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COPPER-AZOLF, INHIBITIVE COMPLEXES mi CHLORIDE MEDIA-I T
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ABSTRACT e . i

Copper-azole complexes worv formad on copper elecrode surfaees mmemed in media (pH 5 and 7) Lh :

cantaining henzotriazole (BTA) and 2-riieicaptabenzothiiazole (MBT] with admixture of chiride; when™ =~ "" i

the potentlal of the electrode was stepped up from -0.6V (SCE) to +0.2V. The growthofthesurface =~

layers was monitored by observing changes in the reflactance of ;he electrodq surfacae at different S ‘
wavelengths In the visible spgctrum. It was observed that the natute of the strface layerg was deter- :
mined by the concentration of the inhibitor present. The surface ldyou fom\hd at concentratiofis of :
2 ppm or mora showed a chéracteristically higher reflection flowet values ot AR/R%) in the green - i

region, than at other waveleAgths. Further, the level of ehange in'CRP (apnrox 60% for MBT and . : .
10% for BTA) at the end of 4 minutes at pH 7 indicates that MBT is less protective than BTA. It is W : TR
alsa seen that at higher condentrationg, BTA is less pﬁqmtl\n at pH5 (CRP approx. 30%) than at PR
pH 7 {CRP-approx. 10%) -ndlmlnqﬂnwmww aof BTA ad an inhlbitor at pH 7. The phase angle t L
was also measured, for some of the filns forted at ditfarent inhibitor concentrations on an elllpwmetor ;

'INTRQQUCHQN

e corrosion inhibition of copper surfaces immersed in media containing
» an azole type inhibitor has been shown [1-3] to be due to the forma-
| tion ‘of Cu-inhi ftar complexes through bonding between the surface cop-

‘| L43that the formation of the complex on a surface already ¢overed with
a layer of Cu,0 is easier. Thsecomplexaactasabamcrmdwmbmh
anodic and cathodic reactions [51

i All the above results were obtained fram electrochemical experiments
Jor from ex-situ techmques such as Auger Electron Specuosqogy‘ In the
prescm paper we report the study of surface laver formation by an in-sitw
(ecl,lwq“e in which change in reflectance of & coppey surface anodically
polarised at +0.2V vs SCE in medig containing admixtuses of inhibitor
and chloride ions is monitored.

EXPERIMENTAL

Experimental details have been already doscnbed[(il fn the present ex-
periments, the inhibitors used were 2-meraptobenzathiazale (0-5 ppm) and
benzotraizole (0-30 ppm). The concentration of chloridé in-the media varied
from 0 to 300 ppm. The reflection from the electrode surface was monitored
for 4 mins. after the potential was stepped up from £.5 to +0.2 V. The
phase change P for polarized light at $46 nm reflecfed by the electrade
surface was measured on an ellipsometer at the end of some Qf the ex-
perimental runs.

<

RESUL'I‘S ANB DISCUSSIONS

The variation of A R/R% (CRP = Change in reflection pe;mt)[q]\mh
time for various media at pH S and 7 have been shawn Figs.1 and 2 for
mercapiobenzothiazole and in Figs.3 and 4 for 1:2:3 benzetriazole:

At pH 7 in the pure chloride media the reflection in'red Fegion is higber

Koy Word'. inhibitor, H\m angle messurement, Reflectance measurement

per atoms and the N-atom on the inhibitor molecules; 1t has been found.'

e s R

R e

than at othem‘ wave lcngths ascan bc expected- from the prescnce Qf cupmus

oxide. : ‘ F ;
With the addition of inhibitor (lower concentration) the reflection is higheri

in violet region in the case of BTA and in the green region in the case of

CE : Ey
‘

AtpH S in m gbxqqoq of the inhibitors, it is observed that ;he reﬂec-
tions in the violet and m reglons are almost the same whereas n is sllghtly
less for red. | S : i

With the addmon of lower concentration of inhibitor, the reflocuon in'
ﬂlemn;ionincreassmthecaseofl!’ﬂ\ ; »i,':;;

'In the pure chloride médium, it has been reportd[]]that the electrode

"~ surfaces were gbserved (0 be red or red-brown in colour with the inclu--
sians of large pprplc areas at the end of the experiments. The layers form-;
ed on the surfates were lopsely adherent suggesting a large degr¢ of stmc-
‘ral digordesThe layers.were not uniformly iortaed over the whole sur-
face but had a number of spots where the bngh[ metz. ~howed through. :
It can be concluded that the film formed at '« lower conce.-. “ation of in-;
hibitor and jn puré chloride niedia includes chlofide to a limite: * fent and;
is essentially 2 pu;O layei' The passivation of “pper with the formauon
of CuCl complex has also béen reported( 8 Jby many workers. The results
of the present work agred with these ebservations in that the ln@er reflec-i
tion in red or wolet is ow and visual examination of the electrode:
surface also sllowed the ,presendr of hrge arcas with these ooi ours. :

. At W inhhitnr eoneemranons at pH-S it was observed tha(thc reﬂec—
d@mmr@mmforboﬂﬂheuﬂu’bxmn ForpH7lt\hsol!ﬂV
ed that the reflection for violet is higher than the.other two whvelengths
for BTA whereas the ref}ecuon was higher in the green regionifor MBT.'
The visual obervations; showed that the films formed were very tlum
and the surfa;e retainefl its brightness at the end of the ekperiment..
“Thiér¢ is a differénce between surmuﬂrﬁmersed & higher t‘:(ln§¢:i'i.mﬂonsE

“
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Fig. 1. Variation of A R/R% with time for various Concantatians of
Chioride and MBT at pH § and ot Differsnt Wavelengts

8) 300 ppm €)1~ + 0.5 ppm MBT

b} 300 ppm C1~ + 1,25 ppm MBY

c) 300 ppm €I~ + 2.6 ppm MBT

d)300ppm C1~ + B ppm MBT

~= Red ~g~Green ~i=Vioiet

Fig.2. Variation of WR/R% with time for various Cancentrations of
Chioride and MBT . mevtrel pH § and a1 Ditfernt Wavelengths
2} 300 ppm C! ™ slone

) 390 ppm C1 = + 0.5 ppm MBT.

) 300 ppm 81 + 194 ppm MBT.

dXpem B~ + 8 ppmol MRT
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Fig. 3. Varlation of AR/R% for various Concentrations of BTA with
time at Neutral pH
=300 CI==@~ 300 C! ~ + 10 ppm BTA

in BTA and that in MBT as indicated by the level of change in CRP (ap-
prox. 10% for BTA and approx. 60% for MBT). Thus at the higher con-
centrations of inhibitors, there is likely to be a thin non-uniform surface
film of Cu2+ {ons (as indicated by higher reflection in the green region
[9]or the incorporation of inhibitive molecules in the surface layer.

It has been reported [10 Jthat there is a critical minimum concentration
above which the inhibitive effects are manifested. In our case this can be
inferred from the drastic change in the reflection characteristics (increas-
ed reflection in green and violet for BTA and in green for MBT) as the
inhibitor concentration is increased. (Fig 2 and Fig 3)

At pH § it is observed that the slope of the curve tends to zero after
about 2 minutes indicating that the film formation process in this case is
completed within the timespan of the experiment. On the other hand at
pH 7 the change in reflection continues to increase. The CRP changes for
pH 5 arehigher than for pH 7 suggesting the less protective nature of the
inhibition at lower pH values.

Table I shows the variation at pH 7 of the phase angle P, measured on
an ellipsometer, for various concentrations of MBT and at various
wavelenghts of incident light.

t sec

—#~300 ppm CI~ + 15 ppm BTA
=—300 ppm Ci"+ 20 ppm BTA

Table I: Variation of phase angle P at pH 7 for MBT with concentration
and incident wavelength :

Concn. Wavelength of incident light .-

of MBT  White light ‘
{ppm) 670 nm 550 nm 425 nth
0 2.0° 21.5° 19.0° 20:2°
05 23.5° 23.5° 18.0° 18.6°
1.25 24.0° 24.0° 20.0° 17.4°
25 10.0° 13.4° 15.0° 13.7°
5.0 16.4° 33.0° 24.5°

37.0°

It can be seen from Table-I that the nature of the film changes for con-
centrations greater than 1.25 ppm..The P values are similar for lower con:
centrations and up to 1.25 ppm indicating similar values for the surfacé
layer thickness (P is related to thickness). The composition of this film is
likely to be cuprous oxide/chioride. At 2.5 ppm the P values show a sudg
den decrease and then increase at higher concentration. Thus, at2.5 ppm
a thinner film is formed but this film is more protective (as indicated b,y
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visual abservations and changes in CRP). The thickness of this more pro-
tective film increases as the concentration subsequently rises to § ppm.

It can be futher seen that the growth of this film is dependent on the
wavelength of light incident on the electrode surface. When the light of
lower wavelengths are incident on the electrode surface, the film growth
is seen to be curtailed as seen from the smaller changes in P for violet region.
An earlier study[11]shows that the oxide growth on copper surface is essen-
tially dependent on the radiation incident on the electrode surface and this
has been attributed to the photoconductive nature of the oxide. It would
be of interest to examine this aspect further from the point of view of ascer-
taining the photoconauctive nature of the complexes as well.

CONCLUSION

MBT is less effective than BT A as can be seen from changes in CRP (ap-
prox. 60% for MBT and 10% for BTA). BTA is more effective at higher
concentrations at pH.7 than at pH § though film formation at pH § is com-
pleted in less time than at pH 7. The film formed at pH § is apparently
less protective as indicated by larger CRP values (approx. 30% at pH 5).
The nature of the film formed is dependent on the pH as indicated by the
reflection characteristics and also on the inhibitor concentration (as indicated
by the change in CRP). Abave a certain concentration the reflections in
the green and violet regions (for BTA at neutral pH) are higher than those
at the other wavelengths and the metallic lustre of the surface is not af-
fected. This indicates that there is a critical minimum concentration for
the inhibitor to be effective.
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