*CHROVE- FREE PASSI VATI NG SOLUTI ON Field of the Invention The present
invention relates to a passivating solution, and nore 5 particularly to a
.chronme-free passivating solution. Description of Prior Art

El ectro-gal vani zi ng coat or hot-gal vani zi ng coat nust be passivated to
enhance the corrosion resistance and to achi eve a decorative appearance. At
10 present, passivation for electro-galvani zing coat and hot -gal vani zi ng
coat is generally conducted by using chromate passivating solution, with a
sinple passivating CHROMEFREDBRASHVATINGSOLUTVIONr ove the corrosion
resi stance of galvanizing coat of steel piece. However, either passive film
formed by nmeans of chromate passivation or waste chromate passivating

sol ution contains hexad 15 chrome, which is seriously harnful for human

heal t hy a”ﬂ'iﬁﬂ%ﬂﬁ’é‘ﬁ%tioﬁr otection. It has been clearly prescribed by

Chi nese go e waste chromate passivating solution nust be
treated before i ng_di scharoed out . ny.lndustrial. s ors both in the
country and abrggfaegﬁé‘%{%é > og%olgqug‘?%g?sgéﬁwgn%‘)@gﬁ)%gﬁ@%§| i ance etc.

al so have stipu{ a]t ed to prohibit hexad chrone 20 from being contained in the
gal vani 2i ngagisalarlystp @chgomedtesingssivaHng Soton. even trival ent chrome is al so
prohibited to be contained in the galvanizing coat in sone enterprises.
Therefore, tremendous efforts have been made to provide a chrone-free

passi vating nmethod in which no chromate passivating solution need to be
used. | Description of Prior Art

Electro-galvanizing coat or hot-galvanizing coat must be passivated to

enhance the corrosion resistance and to achieve a decorative appearance. At

10  present, passivation for electro-galvanizing coat and hot-galvanizing coat is
generally conducted by using chromate passivating solution, with a simple
passivating process and low cost, to greatly improve the corrosion resistance of
galvanizing coat of steel piece. However, either passive film formed by means of
chromate passivation or waste chromate passivating solution contains hexad

15  chrome, which is seriously harmful for human healthy and environment
protection. It has been clearly prescribed by Chinese government that the waste
chromate passivating solution must be treated before being discharged out.
Many industrial sectors both in the country and abroad such as automobile,
electronics, home appliance etc. also have stipulated to prohibit hexad chrome

20 from being contained in the galvanizing coat after a certain time limit, even
trivalent chrome is also prohibited to be contained in the galvanizing coat in
some enterprises. Therefore, tremendous efforts have been made to provide a
chrome-free passivating method in which no chromate passivating solution need

to be used.



"A chrone-free passivating solution has been disclosed in a China Patent
Application No. 00114178, titled "Chrone-free passivating solution used for
.protecting gal vani zing coat and its coating nmethod". The chrone-free
passivating solution is prepared by "innocuous sol ubl e nol ybdenat e sel ect ed
as 5 inhibitor and i nnocuous water-sol uble acrylic ester solution". Al though
the passivating solution is chrone-free, it is unable to replace the
conventional chromate passivating solution, because the passivating

sol ution nmust beAcbhearestfreg pagsivatingsonftinndis deeydisolased in éh'e@é@tfmb form
surface resin coat rather than really passivating the galvanizing coat. It
i s inpossi BpplitatiorsNot 0 14078, aitiaddi{Zrothe-feder passiveatimpscition uswgl foqui pnent f or
said chrome-free passivating solution of above-nentioned application, so

i nvest ment pf&éétixfg%alﬁﬁﬁ%iﬁgﬂﬂét atldlits doBiting HeHRRPCThe Eokftefie®r e, the surface
resin coat easily Tlakes off fromthe @galvanizing piece so as to decrease

its corrosion: bShARGE i flace: i f ) here is no
real chr ong-g%&%‘reagﬁg%m vgtI?E%I) g%qdubsyicolrrll,n 9%0?%%Hfé?ec%ﬁi)%g%{ugggelte%dc ronat e
passi vating ,sol uti qn. SUMVARY OF THE | NVENTI ON The opj ecti ve of the present
Pvent | on TSt AnGURRRISUS PO bioTs Ry Tp5eh sORFRG <afitruehife wni oh can
repl ace the conventional chromate passivating 20 solution for being used in
t he proces passivapiagsplpsionds chremeghes; dhis 2inAledo seplacg th cenpatigngl al |y t he same
corrosion resistance as that provided by hexad chrome passivating process.
To achi eve chivemardpassivatihg sbmtionciseatisd the passivatingtsotutiphanesttbel cvasdt i on
provi des a chrone-free passivating solution, which conprises the follow ng

on clean surfaces of galvanized pieces to form surface resin coat rather than

really passivating the galvanizing coat . It is impossible to use the conventional

10 chromate passivating equipment for said chrome-free passivating solution of

above-mentioned application, so investment cost for equipment will be

increased. Furthermore, the surface resin coat easily flakes off from the

galvanizing piece so as to decrease its corrosion resistance and surface

decorative effect. So far, there is no real chrome-free passivating solution, which

15 canreplace the chromate passivating solution.

SUMMARY OF THE INVENTION

The objective of the present invention is to provide a chromate-free
passivating solution, which can replace the conventional chromate passivating
20  solution for being used in the process of passivating the galvanizing coat, with
substantially the same corrosion resistance as that provided by hexad chrome
passivating process.
To achieve the object of the present invention, the present invention

provides a chrome-free passivating solution, which comprises the following
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2 conponents: Passivating effective anmount of oxysalt containing transition
metal , inorganic acids; and water; 5 wherein said oxysalt containing
transition nmetal is selected froma group consisting of oxysalt containing
titanium oxysalt containing zirconium oxysalt containing hafnium oxysalt
cont ai ni ng vanadi um oxysalt containing niobium oxysalt containing
tantal um oxysalt containing nolybdenum oxysalt containing tungsten,
oxysalt contai ni ng manganese, oxysalt containing 10 technetium and oxysalt
cont ai ni ngcemponenty: and t he wei ght rati o between sai d oxysalt containing
transition metal and inorganic acid is in the range of 200-400:1. The term
“transition netaPassivatagsifedtbre aadure o€ orRysait dontainihp tRAnkgion/yetat,0 VI fam Iy
of the periodic systemof elenments. The transition nmetal in the 15 present

i nvention incl udgoraid £34s; ghgments of VB famly, VB famly, VIB famly
and VIIB fam |y of the periodic systemof elenents. Preferably, said
transition netal 'érnanganese, titani um nol ybdenum vanadi um and zirconi um
The oxysalts of Y € ’present invention are salt compounds being conposed of

oxysal T8 cont al VR BHLPT0R HEEHNGRENSHp MEBRREE DEPHG BoRBosed of
various transition nmetals and oxysalts, such as potassium pernanganate,
anmoni um mebysidimgaf oxyerltieontainingtitatiamg oxysaltenntaigingf zirconaing, oxysalt
containing hafnium, oxysalt containing vanadium, oxysalt containing niobium,
oxysalt containing tantalum, oxysalt containing molybdenum, oxysalt
containing tungsten, oxysalt containing manganese, oxysalt containing
10 technetium, and oxysalt containing rhenium, and
the weight ratio between said oxysalt containing transition metal and
inorganic acid is in the range of 200~400:1.
The term “transition metal ” means chemical elements from ITIB family
to VIII family of the periodic system of elements. The transition metal in the
15 present invention include chemical elements of IVB family, VB family, VIB
family and VIIB family of the periodic system of elements. Preferably, said
transition metal is manganese, titanium, molybdenum, vanadium and zirconium.
The oxysalts of the present invention are salt compounds being
composed of various complex anion of oxy acid and metal cation or ammonium
20  ion. Said oxysalts containing transition metal are salt compounds being
composed of various transition metals and oxysalts, such as potassium
permanganate, ammonium molybdate, sodium metavanadate, titanyl sulfate etc.,

preferably, alkali salt, ammonium salt or titanium salt containing aforementioned

transition metal.



‘preferably, alkali salt, ammoniumsalt or titaniumsalt containing
aforenentioned transition netal. 3 The oxysalts containing transition netal
_are at |east one or two selected froma group consisting of oxysalt
containing titanium oxysalt containing nanganese, oxysalt containing

nol ybdenum oxysalt containing vanadium and oxysalt containing zirconium
Nanmely, the oxysalts can be individually used in 5 the invention;
alternatively, a mxture of above two oxysalts can be used in the

i nvention. |n prEegoxysalts berfeining transitiommetad arerat leashons er tworseledied of above
three oxysalts in the invention according to the requirenent. In associ ated
usi ng, thefroabegmupwonsiatihg of axysalt contefing eifamivm| deeysphieontafiingg sol ution is
prepared. Alternatively, the passivating solution can be directly prepared

wi t hout 10pHhBakdsy] &@salﬂi‘@nt@ﬁﬁ&é M@menﬁﬁl Hﬁ}is‘éﬂ%pﬁfa%ﬂﬁg%mmﬁl%dt WO manners
are identical. Preférably, two oxysalts containing transition netal are

used, of ' - \We| at | .8 4S.. 10y the range of
35 45: 1. " Pyl U Rlkeh . NARER kRS B BE R et ity Vecn
anmoni um myl y.bdat e d pot assi um per anate is 5. 1. In,this

enmbodi n%n"&etlméewﬂg%&emgw ysl@nﬁggﬁﬁéﬁ%gm‘? B?‘ﬁ’%ﬁ’ﬁ?%’aﬁ?é‘s%@ Bt assi um
per manganate al so can be 1:35. The chromate-free passivating sol ution
further coivghtien.dn@rasticapthese skilled it ths artpanfuse ashixturg ok abovesthréecat es or
ammoni um si licate, such as sodium silicate, potassiumsilicate or ammoni um
silicate ebrysalhén theriavaitonfaceerdippmsthe ad¢quignient. Uhiassvciated osinguhded of one

or nore salts containing transition 20 netal and the silicates. Preferably,
the wei ght 5p@d (oPRI1VRED bE BAXEXYEMBE the passivating solution is prepared.
Alternatively, the passivating solution can be directly prepared without
10 pre-mixing. The passivating solutions prepared by the two manners are identical.
Preferably, two oxysalts containing transition metal are used, of which
the weight ratio between the two oxysalts is in the range of 35~45:1. In an
embodiment of the invention, the weight ratio between ammonium molybdate
and potassium permanganate is 35:1. In this embodiment, the weight ratio
15 between ammonium molybdate and potassium permanganate also can be 1:35.
The chromate-free passivating solution further contains one or more
silicates, preferably, alkali silicates or ammonium silicate, such as sodium
silicate, potassium silicate or ammonium silicate etc. The chromate-free
passivating solution is compounded of one or more salts containing transition
20 metal and the silicates. Preferably, the weight ratio between the oxysalt
containing transition metal and the silicates is 35~45:1. In an embodiment,
ammonium molybdate and sodium silicate are mixed in accordance with the

weight ratio of 45:1.

Because, in the prior art, the chromate passivating solution was used,

4



"containing transition netal and the silicates is 3 5-45: 1. In an

enbodi nent, ammoni um nol ybdate and sodiumsilicate are m xed in accordance
.with the weight ratio of 45: 1. Because, in the prior art, the chromate
passi vating solution was used, 4 ether the passive filmfornmed by the

passi vation and waste chromate passivating solution contains hexad chrone,
which is seriously harnful for human healthy and environnent protection.
According to the evaluating criteria of gal vanization and other waste

i qui d, wasther theqpabsive filin dennrg Wy the-passiyation apdowastechjomate passivating,  As,  CY,
Hg, Bb, F, benzene, nitrobenzene, phenyl am nes, organic phosphorus,

or gano- chl solutien centeinadiermd chrome elypielm destrivasly darmfil or eman bedldy bef ore
bei ng di scharged out. The oxysalts containing transition nmetal of the

present i nygdémafbnngent Protkétidn) A cbbidingoake evdingigl eiteriae@npared with the
prior art, the problemthat noxious and harnful hexad and trival ent chrone

s contain | | | 7 Grd sgi,#at i ng
sol ution i gglg %ﬁgégpi%ﬁis@gg{‘%g%tk ?/i aﬁidé%t:éﬁig%%?%h‘gﬁgé ﬁ'g hggg’dégnﬂ trival ent
chrones_f or..hu n i §.0 is elimpated. ILn the chromate-free
pasel vat | nieott i ks nEEpBa betrenseioBAE e B OTBRNE can
activate the surface of galvanizing coat so as to cause 15 dissol ution of
netal and Phospharus, erganegbloringt surtpciand ead suspendedomeiter, musybe tragedani c, whi ch
can react with nmetal zinc of the surface of galvanizing coat to oxidate it
t o zi nc i obefocabeihg dissharged otth & hprozgeaits dontadmihg oransifion netainafithe ot her
oxi dants which can initiate oxidation reaction should also be included in
scope of  presentinvention is notin the list above. Therefore, compared with the prior art,
the problem that noxious and harmful hexad and trivalent chrome is contained in
10  the conventional galvanizing coat and passivating solution is solved substantially,
and the harm of the hexad and trivalent chromes for human and environment is
eliminated.
In the chromate-free passivating solution of the present invention, the
inorganic acid can activate the surface of galvanizing coat so as to cause
15  dissolution of metal and initiate the passivating process. Therefore, any
inorganic, which can react with metal zinc of the surface of galvanizing coat to
oxidate it to zinc ion, can be used in the present invention. Furthermore, other
oxidants which can initiate oxidation reaction should also be included in scope of
the present invention,
20 The inorganic acid according to the present invention is one or more
selected from a group consisting of sulfuric acid, hydrochloric acid, nitric acid,
boric acid, phosphoric acid, chlorosulfonic acid, hydrofluoric acid and glacial

acetic acid. Preferably, the inorganic acids are two selected from a group of

sulfuric acid, nitric acid, hydrochloric acid , and the weight ratio between the two
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‘the present invention. 20 The inorganic acid according to the present

I nvention is one or nore selected froma group consisting of sulfuric acid,
.hydrochloric acid, nitric acid, boric acid, phosphoric acid, chlorosulfonic
acid, hydrofluoric acid and glacial acetic acid. Preferably, the inorganic
acids are two selected froma group of sulfuric acid, nitric acid,

hydrochl oric acid, and the weight ratio between the two 5 inorganic acids is
in the range of 7-10:1. Ina specific enbodinment of the present invention,

t he wei ght Inoaganic axidsvisdn thardahge pE7-ald): b Inagpesific embadinerdof eprestntori ¢ aci d
Is 7-10: 1. In this enbodinent, the weight ratio between sulfuric acid and
nitric aci thventityy,dheeleight iratimbétdreah swlfiodnadie add ritdi0.actl orlteydeedhidtic rati o

bet ween the oxysalts containing transition nmetal and inorganic acid should

be 200-4003did i P~1d1¢. RMEAMbIIMRAL R weigheratditdhkvedPdilfuricRRidgsn the
oxysafts containing transition nmetal andinorganic acid will effect the

rate of th§§t8?%§iid\éq?:.hg'%céﬁﬁﬁtAC?&]aEB%aﬁ gglqﬁﬁ%ar ance of the passive film

Furt her nor ree passivating solution of the present 10

I nvention can caoptain. one or nore conplexant. Ln the inventio he

conpl exantis use ‘?B’F‘gg‘f Iai1a behvaep @S@Vsﬁ)‘h?r@n&‘mﬂﬁm‘é{opﬁﬁe@gﬁﬁion to
facilitate the passivating reaction. For exanple, the organic acid can be
i n conpl exindrganic agidishewld bei 200~4080d . In the piresent invention, 4he weight edix surfaces
to forma dissolvable conplex so as to prevent zinc ions from conmpoundi ng
W t h hydr okettheeh dfesoxyzaltd cothimig tansivyeir meiall endl fpoegadie deidrwillhedtesur f aces,

which is facilitates to formthe passive film
the rate of the passivating reaction and the appearance of the passive film.
Furthermore, the chromate-free passivating solution of the present

10 invention can contain one or more complexant. In the invention, the
complexantis used for stabilizing metal ions of passivating solution to facilitate
the passivating reaction. For example, the organic acid can be in complexation
with the zinc ions dissolved in galvanizing coat surfaces to form a dissolvable
complex so as to prevent zinc ions from compounding with hydroxide ions to

15 form zinc hydroxide deposited on the surfaces, which is facilitates to form the
passive film.

The complexing agents (complexing agent) can be one or more organic
acids, or a mixture of organic acids and inorganic acids. Said organic acids not
only includes citric acid, tartaric acid, pyrophosphate acid, nitrilotriacetic acid,

20  ethylene diamine tetramethyl phosphoric acid (EPTMP), sulfonamic acid,
carboxyl acetic acid, ethylene diamine tetraacetic acid(EDTA) etc., but also
organic phosphoric acid containing hydroxy, such as hydroxyethylidene
diphosphonate (HEDP), hydroxyl-propylidene-1,1-diphosphonic(HPDP),
2-hydroxy phosphonoacetic acid , 1-hydroxy -2-naphthoic acid,
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' Me conpl exi ng agents (conpl exi ng agent) can be one or nore organic acids,
or a mxture of organic acids and inorganic acids. Said organic acids not
.only includes citric acid, tartaric acid, pyrophosphate acid,
nitrilotriacetic acid, 20 ethylene diam ne tetranethyl phosphoric acid
(EPTMP), sulfonam c acid, carboxyl acetic acid, ethylene diam ne
tetraacetic aci d(EDTA) etc., but also organic phosphoric acid containing
hydr oxy, such as hydroxyethylidene diphosphonate (HEDP),

hydr oxyl - pfisgpilidge¢icaming pengarpetbylene rhesnhop(DTPMIN, dr oxy phosphonoaceti ¢
acid , 1-hydroxy -2-naphthoic acid, 6 diethylidenetriam ne pentanethyl ene

phosphoni c{{byEBMR)y:2-(3-pridyl) eshade{131-diphogphgnie t2hydrox phasphiopnbhasspiconi c,
2- hydr oxy phosphonoacetic acid (HPAA),

1- hydr oxybgéiy| ( HRARD T, ﬂ-hsiiifmﬁs'cmhﬂmeﬁacl,q-di honic acid (HBDP),
1- hydr oxy- et hyl i dene-1, 1-di phosphonic acid (HDEP ), 5

1- hydroxy-h H%-_é{hg@mppg_idg%%ggg‘g}ig%&geg]g%ﬂg?,oxi de includes hydrogen

per oxi de, potassrum peroxid etc. In an enbodi nent of
the inventiqn, the c | exi,ng .agent .i.s a Ju xture of three organic acids,
and the mh%@%&ﬁg&y'gfﬂ‘“gm C Bgigasirc! Decpeexide includes ﬁdgo&élnot her

enbodi ment, the conplexing agent is a m xture of pyrophosphate acid, 10
nitril ot ri BereKide, petpesivyn PeErddeanpradindsroxadrietthe wei ght rati o of
pyrophosphate acid:nitrilotriacetic acid: sodiumperoxide is 6:5:1. In

anot her enbodi mentan enttodimentpifake imyeniy@m tthe sonaplexiniglagentas aanikture ofici d,
tartaric acid, pyrophosphate acid, and the weight ratio of citric acid:
tartaric agirgs ofgdhiRRRREPHA ﬁleawe_igm rafio OF fhielthrdeUrgse a6RS i¢6isyl AR OCESSi ng the

passivating reaction with a rapi
another embodiment, the complexing agent is a mixture of pyrophosphate acid,
10 nitrilotriacetic acid and sodium peroxide, and the weight ratio of pyrophosphate
acid:nitrilotriacetic acid: sodium peroxide is 6:5:1. In another embodiment, the
complexing agent is a mixture of citric acid, tartaric acid, pyrophosphate acid,
and the weight ratio of citric acid: tartaric acid: pyrophosphate acid, is 6:5:1.
For successfully processing the passivating reaction with a rapid
15 film-forming (passive film) rate, the pH value of the chromate-free passivating
solution should be acidic. Preferably, the pH value of the chromate-free
passivating solution is in the range of 1~3.
By means of filtering and optimizing formula, it is proved that when
each liter of chromate-free passivating solution contains the following
20 components, it has a good passivating effect.
Formula: Component one liter
Oxysalts containing transition metal 20~35g

Inorganic acid 0.05~0.15g

Water rest amount



15 filmformng (passive film rate, the pH value of the chromate-free
passivating solution should be acidic. Preferably, the pH val ue of the
.chromate-free passivating solution is in the range of 1-3. By neans of
filtering and optimzing fornmula, it is proved that when each liter of
chromate-free passivating solution contains the follow ng 20 conponents, it
has a good passivating effect. Formula: Conponent one liter Oxysalts
containing transition metal 20-35g Inorganic acid 0.05-0.159 Water rest
anount 7 I n the Indhadoramula, ke oxysakis cantaimingiransiidon mgkad ican barepdeced can be
replaced wth a m xture of oxysalts containing transition nmetal and

si | i cat es. withe rhiitunel of oxgsaltsecohtaining traagifien dedalvankdsilid@&8g of conpl exi ng
agent. The chronmate-free passivating solution of the present invention can

be 5 prepared tihcféguR GaaBesiithePpehdse with 98Y38gof dineking BBentdet ai | ed
preparation nethod can refer to the preparation technol ogy of the

convent i onal chr-aRYsonRsREY BlesRARnS MDA Bt tfereStd TWeRrioh Gapbgpar e one

liter of chromate-free passiVvating on, s , conplexing agent and
oxidant_in_a_ s j fic, proportion, indi.cated.in di.ment of the present
Mrvent | b BitaahiouEh BBt woltola8y it i in e RUet PrEUCHOR ur e up +o
one liter volume, so that one liter of passivating solution with pH val ue
of 1-3 is oisthoidran referto demseparetion sehnpleay obthiegneentinmabshrometoe used for
passi vation of

passivatings solution. For example, to prepare one liter of chromate-free

passivating solution, salts, complexing agent and oxidant in a specific proportion
indicated in the embodiment of the present invention are mixed, then water is

10 added into the resulted mixture up to one liter volume, so that one liter of
passivating solution with pH value of 1-3 is obtained.

The chromate-free passivating solution can be used for passivation of
galvanizing coat. The operating condition for passivation is the same as used for
the conventional chromate passivating solution. At the room temperature, firstly,

15 cleaning the surface of galvanizing piece, then immerging the galvanizing coat
of the galvanizing piece into the passivating solution for 4-10 seconds, after
rinsing, drying and baking, a passive film with Cambridge blue and jade-green
gradually form.

The longer time (passivating time) the galvanizing piece is immergedin

20 the passivating solution , the thicker of passive film the galvanizing piece will
have. But too thick passive film will have lower adhesive ability and unsatisfied
luster. If the pH value is higher, the immerging time can last relative longer;
while the temperature of the passivating solution is higher, the immerging time

should be shorter. During passivation, the pH value of the passivating solution
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-gal vani zi ng coat. The operating condition for passivation is the same as
used for the conventional chromate passivating solution. At the room
.tenmperature, firstly, 15 cleaning the surface of gal vani zi ng pi ece, then

i mer gi ng the gal vani zing coat of the gal vanizing piece into the
passivating solution for 4-10 seconds, after rinsing, drying and baking, a
passive filmw th Canbridge blue and jade-green gradually form The | onger
tinme (passivating tine) the galvanizing piece is imergedin_ 20 the

passi vat i ngorsbugbslymscends and phecilon-form pie sprseqpently dasecnglst Whendheg pi ece

wi Il have. But too thick passive filmwll have | ower adhesive ability and
unsat i sf i egH vahstiehigh, fit danédepidjustddiey addilg givec acitihve silfosc geidgntoithe can | ast
relative longer; while*the tenperature of the passivating solution is

hi gher, t hEassmﬁhg 'sG]ﬁh_tibh.@ner%?}ﬁh%rbﬁic‘éh_@ﬂb&@§kill§E‘ il the aPESEh adpist @ the pH
val ue of the passivating solution 8 continuously ascends and the filmform

rate conseﬁfb%ggsliry%%?gl«}%&ggc ‘%‘?Qé‘; Q%ipggéﬁc\éﬁé@?ﬂﬁbﬁ- high, it can be adjusted

by adding fAitric rsu Into the “passivating solution.
Anyway, _i n practj.ce, . those. skill in the art can adjust the r.ocessi ng
condi t1dn accor ol HiHalts CoRBiREmoThdenyn, matkasse shditaniin ORPIGHIAE 1/ g

nmol ybdenum manganese and titanium_ conmplexing, .agent and inorganic acid are
react ed wi agent pad ipareame acidgre mactedgvittothe salvamaing eeat te fommadayer pte
passivating filmwith a multi-structure. After batch test of sanples, the
passi vat i oohprrate free passivetingdilmgyith s netlédstrectans Afea batrhaest BY sareples, of
reliability test of corrosion resistance, it is conpletely conformty with
the 10 congrridvatidd SlotRing technology is stable and feasible. By means of
reliability test of corrosion resistance, it is completely conformity with the
10 concerned criterion.
The salt-fog test result of galvanizing passivation shows that the
corrosion resistance of galvanizing coat obtained according to the present
invention is better than that of galvanizing coat obtained by the conventional
blue-white passivating technology, and equal to that of galvanizing coat obtained
15 by using the color passivating technology.
The present invention will be described in detail through the following

preferred embodiments, which, by no means, is used to limit the present

invention.

20 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
Except for those specially indicated, all testing materials in the examples
are available on the market, wherein sulfuric acid, nitric acid and hydrochloric
acid are concentrated acid without being diluted.

Preparation for Chromate-free Passivating Solution

9



The salt-fog test result of gal vani zi ng passivation shows that the
corrosion resistance of gal vani zing coat obtained according to the present
invention is better than that of gal vanizing coat obtained by the
conventional blue-white passivating technol ogy, and equal to that of

gal vani zi ng coat obtained 15 by using the col or passivating technol ogy. The
present invention will be described in detail through the foll ow ng
preferred enbodi nents, which, by no neans, is used to limt the present

i nvention. 20 DEfEArm@I® DESCRI PTI ON OF THE PREFERRED EMBODI MENT Except for
t hose specially indicated, all testing materials in the exanples are

avai | abl e on t heTaker lgtof potessizinm permi dnganate 238 gof attricracod, 4c1 X afhd hydrochl ori c
acid are concentrated acid without being diluted. Prevaration for

Chr omat e- f kglguritesdd, vanldiix thedekhhefiaR Wik aatr € plepikénellder 6f pot assi um
per manganate, 38g of citric acid, 0.15g of sulfuric acid, and m x these

materi al s %“@Y@E%Bl&ﬁﬂ%iﬂpﬁﬁq’aﬂﬁ%ﬂ j.ger of passivating solution with pH

val ue of 1° e passivatton operating condition is the sane as that of

th ti h . i.vat i .technol : t h
Lomper atur o, ¢ noTPGRISRAIoR RGCRHAE cPRAE BEsorH a8 et PLUS vat i ng sol uti on

for 4-10 seconds, then rinsed, dried and baked to gradually form passive
filmwith camsnfiend ohrereatgpgssiyating tgelnedogy. Under the room temperature, the

galvanizing coat is immerged in the passivating solution for 4-10 seconds, then
rinsed, dried and baked to gradually form passive film with Cambridge blue and
jade-green.

10 [Example 2]

Take 20g of titanyl sulfate, 38g of citric acid, 0.15g of sulfuric acid, and
mix these materials with water to obtain one liter of passivating solution with pH
value of 1-3.

The passivation process is the same as the example 1.

15 [Example 3]

Take 20g of ammonium molybdate, 38g of citric acid, 0.15g of sulfuric
acid, and and mix these materials with water to obtain one liter of passivating
solution with pH value of 1-3.

The passivation process is the same as the example 1.

20 [Example 4]

Take 3402.78¢ of ammonium molybdate, 97.22¢g of potassium
permanganate (i.e. the weight ratio between ammonium molybdate and
potassium permanganate is 35:1), 1800g of tartaric acid, 5g of hydrochloric acid,

and mix these materials with water to obtain 100 liters of passivating solution

10



10 [ Exanpl e 2] Take 20g of titanyl sulfate, 38g of citric acid, 0.15g of
sulfuric acid, and mx these materials with water to obtain one liter of
passivating solution with pH value of 1-3. The passivation process is the
sane as the exanple 1. 15 [Exanple 3] Take 20g of anmmoni um nol ybdate, 38g
of citric acid, 0.15g of sulfuric acid, and and m x these materials with
water to obtain one liter of passivating solution with pH value of 1-3. The
passivation process is the sane as the exanple 1. 20 [Exanple 4] Take

3402. 78g otvitmtbrplmohd3bdat e, 97.22g of potassium permanganate (i.e. the
wei ght rati o between ammoni um nol ybdate and potassi um pernmanganate is

35:1), 1800g of The pasivatianipthceSgisahe fantk acthe@xampicl.d, and m x t hese
materials with water to obtain 100 liters of passivating solution 10 with pH
val ue of 1-3. Thlqg,dgmég}ation process is the sane as the exanple | (Exanple
51 Take 195. 65g of ammoni um nol ybdate, 4.35g of sodiumsilicate (i.e. the 5

e 1 110 DRSNS, £S5 SRR £ 02 0.1
\iVi_ gh nager we&g%t ?Qi[oali)ergw%gn ll:hieta?nrnSmI%L r%glsyib\(liateiaﬂ sg&)iluynt si.iﬂcr:]atg\ﬁst &:B‘jﬁg | ue of
of diphosphoric acid, and 1.5g of nitric acid, and mix these materials with water
to obtain 10 liters of passivating solution with pH value of 1-3.
The passivation process is the same as the example 1.
[Example 6]
10 Take 3000g of salt made in accordance with the proportioning described
in the example 1, 1000g of citric acid, 833g of tartaric acid, 167g of diphosphoric
acid (i.e. the weight ratio among the citric acid, tartaric acid and diphosphoric
acid is 6:5:1, and the total weight of the complexing agent is 2000g), 7g of nitric
acid,and mix these materials with water to obtain 100 liters of passivating
15 solution with pH value of 1-3.
The passivation process is the same as the example 1.
[Example 7]
Take 3000g of salt prepared according to the proportion described in the
example 5, 1000g of citric acid, 833g of tartaric acid, 167g of diphosphoric acid
20  (i.e. the weight ratio among the citric acid, tartaric acid and diphosphoric acid is
6:5:1, and the total weight of the complexing agent is 2000g), 7g of nitric acid,
and mix these materials with water to obtain 100 liters of passivating solution

with pH value of 1-3.

The passivation process is the same as the example 1.

11



‘The passivation process is the sane as the exanple 1. |[Exanple 6] 10 Take
300y of salt nmade in accordance with the proportioning described in the
-exanple 1, 1 O0Qg of citric acid, 833g of tartaric acid, 167g of

di phosphoric acid (i.e. the weight ratio anong the citric acid, tartaric
acid and di phosphoric acid is 6:5: 1, and the total weight of the
conpl exi ng agent is 2000g), 7g of nitric acid,and mx these materials with
water to obtain 100 liters of passivating 15 solution with pH val ue of 1-3.
The passivation Br@8e8]s the same as the exanple 1. [ Exanpl e 71 Take
3000y of salt prepared according to the proportion described in the exanple
5, 1 000y of ci t Taks ¥¥0g of sdgGhesameas enamplet),d 000gaficivdc akig&33gtedri ¢ aci d
20 (i.e. the weight ratio anong the citric acid, tartaric acid and

di phosphor itartaeiei atid, 9 66g of diphosplibricweid gteathsmelghtraub dnfiehgotheRitesi ng agent is
20009) , 7g of nitric acid, and mx these materials with water to obtain 100

liters of Sta‘ﬁ%hb'&&dsé}{(]itﬁng)g%b% ik CIEI_E 5%' H&nf tPét&Tl J&ghpéist‘ﬁhvat | on

process is t e same as [ Exa e 300y of salt

of i phospROPPICY e iséﬂ@%iﬁ °$fdf¥dtr<$°2ﬁ?r§ gkt fCess Rl ™ G ar ¢

acid and dip osphorlc acid is 6: and the total weight of the 5
conpl exi ng Y4EEwWater to otsamgh00 l’itﬁrsd’{fﬂ‘?ﬁﬂY@H}ﬂ Srytion; ith P%H&P%Qf kBese materials

The passivation process is the same as the example 1.

[Example 9]

Take 3000g of salt (the same as example 5), 1000g of citric acid, 833g of

10 tartaric acid, 167g of diphosphoric acid (i.e. the weight ratio among the citric
acid, tartaric acid and diphosphoric acid is 6:5:1, and the total weight of the
complexing agent is 2000g), 7g of hydrochloric acid, and mix these materials
with water to obtain 100 liters of passivating solution with pH value of 1-3.

The passivation process is the same as the example 1.

15 | [Example 10]

Take 2500g of salt (the same as example 1), 1250g of diphosphoric acid,
1042g of sodium triglycollamate, 208g of sodium peroxide (i.e. the weight ratio
among the diphosphoric acid, sodium triglycollamate and sodium peroxide is
6:5:1, and the total weight of the complexing agent is 2500g), 5g of nitric acid,

20  and mix these materials with water to obtain 100 liters of passivating solution
with pH value of 1-3.

The passivation process is the same as the example 1.

[Example 11]

Take 2500g of salt (the same as exampie 1), 1250g of diphosphoric acid,

12



with water to obtain 100 liters of passivating solution wth pH val ue of

1-3. The passivation process is the sane as the exanple 1. [Exanple 9] Take
3000y of salt (the sane as exanple 5), 1 O0OQg of citric acid, 833g of 10
tartaric acid, 167g of diphosphoric acid (i.e. the weight ratio anong the
citric acid, tartaric acid and di phosphoric acid is 6:5: 1, and the total
wei ght of the conplexing agent is 2000g), 7g of hydrochloric acid, and m x

these materials ith water to obtain 100, Liters_of ssj vating, sol ution
with pH v H02e of ety nedipung tedramethylphosphifieadd; 208e8f Sodiven perox exanpl e 1.
15 [ Exanpl e 10] Take 25009 of salt (the sane as exanple 1), 12509 of

di phosphor(i-e. the wegight ratipameng wotitria acid, gphpsphineminds 0dRoB PeBTxidoidi um per oxi de
(i.e. the weight ratio anong the diphosphoric acid, sodiumtriglycollamte

and sodi urs:fdr and the totsl weight ofithe aoipielxéng agieat is\@S004), Sgif siéurdoagd,exi ng agent
is 25009), 5g of nitric acid, 20 and m x these materials with water to

obt ai n 10QynlirhRthesei mMBE s WA Rtc? 8 HBﬂaHﬁlOO"!iiﬂe&lﬁ‘}Ba‘éﬁlvHﬁn iol%tié’n The

passivation process is the sane as the exanple 1. = [ Exanp I] Take 25009
of salt: (t s exanple 1), 12509 of di phosphoric acid, 12 1042g of

et hyl er?edi‘{%{%J ﬁgﬁé&r%@e?hyl phosphi nic acid, 208g of sodium peroxide (i.e.
the wei ght rati (}lham)n(% the citric acid, philfeﬁhi ne ind sodi um peroxide is
6:5: 1, and t he {§PAFSIVRIOGHRIOEHSS ihie SampPekInGraPfit- i s 2500g), 5g of

sul furic acid,

[Example 12]

Take 2500g of salt (the same as example 5), 1250g of diphosphoric acid,
1042g of ethylenediamine tetramethylphosphinic acid, 208g of sodium oxide (i.e.

10  the weight ratio among the citric acid, phosphines and sodium peroxide is 6:5:1,
and the total weight of the complexing agent is 2500g), 5g of nitric acid, and mix
these materials with water to obtain 100 liters of passivating solution with pH
value of 1-3.

The passivation process is the same as the example 1.

15 [Example 13]

Take 2500g of salt (the same as example 5), 1250g of diphosphoric acid,
1042g of 1-hydroxyethylidene diphosphonate, 208g of sodium oxide (i.e. the
weight ratio among the citric acid, phosphines and sodium oxide is 6:5:1, and the
total weight of the complexing agent is 2500g), 5g of nitric acid, and mix these

20 materials with water to obtain 100 liters of passivating solution with pH value of
1-3.

The passivation process is the same as the example 1.

[Example 14]

Take 2500g of salt (the same as example 5), 1250g of diphosphoric acid,

13



and m x these materials with water to obtain 100 liters of passivating
solution 5 with pH value of 1-3. The passivation process is the sane as the
exanple 1. [Exanple 12] Take 2500g of salt (the same as exanple 5), 12509 of
di phosphoric acid, 1042g of ethyl enedi am ne tetranethyl phosphinic acid,
208g of sodiumoxide (i.e. 10 the weight ratio anong the citric acid,
phosphi nes and sodi um peroxide is 6:5: 1, and the total weight of the

corrplexmgaent is 250 59 of nitric acgid, se materials with
wat er to 01t514 gRf 1dtydr¢>w%%vltﬂenﬁéw%@m%e @93&9? Wlmcﬁ‘lé‘?ﬁ ey fue of 1-3.

The passivation process is the same as the exanple 1. 15 [Exanple 13] Take
25009 of sw¢ightratie agmng tascitricand,@hbyphinasng sofium prids ihedils andthe, 10429 of

1- hydroxyet hyl i dene di phosphonate, 208g of sodi um oxide (i.e. the weight

rati o anongtal height bf the ceaiplexing aganiin2300and gseftiydrodhtorieadid, dndanixl, and the
total weight of the conplexing agent is 2500g), 5g of nitric acid, and m X

these 20 gpes%rﬁléthﬁawlhl Watef to bBtafPi®) fike eaasgl%ﬁn §o1RASP WiidHg sol ution

wi th pH val ue of -3. '"ne passivation process is t e sanme as the exanple 1.
[ Exanpl.e 14 T@#§325009 of salt (the sanme as exanple 5), 1250g of
di phos hor 13 10429 of 1-hydroxyethylidene di phosphonate, 208g of

sodi um oxi de (i.e.
’I%e passwatlon process is the same as the example 1.

[Example 15]
Take 3000g of salt (the same as example 6), 2000g of complexing agent
(the same as example 6), 0.625g of sulfuric acid, 4.375g of nitric acid (i.e. the

10 weight ratio between the sulfuric acid and nitric acid is 7:1), and mix these
materials with water to obtain 100 liters of passivating solution with pH value of
1-3.

The passivation process is the same as the example 1.
{Example 16]

15 Take 2500g of salt (the same as example 9), 2500g of complexing agent
(the same as example 9), 4.55g of nitric acid, 0.45g of hydrochloric acid (i.e. the
weight ratio between the nitric acid and hydrochloric acid is 10:1), and mix these
materials with water to obtain 100 liters of passivating solution with pH value of
1-3.

20 The passivation process is the same as the example 1.

Performance Evaluation of Chromate-free Passivating Solution

[Example 17] Salt-fog test of galvanizing passivation
The present test is used for evaluating corrosion resistance of

chromate-free passivating solution according to the present invention, by

14



wei ght ratio anong the citric acid, phosphines and sodiumoxide is 6:5:1,
and the total weight of the conplexing agent is 2500g), 5g of hydrochloric
acid, and mx these materials with water to obtain 100 liters of
passivating solution with pH5 value of 1-3. The passivation process is the
sane as the exanple 1. [Exanple 15] Take 3000g of salt (the sane as exanple
6), 2000g of conplexing agent (the sane as exanple 6), 0.625g of sulfuric
acid, 4.375g of nitric acid (i.e. the .10 weight ratio between the sulfuric
acid and rQmparinggeatormances)of cqrrgsign fesisiance hatwesn heshipmatedtter to obtain
100 liters of passivating solution with pH value of 1-3. The passivation
process i spashizaiemaccasding éo theaprpseat invenfigix anpgalvasingschremate2500g of sal t
(the sane as exanple 9), 2500g of conplexing agent (the sanme as exanple 9),
4.55g of npdssivatia (ificlu@inga@iafpaesidatimhiral bloe-adiitk fdssivatioi)e wei ght ratio
between the nitric acid and hydrochloric acid is 10:1), and m x these

material s with WRLethe obladlest Qnbick 413 ol pRPERIMREbMSE Hbi o Wi th pH
it g

value of 1-3. 20 The passivation process is the sane as the exanple 1.
e o o IR b D ST S (el e 27
O g o e e Bl e 0t G L B2 St O
passivating solution of example 5; samples 7~10 are prepared according to the
formula and process of a conventional low chromium passivating solution,
wherein samplies 7~8 are of chrome color passivation, and samples 9~10 are of
10 chrome blue-white passivation.
The test is used for examining and evaluating corrosion resistance of
galvanizing coat surface by means of salt-fog test. The salt-fog test
(GB6485-1986, a destructive test) can reflect the corrosion resistance of tested
product. The longer time the salt-fog test is conducted, the better corrosion
15 resistance the tested product has.
The test period of the salt-fog test is 48 hours. All the samples are tested
under the same test condition. The detailed test method refers to GB6458-1986
test standard. Test results are evaluated according to GB-12335-1990 rating
standard.
20 The results are illustrated in list 1. The results indicate that the corrosion
resistance of the galvanizing coat passivated according to the present invention
is better than the corrosion resistance by using the conventional blue-white
passivating technology, and is equal to the corrosion resistance by using the

color passivating technology.

15



*14 conparing performances of corrosion resistance between the chromate-free

passi vation according to the present

i nvention and gal vani zi ng chromat e

. passivation (including color passivation and bl ue-white passivation).

Preparati on of sanples:

sanples 1-3 are prepared according to the
and process of chromate-free passivating solution of exanple 1;

are prepared according to the fornula and process of chromate-free

5 formul a

sanples 4-6

passi vating solution of exanple 5; sanples, 7-10 are prepared according to
the formula_and pracess hrg e Rassvatin O INgassivatin
solution, | whereip sanples 7-8 afe of chromg col or passjvation, andl sanpl es
0-10 are of Sefisl chr ddeschiption Wi WE Appedrerel gn. Coiresipast | i £omastdnf o
exam ni ng|and evaj uating corrosi on resi stange of gal vani zi ng coat | surface
by means ofNgibdr [ 0g t Sainpldhe sal t-Reng est| (RBGASS- 1986, Gaddest fuct i ve
test) can|[refTectjine corrosion fesistance af tested pyoduct. The]l onger
time the galt;fog te%l. ucted, the betiter cgrrosipn 1l5ggesi sfance the
tested pr Educ{ has o'rr?a IIégerlod ofﬁ't he éalt-fog test is 48 houts. All
t he sanpl €s are tgsted unger t hg same test Icondition. The det ai | eEI t est
net hod retfers to [GREABHSHG tegt st-andardt+ Fest —resutts—are—evaHjiat ed
according|to GB-1R335-1990 rati ng? standard.j 20 The results are illustrated
in list 1] Th2 repul €bramatedigee fhat thhe corrosi ol resfstanB® of {he
gal vani zi hg coat passivated acconding to theg present inyvention is|better
than the ¢orrosi oh repasstvation by|using the dqonventional| blue-white
3 Chromate-free B 9 B9
passivation
4 Chromate-free B 9 B9
~_passivation
5 Chromate-free B 9 B9
passivation
6 Chromate-free B 9 B9
passivation
7 Chrome color B 10 B10
passivation
8 Chrome color B 9 B9
passivation
9 Chrome blue-white F 1 Fl
passivation
10 Chrome blue-white F I F1
~ passivation

16



“passivating technology, and is equal to the corrosion resistance by using
the color passivating technol ogy. 15 Seri al Descri ption

. O Appear anceCor rosi onCorrosi on Nunber Sanpl eRat i ngRat i ngG ade

1Chromat e-freeB9B9 passivati on 2Chromat e-freeB9B9 assi vati on

3Chr onat e-freeB9B9 passi vati on 4Chromat e-freeB9B9 passi vation

5Chromat e-freeB9B9 assi vati on 6Chromat e-freeB9B9 passivation 7Chrone

col or B10B10 assivation 8Chrone col or BOB9 passivation 9Chronme bl ue-whiteFlF 1
passi vat i olndustry Utili

Compared with the prior art, the present invention has the following
ad?anwages:

1. Compared with the prior art, the present invention substantially solves

5  the problem that noxious hexad and trivalent chromes are present in the
galvanized coat of the conventional products and the conventional passivating
solution, and eliminate the harm of the hexad and trivalent chromes to human
and environment.

2. The present invention can really replace the chromate passivating

10 solution containing hexad and trivalent chrome to complete the passivation of
electro-galvanizing coat and hot-galvanizing coat, and to solve the problem that
the surface resin coat easily flakes off.

3. The corrosion resistance of galvanizing coat passivated to the present
invention is better than the corrosion resistance by using the conventional

15 blue-white passivating technology, and equal to that by using the color
passivating technology.

4. The passivating solution of the present invention can be used with the
conventional chromate passivating equipment so as to lower application cost of
the passivating solution. The processing conditions such as temperature, time for

20  passivating process is substantially the same as that of conventional chromate
passivation, so tremendous cost for training staff members personnel is saved.
Thus, the present invention has great economic benefit and social benefit .

The foregoing detailed description will be not used to limit the present

invention. Various changes and modifications that may be made by those skilled

17



10Chr ome bl ue-whiteFlF | passivation List | Chromate-free assivation of
alvani zin 16 Industry Uility Conpared with the prior art, the present
invention has the followi ng advantages: 1. Conpared with the prior art, the
present invention substantially solves 5 the problemthat noxious hexad and
trivalent chromes are present in the galvanized coat of the conventional
products and the conventional passivating solution, and elimnate the harm
of the hexad and trivalent, chromes to human and environgent. 2. The present
nvent i on B4R Py IR, BRI o fF DR EHETHAR SN ILRS WhnES S eXeah
contai ni ng hexad and trivalent chrome to conplete the passivation of

el ect r o- gandigaiedihyghe brradgeaerabmegning0fithe tegms dmwhicheaprendede t he probl em
that the surface resin coat easily flakes off. 3. The corrosion resistance
of gal vanidainy weatprpssedi vated to the present invention is better than the
corrosion resistance by using the conventional 15 bl ue-white passivating
technol ogy, and equal to that by using the color passivating technol ogy. 4.
The passivating solution of the present invention can be used with the
conventional chromate passivating equi pment so as to | ower application cost
of the passivating solution. The processing conditions such as tenperature,
time for

18



20 passivating process is substantially the same as that of conventi onal
passi vation, so trenendous cost for training staff nenbers
is saved. Thus, the present invention has great econom c benefit

chromat e
per sonnel
and soci al

benefit. The foregoing detailed description will be not

used to

limt the present invention. Various changes and nodifications that may be

made by those skilled 17 in the art,
i nvention,

sai d

ef fective amount of oxysalt containing transition netal,
and wat er ¢hrombet« passibting®yolahdn conpticdsnhd hllowdng lcbm(pﬂnéiﬁt; al

within the spirit of the present

will be within the full extent indicated by the broad general
meani ng of“mé IS GEAIMERISH t he appended clains are expressed.
CLAIMED I'S: 1. A chrome-free passivating solution, characterized i
chr one- f r de Apdgsmedtderppssivhting miummhmetgmzh@uf tlat sl ng conponent s:

18 WHAT I S
n that

5 i norgani c acids;
is sel ected

froma group consisting of oxysalt containing titanium oxysalt containing

zi rconi um OXys%lfFectﬁé)ﬁhéhﬂ'd}Q)x 8410k dHTuin

yt?ﬁisfﬁdiﬂ%t%l ning vanadi um oxysalt

contai ning niobium 10 oxysalt cont al ni % t ant al um oxysal t containing
nol ybdeg"num oxng&rtgmg, %ﬂsnwcp tungsten, oxysalt containing nanganese,

oxysal t
wei ght

contal nin

rati o between said oxysalt containing transition netal and

10

15

20

water;

wherein said oxysalt containing transition metal is selected from a group
consisting of oxysalt containing titanium, oxysalt containing zirconium, oxysalt
containing hafnium, oxysalt containing vanadium, oxysalt containing niobium,
oxysalt containing tantalum, oxysalt containing molybdenum, oxysalt
containing tungsten, oxysalt containing manganese, oxysalt containing
technetium, and oxysalt containing rhenium, and

the weight ratio between said oxysalt containing transition metal and
inorganic acids is in the range of 200~400:1.

2. The chrome-free passivating solution as claimed in claim 1,
characterized in that said chrome-free passivating solution further comprises a
complexing agent.

3. The chrome-free passivating solution as claimed in claim 1,
characterized in that said oxysalt containing transition metal is at least one or two
selected from a group consisting of oxysalt containing titanium, oxysalt
containing manganese, oxysalt containing molybdenum, oxysalt containing
zirconium and oxysalt containing vanadium.

4. The chrome-free passivating solution as claimed in claim 3,

characterized in that said oxysalt containing transition metal is a mixture of two

19

neti'um and oxysalt containing rhenium and the



inorganic acids is in the range of 200400:1. 15 2. The chrone-free
passivating solution as clained in claiml1, characterized in that said
chrome-free passivating solution further conprises a conplexing agent. 3.
The chrone-free passivating solution as clainmed in claim1l, characterized
in that said oxysalt containing transition netal is at |east one or two 20
sel ected froma group consisting of oxysalt containing titanium oxysalt

cont ai ni ng nganese, . oxysal t cont ai ni ng nol.yhdenum S cont ai ni ng
T cont um sl BAFCRFENCEN R o DEHar e Bat eenghebiEfbe pasai var Lo

solution as clained in claim3,  characterized in that said oxysalt

cont ai ni ng t r an$i Thephiemesfres passiveting selatign as wlaimed imfleim land a wei ght ratio
between the two salts is in the range of 35-45: 1. 5. The chrone-free

passi vat i nthasetarized in tat tHednongdnicracia iaone dr mochselevt¢efromenlfunictabil, t he
inorganic acid is one or nore selected fromsulfuric acid, nitric acid, and

hydr ochl ordifriPsdidl-and H§drobhforfddcede- f ree passivating solution as clainmed in
claim5, characterized in that the inorganic acids are two selected froma

group consisting Eg% Cﬁ%ﬂéiffhip%%mﬁn isMuiﬁﬁn%giC?ﬂam?@'?'&?%g’?%({h' oric acid, and

the weight ratio ween WO | nBrgani c ac 7. The
chronme-fre assivat i ol.ution as.claimed in claiml or 2 .10
char act er (GeHETRIZER it Tt B RPpaTs doish B P WP Rae DR EPvsieiey sof uti on
‘s 13 of sulfuric acid, nitric acid, and hydrochloric acid, and the weight ratio between

the two inorganic acid is 7~10:1.

7. The chrome-free passivating solution as claimed in claim 1 or 2,

10 characterized in that the pH value of said chrome-free passivating solution is
1-3.

8. The chrome-free passivating solution as claimed in claim 1 or 2,
characterized in that said chrome-free passivating solution further comprises one
or more kinds of silicates.

15 9. The chrome-free passivating solution as claimed in claim 8,
characterized in that said silicate is sodium silicate, potassium silicate or
ammonium silicate.

10. The chrome-free passivating solution as claimed in claim 8,
characterized in that the weight ratio between the oxysalt containing transition

20 metal and the silicates is 35~45:1.

11. The chrome-free passivating solution as claimed in claim 2,
characterized in that the complexing agent is organic acid or peroxide.

12. The chrome-free passivating solution as claimed in claim 2,

characterized in that said organic acid is one or more selected from a group

20



8. The chrome-free passivating solution as clained in claiml or 2,
characterized in that said chrome-free passivating solution further
conprises one or nore kinds of silicates. 15 9. The chrone-free passivating
solution as clainmed in claim8, characterized in that said silicate is
sodiumsilicate, potassiumsilicate or ammniumsilicate. 10. The
chronme-free passivating solution as clainmed in claim8, characterized in
that the weight,ratjio between the oxys cont ai ni,n ansi tion . 20 netal
bnd thesi EPRBRIE SreTas Sk ek ackd Y EonhoRanas et Beal-Baeli i ot i on as
claimed in claim?2,  char act erized in that the conpl exing agent is organic
acid or perctwiens diamine trampthyhahaspherip acidi(FRTMEY, selfenaud agkl | ai med i n
claim2, characterized in that said organic acid is one or nore sel ected
from a gr ogprb2@ykawesic atidngthyieneidiaminedetrabcetiaadid(ERTAYI d, pyrophosphat e
acid, nitrilotriacetic acid, ethylene diamne tetranethyl phosphoric acid
(EPTMWP), shlyfifuzgrathylideng dipheaphenayd (HEDP), @-kydroxy phéypheneadttiamiide,
tetraacetic aci d(EDTA), hydroxy-ethylidene di phosphonate (HEDP), 2-hydroxy

phosphogoaqegy cﬁ'o Ifna h'ihéic@éﬁ'lr O XMt 1d@ﬁél‘t’l’ialiﬂi'n€ (p@ﬁiaﬂ'letl?l@ﬁ@yl i dene-triam ne
pent anmet hyl e hosphoni c( NP) - hydroxy-2- (3-pyri ethane- 1, 1

ohos Bﬁiﬁﬂg@hﬁ%@oﬂﬁbﬁﬁww S ey D srrReal Soteshhaniés thonr  aci d
(HBDP). Xg)rx())ri(-p;oeptyrl%ls;lg? nledlllah%sp%lomc(}[g]g%?l Z(ih)a}gl!o?(y (plgosphonoacetlc
acid (HPAA), 1-hydroxy butylidene -1,1-diphosphonic acid (HBDP),
1-hydroxy-ethylidene-1,1-diphosphonic acid (HDEP),
10 1-hydroxy-hydroxy-diphosphonic acid.
13. The chrome-free passivating solution as claimed in claim 12,
characterized in that the complexing agent is a mixture of three organic acids,
and the weight ratio of the three organic acids is 6:5:1.
14. The chrome-free passivating solution as claimed in claim 12,
15 characterized in that the complexing agent is a mixture of two organic acids and
peroxide, and the weight ratio of the two organic acids and peroxide is 6:5:1.

15. The chrome-free passivating solution as claimed in claim 1 or 2,

characterized in that each liter of passivating solution contains the following

components:

20 oxysalts containing transition metal 20~35g
complexing agent 18~38g
inorganic acid 0.05~0.15¢g
water remains

16. The chrome-free passivating solution as claimed in claim 15,
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- 10 1- hydr oxy- hydroxy-di phosphonic acid. 13. The chronme-free passivating
solution as clainmed in claim12, <characterized in that the conpl exi ng agent
is a mxture of three organic acids, and the weight ratio of the three
organic acids is 6:5:1. 14. The chrone-free passivating solution as cl ai ned
in claim12, 15 characterized in that the conpl exing agent is a m xture of
two organic acids and peroxide, and the weight ratio of the two organic
acids and peroxide s 6:5:1. ~15. The chrope-free passiyvating.solution as

cl ai med i n BpAFtTizedin fgfﬁ PRSALE CRHRIPIE ﬁrwsetmms@&ﬁrq@@&e%w%&a@ssi vating
solution contains the follow ng conmponents: 20 oxysalts containing

transi ti on npigtuse openid 38lg ang siligklexi ng agent 18-38g inorganic acid 0.05-0. 15g
water remains 16. The chrome-free passivating solution as clainmed in claim
15, 21 characterized in that oxysalts containing transition netal are
replaced with a mxture of said salt and silicate. 22
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