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SUBSIANTIAL Y NI KEL- FREE PHOSPHATE CONVERS|I ON COATI NG CCNPCG%@#g&k@NP
PROCESS BACKGROUND OF THE I NVENTION Field of the Invention 5
invention relates to a conposition and process for formng a phc¥ghat e
conversion coating on active netal surfaces in order to increase the
corrosion resistance of the surfaces, eithdr as treated or after subsequent
conventional overcoating of the conversion coating |ayer fornmed by an

organi ¢ based pr oSUBSTANTIALLY NICKELFREEPHOSPHATHICONVERSIONS ti on
according to this |nvent| t,r of a variety of .
to base netals, including %ﬁ&tcgﬂ@@mmw@ﬁ% and al um num
and al um num based alloys. Statenent of Related Art A wide variety of
phosphat e conBA{:EGROIGNDI O THEINEENTMIN and processes are al ready
described in the art. Those believed to be generally considered of highest
quality at isFighi ofthednyentionde zi nc, nickel, and at |east one other

di val ent netal such as manganese in the corrp05|t|on DESCRI PTI ON OF THE

| NVENTI ON 151 {Thisdnvession relateaie 2 compopition and process fori farniog aphbsphatereonvérsions

and wher ever % S xcﬂve%aataefaaes hsrdaow ﬁa@fe‘a(sc B! cofdEIBH ireitance of the
SpECI ficati OnZWT&Cﬁgg}Dtﬁgt s of nmaterials or condi tions O reaction or use

are to be und agyanted eipalisy subsequent; '-‘#PV@BB'ERI overpoatiag of fheicqavarsion
br oadest scopgomingldyer fommed by morgaﬁiaweagrﬁcuw@oahﬁgm'm péint bF Reduae A

nunerical limts given is er t he | venlon
Ni ckel has be&f™ ?%ﬂ'? %'8%‘530 d‘i"’

-U

.ef er ect of,
@nwéﬂa@gﬁé 1 fyaring anysef 4 Nagiety of
avoi dance ¢f base metalsncludingrae loabt memmmmacsml aibilembrmin Bebbloinum

reasons. N| ck M‘ré“ so considered a serious pollutant, and at the | evels
of 0.5 - § P liter ~(hereinafter often abbrevi at ed "g/L") at which
it is convent ’_LJ--; et el contributes significantly to the cost of
t he zi nc phospnate Col s Tcoating conpositions. It is an object of this

L]E\a/mlem ;Og ; t goiﬁvﬂirtgv%ﬁe@ f‘i‘:hbéﬁh%tc&nk&?on%%ﬁm?g cdbigolilbns MM §106Hssed Qe QRGP L hE
described in the art. Those believed to be generally considered of highest quality at
15 present include zinc, nickel, and at least one other divalent metal such as manganese in-

the composition,
DESCRIPTION OF THE INVENTION

In this description, except in the working examples and claims and wherever expressly
indicated to the contraty, ell numesical specifications of amounts of materials or

20 conditions of reaction ot use are-to be understood as modified by the term "about” in
describing the broadest scope of the invention. Practice of the invention within the
numerical limits given is generally preferred.

je Vi n

Nickel has been implicated as a carcinogen in some studies, so that avoidance of its use

25 in metal finishing is desirable for health reasons, Nickel is alzo considered a scrious
pollutant, and at the levels of 0.5 - 1.5 grams per liter (hereinafter often abbreviated
"g/L") at which it is conventionally used, nicke! contributes significantly to the cost of
the zinc phosphate conversion coating compositions. It is an object of this invention to
minimize or eliminate the use of nickel, without worsening the quality of conversion

30 coating obtasined with conventional composmons ccntammg zinc, nickel, and
manganese.

ar ion
A working composition according to this invention is an aqueous liquid composition that
comprises, preferably consists essentially of, still more preferably consists of, water and:
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30° cbatlng “obt ai ned with conventi onal conposi tions containing zinc,

ni ckel , and manganese. Summary of the Invention A working conposition
according to this invention is an aqueous |iquid conposition that
conprises, preferably consists essentially of, still nore preferably

consi sts of, water and: 2 (A from3 20 50, nore preferably from5 -
20, still nore preferably from13 - 18 g/L of dissolved phosphate ions; (B)

fromO0.2 to or r f 5
to 2.0, 0.57 10 ﬁ““’éﬁ 1608 pRaing eSS gﬂg%ﬁkf‘%ﬁb@h&ﬁﬁ&%&%of
ions; 5 (O fr SEVFQPN%D tejong; ¢ h mcreasr ng preference in the order

given, from2 to or 24 to mlligranms per liter ("ng/L")

of dissol ved ¥r r] 9522”(%)0’ With ingtepsing pip %%fmd?m%{ giveny &om Bdd|to 2.0,

accel erator excl ug).5Ftodf.24)060a6 ©.95029.71(t&D.87, ¢/L o dfasdlvedPh+2 fnsgi t h
I ncreaing preference in the order gi ven, from7 to 25, 13 to 24, 16 to 22,

Smrtﬁsl Lgrggm%{gr B';fmmdftoﬂmairwiﬂilﬂcre i ﬂ'éfereugb_é"mthéoﬂm &ezﬂﬁf%@g@lqogrzg .
+1. 0 points of fré@t&%ﬁ?gﬁwﬁgﬁ% g@%{l%{[‘Sﬂgﬁssgfv erf“&ﬁ'd operating
oot e (o i epbbos AL Yopflrlobd sty exBliEhrafaiond 0%
to b0 or belor HoH31o0! dr. P idfeadthp s febicc iof b g48R: v, HAROF R 2%, 13"

more preferable; 4dl6ti3 ents 021" @xtS"OﬁtptaEwQ;agdL preferably from0.1 to

0.8 g/L, or still m)re Breferably from0.40 to /L of a total of [err]
and [err] Wor& (Hsompl.Pdor3d) @rwﬁthem&mmgypmfe@qmns rderogiven, fram 1-0.51fer e

preferably from 0. -|7105 b@ @53@4-9/0— d2hts [of ek abidE‘%’er S%Bﬁraté%péthé}nhﬁbﬂ ﬂunﬁﬁ?ﬂg(aﬁ}l

up to 5.5, preferabIQ/ . tlllOED gsretfg d/ Obe §

of free ating temperames gbove rang, 8, or better, 0.35 to 065
points of free acid are still more preferable; but if operation is at a temperature
lower than 40°C or the substrate is aluminum, ranges of -0.5 to 0.0, or bettar, -0.5 to

15 -0.2, points of free acid are still more preferable; and, optionally,

(G) upto 2 g/, preferably from 0.1 to 0.8 g/L, or still more preferably from 0.40 to
0.65 g/L of a total of Mn*2 and Co*2 jons;

(H) upto 2 g/, preferably from 0.5 to 1.0, or still more preferably from 0.70 10 0.80
g/L of Mg*2 jons; and, optionally,

20 () up io 5.5, preferably 1.0 to 4.0, still more preferably from 1.5 to 2.5 g/L of free
fluoride as measured by a fluoride sensitive electrode; and, optionally,

(K)  not more than 40, or with increasing preference in the order given, not more than 20
' or 11 g/L of SO4? ions; and, optionally,

(L) not more than 4.5, o, with increasing preference in the order given, not more than
25 34,2.0,1.8, 1.3, or 1.0 g/L of NO3~ ions.

It is to be understood that the specification of constituents in ionic form herein implies the
presence of some counterions of opposite charge if needed to maintain charge neutrality in
the composmon 252 whole,

“"Points" of free acid and total acid are defined for use hercm as the number of milliliters
30 (hereinafter "ml") of 0.1 N NaOH solution required to titrate a 10 ml sample of the
composition, to a phenolphthalein end point (pH 9,0) for total acid and a bromthymol blye
end point (pH3.8) for free acid, except that if the composition has a pH greater than 3.8
initially, the points of free acid are defined as the riegative of the number of ml of 0.1 N
strong acid solution required to titrate a 10 ml sample of the composition to a pH of 3.8.
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fluoride as neasured by a fluoride sensitive el ectrode; and, optlonally,
(K) not nore than 40, or with increasing preference in the order given, not
nore than 20 or 11 g/L of [err] ions; and, optionally, (L) not nore than
4.5, or, with increasing preference in the order given, not nore than 25
3.4, 2.0, 1,8, 1.3, or 1.0 g/L of [err] ioms. It is to be understood that
the specification of constituents in ionic formherein inplies the presence

of some count ek paxsssatconding o this inventioe cofipriveestacnintmua iatepiof coitadiig a metal

cid are det i deamep Thaal ol RR0R sl o Yon hoatloRTpCE bindint doke B

(herei naft er "fotm Yonche Guetal Murfa@Ha slelecinble rconmq!mr eahting. Conveatienah nfefal rsurface

le of th

Cotal Caci d and AEREMd/d aciviich, E*Eﬁ; i) A By Defitlin 6 thettPld B Hoglel gy
that if thes c@ﬁmgsmmfnw@mg 0+ the devention mmy ©e ®sednifi desined, andharep gemarallyof
free acid are dighirie t&ea?gdbéﬁs %emﬂgﬁgttbmqa%po@wsm&fss Qechrding 1 AP

acid solutlonreqqlre to-titfate a e the conposi ti o to_ pH
of 3.8. Yanbew glso mayofnd waallx)prp%r@lx «?%rm ol B¥eAtiond teps svébanuantrmn a

step gf Co?t agﬂﬁé Echtt betwakn ﬂﬁrﬁﬁﬂ%uﬁﬁx}l@ bb{tﬁ?é@dnd’%h@oﬁpﬁﬁ@??céérﬂ?glw the
according to the i cien on the neta

surface a det éBYe&b e%m%}bgq C"g‘ﬁﬂ o) m&ﬁ\?j@ﬁ? #8% wﬁtg][ et gy canyentional
cl eani ng andl/ qeactive posh tiestmentsepg,, with @ompositiing atcondingvethe tdachings of UiSo Phent

desi 1 od, aggdsar’e ne°?§ﬁﬁ\, o oot abfons b B ulefou Blirng ghe

this inventi orsur mepvv mtex@omcﬁgnmganhéasedﬁehdmmw so may, and usually
preferably does, include conventional steps subsequent to the contact
bet ween t he neAtiotherembadimentofithe inventionds aAencenfstecnmupsition.divam achick aiwarking

the invention.cofhesgos P@qﬁﬁlﬁﬁ’ Jbovd'cah be gFep&*ed b?%ﬂuﬁ«ﬂf%ﬂﬁ' Srafer %ﬁit}n @r By bhution

wat er , any conventi ona reactive po tre nts

conposi ti of% FbVeeTdadditina of eyng eraosﬁomm@ﬁ@u% %93“@98“-% with

chromat e cont g n| )

The phosphate ions required for the compositions according to this invention are preferably
PO, ions or other ions derivable from less complete ionization of orthophosphoric acid
(H3POg). Any free unionized phosphoric acid that may be preseat is considered part of the
20  content of phosphate ions, to the extent of its stoichiometric correspondence to PO, ions.
Other free phosphoric acids such as metaphosphoric acld and condensed phosphoric acids
such as pyrophosphotic acid and ell anions derivable from thern may also be used to supply
the hecessary phosphate fons, Preferably the phosphate ions are derived from
orthophosphoric acid and/or its neutral or acid salts of the metal cations also specified
25 above as part of the compositions according to this invention.

The zinc cations required as part of the compositions are preferably derived from neutral or
acid zinc salts of orthophosphoric acid, which may be formed ix sifu by dissolving zinc or
zinc oxide or hydroxida in a solution containing the acid,

The cupric cations required as part of the compositions according to this invention may be
30 derived from salts such as cupric sulfate and/or nitrate, or may be obtained by dissolving
cupric oxide in part of the phosphonc acid used.

The accelerator component required in compositions according to the invention preferably

includes at least one of the following: (i) from 0.01 to 0.2 g/l of nitrite ions, (ii) from 0.5 to

5 g/l of Hy0,, (iii) from 0.05 to 2 g/l of t-nitrobenzenesulfonate ions, (iv) from 0.05 to 2
35 g/l of m-nitrobenzoate ions, (v) from 0.05 to 2 g/l of p-nitro-phenocl, and (vi) from 0.1 to -

10, more preferably from 0.5 to 6, or still more preferably from 0.5 to 2.0, g/L, measured as
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surface with an outer coating of an organic based solid naterlal Anot her
enbodi nent of the invention is a concentrate conposition, fromwhich a
wor ki ng composition as defined above can be prepared by dilution with water
only, or by dilution 15 wth water and addition of an unstabl e accel erator
conponent such as nitrite ions. Descriptidh of Preferred Enbodi nents of the
I nvention The phosphate ions required for the conpositions according to

this inventi dn seichigmefie reqﬁilvﬂedteasr lxydrama:ﬂne oamercon%aﬁeﬂeda batild lof fubf§RiAES S

SRR XN ST T N TIEN Y G R Wy

of phosphat e (heramaftﬁrooftelneabbretvmtﬂd "HAS") or o dindlhs sefe tnd ceadily ravaipebled swees op

[err] ions cid and
condensed phospﬁfvrl C acﬁg@@ug@b%&%g@ ﬁ(\)‘é%ﬁor |a@%%§pﬁ%§?glﬁ sgllnl ons
derivable £r tm\tﬁgﬁ@% NS,
i ons. Pref era ospha tpgﬁfl%%s&g?@l e@%gdﬁﬁg%&gfmrﬁ%g%or%@@&d
and/or its ndxhpﬁm:png.rsukfwwagdipmmﬁcme rret al cations also specified 25
above as part of the c 0Si H ccor dj to this inventjon. The zinc
cations requifiagiorye Béﬁ %"Ff‘e EQ!%E Weﬁ%ﬁ eerepleR flporde iops sueh asn
ne;ﬂ rgl or aGudbbaiatC (BFL'P)S miohﬁfnhiaosﬂf& ﬁggssmwd (ST ri)hﬂﬁamb@et f @ 1F§3
situ by dissqlvin éen oxi r oXi ut i cont i ng
the acid. Th ‘*96’5‘?9“@ g%'% r?z %f@q (I Pﬁ?t“{bgffmgg’rnt ﬂg‘n‘E 3%c 84 ng
tod} hi s i nyerfhiositicara yund mixtOres d:eraoﬁ&tbwmmﬂd fucrided sizch asuntahd aneétal ﬂmrﬂe?
and/ or nitrat e S, ng cupric oxide in part o
t he phosphom@%‘%ﬁ“ﬂgg&%@%gw ?‘gﬂ%ﬁﬁ@gﬁﬁonent required in
her ol | owi o iiigetpiithy Befitiod 68 ohit? ol i3 gl edfeeo BF RS BEF °
thefollowlngwﬂgé % S el ¥ o]
g/l of [err] notad component mmsmonszacgmhn@fto rhhwmmbtpa m.@atmsm momﬂmn P&n8.2
"B o O 095 86 CHAMEDIOP PRERS A0S, ekl g g
or Et. I riﬁ)lro aewrehwhw ghlasideolons tincludiog compl gudeedmass and ghlorate ions.
Independently, if chloride ions are present in sufficient quantity to be readily determined
analytically, it is preferred that the ratio of the concentration in g/L of complex fluoride
fons to the concentration in g/L of chloride ions have a value of at least 8:1, or more
preferably a value of at least 14:1.,

=g

20 Tn a process according to the invention, contact between the metal surface to be treated and
a composition according to the inverition may be accomplish by spraying, dipping, or any
other convenient method or combination of methods. The temperature during contact
between the metal treated and the composition according to the invention preferably is,
with increasing preference in the order given, in the range from 21 to 85, 25 to 55, or 31 to

25 44, °C. The total time of contact between the composition according to the invention and
the metal surface to be conversion coated preferably is, with increasing preference in the
order given, in the range from 5 sec to 15 minutes (hereinafter often abbreviated "min"), 15
seconds (hereinafter often abbreviated "sec") to 10 min, 30 sec to 5 min, or 90 to 120 sec.
The add-on mass of the phosphate coating formed preferably is, with increasing preference

30 in the order given, in the range from 1.1 to 5.4, 1.6 to 4.3, or 2.2 t0 3.8, grams per square

. meter (hercinafter "g/m’) of surface treated. The weight percent of copper in the coating
formed preferably is, with increasing preference in the order given, from 0.50 to 10, 1.0 to
8.0,2.0t06.0,3.0t04.1.

PFurther appreciation of the present invention may be had from considering the following
35 examples and comparative examples which are intended to illustrate, but not limit, the
invention,
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|t st0| chiometric equival ent as hydroxyl am ne, of a conponent capabl e of
furni shing hydroxylamne in water solution.. Mdst preferably, the
accel erator is hydroxylam ne sulfate (hereinafter often abbreviated "HAS")
or a simlar safe and readily available source of dissolved hydroxyl am ne.
The second nost preferable accelerator is Mtrite ions. 5 The aci dity of
the conpositions according to the i nvent ion is preferably derived from
phosphorl c, stiompgsitiondixinmmless NOaH LXampilenGraiel all of the free
fluoride may be derived from corrpl ex fl uor| de |ons such as fluoborate
[err], fl uohaflheseecompositions) except foradme compdrisbh wxtmpR) AMRLER! the. use of HAS

[ uorrconat itk Sk Mookl oS80 B O b i, exen

fluori desf s;cﬁoraﬁlapmbn eremple 13 umhchlamsapmpaéckdrmntal nahmeﬁ:adllgs&mpmnned |
sources of §r | e _order given an
with i ndependgﬁl% pf#etfée‘?ﬁ?lg*%%%‘rih%gﬁﬁe%ot edg(i:lg‘&rp %gﬁ\ﬁalpggvt ¥ tions |

according to
'0.01, O. 805 or’ 001 fsﬂema?hibJ ier ‘ﬁ%a‘t‘égﬁgf@%? P%‘%‘evzﬁ"?%“gﬂ(/gﬁ%g%‘igm
three or hi gh&PmPRSGN Y%@ﬁamilfl@ﬂi’ users and ajnc sihydrogen phosphatesnfficient to
QUant ity 1o ey aEans Diael o “”"‘;%“E‘?{‘S‘F‘ty‘#‘é‘; ﬁ“ﬂr“@“ﬂa% e wih Ghbolyef'§ ﬂés
ratio of the Bvﬁiff'e‘gt r’ﬁ'lq“%"{ ﬁ%'%/aﬂ“?ﬂmé pluipe of PﬂhRﬂhPﬂiOTl@)ﬁéldttbattﬂ@ sufficient,
pref i?é[)?ty“’SC“’*w il Bat e o oar B0 REGBR 070 PARAS B Gl
i nventi on, %@FW@%@WW glf' &e&g@?ﬁgﬁ ‘f%éffaé&i‘%ﬁ‘sd;d Sufﬂczent
gorrp03| tion aemounts of) sadinm lilkofide /torprovide thayledmdeimoﬂdﬁ)ion%?tbﬂt, &ﬁﬂg‘sl

i pping, or a LS QR natd on o 0
enperat ure ol disiss HSEAR odhidnb 3R Sbm MEC S, Cibrl slolecBrabibure %FP
according to proyl erthempmnommmmﬂthe suifatevion boritents, Gﬁman sﬁmm@mvidé he
.order givep 5 25 44
. The totg al t| mta o co trawiacg %Eeétjév\&elé% {"ﬁ%ﬁb@%fﬁﬁ%n%ﬁhmﬂ& figepgum bt
“invention andiaprevideany desired magnesinr éonceontest wens epmvmﬁsby prepared t h
i ncreasing pr t
“m nut es (%Jﬁ&l@t}@?ﬁﬁ?aﬁj‘g&d&ﬁg@?@? at eg&ﬂgﬁﬂﬁb{ W%S gecon%i (herei na?t 8111%‘“‘
“often abbrevi gY‘gﬂ’“S%é@“ on gndh gxldisional water ag-needed;to praducs the specified fzessid ahe

~add- on nmass ofotﬂmdmbmﬂgﬁ@scoatl ng forned preferably is, with increasing
‘preference

Test panels of cold rolled steel, galvanized stee], and/or conventional aluminum alloys used
in automobile and appliance manufacture were used and subjected to the following general
sequence of process steps: (1) Conventional alkatine cleaner for 120 see at 43°C; (2) Water
rinse af 38°C for 60 sec; (3) Conventional colloidal titanium phosphate activator for 30 sec

25 at 38°C; (4) Contact with one of Compositions 1 - 12 from Table 1 below for 120 sec at
35°C or at 43°C; (5) Cold watér rinse at 20 - 25°C for 60 sec; (6) Post treatment for 30 sec
with a conventional commercial post treatment composition containing hexavalent and
ttivalent chromium; and (7) Rinse with delonized water for 30 sec at 20 - 25°C.
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30 in the order given, in the range from 1.1 to 5.4, 1.6 to 4.3, or 2.2
to 3.8, grans per square neter (hereinafter [err]) of surface treated. The
wei ght percent of copper in the coating forned preferably is, wth
i ncreasing preference in the order glven fromO. 50 to 10, 1 0to8.0 20
to 6.0, 3.0 to &4 he |

had fron1con3|oer|ﬁg the? olfl owi mg t5 dxafpl fes
which are interfded 8o illjustrate but|not |§init
conposi tions, gxceps for jopg 80*mabl Prsle X &
accel erator. Sgecifjc conpos i Tl ShNalE Fnohn |i A
conposi tions, exceﬁ% for fcompari son exanpl ¢ 13
comerci ally cgnpouhded 9§ ¢onjcentrfat ¢, Mmefe fpr{
foll owi ng generjal prockdyre] An qnount tler
t hree-quarters jof the /QH‘ elvemt ulal fy |de ired :
initially used,| and an j-a t=iof qﬁnﬁ dfh ggﬂ ;
provi de the dedired zi he&j o Tondenk r atFlon] i T
dissolved in this wate .jtn anput t lof 7 @6aq eo
ort hophosphoriq acid t]| : ] i
added zi nc di hydr ogen tghg
of phosphate idns in t I N wﬁ :
anounts of sodifum fl uofi Hesli r
HAS to provide |t he des b
cupric sul fate |pentahy cupr
sul fate ion contents, Yy B
manganese catidgn conte dF
to provide any |desif we
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Test panel s of col'd rolled steel, galvanized steel, and/or conventi onal
al um num al | oys used i n aut onobi I e and appliance manufacture were used and
subjected to the foll owi ng general sequence of process steps: (1)
Conventional al kaline cleaner for 120 see at [err]; (2) Water rinse at
[err] for 60 sec; (3) Conventional colloidal titanium phosphat e acti vator
for 30 sec 25 at [err]; (4) Contact with one of Conpositions 1 - 12 from
Tabl e 1 bel opohpbsifia? as® Prétesd Bidmpled Gadud B r]1: (5) Cold water rinse at 20
- [err] for for 30 sec with a conventi onal

comrer ci al pﬂﬁsebé STERA ﬂédﬁfmswgéhbﬁgnﬁﬁﬁe?\aﬁwmﬁﬁd éxﬁ:bpt&hﬂ“t
chrom um and

5 werdhre,
NSe W ni zed for sec, at 20 ery
zi 7 Thes@d,tﬂ‘?‘uﬂt‘}g naﬁgé\néiﬂg 5&%%‘? 52‘@’%@% Wﬁ%e‘?" &ns o
Goup |, excamtageoft2, squblwinesldfrwm ofnisydeatidngfer ddgriovnn wae dsedsast the copper

accel erat r and C | trat an average of 2.5 nol ecul es of water of
hydratlon p p¢$ p‘?%@%%&‘ﬁ“&s the copper s source. Conpositions are

asfollovvsn&@@#gp ; _ L of
Conponent i m e 14 . Exanple 15 [err] : g&.g_c_bmggggmﬂ

4.74 3.6 75% by wei ght aqueous [err] s

12. 4 20.4 [err] - [err] Bxample14  Examplgl)

0.29 NaF 1.1

1.5 [err] Zo(NOz)z e 0.12 3'6.

0.11 [err]  75% by weight aqueous HyPO, 12.4- 3 Total 2@ d

Poi nt s 17.0 18
Cu(NO3)y - 24,0 0.44 0.29
NaF ._ 1.1 1.5
NaNO, 0.12 0.1
Mn(NO3), , 2.3 -
Total Acid Points . 17.0 18
Free Acid Points 0.3 04

Example 14 was used for spray phosphating at 33°C in a process sequence otherwise like
those of Group I above. Example 14 was used for immersion phosphating at 57°C in a
process sequence otherwise like those of Group I above.

10 Beunefits of the Invention

Not only were the cost reduction and pollution reduction objectives of the invention
achieved, but also there were several unexpected and surprising benefits from the
invention, at least in its most preferted embodiments: Improved corrosion resistance,
patticularly to alkaline corrosion; operation at a lower temperature than for conventional

15 Zn-Ni-Mn phosphating compositions, with at least comparable and sometimes better -
quality; better adhesion to paint apphed over the conversmn coatings; and mpmved
coatmgs on zinciferous surfaces such as galvanized steel,
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Exanpl e 14 was used for spray phosphating at [err] in a er
otherwi se |i ke those of Goup | above. Exanple 14 was used f
phosphating at [err] in a process sequence otherw se |ike t Mmﬂnuum
above. 10 Benefits of the Invention Notd only were the cost re
pol l uti on reducti on objectives of the invention achieved, but also there

were several @pARMRCct ed and surprising benefits fromthe invention,
least in its nost preferred enbodi ments: |nproved corrosion resi stance

particularly o alAtPdquBsusdRuidai sxu&p&fnﬁkﬁ@"bsﬁnuﬂli fWitet erature than
for conventional 15 Zn- Ni'- Mh phosphating conpositions, wth at | east

conpar abl e ar(A)somnmmaﬁb@mmbfﬁxssdrwmmsp&dménson to paint applied

over the conversion coatings; and 1nproved coatings on zinciferous surfaces

such as gal vgB) zedroni st 0.2 to fHobt MR/Llof dissolfed Zaidonss | i qui d conposition

consisting essentially of water and: (A from about 3 to about 50 g/L of
di ssol ved phd€phatfmm ghost 1 (@Bjbout Z00ang/hioddissalved Cu &gyt 3 g/ L of di ssol ved
[err] ions; 5 (O fromabout 1 to about 200 ng/L of dissolved [err]
ions; (D) ar(D}f f aneffectivemmonat of i canveotionahadcelertoraxclasies of mivate darsysi ve' of
nitrate ions; (E) fromabout 5 to about 40 points of total acid;, and (F)
from about - ED t&m@mtiwﬂowtbﬁftﬂ%@@@m and, optionally, (G up

to about 2 g/L g/L in _total of [err] and [err] ions; and optionally, 10

(H up to afBut Hog sbayt- IE(efﬂﬂPOHtm??PmOfmﬁc@aamd» gptienally, up to about
55 g/L of fr fluoride s measur a,f de senS|t|ve el ect r ode;
and, optlonal(g URyo abawt ﬂﬁf%’lmlﬁ&ﬁﬁ&g%ﬂ&@!féﬂ"{?l@#s’ ongl¥:  and,
88::822: : yb (d'-ﬂ uptoaboutgg}Laﬂvlg 13}15; s O tlonsﬂf [e”] 'Ons and,

(M  up to about 5.5 gL of free fluoride as measured by a fluoride sensitive electrode;
and, optionally,

(K)  not mote thaa about 40 g/L of SO42 jons; and, optionally,
(L)  not more than about 4.5 g/L. of NO5™ ions; and, optionally,
15 (M) notmors than about 0.2 g/L of Ni*2 jons. '

2. A conposition according to claim 1, wherein: |

. (A) the amount of disgolved phosphate fons is from about 5 toabout 20 g/l;
(B) the amount of dissolved Zn*2 ions s from about 0.45 to about 2.0 g/L;
(C)  the amount of dissolﬁed Cu*2 jons is from about 20 to about 100 mg/L;

20 (D) the accelerator includes at least one of (i) from about 0.01 to 0.2 g/ of nitrite ions,
(ii) from abont 0.5 to about 5 g/l of HO»0,, (1il) from about 0.05 to about 2 g/l of
m-nitrobenzenesulfonate ions, (iv) from about 005 to shout 2 gl of
m-hitrobenzoatg ions, (v) from about 0.05 to about 2 g/l of p-nitrophenol, and
(vi) from about 0.1 to about 10 g/L, measured as it stoichiometric equivalent as

25 hydroxylamine, of a component capable of furnishing hydroxylamme in water

' solunon. '

(B) the "points” of total acid are from about 7 to sbout 25;
(F)  the points of free acid are from about -0.5 to about +1.5;

(@) (i) the total concentration of Mn*2 and Co*2 ions is about 0.1 to about 0.8 g/L; or
30 (ii) the concentration of Mg*2 jons is from about 0.5 to about 1.0; or (iii) the
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is (M not nore than about 0.2 g/L of [err] ions. 2.
according to claiml1, wherein: (A the anpount of di ssol ved
is fromabout 5 to about 20 g/L; (B) the anmount of di sso \i‘
fromabout 0.45 to about 2.0 g/L; (C the anmount of di ss |sons

I's fromabout 20 to about 100 ng/L; 20 ( the accel erat or |ncI udes at
| east one of (i) fromabout 0.01 to 0.2 g/l of nitrite ions, (ii) from

about 0b5 to abolumﬁemtdﬂoni of ottt fhe tdtili of M2 and GotiondardcofMg gltioﬁarafv@mln of

m ni t robenzenesu I on |\ Qm ano ut (0]

m ni trobenzoat e |g’ﬁ§%£%%\s/ ﬁ%(f%ﬁw"ty%%‘&@&&? (dzgﬁl/a(flgof p- %I trophenol ,
d f b

cqui val ent | alg e c%n&"f?%@é bl e op RS By Ao MR IR 1,

hydr oxyl ami ne i n fietaboy Qltqahﬂut‘tEB/L the "points" of total acid are from
about 7 to about 25; thesom nts of free acid are fromabout -0.5 to

about +1.5 (8 tl\elcpnmgamtt?fl Quefrionss petmern than abeut 1l glacdnderr] ions. is
about 0.1 to about 8 g/L, e concentration of [err]
ions is fromUabouthf’(FoB“PB'ﬂté\@cﬂft é)a @onsgqncétmqrgﬁxmgbou gg ncentrations of

both the total of [err] and [err] ions and of [err] ions are within the

ranges speci 3 ed h@doﬂﬁ@@xﬁbﬂ%ﬁh@doomm& wheiarts (i) and (ii); (J) the
concentration of free fluoride as neasured by a fluoride sensitive

el ectrode i s (Ry omigledungofdissolvedBnt? idndis érbn sbaut 059 to abirgt ICngENt rati on of
[err] ions is not nore than about 11 g/L; and (L) t he concentration of

[err] ions igChot themmmuhhafidisblved C8*%ogy ik frof about 24 toabmu 4 maghh; according to
claim2, wherein: (B) t he amount of dissolved [err] ions is from about
0.57 to abou(E). Zmegpmnts('cfmtalaﬁdawﬁnmﬁm‘abﬁuwel ved [err] ions is from
about 24 to about 74 ng/L

the points of fres acid are from about 0.5 to about +1.0; and

(L) -the concentration of NO5™ ions is not more than about 2.0 g/L.

4. A composition according to claim 3, wherein:
(B) the amount of dissolved Zn*2 ions is from about 0.60 to about 0.95 g/L;

15 (D) the accelerator includes at least one of from about 0.01 to sbout 0.2 g/l of nitrite
jons and from about 0.5 to about 6 g/L, measured as it stoichiometric equivalent as
hydroxylamine, of a component capable of fumshing hydroxylamine in water
solution;

(B) the "points" of total acid are from about 16 to about 22;
20 (F) the points of free acid are from about 0.0 to about 0.8; and
(L)  the concentration of NO4~ jons is not more than about 1.8 g/l

5.  Acomposition according to claim 3, wherein: |
B) the amount of dissolved Zn*2 ions is from about 0.60 to about 0.95 g/L;

(D) the accelerator includes at least one of from about 0.01 to about 0.2 g/l of nitrite
25 ions and from about 0.5 to-about & g/L, measured as it stoichiometric equivalent as
hydroxylamne, of a component capable of furmshmg hydroxylamine in water
solution;

(B) the "points" of total acid are from about 16 to about 22;
() the points of free acid ar¢ from about -0.5 to about 0.0; and

30 (L) the concentration of NOy~ ions is not more than about 1.8 g/L.
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10 (B the "points"” of total acid are from 13 to about 24; (F) t he
points of free acid are fromabout -0.5 to about +1.0; and(tj——the

concentration of [err] ions is not nore than about 2.0 g/
conposition according to claim3, wherein: (B) t he armuHmm"mLEﬁHme i
[err] ions is fromabout 0.60 to about 0.85 g/L; 15 (D) #hec aacelm '
I ncl udes at | east one of fromabout 0.01 to about 0.2 g/l of nitrite ions

and from abogt 0. R dhhipBRAs aloidg 1o gr@%@ﬁ. it stoichiometric equival ent

as hydroxyl am ne, of conponent —capabl & 0 ur ni shi ng hydroxyl armine in

water sol utiggy (b amobfitef dRSbINEEPhoRhatedb is B6ihbael Fth ABbRN8 YL ;16 to about ~
22; 20 (F) 'the points of free acid are fromabout 0.0 to abdut 0.8; and

(L)  the cogent thakimetntdf disesivéd Z@sorsds fioh abBut 0. 118 abaR0IY7 g8 o/ L. 5.
A conmposition according to claim3, wherein: (B) t he amount of dissol ved

[err] ions i¢CY rotieamount of disSolved Crduonsds Bbmabout 24 B) abdub 60 agde] er at or

i ncludes at | east one of fromabout 0.01 to about 0.2 g/l of nitrite 25
i ons and fs o@pbothe abeelerator mbludes & lepst onerof fiom €.01 & 0.2tg/lsofaiitrite tnmetand from

equi val ent as hyd | /@1 Qe, C 0, _.gapabl e kshin

hydr oxyl ami ne in é@gr&'g‘ol t?‘bg ta% Eémp @%@I’wgo?’%tt s@kﬂ"ﬁ%ﬁa “gv%né 'Fsrom_
about 16 to abouthylroxylamine, af filBAjoi nts of free acid are fromabout -0.5 to
about 0.0; and 30 (L t he concentration of [errl ions is not nore than

about 1.8 g/ (B) ﬂimozsltsoftotpl@mmmbﬁutd&d@abmﬁa to claimb5, wherein: (A

t he amount of_di ssol ved phosphate ions, is fromaboyt 13 to about 18 g/L;
(B) the anffint @Ppﬂm&@{h@@@m@mﬂ@tﬁsﬂw&b@m 0.71 to about O0.87

%}‘i_; (© 10 t ?(e:) a 1)utrt]11é ch];cegtlrg o%l o\f?lge t[:t%{ ét] Mh'&n asndlc?o+5 E&Tiéa Rggxtabgét 620 %ba%%{tt o0
0.65 g/L; or (ii) the concentration of Mg*2 ions is from about 0.70 to 0.80 g/L; or
(iii) the concentration of hoth the total of Mn*2 and Co*2 jons and of Mg+2 ions are
within the ranges already specified for the individual fons in items (G)(i) and (i);
and

15 (L) the concentration of NO;- ions is not more than about 1.3 g/L.

7. A composition according to claim 4, wherein:

(A) the amount of dissolved phosphate ions is from about 13 to about 18 g/L;
B) the ammount df dissolved Zn*2 jons is from about 0.71 to about 0.87 g/L;
© | the amount 6f dissolved Cu*2 jons is from about 24 to about 60 mg/L;

20 (D) the accelerator includes at least one of from 0,01 to 0.2 g/l of nitrite ions and from
about 0.5 to sbout 2 g/L, measured as it stoichiometric equivalent as
hydroxylamine, of HAS;

(E) the points of total acid ate from about 18 to about 21;
(F) the points of free acid are from about 0,35 to about 0.65;

25 (G) (i) the concentration of the total of Mn*2 and Co*2 ions is from about 0,40 to sbout
0.65 g/L; or (ii) the concentration of Mg+2 ions is from about 0.70 to 0.80 g/L; or
(idi) the concentration of both the total of Mn+ and Co*2 jons and of Mg*2 jons are
within the ranges already specified for the individual jons in items (G)(i) and (ii);
and

30 (L) the concentration of NO4~ jons is not mere than about 1.3 g/L..
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s (1)) the accelerator includes at |east one of from 0.6++e-0-2-g/l—of

nitrite ions and fromabout 0.5 to about 2 g/L, nheasured a

stoichionetric equival ent. as hydroxyl am ne, of HAS; (E) E"m @ ﬂu ”uw
total acid are from about 18 to about 21; ]EF) t he points

fromabout -0.5 to about -0.2; 10 (Q 1 1) the concentration of the

total of [err] and [err] ions is fromabout 0.40 to about 0.65 g/L; or (ii)
t he concetraBon oA preces§ fur(fomnngs a phosphatb ocuting .oiGhe sirfac8of g/metalsubdtiats that he

trat f
LSy oSk oo ] 1Y ol S 0 e oA
(G (i) and (t:tmtac for(mwnotwi&imdmmngﬁmmnahoﬂt p@ to pboupri20isec mba muamn
bout 1.3 g/l
Srount of di Tiiethe e & atehﬁ%“;@aﬁéﬁ%n“@%?%@hﬁgnsﬁ%@%%@@
the amounts ofddiom; msa/@& phasphasn sostingr fonedaisoi: the range: feom mbgut z« gp ghont
(Q - the armlsrymmfandltﬁes%agﬁﬂ éx@ént %&insthé gﬁgspﬁ?e tﬁl%foﬁn&?ﬁ%itﬁ lm/ LS.

20 (D) t he accel er tor hnc ? |"éast on om0.°01 to
nitrite i onsT™RE# L about 2 g/L, measured as it
stoi chionetric equival ent as hydroxyl ami ne, of HAS; (E) the points of’

total acid age fFAfDrﬁébﬁslfoﬂf&lﬁl 4tk ontthe sutfics oS a Ghetall sbstiltd ehatlre

o St O i b S oo T i e

e
concent r atoi oforcf tifne rwithin dirsrange frommabwabH0 td abint 100 GedBat ©tdmperaturei within tthe
concentratio o rl.jons
are withint 5@8%5‘”3‘ 3&2‘89&2‘%3‘& ¢%Vé@]ﬂ‘ @}%%@fchm@&%&i&%}%ﬁ %FF %q
(Q (i) and ( ina;.s ofsthelpBBplidtd codting farmed it indhé rangeofroth abodt 2ibiesabiost h&g/m’onmd
than about 1gd Qlikht percent of copper in the phosphate coating formed is within the range from

about 3.0 to about 4.1,

=0

15 10. A process for forming a phosphate coating on the surface of a metal substrate that
includes aluminum as part of its surface, wherein the surface of the substrate is contacted
for a time within the range from about 30 sec to about § min at 4 temperature within the
range from about 25 to about 55°C with a composition according to claim 3, the add-on
mass of the phosphate coating formed is in the range from about 1.6 to about 4.3 g/m?, and

20 the weight percent of copper in the phosphate coatmg formed is w1thm the range from
about 2. 0 to about 6.0,

11, A process for forming a phosphate coating on the surface of a metal substrate that
does not include aluminum as part of its surface, wherein the surface of the substrate is
contacted for a time within the range from about 30 sec to about 5 min at a temperature

25  within the range from about 40 to about 55°C with a composition according to claim 4, the
add-on mass of the phosphate coating formed is in the range from about 1.6 to about
4.3 g/m?, and the weight percent of copper in the phosphate coating formed is within the
range from about 2.0 to about 6.0.

12. A process for forming a phosphate coating on the surface of a metal substrate,
30" wherein the'sﬁrface, of the substrate is contacted for a time within the range from about
15 sec to about 10 min at a temperature within the range from about 25 to about 55°C with
a composition according to claim 3, the add-on mass of the phosphate coating formed is in
- the range from sbout 1.1 to about 54 g/m?, and the weight percent of copper in the
phosphate coating formed is within the range from about 1.0 to about 8.0.
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8. ' ‘A process for forming a phosphate coating on the surface of a_net al

substrate that does not include alumnumas part of its surface, where
the surface of the substrate is contacted for a tine Wlthlljm“ ullﬂ! H[I'IUHI'I :
about 90 to about 120 sec at a tenperature within the rang

to about [err] with a conposition accordllﬂg to claim?7, the 5 “ add-on nmass
of the phosphate coatlng formed is in the range from about 2.2 to about 3 8

[err], and t r P, (@

phosphate co prst r asﬁﬁ‘! sﬂt Gé‘“ emﬂesm abou
al um num as B@édto%mhttls thid'ak @Ed?npe%lﬁé%ﬂhuitb@r@gé frefmubeit 210 BURI5PE WAt £
2 T emper at ur GOTPSSHA 1eREdAR 19 Sl dnteciodon 5aee 5F BBcRosplials soeipg forgied is 1
a tenperatur 1

](c:orrpozl tian &recmgh fioni Bboul:dl.htcﬁabdlin€54h brmmmsweight hﬂr@iﬂpﬁp G r(h@a%e ng
ornmed is in FQm.ghoy u t he wei ght
per cent of chb Mﬁﬁ&%ﬂ W&%ﬁ@%&ﬂ%ﬁ% 6§éwwzﬁﬁhe range from
about 3.0 to about 4.1. is A process for form ng a phosphate coating
on the surfa&é. oanpmmsalforsfmmmgaa phasphate icoatingders thel surfape) of asmptat Suhsttaﬁets .

W thin the r ¥aebis BF i ing sl I Ul rirts 6P WARYE el Bhed shinFhopy
t he range fr8aectioaboutds mip ahp tempefature within the sangoﬁpnsﬂbpub’hl tacbout®5Ag with a
claim s, tohecgﬂﬁosﬂ{bn%ﬁﬁgﬁg tfoléﬁlrﬂho Fg%ncrﬂﬁsb lof Shel g;ﬁf &)ahﬂ &ﬁwﬁ%‘ﬁ?

fromabout 1 ahout err| rcent copper I n

t he phosphat Secisage Higny ahawed.§ & \ﬂf?‘!‘!ﬁlﬁ*ﬂ' Bffe?, and Jbe ﬂetﬂw zPEB‘ﬁFt of 9°RR91'a¥J

6.0. 11. AEés@ﬁasaos&egférﬁrenmltmnmm@nﬁworsot@abdub;m.awface of a
nmet al substrate that doés not include alumnumas part of its surface,

wherein the rface of t substrat s cont act fo I me thin the
range from aigut é‘d’ QeSS f%ts‘tﬁﬂ “a‘P a&“ﬁ&ﬁ%m ftz%mﬂtﬂmﬂths atpypaid
range from apmwéss40m Eﬁsm@aapsdferr] Wi t h a conposition according to claim4,
t he add-on mass of the phosphate coating fornmed is in the range from about

1.6 to abmut (§. 3 ¢leanijg thasufacke wei ght percent of copper in the phosphate
coating formed is within the range fromabout 2.0 to about 6.0. 12.

process for {2rm cuptactipg tepdieaned surface withoan dctivatingrdompesitibn aomteining collordal
substrate, titanium:

(»  forming a phosphate coating on the cleaned and activated surface by a process
: _awordmgtoclmm 14;a0d

20 (4)  applying an outer solid organic based coatmg over the phosphate coating formed in
step (3).
16. A process for forming a protective coating on the surface of a metal substrate, said
process comprising steps of:
(1)  cleaning the surface;
25 (2) contacting the cleaned surface with an activating composition containing colloidal
titaninm;
(3) forming a phosphate coating on the cleaned and acnvated surface by & process
| acoording 1o claim 12; and
4) ap_plying an outer solid organic based coating over the phosphate coating formed in
30 step (3).

17. A process for forming a protective coating on the surface of a metal substrate that
does not include aluminum as part of its surface, and process comprising steps of:
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30 Wriérein the surface of the substrate is contacted for a tirre within the

range from about 15 sec to about 10 mn at a tenperature wthin-therange——

from about 25 to about [err] with a conposition according it ai ]

add-on mass of the phosphate coating formed is in the ranQeTm ﬂ}“% ”l i“l“l
L3 S *

to about 5.4 [err], and the weight percent13of copper in the
coating forned is within the range fromabout 1.0 to about 8.0. 12 13.

A process for(lf or kleaging thelsasfdeat e coating on the surface of a netal
substrate, wherein the surface of the substrate is contacted for a tine
within the rd@pe fkontactingahe cloamedeutfaceabithian ddivating edmpositiononainingecolloidyl n
the range from ab . to about [err] with a conposition according to
claim?2, the add- Ss of the phosphate coating formed is in 5 the range

fromabout 1l..4yto : t [ gh r-in . the
phosphat e coa@ ng f@%ﬁ%ai@sﬁi %%ar?’uﬁggnrtgﬁge goé‘ﬂ%ﬁ%‘&%?%@?ﬁ%ﬁ? . 0.
14. A protess fomcqonding teeclaimpHoenhat e coating on the surface of a netal
substrate, wherein the surface of the substrate is contacted for a tine
“within the rdfhe RpP¥inggneutes safisorganiabased coatingpvershe phosphateeoating formiedtin n
the range from abggb(g).l to about [err] with a to conposition according to
claim1, the add-on nass of the phosphate coating forned is in the range .
fromabout 1.1 to ,about 5.4 .[err], and.the weight per,cent, of copper in the
phosphat e co rng‘ﬁ‘m%%f" i Wtﬁ%uvteéﬁ‘?ﬁté“%&b&*éﬂ@%ﬁe Qf’ﬂs‘@e'@’o? M&K).O.
15. A proceindudearahﬁmumlagpmoﬁiutsarfadevaid:?abésagompﬁsi@swpsro&“ﬁce of a netal
substrate, said process conprising steps of: 15 (1) cl eaning the
surface; (@) (1) cocleaning thy sutfaceg| eaned surface wit an activating conposition
containing colloidal titanium (3) form ng a phosphate coating on the

cl eaned and 42} i vaontactingrthecleated surfaneoritis an agtiveting campositioh aontaindyg colldidad
(4) appl yi ng angayter. solid organic based coating over the phosphate
coating forned in )

(3) forming a phosphate coating on the cleaned and activated surface by a process
according to claim 10; and

15 (4) applying an outer solid organic based coating over the phosphate coating formed in
step (3).
19, A process for forming a protective coating on the surface of a metal sybstrate that
includes aluminum as part of its surface, said process comprising steps of:
(1) cleaning the surface;
20 (2) contacting the cleaned surface with an activating composition containing colloidal
titanium;
(3) forming a phosphate coating on the cleancd and activated surface by a process
according to claim 9; and
(4)  applying an outer solid organic based coating over the phosphate coating formed in
25 step (3). )
20. A process for forming a protective coating on the surface of a metal substrate that
does not include alminum as part of its surface, said process comprising steps of:
(1)  cleaning the surface;

(2)  contacting the cleaned surface with an activating composition containing colloidal
30 titanium;
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step (3). 16. A process for formng a protective coatlng
. of a netal substrate, said process conprising steps of:
surface; 25 (2) contacting the cleaned surface with an m.g@iﬂi! Iiim ill
conposition containing colloidal titanium (3) formng a

coating on the cleaned and activated surfdée by a process according to
claim12; and (4) appl ying an outer solid organic based coating over the

& provecti v Coarp e it Hﬁggtf;?:mi (o 08 S R g 0
rrace,

i ncl ude al um num and process conprising steps of:

13 (1) cle ng t e surf cont ctlng t he cl eaned surface with an
activating cg@pos l?H %Hﬁ]ﬁf ’fﬂlﬁd’)w goappg avardha phosphate eqgting formed in
phosphat e coati ngstep(3)he cl eaned and actlvated surface by a process 5 |
according to claim11; and (4) appl ying an outer solid organic based
coating over the phosphate coating forned in step (3). 18. A process for
formng a protective coating on the surface of a netal substrate that

i ncl udes alum num as part of its surface, said process conprising steps of:
10 (1) cl eaning the surface; (2) contacting the cleaned surface with
an activating conposition containing colloidal titanium (3) formng a
phosphat e coating on the cleaned and activated surface by a process

it
4T

[ i
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accorﬂlng to cIa|n110 and is (4) _applylng an outer solid organic based
coating over the phosphate coati-ng forned in step (3). 19. A process for
- formng a protective coating on the surface of a netal substrate that

i ncludes alum num as part of its surface, said process conprising steps of:
(1) cl eaning the surface; 20 (2) coﬂﬁactlng t he cl eaned surface with
an activating conposition containing colloidal titanium (3) formng a

phos pgat e tcoat sl'»mswxénnmmememmmtmesmgm CONVERSION m.ﬁ'rmg
according to claim and organi c base
coating over the phosphate coati W&gﬁﬁ wh{ tep (3). 20. A
process for formng a protective coati he surface of a netal
substrate that does not include alum nm%art of its surface, said

he- ol eancd. T paeel Yy Bvedlons 3oy i 8 Ml bl ot ShmariBR PR S,

titanium § cdmupogitions canchmtep@ced Mom;bsanﬂallyomlleg mcamnon&af]@dpmdons

-activated su an
outer solid ortgéﬁ @ﬁ%gsedgéchgg in gﬁ?[hﬁlsnﬁt at e coatl ng or rre‘ﬁb)ﬁ&gt ep
(3). phosphating compositions orig nally. in fact, better ine resistance and paint adhesion .

can be achieved, along with a substantial cost reduction.
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