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INDUSTRIAL METAL FINISHING

CHEMICAL BLACKENING OF STAINLESS STEEL
R VENKATACHALAM, D KANAGARAJ, V L. NARASIMHAN and R SUBRAMANIAN
Central Electrochemical Research Institute, Karaikudi-623 006

ABSTRACT

Chemical blackening of stainless steel from a chromic acid-sulphuric acid bath containing selenium
compound as addition agent has been investigated. The effect of temperature, sulphuric acid concen-
tration and additive concentration on the blackening characteristics as well as the potential-time behaviour
of the system have been studied. The corrosion resistance of the coating is also reported.
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INTRODUCTION ;
tainless steel contains a minimum of 9% chromium in addition to varying m

amounts of nickel, molybdenum, titanium, niobium, manganese, silicon
e,

18% chromium-8% nickel stainless steel has become industrially and
technologically an important material and is used with and withgut sys- m
face finishing. For instance, stainless steel is finished with g cogting from
oxalic acid-boric acid-thio salt based salution |1 | 1q fagilitaie wire-drawing
operations and is also coated with copper, sifvér, gold, lead for im- : ;
proved thermal and electrical condugtivities, appearm. flow properties . el | B
and drawing operations. Besides, tha sainless stoel ia blackoned for reduced . : -
light glare, for impraved safety and minimal eye fatigue on moving tool-
m; g\nd machine parts (3] - Blackening of stainless steel does not make any
MQQMMmMuNMamonMck Recent-
fy itis reportgd that oxide coated stainless steel finds applications in solar-

energy  because of its good light absorption and poor emission pre-
4] MOT WATER BATH

ln ﬂm paper, 4 methad of blackening of stainless steel of type 304 AISI

from & chromic acid-sulphurie acid bath with selenium as an additive is FIG.1 EXPERIMENTAL SET-UP
atbier methods are cited in literature [3]. The method
mﬁﬂ L this peper kas many advantages aver other methods from the Adhesion and corrosion resistance of the coatings were assessed.
point of view of cost, simplicity, temperature of operation (below 100°C)
and the degres of blagkness obtained.
EXPERIMENTAL

Stainiess steel rods of AIST 304 type with a diameter of 1-2 mm was used.
The preparation of the blackening clectrolyte needs & special mention. The
required quantity of selenium compound was dissolved in hot sulphuric TEMPERATURE #032°C
acid (kept a¢ 150°C) slowly and it resulted in a pale pink coloured solu- ot o rl sutmun coueoms
tion. scolution in hot condition was poured into the ohromic acid salt oo A seenivom c
and mixed well. There is no chance for explosion. The whole mass was
eealed and the pPagty mass was added te water slawly. It was heated near
te the halling temperature, cooled and stocked.

The experimental set up is shown in Fig. 1. The potential of stainless steel s
was measured with reference to a saturated calomel electrode (SCE) using
high impedence digital voltmeter, The potential-time behaviour of the system *
was studied at different concentrations of selenium compound and sulphuric
acid as well as temperature. N3y o B % S w a3

Tha following sequence of operations was used for blackening of stainless IHMLREION TIMEMINTES
stecl: 1) polishing and buffing ii) degreasing with benzene/trichlorocthylene
{il) electrocleaning at $0°C in an alkaline solution cathodically iv) rinsing FIG.2 EFFECT OF SELENIUM CONCENTRATIONS ON POTENTIAL
and drying v) blackening vi) rinsing and drying. BEHAVIOUR WITH TIME
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RESULTS AND DISCUSSION

Fig. 2 shows the relationship between the electrode potential and the im-
mersion time from a bath containing chromic acid: 200 gpl, sulphuric acid:
275 gpl, selenium compound: 50 gm/1 or 150 gpl and temperature: 80° +
2°C. The electrode potential increases very sharply in the first five minutes
of immersion in the bath and tends to remain almost constant. Thereafter,
this behaviour is same for all the concentrations of the selenium compound,
except for the fact that the potential increase is slightly higher at higher
concentration of selenium compound in the bath. Figs.3 and 4 show the
potential-time behaviour of the electrode for different temperatures from
the above bath with selenium compound. The behaviour of the system is
similar to the one in Fig.2 and the potential increases with increase of
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FiG.3 POTENTIAL MEASUREMENTS WITH AND WITHOUT
SELENIUM COMPOUND IN THE BATH AT DIFFERENT
TEMPERATURES.
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FIG.4 POTENTIAL MEASUREMENTS AT DIFFERENT
TEMPERATURES WITH 50 gm/| SELENIUM COMPOUND IN THE
BATH.
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FIG.5 POTENTIAL MEASUREMENTS AT DIFFERENT
TEMPERATURES WITH SULPHURIC ACID CONCENTRATION AT
660 gm/I IN THE BATH.

temperature, At 315°C, the horizontal part of the curve is in the potential
range of about + 1200 mV for both the concentrations of selenium com-
pound (see also Fig. 4). For the system without selenium, the horizontal
portion of the curve is around + 1050 mV even when the bath temperature
is at 80° + 1°C. This shows-clearly that the potential of the electrode shifts
to a more positive value in the presence of selenium compound. A similar
finding has been reported in the case of stainless stee] electrode in phosphoric
acid solution in the presence of sodium selenite salt [6] in the temperature
range of 100° to 110°C.

Fig. 5 shows the potential change of the electrode with time from a bath
containing- chromic acid: 200 g/1, sulphuric acid: §50g/1 and selenium com-
pound 50 g/l at temperatures 35°,60° and BO°C respectively. At
temperatures of 60 and 80°C a hump {peak) is seen in the time limit of
five minutes. But at 35°C such a hump is not observed, A similar hump
has been reported fﬂ in colouring of stainless steel from a highly concen-
trated chromic-sulphuric acid bath temperatures above 70°C. Also it is noted
that panels are blackened only when the potential of the electrode attains
a value above + 1300 mV in 5-10 minutes of immersion. If this value is
not attained within this time, only greyish colours are obtained.

Figs. 6(a) and (b) show the scanning electron micrographs of stainless
steel specimens treated in the bath with and without selenium compound,
at the magnification of 2000 X.

Fig.6 (a)
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Fig.6(b)

\

The specimen treated in the absence of selenium shows grain boundaries
distinctly whereas the one treated in the presence of selenium compound
(blackened specimen) shows black and white regions in the form of islands.
Fig. 6{(c) shows the photograph of some blackened stainless steel samples.

In the place of selenium compound, compounds like molybdic acid,
vanadic acid have been tried with little success. The phenomenon of blacken-
ing starts after 10 minutes and the degree of blackening improves with im-
mersion time.

Although we have not made measurements of the film thickness, it is
reported that the thickness does not exceed 0.8 micron. Without selenium
compound in the bath, blackening does not take place in spite of the treat-
ment at higher temperatures and longer immersion periods. Therefore, it
appears that selenium plays a vital role in the blackening process. Similar
role of selenium was reported [8] in the case of blackening of copper in
acid media. Also in the blackening of stainless steel from concentrated alkali
solution with mercury salt addition, it was reported @] that the presence
of HgO~ ions are responsible for black film formation.

The adhesion of the film to the metal surface was good as shown by
the conventional adhesive tape test. Also the blackened stainless steel had
good corrosion-resistance in various media as shown in the Table I.

Fig.6(c)
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Table |: Comosion-resistance tests on the biackened stainless stesl
specimans
No. Test conditions Time Temp  Obesrvations
(days) (&) B M )
1. Immersion in
a) Conc. H;SO, (Sp.Gr 1.84) 7 35 Film is not
attacked
Finish Is also
: retained.
b) Conc. HNO, (Sp. Gr.
1.42) 7 3s -do-
¢) Acetic acid (glacial) 7 3s -do-
d) SM sodium hydroxide 7 3s do-
¢) Triethanolamine 7 35 ~do-
f) Acetone 7 35 ~do-
8) Benzene 7 33 =do-
h) Saturated sodium chloride
solution ki s «do-
i) Conc. HCl1 10 N — — Film is at-
tacked
: immediately
j) 5% HCI (by vol) 1 hr. 3s Fiim i» attack-
od ih an howt
2. Heat-test
a) Boiling water 100 hrs. 100 Film not
attack
b) Heating in a furnace S hours 400 o=

CONCLUBION

Austenitic stainiess steel with $% nickel and 189 ehromiua May be teated
to form a shiny biack finish from & chfodic-Suiphuiié dcid based dolitioh
containing SO g/1 selenium compound. The scltiun FERdEH the staiilless
wteel more passive and the potential of the electiode ditaifis i vahie ibove
+1300 mV (vs SCE). Beitig & dip process thil iy be taken 1o produe:
tion level from laboratory seate stidies Feadily.
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