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ocolouring of aiokd-chm #tainiens stosle.

Hitherto it bas bemn proposed to colour thex stzinless steels
by one of the methods mentiomed below:

' 1 Stainless stesl when m:md in moltem sodimm dichromate

dmlq;ed an intensely Sleck possessing considerable strength and
olutioity.

.2 The stainless steel is sprayed with certain solutions end
heated in furnsces at comtrolled temperatures for s definite time
to got different shades of colour,

3 The stainless steel is immersed in agueous solutiens of
sulfuric acid containing » oxidising agents smch as chromic acid,
ohromates, pemteu, vaunadlates,

4 The stainless stesl is clectrolytloslly treated in aquecus
solutions of sodium carbonate + potassime chloride Bodimm meta
sy;l.lio;to + poﬁuiu chloride, potassium chromste + sulfuric seld
or mixtures of these st high current demsitiss greater tham 500
nfumuumimmt of & 50 aycles.

In seme lator modifications of some of these processes,
the coloured film so produced are further protected for improved
abresion resistence by epreying with silicate solutions and

* halied at tenperstures above 00°C.for 5 to 15 mimubes,

It hes also been reported in literature thet colouring of

 stainless steel oculd be obtained by making the stainless steel

srticles anodic at s current density of 0,06 asdm in an agueous

solution of 25% by volume concentrated sulfurie acid containing

30 ga per litre of sodium dichremate and naintainc;i at 70-05°C .

Various SW‘ of colour ranging Zrom brown, blune, yellow, gpurple

and gree. have been mortod anverp istense blaock colonrs
coulé.rot. be . obtained fm thewe electroiﬁ’wa
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It !hi alao boon reported that the sbove remgo of colours

could be obtained"by- imersi_cm of the stainless steeln for varying
times in am aquvous mclutioné of 50% by volume of eulfuric soid

and abont 12-15 yl'per litre of sodium dichromate,

6 A2 a Subsequent improvement of the above process, it has besm
‘repprted that the oxide film so produced has to be hardened for
improved abraéidn resistance by cathodic treatment of the coloured
l;tainloéé steel in a ch acid electrolyte containing 2% g1
oro, and 2 to 5 g/1 H,50, for 15 mimtes st 40°C. The anode used
1s lesd and current density is around 2 - 5 asds,

These wothdds aye open to the objection that methods 1 and 2
ude a nolfon bath at high temperature and may affect the strength
of the stsel surface and difficult to control the shades of coleaws.

Nethod 3 produces coloure of different shades tut are wt
sufficiently abrasion-pesistant for day to day spplicatiom.

Nethod 4 uses very high current densities involving high
investaent on sguipment. Purther, the films are not sbresion-
resistant, |

Nothod § uses a very low current density which is very oriti-
eal and use of higher current demsities do not produce any colowrs.

In Netbod 6 the colour is produced by immersion in chromies -
salpburic acid :ixm at & temperaturs 70-95°C and hardened
ina virtuslly chromium plating electrolyte at current densities
lower than required for the onset of chromium deposition.
Comsidering the poor current ‘distribution of the ochromiua plating
slectrolyte, the hardening may csuse burning at the cornlei'a and
edges of the work. Purther black colour could not be obdtained
ia this electrolyte.

m ob;oct of tb present invention is %o oMgto these

" nﬂdn w mo the uniformity ot the shades




slostrolyte csatuixing o dnfinite qumatity of triwiient chwenbus
in"the celouring bath snd suisequently hardening is & chuupte setd
alostrolyte in which & defindte smsemt of tmivalent chremiwms iom
s produced by reduction with sueh redusing agests as selenites,
 hypephespdite, escovtie seid, aresmites ssd tedlwrites.

It has becu found that in the ooures of investigatiens thet
Presence of forric ions in the colouring elesiwelyte poeventbed

-~ %he colewr fils formeation whereas additiens of owpris, mdekelous
end nemgensus 1ens hastemed the formatien of eslowred films.
w.u,mum-'mu-uum
ansisted ia the fomation of wmifezn solouss fyes datsh to dateh.
Howsver, the celours 80 cbtained frem immeswion in the said
sleskrelyte even though resistant e Seft rubbing with aleth
eould mot resist sdresion with washing powienw end hesd seibing
wih &y oloth. The comceutration range of the cheemie asid
osuld e varied from 200 g/l to 1000 g/l and sulphuwic esdd
oonld o varied fyom 30 ol to Sis 350 al of censentuated sulfurie
asid of @.or. 1,64 and the Tange of coleurs obbained vamied fven
11t Wown, sky Blue, light pink, derk pimk, “peaceck” gresmish
Slwe, gresn and golden yellow. The $ime of trestment izevesses
ia the order of shades of oolour meationed and depends om the
Seopersture of trestmeut - longer the trestment time lower the
Seupsreture, and lower the concentwesiocn of chwesio seid in the
esleuring dath.

Tor & given temperature, time and oomcemtystion of chromis ©
aeid adiitisms of oobalf, nickel, aangamese and copper iens
sherten the time of treatment for a given colour amd the celews
odtained is more unifora.

The ‘hardentag' of the fila 1o subsequendly earwied oué
1n chwenie aebd-oaliws meta silisate aleotyelyte ia whish &
- i) Snediben of changion 6 koo Soen 3oduosd Ny akitARime o
4+
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mm agents an selenites, mmm. itndi-.

ulpntunlhuqntu. mmlhdlinnbﬁouu

M“Ma@ﬂmwlﬂumthmh-uhumm
density of 1 asda to 3 ssdm is enpldyed for a period of 38 15 to 20

minutes at tempersture 30 to 60°0. After treatment in the herdeming
n‘omw.t&waummmmmr The colowred

fila so obtained is new resistent to abresion by washing powders sush -
as vim, tale, kuolin and also vigorous dry cloth rubbing. It hes alse
Seen found thet fila wes not attasked by sodims chloride selutions or

ldhlibml.lzﬂo4ofo.1toastrmzthorbywuiduhﬁn‘
mmmmm-mmmmnmumnam

~ selution er colour is altered in the chromic scid selwtion.

| It has also besn fownd that the colours could be polished by puxe

oalice cloth meps, without amy polishing cosposition spplied to them,

ea o polishing lathe and tims is shrasion-resistast to hard dry aleth
o

%o thess ends, the imvention broally consists in colouring

the stainless steel panels or articles (such as cutdoor and indeor
Midm pansls, automobile trims, and ata:inton steal dowestic appli-~
ances, picture-frames, household uteasils, watch straps, cheine amd
swoh aroh:l.toohrn and dscorative applications) dy immersioa in a |
chrowic acid sulpburio acid electrolyte, in which a fraction of the
Bexsvalent chromium has been reduced to trivalent chromiws sither eleo-

‘trelytically or by chemiocal reducing agenis such as oxalic acid,
l'ndtn. selenites, ascorbic acid, and also oontaiming copper, nickel,
, eolnli; and/or mengsnese ions. The concentration of chromic acid omn-

" be varied within the limits 200 g/1 o 1000 /1 and of sulphuric ecid i
the 1imits 0 1/l to 3 550 al/l of concentrated sulfuric acid ef
spegifio gravity 1.64 and uinum‘d in such a ratio that e:o,: lzﬁ‘
4008 not otoh the sislnless stesl surface. The consemtration of
Wrivelent chromium oan be varied in the limits of 1 to 12 ga/lite Wy
atiition of oxleniabed quantities of ihe sbews said Tedecing sgents.

, o s N
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The taupemtm‘a can be varied in the renge of 60~90°C but maindedned

ot a desired temperature thedmmostatically the tolerance being + 1'\-'9.
The time of Smmersion is from 4 to 30 mimstes depending on the comven-
tration of chromic acid, the tempersture of treatment, the nature of
the. surface vis. mechanically polished, otched or electropolished amd
the colour desired.

Cupric, ungamso, nickel and cobalt ions are added as their
nlphées the cencentration being within 5 grams per litre to produce
.ﬂform colours and shorten the treatment time. The coloured stainless
otul art:lclo is rinsed well in tap water and then mctrolyticany
W in chromic acid-sodium metal silicate electrolyte. The omm-
mtntionof‘msmho varied from 100 to Eoomafrutionof
which is reduced to trivalent chromium by additiom ot reducing q-nh
swoh a8 selenites, hypophosphites, sulphites, arun:ltu, or oxtlates of
alksline or alkaline earth metals the conoentretion of whioh can be
varied from 3 to 15 g/l. The sodium Im siliocate concentretion is
varied from 5 o 40 @/l. The coloured article is made the eathode
and stainless stesl or lead is made the ancds. The temperature of
the electrolyte could be varied from 30 to 70°C and & cathode ourremt
density of 1 esdm $0 3 ssdm is meintained fer a period of 15 to 20 .

When & black colour or maroon type of finish is desired on steis-
 lees stesl, the work is made cathotic in ibe following electrelyts with
urbonormhitoum. The Mhroof tbol«tmlyhu
MWNMGOMﬁ‘GMﬁUmlidwltl’hih2ﬂlﬁ
msasured between the eleotrodes.

The electrolyte consists of:

lolyidat; as samonium OF 25 ¢/1 as m,
potassivm olybdate: N

5-10 /1 a8 chromis sodd
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Suiphite or bisulphite of sodium:  10-20 g/l

Sodiun thiosulphete:

Chloride of ammonium or
pot&n&iw or sodiums

20-40 g/1

35-50 g1

This colour is resistant to sbrasion as such without subsequent har-

dening treatment,

The following examples are given o illustrate the Mtﬁn anld not

to limit the scope of the invention:

EXAMPLE 1

ru-mnlaqum.mtormh.cww
1s echanioally buffed e & bright finish, degressed, iried and is
immersed in the following colouring bath: ‘

Chromio acids

Sulphuric acid:
(‘ﬂp.a'. 1 18 103‘)

Trivaleat chromiwm
by addition of
oxalic scid:
!g-pmtmt

Tine:

Colour ocbtained:

775 &/1
6 ml/1
4 g

85°C .+ 1%C
5 minutes
Golden yellow

m,mumummmwum‘mm
trolyte under the conditicons mentiened thereims

Chromic acids

-Sodium weta silicate:
Sodiuwm !nlou‘toz
Temperatures .
suhlmn‘b.l sxtieles

100 g/1
10 g/1
2¢n
200
Cathode
Anode
1 aeda

19 mimsiee
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AR 2

A stainless steel (1818) tumbler is mechemically tuffed te drigit
finish, degreased and immersed in the follewing colouriag dath:

' Chromic eoid: 290 ¢
Sulphuric soids :
(Spocr.: 10“)3 215 -1/1
(ascorbic acid ,
wed as reducing agent) 10 g/1
Tenperature: 70¢C + 19¢
Pimes | 10 ninutes (1ight browm)

15 minutes (sky blue)

18 nisutes (pink 1ight)
21 minutes (dark pink)

The dark pink coloured tumbler is washed in tap water dried wd
hasdened in the following electrolytes

Chromis acids 150 g1
Sodium arsenite: 3eNl
Sodiun meta silicate: 2 ¢/1
Temperatures o 40°C
Lead: Anode
Stainlens steel article: Cathode
Ourmt density 2 asdn
Time: | 15 ninutes

The final eolour obtained is greenish yellow snd is sbwesioen- .
muint.
BARIE S

Stainless steel pamels of 1" x 3° sise vere mechamieslly buffed -
.sad eleotropolished in smlphuric acid-phosphoric sold-lectic seid elee-
trelyte ot 2 asd at SB2 G0°C with lead s cetbode sad hen weehed sad
-



Gromic sodls - 1% oA

Sediva hydrexide 0 N
Bulphuric acid: 775 ul/1
Trivalent chromium 5 ¢/1
(v s reduction with

As 0y)

Ocpper sulphate 7.5 ¢/1

Tenpezature’ T5%¢C

Times 5 mimates 10 mimutes 15 mizutes 20 mimutes 25 sisutes
Golours No colowr 1light Brownish  Sky Mue  Greemish
yellow yollow Yiue
One panel wes not hardened snd rudbed with vin. Vigerewsly the
m”miMumlwmm. The other panel was
bardsned in tiw electrolyte siven unier Bzsmple 2 under the seme oea-
a1+icne, | |

A Muish green colowr was cbtained which was permeneat Ry vigoreus
redbing, Under thess oconditions a stainless stesl soap box was colowred
tut without eleetropolishing step at start. A greemish-lue coleur was
odtained in 25 misutes.

EiEiE e ¢

Ammﬂavzg-mw.wu-m-’-
eally etehed in 0x0y: w‘amw‘gnswm..
Washed, dried and treated iz the following elsvivelyte:

Garonio sobds 100 &/1
Sulphuric aoids 425 a1/1
Srivalent chremiwe 10 ¢

(zeduoed W eddition
of sscordie soid)

Nioksl sulpbatet 281
Temporatures TS%C

fimet wpto 22 lmmtes 28 min. D3 min. 45 min. 55 min, 65 mia.

Ced v Faint Sxy Kue  Tellow Daxk
ours No ocolewr . e

75 min,
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, llardoning of the panel in the electrolyte mder oxaapla 2 under the said

condztions resulted in yellowish green colour.
EZAMPLE ©

A stainless steel peanel 2" x 4" was mechanically polished to brirht
tinish, cathodically cleaned in bot alkeline cleaner containings

Sodium carbonates . 35 g/1

'Sodiun hydroxide: 2 g/1

’ Temperature: 70°C
Anode Mild steel
Ourront density: 15 asdm

rinsed, washed and treated in the following electrolytes

Sodium dichromates 10 ¢/1
Amsonium polybdate as oOy 20 g/
" Sodiun thiosulphates 2 g

Amisonium chloridet - 35 g/l

A8 01 - 1 en

Temperature: - ) 60°C

Voltage aoross the electmodes: 1.5V

- Oathodes . Stainless
Anodes - Graphite ]
Tine: | 15 minutes

A jot dlack film resistant to alwrasion with a calico mop 6" dia.
on a polishing latue is obtained,

Dbl Fhin 2qi- ““3" Apik w75
thw

TR TESE quﬂ‘ﬂ‘
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The iavention relates to improvesents ia or relating $o eolowring

of nickel-chrome gtainless steel articles.

1.

4.

Hitherto it has been propossd $o0 ocolour fho stainless ghecls Dy ame
the methods mentionsd delows

Stainless steel when immersed in moltean godium diochromatse developed
®n intensely black posseseing comsiderable sirength and elagtieity.
The stainless steel 1s sprayed with certain solutions and heated ia
furnace at controlled temperatures for a definite $ime %o et
uftoront shades of colour.

The stainless stesl is immersed in squecus saluticms of eulfuris aoid
sonteining oridising agents such as ohromis asid, chromates, '
Permanganates, vanndstes. . '

The stainless steel ig electrolytically treated in sgueocus solutioas
of podium carbomate-potassimm ohloride sodium meta silicate ¢ |
potagsium ohloride, potassium ochromate 4 smifurie aoid or nixtwes
of these at high ourrent densities greater than 500 sef using
alternating current of 80 eyoles.

—~d -
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5. 1In some later modifications of some. of these processes, the coiour-d
film so produced are rmue;- protected for improved sbrasion reauttnu
by spraymg vith silicate solutions and baked at temperstures above 3@“:
for 5 to 15 lt—nutn.

It hn aho been reported in litérature that colouring of ltunlnl
steel could be obtained by making the stainless steel articles anodic
st 2 current density of 0.06 asdm in an gqueous Solution of 29by volume
concentrated sulfuric acid containing 30 gm per litre of sodium dichrosste
and uiintaincd at 70-95% . Various shades of colour ranging from bro’vn,’ |
blm,youw,purph and green have been reported. However, !atmc bhek
colourl could not be obtaincd from these electrolytes. } -

It; has also been reported that the sbove range of colours could u
Mincd by :l.cﬂiw of the stainless steels for varying times in an
aqueous solutions of 50f by volume of -ul.furic acid and sbout 1215 &n
jer 1itre of lodiu- dichromate, ' |
6. As 8 subsequent improvement of the aboVe process, it his been reported
that the c:l.d'o‘ film so roduced lus to be hardened for improved ubmm
fmutm by eathodic tredtmt of the coloured stainless steel. .ta a o
ehromic acid electrolyte containing 250g/1 Cr03 and 2 to 5g/1 3280.‘ for
15 wminutes at Wc. The anode used im lead and current density is arcusd
. 245 wsdm, o | |
" _These methods are open to the objection that uethods 1 and 2 use a E
molten bath et high temperatures and may effect the strength of the steel .

surfpce and aifficult to control the shades of colour. .

' Nethod 3 produces colours of different shades but are not surficiently
abrasion resistant for day to dﬂy application,

Method & uses very nun current donsities mvolving high 1nvutnent “on
equipment, Further, the films are not sbrasion resistant,

Method 5 uses a very 1low current density which is very critical nnd
use & higher current densities do not produce any colours.

13
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In method 6, the colour is produced by immersion in chromice
sulphuric acid mixtures at a témperaturo‘70~§59e‘ond hardened fna
'virtuany ohromium plating electrfyte at current densities lover than
required for the onést of chromium deposition, Considering the poor
cugront distribution of the chromium plating electrolyte, e harden~
ing may cause buraimg at the corners and edges of the work,

The main ohject of Fhe present invention is to obviate these din—
adyantages and to improve the uniforwity of the shades of co}oﬁr»lnd
also to shorten tﬁa time of colouring by immersion prooéoa'using chro
acxéféuiphuric‘&cid electrolyte containing a definite qﬁantity of tri
valent ¢hromius in the colouring bath and subsequently hardening in s
chromic acid eiectrolyto in which a definite amount of trivalcﬁt chro-
mial Lon is prod!ced by reduction with such reducing agents as ‘
selemibes and arsenites. '

“The nain finding underlying the 1nvention is that coloura ranxing
from light brown, sky blue¢ violet, rose, light pink, dark pink, .pea-
‘ooeh, greénish blue, green to golden yellow may be produced by 1nnor
sion pwocess in a chromic acid aulphuric acid electrolyte containiac
suibable rdducing agents to produce certain amount of trivalent chro-
mium and':uitable metallic salts to shorten the duration of colowring
ut~t’giveﬁ témperature in the colouring bath and subseqdentlj hardening
in a chromic acid bath containing addition agents to make the colouud
coating resistant to abrasion.

According to the present 1nvention s there 13 prov;ded a process
for colouring nickel- ctirome stainless steel articles comprises
polishing, degieaéing and colouring in chromic acid and |
sulphuric acid mixture by immersion of the article in amixture of
chromi¢ acid and sulphuric acid containing a naxiunl triyalent
chromium ions (Cr3*) of 10 g/1 and other lons with § g/1 such as
Niz" Cua" lna" as their sulphates and hardening the same by
catho@ic treatment. Nickel chrome stainless steel with greater than
7% chromium may be colonred by the invented process.

ale
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. The comnosit’dn of the irmersion bath mayv be in the 1imits. of 100-
775 a/1 of Cr03 and 60425 @wl/1 of sulphuric acid of specific gravity 1.8L

The temperature is maintained at any tempers!ure.between 70°% and 90°e.
The telerance limit is 3_1°c. , \ |
The timeé of immersion may be in the range § mins. to 85 mins,

The Cr>* ions may be_ produced by the reduction-of Cr6'4 with reducing

agents"such as oxalic acid, areenous oxide, as'corbicAaci'd and sodiua thie-
sulphute, ,

'rhe. colour so obtained on the waork may be hardened by treating the werk
as cathode in a bath containing,100-1 50 g/1 chronié acid, sodium aasén&to
3 8/1 or sodium selenite 10 &/1 and sodium meta silicate 10-20 g/1 at a |
" low current density of 1 to 2A/dm> at %0°% for about 10-25 min.

Thus stainless steel pipels ar articles (Sucs:ge::i outdoor and indoor
bullding panels,:automobile trimsand stainless/domestic applidances,
picture frames, household _-utenéils, wvatchstraps, chains and such arehi-
tectural and d_écorativwe applications) are coloured by immersion in schromic
acid sulphuric acid electrolyte, in vhich.é fraction of the hexavalent chse~
miva hasi been reduced to .trivalent chroaium by cheucall reducing agents
such as oxalic acid, arsenites ,\ selenites, ascorbic acid, and also contcin-
ing copper, nitkel, cobalt and/or manganese ions, The concentrations of |
chromic acid can be varied within the limits 100 g/1 to 775 g/1 and of
sulMic acid in the limits 60 wl/1 to 425 ml/1 of céncontrated .pulrilric
acid of spefific gravit;' 1._@# and maintair}ed in such a ratio that Cr03
H,80, does not etch the stainless steel surface. The comcentration of
trivalent chromiua can be varied in the lfimits of 2 to 10 ga /litre by
addit‘ion of calculated quantities &f the -above said reducing agents. The
tenperature can be, §§r3::§3 in the range of 60-90% tut maintained at w
‘desired temperat ure theruostaticn.lly the tolerance .being + 1%. The time
of immersion 1is / fm 'S":: 85 minutes ‘depending on the concentration of
chronic acid, the temperature of treatment , the nuture of the surface, viz

‘pechanically.polia!\ed s etched or 2lectropolished and the colour csired,

15



Cupric, manganese, nickel m balt ions are added as t heir sul-
'p!ut.ﬁ the conbtentration being within § grams per litre to prodéce mitér’-
"colours and shorten the treatment time. The coloured stainless steel
articles is rinsed well in tgp water and then electrolytically hardehed
in chromic acid sodium meta silicate electrolyte . The concentration of
Cr0y can be varied from 100 to 300 /1 a fraction of vhich is-reduced
to trivalent chrosium by arsenites, of alkaline metals, the concentration
of Which can be varied from 3 to 10 g/1. The sodium meta silicate cen- |
centration'is varied from 10 to 20 g/1. The coloured article is madd
the chthode and stainleis steel or lead is fnade the anode., The ®mp-
rature 20f the electrolyte conid be varied from 30 fo 20% and a cathode
current density of 1 addm to 2 asdm is maintained for a period of 15 to
|20 winutes. " |

The ‘folld\'ing examples ax;é given to illustrate the invention and
npt . to limit the scope of the invention.

- | Pxample 1

Staihless steel (18:8) sheets of size 6" x 3" were mechanically
polished to a bright finish, degreased with trichloroethylene and vere
cathodically cleaned in hot alkaline cleanser conmning.

Sodium carbonate 35 g/1
Sodius hydroxide 25 &/1
Temperature 70%

Anode ' Mild steel
Current density 15 A/dm?
Time 1-2 minutes

The plates were washed and finally immersed in the following
colouring bath. .
a) Chromic acid 775 g/1

Sulphuric scid (spgr 1.9%) 60 ul/1

Temperature 70+ 1%

10 minutes light grey

16 sinutes Yellowish grey
- 20 minutes Nedium yellow

25 winutes Golden yellow
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b)) Aalﬂdltimof‘tg/i of oxalic -eumthen-«mm
of the sane stainless steel was immersed in tus to give the follow~
- ing results, .

- 5 minutes Lullt grey

8 uinutes Yellowish grey
" 10 minutes tight yellow
15 minutes Golden yellow

c) When 7.5 g/1 of copper :ulphate was added tothe sbove !ol.lttn. |
pleces of the same stainless ot«l were coloured in the times showm hﬂdj

3 wminutes ~ Light grey

¥ ainutes ~ Yellowish grey
7.5 winutes | . Lagnt ycllét
1-0.ﬁnutec- ] Golden yellow

The colonrd:platca were then hardened in the following electrolyte
under the conditions mentioned therein, o

Chromic scid | 100 71
Sodium meta silicate 10 g/
Sodium selenite 2 g/1
Tﬁqerature | 70%

- Stainless steel article Cathoeh
Lead anode
Current density 1 Mom®
Time . 15 minutes

One panel 1n each set of emperiments were rubbod vigorously with vim
befaore hardeling treatment., The colour went away leaving the bare metali
The other hardened plates were rubbed gigorously with vim and the clour
aida- not go ‘avay,

. Example 2
Stailless steel (18:8) phetes wvere prctrutcd a8 in Bx.1 before
oolouring and immersed in the following oolouring btth. |

a) Chromic acid » 250 g/1-
8ulphuric acdd (lp gr 1.84%) 210 lbﬂ-,, -

Temperature 80 +1 c
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The plates were coloured according to the times given belmv

Lime | Colour
15 minutes _ light brown °
25 minutes dark brown
. 40 minutes ' blus
50 minutes violet
60 minutes medium yellow
70‘minutes rosy yellow

-B). An addition of 10 g/1 of ascrobic acid to an identical solution
i:s then made and pleces of the same stainless steel were immersed in
*ud to give the following results.
Line ‘ Colour

- 10 minutes Iight brown
15 minutes dark brown
25 minutes | . blue
30 minutes’ violet
35 minutes yellow
#0 mihutgs rose

When 2 g/1 of nickel sulphate was added to the above solution pieées of
the same stainless steel were coloured in times pieces of the same stait

-less Steel were coloured in the times shown below,

S'ninutes 1light brown
7,5 minutes - dark brown
10 minutes | blue
15 minutes ' violet
17.9 minutes yelkow
- 20 minutes rose
One panel in each of the above experiments were rubbed vigaroullyvithruu

Lened
The coiour went avay leaving the bare metal. The other plates wershardy

in the followin electrolyte:
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Chromic -acid 150 g/1

Sodium arsenite 3 g/

Sodium metasiliicate 20 g/1

Fenmperature 40%

Current density 2 A/dn?

Cathode stainless steel article
Anode lead

Time “ 15 minutes

The hardened plates weq%then vigorously rubbed with vim and the colour
did not go away. The hardened plates were also polished with a calice
mop of 15 cm di4. on a polishing lathe. The colour Nas abrasien resistant,
| Example 3
Stainless steel panels of 7.9 cm x 2.9 cm size were wechanically
polished and buffed, electropolished in sulphuric acid-phospheric acid-
lactic écid alectrolyte at 25’A/du2 at 60% with lead as cathode and then

vashed and coloured in the following electrolyte:

Chromic acid 250 g/1
Suppparic sty P w
Sodium hydroxide 40 g/1
Tempgrature 75+ 1%

The plates get coloured according to the time -$ndicated below,
Time Colour |
20 minutes light yellow
25 minutes brovhish yellow
30 minutes 8ky blue
35 minutes . greenish blue
40 minutes ' green

An addition of § g/1 of arsenous exide to an identical solution was
then made and pleces of the same stainless steel were immersed in this

to-give the following results.
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Tim  Golaw

-~ 1% minutes light yellow
20 minutes broypish ye)low
25 unutg-' sky blue
30 minutes greenish blue
35 minutes green

When 4 g¢/1 of cobalt sulphate vas added to the above solut:lw,
pﬁcu of the same stainless steel were coloured in the ttu+hn belew

7.5 Ih%.i light yellow

10 minutes brownish yellev
13 minutes ' sky blue
.17.I1n\lf"el greenish h.m
20 minutes green o

m ml in each of the sbove. upcrimta Were rubbed ‘vigorowsly. with
!u. rm colour vent away leaving the hure metal. The ot.hcr panels . were
umm« in the electrolyte given undep Ex.1, The oolour did not go.
um upon rubbing vigorously with vim. The hardened plates were also
ponahod vith a esucp -ap of 15 gn dia.on a poulh:lng htho. 'l'he colour
vas abresion resistant.

Fxample L4

Stainlesssteel pan'els qf' size 10 cm x 15 cm were wechanically
palished and buffed, degren;'ed and anodically etched in chromic asid and
sulphuric icid ui.xtum to give a fine gr.ainet_i surface 'and- inmersed in |
the folloWing solution.

Chromic acid . | 100 g/1
S8ulphuric acid ' 425 mi/1

~ Temperature | 75 + 1%

The plates got coloured according to the time indicated belov,

Aima Colour
35 minutes faint yellow'
bS minutes ‘ .nky blue
5% minutes dark plue

65 winutes yellew
75 uinutes dark pink

85 minutes . green
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An uddition of 10 3/1 or sodium selenite to an identical mm

vas thcn nade and piecel of the same stn:lnleu steegl were immersed in
th‘a givea the rollwing results:-

30 minutes faint yellow
40 minutes sky blue
SOminutes dark blue
60 minutes ‘ielllov'

70 minutes dark pink -
80 minutes green

A fubther addition of § 5/1 manganese sulphate vas added to the lbo'o‘lm
tion,pieces of the Same stainless atnl were coloured in times shown below

20 minutes | ~ faint ycnoi
30 ainutes sky blue

40 minutes dark blue

50 minutes yellow

60 minutes dark pink

70 minutes green

Ong panel in each of the aboie expériments wvere rubbed vigorously with vim )
The colour went avay leaving the wetal, The otber pmelu were hardened 1n
the aloetrolyte given under Ex. 2. The colour did not g?am upon vigoumly
rubbing ﬁth vim '

The following are among the main advantages of the mnnt:l.om ,
1) This process iuinple to operate and requires only conventional equip-
ment used in lletal finishing,
2) Coloured and hardened stainless steel may be subjected to considerable
deformation eg. drawing ,bending etc. without demaging the coloured film or
reducing &ts colour 1ntehsity. Similarly ,uncoloured steel which has been
subjected to !'orung operations can be coloured after forning,
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.3) Coloured designs and patterns can be printed onto stainless 8teel

surface by means of photographic techniques using photoregist which are

resistant to the colouring and herdening solutions, With these techniques

it is possible to produce attractive combination of coloured design and

patterns..

This invention breadly consists &n colouring the stainless steel

panels or articles by immersion in a chromic acid sulnhuric acid electrolyte

in which a- fraction of the hexavalent chromium has been reduced to trivalent

chromium by chemical reducing agents such as aralic acid, arsenites, sglenite

ascorbic acid and also containing copper, nickel, cobalt and/or mangagese

ions, The concentration of chromic acid can be varied within the limits 100 g
/) to 795 &/1 and of sulphuric acid(density).8%) in the limits 60 ml /1 to

425 ;1/1 and maintained in such a ratio that Cr03:8280“ does not etch the

stainless steel surface. The concentration of trivalent chromium can de

véried in the limits of 2 to 10 g/1 by addition of calculated gijantities

of the above said reducing agents. The temperature can be varied in the

renge of 60-90 ¢ but maintained at a desired temperature thermostatically

the tolerance being + 4% . The time of‘innﬁrsion is from 53 to 85 min.

depending on the concentration of guromic acid, the to-peri;re ~of treat-

ment, the nature of the surface, vis @echanically polished ‘; etched or

electropolished and the colour desired,
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We claim
1. A process for eolouring of Nickel chrome stainless steel articles
comprises polishing degreasing and colouring in chromic acid and
-sulphuric acid mixture by hmmersion of the article at a temperature
between 70 c¢ and 90 ¢ with toleranée limit being + 1 ¢ wherein
the colouring mixture contains trivalent chromium ions (Cr3+)
2+ Cu ad Co2+ an+

ziresent as their sulphates and hardening the same by cathodic

of 10 g/1 and other ions 5 g/1 such as Ni

‘treatment.

2. ﬁgrocess as claimed in claim 1 wherein stainless steel article

with greater than 7% chromium content is coloured.

3. A process as claimed in claim 1 or 2 whirein the composition of
_immersion bath is in the limits of 100-775 &/1 of Cr0, and

60-425 m1/1 of sulphuric acid of specific gravity 1.8% mins

4. A process as claimed in any of the preceding claims wherein the

time of immersion is in the range 5 mins to 85 mins,

&§. A process as claimed in any of the preceding claims wherein c:”

ions are produced by the reduction of Cr6+

with reducing agents
such as axalic acid, arsenous oxide, aacroﬁic acid and sodium
 tn£%u1pnate.

6. A process as claimed in any of the preceding claims wherein the
codour on the article is hardened by treatment the artiglc as
‘cathode in a bath contaiﬁing 100-150 g/1 chromic acid, sodium
arsgnite 3 g/1 or sodium selenite 10 g/1 and sodium meta silicate
10=20 g/1 at a low current density of 1 to 2A/dm2 at 40 c to a

period of 15 minutes preferably between 10 and 25 minutes,

Dated this 18th day of June, 1976
' sd/-
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