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_¢:_ A Study of The Inhibition of Pitting of Aluminum by Chromate and the currents from them incre.a.u_ with time, Fig 3(b-d). lt
can alto be deduced rb.at the many active sitesthat appeared

'_ J. Hawkins, G. E. "['hompson,G. C..Wood. and disappearedcontn'buted to the external currentfiuct,,_tions.
Corrosion and Pro'teclion Centre

UMIST, PO Box 99, Manchester, England Chromate = a strong oxidiz: '_ agent but the current
BNL--4 5 5 9 4 and dropwas net due to an incrcase.dcath,.,di¢activitycompensating

Hugh S. Ltaaca the pitting currents. "I'hit was ¢lcas from the scan started 1

DE91 006915 BrooLhaven Natiorlai LId:a3ratol_ minute lifter the chrcm_te wu al;kJe_ Flg.3(e). The previous
Upton" N31'119"/1. _ currentspeak= were eltlahltted or reduced m k..veL5

belowdetection on tb¢ additionof the chromate. The ir_'bition

Chromate acts as an inhib_'Mrof pitting corrosion of pitting was therefore due to the action of the chromate
of aluminum. A number of models for the intu'bition have been within the pits.
propc.n,ed, including pH bufferiag effe.c_, [1], adsorption
influencing other anions [2], hydzolym of' the cmide[3] and the From these results it appears that chromate dees
growth of the oxide film [4], and local actiontheories. Local indeed show activity at both anodi¢ _ cathodic sites during
action theories have invoked processes where improved oxides pitting corrosion. Hcnvever, the _ at the cathodes
form [5"]) precipitation and "mcorpo_timt of CP" occLu-s at aRhough clearly detectable are scoondary in the inhibition
def.'la [4-8] pluggingmechanicalflaws daringcrack/healevents med_miur_
[6-8] or precipitation-coatings dcveiop ou catlmdic inclusions[6].
In order to gain more insight as to the meehangms of inhibition ACK_OWLEDG_
a series of ea'periments were carried o=t to determine the sites
of chromate interaction using bot_ in =/ra and ex situ This work was part _rrled out under the auspices of the
electrochemka] and surface anab, tical methods. U.S. Department of _:g'r_, _ of Material Science.t,

of Basic Energy Science under Contract No. DE-AC02-
The behavior of cathodic sites on aluminum was 760-100016. The authors wbh to thank the Science and

investigatedbyvupordeposidngcoppetstripestosimulatemore _ring Research Cound am:! the Royal Aircraft
noble _ in the alumima_ The _ activity at the F.,slablishment for the prov_ton of fh.uuu:ialsupport to JM. and
indusio_ may be inh_ited by pre¢ii:_ation of chromate NATO for travel assisla.nce [Research Grant No. 914(g3)].
reduction compounds and thereby redm:e the pitting process.
The c_pper stripe.s 0.075_mm were _ lmm apart. On REFERENCES
immenion in lmM NaCL the cun'ent demity distn'bution was
measured with the scanning _ electrode technique 1) T.P. Hoax, Com'ro. ,_c/.,7, 88 (196"/).
(SVET). SVET det¢,cts and meaxur_ I_ on'rent density in 2) FL B6hni and K FL UhUg, 2'. E/ecoochon. Soc. 116,906
solution.Fill.l(a) showsan example c_a scan over a portion of (1969).
the specin_n in 1 mM NaCL Distinct cathodic current density 3) K. Konno, S. Kobayashi and M. Nagayama, Cen'es. ScL,
maxima were present over most of the copper stripes but no 22, 913 (1982).
localized anexlic sites were observed. [mmcdia_ely after adding 4) M.A. Heine and M. J. Pryor, 1. Electrocherrt Soc., 114,
chromate to give a concentration oi 2 mM K:CrO, the 1001 (1967).
subsequent scan showed no pronounced cathodic currents over 5) C. Edeleanu and U. R. Evans, Tl,a_'. Farada?,.Soc, 47,
the copper, F_,. l(b) but deposition of chromium species did 1121 (1951).
take piace. Secondary ion mass spectroscopy (SIMS) showed 6) J.A. Richa_'ds,,.->nand G. C. Wood, I. Electrochem. Soc.,
that Cr" gave the highest yield around the periphery of the 120, 193,(1973).
copper stripes. A broadei" band around this region also yielded 7) M.F. Adb Rad'be, G. C. Wood, J. A. Richardson and C.
the highest AIO:. Some codepos_tion also occurred on the K. Jackson, Corms. ScL, 16, 677 (1976).
surface of the copl:g_"with a higher chromium concentration on 8) N. Baba, K. Kawano and S. Tajima, in Proceedings of the
the copper than the 'aluminum surface. Tlw,se results suggest a 3rd International Congress on Metallic Corrosion, Tokyo,

_- proce_ due either to an increased pH ar co-precipitntion with Pub., NACE, Houston, 1974, p 590.
aluminum leads to depiction of chromium specie= on the

i cathode. This eor, firmed that deposition at cathodic inclusiomcouldoccurand reducecorrosion. /'/,6',,
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Activity changes at anodic sites have also been observed. " ' :V ::, ,,

A continued ino'ease in anodic current took piace after '::
of a 99.97% aluminum surface _A'z', "" ;'/ '"potentiostatiepolarization

abraded on 600 grade silicon carbide paper and exposed _t a "-o" O .1 '

I potential of -0.55 V(sce) after a period in 10mM NaCL The • " .,

external current.time incre,a_ during polari_tion is shown in [fftf/
Fig.2 and displayed many su_rimposed transients. On adding
chromate to the solution after 10 minutes at -0.55 V(sce) to give
100 mM K_CrO, the applied anodic current drt.pp_ to a low
value. The pre.sence of diginct current density peak= during
SVET scanning were due to on'rent= emanathag fzom pitt
distribution over the aluminum surface and rome pitting was
observed prior to polarizatk_a as seen in Fig 3(a). On
polarization marked increa.s_ in the magnitude of the currents
from individual pits was seem Both the number of active pits
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DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United States
Government. Neither the United States Governrnent nor a,_y agency thereof, nor any of their

employees, makes any warranty, express or implied, or assumes any legal liabit.ity or responsi-
bility for the accuracy° completeness, or usefulness of any information, apparatus, product, or
prcx:ess disclosed, or represents that its use would not infringe privately owned rights. Refer-
ence herein to any specific commercial produc:, process, or service by trade name, trademark,
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom-

mendation, or favoring by the United States Government or any agency thereof, The views
and opinions of authors expressed herein do not necessarily stat,e or reflect those of the

United States Government or any agency thereof.
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FlCure 1. Sr.ann/n S vroratin 8 probe measurements of current
densities overan aluminum surfacewflh copper stridesexposed
to ! mM NaCI; (a) before and 0o) after the additionof 2
K:C_O, (arbitrary current demity units).
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Fig_ 2. Currents from abraded aluminum held at -0.55 V(sce)

ii in 10 mM NaCI. 100 mM K_CrO+was added at 20 rain. FlguR 3. SVET measuremenu over the sample for the test in

,_ Figure 2; (a) freely corroding, Co) after 2-5 minutes at -0.55
v(sce), (c) after 8-11 rain, (d) after 14-17 min and (e) after the
addition of 100 mM K_CrO, (similar current density units i.
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