solution. 1.5A is a failure; the test panels treated
with solution 1.5B are a nmargi nal pass; the test panels treated with-

solutions 1.5Cand 1.5D pass the test; and the test panel 30. treated with

solution 1.5E is a failure. EXAMPLE 1... 6 An operating bath was
prepared containi ng: |ngredi BERAMPLE {Co8centration, g/l [err]
. - y y . . » ) ) . ! .
3045 an operapipyloééal§L8l preparea conaipink:™! [°1"

1. 0 Electroplated z d@bdn®anel sconedntedtisnacggnd- ance with the
procedure as set forth 1n Exanple 1T . wWere 1 sed in the bath of
Exanple 1.6 for a peﬂrgt’a‘m )30 seconds, waBwowater rinsed, ‘air dried and
. all dved to age 24 hour

- conparative purposedlH HByg test panel s wer@.2deated

sto4 o o 1.54'_

FeNH4SO. AR 0.24
10. H,0, | 5.3

-Mn5°4f32° | 1.0

"Electroplated.zinc test panels prepared'in acccrd-

ance with thé-procedure as set forth in Example 1.5 : _ 'a\J '

"15. were.immérsed3in_the_bath of Example 1.6 for'alpériOdiof L
30 seconds, warm-watér rinsed, air dried and a}ioWed to |
age 24 hours prior to 5 peréent neutral salt spray testing.
For comparative_purposes,-zinc_test panels were ﬁreated
‘with the solutions 1.5A and 1.5E of Example 1.5 and

20. subjected to the same salt spray evaluation.

' - After 48 hours salt spray, an inspection of the
several test panels revealed that the panels treated with
the solution of Example 1.6 had superior corrosion

_ resistance to that_of the panels treated with solutions

25. 52 and 5E. ' ' '

EXAMPLE 1.7
An operating bath was prepared containing:

30.

prTof .to 5 percent neutral salt spray testing. For :



-

with the solutions 1.5A and 1.5E of Exanple 1.5 and 20. subjected to the -
sane salt spray evaluation. After 48 hours salt spray, an inspection of the,-
sevefr'"al test panels revealed that the panels treated with the solution J
|l e. 1.6 had superior corrosion resistance to that of the panels t

h olutions 25. 5A and 5E. EXAMPII 1 .7 An operating bath was preg

'contal ni ng: 30. I ngr edi ent Concentratlon g/l [err] : 3 0
[err] : 0.24 5. [err]. 1.54 [err]
024[err] 5.3 [err] 1.0 10. Electroplated -

zinc test panels prepared n_acgor dance gth gg g; yere imersed in
the bath of Exanple 1. (mfﬁ& eEﬁ( tfor{‘ ter rinsed, air
dried and allowed to age f €§b ours prlor to 53pgrcent. 15.. neutral salt
spray testing. For conparat2 43 poses, zinc test panel.s were treated
with the solutions 1.5A artﬁ,I E of Exanple 1.5 gnggsubjected to the sane
"~ salt spray eval uation. After4 482 hours of salt spray test, an inspection 20.

of the panel 3 reveal ed thaﬁ g@e panel s treated wifb4athe

I FeNH,SO, 0.24
10.

_ Electroplated z-ihc 'tes't panels prepared in accordance
with Example 1..5 were immersed in the bath of Example 1.7
| for a period of 30 seconds, warm water rinsed, air er.ed
and allowed to age for 24 hours pr:l.or to 5 percent .
15. 'neutral salt spray testing. TFor comparative purposes,
| zinc’ test panels were. treated w:.th the solutlons 1.5A
.and 1.5E of Example 1.5 and subjected to the same salt

| spray evaluat:.on .

After 48 hours of salt spray test,' an inspection

20.

° of the panels revealed that the panels treated with the
solution of Example 1.7 had superior corrosion resistance
to that of the test panels treated with solutions’ 1.5A
and 1.5E. ' '

25,

EXAMPLE 1.8- |
An operating bath was prepared containing:

30.



" solution of Exanple 1.7 had superior corrosion resistance to that of the
test -panels treated with solutions 1.5A and 1.5E. -25. EXAVPLE 1. 8- An

ating bath was prepared containing: 30. | ngr edi ent -
entration, g/l [err]- 3.0 [err] o’
4 5. . Terr] S | 1.54 [err]

0.24 2 2 [err] 1.0 10. Electroplated
zinc test panels prepared in accord- ance with the procedure described in
Exanple 1.5 were imrersed in the bath of Exanple 1.8 for a period of 30
seconds, warmwater rinsed, air dried and allowed to 15. age for 24 hours
prior to a 5 percent neutral salt spray test. For conparative purposes,

zinc test panels. were treated with the solutions 1,5A and 1.5E of Exanple
1.5 and subjected Ingtédiente salt sEeagentxatdionon 9tk er 48 hours salt
spray, an inspection of the 20. panels revealed that the panels treated
with the solution ©@Fy 5Q ke 1.8 had. superi oB-®rrosion resistance in -
conmpar- isen to t he pane s treated with solutiqns 1.5A and 1.5E. A relative
conparison of the ¥%§F Qanels prepared in ac@b%gance mnth Exanples 1.6, 1. 7
and 1.8 reveal ed

-FeNH4SO4' T | 0.24

(NH4)4(N1M00 6)4-4320 1.0
10,
Electroplated zinc test panels prepared in accord-
ance w1th the nrocedure descrlbed in Example 1. 5 were
. immersed in the bath of Example 1.8 for a period of.
_ 30 seconds, warm water rinsed; air drled and allowed to
15. age for 24 hours prior to a 5 percent neutral salt spray
test. For comparatlve purnoses, zinc test panels were
treated with the solutions 1.5A and.1.5E of Example 1.5
and subjected to the same salt spray evaluation
After 48 hours salt spray, an inspection of the
20. panels revealed that the panels treated with the solution
of Example 1.8 had superior corrosion resistance in comoar—
ison to the panels treated with solutions 1.5A and 1.5E.
_ A relative comparison of the test panels oprepared
in accordance with Examples 1. 6, 1.7 and 1.8 revealed
25. that the solution of Example 1.6 containing iron ions and
Molybdic acid and the solution of Example 1. 8 contalnlng _ -
iron ions in combination with ammonium 6~molybdonickelate
Ppossessed superior corrosion resistance to the test panels R
treated with the operating solution of Erample'l.s_cont-
30. aining iron ions in combination with manganese ions.



25. that the sol ution of Exanple 1.6 containing iron ions and Ml ybdic .
acid and the solution of Exanple 1.8 containing iron ions in combination .«

wi t i amoni um 6- ol ybdoni ckel at e possessed superior corrosion resg nce t-o'-
~the test panels treated with the operating solution of Exanple 1 nt- °~
30. aining ironions in ‘conbi nation &t h manganese i ons. Th

panel s treated in accordance with Exanplesl.7 and 1.8 al so possessed
superior corrosion resistance to test panels treated with the test sol ution
1.5B of Exanple L5 containing only iron ions whereas the test 5. panels
treated with the' solution of Exanple 1.6 contain- ing both iron and
manganese i ons possessed corrosion resistance sonewhat conparable to that
of panel s treat eth&i t8stopaheds tréB8tedlin accordance with ExaﬁmquD

1 A concentrate 2, %A;mgsgg%gp§§§%$ggg3rEﬁbgg%SQ %Sg%gﬁio%PE%gig%Q

contai ning 25 g/ Um I ons- I ntroduc as chrom um sul phat e
(Korean MF. from #éstepamhdai tueabedpwayh, the gestasedmtionid.SEcfori de, 12

g1 errous ammoglugh el ANG! Bofitd14¥hbY oKaYUTROA! 16ABCGeEoRl td Rk o

aci d. econ

ous dic cancentrate 2. 1B was
pr epared con? ai nPaRELS 'grf-atétirHi‘ﬁheﬁbecﬁpﬂ-Hﬁfﬁ-PBn§ i M@i@e&‘ qentaing,q
5% by vol ume congggtbatRdL26n aﬁd'ﬂﬁﬂgaﬁeséldonénoﬁﬂeestchbarmsMun

prepared conpri sing, wat er cont ai g 2%b | une ent
“vol ume concentr a’E%g§sEBnﬁﬁds?m§ /gﬁg 98{“8%%3 t§8%g? r?%e?l%% reo?ag‘]éeény
peroxi de. El ectwithaselution LeSB.panels

10. . EXAMPLE 2..1
A'concentrete'z.lA was prepared comprising an
aqueous acidic solution containing 25 g/l trivalent
chromium ions introducted as chromium sulphate (Korean
" MF from Allied'Chemical Company) , 12 g/l ammonium '
15. chloride, 12 g/1 ferrous ammonlum sulphate and 4% by
- volume of concentrated sulphuric acid. - ' ' '
A second aqueous acidic concentrate 2.1B was
‘prepared containing 60 g/1 tetravalent cerium ions

introduced as Ce(SO4)2 4H20 and 5% by volume concentrated

20. sulphuric acid. |
An operating bath was prepared comprising water
containing 2% by volume concentrate 2.1A, 2% by volume
concentrate_z.lB and 1.5% by volume of a 38% solution of
hydrogen peroxide. Electroplated zinc test panels
25. immersed in this operating bath for 40 to 60 seconds had
1lght-yellow 1r1descent passlvate fllms on the surfaces ;.

thereof.

. S . " EXAMPLE 2.2
30. " A concentrate 2.2A was prepared containing -




‘immersed in this operatlng bath for 40 to 60 seconds had |i ght- yeIIow
ddscent passivate filns on the surfaces thereof. EXAVMPLE 2.2 30.
ncentrate 2.2A was prepared contai ni ng 25 g/l trivalent chrom um
ions, 20 g/| sodiumchloride, 40 gl ferric sul phate and 4% by vol ume W/
'concentrated sul phuric acid. An Operating bath was prepared conpri sing
water 5. containing 2% by vol une concentrate 2.2A, 2% by vol une
Concentrate 2. 1B of Exanple 2.1 and from 1.5-3% by vol une of a 38% saol ution
of hydrogen peroxide. Electroplated zinc test panels inmrersed in the:
operating bath produced results simlar to Exanple 2.1. 10. EXAMPLE 2 3 A
concentrate 2.3A was prepared sinmilar to concen- trate 2.1A of Exanplie 2.1
except thas Q}’thriﬂhméntnbhrbmiam donssy @tﬁ)lgﬁecaodiqm ace of 4% sul phuric

acid. 15. o] a a %%%é ctﬁ;rq; wat er
'-contaln|n§h§9r$9eﬂo?°n§9é %8 a%gggﬁiﬂg y vol'une concentrate 2'18 of
- Exanpl e 2cénaedttated Sﬁiphuwdhunsldf a 38% sol ution of hydrogen DGFQXIde
El ectropl ated zi pa belrapdhey HatHTeLE bigbd el apampt isindawsiteroduced 20.

resul{s simlar to 1. EXANPLE A S prepared .
sinil ér t8°85ﬁin&€ﬁtEé%tn2’Y2v AYE SOAGS r}etrfif efxc tnﬁ]a}%g %/o‘gy %/Vgl ume 25. .
nitric accdnweateapboﬂeda mﬁﬂExampﬁezﬁ%lnandﬂirmmshls -3% by.volume -
of a 38% solution of hydroqen peroxide. Electroplated
 zinec test panels immersed in the operatlng bath produced

G

results similar to Example 2.1.
10. . s
|  EXAMPLE 2.3 |
A-concentrate_2,3A was prepared similar to concen-
‘trate 2.1A-of-Example 2.1l except that 6%_by volume
'nitric acid was employed in place of 4% sﬁlnhuric acid.

15. - An ooeratlng bath was prepared comprlslng water
'-containlng 2% by volume concentrate 2. 3A, 2% by volume
concentrate 2.1B of Example 2.1 and 1.5 - 3% by volume
of a 38% solution of hydrogen peroxide. Electroolated
zinc test panels immersed in the operatlnq bath produced
. 20. results similar to Example 2.1. :

EXAMPLE 2.4 |
A concentrate 2.4A was_prepared similar to con-
cehtrate 2.2 of Example 2 .2 except that 6% by volume
25.-_hitric acid was employed in plaCe of.4%.by.volume sul-

.phuric acid.

An operatlng bath was prepared comprlsing water “
containing 2% by volume ‘concentrate 2.4A, 2% by volume
concentrate 2.1B of Example 2.1 and 1.5 - 3% by volume . ' .

30. of a 38% solution of hydrogen peroxide. Electroplated
zinc test panels immersed in the operating bath produced



phuric acid. An operating bath was prepared conprising water Contaihing 2%. =

. .

by vol une concentrate 2.4A, 2% by vol une concentrate 2.1B of Exanple 2.1 .. &
and 1.5- 3% by volune 30. of a 38%solution of hydrogen peroxide. s
‘El ectygpl ated zinc test panels imersed in_the operating bath produg

57 results similar to Exanple 2.1. EXAMPLE3 2.5A to 2.5G 5.

series of seven aqueous test solutions were prepared each containing 1 g/l
trivalent chromumions, 1 g/l nitric acid, 1 g/l sulphuric acid, 7 g/l

‘hydr ogen peroxi de and having a nom nal pH of about 1.5. To each test

"sol uti.on controlled additions of netal ions were 10. nade to evaluate the
effect of such additions on the colour, hardness and salt spray resistance

of the passivate ﬁééﬂﬁtgggﬂﬂﬁEQrOEoeﬁﬁﬁhﬁﬂglQtiq zinc test panels inmersed

in each test operating n thé presence of ild.agitation for a period
of about 30 O 0 15. seconds and at a tenperature of about 70 F (21
C). The ceriumions were introduced ggampl.esr b.sal ¢bi @nseont ai ni ng about
300 g/I ceriumions; the manganese iONs Were Tniroaduced as [err]; the, -
ferric ions were introduced as [err] dissolved in a dilute. 20. sulphuric
acid solutiorf.the nol yhesepiésnsfnseeennhgoeodscedsas sodditdonsowehdat e

O g o BB B EERSRUS 021 2030k Bhfidim sons,
E : 1 g/1 nitric acid, 1 g/1 sulphuric acid, 7 g/1 hydrogen
' ' peroXide and having a nominal pH of about 1.5. To each .
 test solution controlled additions of metal ions were
10. méde to evaluate the éffect of such additions on the
colour, hardness and salt spray resistance of the
passivate films produced on electroplated zinc test
| ~ panels immersed in each test operating bath in the
L _.presehce of mild agitation for a period of about 30
15. léecohds_énd at. a temperature of about 70°F (21.90).
" . The cerium ions were inE:oduced as a Céc13_ |
solution containing about 300 g/1 cerium ions; the
| maﬂéanese;ions were introduced as_MnSO4‘HZO; the ferric
ions were introduced as Fe,(S0,), dissolved in a dilute
20. sulphuric acid solution; the molybdenum ions were intro-
duced as sddium molybdate dry salty the lanthanﬁm
ions wére introduced as an LaC13'solution containing
about 85 g/1 lanthanum ions; and the cobalt ions were
introduced as cobalt sulphate. The test solutions'are-
25, deSighated.as Examples 2 .53 to 2 .5G and the concentration'_'
of-metal ion additions are summarised in Table 2.



"introduced as cobal t sul phat e. The test solutions are 25. desi gnat ed as

- nples 2.5A to 2.5G and the concentration of netal ion additions are
‘5é§§§narised in Table 2. 30. TABLE 2 METAL | ON CONCENTRATI ON g/ Exanpl-e
A 2.5B 2.5C 2.5D 25E2%Eg2 5G 5. Metal lon +3 [err] "/

1 1. 1 1 1 [err] o 2 2 -2
2 2 2 2 [err] - 0.9 - -
- - - [err] - S 0. 22 - - 0. 08
0.08 10. [err] _ _ _ 1.0 - '
Jerr] : ' ' ' - . 1.0 - [err]

_ _ - 0.13 Each test panel after imrersion in

- the test operating 15. bath was water rinsed.and air dried and was
-'visUaIIy i nspected for CEARBLE 2nd clarity. Al of the test panels treated
- in solutions 2.5Ag f&"’@éﬁcﬁ'r PHOR 'ilally uniformlight-yellow -

col our varying i —t= w filmto filnms which were

slightly hazy or 20. hazy as set forth in Table 3. Each test panel after

;mrmwmmmImmﬁ;a%%ﬁu%ﬂa®@%%w®9@%%@&%@wa
“olight fin r.ubbi ) _ - ) '

pas j*vatie %|ﬁ9ﬂ1the test panels treated in test solutions 2.5A to 2.5G is °

25. secRoYth in Table 3. [tiwill be noted, that after a 24 hour 1agi ng' of

the test,panels, the passivatefilm, 5. . 5 5 5

+3 o - . - ' -
Fe o - -  0.22 - - . 0.08 0.08

10. Mo™S - - - - Lo - = -
o - - - - 10 - -

co*2 - - - - - - 0.13

o

o

Each test panel after immer51on in the test ooeratlng
15. bath was water rlnsed and air dried and was v1sually
inspected for colour and clarity.' All of the test panels
treated in solutions 2.5A to 2.5G were of-a substantially
uniform light-yellow colour varying in clarity from a
clear Yellow film to films which were sllghtly hazy or
20. hazy as set forth in Table 3. Each test panel after air
drying was immediately tested for hardnéss of the |
pa551vate £ilm by a light flnger rubbing. The comnaratlve
hardness test results of the passivate film on the .
test panels treated in test solutions 2 .5A to 2.5G- is
25.  set forth in Table 3. It will be noted, that after a
24 hour aging of the test panels, the passivate £ilm : .
thereon became hard and rub resistant. The advantage of
a passivate film which is hard immediately after air’
drying is that it can be handled for furﬁher proceésing
30. without undergoing damage to the desposited film. .Each
test'panel treated with test operating solutions 2.5a



t hereon becane ‘hard and rub resistant. The advantage of a passivate film
which_ is hard inrediately after air drying is that it can be handled for S
further processing 30. without undergoi ng danage to the desposited film AR
Each kest panel treated with test operating solutions 2.5A 59 to 2. A
was" al so subjected to a neutral salt sprgy for a period of 72 hours e
surface area, expressed in terms of a percentage, in which'a white
corrosion deposit was formed is also tabulated in Table 3. 5. TABLE a TEST
RESULTS NEUTRAL SALT SPRAY 72 Hrs. - % Wite 10. EXAMPLE CLARI TY
HARDNESS ' Corrosion 2.5A . S1. haze . Soft : ' - 50 2.5B
S1. haze Sof t - 100 2.5C S1. haze Har d

10 15. 2. 5D pe d E

Sof £ 10b5(5 yas at@% subjected ko a nelt#alfsalt %r#z%é

"C ear Hard a period of 72 hguze and the ssa@e&eoﬁrteﬁe @FPresseset

forth in Table 2, 1ﬁr9é}ﬁscbﬁratiéeﬁaénﬁa§;éneiﬁ embaatal %itéxemx%sa&ﬁ is a
definite pass, 5F ar acce es 2. 5A,

|
2 .5B and 2 5E af ig %Eﬁeg 55?@ Bﬁs@ Sntagﬁiﬁﬁﬁ ﬁﬁegﬁg @égp From t he

standp0|nt of525 corr05|on resistance, Exanples 2.5, 2.5F and 2.5G are
| ~ TABLE 3
- TEST RESULTS

NEUTRAL SALT SPRAY -
- 72 . Hrs,. - % White

10, EXAMPLE _ CLARITY HARDNESS ~~ ° Corrosiom =
2,54 Sl. haze  Soft , - 50
2,58 = Sl. haze  Soft .. 100
U 2.5¢C Sl. haze  Hard 1o
' 15. 2.,5D - Haze - 'Hard . . . - -0 -
2,58 sl. haze  Soft - 100 °
- 2.,5F Clear '~ Soft S 2
2,56 . Clear '~ Hard 0
20. . Based on the data as set forth in Table 2, £rom

‘a claritv and hardness evaluation, Example 2.5G is a
definite pass, Examples 2.5C and 2.5F are acceptable, -
which Examples 2.5A, 2.5B and 2 .5E are less acceptable
based on general appearahce. Erom the standpoint of

25. corrosion resist'ancclf.,.' EXamples 2.5D,2.5F and 2 .5_G_'are
definite passes, 2 .5C a marginal pass, while Examples
2.5, 2.5B and 2 .5E are considered not acceptable based
' on ASTM corrosion standard specifications for a 72 hour
B S 'neufral_salt s?ray evaluation. It:should be pointed
30. out, however, that each of the test éamples posséss_



- finite passes, 2.5C a marginal pass, while Exanples 2.5A, 2.5B and 2.5E
¢ consi dered not acceptabl e based on ASTM corrosi on standard
cifications for a 72 hour neutral salt spray evaluation. 1t should be
poi nted 30. . out, however, thgt each of the test sanples possess
| nproved corrosion resistance conmparison to an untreated el ectropl at ed
zinc test panel and the passivate filns which failed the 72 hour neutral
salt spray test are neverthel ess acceptable for |ess rigorous service 5.
exposures. . The corrosion resistance provided by the Exanple 2 .5Gis
. substantially conparable to that attainable with conventional prior art
~_hexaval ent chrom um passivate solutions of the types heretofore known. It
~-will alsg be appreciated that variations in 10. the types, conbinations
. and concéMPrveen sogrosiendefistaAnRes dit FIMRATISPMEP AR sl uti ons can be
~“ made EO aatrshfbaeea@&ﬂﬁawgauédruiﬁﬁ:ﬁééﬁhgfﬁ&xk&ﬁata?g ﬁﬁggge%egl. 5 .
resistancge,of the test .panels o e results as set forth in Table 3. _
“The sel e%i"ilﬁ'ﬁ 8923L7?aﬁ‘ : ﬁ%ﬁ \rsg hgur %?%%%} aiﬁiibrﬁﬁ’¥?%nt?§tr elatively
‘sever e aattei neyemrthelllegsempicepdabile foar tlessibfigpdeous ocsexvbceor exposure
- suchgas LQ ti VeLeo 31, A, t ray test-is
nor n15il'l yégggglhgggt'o ?gﬁl g%%%g%g\% gr%%lc%%# é&éﬁ%@s 1zﬁ?hough sone
speci f i cBxapnieR) . 5G dgusubskantisd Iyo gompanakbletterthatquire a 96 hour

_exposur eatt3gaBlengUiknt %%hv%ﬁrtii%a‘ﬁa%ri%%ﬂ Hi¥avSEseet ed as being of
.- average severity. EXAMPLES 3. 1A to 3. 1G Z?i . A series of trivalent
'chroniun?hﬁﬂ@%_ iH@sééﬂééﬁ-so utions of the types heretofore o

known. It will also be apnreciated that variations in'
' 10. the types;'cbmbinations.and concentrations of the metal
_ions contained in the test solutions can be made to opt-
imize and improve the clarity, hardness and corrosion
resistance of the test panels over the results as set _
_ forth in Table 3. ;The selection of a 72 hour neutral s
- 15. salt SPray-conditibn is relatively seVere and is’ ' :
generaIly'employed for parts subjected to exterior“
exposure such as in automotive components. The 72 hour
neutral salt spray test~is'n0rma11y applied to yellow
hexavalent chromium passivates although some sovecifications
20. require only 48 hours while others require a 96 hour '
~exposure. The 72 hour test period was, accordinglv,
selected as being of average severity. :

| EXAMPLES 3.1A to 3.1G
25. A series of trivalent chromium containing concen-

trates were prepared suitable for dilution with water
to make up an operating bath in further combination with
an oxidiZing’agent and cerium dr-lanthanum ions as
follows: R - I

30.



-

trates wer€ prepared suitable for dilution with water to make up an
operating bath in further conbination with an oxidi zi ng- agent and cerlun1or\ '

| ant hanum i ons as fol | ows: 30 CONCENTRATE 3. 1A | NGREDI ENT :
CONCENTRATI'ON,. g/l [err] ' 24 5. [err] _
25 Ferrous anmoni um sul phate Li“ 12 Sodi um f | uoroborate
15 Succinic acid 25 10. Nitric acid (1
60 CONCENTRATE 3. 1B INGREDIENT : CONCENTRATI ON
Cr 24 Nad _
20 Ferrous annDniun1squhate : 25 Sodi um succi nate
55 20. Nitric acid. (100% _ - 60 CONCENTRATE 3. 1C
| NGREDI ENT . CONCENTRATI ON, g/l 25. [err]
24 ‘Ferric annnnlun1sulphate 50 Sodlun1SUCC|nate
55 NaCl - . = - ' CONCENTﬁQ‘ﬂCB- 1A Nitri c ACI d (100%
60 _ - e .
" INGREDIENT o _ CONCENTRATION, g/l
- - crt3 | 24
5. C0S0,-7H,0 . 25
_Ferréus ammonium sulphate B 12
Sodium fluotdbbrate- _ 15
Succinic—acid - . 25
10. ©  ‘witric acid (100%) . 60
_ CONCENTRATE 3.1B
' ' 'INGREDI_ENT _ _ h CONCENTRATION ’ g/ l
1.~ cr | | .24
| NaCl R 20
Ferrous ammonium su]phaté- - 25
Sodium succinate _ ) - 55
20.  mitric acid (1008) - 60
CONCENTRATE 3.1C
INGREDIENT o CONCENTRATION, g/l
25. Cr+'3 ' 24
Ferric ammonium sulphate - 50
. . ' ‘Sodium succinate o _ 55
NaCl | 20

30. Nitric Acid (100%) 60



CONCENTRATE 3. 1D | NGREDI ENT : CONCENTRATION, g/1 [err]
.2 .

. Ferric annnniun1su|phate 50 Succinic acid
d - 20 Nitric acid (100% .

0. CCNCENTRATE 3. 1E | NGREDY ENT CONCENTRATI ON, gLV
[efr] _ _ ' 24 15. Ferric ammoni um
.sulphate ' 50 NaCl 20 Mal oni c
acid 25 N|tr|c acid (100% ' : 60
20. CONCENTRATE 3. 1F. | NGREDI ENT : _ CONCENTRATI ON, g/I
[err] [err] _ ' _ - 24 25. [err]

30 [err] ' _ 20 G uconic acid
20 Nitric acid (100% : 60 30. CONCENTRATE 3. 1G
| NGREDI ENT - CONWINV o/ 1 ferr]
INGREDIENT - : CONCENTRATION, g/l ] o=
5.  Ferric ammOnium~suLphate_ - : 50 ‘
Succinic acid - . 25°
NaCl R | 200
. Nitric acid (1008) . 60
10. '
CONCENTRATE 3. lE
INGREDIENT : n CONCENTRATION, g/1 .
crt3 | S 24 ~/
15. | ' Ferrié ammONium'sulphate~ : R 50
NaCl - o 20
Malonic acid : - 25
Nitric acid (100%) - _ 60
20. - :
' CONCENTRATE 3.1F.
INGREDIENT - o - CONCENTRATION, g/1 .
crt3 o . - 24 |
NaCl - . 20
Gluconic ac1d o .' | 20 | B :
Nitric acid (100%) _ 50.

!

30.



5. " Ferric ammoni umsul phate 50 [err] I~
20 Maleic acid 25 Nitric acid (100% S
60 10. EXAMPLES 3.2A to 3.2G A ceriumion concentrate was prOV|ded ¥

contai ni ng about 80 g/l ceric ions in the formof ceric sulphate in 7&25;;

e
AN

di | ufe sul phuric acid solution. An oxildzing agent 15. concentrate

. al so provided containing about 35% hydrogen peroxide. A series of _
operating baths were prepared suitable for formng a yellow passivate film
on a substrate each containing 2% by volune of the ceriumion concentrate,
2% by vol une of the oxidizing agent 20. concentrate, and 2% by vol une of
one of the chrom umconcentrates 3.1A to 3.1 G of Exanples .1A to 3.1G
Steel test panels were subjected to an al kali ne, non- cyanide el ectropl ati ng

step to deposit a zinc plating therggﬁcﬁﬁggngmgchthey wer e t horoughly
water rinsed 25. and imersed W th—agrtattom n-each of the test operating

baths for a peri odrgérebeiiT30 seconds nai nt ai negofcERTRAMONG! WA of about

*70[err] (21[err]) ANo_Maving a pH ranging from.about I.5 to about 2.0. At
t he concl usi.on of ¢£E3pa33|vat|on treatnent, the passivaded panels were
warm 30. water rinsed and aif dried. An |nspect|on of the coating  on

each of th®.test pReericwainmbnban bagphateersed in each58f the operiating
t est solutlons reveal ed the form ation of a clear hard yell ow passivate
20 - '

film 5. ‘NaCl  EXAWPLES 3.3A to 3.3G -
Maleic acid 25
Nitric acid (100%) o ~ s0

10. _ o _
| EXAMPLES 3.2A to 3.2G | |

_ ‘A cerium ion oonoentrate was provided-containing _
_ about 80 g/1 cerio'iOns in the form of ceric Sulohate in
~ - a dilute sulphuri¢ acid solution. 2an ox1dizing agent

15. concentrate was also provided containing about 35% '

hydrogen peroxide. A series of operating baths were
prepared snitable for forming a yellow passivate film on
a substrate each containing 2% by volume of the cerium
ion concentrate, 2% by volume of the oxidizing agent
20. concentrate, and 2% by volume of one of the chromium
concentrates 3. lA to 3. 1G of Examples 3.1A to 3.1G.

Steel test oanels were subjected to an alkaline,
non-cyanide electroplating step to deposit a 21nc plating
thereon after which they were thoroughly water rinsed .

25. and immersed with agitation in each of the test operating
baths for a period of about 30 seconds maintained at a
temperature ‘of about 70°F (21%) and having a pH ranging
from about 1.5 to about 2.0. At the conclusion of the
passivation treatment, the passivated panels were warm

30. water rinsed and air dried. An inspection of the coating



A I anthanumion concentrate was provi ded contain- ing about 60 g/1

N hanumions in the formof a solution of |anthanumchloride. An

oXi zi ng agent concentrate was al so. provi ded contai ni ng about 35% hydrogen
perOX|de 10. A series of op gFatlng baths were prepared suitable for o
formng a ‘bl ue- bri ght passivate filmon a substrate each containing 2% by
vol ume -of the | anthanumion concen- trate, 2% by vol une of the oxidizing.
agent concentrate, and 2% by vol une of one of the chrom um concentrates 15.
3.-1A to 3.1G of Exanple.3.1. Zinc plated test- panels as described in
Examml e 3.2 were i mersed under the conditions described in Exanple 3.2

- wher eaf t e5n t ¥ BECLHA FeWe! Pankil RS Gt idhd halg BHérﬁd.me%BédlSmCt ion of the
~coating on each _of_ the 20.  test panel after dryi ng rev aleg

excepti ond®fy Bfi the, °BP€§FinﬁaF&55I§P rﬁg&ﬁéiﬁéighﬁafq The
~yel l ow paggignt ed aaaﬁe&rohaE&ayeh.&S)WS,p%A,sﬁaﬂﬁ aHd . 2C produced using
operating baths containing, respectively, concentrates 3.1A, ‘3.1B and 3. 1C

- as herein- 25. above described were aged for at |east 24 hours and
. subj e®ted to neutral saltEXA o133 &i9-3683G ng according to ASTM

s

procedure B-117. 5 fhachohlawieg Lofcert et aasesom%ar&wmesustahce. ,
al ne u3|n ese

~results that wer@ G rnulatlons Table 4 Exanple
. Chroni um ing abopbuf9 M€t Aanthansa! ti°9}§r ap &S‘ﬁcé’rﬁ%t%f a solution |

- 96 3.2A of laRthénum chlorifkgar aw kidizing @it Wdntentrate
.' was also provided containing about 35% hydrogen peroxide.:
10. A series of operatinq baths_were prepared suitable for
| forming a blue-bright passivate fiim on a substrate _
each containing 2% by volume of the lanthanum ion concen-
trate, 2% by volume of the oxidizing agent concentrate,
- and 2% by volume of one of the chromium concentrates
15. 3. 1A to 3.1G of Example 3. 1. ' - S ' o
_ Zinc plated test panels ‘as descrlbed in Examnle - | '
3.2 were immersed under the conditions described in
Example 3. .2 whereafter they were warm water rinsed and
air dried. An 1nsoectlon of the coating on each of the
20. test panels after dryving revealed an exceotlonallv
bright, clear, hard bluish coloured passivate film.
- The yellow passivated panels of Examples 3. 2A,-
3.2B and 3.2C produced using omnerating baths containlng,
respectivelv, concentrates 3.1a, 3.1B and 3. 1C as herein-
- 25. above descrlbed were aged for at ‘least 24 hours and
subjected to neutral salt spray corr051on testlng
according to ASTM procedure B-117.. The followinq Table 4
indicates the corrosion resistance results that were
- obtalned u51ng these formulatlons-
30.



some dark ' sone dark spots. spots. 3.2B 3.1B

Cear _with. : Clear wwth sonme dark sone dark spots. ' i
spotg. 3.2C 3.1C ' Clear with Sone dark sone dark =N
spot s\ 1% spot S. white spots.;g0. The above results show th@
panels treated with operating baths containing concentrates A, B, and

passed the 96 -hour salt spray test. Similar results were obtained with
panel s produced using the other 15. concentrates. EXAVPLE 4.1 An operating
bath suitable for depositing a yellow passivate filmon a receptive
substrate was provided by 20. fornindﬁﬂ!kiﬂ&alent chrom um cont ai ni ng

concentrate desi ghat %ieas ']'agonc:entrate 4. Il_fA" hawl\peqltraclorrpo%gié)nsprav

fol |l ows: CONCENT | nt
Concentration g/ +—25——Cr T th?-%t% 12 2-9-5-9-_-FeH~i-c
anmoni um sul phat g o ' 30 Sodi um Ole 20
Ni-t ric Acid (100% 3.1 60 ég#gg%tQN(j gé::rdgiﬁh '
20 30. The trivalent- chrom umions were |@&kﬁgyce as [err]spots‘
- 5. 3.2 3.1B Clear with . Clear with
- - .. some dark @ some dark
' - spots. o spots. _
3.2C . 3.1C Clear with Some dark:
- some dark spots - 1%
_ spots. .~ white spots.
“10. | |

. The above results show that-penels treated with
- operating baths'containing concentrates A, B, and C
passed the 96 hour salt snray test; Similar results
- were obtained with panels oroduced u51ng the other
15, :concentrates. o

EXAMPLE 4.1 |
An operating bath suitable for depositlng a yellow
' pa551vate £film on a receptlve substrate was nrov1ded bv
20. forming a trivalent chromium containing concentrate
designated as "Concentrate 4.1AFhaving a composition as

follows: _ :
| ., CONCENTRATE 4 .14 |

Ingredient Concentration g/l
25.. cr'3 R 50 .

Ferric ammonium_sulphate S . 30 :)

Sodium chloride . _ 20

Nitric Acid (100%) -~ = o - 60

Succinic acid S - 20

30. .
' The trivalent chromium ions were introduced as

Cr2(504)3.



ﬁéé}riuniion concentrate designated as "Concen- trate 4.1B" was provided

ai ni ng about 80 g/l ceric ions in the formof ceric sulphate in a
dilute (about 5% sul phuric acid solution. An oxidizing agent concentrate
5. was al so provided containing about 35% hydrogen peroxide. A sodium \/ -
. silicate concentrate was al so éﬁbvided contain- ing 300 g/l sodiumsilicate
calcul ated as Si2. A yell ow passivate operating bath was prepared

. conprising water containing 2% by vol une of Concentrate 10. 4.1A, 2% by

vol ume of the ceriumion Concentrate 4.1B, 2% by vol une of the oxidizing

. agent concentrate and 0.4% by volunme of the sodiumsilicate concentrate.
Steel test panels were subjected to an al kaline, non-cyani de electroplatlng

step to dep03|tAacamﬁmmpMﬂnlqpnuéntndtaeﬁnsiﬁﬂa#edesh"Cbnqenere

th h t w h t
3 op2£2??n§¥s§?h@¥- 38R e LR Rl S AR NS ! /4 DERRS VOLC L
70 F (21ionsadn &hea form afjicerifa cmlahnake 11 a Aibete falboutrhd?) est

- panel s wgpe hﬁ%&%aEE&B.%%h&ﬁﬁkﬁ@ Z%n Jﬁf&ﬁéiﬁafaﬁﬁﬁ%'éEhé@%ErQEQ vere

dried with reC|rcu ating warmalr. The test panels_after drying_were

vi sudb | yWARs ﬁééPeEré’Nd-d\ﬁér é’%‘-?éﬂﬁé&ﬂ AP 3238 RFGrogen m%am%r I ow
passivat 8 Eblfuml &g 1iesited dtpicentiratie g R IgH stovE@éd &dntafd-hours,

ner e SUPhRE! 358 S Ui 20 SRR SLONAN (85 g0t ol 0, Lo ASTV
pr esent processAeybllﬂbbJecbassdﬂddteﬂtomatzsxg datlesiad sproespatedr exposure
for a pe&bﬂsrgfsi%r %attgqn c%%t@ﬁ'x’x i%g ?2(%' by volume of Concentrate
10. 4.1A, 2% by volume of the cerium ion Concentrate 4.1B,
2% by -volume of thé'oﬁidbdnq agent concentrate and 0.4%
- by volume of the sodium silicate concentrate. |
Steel test panels were subjected to an alkaline, -
non-cyanide electroplating step to deposit a zinc plating W,
15. thereon after which they were thoroughly water rinsed
and immersed with agitation in the passivate oneratlng
bath for a period of about 30 seconds at a temperature
of about 70°F (21 °C) and at a pH ranging from about 1.5
to about 2.0. The test panels were thereafter extracted'
20. from the oneratlng ‘bath and were drled with recirculating
warm air.
The test panels after drying were visually inspected
and were observed to have a'very'hard clear yellow
passiﬁate film. The test panels after aging for at least
25. 24 hours, were subject to a neutral salt spray corrosion
' test according to ASTM Procedure B~117. The test panels
thus treated in accordance with the present process -
exhibited excellent salt spray resistance after exposure
for a périod of more than 96 hours.
30.



7 EXAMPLE 4.2 An operating.bath suitable for depositing a yellow passivate:,
filmon a receptive. substrate was provided by formng a trival ent chronlum?i
contai'ning concentrate 5. designated as "Concentrate 4. 2A havi ng a
conpgsj tion as follows: CONCENTRATE 4.2A | ngredi ent

Concentration g/l 10. [err] €] 50 Fer.
amoni um sul phate 40 Sodiunlchloride : 20
Nitric Acid (100% 60 Sodium silicate (cal cul ated

Si2) 10 15. -A yeIIOM/paSS|vate operating bath was prepared

comri sing water containing 2% by vol une of Concentrate 4.2A, 2% by vol une
of the ceriumion Concentrate 4. 1B of Exanple 4.1, and 2% by vol une of the

-oxi di zi ng agent .concentrate of Ex®BYAMPLE ¥4.20. _ Test'panels'
prepared in accordance. wth th é%g%% ggggpﬁ 4 JeYEbR
i mersed in the operat ﬁ?g Rz Ei?lg"é)a]{)a;tgfril o‘%’ §

out 30 seconds
‘tenperature of yemsivater fidh @n |3 zenerkive FrhsEEAtRY W?%rﬁﬁ%ﬁﬁ%eg 5to
&bout 2.0. . The yeﬁ}ﬁﬂ.ﬁﬁe trﬁb &H@r&féﬂlm@rc&@tﬂﬁm@e@oﬁcﬁﬁaﬁg war m
ane re obs

“air and the drié erved to hay, ﬁ%@ hard clearlﬁgo%
passi vate fiSl.m desdgrxaj@d [Rfh el Gongantr it ﬁ ect eTPTR% ral
salt spray corrqQy Gpiensas described in Exanple 4 1 and were observed to

possess excellent salt spray 30. -resistance after exposure for a perlod of
‘more than 96

CONCENTRATE 4.23
.',Ingrgdient_ - Concentration aq/l
10. ce™ - - 50
Ferric_ammonium sulphate - .40
Sodium chloride _ o 20
Nitric Acid (100%) S 60
Sodium silicate (calculated as 8102) 10 _
“15. .i A yellow passivate operatlng bath was prepared
' comnrlsing water containing 2% by volume of Concentrate
4.2, 2% by volume of the cerium ion Concentrate 4.1B
of Example 4 1, and 2% by volume of the oxidiz1ng aqent
concentrate of Example 4.1, - ' _
20, ~ Test panels prepared in accordance with the nro-'

. cedure 'described in Example 4.1 were immersed in the
operating bath for a period of about 30 seconds at a
temperature of about 70°F (21°C) and at a pH ranging from
about 1.5 to about 2.0. The treated test panels were

.25. dried with recirculatlng warm air and the dried panels

: : were observed to have a very hard clear yvellow passivate

‘ | o film. The test panels after. aqing were subjected to a
neutral salt ‘spray corrosion test as described in Example

> - 4.1 and were observed to possess excellent salt spray

| 30. resistance after exposure for a period of more than 96

hours.



ssivate filmon a receptive substrate was provided by formng a trival ent

‘Eours. EXAMPLE 4.3 An operating bath suitable for depositihg a yel |l ow
rom um containing 5. concentrate designated as-."Concentrate 4.3A" having

a conposition as follows: CONCENTRATE 4. 3A I ngr edi ent _ /
Concentration g/l [err] 10. [ggr] : 50
Ferri c.anmmoni um sul phat e 40 Nitric acid (100%

60 Sodi um chl oride - - 20 An operating bath was prepared

conprising water 15. containing 2% by vol une of: Concentrate 4.3A, 2% by
vol ume of the ceriumion containing Concentrate 4.1B of Exanple 4.1, 2% by
~vol une of the oxidizing ageé Mﬁﬂgﬂgtrate of Exanple 4.1, and O. 5@6by

vol une of - the sodi um sil i caré—eohecent+ate of Exanple 4.1. 20.
-.Electroplated 2|An bperapanelbathreuutabﬂedﬂcr1dapcqmﬁrngrq;bath in

accordan d des Eﬁﬁ@ﬂ! d after drying,
-were obsgfv gggeges ! clélalrg QFFQ%gi%% %%ﬁ e test panels .

Ssivat e
al so posSEEQ%HdgéobYsﬁprmipga9 zgivaﬂsots gmmmmsm(msnﬁauninqxﬂlent'

COr I O$] ONc R SbRELELE: dggﬁBﬁhgeé ésA“cgﬁ%E%E&%&ebﬁt@N““Hé#iﬁﬁfé” depoS|t|ng
a yeIIOM/gaSS|vate f|In1on a receptlve substrate was prOV|ded by
_ omposition as follows:

. CONCENTRATE 4.3 o
Ingredient S . Concentration_g/l.
10. crt3 T o 50 |
Ferric ammonium sulphate - 40
Nitric acid (100%) 60
Sodium chloride. : .-20

An onerating bath was prepared comprising water

15. containing 2% by volume of Concentrate 4,37, 2% by .

volume of the cerium ion containing Concentrate 4. 1B

- of Example 4.1, 2% by volume of the oxidizinq agent
concentrate of Example 4.1, and 0.5% by volume of the
sodium 51licate concentrate of Example 4,1.

20. - ' Electroplated zinc test panels were treated in
the operating bath in accordance with the procedure as
described in Example 4.1 and after drying, were observed
to have a good clear yellow pa351vate film. :

The test panels also vossessed good salt sprav

25. res1stance evidenCing excellent corrosion nrotection..

EXAM:DLE44 B L | )
_ An operating bath suitable for depositinq a. yellow
paSSivate film on a receptive substrate was provided by
30. forming a trivalent chromium containing concentrate




30. forniﬁg a trivalent chrom um containing concentrate i ncorporating a-

guaternary am ne silicate designated as "Concentrate. 4.4A" having a Lo
conposition as foll ows: CONCENTRATE 4.4A 5. |ngredient ' Q%%;L
ne

Conceptration g/I O ' .. 30 Quaternar
silicate* ' 15 Sodi um chl ori de : ' 15 * Quram
220, cal culated as Si 2. 10. The trlvalent chrom um cont ai ni ng

Concentrate 4.4A was subjected to prol onged storage and was observed to
possess excellent stability over prolonged storage tines. In addition, a
second concentrate designated as 15. "Concentrate 4.4B" was prepared
havi ng a conposition as fol |l ows: CONCENTRATE 4. 4B I ngredi ent
-Concentration gincdﬁporatingcaAqudtéiﬁQ%& amine silicate desﬂ@ﬁé@éd”“”'c

d 0 "
o LR i de @8 "Concentrdfe 8 AAF RYRHA S compogition ag, fodlomeing

gonprising water 25. containing 2% by vol ume of Concentrate 4.4A, 2% by

vol une of Concentrate 4.4B-and Zﬁlﬁé Qf4 he -oxi di zi.ng agent-_
.-concentrate as described in Exa ating test panels were
contacted with t¥RgER@ieRtng bath in accordance with £bac n@ramﬁbe' 1 and
lunder t he condltaﬁﬁé as described in Exanple 4.1 309 - '
Quaternary amine silicate* 15
'Sodium chloride S 15

* Quram 220, calculated as Sioz. _

10. : The trivalent chromium containing Concentrate
4,4 was subjected to prolonged storage and was observed ’
to possess excellent stability over prolonqed storage :

times. - : :
W . BEREE In*additiOn;'a'second concentrate designated as
'15? - "Concentrate 4, .4B" was prepared having a compos1tion as
'follows- - ‘ ' ' :
CONCENTRATE 4.4B .
_ Ingredient - - o . Concentration g/1
20. Nitric Acid (100%) - 60
Sulphuric acid (100%) o 30
Ferric sulphate : - - 25
Cerium chloride ' o 120

An operating bath was prepared comprising water-
~25. containing 2% by volume of Concentrate 4 .47, 2% by
'~ volume of Concentrate 4.4B and 2% by volume of the
oxidizing agent concentrate aS'described inlExample 4.1.
' Zinc plating test panels were contacted with
the operating bath in'aCCOrdance with the procedure
30. and under the conditions as described in Example 4.1



5.~white corrosion fornation aft exposure to a neutral salt spray test/ .

te anel s were observed to have an excellent hard and clear yell ow

vate filmand possess excellent salt spray resistance --show ng zero

'mhégggfter the test panels were dried with recifculating warmair. The

for:a period of 96 hours. EXAMPL Cﬂ 5 A second series of electroplated zinc
test panels. 10. were treated with the operating bath as previously
described in Exanple 4.4 under the sanme conditions whereafter the test
panels were water .rinsed and there- after post-rinsed for a period of 30
seconds in an aqueous solution at roomtenperature containing 10 g/l "15.
sodiumsilicate calculated as Si2. The panels after the post rinse were

© extract edwhetedfted théhtestnpanels Weret éxtiegamedlth wered rasirecineyl and

observed ‘é%ﬂgo%ls_gss "E}%ég{:é%?aégfé&gag’e%@ é’%\gs?%%t%%zé%t Qddd M After agi ng,

the test Wer e 0 a neutr Spray corrosion test

‘and exhi béxeellbtant| hand aaﬂt cipaxy yeddiowt passisater fidppand of 96 to 140
- hours. ﬁ?ﬁséﬁétéx&iﬂenﬁh ﬁ@q sptagt rabRR 23 JROSEhOWingat € ddfse treat nent |

IS en%) resence o sone " nifrate 1ons I n t he passwate operatl ng
bat h de%itebq:erresavel formation afseknerPesHres fie hIAItYA sone

~instancesgai# t@gragsgéstvgbg glbgkagdaoﬁegwlhdafgrmepost di n operati on.

EXAMPLE 4.6 An operating bath suitable for dep05|t|ng a 30 bl ue- brlght

'-paSS|vate f|In1on a receptive substrate was

EXAMPLE 4 . 5 .
A second series of electroplated zinc test panels.

10.-:were treated with the operating bath as prev10usly_

'described in Example 4. 4 under the same conditions

_whereafter the test panels were water rinsed and there-
after post—rinsed for a period of 30 seconds in ah
aqueous solutlon at room temperature containing 10 g/le' .e-;;

. 15. sodium silicate calculated as SiOj. The panels after -

'tﬁe'post rinse were'extfaoted‘and-dried with Wgrmsair;

_ The test panels were inSpected'and observed to
possess a very hard clear vellow passivate film. After
aging, the test panels were subjecfed to a neutral salt

20. spray'corrosion test and exhibited excellent salt spfay
' resistance after exmosure of 96 to 140 hours. These
tests also showed that when a post silicate rinse -
treatment is employed; the presence of some nitrate ions
in the passivate operating bath is desirable to avoid the
25. formation of some haze, in some instances, in the passi-
vate film as a result of_the post dip operation.

- EXAMPLE. 4 6 :
 An operating bath suitable for depositlng a

30. blue-bright passivate film on a recepntive substrate was



71 provided by forming a concentrate designated as "Concentrate 4.6A" .-

)'-

havi ng a conposition as foll ows: CONCENTRATE 4.6A 5. Ingredient . e
Congentration g/l Nitric acid (100% 30 Sul phuric aC|d )
(1009 . .20 Succinic acid .20 [err]
80 1 o A passivate operatlng‘?Pth was prepared conpr|5|ng wat er

contalnlng 3% by vol une of Concentrate 4.4A of Exanple 4.4, 3% by volunme o
Concentrate 4. 6A and 3% by vol une of the oxidizing agent concentrate of
Exanmple 4.1. 15. . El ectropl ated zinc test panels were treated with

t he operating bath in accordance with the procedure as previously described
"in Exanple 4.1 and the test panels after drying were observed to possess an
excel | ent blue- bright passivate film . The test panels als ossessed 20.
excel | ent corrosprmwx@sdsbﬁﬂﬁ@rmsnghémﬂoncent59t?héeaﬁgnggﬁae § white
corrosion after éﬁ@b t #deh© enbr al cembbsspioy asr fodllowst:est for
a period of fronﬁ% pﬁ?g&?% hoﬁ%s ﬁaG. 5 EXAMPLES 4.7. 1
ghd 4.7.2 A trivalent chrom um containing concentrate was prepared -
deS|gnated as "Cbncentrate 4. 7A" heguogumnamgpéssnlon as follows:. 30.

5. Ingredient Concentration g/l
| Nitric acid. (100%) o S 30
Sulphuric acid (100%) . - 20
Succinic acid | o 20
La-RE-Cl,; . 80 |
10. . A passivate ooeratlnq bath was prepared- comor151ng

'water contalnlng 3% by volume of Concentrate 4.4a of
Example 4 .4, 3% by volume of Concentrate 4.6A and 3%

: by volume of the oxidlzing agent concentrate of Example
— 4,1, o . | - |
- 15. o Electroplated zinc test panels were treated Wlth .

| _the operatlng bath in accordance with the procedure as.
'previously described in Example 4.1 and the test panels
after drying were observed to possess an excellent blue-
bright passivate film. The test panels also oossessed
20. excellent corrosion resistance as shown by the ab-
sence of white corrosion after being subjected to a
neutral salt spray corrosion test for a perlod of from

48 up to 72 hours.

25. _"" - EXAMPLES 4.7.1 and 4.7.2
| A trivalent chromium containing. concentrate
was prepared designated as "Concentrate 4.7A" havinq a

composrtlon as follows:

300 ’



30 Sodlunlchlorlde _
Q5. Sodiumsilicate (Calculated as [err]) 10 An operating bath (Exampl e
IN?'1) suitable for depositing_a yellow passivate filmon a receptive
Substrate was prepared by enplo g 2% by vol une of Concentrate 4.7A, 2% by
vol ume -of - Concentrate 4.4B of 10. Exanple 4.4 and 2% by vol une of the
" oxi di zi ng agent concentrate of Exanple 4.1. On the other hand, an
- operating. bath (Exanple 4.7.2) suitable for depositing a blue-bright
. passivate fil mwas achi eved by enpl oying 2% by vol une of Concentrate 4. 7A,
- 2% by volunme of 15. Concentrate 4.6A of Exanple 4.6 and 2% by vol une of
t he oxi di zi ng agent concenﬁzﬁﬂﬁﬂﬂﬂgfgﬁﬂﬁﬁﬁﬁ4 1. Test panels treated in
. accordangg dnte pro- cedure described in: E&g@@éﬁtﬁaglgﬁlgzgced
excellenE%é%???VﬁTé films and-exhibited excell&gt corrosion pro- 20.
tection MPLE 4.8 An operating bath suitable“for depositing a
bl ue- bri gblimas chlaixdde | m on a receptive subsi®ate 25. was. provi ded by :
formkng al r o t | e ate deS|gnated -as
"Cog‘éent rgé’%ié‘% ﬁv%h%’& ngr?dérﬂcc%&gé@l%gg %g&z #6 73 OONCENTRATE 4.8A
An operating bath (Example 4 7 1) sultable for

depositing a yellow passivate film on a receptive
substrate was prepared by emploving 2% by volume of
Concentrate 4.7A, 2% by volume of Concentrate 4.4B of
1o, Example 4.4 and-Z%'by volume of the oxidizing agent
' concentrate of Example 4.1.  On the other hand, an
operating bath (Example 4.7.2) suitable for derositing
a biue-bright passivate film was achieﬁed by employihg'
2% by volume of'Concentrate 4.7A,-2% by volume of
15. Concentrate 4.6A of Example 4.6 and 2% by volume of
~ the oxidizing agent concentrate of Example 4.1.

" CONCENTRATE 4. 7A | ngr edi ent - Concentrati on g/l
Crae™5t h

e

Test panels treated in accordance with the pro-
cedure-déscribéd.in Example 4.1 evidenced excellent
passivate films and exhibited excellent corrosion pro-

20. tection. ' '

~ EXAMPLE 4.8 . .
' An operating bath suitable for depositing a

blue-bright passivate film on a receptive substrate
25. was provided by forming a trivalent chromium containing
'~ concentrate designated as "Concentrate 4.8A" having a

composition as follows:



~Ingredi‘ent Concentration g/l [err] _ ‘.
30 Sodi um chl ori de ' -13 5. Sodi um gl uconate )
10 Quaternary amine silicate*’ ' .15 *Quram 220, cal culated as |
A second concentrate designated as "Cbncentrate 4.8B" was provided haV|ng a
~conposition as follows: 10. CONCENTRAT. 3 8B | ngr edi ent
Concentration g/l Ntric acid (100%

(100% . 30 15. [err]

30 A operating bath was prepared conprising water containing 3% by vol ure
of Concentrate 4.8A, 3% by volune of Concentrate 4.8B and 3% by vol une of -
the oxid- izing agent concentrate of Exanple 4.1. 20. - Electropl ated
zinc test panels were treated i n acQ@ONCENTRATE t4h. 8Z&e procedure described in
Exanple 4.1 and i dyaggm]mere observed to have a- %%%ge&%é on@ ivate
film Testing o —é%%h-paﬂels i n neutral salt spray c

evi denced a corr&&ion resistance 25. of at least 12 WPto 24 hours.
BXAVPLE 5.1 An opgia hhbﬁhﬁ%&ﬁdép'table for dep05|t|rm)f3yellom/paSS|vate
filmon a receptlve substrate was 30 provi ded by formng a trival ent.

. chroni um coneent Fafd WeglgeaNAkeas " Concentrate 5. IA"]HbV|ng.a conposi tion

as follows: - Quaternary amine silicate* 15
| ' *Quram 220, calculated as SJ.O2 _
A second concentrate de51gnated as "Concentrate
'4,8B" was provided having a compositlon as follows:

60 Sulphuric acid

10.
CONCENTRATE 4.8B
_Ingredient ' ' '~ _Concentration g/1
' Nitric acid (100%) o 60 : }
| Sulphuric acid (100%) 30
~ 15. al,(s0,) | 30

~ An operatlng bath was nrepared comnrising water'
containing 3% by volume of Concentrate 4.83, 3% by
volume of Concentrate 4.8B and 3% by volume of the oxid—
izing agent concentrate of Example 4.1. o _

20. . Electroplated zinc test panels were treaﬁed.in
accordance with the procedure described in Example 4.1
_and after drying were observed to have a clear bright
passivate film. Testing of such panels in neutral salt
spray corrosion tests evidenced a corr051on resistance

25. of at least 12 up to 24 hours. |

EXAMPLE:_S.I |
An operating bath suitable for depositing a
- yellow passivate film on a receptive substrate was
30. provided by forming a trivalent chromium concentrate
designated as "Concentrate 5.1A" having a composition

'as follows:



NTRATE 5. 1A | ngr edi ent _ Concent rat i on o/l
] ' 30 QJaternary Ammoni um si |l i cate

15:5. Nad 15 The trival ent chrom um
ions were introduced as. [err]-wglle the silicate conpound was i ntroduced_as
Quram 220 from Enery Industries. A ceriumion concentrate designated as
"Concen- 10. trate 5.1B" was provided having a conposition as foll ows:

CONCENTRATE S. 1B | ngr edi ent : Concentration g/l
[err] (100% 60 15. [err] (100%
30 [err] 25 [err]

120 The ‘ceriumions were int %ﬁ? bﬁ ey, of a ceriumchloride solution
cont ai ni ng about 300 g/l Ce: addi tion, an oxidizing agent
concent r afagwaesipntvi ded cont ai ni ng about 35% hyets @g@ﬁr@eigﬁl #1 A series
of one I|EEé30perat|ng bat hs were prepared conpébslng y vol une
Concentra 5.1A, 3% by volune 25. Concentrate 1B and. 3@6by vol une of the
OX|d|2|ngQ§g§ﬁ¢n@@NCémmnmi§mIsihﬁa&@eto S|nula1§ an aged operating bath
used &or Raegi vation of zinc workpieces, 1 g/l pf-zinc dust was dissol ved
in each.test solution. One such test solution w hout further additions was
desi gnat ed 30. a3heefriygilentorhyominm Honse maxe atnthedecedras sanple. To

a second Cegﬁsagbgtwaﬂléﬁihﬁn%hﬁﬁdﬁ%éSébﬁbo&ndﬂﬁa@fi&tfédﬁcéd'd and 0. 4
g/l of 1- h¥ bg§ 5&%'%%0%?E%er fﬂgﬁgﬂg{g&ﬁ (Dequest 2010) was added.

A cerium ion concentrate designated as "Concen-

10. trate 5.1B" was prOVided having a composition as follows:

CONCENTRATE 5.1B

Ingredient : : Concentration g/1
HNO; (100%) | e - _
. : . u
15. "HyS0, (100%) . 30 S
(G ” o - o 120

_ The cerium_ibns were introduced by way of.a :
cerium chloride solution containing about 300_g/1'Ce+3f
~20. ions. | | -
In addition, an oxidizing aqent'concentrate was
provided containing about 35% hydrogen perox1de.
A series of one litre operating baths were orepared
compris1ng 3% by volume Concentrate 5.1A, 3% by volume
25. . Concentrate 5.1B and 3% by volume of the ox1dizing agent
concentrate. In order to 51mulate an aged operating
bath used for passivation of zinc workpieces, 1 g/1 o‘
' zinc dust was dissolved in each test solution.
One swﬂ1testsxﬂntﬁm:muihcut ﬁniber'aiﬁxaonsvﬁmsdesu;mmed
30. asixmm.sdumnm15.l].amiserwaiastme<xmtnﬂ.samﬂe. To a second
test solution designated as 5.1.2, 1 g/1 of citric acid and 0.4 g/1
of l-hydroxy ethylidene-l,l diphosphonate (Dequest 2010) was added
as a stabilizing agent. To a third test solution designated



as a stabilizing agent. To a third test solution designated ‘as 5.1.3, 1l
g/l Qf citric acid and 0.08 g/l of 1- hydroxy ethylidene-I,| diphosphonate:- }
(EEquest 2010) was added.. Each test solution was subjected to agitation at é%p
5. xoomtenperature to sinulate typical comercial practice. The pH at

start and fini'sh and the peroxide copgentration measuredin terns of vol ume
pércent of 35% hydrogen' peroxide concentrate remaining in the bath was

anal yzed .over a one-day period. The results are as follows: 10.

HYDROGEN PEROXI DE CONCENTRATI ON AND pH Test Sanpl e Exanpl e 5.1.1
5.1.2 ~ 5.1.3 Tine [err] pH [err] pH [err] :
pH Ti me [err] pH [err] pH J[err] pH Start 2. 56%

1-.6 2.95% 0] A 9% 2% -
2.84% - hours FE?IQ Og§% £ cftrlc aoée,ang 6(05 41 0%137 hour s

After 26 0. 50By ey atmylidenékl 1 dlphosphonhberﬁDEQuest 2010)From t he
‘results as set furd hyd dedhe foregoing table, it is apparent -that contro
sanple 5.1.1 devord of any stabilizing agent rapidly. |ost.-the peroxide
‘oxi di zi ng agent whi ch JFRKh dtest pselebiontwas cenbdactad ba agisatiensatoy,

by vol urme t & aifdar rtéiﬁp@.@at@?éstdaéhﬁﬂl@@e t&ﬁféameabmeéalahngehctlce.

conpl ete repl eni shnment. of the oxi dj zi ent 1 woul d
tthefore bg fhe pPH at start anc g&s and Qh nBroxide concentration

measured in terms of volume percent of 35% hydroqen
perox1de concentrate. remalnlng in the bath was analyzed
over a one-day period ' The results are as follows:
10. : '~ HYDROGEN PEROXIDE CONCENTRATION AND pH |
Test Sample

Example 5.1.1 5.1.2 - 5.1.3
 Time  H,0, pH  H)0, pH H0) pH
\~ ~ start = 2.56% 1.6 - 2.95% 1.6 3.05% 1.4
' 15. . After 3.5 2.39% - = 2.,92% - 2.84% - |
hours I S . SRR '
. After 21 0.83% - = 1.72% - 2.37 1.7
hours o o S '
After 26 0.50% 2.5 1.42% 1.8 - . =
hours ' ' _
20.- " From the results as set forth in the fore901ng

'table, it is apnarent ‘that control sample 5.1.1 dev01d
of any stab11121ng agent rapidly lost the nerox1de' '
ox1dlzlng agent which should be nresent at a concentration
of at least 2% by volume to maintaln proper pa531vation '

25. treatment. An almost complete replenlshment of the
oxidiiing agent in_Sample 5.1.l_would therefore be
neceSSaryhafter'a period of about one day. In contrast,
sample 5.1. 3 exhibited only a small loss of peroxide |
after 21 hours while sample 5.1.2 containlnq a lesser

30. ' quantity of Dequest 2010 in combination with l_g/l'of



. &X

ited only a small |oss.of peroxide after 21 hours while sanple 5.1.2°
containing a | esser 30. quantity of Dequest 2010 in conbination with 1 g/l
of s« citric acid also exhibited a surprising superiority in peroxide \J
-stablllty over the control sanplls 5.1.1. The stabilization of pHis also
‘evident fromthe data set forth in the foregoing table. Control sanple 5.
5.1.1 rose to a pH level of 2.5 after 26 hours which woul d have S
necessitated the addition of acid to the operating bath-to maintain the pH
within the preferred operating range. of 1.5 to 2.0. . On the other hand,
both sanples 5.1.2 and 5.1.3 were substantially stable and 10. renained
within op&ittrm pktidngksoverhihitedst durptisingEsmpRE ixtyArimqueous

- stabiliz t r C lhn /4 cigtric acid and 110
g/l 1- hy?f’gr Rbde' ée%ﬁ"ﬁg%ﬁ e gﬂehggla%g%alt %a?égegé = 21010) These |
operating SMlﬂlfhs apabibiapuleu §§ pHsdsi bdeq evEdenh £2om thhtai ni ng 3%
- by vol unggfoncedir gbeeR- 44 tﬁe’0 ?Mxe(&iﬁ  geplegnt rc%&ﬁ:r%ll%anﬁ%@y vol ume of

" the oxidizing concentrate an ng dyst f 0. baths. A
- cont rod é. ik BeSeghat adrs. éeYege9§| gf 3%%?&*9%%dﬂgd§ht had an
| ni Li al ﬁ%tgl(d deaveneeséssitated ehe3¥dditiaht f sicdrditeg hey a period of
18 hours. under, t he co ons.Q a SI xi de-
~ concent ra??%??‘b*n%nli’ﬁgg %8(’/’“%815?%& %Fn&ﬁzé'lt% 5’plté% etﬁf‘éﬁ second -

test sol Wbperatisggorange af 5.5. 2owdsOst abnl rtbeddb}letmélamﬂd thafh of 2.5
m""'tréﬁhples 5.1.2 and 5.1. 3 were substantially stable and

10. remained within optimum pH range_over the test duration. -

7neE§§sary after a period of about one day. |In contrast, sanple. 5.1.-3

EXAMPLE52 | |
_ An agueous stablllzer concentrate was prepared ‘
containing 570 g/l citric acid and 110 g/1 l—hydroxy . ' --;J
15.. ethylldene-l 1- dlphosphonate (Dequest 2010). These
| operating solutions were prepared as described in
Example 5.1 containing 3% by volume Concentrate 5.1A,
3% by volume Concentrate 5.1B, 3% by volume of the _
oxidizing concentrate and 1 g/l zinc dust for aging the -
20. baths. A control sample designated 5.2.1 devoid of
| "any stabilizing agent had an initial peroxide concentrat4
ion of 3% but after standing for a period of 18 hours
under the conditions of Exammle 5.1 had a re51dual .

perox1de-concentratlon_of only 1.05% necessltatlng
25, replenishmeht- A second test_solution designated as
5.2.2 was stabilized by the addition of 2.5 millilitres
'/lltre of the stabilizer concentfate and had an initial
_ peroxide concentration of 3% and after a perlod of
18 hours had a reSLdual peroxide concentratlon of 2.43

- 30. percent.



/litre of the stabilizer concentrate and had an initial peroxide -
concentration of 3% and after a period of 18 hours had a residual peroxide., -
concentration of 2.43 30. percent. EXAMPLE 5.3 In order - to eval uate the
ef feagiveness of the peroxide and pH stabilizing agent of this aspect of

the present invention under actual conerkci al operation, 5.. the Stabl|l‘iﬂv
concentrate as defined in Exanple 5.2 was enployed for stabilizing a

trival ent chrom um passivate solution of a conposition sinmlar to the
operating bath of Exanple 5.1 containing trivalent chromumions,. iron and
ceriumions to provide a pHwithin the range of about 10.. .1.5 to about

2.0 at a tenperature of about 70 F (21 C - and containi ng hydrogen

per oxi de as the oxidizing agent. UnﬂggmpggnﬁL3operation in the absence of

the stabilizer. agent, th conaeFl g %ﬁgfr n{g_Hbat%(_E %%EéggegFaééfplen-
I shment of the peroxide g-agi
Zghﬁgﬁcgaeﬁt3g?6ggdr@gﬁaepem@xpﬂestahﬂmnzingeagenh ?ﬁrnhﬁg aspsht ofI

0
‘of the peroxide Jgﬁé #%%eggnggk%?gfgﬁ ﬁ?gggaég pa§ gursQ§&3? %ér%%i%%? :
mai nt-ai n the haththe stabhlizerotoneenhrabeuss defdnedndn gaan@gcnt «2Byashe
addi tion of 1 "t%rﬁ’gfﬁé 48Cest ALLLI LIz ERG- 2CERLVRLENES hQBﬁiB.HZWa%Qi%éeons

of the operating e replenishnent "o e_per oxi e OXI
concentrate was rRiElor PHnR ycamrosbiion| siRlilag) EAi §hﬁeﬁpe€a&|4n25bath

oper ati ng day antoP e Yamp P40 HY1 VObER1 ARG O SPERBAtaLLRBmMium ions, iron
| and cerium ions to provide a pH within the range of about
10. 1.5 to about 2.0 at a temperature of about 70°F (21 °c)-

" and containing hydrogen peroxide as the oxidizing agent.
Under normal'operation, in the absence of the stabilizer .
agent, the oommercial_ogerating.bath necessitated a replen-
ishment of thé peroxide oxidizing agent with the addition

15. of 3% by volume bf a 35% hydrogen ‘peroxide concentrate
 each: morning at the commencement of operation as well as,

the addition_of another 1% by volume of the peroxide

-oxidizing concentrate after about.4 hours'operation to
maintain the bath at a minimum of 2% by volume oxidizing

20. agent. o - | . L
| By the addition of 1 litre of the stabilizer con-
centrate per one hundred gallons of the operating bath,
the replenishment of the peroxide oxidizing concentrate
was reduced to only a 1% by volume replenishment each
25. operating day:and only a'2%-by volume replenishment after
| 'standing over the weekend to restore the bath to a.
proper operating. condition. _ ' :
_ | Additionally, the addition of the stabilizer con—
- ' centrate to the operating bath further stabilized the
30. operating pH over the six day test period wherein the pH



standi ng over the weekend to restore the bath to a proper operating
dition. Additionally, the addition of the stabilizer con- centrate to
§§§&@peratlng bath further stabilized the 30. operating pH over the six
est period wherein the pH remai ned substantially constant avoi diWAg
the necessity of acid addition t@gontrol pH In contrast, the same
commerci al operating bath without any of the stabilizer concentrate
necessjitated frequent nonitoring of pH and 5. periodic addition of acid to
maintain the pHwithin the' desired range of -1..5 t0o 2.0. Bright zinc
el ectropl ated parts processed enpl oying the foregoing comercial operating
“bath after aging for at |east 24 hours were subjected to a neutral salt

spray 10 [ éég% he excel | ent
corr03|one?%§%%%gﬁ§g) E#HE%%‘E&H&%%%#%%%%{?E? ﬁgg Eﬁ%ééﬁéé by the :
absence @ﬁ\ﬁﬂlﬁeaﬁﬂﬂﬁiﬂnnthFQnﬁr RE. af TRrcomtragts thBet sg@eay testing.

15, . commercial oneré@@ﬂ&”ﬁ%@h4wﬂtﬁb§éa£h§'Sﬁttﬂé gtaBitenEe Ci al ‘
- operating bath of a co 03|t1on and e ‘%ln th roce ure as described in
Exanpl e 5O3CRES TR §°§ ng; PE-BH @Bfcentrate |

~ cont gLni @@rfib@mc%lWit&(erQ:f atdztabwtmalﬂzet@iﬂa the lpAydiekynethgl i dene- |, | |

di phosphan- es 010). m xture wth about 160 to about 500. g/I
of citri e&&F& %ﬁ%ﬁgﬁ %1%$ g%h ‘entrate was added to the conmerci al

operating bath Bmﬂghhnzinaﬂekqnhzﬂnlgtm@n@@ntsamrouessedhemplbydngxy
ethy"de%ﬁe'fbr§501d3l@%%ﬂﬁ%HEﬁf*d&bfﬁhfﬁ@“ﬁﬁtﬂfaEPQEta819§ Egrabout 3 9/'
at least 24 hours were subjected to a neutral 'salt spray
10. corrosion test according to ASTM Procedure B-117. The
excellent corrosion resistance of the vellow passivate
film was evidenced by the absence of white corrosion
on the parts after 96 hours salt spray testing. =

15. " - -~ EXAMPLE 5.4 - L
The stabilization of a commercial operating'bath

of a composition and employing the procedure as
- described in Example 5.3 was achieved by preparlnq an
"aqueous stabilizer concentrate contalning from about 30
20. to about 170 g/l of l-hydroxy ethylidene-1,l diphosvhon-
ate (Dequest 2010) in admixture with about 160 to about
500 g/l'of citric acid. The stabilizing concentrate was
added to the-commerciai operating bath to provide an
"operating concentration of”the'lehydfoxy ethYlidene¥l,l'
25. diphosphonate in an amount of about 0.05 to about 3 g/l
and an operating concentration of the citric acid
constituent of about 0.1l to about 10 g/1. Results’
- obtained are similar to those as described in Example 5 3.



and an operatlng concentration of the C|tr|c acid constituent of about 0.1.
to about 10 g/l. Results obtained are simlar to those as described |n‘j_._

Exanpl e 5. 3. 30. EXAMPLE 5.5 An operating bath suitable for depositi
yel | pw passivate filmon a receptive substrate was provided by formng a
concentrate designated as 5. = "Concentrafe 5.5A" having a conp05|t|on as
fol |l ows: CONCENTRATE 5. 5A Ingredlent _ _

Concentration g/l HNO3(100% : 60 10. H2804

- (100% o 30 Fe2(SO4) : .
25 [err] 5 Di phosphonat e*

8.5 Citric acid - 36 15, [err]

120 *Dequest 2010 An operating bat EXAMPLE &udr ed conprising 3% by vol une of

toncont rate 5. oA conce/ggag§e§a;§n%f5§@ﬂn@ tl%b']le?éyxbya.'ges:l'JjFEajE:01'1centrate

concentrate 5.5A and 39 oxi di-zi ng

cont ai ni ng aboutYQ&%DWynﬁsgeNaﬂerd%ﬂdeOnS@eGﬁQﬁﬁ#lqﬁﬂﬂ§QSNM§tﬁsﬂﬁﬁected to t -

an alkaline non. eyavideecheoiboplinly B0 Bt AP eRldi it 4 atlng

- thereon after which theg wat er 25 rinsed and | mer sed
with agitation |ncPﬁ€e§ §§F@a§b56pehéwiﬂ@'@aFWWQQS¥¥Hﬂﬂ 3% LRt 30

seconds at a

.CONCENTBATE 5.5

Ingredient | L , . S Concentration g/l
HNO3(100%) T - 60 '
10. H,S0, (100%) o 30
' Fez(so4) : .25
FeCl:; . ' . 5
Diphosphonate* : 8.5
o Citric acid S 36
~ as.oe* . 120

-?*Dequest 2010 | o
An. operating bath was . prepared comprising 3% by
volume of the chromium ion concentrate 5.1A of;Example_?
5.1, 3% by volume of concentrate 5.5A and 3% by volume
20. of the oxidizing agent concentrate containing about 35%
hydrogen peroxide. | ' o ' '
Steel test panels were. subjected to an alkaline_
- non-cyanide electronlatlng step to deposit a zinc
plating thereon after which they were thoroughly water
25. rinsed and immersed with agitation in the passivate
_ operating bath for a peridd_of about 30 seconds at a’
< _temperature of about 70°F (21°C) -and at a pH ranging
from about 1.5 to about 2.0. The test panels were there-
after extracted from the operating bath and were dried

30. with recirculating warm air..



'~t0

‘tenperature of about 70[err] (21[err]) ‘and at a pH ranging fromabout 1.5

,4N?ut 2.0. The test panels were there- after extracted fromthe

T 5@ |ng bath and were dried 30. wth recirculating warmair. The test
pa after drying were visually inspected and were observed to have a,

~uni form cl ear yeIIOM/passgkate filmthereover. The small addition of ferfic

chloride to the operating bath provides an 5. inprovenent in the col our

~intensity of the yellow passivate filmin conparison to that obtained

enpl oyi ng the passivate operating bath of Exanple 5.1. The test panels

after aging were subjected to. a neutral. salt spray test in accordance wth

the pro- 10. cedure described in Exanple 5.3 and simlar results were

~ obtai ned. EXANPEEeﬁtbs%1d§%§E§léEhéE“&kfihéaﬁéfefGis€§EQ§'t'ng a 15.
. yell ow pgssi vate faarﬁnon .a receptiv tiytlrate was _nade up as follows: A
~trivalen nt?PF&%ieﬁlm LR r?}%%ﬁ@éﬁt‘?%t st iRt EarAsclesrcent rate 6. 1A"

© havi ng ayedlpesiphiseivwste fiild tsieoerns fThé osmalPOaddition.

i CCNCENTRAEEfgr¥éc|@%f%%faé to the operiﬁéﬁ%fp§%haﬁﬁgﬁ+§bng%£LL2:gon o/

lerr]

30 Sbdi ukmpiroyemgat - in the colour intensiiy 25f tihetyellewid (100%

3gssgfgbﬁﬁg§§§§%? £ilm in comparison to éﬁ%é\6ﬁ%éiﬁéa0§m§f8§fﬂﬁrate 6.1
he passivate operating bath of Example 5.1.

The test panels after aglng were subjected to.
a neutral salt spray test in accordance with the pro-
10. cedure described in Example 5.3 and similar results were
obtained.

EXAMPIE 6.1 _ o
An operating bath suitable for depositing a_"

15, -gellow passivate f£ilm on a'receptive-subgprate was made.
' up as foiloﬁs- A trivalent dhromium coﬁtainlng concentrate
designated as - "Concentrate 6. 1A" having a com0031tion
was first made up as follows:

20. = . CONCENTRATE6.1A | |
' Ingredient | Concentration g/l_
crt3 | 25 |
- Ferric ammonium sulphate - 30
: Sodium chloride S .20
25. Nitric acid (100%) - . 60
| Succinic- acid S 20

A cerium ion coﬁcentrate:ﬁ;lB-was provided con-
taining about 80 g/l ceric ions in the form of ceric

) sulphate in a dilute (about 5%) sulphuric acid solution.
30. An oxidizing agent concentrate.waé also prévided con-



-

(about 5% sul phuric acid solution. 30. An oxidizing agent concentrate Was:
alsofprOV|ded con- tai ni ng about 35% hydrogen peroxide. A yellow Qaﬁiiy'

tai ning about 80 g/l ceric ions in the form.of ceric sulphate in a dilute

passiyat e operating bath was prepared conprising water containing 2% by -
vol ume of Concentrate 6.1A, 2% by vol@fe of the ceriumion concen- 5.
trate6.1B and 2% by vol ume of the oxi di zi ng agent concentrate 6. 1C. An
aqueous silicate rinse solution was provided containing 10 g/1 sodium
silicate calculated as Si2. Steel test panels were subjected to an

al kaline, 10. non-cyanide electroplating step to deposit a zinc plating
thereon after which they were thoroughly water rinsed and i nmersed with
~agi tation in thetgpastng adlsoapedst i hgdbagénf peraxpdel od of about 30 seConds

at a tenperature of about 70 F (2%& %Biio@ngagg%gagg Eﬁgghggna;gﬁ

15. to about 2.0. The test panel’s extrac eo eratlng ath
subj ected to a tREepRIed comprising wwater heprtainingodgabyeyo '

silicate rinse ﬁ_E mé&rs amutz§%§eeaﬂ&ﬁeaafatasnes&§mr eoftf caa%h; -
70[err] (21[err] %e silicate rinsed test _panel's were.thereafter 20.

extracted fromt <EB sandit 2 Brbunvohere af i Bewrrhdiairgcaggitng war m
air. The test passisSerétLre deylimg were V|sually |nspected and were observed
‘to have a very hard cI dyellowgpasflga e fi f t% ganels a&tgr
aging for 25.  at |east®RANLRILS Hkrt %15%?%8 T8 HARt VAP BAPYSpray
" corrosion test mmmtaﬁnip¢ci0§ﬁ%lFkodiﬂhreiEtQaﬁe calculated as SiO,.
' _ ~Steel test vanels were subjected to an alkallne,
10. non-cyanide electroplating step to deposit a zine plating
' thereon after which they were thoroughly water rlnsed
and immersed with ag:.tation in the passivate operating
bath for a period of ‘about 30 seconds at a temperature
of about 70°F (21°C) and at.a pH ranging from about 1.5
15.  to about 2.0. The test panels were extracted from the
‘operating bath, subjected to a tap water rinse and were
thereafter contacted w1th_the silicate rinse solution
' for about 30 seconds at a temperature of about 70°Fd
(21'°C). The silicate rinsed test panels were thereafter
- 20. extracted from the rinse solution and were dried with
recirculating warm air. . -

. The test panels after dryinq were visually -
inspected and were observed to have a very hard clear
yellow passivate film. The test panels after aging for

25. at least 24 hours, were subjected to a neutral salt
spray corrosion test according to ASTM:Procedﬁre B-117.
The test. panels treated in accordance with the present
orocess exhibited excellent salt spray resistance after
~ exposure for a period of more than 96 hours. '
30.



est panels treated in accordance with the present process exhibited
ent salt spray resistance after exposure for a period of nore than 96
30. -- EXAMPLES 6.2.1 to 6.2.14 A series of trivalent chrom um:

i ning concentrates was prepared suitable for dilution with water ta,/
make.’ up an-operating bath in fgother conbination 5. wth an oxidizing agent
and ceriumor lanthanumions as fol |l ows: CONCENTRATE 6. 2A Ingredlent '

- Concentration, g/l 10. [err] - 24

- lerr] . . 25 Ferrous ammoni um sul phat e :

- 12 Sodi um Fl uor obor at e : 15 Succinic acid
25 Nitric acid (1009 _ - 60 CONCENTRATE 6. 2B
| ngr edi ent EXAMPLES 6Géhderta fidnld g/l [err]
24 Nad anmoni um sul phat e
25 25. Sodi um succrief of trivalent chromium éghé%iﬁf?trlc acid (1009% -
60 concentrates was prepared suitable for dilution w1th _

. water to make up an. operating bath in further comb;natiOn
5. with an oxidizing agent and cerium or lanthanum ions

as follows:

' CONCENTRATE 6-2A

" Ingredient = . ' 'Cohcéntfatioﬁf'g/l
10. crt3 - _ ' '24. o
CoSO44 7H20. o : . o 25
- Ferrous ammonium sulphate’ . 12 P
s Sodium rluorobo:até_ o o | 15 \J_
' Succinic acid - R 25
Nitric acid (100%) 60
CONCENTRATE ¢ .2B
20'\ Ingredient | | ' Concentra£ion, g/l
3 | 20
NaCl - T 20
f. 25, Ferrous ammonium sulphate | 25
Sodium. succinate | - 55 -

Nitric acid (100%) o 60



CONCENTRATE. 6. 2C | ngr edi ent . : Concentration, g/l

[err] _ 24 Ferric anmoni um suI phat e:' 5
50 SQdI um succi nat e L 55 Nadl e
20 Nitzic acid (1009 , 60 10. CONCENTRATE 6. 2D ‘E)
| ngr edi ent _ Concgﬁ't ration, g/I [err] ,
24 15. - Ferric ammoni um sul phate 50 Succinic acid
25 Nad _ 20 N|tr|c acid (100%
60 20. CONCENTRATE 6. 2E Ingredi ent _ Concentrati on,
g/l Cr+3 - 24 25, - Ferric ammoni um
sul phate _ 50 NaCI : :
20 Malonic acid - 25 Nitric aC|d(100%
60 30. 84 CONCENTRATE 6 . 2F | ngr edi e@éNCENTRATE 6.2C _
‘Concentration, g/l [err] : _ “"""‘"""“'—""_ - 24
- - 'Ingredient. _' S Concentrat:.on, 9/ 1
ot o - .- S .
5 - Ferric ammonium sulphate 50_
Sodium succinate | o 55
NaCl - - - 20
‘Nitric acid (100%) . 60
' . CONCENTRATE 6. 2D
Ingredient - . : ~ Concentration, g/l
AN~ et ' ' - 24 |
:'_ 15. ~ Ferric ammonium sy.zl‘p}iate', S : S _50-' '
Succinic acid ' '-' '_ , 25
Nacl . S 20
Nitric acid (100%) | | 60
20. | |
CONCENTRATE 6. 2E
Iﬂgredient' ' | Concentration, g/1
crt3 - " 24
25. Ferric ammonium 'su1phat_e, : | . 50
Nacl - 20
Malon_i_é acid R _ 25

| ‘Nitric acid (100%) g 60
30. o



5. [err] . ' 30 [err]

20 Gconic acid 20 Nitric acid (100%

60- CONCENTRATE . 6. 2G Ingredlent : Concentration,
g/} re] . 24 15. Ferric anmmonm/m
sul phate _ 48+Na0 ' : - 20

Mal ei ¢ aci d ' : 25 Nitric acid (100% -

©. 60 20. A ceriumion concentrate was provi ded containing about 80 g/l ceric
ions in the formof ceric sulphate in a dilute sul phuric acid solution. An
oxi di zi ng agent conantrate was al so provi ded contai ning about 35% hydrogen
25. peroxide. A series of operating baths (Exanples 6.2.1 to 6.2.7) were -
prepared suitable for formng a yell ow passivate fil'mon a substrate each
cont ai ni ng 2% by vol une of the GONGENTIRATEEhctrate, 2% by vol ume of the
oxi di zi ng_agent .concentrate, and 2% by vol ume_of 30. one of the chrom um
concentraEEBEE_EﬂLEb 6.2G respectively. A Gengenie R, cGhtent rat e was
provi ded ﬁongalnlng about- 60 g/ lanthanumions in tgf formof a sol ution
a

“of | anthahfim chloride. An oxi di zi ng agent concentrat®®*was al so provi ded
~con alnlng gggt 35% 5 hydr ogen peroxide. A serie 0of oper.ating bat hs
(Ex hpl es %2 4 3 6. 2 14) were prepared suitablee for-formng a:
NaCl - : . 20
Gluconic acid . - | 20
Nitric acid (100%) 60
100 e -
CONCENTRATE 6, 2G
Ingredient : - _ R Concentration, g/l
+ : : _ -
15, . -Ferrie¢ ammonium-sulphate .. ; ::' 50 |
NaCl o 20
Maleic acid 25
_ Nitric acid (100%) . . —— 60
20.

A cerium ibn concentratéwas provided containing

about 80 g/l ceric ions in the form of ceric sulphate ‘in
a dilute sulphuric acid solution. An oxidizing agent
conmntrate was also provided containing about’ 35% hydrogen

'25; peroxide. ‘A series of operating baths (Examples 6.2.1 to
6,2.7) were prepared suitable for forming'é vellow
passivate film on a substrate each containina 2% by
volume of the cerium ion concentrate, 2% by volume of _ }
the oxidizing agent concentrate, and 2%'by volume of’

30. one of the chromium concentrates 6 .2A to 6.2G respectively.



- bl ue- brlght pa55|vate filmon a substrate each containing 2% by vol une of
t he | ant hanumion concentrate, 2% by vol unme of the oxidizing agent -
concentrate, and 2% by 10. volune of one of the chroni um concentrates 6'
to 6 2G respectively. Zinc plated steel test panels as described in

e 6.1 were processed through é%éh of the operating baths (Exanpl es

. 6 2 1 to 6.2.14) under the conditions 15. as set forth in Exanple 6.1
whereafter the passivated panels were subjected to a silicate post-rinse.

~treatment enpl.oying an aqueous silicate rinse solution in which the

- silicate.concentration was varied fromabout 1 to about 40 g/l calcul ated.

-as [err] at-tenperatures ranging 20. from50[err] to 150[err] (210 [err] to
66[$rr}) 'lghe panel s Aelanishénvenubon | gomcentirate wad pubyvédedd to a
neutral sa spg e n e 1 iy
results to thoség¥%é£#%8% %%#&f§5°a§/f f%ﬁtﬂ&ﬂuh igﬁgngh the f°§hnbkar
6.3.1to 6.3.6 aAmlmieiaor@foﬁpbmathmumasmo%@eprebar eaiéézmam éﬂ@ntso

- CPERATI NG BA“*étnéghtfatédWEQtalsoéprovidéénESﬁtéﬁhlﬁa aBblut[ 86%]

2.2 [err] LFrr]
5.3 ~© .5. hydrogen peroxide. A series of operating baths (Exampl _

6.2.8 to 6.2.14) were prepared suitable for forming a
blue—bright passivate-fiim on a substrate each containing
2% by volume of the lanthanum ion concentrate, 2% by

_ volume of the oxidizihg-agent concentrate, and 2% by

10. volume of one of the chromium concentrates 6.2A to

6.2G respectively.-
Zinc plated steel test. panels'as described'in
~ Example 6. 1 were processed through each of the operating
baths (Examples 6.2.1 to 6.2.14) under the conditions
15. as set forth in Example 6.1 whereafter the passivated .
| "panels were subjected to a 51licate post-rinse treatment
employing an aqueous silicate rinse solution in which
the silicate concentration was_varied from about 1 to
about 40 g/lhcalculated as 5102 at temperatures ranging
20. from 50° to 150°F (10 © to 66°C). The panels were
| subseqﬁently air dried and subjected to a neutral salt
spray corrosion. test as described in Example 6.1.
Similar results to those reported for Example 6.1 were
obtalned._ '
25. _
| y EXAMPLESG31t0636'
A series of operatlng baths was prepared as

follows:

30. 1



0.25 10.

[err]

'[err]
1.6 *Ferrous Ammoni um Sul phate= Fe(SO4) (NH4) 2S04 6H20 OPERATI NG BATH 6 3B

BATH 6. 3C 25.
3.0 [err]
0. [err]

*Ni ckel

Concentrati on,

0.24 [err]

10.

*Ferrous Ammonium Sulphate— Fe(SO ). (NH ) - So4

15.

. 205

25,

30.

*Nickel Ammonium Sulphate= NisSO 4

g/l

Concentration.- g/l 15.
.4 [err]
0.58 [err]
I'n dient
' 0.24 [err]
5.3 [err]

Anmoni um Sul phat e= [err]

[err]

~1.54 [err].

Concentrati on

'OPERATI NG BATH 6. 3D I ngredi ent

3.0 5

OPERATING BATH 6.3A

Ingredient

Cra(S04) 3

NH4HF2

sto4

Hy0,

FeNH SO

4 4

COSO4 7H20

Ingredient

2.2
.18
1.2
5.3
':0.251'
1. 6".

OPERATING BATH 6 3p

[err]
_ 2.7 [err
3. 75 OPERATI N
g/l [err]
1.54
- 0.25 [err] 2.1

[err]
0.24

Concentration, g/1.

6H,0

2

-Cr2(504)3
NH4HF2

HZSO4 |

B30,
FeNH4SO4

7H O

CoSO4. 2

5.6
0.4
2.7
5.3
0.58
3.75

OPERATING BATH 6. 3C

" Ingredient

r (804)3
NH4HF2

HZSO4

H30,

FeNH4SO4

*
NlNH4SO4

Concentration;fg/l:

Concentration, g/1 :

3.0
0.24
1.54
5.3
0.25
2.1

(NH,) ,50,* 6H,0



[err] [erf]' 5.3 10. [err]

1. 0 OPERATI NG BATH 6. 3E | ngredi ent Concentration, g/l 3.0 15 __
[err] [err] _ 0.24 [err] =~ . = 54 .
Terri_. ' 0.24 [err] 5.3 re]”
1. 0 OPERATI NG BATH 6. 3F I ngr edi ent _%7 Concentration, g/l 2 r] :
3.0 [err] _ 0.24 [err] S 1.54 [err]
0.24 30. [err] : . 5.3 [err] N - o
1.0  Test panels carrying a bright electroplated zinc deposit which had

-been water rinsed after the electrQ plating step and which. were rinsed
in a 50% by volunme dilute nitrtc acid solution were processed through the

5.  -foregoing operating baths (Exanples 6.3.1 t0o 6.3.6) under the

conditions previously described in Exanple. 6.1
' . : - OPERATING BATH 6.3D

R : _f. "j_Ingredient L Concentration,'g/1~
| Cry(s0,); 3.0
5. . wEgmE, o o.24.
HyS0, 1.5
Fenmsso, ~  0.2%
B0, - 53
e - MnS0,.H,0 1o

4

OPERATING BATH 6.3F

" . ‘Ingredient L Cbnééﬁtration,.g/l .
s S .c:z(So#)si. . | 3.0 | :
| NH,HF, - . 0.24
H,SO, o | 1.54
FenH, SO, 0.24
s0. H)O, | . 5.3
H,MoO , *H,0 1.0
OPERATING~BATH 6.3F
. Ingféaignt. | Concentfétion, g/1
25 cr, (S0,) 5 3.0
NH,HF, R 0.24 -
H,80, © 1.54 |
so. _ FeNH,SO, 0,24
| H,0, | 5.3
(NH,) , (NiMoO, H ) ,*4H,0 1.0



.....

wheLeafter they were water rinsed and subjected to an aqueous silicate

p ‘inse treatnment in a rinse solution in which the silicate

c nﬂratlon calculated as [err] 10. was varied fromabout 1 to about: 40
g/l" at tenperatures ranging fro %%fbout 50[err] to about 150[err] (10 tow/
660C).. The passivated and post nsed panel s after drying were subjected
‘to salt spray tests as described in Exanple 6.1 and sinmlar results were. .
- obt ai ned. 15. * C L M SCLAIMs: 1. An aqueous acidic solution

~useful in the treatnent of receptive nmetal substances to inpart a passivate
- filmthereon conprising A). - hydrogen ions to provide an acidic pH, 5.

- 15.

B) ' an oxidi zi ng agent, C). at | east one of iron, cobalt, nickel,

- ol ybdenum nanganese, aluniniun1 | ant hanum | ant hani de mi xture. or cerium

ions or a M xdite gaiey fﬁh r@%&iﬂi%lé&@xéﬁlbﬁ@ar g1ihacreased
the treat ed_subst ance, chrom um

corr05|on resi stanc to
‘i ons S8R iﬁ i'ﬁd &e%l‘ﬁf:%ﬁ FinsedA T’?’&aﬂéﬁte%?ﬁf%° =2. - An aqueous
aci di plaeJmtgl &ters aﬂ@wmd:hrwdﬁe riAgéd fnia w%chylﬁemdeent Alis

PL"XL??M&%TE&:; Aol Folsipart SR e sed B e ?ia%?dh'yﬁrﬁiﬁl aric .
SaC|d @oregoiinguoperadiongf baths (Examples 6.3.1 to 6.3. 6).
under the conditions previously described in Example 6.1
whereafter they were water rinsed and subjected to an
aqueous silicate ppst—rinse treatment in.a-rinse solution
_ in which the silicate concentration calculated as SiOé
10. | was varied from ahOut 1 to about 40 g/l at temperatures
ranging from about 50° to about 150°F (10° to 66°C).
The passivated and pbst rinsed panels aftér drying were
Subjected to salt spray tests as descrlbed in Example _ ' ;J'
6. l'and similar results were obtalned



»

.4. An aqueous solution as clainmed in aim1l1, 2 or 3 having a pH of fr
1.2.+0 2.5. 25. | : 5. An aqueoussol ution as clainmed i nany oney
Claims 1 to 4 having a pH of from.l1.5 to 2: 6—Amagueous sol uti on ﬁ
claiged in any one of clainms 1 to 5 h ng a pH of from 1.5 to about 2.0
7. -An aqueous solution as clained in an oneimulﬂmmuﬂm 6 having a pH _
of froml.6 to 1.8, 8. An aqueous sol ution : _ ny one 5  of -
Clains 1 to 7 in which the said oxidizing agerft, “ingretlient B, is present
in an anpbunt GEAIMS8mm 1 to 20 g/l calculated on a wei ght equival ent
effective- ness—basis to hydrogen peroxide. 10. 9. . An aqueous
solution.as claimed in C ai m 8 in which the said oxidizing agent is present

in an amount. of fromy3 t lectdl @diRRd Nt 6N %%eﬂﬂl”i’ﬁ'@ﬂé
ef fecti veness basis 0 hydr oden peroxi de._ 15. an agueous

sol ution as ctaeat@ent gay r@ﬁGP&F‘-"G Reral %‘3’#4%%%?1 PRR2EY| d oxi di zi ng -
agent conpri Sﬁsp&sﬂﬁbatedgilhlth@rewlmﬂéiﬁ on as clainmed in Caim10
20 in which the said qxidizi agent c ses en_peroxide. 12.-A
-solution as cHu med B Yﬁrgﬁ?neﬁ-g é’!‘?‘ﬁg’p {lgg‘f‘l \"the said at .
‘| east onsg, addB) i onal aﬁ5°xmau_alj_ngorage‘mﬁ he sai d aqueous acidic solutionis

present in an m)unt gplggs 08%%(?%%_ I n t%h@péfé‘genfékéio%&?bwn&& ol l.

13. An aqueouS soI ut P
manganese, aluminium, lanthanum ’ lanthanide mixture or

cerium ions or a mixture thereof in an amount effective B
to fmpart increased corrosion resistance to the
10. treated substance, ’ and _
D) chromium ions substantially all of which are
in the trivalent state. '

W 2. An a:quleous. acidic s'olut'ion' as claimed in
15, claim 1 in which ingredient A is provided by a-
.mineral acid.

3. An aqueous solution as claimed in Claim 2.
in which the mineral acid comprises sulphuric,
20. nitric or hydroch_loric acid or a mixture thereof .

4. :An agqueous solution as claimed in Claim 1,
2 or 3 having a pH of from 1.2 to 2.5..

25, . | 5. An aqueous solution as cIaiméd_ in any one of
Claims 1 to 4 having a. pH .of__from 1.5 to 2.2.

6. An. aqueous solution as claimed inany cne
‘of claims 1 to 5 having a pH of from 1.5 to about 2.0.



Clainse 1 to 12 in which ingredient Cis present in an anmount up to
4. An aqueous solution as clai neu M Craim 13 in which ingredient C
¥¢nt in an anount of fromO0.02 to 1 g/l. !&“@3 aqueous sol uti-on

as\chaj¥red in Caim13 or- 14 in_which.i ngr \ljﬂl esent in an anmdwht
of 1 to 0.2 g/lI. 5. : %16 An aq

as clainmed in any-
one of Claims 1 to.15 containingas i ngredi ent

_ | east one of iron,
cobalt, nickel nolybdenum manganese, |anthanum and | ant hani de m xture

i ons.. 10. 7. An’ agmeots mlmmmdmtcmm lini ampane efany one of

d ai ms 1 nga *’29 S ﬁg& C iaimions. 18. An aqueous
sol uti 0% %@Sc a%%eg g 2 %Qﬁe@ e @ fnt%J.l hing, as ingredient C
iron ions. 19. An aqueous solution as clai ned |n any one. of Clains 16, 17

or 18 cont ai ngng, AﬁSaqaaba@ %@tlu%iozp as clLaRAd tini &5 and0. An agueous:

sl ution as clalned | ne_of .clains, 16 to 19 contalnlng, as ingredient
é) ni cRE| Cighus 5t°2 Wg'r}lfé’o@%(ﬂﬁkq(ﬂ?‘ 08 RIFREany one of Aains -
16 to 2ﬂgeedianﬁl Bg, 135pu:a@reew dm a6 amuttEinframsl €6. - 22, An
aue0usa e/t L Tciatel TR helPhe Werdllvaldl tﬁseea?ectiﬂ containing, as

ness basis to hydrogen peroxide.

0. . 9. An aqueous solution. as claimed in Claim 8

in which the said oxidizing agent is present in an
 amount of from 3 to 7 g/l calculated on a weight
equivalent effectiven_ess basis to hydrogen peroxide.

15. ~ 10. an aqueous solution as claimed in any one _ N
of Claims 1 to 9 in which the said oxidizing agent o \J o
comprises a peroxide. ' :

11. An aqueous solution as claimed in Claim 10
20. in which the said oxidizing agent comprises hydrogen

peroxide.

12. A solution as claimed 4n any ene of Claims
1 to 11 in which the said at least one additional
metal ion in the said aqueous acidic solution is .
present in an amount up to 10 g/1 e.dg. in the range
of from 0.5 to 10 g/l.

25-

13. An agueous solution as claimed in any'on'e
of Claims 1l to 12 in which ingredient C is present
in an amount up to 1 g/l. S

30.

14. An aqueous solution as claimed in Claim
13 in which ingredient C is present in an amount of
from 0.02 to 1 g/1. '



manganese ions. 23. An aq-ueous. solution as claimed in any one‘df‘ Clainms 16
to 22 containing, as ingredient C [|anthanumi ons. SA2ZZTTN
An aqueous sol ution.as clained in any one f C "Elﬂiml llui ont ai ni fd;fpss
i ngredi.ent C, | anthani de m xture: ions. CP‘ ﬂl ’ Hltus solu |0qu
as clainmed in any one of Clains 1 to 24 in which %rdn ton¥ ate present™

an amount of from 0.03 5.0 A “ac éoué%of@tfsﬂeagscia&ﬁbuo&xﬁ%fdﬁa med in
Caim10. 25 in vvhlchlron S are present in an anount of from0.1 to -
0.2 g/i. 27. Ah3aQ¥edds i@olwmtsh iers%%i%'a Fnignpresens: 1o AmAmOunt 26 in
which iron andsgopaht +lpo,2 L are present in an amount of from0.02 to 1
g/l. .28. An aqueous solution as clainmed in Caim27 in which iron and the

cobalt ions are present- in an anount of from0.1 to 0.2 g/I. 20. 29.. An

aqueoussgol ution as chg,mag | L?ébhé’“@opﬁtﬂ:ﬁ' H§ élh@.m%&ﬁ? | @herg cerium
An aqueous

ions present in_an_anount of f o, 10

sql ution as cl Sﬁngéa:lgﬁ)‘sdlaltrﬁ é'@poc‘iﬁﬂ"a?h’i’-hﬁgcgﬁl éﬁg?-‘&ﬂ}eﬂ#— & %ﬁﬁ f - from
1.0 to 4 g/l. Ghe ofin i&@!ﬁOlﬁoE@iﬂIl@ﬂcﬁélcinaﬂ.?ﬁdehmuanma?'@anemﬁ, of Cdains
1to 3_0 tnowhigh RSl Valfnlanthhanqéle mixture ionms. . ' -

10. 17. an aqueous solution as lciamed in any one
of Claims 1 to 16 containing,as ingredient C aluminium
ions. - '

18. ‘An aqueous solution as claimed in Claim .

'-15'. _ 16 or 17 containing, as ingredient C, iron ions_.'-
_ 19. an aqueous solution as claimed in any one.

: '-of Claims 16 17 or 18 containing,as ingredient c, -

20. - cobalt ions. -
20. An aqueous solution as claimed in any cne
of claims 16 to 19 containing,as ingredient C,
nickel ions. _

. 25, : o '

Coe 21. An aqueous solution as claimedin any one
of Claims 16 to 20 containing, as ingredient C,
molybdenum ions. | - '

30 22. An aqueous solution as claimed in any cne
- of" Claims 16 to 21 containing, .as ingredient C,
manganese ions. o
23. An aqueous.solution as claimed in any cne
35 of Claims 16 to 22 containing, as ingredient C, lanthanum

ions.



ions, ingredient D, are present in an anount of fromO0.05 g/l up to
&at i on. 32. An aqueous solution as clained in-elai-m3t1n which the

pfllent chrom umions are present in an amount -of from0.2 to 2 g/l. 5..
33%An ‘aqueous solution as clagped in Caim32 i “ﬂ “ﬁ“ﬂglvalent -/
chromumions are present in an anount of fromg H“‘““ 4. An agueous
acidic solution as clained in 10. any one . of alns I-td# 38 further

“containing a bath sol uble conpatibl e organic carboxylic acid or a
conpati bl e QMI:AdMH qudousSsolutigneasscialimedodnaganyl @ineed i n C ai m 15.

34 in i atboxyllc acidis -
preseﬁvf\hlcﬁ' l%nt[osﬁ €+ﬁ?5gﬁg%ﬁ§hp§%t R#ﬁlr%dg'%ﬂﬁ rdness and clarity to
the_paaathanmde1mixnumaei@m§an|c acid having the structural formnula: 20.
[err] Werein: ais an-integer fromO to 6; b is an integer from1 to 3; R
' represents an al kyl al kenyl ,or aryl group cont- 25. aining from[err] to

- gerr] carboﬂﬁ&wﬂn;aqgsquﬁlSgbutﬁ@nbaﬁhcééﬁmbﬂeian@nabnpat|bIe salts -
thereghe 3F c‘i&ﬁwep%sﬂ Ujth O 88h CL 8bHP Y oh - g:@ ?é% ek Whi ch the said

car boxyli c aci resent 30. I'n_an annunt 0 05 to 4 all.
in-an amount of from 0.05 to 0.5 g/

26. An aqueOus'solutiou-as-elaimed_in Claim .
10. 25 in which iron ions are present in an amount of
from 0.1 to 0.2 g/l.

27. An_aqueeus solution as-claiﬁedvin any
_ one of Claims 1 to 26 in which iron and cobalt
15. - ions are present in an amount of from 0.02 to 1 g/l.

_ -28.'An'aqueous_solution as'claimedsin.CIaim_
27 in which iron and the cobalt ions are present
in an amount of from 0.1 to 0.2 g/l.
20. | B |

29. An aqueous solution as claimed in any
one of Claims 1 to 28 containing cerium ions present
in an amount of from 0.5 to 10 g/l.. o
25, _ 30.'An'aqueous solution as claimed in Claim
29 containing cerium ions in an amount of frcm 1.0 to
4 g/l.

. 3l. Aan aqueous ‘solution as claimed in any -
30. one of Claims 1 to 30 in which the trivalent chromium
ions, ingredient D, are present in an amount of fram
0.05 g/1 up to saturation.



C L S 37. An aqueous sol ution as aalnedln Cla|m36|nv\,h|ch
‘the,sal d carboxylic acid is present in an amount of fromO0.1 't 3
38.7 An aqueous solution as claimed in Caim SSlEImmﬂ'mm'lt Whl ch t (© ¥
or garw carboxylic. acid conprises nal diic, gl uconi
tartartc, or citric acid or a salt thereof or a "mi Xt ur e thereof 10. 39. An
aqueous soI ution as clained in daim34 or Aaim35 in which the

carbaxylic acid or sght Me@%mdlm&uqﬁ r&;pa;aﬁéaj D succinate. 40.
An aqueous sol utlon as claiped.in Caim 34f %O ai m E “which the

‘carboxylic aci 8l8tmsal; iphshdgh g Sk ORRIBh8te. 41. An

~aqueous sol uti gpedéne! dAnmag iamodindi B2 Erom d%Q(HoCIagﬂ135 in which the
carboxylic acid or salt thereof conprises naleic acid or maleate. 42. An

‘aqueous solution as clainmed in Caim34 or Caim35 in which the carboxylic
acid 25.5, or salt tBaéreah egyeduwsesaluicioon ascetaimedl inn@lain3. An '
~aqueous sol uti I_n Q ].ilg;_l@ 3 C aid

- carboxylic aci gaoi§l %ﬁcﬁ%he ftgcig}é%%gtesé ar Lﬁlcﬁ%%[gdg}g? ?g%tgrsgtée 30.
-44. An aqueousinobnt amouas afalftm i 0o J'br Caim35 in which the
carboxyl I c aci d or. salt t her eof corrprl ses CItI‘I c acid or C|trate '

34. An aqueous acidic solution as cla:.med 1n _
10. any one of Claims 1 to 33 further containj.ng_ a bath
soluble compatible organic carboxylic acid or
a compatible salt thereof. '

35. An aqueous solution as claimed in Claim
15. 34 in which the bath soluble and compat:.ble organic
catboxylic acid is present in an amount effective

I ' to i.mpart initial hardness and clarlty to the pass-'
' o ivate f:.lm, the organic acid hav:Lng the structural
_ formula: _
20. (OH)'a"R (_CO._OH_)b'_
Wherein: '

a is an integer from 0 to 6;
b is an :.nteger from 1 to 3;

' R represents an alkyl,altkenyl,or: aryl group cont-
25. S

aining :from- cl to C6 carbon atams; . :
as'‘well.as thebath soluble and compatible salta thereof.
_ '36'.'An aqueous solution as claimed‘ in Claim
- .- 35 in which___.the’,said- carboxylic -acid. is present
30. _ _ _

in an amount of from 0.05 to 4 g/l.



AT111 11111 11 | C

Y68t ible silicate conpound. 5.

* 45. An aqueous solution as
yed in any one of Clains 1 to 44, conprising a bath sol uble and
46. An aqueous sol ution as

ciamed in Caim47 or in which the said nd is present &/ an
~ anount of fromO0.1 to 5 g/l cafléhl ated as ﬂllmﬂmfmww 47. An
-~ aqueous solution as clained in daim46 in *whfchttHe Said silicate conpound

is present in an anpunt of fromO0.1 to 0.5 g/l calculated as [err] 15.
48. An aqueod2.sadhuafuecss cicdintddn masCiciaimed i invBlaimthe silicate

conpougyl fﬂ%i?ﬁstﬁg 'sg‘rimﬁgg!tarfjbék}tl%é%c’f% ‘Z—,loé‘”ﬁ'réé’é??é‘t iﬁ' e silicate.

conmpound presen

I N an 9. An aqueous

sol ut i am amounu|Q§dfrnmcpaﬂn¢m814ﬁﬁﬂhuch the silicate conpound conprises an
al kali metal or annnnlunlslllcate conpound present in an anmount up to 2

5 a/l.

25. An aqueous solution as clained in Claim45 in which

*t he. S|I|cate3§0n§Buﬁﬂu§ﬁ%§wﬁﬁi¥ fuAerHaimedndni &2 i cate conpound
presen351nsenoanavntiafwhm@m‘%Hakéaldidﬁdaﬂfﬁca&aﬁ &gydsclerr]. 30. 51. An

aqueous S

n Claim50 in whjch the silicate conpound

- l]ution as claine
- corrpr|%‘é%gagﬂ'lﬂﬁf'cﬁgér?ag'ﬁﬁgé'umaéqil%'at%‘mnag NeeRiE« i n

1o

15.

25..

- tartaric, or citric acid or a salt thereof or a
mixture thereof. |

39. An . aqueous solution as claimed in Claim _
34 or Claim 35 in which the carboxylic acid or :
salt thereof comprises succinic acid or succinate.

40. '‘An agueous. solution as claimed in- c1aim' o _
34 or Claim 35 in which the carboxylic acid or R _ A\
salt thereof_comprises malonicuacid.or malonate, '

41. An aqueous solution as claimed in Claim
34 or Claim 35 in which the carboxylic acid or
salt thereof comprises maleic acid or maleate.

42. An aqueous solution as claimed in Claim
34 or c1aim 35 in which the carboxylic acid

B

43. An agueous solution as claimed in Claim
34 or Claim 35 in which the said carboxylic acid or
salt thereof comprises tartaric acid or tartrate.

44. An agueous solution as claimed in Claim
34 or Claim 35 in which the carboxylic acid or salt
thereof comprises citric acid or citrate.

4



aqueous solution as claimed in daim50 or Aaimb51 in which the said
silicate conmpound has the follow ng structural u ll wher ei

R reprjegent S a quaternary anmoni um radic substﬂ“. m" Iﬂ |“<um| or gam C
radi cal's.sel ected fromthe group consisting of alkylf élk?le e,

al kanol, aryl, . or alkylaryl radicals, or mxtures thereof represents R~
or a hydrogen atom x 1S an integer fr to_3, teger fromoO
to 15. 15. 53. An ang%usk%cﬁiﬂ? ﬂsa§°£$g%ﬂ§daﬁn éﬁe§8fg8#2| 1to 52
including a staf Iana:ms ayerd 4oypeompofisingi at baehosoluble and _

| - hydr oxyet hyl i dene-| h d and citric acid or bath '
sol ubl e and cofCmRRtL tb]a?l%{lgf%%ﬁ‘?sg&%é?@g *present in an -amount effective
to reduce loss of the oxidizing agent and to inhibit a rise in the pHof

t he sol gtlon 54. An @équq?ljs %@é ospﬁﬂﬁt%ﬁ' dc'lg.iﬁ?eﬁ' 'Ihzi‘laﬁl? i n which

the 1-hydroxy ethylidene- onrc acid is present 1n an anount of
‘frem 0.05 to 34y iot. 58 W%@u@b@usséb@uﬁibﬁcégecpémﬁéﬂnﬂni@ arasept n which

‘the 1-hydroxy Ul déﬁ&ﬂt'oﬁ'%ﬁpboﬂ' €038 g/icbﬁlbﬁlart%%e%ts in an amunt

of from0.1 to

.an anmount of fromO0.1 to 0.5. g/l calculated as—35—Sr@2.- ~5Z. An
5
Q

02..

10. _ 47. An aqueous solution as claimed in Claim
46 in which the said silicate compound is present
in an amount of from o 1l to 0.5 g/Lcalculated as
8102 S

15, | 48. An aqueous solution -as claimed in Claim

' 45 in which the silicate compound comprises an

_inorganic bath soluble and. compatible Silicate

compound present in an’ amount up to 2 g/l.

- 20. 49. An aqueous solution as claimed in _
, Claim 48 1n which the silicate compound ccmprises
an alkali metal or ammonium silicate compound
present in an amount up to 2 g/l

25. - 50. An aqueous snlution as claimed in Claim
45 in which the silicate compound comprises a
-quaternary ammonium silicate compound present in-
~ an amount of from O. Ol to 5 g/l calculated as
'f o n SiOz. '
N | | |
| 51. An aqueous solution as claimed in Claim
50 in which the silicate compound comprises a ,
quaternary ammonium silicate compound present in
an .amount of from 0.1 to 0.5 .g/l. calculated as’
35. SiOz.



56. An aqueous solution as clained in Caim53, 54 or 55 in which -

.&ltrlc acid is present in an anount of to 10 g/l. 57 An
tfeous sol ution as clained i-n Caim56 in which the citr S
present in an anount of fromO0.5 1.5 g/l. m“w\mn M“Jﬁﬁl ution as./
~clainmed in any one 10 of C ains to 57 fu al i de |ons

59. An aqueous solution as claimed in daim53%in mhlch the halide ions are
present in an. anount up-to 8 g/l. 15- 60. An aqueous sol ution as clained
in Caimb59 irB2nizin aduedias i selubhonaas piledmet in €laimB® of fromO0.1

1025 WlicPlin 51 4n yhion nBOUERH 43k ULLEN RAEIGATSI 10 O aim 58 1

whi ch the h l'ons are present an anou 62. An aqueous
soIut|omaﬁstﬂeuﬁniﬁ¢w&1§a$hr@€turablfbﬁmuhaeh the sai d hallde ions are
“present in an gguNix®foff @ 1to 0.5 ¢g/l. 63. An aqueous solution as
~clainmed in any one of O4its21 to 62 further containing a surfactant. 30. _
64. An aqueous solution as clained in. Cla|n163 i h which the sald surfactant .

|sspresemej§§_@n anount up to 1 g/I

R rgpresents a quaternary ammonium'radicéls

substituted with four organic radicals selected

- from the group consisting of alkyl, alkylene,
10. alkanol, aryl, or alkyla;yl radicais, or mixtures
thereof; B _
' ‘RY represents R or a hydrogen atom;
X is an integer from 1 to 3, and
Yy is an integer from O to 15.

%5. 53, An aqueous. solution as claimed in any one \).
of Claims 1 to 52 including a stabilizing: agent i_ N ‘ ’
comprising a mixture of 1- hydroxyethylidene-l l-diphos--
phonic acid and citric acid or bath soluble and com-

20. patiblg_salts thereof'present in an amount effective

to reduce loss of the_oxidizing'agent and to inhibit

a rise in the pH of ‘the solution. |

54f An aqueous solution as claimed in Claim
53 in which the 1l-hydroxy ethylidene~l,l-diphosphonic.
~acid is present in an amount of from 0.05 to 3 g/l.

25.

'55. An aqueous solution as claimed in Claim _
54 in which the l-hydroxy ethylidene-~1, 1- dinhosnhonic
acid is present in an amount of from 0.1 to 0.5
o/1. o _ _ _ -

‘30.



C L M .

S 65. An aqueous sol ution as

"the_said surfactant is present in an anount of from50 to 100 ny/l.

66.". An-agueous sol utuion as clainmed in any on

contaLQing sul
as. cl ai'med in

0.5to 5 g/l. 68. An aqueous acidic solution for treating receptive metal

.an .
acid, B) an oxi di d61g mygertueds solubionnascebained ohs Fledm@nt in an

substrates to

anount effecti
treated substr

in Jdaim64 in which

5.

to 65 further

i 1
phate ions in an anount @7to 13@"@&1 m ﬂﬂﬁgus sol ution
Caim10. - 66 containing sul phatec O . Mhount' of from

i npart a passivate 15. filmthereon conprising A

53s S0 LR F06 SELETe) SRLA PP Brfens 11

hronmTuni onsS™ Su nti Yy

in the trival edn smtamouit o fxpredsl aeddl@ gélution for treating 25.

receptive netal

conprising A)
conbi nat fonwi t
group con- sis

-l ant hani de m xture an

i npart increas

10

-an acid, :B) an oxi di zi ng agen

substrates to inpart a chronate passi'vate filmthereon
irgn.ions in

whi ch are

: t, C

h at-|éﬂx-AnuaquaquSaﬂmﬂut%ﬂa|aﬁnséﬁiméﬁ i) EdadB® fromthe

tﬁi'G“Qfowéﬂéiﬁ'éhe Nefkele FBiabHSNUPresBAEaNASAN amduRdIUM
Xt

©f from 0.5 to 1.5 g/l.

58. An aqueous. solution as claimed in any one

of Claims 1 to 57 further including halide ions.

59. An agueous solution as claimed in Claim.

53 in which the halide ions are present in an

. 15.-

20

‘25

300 :

amount up to 8'g/1.
. 60. An aqueous solution. as claimed in Claim .
59 in which the halide-ions are present in an amount

of from 0.1 to 2.5 g/1.

61l. An aqueous solution as claimed in Claim 58

in which the halide ions are present in an amount

up to 2 g/l.

62. An aqueous solution as claimed in Claim

61 in which. the said halide ions. are present in an

amount of from 0.1 to 0.5 g/l.

63. An aqueoué soiutionlaS'claimed.inrany one
of Claims 1 to 62 further containing a surfactant.

64. Angaqﬁepus solution as'claimed'in Claimr.

63 in which the said surfactant is present in an

amount up to 1 g/1l..

ures thereof present in an anount effective to



ﬂlll 111111 11211 121121 11111 * C t S *—COr r osi on

‘ i ance to the treated substrate, and D) : chrontuntlons substantially
a which are in the trivale tate. 5. 70 i'c solution
for treating recep- tive netal ;ﬁb trates to .Hmmnmll mﬂﬁmpasswaty
filmthereon conpr15|ng A) - an acid, B) an*oxf di'zi fg &gefit, 10.
“ceriumions pLes I n_an a effectlv arf.increased corrosion
T esi stance tgg ﬁgﬁﬁﬁysnﬁéaqﬁﬁ?P fa%ﬂ?%ﬂ?ﬁn?%ﬁﬁ? substantially al
of whi 64 anewhdchhehbwsaﬂdaﬁunﬁéﬁkanﬁsisZpre$ﬂnhquénuanaC|d|c solution for
treati epte to inpart- a chromate passivate film
thereo%qc%ﬁn%r iBtgl %Q%E% t}?jg&%)ge i'ohs to provide an acidic pH 20.. B)
an oxi di zi ng agent, at | east one add|t|onal nmetal ion selected from
t he group cogglshhngdq gglyn Qg NYRle Manganese,
al um ni um | anf hanum ant an| e ntxture an cerluntan m xt ures thereof

~ presenefi@ladms 1 xe &% fnrtherqonrainingpanlirhatecds®d corrosion

- resistapcgnt amblat! upptRyl 1ty ate, D) chrom um i ons substanti al I y al |-
: _of whi ch are present 'in the trival ent state and present in an :

- 67. An aqueous solution as claimed in Claim
'10; _ 66 containing sulphate ions in an amount of from O. 5

68. An aqueous acidic solution for treating
receptive metal substrates to impart a passivate
. "15. £ilm thereon comprising

A) - an acid, , S
B) an oxidizing agent, _ T : _ G
€} -~ iromn and cobalt ions present in an amount ' '

effectlve to impart increased.corrosion resistance
20. to the treated substrate, and |

D) chromium ions substantially all of which are

in the trivalent state.- '

69. An aqueous acidic solution for treating
25, receptive metal substrates to impart a chromate
: passivate film thereon . comprising o

A) an acid, _
B) an oxidizing agent,
_C)- iron ions in combination with at least one

305 additional metal ion selected from the group con- -
sisting of cobalt, nickel, molybdenum, manganese,
lanthanum,“lanthanidefmixture*and,miXtures=thereo£
present in an amount effective. to impart increased



anount- effective to produce a chromate film and 30. F) a bat
sol ubl e and conpatible silicate conpound present in_an_anount effect
prqvi de inproved hardness to the passivate film and |nproved COrroslmo
protgction to the substrate. 72. An ueou ai ning A).
hydr&e’n lons to provide an acidic pH, ?\ v'ﬂﬂil Iﬁﬂ!‘@ gi; and O

at least one iron, cobalt, nickel, nnlybdenun1 al um ni.um _
~ I'anthanum and | ant hani de i xt ure and cerlun1|ons and SU|tabIe for dilution

with water to produce an operat.i U|t bIe f r.t ceptive
metal subst r at e QAFFIHAN Qﬁé%%aﬁﬁ %9? ?ﬁ%gg%éggfh%ﬁgald

concentrate 10. D)corrprolfnolgidm airoris) stmﬂfhngﬁiablycmlbnoﬂnwhoqh sue-in '
stantially all 3:}%%21{5 &ssent in the trivalent state and from5 to 50
g/l cal cul ated ﬁea ' organi c quat er nary anmoni um si | i cate. 15. :
73. An aqueous concentrate as clainmed in Caim72 further including up to

50 g/1 _of= halide ions. é? 4 An“rla Sa&f.’c‘l‘f@”ééﬁﬁ@iéﬁ £b2i fBdating izceab_ﬁz or
Gaim73 further inclu rfactant 20. ?resen i'n an anount ge up to

5 g/l. 75. A prddéss I‘FQ#a]t rﬁé&?‘-’rth‘@afe??r kR pHIRRT FreR SFNTOMAEBSPREFEVRES| npart

a chronmat e passigjalne fHdradd sk sineh process conprlses t he step of
'centactlng , .

a) an acid,
B) an oxidizing agent,
1n. C) cerium ions present in an amount effective

to impart increased corrosion resistance to the
- treated substrate. _ E '
D) chromium ions substantially all of which -
are in'the trivalent state.

15.
L 71 _An aqueous acidic solution for treating
receptive metal substrates to impart a chromate
- passivate £11m thereon comprising ' o
a) hydrogen- ions to provide an acidic pH,
20, B) ~an oxidizing agent, =
| C) at least one additional metal ion selected from

the group consisting of iron, cobalt, nickel. moly-
bdenum, manganese, aluminium, lanthanum, ‘lanthanide =
: mixture and cerium and mixtures. thereof present in-
25. an amount effective to impart’ increased corrosion
resistance to the treated substrate,
D) chromium ions suhstantially all of which are
present in the trivalent state and present in an
) : amount effective to produce a chromate f£ilm, and.
| - 30. o F) a bath soluble and compatible silicate compound
| | present in an amount effective to provide-improved
hardness to the passivate film, and improved corroSion :
- protection to the substrate.



'_uBStrate with an aqueous aC|d|caiogulggg_ggﬂL,pLLs4hg A) hydrogen
ti0, provide an acidic pH B) |Z|ng agent at | east one

on, cobalt, nickel, noly- bdenum nan ni um | ant hanum’
| a ani de m'xture or ceriuml'c@s in a M\!ﬁ Eﬂ“ﬁt .to 10. irrpartf"\'y
I ncreased corrosion resistance to the t Jahe “and D) chrom um
ions substantially all of which are in the trlvalent state, at a_ -
~tenperature of from40[err] to 150[err] (4[err] to 66[err]) for peri od
of time 15. sufficient to forma passivate filmthereon. 76. process for
treating a receptive netal substrate to inpart a chromat assivate film
t hereon, which process conprises the steps of 20. . cqg cting the spbstrate
wi th an aqueous solution as clainmed in any one of ains 2 to 67 atj a tem
perature of from40[err] to 150[err] (4 to 66 r]) for a period of tinme
sufficient'to forma passivate filmtheregw” 25. 77. A process for treatlng
‘a receptive netal substrate to inpart Chromat e passivate f|In1thereon
whi ch proocess conprises the step of~Contacting the substrate with an '
aqueous aci di ¢ sol ution conpri g: 30. A) - an acid, B) an
oxi di zi ng agent, ik ' _ :

72. An aqueous concentrate containing -

- a) hydrogen ions to provide an acidic pH,
B) an oXidizing agent and
C) at least one iron, cobalt, nickel, molybdenum, ﬂ
5. manganese, alumlnium, 1anthanum and lanthanide k_)'

mixture and cerium 1ons, and suitable for dllution

with water to produce an operating bath suitable

for treating a receptive metal substrate to impart

"a chromate passivate film thereon, the said concentrate
10. comprising from 10 to 80 g/1 of chromium ions sub- '

stantially all of which are present in the trivalent

state and from 5 to 50 g/l1 calculated as SiO2

of an organic quaternary ammonium silicate.

g g P

15. 73." An aqueous concentrate as cléimed'ih'CIaim'
72 further including up to 50 g/1 of halide ions.
74. An aqueous concentrate. as claimed in.
Claim 72 or Claim 73 further including a surfactant

20. present in an amount of up to 5 g/l.

75. A process for treating a receptive metal’



@) ‘iron and cobalt ions present in an anmpunt _effective to inpart i
i ncreased corrosion resistance 5. to tﬂgu?mm and ‘() /"
chrom-umions substantially all of which are j trivalent state, “at—8&
terrpe\r%t, ure of from40 to 150F (4 to 6R&%) forngmggmfu’lﬁm,t suff- icient
to-forma passivate filmthereon. 10. 78. A pr D #an a

receptive netal substrate to inpart a chronate passi vale fil*m t hereon,

whi ch process Cg%t%tﬁ%%e% %ﬁ‘\’ m%ggi@fﬁé%é%swﬁrﬁﬁ“m th an

aqueous acidic SO I've netal substrates to

i npart a chr omathereon v ahdidh pnadesswrnprigesithe Jtep ofi gentacking an
oxi di zi ng agent tHe) subdtr¥td MAEH Tarf YHhidBid ULIMid S1LLESA 868~ 20.
additional netal i1on selected fromthe group con- sisting of cobalt,

ni ckel, nol ybdeR¥hSiM@hganese, | ant hanum | ant hanide mixture and nixtures

t her eof predent apn anh@t@agterﬁfﬂcm‘g it priovigeidn | AEIE&BS sk £Or r 0si on

resi stance to-tﬁ treated st,rate, 25. and D) -chrom um i ons
Substantially af¥ of # & I A%ENY4 valent state, at a tenperature of
fromd40[err] toC}50 [ atr least @nEd dieriddn f cwokaltey imitledl j imelg+f fi ci ent

to forma passi il . . - OGRS t |
receptive netal Y’?&S’?ﬁﬁagﬂgt'%%h%%dr '%q'émgi%rléﬁ'gm passlé/,'g{ti'e #ﬁ{n#%&giéé%on,_ _
whi ch process c@iptures oxheenism dionsorin 3 amount effective to '

10. impart increased corrosion resistance to the treated

substrate, and _ S
D) chrbmium ions substantially all_of which are
in the trivalent state,-at a temperature of from
~ 40° to 150°F (4° to 66°C) for a period of time
15. sufficient to form a passivate film thereon.
‘\yi T 76. A process for treating a receptivelmetal
. substrate to impart a chromate passivaﬁe film
.theréon,'which process comprises'the steps of
- contacting the substrate with an_aquebus solution -
as claimed in any one of claims 2 to 67 at a tem-
perature of from 40° to 150°F (4 to 66°C) for a
"period of time sufficient to form a passivate film
thereon. - ' '

20.

25. -

77. A process for treating a receptive metal.
substrate to impart a chromate passivate film thereon,
which process compri_séis the st_epl of contacting the
substrate with an é'queous a'qidic s_olution comprising:



1 . I 1 i C L | s tacting the substrate with an aqueous
aci d olution for treating receptive ubstrates to inpart a -
chro d passivate filmthereon conprising A) an aci an -

oxidiz'ng agent, C) cerlun1|gns present nt effectlve t o \/
i npart increased corrosion resi$Pance to t lgmﬂrmx Em,ate and D)
chrom umions substantially all of which are rival ent state

at a tenperature of from40O[err] to 150[err] (4 to 66[err]) for a period of

time suBdiciean aeildor-ma passivate filmthereon. 15 20. 25. 30. 80. A
process s cl g‘[ gt rgcﬂ%q“{ ncluding the step of contacti ng the
paSS|va d su a 'e aqueous rinse solution for ‘a period of at

| east of@ secéﬁ@mb@mﬁwQthiﬁiﬁﬁR$1Eﬁﬁiﬂn% mdar oapeunbl e silicate compound

pfese”tefﬁe%%i%ﬁpwwifﬁﬂ&%ﬁ'ﬂﬁbﬁéhéé&mﬁérféﬁiéweﬁeQQétQﬁtQ“ resi stance and
har dness to_t he passiyvated f |l m and_thereafter drylng t he pa55|vated

§rllcat§°rlﬁ§e5 regted fubs trate, and
D) chtomium ions substantlally all: of which are in-

the trivalent state, at a temperature of from _
40° to 150°F (4 to 66°C) for a period of time suff-
icient to form a passivate film thereon.
10. |
78. A process for treating a receptive metal
substrate to impart a chromate passivate film thereon,
. which process comprises the step of eontacting the
substrate with an aqueous acidic solution for treating
15. receptive metal substrates to impart a chromate _
| passivate film thereon comprising _ ' ' - g)
A) = an acid, _ '
B)  an oxidizing agent, |
C) = iron ions in combination with at least one
20. additional metal'iOn'Selected from the group con-
sisting of cobalt, nickel, molybdeﬁum,.mangénese,
lanthanum. lanthanide_mixture and mixtures thereof
. present in an amount effective to impert increased
corrosion resistance to the treated substrate,
- 25. and :
D) - chromium ions substantially all of whlch are
in the trivalent state, at a temperature of from
40° to 150°F (4 to 66°C) for a period of tlme suff1c1ent
to form a passivate film thereon.
30.
79. A process for treating a receptive metal
substrate to impart.a chromium pvassivate f£ilm
thereon, which process comprises the step of con-

35.



81. A process as clainmed in Caim76, including contactlng the passivated

substrate with a dilute aqueous rinse sol uti on+fer—a—perted—of—at |east,
m)
(

about one.second containing a bath squbIe and conpati bl e silicate conpof

presehkﬁln an amount effective to inpart rov tance @
har dness to the passivate film and ther efﬁ mmlmmmuﬁwwmgt ed
silicate rinsed substrate. 10 82. A prod@s§ for ¥reati*ng a
receptive metal substrate to inpart .an inproved chromate passivate film

thereon which copretsfg the §hBB%r9.i:ep€w9.‘éhd|aﬂga e@qllsewda@' EdLalad i on
cont ai ni ng ef fective amunts of chro n1un1|gﬁg SE stantlal aII of which 15

are in the trivaf@httreating regeBhdve Bt 1.2 to
to 2.5, an oxidiai egrogaseé, paadiehtbe&smome&botnr @@n@ﬁh@ihg ni ckel ,
nmol ybdenum nanggﬂese al um, |un1_lanthanun1 | ant hani de m xture and_ cerium
ions contacting e suﬁgt?ﬁf 'witth the 20 sai d aqueous acidic solutlon
far a pgrﬁbd of B)ne sahforidiging agemta paSS|vate filmthereon,
contacting for acperi ofeplufl! 1hRBSH-ARAHE GHCaHC GRS HHE v ed
substrate with a dilute agueous Tri i'on contairning a ath sol ubl e
and 25 conpat|b@eiBPﬁréaiec§9ﬁﬁ9§n§°§r§§éﬂn resistamsentoefthectinpated
i mpart .inmproved bgpgppssel Oahle passivate fllnland isnpr oved corrosion
resi stance to the substrate, and thereafter {lng t.he pas%1 ?fed silicate
rinsed substrateP?3p chromium ions substanti all of whic

10.. in the trivalent state at a temperature of from

40° to 150°F (4 to 66°C) for a period o£ time

sufficient to form a passivate film thereon.

15..

20.

25.

30.




_ gt e 35. | ob aqueous
silheate rinse solution. 84,0Q_ process asll“lﬁlmmllHMIgm 82 or Jai m-@
in which the said aqueous rinse solution centalins 3. rom1l to 40 H/
of the said silicate corrpound cal cul at ed as Si2. 85. A process as clained

in Claim84 i vvhth §a'h @q_lém cal asjlqdau;tg Ghenfiads froms 10.

to 15 g/l of PPcafe corrpoun ted as [err]. 86. A process
as cl ai e snean9foqent;acgiasrr§h@2 pPegsdyatedufiuletratsaid silicate

'COWPOUWL%ﬁa dil E&%t;ﬁe%uanr&ﬁ%g%ﬁtq@mw a YeroProgess as clained
in cdaim sai d i nqQrgani c iﬁl’lc%é oun corrprlses an

al kal i %th?aéF aﬁﬁnﬁﬁﬁﬁ’Pgl CrERLdsS |#%ed in any one of
a Ial s %ﬁ&ﬁﬁlensMLaatéhe@@mﬂ bmz&mmmmchmle SESCI an Orggani c
silicate ces in aim88 in
which mgfgg?ﬁvsrggniepgrt éﬁf?go&?&&?&r ocsg'r?%r ?2ee§s %’ quéj? ernary ammoni um
si | i cat andochppdndss%€o Ahpr passdivated fiitey iandCitlienessiter 30. Cl ai m 89
{n which {0ggoehd BhORLGLEY 's&iﬁ%a%%”%%&‘%ﬁé\?réﬁé“cwra' forml a:




ROR : xSi O2:yH20 Wher ei n: R represents a quaternary ammoni umy.
substituted with four organic radicals select
of - aIkyI . al kylene,- al kanol , aryl, alkylaryl radicals or nlxtur > }
t her gof; represents. a hydrogen atom 5—43 an E““o 3; and”'
I s.an teger fromO to 15. 91. Aprocess as cI “mm“ lmmu of C ains
82 to 90 in which the said aqueous rinse solutionr Is at & ténpérature of
from50[err] to 150[err] (10[err] to 66C). 92. A process as clained in any

one of Cainms 15. 8 Prddeddisd dDeimderiefcLaphass), ngn&maa@a si -
vated substrate wth the said aqueous rinse solution is carrlgu out for a

period of at | efontAshInG the RIFRLALLD SERsErate Wikhia. d

93. A erCGSS a?qﬂéﬁdﬁﬂkiﬂséﬂbbruﬁid%)%%ﬁJ AcpSPida 9aflatMMeabthe said
ri nse so ution fyrther contains,from i bl e wetting
agent . abo qb sramd oty %ﬁgéﬂys%%gbg?ngfélns 82 to-93

I n whi ch t5ne salcbmpa'lsiéa]smlsntlmﬁejrcdsmpommrasemtom1anoa.ﬂOugtI of .an

“enul si fi able 0|gffgﬁ1 iéﬁ% iékg) %&3§o@§?%i€%”FQsiEtQH¥e°ne of

Clains 82 to 93 ution er .contal ns and
alkal i nmetal oramdnhﬂnﬂneﬁsrtqe;he passivate film, and thereafter

drying the passivated silicate rinsed substrate. .

10 82. A process for treating a receptive metal
substrate to impart -.an improved chromate passivate
film-thereon which comprises the steps of providing
an aqueous acidic solution containing effective

o ‘amounts of chromium ions substantially all of which _
'15f ‘are in the trivalent stateiwhydrogen ions.tc provide
a pH of from 1.2 to to 2.5, an oxidizing agent, and
- at least one. of iron cobalt, ‘nickel, molybdenum,
'manganese, aluminium, lanthanum, lanthanide mixture
and cerium ions contacting the substrate with the
said aqueous acidic solution for a period of time

-'sufficient to form a passivate film thereon, .

contacting for a period of at least about one second
the passivated substrate with a dilute aqueous
rinse solution containing a bath soluble and
compatible-silicate compound present in an amount
effective to imwart improved hardness to the

-passivate film and improved corrbsion resistance

to the substrate . and- thereafter drying the pa551vated

. o silicate rinsed substrate.
' 30

20

25

83. A process as claimed in Claim 82 including
the further step of water rinsing the said passivated
substrate prior to contracting the passivated substrate

35.



20.

or mxtures.thereof in an anmpunt of from0.1to 1 g/l. ' 96. An aqueous
and one of the
97 A process for treating a receptive netal substrate tog -.

g chromi um passivate filmthereon, L anrises t he sﬁpp'
of-c-- acting the substrate Lﬁ an aqueou ntially as -+
herein described wth referen% to any one &f fhe*1d" ° £xanples. . 98. -
‘A receptive surface whenever provided with a passivate by a process as

‘claimed jn any one of dains 75.to 95 and 97.
_ with the said aqueous silicate rinse solution.

84. A process as claimed in Claim 82 or Claim
_ - 83 in which the said aqueous rinse solution contains
5, from 1 to 40 g/l of the said silicate compound
calculated as SiO2

85. A'process as claimed in Claim 84 in which
L the said agueous rinse solution contains from 5
10, to 15 g/1 of the said- 51licate compound calculated
‘ - as Si0j. '

86. A process as claimed in any one of Claims
82 to 85 in which the said silicate compound
15,  comprises an inorganic compound. '

'37; A procass as. claimed in Claim 86 in
which the said inorganic silicate compound comprises
an alkali metal or ammonium silicate.

88. A process as claimed in any one of
Claims 82 to 87 in which the said silicate compound
comprises an organic silicate compound.

25, .~ 89. A process as claimed in Claim 88 in which
- the said organic silicate compound comprises a
quatefnary ammonium silicate compound.

90. A process as claimed in Claim 88 or
20. Claim 89 in which the said organic 5111cate compound
has the structural formula: ' : T
' * 3 >
ROR' : xSiOZ.yHZO
Wherein:

v



o R D

R repfésents a quaternary ammonium radical
substituted with four organic radicals selected
from the group consisting of alkyl, = alkylene,
'alkanol, aryl, alkylaryl radicals or mixtures
thereof; | ' o

5. ' ' -
_ R' represents a hydrogen atom;
z is an integer from 1 to 3; and
y is an integer from O to 15.
10, '91. A process as claimed in any one ‘of Claims
82 to 90 in which the ‘said aqueous rinse solution is
~at a temperature of from 50° to 150_F (10° to 66°%).
92. A process as claimed in any one of Claims
15 82 to 91 in which the step oftcohtacting the passi~

R vated substrate with the said aqueous rinke solution
N is carried out for a period of at least about one
second up to about one mlnute.

93. A process as_claimed'ih any one of Claims-

20. :

82 to 92 in which the said rinse solution further
contains from 0.05 to 5 g/l of a compatlble wettlng i
'agent.

25 94. A prooess as claimed in any one of Claims
82 to 93 in which the said rinse solution further
contains from 1 to 50 g/1 of an eémulsifiable
oil. o

30 95. A process as claimed in any one of

Claims 82 to 93 in which the said rinse solution
further contains and alkali metal or ammonium nitrite
or mixtures thereof in an amount of from O.l1l to

1 g/l.



o 10,
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96. An agueous solution substantially as

herein described with reference to and one of the
Examples. '
97.. A process for treating a receptive-

metal substrate to-impart»a-ghromiumnpassiVate-film;f '
'thereon, which"pr6Ces$ comprises the step of contaéting
' the substrate with an agqueous soluﬁion substantially
as herein described with reference to any one of the
Examples. ' -

98. A feqeptive-surface whenever provided

IWith a passivate by-a process as claimed in any .

one of Claims 75 to 95 and 97.

..
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