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ANODIC PHOSPHATING
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THIS 15 AN INVENTION BY KUMMATTITHIDAL SANTHANAM RAJAGOPALAN, BALASUBRAMANIA DANDA-
PANI anp ANANTEAKRISHNAN JAYARAMAN, AL, oF THE (CENTRAL ELECTROCHEMICAL RESEARCH INSTITUTE,

Kararkupi-3, INDIA, aLL INDIAN CITIZENS,

The following specification describeg the nature of this invention,

This invention relates to Anodic Phosphaiing,

Phosphate coatings on steel are produced by treat-
ing metallic articles with phosphoric acid or solutions
of primary vhosphates of manganese, iron, zine or cad-
mium. These have the following valuable properties:
(1) these improve the adhesion of painis on metals;
(2) thesc retard the spread of corrosion under the paint
film even in those places where lhe paint has been
damaged ; (3) these lengthen the useful life of paint
coatings: (4) these reduce {riciion in wire-making,
luber making, body-priessing and olher deep-drawings
operations : and {5) these reauce wear and galline on
mating surfaces. Coating weights vary between 100 mg
and 3.000 mg per sq.ft. Besides iron and sieel, phos-
phating ig also used for zine, cadmium and other metals,

On the basis of practical! experience as well as of
numerpus fnvestigations, three main phosphating pro-
cesses have become known (1) narmal phosphalineg baths
working at a temperature between 90 and 100°C and
producing a coating during 10 to 60 minutes; (2) acce-
lerated phosphating baihs working between 85 and 106°C
and producing a coating during 30 seconds to 10 minu-
tes: and (3) cold phosphating. These are wvariously
known in trade by proprietary namecs such as Parkeris-
ing, Bonderising, Walterising, Jenolising, Granodis.ng
and so on. All of the above processes are hased on the
chemical reactions that take place when metal is dipped
in tr: phesphating hath.

A few stray references have appeared in literature
on electrolytic phosphating by passing an allernating cur-
rent through the electrolyte and by making the metal
cathode. But these have not been pursued recause the
methads suggested do not appear to have any valuable
advantage since the bath compositions and other condi-
fions emptoyed are the same as in chemical phosphating,

We have found out a new methad of electro-phos.
phating from here onwards called ANODIC PHOSPFHAT-
ING whirh has immense advantages over the chemical
phosphating processes mentioned above. In this new
method put ferward by us, the following discdvantages
of chemical phosphating, namely, (1) use of tempe a-
tures round boiling point for gefting heavy coatings:
(2} use of heavy metal phosphates as principal ingre-
dients in bath compesition (3) need for agelng of the

bath; {4) frequent check-up of bath composition; (5)
excesgive influence of surface condition of metsl on the
guality of coating produced, have all been overcome.

The following are among the noteworthy features
of the invention:—

1. ANODIC PHOSPHATING employing a critical
potential range above the equilibrium potential is pro-
posed by ug for the first time.

2. Phosphate coatings of any desired weight and
thickness and other charazeterstics can be produced
from thz same bath by anodic phosphating as defined
under {(1).

3. Fhosphate coatirgs in the range of ¢ to 5,000
mg/sq.ff. can be produced by anodic phosphating as
defined unde- (1).

4. Phos.ua ing coatings by anodic phos~hating as
defined under (1) can be produced from bhath composi-
tions in the 1ormuelation of which no heavy metal phos-
phale is nesded.

5. Phycical and chemical characteristics of phos-
phate c¢oating- by anodic phosphating as mentioned
under (1} can be modified by small additions of heavy
metal salts a= well as by changing the potential drop
at the metsl-colution interface,

6. Phosprating by anodie phosphating as defired
under (1) can he carried out aw speedily 25 by any of
the known rcthods.

7. Frequent check-up of bath compogition as in
chemical phr sphating 1s not necessary in anodic phos-
phating 25 dedned under (1),

8. Ageinr of the bath as in chemical phosphating
is not necessary,

9. Phosprate coating of any desired weight and
thickness a-d other characteristics can be produced at
room tempe afure by gnodic phosphating 25 defined
under (1).

R. BHASKAR PAI
Patents Officer,

Council of sclentific and Industrial Research.

Dated this 6th day of October 1964,

COMPLETE SPECIFICATION

Anodic Pho.phating
THIS 1S AN INVENTION BY KUMMATTITHIDAL SANTHANAM RAJAGOPALAN, BALASUBRAMANYA DANDA-
PANI, BOTH OF THE CENTRAL ELECTROCHEMICAL RESEARCH INSTITUTE, KARAIRUDL.3, INDIA, BOTH INDIAN
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The following speeification particularly describes and ascertains the nature of this invention and the manner
in which it is 1o be performed.

This invention relates to Anedic Phosphating,

Phosphate coatings on steel are produced by treat.
ing metallic articles with phosphoric acid or selutions
of primary phosphates of mamganese, dron, zine or
cadmium. These have the following valuable proper-
ties; (1) these improve the adhesion of painis on
metals; (2) these retard the spread of corrosion under
the painf film even In these places where the paint has
been damaged ; ¢3) these lengthen the useful life of
paint coatings; (4) these reduce friction in wire-making,
iube-making. body-presging and other dJdeep-drawing
cperations ; and (5) these reduce wear and galling on
mating suraces. Coating weights vary between 160 mg

and 3,000 mg per sqft. Besides iron and steel,
phosphating is also used 1Or zine, caqmium ang olner
metals.

On the basiz of praclical experience as well as of
numerous investigations, three main phosphating proces-
ses have become krown (1) normal phosphating baths
working at a temperature between 90 and 100°C and
preducing a coating during 10 to 60 minutes:; ¢2) ac-
celerated phosphating baths working between 85 and
100°C and producing a coating during 3¢ seconds to
10 minutes ; and (3) cold phosphating. These are vari-
ously known in trade by prorrietary harrss <uch ag
Parkerising, Bonderising, Walterising, Jenglising, Gras
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nodising and se on. All of thé above procesdés are
baséd on the reacticns that take place whehi inetal is
cipped in thé phosphating bath, o

A tew Stray referencés have appeared ih literature
on électrblytic phéspnéivihg By phssing an aliérnating
eurrent through the electrolyte and by makin the
metal cathodé: But thédé havé not beeti pursiied be-
cause the méchods stiggesled do nol appeéar 16 have any
valitable advantape sinee the bath compositigns and
othér conditions éinpl_ayed 5r8 thé s8mé &s in chefnical
phosphdtiiig, _

We have fourid out & néw metho? of “electrophos-
phating from heke dnwards chiled ANODIC PHOSPHAT
ING—which hag liniene advantages over the (hemical
.rhosphatiig prodesses ment'onéd sboveé. In this new
imethod gt forward By us, the foliowing digadvantages
¢ chemical pbosuhatine. namely. (1) ure of t2i-oera-
fures round boiling point for getting hedvy coatings
Wwithin & reisongble tife; (2) ise of héavy metal phos-
rhotas ge neingingl ineredient: in the »att com- an<
{7) rieéd for ageing of thé kath: (4) frequent ché k-up
ot bath cbmposit'on; (8} éxcessive influénce it surface
tondition of ietal on the qnality of ¢oating Produced,
have all becti ovércoms.

We hive distovered that & gord ptésphite eoa-ting"

can be producéd st rosm {émve-afure by making the
rnetal 1o bé phosphated ag ancde -and by adjustimént of
the metdl-solution pélential at dn doprofiniate vilue by
mearis of 4 rotentlal cofitro!li- g instrument ¢e.g) Elec-
irgnic Potentiostat, s.abilsed T.C. voltage supply.

- We hive found by the #téw thethod, herein cslied
ANODIC PHOSPHATING. that phosghate coatings of
any desived wéight of thickness in the range 6f 0 to
6.000 mga/sq.ft. and having other de§rablé charactéris-
Aicg can bé produced fromi the same rath,

We havé {sund thai extremely simple hath composi-
tions made up of very common chemical and having
sufficierit quaniity of phosphate isns cah give photphafe
voatings of any desired chéracteristics and any coating
weight by the néw methéd, heve'n called ANODIC
PHOSPHATING, 8¢ cdriipdred t6 the very complex
formulations comtiionly efiipioyed {n  phosphating by
chemiral methods,
~ We have found. by thé pew method. hereln calied
ANODIC PHOSPHATING. that the physical and chemi-
cal properties of the phosphaté céating can be modified
to suit different practical purpeses only hy chdnging
the potential drop ai the electiode-solution interfare,

Aceordingly, the process of prodiring  pheinha'e
coatings ofi melal sufface By pPassing an electri¢ cur-
rent through sn elecicolyte containing phosphate iong
and misking the metal anode is chara terised in that &
critical potential rarige abBove the equilbrium '
tial is employed.

It is well known that the ahedic rea tion Fe- Fet 26
ie. dissolution of meetal in acid solution takes place
faster when the métal-solution potertial is made mére
positive {han the equilibrium p fental, T fs now dis-
covered that i & solution contdinitig phosphate ions,

rd e
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i« ome patental values abeve the equilibrium Potédi:
{ial phosphate coating formation takes place and at
still meré pesitive potentials thi§ ceases. Thus, there
is a critieal poteritif] range of éach mietdl wheréin n 2
soluitioh centaining phosphéteé ions phosphating can be
carried out. Somé exainples of phésphéting by the
abové methed aré givén below: -

iy Phiodphtte doating as & base for prinfing i

Prepare a § per cetit disediufii Bydiogen phosphate
golution by dissolvitig 5 gms. 6f thé salt in 100 cc of
water, Adjugt the pH af s6liti6f 16 5.5 uveing phes-
phorie acid. Transfet the soluiton td 4 glass or any
other hon-metallic cofitdiher. Imimeérsé the polishéd and
cegreased sledl spécimeii in thé sélutiori ghd connedt it
extérnslly 6 the wdrkifig electrodé térininal of the
p6tentiostat. Tntrodiicé the fuxilifry eléctrode cénnect
1 the counter electrode termingzl of potentiostat—Intro-
duce the reference electrode 4nd éoniéef it fo the re-
ference elecirode terminzl of the potentiostat—aciust
the patentioiffeter séiting of poténtidstdt fo —I15 v for
I mififte and change it 6 —05 ¢. The currént mea-
sured will e séeni to increasg and 4l 6 z6-6. Now,
gwitch 6ff and ta:e oul specimen, Wash and dry. The
specimén i§ réady for painiing. The c6ating weight
will be aboll 500 rigms§/sq.ff.

(i} Phosphate couting d¥§ a prorectiné firish ;

Prevaré 45 per canit disédium hydrogeri phosphate,
adjust t6 pH 4 and procsed as befors. Chinge the
potentigmeter sétting frofi =15 v fo 0.05 v. As scon
as the currefit become zéro, switéh off the poténiicstaf;
take cuf the specimén, wash. and dfy. The costing
weight will be {4 gris/éq.te: dnd the Phesphated spécis
dieri i¢ ready f6r sealing with oil or grease.

{iify Phasphate coating 16 reducé wear and friction :

Rérgdf (i upto thé stage of potenfismeter setting
at —15 v. After oné minute ¢hange the potenticctat
o —045 v. As s66n ag the cirrént comés 6 zero,
switeh off, rémove the spéciment wash atid diy. Now
the ro'inT wright will be almost of 6 gms/sq. ft. and
the gpacimen 1§ reddy {6 be hahdied for deep drawing
opera:i ns.

(iv) Phosphdte codting 6n dther métuls ;

Rereat (if) using & zinc specinier énid change. the
batentiometér selting from —15 v to --G.65 v. Ag
£60n &5 the currént comés to zéro. switch off the poten’
tostat. remove thé specimen, wash and diy. The coat-
Ing weight will b¢ 1.35 gms/so.t. and this specimen
i ready fo- painting,

The vaviations in thé coating weight with -phosphate
concentration, pH fnd eldl-solution poténtial are ingi-
cated bélow:

Hith co 1aositicn

. N - . ) Potential abov
No, ~ = S W - iz =5 Tempetature ¢ cqui-l-ihrium:po;?rftia{! “Coating Wejght
) Na (if volis) (gms./sq. fi.)
i 1.7 0.8 RT. 085 5
i 17 0.8 R 0.63 ?89
i 1.7 6.8 RT, i Ed £5
iv. 17 08 R.T, 0.59 60
B :th-compositicn - Potential
No. e comn e Tomrdratufe © g otential above _
=~y Température °C il equilibrium poteatial  Coatit i
ro. Na _ _ (n vo(lt)s) ¢ ?3‘1‘11;1?8? ?:%ht
)i 1.7 0.8 BT, N g .
% }; gg RT 25 i s
. . . R.T. 5 s Py
Y 17 08 RT o 0l e
5. 17 0.4 T, A » 52
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The variations in the appearance of coating With potéhiial, concentration

Wustrated below:

3

of phosphate and pH aré

{A) At constant Potential at Fobin femperaturé

L L

Bath composition

Na, e P iy M pH Appeatance of Coating
PO, 30, Na
1 1.7 Nil ‘o8 s 45 - White ctystalline fifrm,
2. 1.1 il 03 " 4.0 Black crystaltine Al m.
3 34 Wit 1.8 . 4.0 crystalline White fim:
4. 1.7 ' Nii 0.8 o 40 White ¢rystalline fii mi
. -
(B) At different potentials &t room temperature
Bath composition 3 Potential above _ _
No. e - : - : — PH eguilibrium potential Appearance
‘PO, Na {in volts)
1. 137 0.8 40 0.85 Agglomeration of very fine crystrals,
2, i 0.8 4.0 0.70 Bot;yx;?gs ;ﬁm: crystals and biggef
3. 1.7 0.8 4.0 6,50 Bigger crystals of the same size
4 17 0.8 4.0 0.35 Fine ctysials:

NB_M' refers to6 heavy metal ion, RT refers te roofi temperatiiré (30° €.

Definitions s

1. “Equilibfium Pétential® of a métal imay be defin:
ed as the potential at which the métal j& in dynamie
equilibrium with i{s own dlong in lhe givep solution
yand no change i the metal or sciutionk thkes place
with time. o ‘

2. “Coating Weight” may be defined as the difference
in weight of métal carrying éoating aiid afiér it has
been stripbed free of thé coaling in a suitable solution
"which dissolves ithe coating but noi the métal

3. A Potentiostat” a5 thé name implies, maintaind
Ithe eléctrode—sulution potential at a present value Wilh
véspect to referénceé eléctrade—If thé polential drifts
Jrom this value the &rrdr signal is amplified and 1his
vperates an dutridt stagé which sénds & current through
the gysteit froft an ausiliary eleétrodé in such a diree-
‘ton a& to anhul the ¢hange in potential. The output
ctage can be &ithér electrondcally or méchanically cons
Rrolled. the choice resting soldly on the amoéuni of céurs
rent required and the reSponsé time desired of the ins:
jirument. The poténtiostat is destribéd in chapter 13
of New Instrumenial Meéthods in Elétirochemistry by
jPaul Delahay {(interscience Pubtishers Ltd).

Tré following aré afong the notéworthy features
of the Invention:

1. ANODIC PHOSPHATING émploying a eritical

potertial rangé above thé equilibrium potential is pro-
posed by us for the first tima.
_ 2. Phosphate ¢oatings of any désired weight and
thicknese and other characteristics ¢can be produced
from the sameé bath by anadit phosphating as defined
undel (1}.

3. Phosphate coatings in the range of 0 to 6,000
jmaieqft. can be prodiced by anedié phosphating ad
defined undeés (i)

b _‘4‘_ _Phosphatg r‘:batip'gs by én_oc'l_ic ‘I)hosphati'n’g" as
Cefined under (1) ¢an bé produced from bath ermpasi-
tions jn the formulation of which no heavy metal phos-
phate is fieeded.

) 3 Fhysical and chemical characteristics of phos-
phate coatings by anodié phosphating &s mmentioned

|

M

31P—K S.R. Unt}, S:nt.~819—4 Patent, 67 —18-§-76—100,

undédy (i) cén be fodified by srmall additions of heavy
metal salts and various amions as Wwell as by changing
the potential drop ai the metal—Solutigh interface.

6. Phosphating by anodie phosphating as defined
itader (1) can be carried oud as speedily as by any
of the known methods.

¥. Fréquéent check-up of bath composition as in
chemical phésphating is not necéssary in anedic phoss
phating as defined undér (1).

8. Ageing of the bath as in thémical phosphating
i3 not necéssary.
9. Phosphate coating ©f any desired weight and
thickness and other characteristics can be preduced at
room temperature by anodic phosphating as defined
under (1)

We claifn :

1. A process of producitig phosphate coatings on
metal surfate by passing an electric current through
an electrolyte containing phosphate jons and making
the metal ancde characteriséd in that & éritical poten-
tial range abovée the equilibrium potential is employed.
2. A process a¢eording to Claim 1 wherein a potens
tiostat of stahilised D.C. vollage service is used for
contrelling the poténtial at the desired ranmge.

3. A protess actording té any of the preceding
tlaims wheréin phosphate coatings in the range of ¢ to
6,000 mg/sa.ft. are produced.

4. A process according to any of the preceding
claims wherein physital and chemical charscteristics
bt phosphate coatings are modified by asdding heavy
metal salis to the electrolyte and alsa by changing the
Dbolential drop at the metsl solution interface.

5. A process acéording to any of the ®receding
¢laims which is conducted at room temperature.
B A process ot producing phosphate coatings on
tetal surfaces. substantially as hereinbefore déscribed,

8d./« R. BHASKAR PAl,
o _ Scientist,
Couneil of Scientific and Indusirial Research.
Dated this 16th day of July, 1964,



