METHCD FOR POST- TREATMENT OF ELECTOPLATED STEEL SHEETS FOR SOLDERI NG The
present invention relates to the post-treatnent of ..pl'at ed 'st eel ssheet for
sol dering and especially with a post-treatnent solution whose use results
in excellent wettability and adhesive_strength to solder, hereafter
referred to as solderability, as well aS excellent corrosi@enhzeskstiansei
formability and durability. BACKGROUND OF THE | NVENTI ON Recently Sn platee*_

steel "sheet, Pb- SnMeTHOD] FURSOSIEPREAGMERTA R HilFR S ortieRip OF Zn pl ated™
steel sheet have been use ! for sol dering.
However, these plated steeP EREe 3§ |EPR SOBPERINGi ng packing or after

assenbling unless they are post-treated. Therefore, post-treatnents such as
chromate treatnent, phosphate treatnment or a coating of anti-corrosion
prinmer are applied to said steel sheets. Chromate treatnment is not
satisfactory because nore than 0.1 ng/[err] of [err] ion is necessary in
order to provi de sUFhecprasepsr agsientieni seintes Hovdhe pastrireathent

0. 05 [err% Is used, a strong flux is necessary for solder- ing. «FBe use of
strong fPéx cRiAkedcsterdr ghest Fox hecldexing,and eFRAgH ®eceease of

corrosi-on resistance of thg . .
post~treatment solution whose use results in excellent

wettability and adhesive strength to solder, hereafter referred
to as solderability, as well as excellent corrosion resistance,

formability and durability.

BACKGROUND OF THE INVENTION

Recbhtly Sn plated steel.éheéé;.Pb—Sn plated steel
sheet, Cu plated'steel sheet or 2Zn platéd steel sheet have been
'useg as a plated steel sheets suitable for soldering;ylhowéver,
these plated steel sﬁeet#:easily corrode during packing or
after assembling unless they are post—freated. Therefore,
post;treatments such as chrbmate treatment, phosphate treatment

or a coating of anti-corrosion primer are applied to said steel

sheets.

Chromate treatment is not satisfactory because more
: +. . . . .
than 0.1 mg/dm2 of Cr6 ion 1s necessary in order to provide
sufficient corrosion resistance. However, if more than 0.05

mg/dm2 of Cr6+

is used, a strong flux is necessary for solder-
ing. The use of strong flux causes deterioration of the

working environment and decrease of corrosion resistance of the
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-2, soldered surface. ‘Therefore, the ansunt of [err] has to be linmted to
| ess tlman 0.05 [err] which does not provide sufficient corrosion

resi stance. On the other hand, the application of an anti-corro- sion
primer causes decrease of solderability simlar to chro- mate treatnent and
al so beggpes easily soiled by handling at bending or sol dering. Moreover,
corrosi on resistance of soiled areas aft%r‘soldering Is | ess satisfactory
than in other areas. In order to provide a plated steel sheet for

soldering, it is inportant to apply on the plated steel sheet after plating
a suitable post-treatnment which does not detract from sgkderability and

whi ch i s&d t9iexEBFeosi Sherefiore, e anerbePf G5e ohashgo be
post-treat nent nethods of the prior art £annot provide a pl ated steel sheet
excel | edrEedb¥RsteRsr ERRBt Inde Ay g St | 492 BeRAGSBESBRAGEr abi | ity
and corrosipon resjstance shOM/contQ%%%:tendency to each other. This

t endency’ A ppRFERT 1P EFSAS %ecause the oxide filmon the plated

steel sheet increases with passage of tinme and decreases the solderability.

On the other hand, the application of an anti-corro-
sibn primer causes decrease of solderability similar to chro-
mate treatmenf and also becomes eésily soiled by handling at
bending or soldering. Moreover, corrosion resistance of soiled

\_ areas after soldering is less satisfactory than in other areas.

In order to provide a plated steel sheet for
soldering, it'is important to apply on the plated steel sheet
after plating a suitable post~treatment which does not detract
from solderability and which increases the corrosion resist-

ance.

However, use of the pestftreﬁfmqﬁt:methAds of the
prior art cannot provide é_plated steel sheet excellent in
corrosion resistance and solderability because solderability
and corrosion resistance show contrary tendency to each other.
This tendency becomes apparent after aging, becéuse the oxide
film on the plated steel sheet increases with passage of time

and decreases the solderability.



-

+. -3- In view.of the facts described above, it is necessary to inprove the
post-treatnment after plating.. There is sonme prior art relating to a process .
for production of plated steel sheet for soldering, for exanple, Japanese
Pat ent Application Laid-Qpen No. Sho 63-88085, Japanese Patent Application
Lai d- Open No. Sho 63-115670, and Japanese Patent Application Laid-Ogen No.
Sho 63-224769. These prior art processes have exhibited superior prop=fties
by coating post-treatnent sub- stances onto the plated steel sheet.

However, stain resistance and corrosion resistance at stained parts have
been insuf- ficient. W have exam ned the prior art post-treatnent pro-
cesses in detail to solve the problens nentioned above and devel oped the .
present inventidm view o i thet Hacpsedentrpbetd- abeteenit shs uhecassary t he
pl ated steel sheets, not only solderability and corrosion resistance but

al so tesiwmpzave tdef iRARY-preztmentanftesr pdstangresiTherrclsf sone

finger-printed areas have increased. . . : '
prior art relating to a process for production of plated steel

r

sheet for soldering, for example, Japanese Patent Application
Laid-Open No. Sho 63-88085, Japanese Paﬁent Application Laid-

Open No. Sho 63-115670, and Japanese Patent Application.

Laid-Open No. Sho 635224769. These pfior:art pfocesses have -
exhibited superior properties by coating post—treatment-sub4 s
stances onto the plated steel sheet. However, stain resistance ~

and corrosion resistance at stained parts have been insuf-

ficient.

We have examined the prior art post-treatment pro-
cesses in detail to solve the problems mentioned above and

developed the present invention.

By coating the present post-treatment solution onto
the plated steel sheets, not only solderability and corrosion @ ‘w/
resistance but also resistance to finger printing and corrosion

resistance of .the finger-printed areas have increased.



-4~ SUMMARY OF THE | NVENTI ON The el ectropl ated steel Yheet i coated dith a
pdst-treatment solution in the range of 0.01 to 2 [err] in dry thickness.
The post-treatnment solution contains from2 to 100 g/liter of at |east one

wat er - sol ubl e or water-di spersed naterial selected: a, condensat es
prepareqmjron1fatty hi gher al cohol's, allgyl phenols or fatty acids with

ethyl ene oxi des, b. pol yet hyl ene egcoI al kyl am nes, c. esters prepared
from sorbi t an.and fatty-acids, d. surfactants prepared from pol ypropyl ene
gl ycol s (as a hydrophobi c group) and pol yethyl ene glycols (as a hydrophilic
group), e. am des prepared fromfatty acids and di et hanol am nes, f.

esters pre-ared fron1fatt acids and sucrose, g. saponi ficates prepared
from | anols ’ SHE| A} IOM ty acids, h. abietic acid,. i.
benzoic acid, j. saturated fatty acids haV|ng 12 to 24 carbon atons, k.
unsaturated fatty acids having 12 to 24 carbon atons. 1. - al cohols having

2 to 400 carbon At OMGpe electroplated steel sheet is coated with a

post-treatment solution in the range of 0.01 to 2 ypm in dry
thickness. The post-treatment solution contains from 2 to 100

g/liter of at least one water-soluble or water-dispersed maisn
selectesl fron
eempenent material seeh/as:

a. condensates prepared from fatty higher alcohols,

~ alkylphenols or fatty acids with ethylene oxides,
' b. polyethylene glycol alkylémines,
c. esters prepared from sérbitan and fatty-acids,
d. surfactants prepared from polypropylene glycols (as a
hydropﬁobic group) and polyethylene glycols (as a
hydrophilic group) ,
e. amides prepared from fatty acids and diethanol
amines,
f. esters prepared from fatty acids and sucrose,
o g. saponificates prepared from lanolin alcohol or

lanolin fatty acids,
h. abietic acid;.
i. benzoic acid,
J. saturated fatty acids having 12 to 24 carbon atoms,
k. unsaturéted fatty acids having 12 to 24 carbon atoms.
1. alcohols having 2 to 400 carbon atoms,

m. esters prepared from fatty acids and glycerol,



o m - esters prepared fromfatty acids:-and glycerol$ _n._' desi'vatives of
. benzotriazoles, o. met al ates, amonium salts and am ne salts of materials .
h. through n., p. paraffin waxes, and/or from5 to 200 g/liter of q.
phosphoric esters. Into the solution containing at | east one of the
S materials nentioned above, at |east gne water-sol uble or water-dispersed
organi c fluoro conpound as defined nust be m xed at the concentration*rom
2 to 100 g/liter. The post-treatnment solution may further contain chrom um
ion in concentration of fromO0.01 to 3 g/liter and/or organic am ne soap in
concentration of from10 to 100 g/liter. The pH value of the post-treatnent
Is in the range of between 3 and 10. ~-6- DETAI LED DESCRI PTI ON OF THE
| N\VENTI ON B- derivatives of benzotriazoles, ; - o : :
o. metalates, ammonium salts and amine salts of
materials h. through n.,
P paraffin wakgs,
and/or from 5 to 200 g/liter of

q. phosphoric esters.

Into the solution containing at least one of the o

matérials'mentione&'abéve; at least one water-soluble or

as defived (elow
water-dispersed organic fluore compound[mnst be mixed at the
concentration from 2*to.1od g/liter.

The post—-treatment solution,may further contain
chromium ion in concentration of from 0.0l to 3 g/liter and/or
organic amine soap in concentration of from 10 to 100 g/litér.
The pH value of the'post-treatment is in the range of between 3

and 10.



In the main conmponents’of the present invention, water-soluble or

wat er - di spersed fatty hi gher al cohols, alkylphenols and condensat es
prepared fromfatty higher al cohols, and al kyl phenols or fatty acids with
ethylene oxi des include polyethyl ene glycol alkyl ethers, polyethylene

gl ycol sakkyl phenyl ethers and polyethylgne glycol fatty acid esters.
PolyetﬁsTene gl ycol al kyl am nes i ncl ude” NFpol yet hyl ene gl ycol al kyl ami ne
and pol yet hyl ene glycol al kyl am ne ether. Esters prepared from sorbitan
and fatty acid include sorbitan fatty acid ester and pol yet hyl ene gl ycol
sorbitan fatty acid esters. Surfactants prepared from pol ypropyl ene gl ycol
(as hydroB_QR&i '(ﬂﬁQC' RSN £ ENVENTY O as hydrophilic group)

i ncl ude pety - et hers. Am des prepared
fromfatty acids and. dlethanol am nes |nclude fatty acid di ethanol am de.
Esters prepared fromfatty acids and sucrose include sucrose fatty acid

esters. Sapon'flCat@%I¥Kﬂﬁﬁé¥hfé6mtbﬁéﬁhbno§|@Wgﬂpféséﬁﬁoihaeﬁéibﬁ aci ds
i ncl ude pol yoxyet hyl ene | anolin al cohol ether and pol yoxyet hyl ene 'anol i n

fatty aci@aeereisdlubileslon ity L-afspaieeddifandys e dig@iIcarbls,which are
utilized as solder flux w thout hal ogen include abietic acid, benzoi ¢ aci d,
sat ur at edalkylypheticds wWid lcamidrmsatésoprépared from fatty higher

alcohols, and alkylphenols or fatty acids with ethylene oxides
include polyethylene glycol alkyl ethers, polyethylene glycol
- alkylphenyl ethers and polyethylene glycol fatty acid'esters.
Polyethylene glycol alkylamines include N-polyethylene glycol
alkyl amine and polyethylene glycol aIkyi.amine ether. Esters
prepared from sorbitan and fatty acid include sorbitan fatty
acid estersand polyethylene glycol sorbitan fatty acid esters.
Surfactants prepared from polypropylene glycol (as hydrophobic
group) and polyethylene giycol‘(as hydrophilic group) include
polypropylene glycol polfethylepe glycol ethers. Amides
prepared from fatty aéids:and_diethanol.amines include fatty
acid diethanol amide. Esters prepared from fetty acids and
W, sucrose include sucrose fatty acid esters. Saponificates
prepared from lanolin alcohol or lanolin fatty acids include
pdlyéxyethylene lanolin alcohol ethers and polyoxyethylene

lanolin fatty acid esters.

. Water~-soluble or water-dispersed organic acids which
are utilized as solder flux without halogen include abietic

acid, benzoic acid, saturated fatty acids which contain from 12



. - 7- to 24 carbon atons. such as stearic acid, lauric acid and palmtic acid
and unsaturated fatty acid such as oleic acid. Alcohols include glycerol,
di ol s and pol yethyl ene glycol. Esters include fatty acid glycerol esters.
Derivatives of benzotriazoles include benzotriazole azim dazol e and _
1- N-benzoyl -benzotri azol e. Waxes inchude paraffin wax of nolecul ar we[ght
bet ween 300 to 500 which contain as a main conponent straight-chain
saturated hydrocarbons having from 20 to 30 carbon atons. Water sol uble or
wat er di spersed phosphori.c esters include nonobasic or dibasic phosphoric
acids with one or two al kyl groups or soaps of organic amnes. |f the al kyl
gr owps 2@f AMIRANULEMESEALH AL AN ANkL1855180EP8! 8B Walger, it s
possi bl e to conbine ethylene oxi de or-neutralize with alkali in order to
| Nnppadaitdice Eidnmndi anpatpeEted GuwieNtdeid osush aBcolie @@famnent
material is preferably from2 to 100 g/liter, except for phosphoric ester
whi allcohqlrsfimahide f ghgeerod ,2@ials idml .polyetitflendsgycolle present
i nvention are basically controlled by the amount of the post-treatnent
mat Esitelx scdatalhde fabtyl acad glaslexseatstexs ar eDasivanfivesnedd by the
concentration of the post-treatnent, solution, However, the above-nentioned

conbenzosrigeprkes include benzotriazole az;mldazole and
1-N-benzoyl-benzotriazole. Waxes include paraffin wax of

molecular weight between 300 -to 500 which contain as a main

component straight-chain saturated hydrocarbons having from 20

to 30 carbon atoms. Water soluble or water dispersed
phosphoric esters include. monobasic or dibasic phosphoric acids
with one or two alkyl groups_ér soaps of organic amines. If
the élkyl groups of.phosphoric esters are lafge and less
séluble in water, it is pqssible to combine ethylene oxide or
neutralize wiih_alﬁali in ‘order to imprové the hydrophilic .
property. .
- Concentration of the main component material is
preferably from 2 to 100 g/liter, except for phosphoric ester -;;

which is preferably from 5 to 200 g/liter. The effects of the
present invention are basically controlled by the amount of the
post-treatment material coated on the plated steel sheet and
are not.influenced by the concentration of the post-treatment
solution. However, the above-mentioned concentrations. are
preferred in the present invention in order to facilitate
operation. Haldgen ions are not preferred Secause they

decrease the corrosion resistance.



preferred in the present invention in order to facill'tate operatison.s

Hal ogen ions are not preferred because they decrease the corrosion

resi st ance. -8- Water-sol uble or watgr-di spersed organic fluoro
conpounds i ncl ude perfluoroal kyl groups®and have the follow ng fornmula:
[ekr] ngre [err] is nethylene, ethylene or a direct bond; R2 (which is

i At rodu®ed to increase the wat er-solubility or water-dispersibility) is a-

radi cal of an achwdier-asslibie & hagtyki-a; sper¥ed sddsphoric ester , or
carboxylic esters or an ethylene oxide adduct; and n i1s an integer from2

to 30. fFab richeomposis dfnalisde| pengl ab rdiagkReNsigtd P gadnd KAver the
conpounds, it is possible to add enulsifier, surfactant or organic sol vent
into t ieldomitngrfornmulia: possible to replace up to about one-third of the
fluorine atons in the perfluoroalkyl group with hydrogen atonms. .The
nunber of the carbon atons in the group [err] is preferably

CaFan+1RiRy
where
Rl is methylene, ethylene or a direct bond;

Rz (which is introduced to increase the water-solubility

_ aN _ .
or water-dispersibility) is a.radical offacrylic ester .,
methacryliec ester:, phosphoric ester', _or carboxylic _

ester: or an ethylene oxide adduct; and
n is an jinteger from 2 to 30.

For the pufpose of disSolving or dispersing organic fluoro
compounds, it is possible-to add emulsifier, surfactant or
\_ organic solvent into the solution.

It is possible to replace up to about one-third of the fluorine
atoms in the perfluoroalkyl gfoup with hydrogen atoms. The
number of the carbon atoms in the group CnF2n+1 is breferably'
from 2 to 30. 1If it is under 2, resistance to finger prints
becomes inferior; and if it is over 30, solderability becomes

inferior.



-from2 to 30. If it is under 2, resistance to finger prints becones
inferior; and if it is over 30, solderability becomes inferior. -9- In
t he above formula, [err] is preferably a radical of an acrylic, nethacrylic
or phosphoric ester. Concentration_of the organic fluoro conpounds is
preferably from2 to 100 g/liter. If it is under 2 g/liter, it has nO::
effect on resistance to finger prints; and if it is over 100 g/liter,
sol derability becones inferior. In order to stabilize the post-treatnent
solution and inprove the corrosion resistance and abrasion resistance, C
I ons and/ or soaps of organic amnes or mxture of themcan be utilized.
Concentration I the jbové foomslayerR,3 iF |preferainhy kabtyddeadeades
solderability and is not preferred. oaps of organic amnes contain
dodeqy lamriyie,c olmpthaervihzol pre phasiphopricpyestmef tal | ow ami ne and rosin
am ne. - The am ne may be used as a salt with carbonic acid. A concentration-
of the am ne over 100 g/liter exhibits sone effect on corrosion resistance,

but shows negative effect on solderability and is o .
Concentration of the organic fluoro compounds is

preferably from 2 to 100 g/liter. If it is under 2 g/liter, it
has no effect on resistance to finger prints; and if it is over

100 g/liter, solderability becomes inferior.

In order to stabilize the post-treatment solution and 'QJ
imprcve the corrosion resistance and abrasion resistance,
C£6+ ions and/or soaps of organic amines.of mixture of them can
be utilized.

6+ ions over 3 g/liter

Concentrxation of the Cr
remarkably deéreaéesTSOIderability and is not preferred. Soaps
of organic amines contain d6decyl§mipe, oledylimidazéline,

'_aminopropyl beef tallow amine and :osin amine: The amine may
be used as a salt with carbonic acid. A concentration of the
amine over 100 g/liter exhibits some effect on corrosion

resistance, but shows negative effect on solderability and is

not preferred.

Furthermore, well-known water-soluble or water-dis-
persed anti-corrosion agents are available. In this case,

‘however, it is important to control the amount of addition in



Al

not preferred. Furthermore, *well-known water-soluble or water-dis- persed
anti-corrosion agents are available. In this cdse, however, it is inportant
to control the anount of addition in -10- order not to decrease the

sel derability. For exanple, addition of acrylic enulsion increases the
abrasi on resistance but al so decreases the solderability. The preferred pH
value of "the solution is between 3 and1P0~ If it is under 3, the stability
of the solution decreases. If..it is over 10, drying properties of the
post-treatment solution decrease. The tenperature of the post-treatnent is
not Iimted. However, at tenperatures over 80[err] stability of the
post-treat nent decreases and the solution tends to gelatinize. An ordinary
t enper at ur grgaRdietiveeiecteasd #RECEED Jesabiafialy ed ro eeanpItcahddition
Coati ng nethods of the post-treatnment are not re- stricted. Roll-coating,
kni f e- coat big aerydiitpicighIoidoecbgaseisngte addasiiomirekist&natebut also
applicable. The degree of dryness is not restricted but tacky

post - t r eat dertreasicay itHe isolderability.

The preferred pH value of the solution is between 3
and 10. If it is under 3, the stability of the solution
decreases. If it is over 10, drying properties of the .

QJ, post-treatment solution decrease.

The temperaturé of the post-treatment is not_limifed.
However, at temperatures over 80°C, stability of the _ _
post-treatment decreases and the solution tends to gelatinize.
An ordinary temperature range between 20 and 40°C is preferred

and economical.

~ Coating methods of the posf-treatment‘are not re-
stricted. Roll-coating, knife-coating or dipping followed by
wringer roll or air-knife are applicable. The degree of |
dryness is not restricted but tacky post~treatment ﬁateriél is
not acceptable. A residue of even small amounts oflwater wiil

cause corrosion after aging.

The preferred thickness of the post-treatment
material is between 0.01 and 2 pm by dry thickness. If it is

under 0.01 jm, it has no effect on corrosion resistance. If it



. not acceptable. A residue of even small anounts of -water will cause

corrosion after aging. The preferred thickness of the post - t r eat nent
material is between 0.01 and 2 [err] by dry thickness. 1f it is under 0.01

[err] it has no effect on corrosion resistancé. If it is over 2 [err]
corrosion resistance is superior but .solderability becomes inferior amd the
coating process becones nore conplicatéd owing to the thickness of th

coat. The post-treatnment naterial of the present invention can be applied
on Sn plate, Pb-Sn plate, Zn plate, Zn-alloy plate or conposite plated
steel sheet"wth these elenents. Such steel sheets treated wth the
post-treatnent material of this invention exhibit not only superior sol der-.

ol der 361 T ahdier SOEFaRiPB Febareane or® AOREPIPERRE, superior The
enon B PLATOLESREL $ABEIREdiot Sole SHERLI 0 LDCRLESBkones

i nventi-on are et'erm ned. ormation o
OXi des iy éf@ﬁicé‘&?ﬁ sst%e(}mfa idssl by E}Qé‘té;aﬂgt he present
post - treatnent material on s pl ated steel sheet. él i eved t hat
si nce

- The post-treatment material of the present invention
can be applied on Sn plate, Pb-Sn plate, Zn plate, Zn-alloy

plate or composite plated steel sheet with these elements.

Such steei sheets treated with the post-treatment
material of this invention exhibit not only superior solder-
ability but also resistance to finger ﬁ:infé and corrosion.
Moreover, solderability and corrosion resistance after aging

are also superior.

The reason.why the properties of the qoated steel
sheet of the present iﬁveﬁtion are improved has not been
determined. However, formation of'oxidéé, hydroxides and .
carbonates are inhibited by coating the present post-treatment
material on said plated steel sheet. It is believed that since
the present post-~treatment dissolves or reduces the metal
oxides which have formed on the plated steel sheet overtime,
the wetting and diffusion of solder are promoted and solder-
ability is improved. According to said phenomenon, the.present
post-treatment film covers the plated steel sheet uniformly and

increases corrosion resistance.



the present post-treatnent d¢issolves or reduces the netal oxides which have
formed on the plated steel sheet overtine, the wetting and diffusion of

sol der are pronoted and solder- ability is inproved. According to said
phenomenon, the present post-treatnment filmcovers the plated steel sheet
uni forr{y and increases corrosion reqjgf nce. -12- By coating the
present post-treatment solution onto the plated steel sheet uniformy,

pl ated steel sheets have excellent solderability and corrosion resistance
can be continuously produced. Specific enbodi nents of the present invention
are as - follows: -13- EXAMPLE 1 A cold-rolled steel sheet of 0.5 nm
thick was used as the substrate and was treated by ordinary al kali cleaning

and pickling. After ppptcdatiigythe. pkisentbposti-a il iicis®iution onto
the plated steel sheet uniformly, plated steel sheets have
excellent solderability and corrosion resistance can be

continuously produced.

Specific embodiments of the present invention are as

follows:
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.plated in a sulfuric acid bath at the.coating weight of :5 g/[err] of Zn
deposit and was treated in accordance with the present invention. In this
regard, a post-treatnment solution contain- ing nonobasic phosphoric ester .
100 g/liter, tetrafluoro-propyl nethacrylate 10 g/liter and [err] 0.01-
g/liter (as Cr ion) was coated on %?e Zn pl ated steel sheet by a dipping
met hod and the thus-coated steel sheet Was dried at the tenperature a

" 60[err] to forma coating filmof 2.0 pmin dry thickness thereon. Exanples
2-10 of the present invention were treated according to the sane procedure
as exanple 1, except for the type and anmobunt of the deposit and

post -treat nent. -14- COMPARATI VE EXAMPLE 1 The sane substrates as in
Exanpl BXAMBEE- 1t r eat ed by ordinary alkali cleaning and picking. After water
spraying, the substrate was electroplated in a sulfuric acid bath at the
coating weight of 5 g/[err] of Zn deposit and was post-treated in an

ordi nary chronmat e bhat t %io Ci tg
sul furic acid O. §5 l%t€§fie¢mﬁ$§ en%%%% urg §0Fe?%]H%§%%fgﬁ+%g %e? Bfie
secondtﬁé EGES%&%E&“%&&HJHE éE%ﬁEe&be-8§d§H5&9r%hkﬁﬂf”cf@éﬁﬂﬂg Lhe
conparative exa was produce
plckllng. After water spraying, the substrate was electro-
piated in a sulfuric acid bath at the coating weight of 5 g/m2
of Zn deposit and was treated in accordance with the present.
invention. 1In this regard, a post-treatment solution contain- -
ing monobas;c phosphorlc ester 100 g/llter, tetrafluoro-propyl e
methacrylate 10 g/llter and Cro3 0.01 g/liter (as Cr6 ion) was
coated on the Zn plated steel sheet by a dipping method and the

thus~-coated steel sheet was dried at the temperature at 60° C

to form a coatihg f£ilm of 2.0 ym in dry thickness thereon.

Examples 2410 of the-present invention were treated
according to the same procedure as example 1, except for the

type and amount of the depos;t and post-treatment.
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Conpar ati ve exanples 2+10 were al so el ectropl ated according to ordinary
nmet hods and post-treated according to the ordinary nethods. The conditions
for the post-treatnments are sunmarized in Table 1 and the eval uati on of
properties is sunmarized in Table 2. As shown in Table 2, the

post - t igat ment solution of the present igvgntion have excel lent effects on
corrosion resistance, solderability, resistance to finger prints and agi ng
tests. -15- Conparative exanples 1-4, 5, and 6-10 were post-treated by
chromate or phosphate treatnment, by non-treatnent, or by post-treatnent
according to other nethods w thout organic fluoro conpounds, respectively.
The conpaggidp) I sy £xhibited corrosion resistance but have

i nferior ' T resulting in the inferior solder _ _
wettability. Furthernore, the colour of the surface of the exanples has
changed and corrosion resistance has decreased after aging tests.

Conpar ative exanpl exHe Hak@vsubstpathewas iremxamplsi Stwece tPebtageby
printing.

ordinary alkali cleaning and picking. After water spraying,
the substrate was electroplated in a sulfuric acid bath at the
coating weight of 5 g/m2 of Zn deposit and was post-treated. in
an ordinary chromate bath, that is, chromic acid anhydrate 20
g/liter, sulfuric acid 0.05 g/liter.,, bath temperature 30°C, by
dipping for one second at the-coatiné-wgight of Cx of 0.05

mg/dmz. After drying, the comparative example was produced.

Comparative examples 2-10 were also electroplated
according to ordinary methods and post-treated according to the

ordinary methods.

The conditiohs for the post-treatmients are summarized
in Table 1 and the evaluation of-propertiés is summarized in

\_,  Table 2.

As shown in Table 2, the post-treatment solution of
the present invention have excellent effects on corrosion
resistance, solderability, resistance to finger prints and

aging tests.



;-As shown in Exanples 1-10, and in Tabl:e 1 and 2, excellent corrosion
resi stance, solderability, resistance to finger printing and formability
have been obtained and these properties after aging of the plated steel

sheet can be achieved by using the present invention. - 16 - Table 1
Preparation and condition of Specipepg Type of Amount of S
Conposi tion of post-treatnent solution of Thi ckness Eaxnpl e -
plating - Deposit present invention (g/1) _
(err) phosphoric acid 2-ethyl hexyl ester 100 1  Zn plated
tetra-fluoropropyl nethacrylate 10 2.0 [err]
0 01 phosphori ecapat s Bid1véranylesstes,2s, and 1d Qfbre 10 :
(m xture of nmono- and di-) 200 0.5 trl—fluoroethyl
met hpes¥-ekeated by chromate 3rpphopbhtite &@aim@mf,tmyene gl ycol stearyl
ester(m xture of mono- and di-) 53 Sn pl ated 2
hexanbhaurelamhmetd:acbg/Imst-treatment accomng td).dtth¢ermé¢thods
3 rosin am ne .10 polyethylene gl ycol

steawatbogmonmmammgﬁﬁﬂporo compounds, respectively. Th e

comparative examples have exhibited gorrgslon resistance but

have inferior solderability effec;s :esulting in the inferiorx

solder wettability. Furthermore, the colour of the surface of

the examples has changed and corrosion resistance has decreased
after aging tests. Comparative examples 6—1Q have also shown A

inferior resistance to finger printing.

As shown in Examples 1-10,.and in Table 1 and 2,
excellent corrosion resistance, solderability, resistanée to
finger.printing and formability have beeﬁ'obtained.and these
properties after aging of the plated steel sheet can be

achieved by using the present invention.
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: Kyouei sya Yushi Co.LTD) : ) " 54 Sn pl ated 5
phosphoric acid polyethylene glycol stearyl 0.2 ester(m xture of
nono- and di-) 1 per-fluorobutyl ethyl acrylate

5 sorbitan ol eat e(Noni ol it e- SPS: Kyouei $$a-Yushi Co. LTD)

50 5 y  Cu pl aipen h h | ester
20 b Pornd efl. P:?éparat:.oﬂ 8aahebh@i8%bs %‘fe%%%ﬁfp%{ {1 uor obut y

.

et hyl acr Hate - s r-apyH-ere—tH-af-re—p
Sn- Pb Te of | AnguNbIF Of i CampdSiFTon & dptrtesatgrd sylisivn o€0. | TDjkness 1D
0.1 pl at eq Eaxmple | plating Derfogirty || present invention (g/1) (pm)
per-fluor gbutyl phosphatle (&/m*) 30 derivative of bgnzotri agol e
2 salt of [phosphprrc acrjd 2Z- et Nyl Nex estg Zn_prated T
and dodecyl mne | phosp ‘f’:"c act 2;" ge"’: :sff 05 perl-(l’g uor,oput |
tri-nethylf a n {?nﬁ' %%Ft 50 [eé;ﬁa toropropy? methacrylate 0 . 2]
0.2 paraf flin _wax 100 8 sn®$ at ed
2 dri-f1uproethyl| methacrl Jh@épﬁ'onc acid 2-ethylhexy] ester S B [err]
2 stearyl |trigne Wﬂlaﬁmm Yo Sl mixture of mono- and dil) Ol €1 C aci d sg0 0.5
50 9 $n platpd 5 trifperdetrpr hethaxeyistepol yet hyl eng| gl ycol
st earyl 02 '
: phosphoric acid polyethylene glycol stearyi
ester{mixture of mono- and di-) 5 :
3 Sn plated 2 . | hexa-fiuorobutyl methacrylate 100 0.0!
Cré* 3
rosin amine ) 10
‘\J . polyethylene glycol stearate (noniolite-T40
tKyoueisya Yushi Co.LTD) 51
4 Sn plated 5 phosphoric acid polyethylene glycol stearyl 0.2
| ester(mixture of mono- and di-) 1 '
per-fluorobutyl ethyl acrylate 5
sorbitan oleate(Noniolite-SPS:Kyoueisya - |
Yushi Co.LTD) 50
S Cu plated 3 phosphoric acid 2-ethylhexyl ester 50 0.5
' ' Cré* 3! .
‘| per-fluorobutyl ethyl acrylate 10
polyoxyethylene alkylpropylene diamine
6 Sn-Pb 10 (Nomohte-DNT 10:Kyoueisya Yushi Co.LTD) 10 0.1
._-plated e e e Crso - 1
- per-fluorobutyl phosphate 30
derivative of benzotriazole 2
salt of phosphoric acid 2-ethylhexyl ester
\/ 7 In plated 10 and dodecyl amine - 1 0.05
per-fluorobutyl tri-methyl ammonium salt 50
Cr0s 0.2
paraffin wvax 100
8 Sn plated 2 tri-fluoroethyl methacrylate 8 3
Cr0s : 2
stearyl tri-methyl ammonium sait 1
' oleic acid - 50
2] Sn plated 5 phosphoric acid polyethylene glycol stearyl 0.2
ester(mixture of mono- and di-) 10
ethylene oxide of per-fluorobutyl 5
ester prepared from stearic acid and
10 |Cuplated 3 glycerol _ 20 1
paraffin wax = 100
hydrophilic urethan of per-fluorobuty! ‘10




ester(m xture of nono- and di-) 10 ethylene oxi de of per-f

| uor obut yl 5 ester prepared fromstearic acid and 10 Cu
pl at ed 3 gl ycer ol 20
1 paraffin wax - 17 - 100 hydrophilic urethan of
per-f | uorobutyl 10 - 17 - fable 1 . Preparation and COﬂdItIOQdOf
speci mens conpera-  Type of Amount of Conposi tion of
post - t r eat nehab3e| &t i oﬁreparatmnmn&mshmw of spesimems Deposi t
present invention (g/l) (err) eaxnple
(err) 0.05 1 Zn plated 5 chromat e treat nent
ng/[err] (as C) 2 g/[err] Sn plated - b phosphat e
treatnme ' . S P).0.00 3 nprat ed
5 C?ﬂ‘i?'arr ?if e '\g@m of | Composition of post-Ereatadnt solution of Tn[?gw%  as
cr) 0.05%% Sit pesent inventign (812 & ¢t r eat ment Hm
eaxmple
[err]
o : 0.05
1 Zn plated 5 chromate treatment mg/dm?
- ' (as Cr)
. : . 2 g/m .
2 Sn plated S phosphate treatment (as P)
. 0.05
3 $n plated 5 chromate treatment - mg/dm?
' ' (as Cr)
- : _ 0.05
4 Cu plated 3 chromate treatment mg/dm? -
: (as Cr)
5 |Znplated | --- -
' mono-{di oleyl)phcsphorlc ester amine salt 10|
8 Sn plated | 5 Cré+- 0.1 0.1
| phosphoric acid 2-ethylhexyl ester 50|
7 Cu plated 3 dodecly amine 100 0.5
Sn-Pb phosphoric acid 2-ethylhexyl ester
8 plated 10 alkanol amine salt : 150 02
polypropylene glycol polyethy_lehe glycol . :
9 In plated 10 ether(Epan-720:Daiichikogyo. Seiyaku Co.LTD)100 2
phosphoric acid polyethylene glycol st&ryl
ester(mixture of mono- and di-)" 5
: - | polyethylene glycol olenc ester(Nolgen SE
10 |[Sn plated 2 80:0aiichikogyo Se:yaku Co.LTD) 10 0.02
Cré* 0.01




"3

(as é}) 5 Zn plated - --- nnno-(di;o]eyl)phosphoric ester am ne

salt 10 6 Sn pl at ed 5 [err]
0.1 0.1 phosphoric acid 2- et hyl hexyl ester 50 7 Cu
pl at ed 3 dodecly amne _ 3g _ 100
0.5 Snlzp phosphori c acid 2- et hyl hexyl ester 8
pl‘at ed 10 al kanol am ne salt 150
0.2 pol ypropyl ene gl ycaabpel get hEvenaagdliyivlof) PropéFi¢s at ed : 10
et her (Epan- 720: Dai i chi kogyo Sei yaku Co. LTD) 100 2 phosphoric acid
pol yet hyl ene gl ycol stearyl ester(m xture of nono- and di-)
5 pol yet hyl ene glycol oleic ester(Noigen Se 10 Sn pl at ed 2
90: Dai i chi kogyo Sei yaku Co. LTD) 10 0.02 [err] ;
0.01 - 18 - Table 2 Evaluation of Properties [ERR] 0 0 0 0 -~ 00
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substrates which were prepared i n_.th@® Exanpl es 1-10 and Conparative exanpls
1-10 were evaluated by the follow ng test nethods. The results are shown
I n Table 2.

EVALUATION

The metal substrates ﬁhich were prepared in the
Examples 1-~10 and Comparative exampls 1-10 were evaluated by

the'following test methods. The results are shown in Table 2.

(1) Spreadability of solder:  a sample steel sheet,
50 x 50 mm in size, was floated on the G
solder-bath at a temperature of 250°C. The
amount of 0.4 g of bended wire solder, that is,
rosin” flux cored soldér (JIS Z 3283) was placed
on the sample steel sheet for 30 seconds. The
area of solder spread was heasured after
cooling.

(::) : Area of spread solder 2 200 mm?

A : 200 mm® > area of spread solder > 50 mm> e

X

(2) Combination strength of solder: a bundle of

Area of spread solder'§ 50 mm2

twenty wires (¢ = 0.18 mm) was placed on the
test steel sheet and joined with the rosin flux
solder (RH 50) and was subjected to a pull off

test (Bundle of twenty copper wires and soldered



(1) Spreadability of solder* a sanple steel sheet, 50 x 50 mmin size, was
fl'oated on the solder-bath at a tenperature of 250[err]. The anobunt of 0.4
g of bended wire solder, that is, rosin flux cored solder (JIS Z 3283) was
pl aced on the sanple steel sheet for 30 seconds. The area of sol der spread
was meagyred after cooling. Area of spread solder [err] [err] : 200
[err] > area of spread solder >50[err] 5, Area of spread solder [err] (2)
Conmbi nation strength of soldef: a bundle of twenty wires [err] = 0.18 mm)
was placed on the test steel sheet and joined with the rosin flux sol der
(RH 50) and was subjected to a pull off test (Bundle of twenty copper wres
and sol dered. - 20 - steel sheet were pulled in opposite directions and

eval uated as to the appefit&gde sheekeiaes RPbladetn PRPPFLIte: d¥FesIARS i on

anong wire, solder and
g and evaluated as to the appearance of separated

place).

<::> : No separation among wire, solder and

soldered steel sheet

><_ : Separation between wire and solder, or

solder and soldered steel sheet

- : (3) Corrosion resistance: a sample steel sheet was
subjected to 2 cycles of a salt spray test (JIS
% 2371: salt spray 8 hours and dry 16 hours) and

evaluated from appearance of red rust.

O
“ X

No red rust

Entirely red rust

(4) Formability: sample steel sheéts were subjected
to the Erichsen test (Er = 7 mm) and Du Pont
-impact test_(llz“ x 1 kg x 30 cm) and were
evaluated as to formability by the adhesive tape

test.



sol dered steel sheet X : Separation between wire and sol der, or solder and °
soldered steel sheet (3) Corrosion resistance: a sanple steel sheet was -
subjected to 2 cycles of a salt spray test (JIS Z 2371: salt spray 8 hours
and dry 16 hours) and eval uated from appearance of red rust. [err] : No red
rust. : Entirely red rust (4) Formability: sanple steel sheets were -7
subjected to the Erichsen test (Er = 7 nmm) and Du Pont inpact test (1F§" X
1 kg x 30 cn) and were evaluated as to formability by the adhesive tape
test. -21- ‘No separation between2pl ated steel sheet and post-treatnent X
: Separation between plated steel sheet and post-treatnent (5) Aging: sanple

steel sheets were subjected to a thernohygrostat (60[err] RH 95% for 1,000,
hour s (ff): No separation between plated steel sheet

and post~treatment

X

Separation between plated steel sheet

and post-treatment

(5) Aging: sample steel sheets were subjected to a
' thermohygrostat (60°C, RH 95%) for 1,000 hours &
and evaluated as to the appearance (or colour
change) , corrosion resistance and solderability

in the same was as in evaluations (1)-(4).

<::>: No colour change

7(;: Colour change

(6) Resistance to finger print: the substrates were
finger printed with artificial sweat (composi- v/
tion: urea 1 g/liter, sodium pyrophosphate
10-hydrate 8 g/liter, lactic acid 4.6 g/liter,
acetic acid 5 g/liter, NaCl 7 g/liter, ethyl
alcohol 20 ml/liter are adjusted to 1 liter with
pure water and to pH = 3.75) and evaluated by

the change of appearance.



and evaluated as to the appearance (or celour change), corrosion resistance
and solderability in the sane was as in evaluations (1)-(4). [err] : No
col our change [err] : Col our change (6) Resistance to finger print: the
substrates were finger printed with artificial sweat (conposi- tion: urea 1
g/litery, -sodi um pyrophosphate 10-hydrate 8 g/liter, lactic acid 4.6
g/liter~~acetic acid 5 g/liter, Nad 7 g/liter, ethyl alcohol 20 m/liter
are adjusted to 1 liter with pure water and to pH = 3.75) and eval uated by
t he change of appearance. - 22 - Fhé2fi-nger printed substrates were
subjected to a therno-hygrostat (60[err] RH 95% and eval uated by the
change of appearance and col our after 500 hours. [err] : Al nost no finger
print residue, no-col ouThehfiggemrpiinted\ substrateagwerpr isubjestietlictoa
little col our change

a thermo-hygrostat (60° C, RH 95%) and evaluated by

the change of appearance and colour after 500 hours.

(::): Almost no finger print residue, no

colour change

A

A little finger print residue, a little

colour change

>< : Obvious finger print residue, almost

complete colour change



3

: Qbvious finger print residue, alnost conplete cokour change * C
L M S * - 23 - CLAIMS: 1. A nethgd—igL_pgsL_LLeaLLng plated
steel sheet for soldering which conprises the ste s of coating sa
sheet with a post-treatment solution having ﬂ!lllll ﬁllﬁ, 10 and
conprising at | east one water-soluble or wat terial
sel ected fromthe group consisting of: a. condensates of fatty hi gh

al cohol s, al kyl.phenols or fatty acids with ethyl ene oxides, b.

pol yet hyl ene gl ycol -al kyl am nes, ¢.»3 esters of sorbitan and fatty acids,

d. surfactants prepared from pol ypropyl ene glycol and pol yethyl ene
glycol, e. = amdes of fatty acid and di et hanol am ne, f. esters of
sucry_ggﬁﬁg fatty acids, g. saponi ficates of lanolin alcohol or lanolin
fatt =" h. abi eti ¢ aci d, : .

1. A method for post-treating plated steél'sheét for
soldering which comprises the steps of (1) éoating'said sheet
with a'éost-tfeatment solution having a pH of from 3 to 10 and
comprising at least one water-soluble or water-dispersible
material seiected'from the group consisting of:
| a. condensates of fatty higher alcohols; alkylphenols or NG
fatty acids with ethylene oxides,
b. polyethylene glycol-alkylamines,
c. esters of sorbitan and fatty acid#,
d. surfactants prepared from polypropylene glycol and
polyethylene glycol,
e. amides of fatty acid and diethanol amine,
£. esters of sucrose and fatty acids,
g. saponificates of lanolin alcohol or lanolin fatty
acid,.
h. _abietic acid,
i. benzoic acid,
. saturated fatty acids having 12 to 24 carbon atoms,
k. unsaturated fatty acids having 12 to 24 carbon atoms,
1. alcohols having 2 to 400 carbon atoms,
m. esters of fatty acids,

n. derivatives of benzotriazoles,



i benzoic acid, j. < saturated fatty acids having 12 to 24 carbon -atofs—

K- unsaturated fatty acids having 12 to 24 carbon atons
having 2 to 400 carbon atons, m esters of fatty aci ds”"}"”’mmmj’gﬁlgw
of benzotriazol es, *C LMS * - 24 - o. nmet al at es, *anmoni u

and am:nhe salts of material h. throughop. . p. paraffin waxes, and q.
phosphori c esters, said solution containing from2 to 100 g/liter of any of
said material s ohbealtlras,phmmpndninc seslt ey Sandng e fsantd bo RAQeg/ilairt er
of phosphoric esters, and further conprising at | east one water-sol uble or
wat er - di sper sed f ghhroughuor.o conpound of the fornula [err] where Rl is
met hyl ene, ethylene or a direct bond; R2 (which is introduced to increase
the water-s®i ubi PaF§ffin waxes, and

q. phosphoric esters,
said solution cqntaining from 2 to 100 g/liter of any of said
materialg other than phosphoric esters, and/or from § -to 200
'glliter of phosphoric esters, and further comprising at least
one water-soluble or water-dispersed organic fluoro compound of

the formula
CnFan+1R1Ry
where
Rl is mefhylene, ethylene or a direct bond;
' Ry, (which is introduced to increase the water-solubility
or water-dispersibility) 1is a radical of an acrylic ester,
methacrylic ester, phdsphoric ester, or carboxylic

o ester,, or an ethylene oxide adduct; and
n is an integer' from 2 to 30,
in which up to one-third of the fluorine atoms can optionally

be replaced by hydrogen atoms, and (2) drying said solution to

obtain a coating thickness in the range of from 0.01 to 2 nm.



.or water-dispersibility) 1is a radical of an acrylkic -ester, nethacryllc

ester., phosphoric ester, or carboxylic estef~—~e#~an_eLh¥Lgn§_QX|de
adduct; and nis an integer from2 to 30, in ﬂ& to one-third of the

fluorine atons can optionally be replaced by H&u&mmmm (2) drying
om 0. 01To 2

said solution to obtain a coating thickness-
pm * C L M S * .25 - 2. A nethod accordlng to daimlin
which the post-treatment solution_fysther conprises from0.01 to 3 g/liter
of [err] ion. 3. A nmethod according to Claim1l in whch the post- treat nent .
solution further conprises from10 to 100 g/liter of an organic am ne soap.

4. A npt hog ﬁ@%ﬁb@l '&%ctcﬁ:ﬂx?é nd ¢Natli ¢hihhenaest ttr{eeag&eeu?fgé LAg

conprises material a. selected fromthe group con- sisting of polyethylene

gl ycol g1 kyk oRNeuye nalhh Ficmp s €t BrbaNg . o1y ol 3a§lmn.egi1_%§ @®t ion.
pol yet hyl ene glycol-fatty acid esters. 5. A nmethod according to Caim1l in -

whi ch the post-treatnent solution conprises material b. selected fromthe

group con- sisting of N-polyethyl ene glycol al kyl am nesand pol yet hyl ene
3. A method according to Claim 1 in whch the post-treatment
solution further comprises from 10 to 100 g/liter of an organic

amine soap.

4. A method according to Claim 1 in which the post-treatment _
solution comprises'materigl a.-selected from the group con- s/
sisting of polyethylene glycol alkyl phenyl ethers, polyethylene

glycol alkyl ethers and polyethylene giycql4fatty acid esters.

5. A method according to Claim i_in which the-post-treatment
solution comprises material b. selected from the group con-
sisting of N-polyethylene glycolalkyl aminesand pdlyethylene

‘glycolalkyl ethers.

6. A method according to Claim 1 in which the post~treatment i;)
solution comprises material c¢. which is a polyethylene

glycolsorbitan fatty acid ester.



gl ycol al kyl ethers. 6.+«A nethod according to Cla|n111"
post-treatnent solution conprises nateri al c. whi ch n Fﬂﬁ
gl ycol sorbitan fatty acid ester. - 26 - 7. A nethodcaocoM

1 in which the post-treatnent solution conprlses material d. whichis a
polyprggylene gl ycol polyethylene glycol ether. 8. A nmet hod according to
Claim I7in which the post- treatnent solution conprises material e. which is
a fatty acid diethanol am de.. 9. A-meghad according to Caim1 in which

t he post-treatnent sol ution conprises material f. which is a sucrose fatty
acid ester. 10. A nethod according to Claim1 in which the post-treatnent
-sol ution conprises material g._ selected f.romthe group consistin

pol yoxyet Ryl endl aeshad acerrdirgt EpsCandmpd| }65(9‘%( IR;FPFO*FT%‘?QFF‘?“*:

acid esters. 11. A nethod accordin &o Clab c}mﬂln whlct}‘y t treat nent
sol ution SEANLLODs GAMRF3ISAES HAteFIted -t MEAHhd Sy PoRP WRES %@eof

abietic aghgcog %%H§é¥ﬂileﬁéET“Dgiugkﬁékﬁ and

i m

8. A method according to Claim 1 in which the post-treatment

solution comprises material e. which is a fatty acid diethanol

amide.

— | 4
9. A method a¢cording to Claim 1 in which the post-treatment
solution comprises material f. which is a sucrose fatty acid
ester. _
10. A method according to Claim 1 in which the post-treatment
solution comprises material g. selected from the group
cdnSistihg of polyoxyethylenelanolih alcohol esters and
polyoxyethylene lanolin fatty acid esters.

(7 11. _A method according to Claim 1 in which the post-treatment

solution comprises material h. selected from the group
consisting of abietic acid, a metalate, an ammonium salt and

an amine salt thereof.

12. A method according to Claim 1 in which the post-treatment

solution comprises material i. selected from the group



an amne salt thereof. 12. A nethod accordf;r\??TTjTﬁﬂﬂqL\Lg\ﬂgich t he T
post-treatnent solution conprises nmaterial. ﬁlm fromthe group - =

27 - consisting of benzoic acid, a netal ate, ! W ﬂ and an am ne
salt thereof. 13. A nethod according to daimi imn e '
post-treatnment solution conprises material j. selected frohthe group;ton-

sisting of stearic acid, lauric acid and palmtic acid, and a netal ate, an
anmoni um salt and an amne salt therggf. 14. A nethod according to Caiml
-in which the post-treatnent solution“Conprises material k. selected from

the group con- sisting of oleic acid, a netalate, an ammonium salt and an

am ne salt_thereof. 15. A net hod. accordi d aj .n.whi ch .t.he

ot t RS ARELES] of Berfagie RUAC P00 48 b hanbf il EhIE and ap
sistingof gl ygerokpgtd ene glycol and polyethylene glycol, and a

metal ate, an anmonium salt and an amine salt thereof. 16. A nethod

according to Caim1l in which the post-treatnent solution conprises
material m which is.a fatty acid glycerol ester, netalate, amoni um salt

or am ne3 salA.method according to Claim 1 in which the post-treatment
solution comprises material j. selected from the group con-
sisting of stearic acid, lauric acid and palmitic acid, and a
metalate, an ammonium salt and an amine salt thereqf.f“
14. A method according to Claim 1 in which the post—-treatment ~
solution comprises material k. selected from the group con-
sist%ng of oleic acid, a metalate, an ammonium salt and an

amine salt thereof.

15. A method according to Claim 1 in whic& the pést-treatment-
‘solution comprises material 1. selected from the group con-
sisting of glycerol, ethylene glycol and polyethylene glycol,

and a metalate, an ammonium salt and an amine salt thereof.

16. A method according to Claim 1 in ﬁhich the post~treatment
solution comprises material m. which is a fatfy acid glycerol

ester, metalate, ammonium salt or amine salt.

17. A method according to Claim 1 in which the post-treatment
solution comprises material n. selected from the group consist-

ing of benzotriazole, azimidazole and



-~

17. A,method according~to Gaim1l i.n whieh the p nt_sol ution
conprises material n. selected fromthe group consist- ing of

benzotriazol e, azi m dazol e and - 28 - 1- N-benz m T’m“u"’"mmu and a
het al ate, an ammoni um salt and an ami ne salt ther f
accordihng to aim1 in which the post-treatnent sol ut'i oh conpyi ges
materi d p. which is a paraffin wax of nol ecul ar weight from 300 to 500
whi ch contains as a main component st %Qﬂﬂ chain saturated hydrocarbons
having from 20 to 30 carbon atons. 19. A nethod according to Claim1 in
whi ch the post-treatnent solution conprises material gq. which is a
phosphor i a -ast®énso9p-benkoitringolieganind alimetaDitépnan anmahikesisalacidlsd
having 1 or 2 al kyl groups. 20. A nethod according to C ai.m 19 wherein

et hyl ene i demime ab&hti thereadded. 21. A nethod according to Jaiml
wherein the organic fluoro conmpound is selected fromthe group consisting
of tetra- fluoropropyl nethacrylate, trifluoroethyl nethacrylate, hexa-

quorobutyI nethacrglate perfl uoroal kyl ethyl_ acry] ate,
. A method accordlng to Claim I in which the post-treatment -

solution comprlses material p. which is a paraffin wax of
molecular weight from”300_to 500 which contains as a main -
component straight-chain saturated hydrocarbons having from 20

to 30 carbon atoms.

N
19. A methed according to Claim 1 in which the post-treatment
solution comprises material gq. which is a phosphoric ester soap
containing organic amines or mono- or di~basic acids having 1
or 2 alkyl groups.
20. A method according to Claim 19 wherein ethylene oxide ox
alkali are added.

U 21. A method according to Claim 1 wherein the organic

fluoro compound is selected from the group consisting of tetra-
fluoropropyl methacrylate, trifluoroethyl mefhacrylate, hexa-
fluorobutyl methacrylate, perfluoroalkyl ethyl acrylate,
perfluorobutyl ethyl acrylate, perfluoroalkyl phosphate,
perfluorocalkyl trimethyl ammonium salt, trifluoroethyl metha-
. cxylate, and ethylene oxide or hydrophilic urethane

derivatives of perofluoroalkyl_compounds..



perfl uorobutyl ethyl acrylate, perflueroalkyt—phosphate,—perfl uoroal kyl o

trimethyl anmoniumsalt, trifluoroethyl net et hyl ene oxide -
or hydrophilic urethane derivatives of peronmmmﬂln’mlmH“iunds. - 29 -
22. A nethod according to Caim2 in which e post - tw eat ment sol utign
conprises material q. which is a phosphoric ester soap corntaining an
organi c am ne or nono- or di--basic acid having 1 or 2 al kyl groups. 2% A

met hod according to daim2 in mhicg t he post-treatnment solution conprises
sorbitan oleate. 24. A nethod accor ?n@ to daim2 in which the
post-treatment solution conprises pol yoxyethyl ene al kyl propyl am ne di am ne.

25. Axpet had maaqidlidi-dAafhgi 8b2ciBinRChn! R iRISitHd §5¢ SBOErealktienen
conprises a paraffin wax.
solution comprises material gq. which is a phosphoric ester soap
containing an organic amine or mono- or di-hasi¢ acid having 1

or 2 alkyl groups.

23. A method according to Claim 2 in which the post-treatment

solution comprises sorbitan oleate. : -

24. A method according to Claim 2 in which the post-treatment o/
solution comprises polyoxyethylene alkylpropylamine diamine.
25. A method according to Claim 2 in which the post-treatment

solution comprises a paraffin wax.




