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Abstract	

Pitting	corrosion	on	stainless	steel	has	been	widely	studied	during	the	last	decades,	but	since	it	 is	a	

stochastic	process,	 it	 remains	difficult	 to	analyze	experimentally	 such	a	phenomenon.	 In	 this	work,	

reproducible	single	pits	were	performed	on	316L	steel	by	using	an	experimental	setup	based	on	the	

use	 of	 a	 glass	 microcapillary	 to	 locally	 supply	 chloride	 ions	 on	 the	 steel	 surface	 in	 order	 to	

characterize	 the	 pit	 propagation.	 This	 original	 approach	 allowed	 obtaining	 new	 results	 about	 pit	

propagation.	 Indeed,	 it	was	possible	to	control	the	presence	of	a	metallic	cap	recovering	the	pit	by	

adjusting	 the	 experimental	 parameters	 (potential	 –	 chloride	 to	 sulfate	 ratio	 –	 temperature).	 The	

presence	of	this	cover	was	shown	to	be	an	important	issue	concerning	the	propagation	mechanism.	

It	was	also	possible	to	study	the	evolution	of	both	the	pit	depth	and	the	pit	diameter	as	a	function	of	

various	parameters.	Then,	based	on	the	simulation	of	the	current	densities	at	the	pit	bottom	and	at	

the	 pit	 aperture,	 a	 special	 attention	 has	 been	 paid	 for	 the	 investigation	 of	 the	 local	 propagation	

mechanism.	
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1. Introduction	

In	1790,	the	concept	of	metal	passivity	was	introduced	with	the	pioneering	work	of	Keir	[1].	Later,	in	

the	 19th	 century,	 Schoenbein	 and	 Faraday	 have	 further	 examined	 metal	 passivity	 by	 performing	

experiments	on	pure	iron	metal	[2].	No	corrosion	was	observed	when	an	iron	sample	was	immersed	

in	a	70	%	nitric	acid	solution	even	if	this	sample	was	then	placed	in	a	more	diluted	solution	(namely	a	

50	%	 nitric	 acid	 solution).	 Such	 a	 result	was	 surprising	 because	 the	 directly	 immersion	 of	 the	 iron	

sample	 in	a	50%	nitric	acid	 solution	 resulted	 in	 corrosion.	Schoenbein	and	Faraday	 thus	concluded	

that	an	oxide	film	was	formed	during	the	immersion	in	nitric	acid	70	%	covering	and	protecting	the	

iron	surface.	This	has	been	verified	by	scratching	the	iron	surface	after	a	first	immersion	of	the	iron	

sheet	in	a	70	%	nitric	acid	solution.	Then	the	metal	was	immersed	in	a	50	%	nitric	acid	solution,	giving	

rise	to	corrosion	on	the	 location	of	 the	scratch.	Later	on,	after	 this	passive	 film	discovery,	passivity	

breakdown	 phenomena	 like	 pitting	 corrosion	 were	 extensively	 analyzed	 for	 a	 lot	 of	 industrial	

applications	like	the	nuclear	waste	disposition	[3]	or	the	resistance	of	offshore	structures	[4].		

One	 of	 the	main	 problems	 for	 pitting	 corrosion	 investigations	 is	 its	 stochastic	 initiation	 [5],	which	

despite	numerous	works	 is	 not	 totally	 understood	and	 for	which	 several	 initiation	mechanisms	 [6]	

and	different	possible	initiation	sites	[7-11]	have	been	proposed.	This	is	the	reason	why	the	study	of	

pitting	 corrosion	 by	 simply	 adding	 an	 aggressive	 anion,	 such	 as	 chloride	 ion,	 to	 the	 electrolytic	

solution	is	an	intricate	problem:	it	leads	for	full-immersion	conditions	to	the	simultaneous	formation	

of	 several	pits	at	different	 stages	of	development	on	 the	material	 surface,	 thus	making	any	pitting	

analysis	of	 this	 stochastic	phenomena	very	difficult	 [12;13].	 In	order	 to	determine	the	mechanisms	

that	governs	pitting	corrosion,	it	is	thus	of	interest	to	develop	experimental	techniques	allowing	the	

initiation	of	a	single	pit,	but	also	its	propagation	for	long	time.		

One	 of	 the	 seminal	 and	 most	 famous	 single-pit	 setup	 reported	 in	 literature	 is	 the	 lead-in-pencil	

experiment,	which	consisted	in	a	small	wire	embedded	in	an	insulator.	This	device	mimicked	the	pit	

propagation	by	dissolving	entirely	 [14;15]	or	partially	 [16]	 the	wire	 in	a	high	concentrated	chloride	
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solution.	The	generated	1D	single	pit	allows	the	evaluation	of	its	depth	evolution,	but	this	setup	was	

criticized	in	the	literature	[17]	because	of	the	geometrical	difference	between	an	artificial	and	a	real	

pit,	and	also	because	the	walls	 inside	the	pit	were	not	conductive.	An	 improvement	to	the	 lead-in-

pencil	 technique	was	 the	 use	 of	 a	 vertical	 foil	 instead	 of	 the	 wire,	 allowing	 a	 2D	 single	 pit	 to	 be	

generated.	It	was	also	possible	to	study	the	evolution	of	the	pit	radius	in	presence	of	a	cover	beneath	

the	pit	 [18;19].	However,	a	 lateral	 limitation	 for	 the	pit	propagation	was	still	 remaining	due	 to	 the	

low	thickness	of	the	foil.	The	pit	cover	has	been	known	for	long	time	as	being	an	important	issue	in	

pitting	corrosion	and	it	has	been	described	as	a	stabilizing	factor	for	pit	growth	[16;18;20;21].	Indeed,	

pit	 cover	 acts	 as	 a	 resistive	barrier	 [22]	or	diffusion	barrier	 [23]	 against	both	 the	 current	 flow	and	

diffusion	 that	 helps	 to	 maintain	 a	 concentrated	 aggressive	 environment	 inside	 the	 pit.	 In	 this	

aggressive	environment,	a	key	point	is	the	presence	of	sulfate	ions	that	competes	with	chloride	ions	

[24-26].	The	use	of	capillary	microcells	permitted	to	generate	single	pits	 in	3D	[27;28].	This	original	

approach	 consisted	 on	 using	 a	 glass	 microcapillary	 on	 the	 top	 of	 a	 stainless	 steel	 in	 atmospheric	

conditions.	It	allowed	the	determination	of	the	influence	of	MnS	inclusions	on	the	pit	initiation	[27]	

and	 also	 to	make	 the	 parallel	 between	 2D	 and	 3D	 single	 pits	 [28].	 However,	 the	 small	 size	 of	 the	

immersed	surface	(disk	of	diameter	100	µm)	is	a	significant	restriction	for	the	pit	propagation	time	by	

imposing	 a	maximum	pit	 radius,	 and	 thus	 allowing	 to	work	 on	 the	 early	 stage	 of	 pit	 propagation,	

only.	With	 such	 a	 setup,	 it	was	 possible	 to	 obtain	 reproducible	 single	 pits	with	 propagation	 times	

larger	than	10	hours,	giving	rise	to	new	opportunities	as	the	study	the	evolution	of	both	the	pit	depth	

and	 the	 radius,	 as	well	 as	 the	presence	of	a	metallic	 cap	 recovering	 the	pit	 [29].	 This	 represents	a	

significant	 improvement	 to	 the	 former	 techniques	 used	 for	 studying	 pitting	 corrosion	 [17].	 Since	

single	pit	can	be	grown	at	will	in	the	3D	(i.e.	like	real	ones)	with	conductive	walls	for	long	propagation	

times.	

The	aim	of	this	work	is	to	study	the	long-term	pit	propagation	on	316L	stainless	steel.	First,	it	will	be	

shown	 that	depending	on	 the	experimental	parameters,	a	metallic	 cover	can	be	present	or	not	on	
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top	 of	 the	 pit.	 Then	 a	 special	 attention	 will	 be	 paid	 to	 bring	 new	 insight	 to	 the	 propagation	

mechanisms	at	the	pit	bottom	and	at	the	pit	mouth	for	both	open	and	covered	pits.	

	

2. Experimental	

2.1	Instrumentation	and	electrode	preparation	

The	 experimental	 setup	 used	 in	 this	 work	 has	 already	 been	 described	 elsewhere	 in	 more	 detail	

[25;29],	but	for	facility,	it	is	sketched	in	Fig.	1.	Briefly,	it	consisted	of	an	analogue	potentiostat	(Jaissle	

Elektronik	 BI-Potentiostat	 PG100),	 which	 allowed	 current	 in	 the	 sub-nanoampere	 range	 to	 be	

measured	 through	 a	 low-noise-current-to-voltage	 converter	 with	 an	 adjustable	 gain.	 A	 three-axis	

positioning	 system	 (VP-25XA,	 Newport)	 driven	 by	 a	 100	 nm	 spatial-resolution	 motion	 encoder	

(ESP300,	 Newport)	 was	 used	 for	 a	 precise	 positioning	 of	 the	microcapillary.	 The	 entire	 setup	was	

controlled	by	a	software	developed	under	Labview®	environment.	All	 the	experiments	presented	 in	

this	work	were	performed	 in	a	0.5	M	H2SO4	solution,	 in	which	a	 local	amount	of	chloride	 ions	was	

locally	 injected	 using	 a	 glass-microcapillary	 obtained	 from	 a	 glass	 tube	 heated	 in	 the	 center	 of	 a	

resistive	 coil.	 The	 top-end	 of	 the	microcapillary	was	 connected	 to	 a	 300	 µL	 Terumo®	 syringe	 filled	

with	a	NaCl	solution	from	1.2	M	to	3	M	in	a	0.5	M	H2SO4	solution.	A	KD	Scientific®	syringe	 infusion	

pump	 was	 used	 to	 gradually	 release	 the	 solution	 at	 a	 controlled	 flux	 rate.	 All	 the	 experiments	

presented	 in	 this	article	were	performed	with	 the	same	glass	microcapillary,	 the	size	of	which	was	

100	µm	as	 inner	diameter	and	1000	µm	as	outer	diameter,	and	a	constant	 flux	of	5.4	µL/h	 for	 the	

chloride	containing	solution.	This	chloride	injection	with	the	microcapillary	had	a	little	or	no	effect	on	

the	total	chloride	concentration	in	the	bulk	solution.	Indeed,	for	a	3	M	NaCl	solution	(corresponding	

to	 the	 higher	NaCl	 concentration	 used	 in	 this	 paper)	 injected	 in	 a	 40	mL	 sulfate	 solution	with	 the	

microcapillary,	the	chloride	concentration	was	0.4	mM	after	1	hour	of	injection	and	it	reached	4	mM	

after	10	hours,	that	is	for	the	longest	pit	propagation	studied.	By	comparison,	it	was	shown	that	the	
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minimum	concentration	of	chloride	necessary	 for	 initiating	pitting	was	100	mM	for	a	Fe-20Cr	steel	

[30],	which	is	by	far,	much	larger	than	the	present	chloride	bulk	concentration.		

 
Fig.	1:	Electrochemical	device	developed	for	generating	a	single	pit	and	studying	its	propagation.		

	

The	precise	positioning	of	 the	microcapillary	was	achieved	by	measuring	 the	electrolyte	 resistance	

between	the	substrate	(i.e.	the	stainless	steel	electrode)	and	the	reference	electrode.	This	technique	

was	shown	to	be	very	sensitive	to	monitor	the	position	of	an	insulating	material	in	the	close	vicinity	

of	a	polarized	electrode	[31-32].	The	glass	microcapillary	size	and	positioning	are	the	key	parameters	

of	 this	 setup	 for	 a	 proper	 initiation	 and	 propagation	 of	 a	 single	 pit.	 In	 a	 preliminary	 set	 of	

experiments,	 it	 was	 shown	 that	 the	microcapillary-to-sample	 distance	 could	 not	 exceed	 20	 µm	 in	

order	to	avoid	the	simultaneous	initiation	of	several	pits.	

Electrochemical	 measurements	 were	 performed	 in	 a	 three-electrode	 cell	 with	 a	 platinum	 grid	 as	

counter	 electrode,	 a	mercury	 saturated-sulfate	 electrode	 (MSE)	 as	 reference	 electrode	 (E	 =	 0.650	

V/NHE),	and	a	316L	stainless	steel	disk	as	working	electrode.	The	nominal	composition	of	the	316L	

stainless	steel	(in	wt%)	was	obtained	from	inductively	coupled	plasma	atomic	emission	spectroscopy	

(ICP-AES),	 excepted	 the	 C	 element	 which	 was	 obtained	 from	 glow	 discharge	 optical	 emission	
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spectrometry	 (GD	–	OES):	65.9%	Fe,	18.5%	Cr,	10.6%	Ni,	2.4%	Mo,	1.7%	Mn,	0.9%	Si,	 0,04%	S	and	

0,02%	C.		

The	same	surface	preparation	procedure	was	always	used	to	have	reproducible	passive	film	in	terms	

of	 nature,	 thickness,	 and	 crystallization.	 First,	 the	 316L	 stainless	 steel	 surface	 was	 mechanically	

ground	with	1200,	2400,	and	4000	SiC	papers,	and	then	cleaned	with	a	water	and	ethanol	mixture	

(1:1)	 in	 an	 ultrasonic	 bath	 for	 10	 min.	 After	 the	 polishing,	 the	 electrode	 was	 introduced	 in	 the	

electrochemical	 cell,	 which	 was	 also	 used	 for	 performing	 pitting	 corrosion	 experiments,	 and	 was	

cathodically	treated	in	0.5	M	H2SO4	at	–0.9	V/MSE	for	1	minute	to	reduce	the	native	oxide	film.	In	the	

next	 step,	 the	 formation	 of	 the	 passive	 film	 was	 achieved	 in	 the	 same	 electrolytic	 solution	 by	

performing	a	 single	potential	 sweep	between	–0.9	V/MSE	and	 the	working	potential	at	a	 low	scan	

rate	 (1	 mV/s).	 Then,	 before	 releasing	 the	 chlorides	 through	 the	 glass	 microcapillary,	 the	 working	

potential	was	hold	during	30	min	to	ensure	that	the	passive	film	is	thick	enough.	In	this	article,	the	

working	potential	of	the	316L	steel	was	varied	in	its	passive	domain	that	is	between	–0.6	V/MSE	and	

0.5	V/MSE.	

2.2	Physical	characterization	

The	 single	 pits	 formed	were	 cylindrical	 or	 disc	 shaped	depending	on	 the	 experimental	 parameters	

with	geometrical	 shapes	already	observed	and	described	 in	 the	 literature	 (vide	 infra)	 [18,	28].	 The	

size	of	the	pit	was	characterized	by	its	depth	and	its	radius,	which	were	measured	at	the	pit	aperture.	

Ex	 situ	 characterization	 of	 pits	 were	 performed	 with	 a	 Leica	 Stereoscan	 440	 scanning	 electron	

microscope	(SEM).	The	pit	radius	was	obtained	from	SEM	observations	of	the	pit	top	view	assuming	a	

circular	shape	by	averaging	the	radius	of	the	real	elliptic	shape	in	2	perpendicular	directions.	The	pit	

depth	 measurement	 was	 performed	 using	 the	 differential	 focusing	 technique	 with	 an	 optical	

microscope	equipped	with	a	micrometric	screw.	Interestingly,	in	a	previous	work	[25],	the	dosing	of	

dissolved	 materials	 were	 in	 perfect	 agreement	 with	 the	 volume	 determined	 by	 microscopic	

observation.	From	these	two	parameters	and	using	 the	Faraday’s	 law,	 local	current	densities	could	



	 7	

be	calculated	at	both	the	pit	bottom	and	the	pit	wall	paving	 the	way	to	 local	kinetics	 investigation	

inside	the	pit	[29].	For	numerical	applications	of	the	Faraday’s	law,	the	following	parameters	values	

were	taken:	8	g.cm-3	for	the	316L	steel	density	ρ	[33],	2.2	for	the	mean	oxidation	number	n	involved	

in	the	corrosion	reaction	[33;34],	F	=	96485	C.mol-1	for	the	Faraday	constant,	and	M	=	56.1	g.mol-1	for	

the	316L	steel	molar	mass.	

	

3. Results	and	discussion	

3.1	Generation	of	covered	and	open	single	pit	

In	a	first	step,	the	evolution	of	the	pit	morphology	obtained	on	a	316L	stainless	steel	as	a	function	of	

different	experimental	 conditions	 (applied	potential,	 temperature,	and	composition	of	 the	 injected	

solution)	was	investigated.		

Fig.	 2	 shows	 the	evolution	of	both	 the	pit	depth	and	 the	pit	 radius	after	1	hour	of	propagation	as	

function	 of	 the	 applied	 potential	 of	 the	 electrode	 in	 the	 passive	 domain	 from	 –	 0.4	 V/MSE	 to	 0.5	

V/MSE.	These	experiments	were	performed	at	20°C	in	a	0.5	M	H2SO4	solution,	while	injecting	a	3	M	

NaCl	+	0.5	M	H2SO4	solution	with	the	glass	microcapillary	at	a	constant	flow	rate	of	5.4	µL/h.	It	should	

be	 noticed	 that	 each	 couple	 of	 points	 (depth	 and	 radius)	 corresponds	 to	 one	 experiment.	 At	 0	

V/MSE,	 7	 identical	 experiments	 were	 carried	 out	 to	 know	 the	 level	 of	 uncertainty	 in	 the	

measurements:	average	standard	deviations	 for	 the	measured	radius	and	depth	were	both	10	µm.	

The	pitting	current	for	these	7	experiments	had	almost	not	varied	(mean	deviation	of	0.1	mA	for	a	

mean	 pitting	 current	 of	 2.2	 mA),	 suggesting	 that	 the	 single	 pit	 initiation	 and	 propagation	 is	

reproducible	 with	 this	 procedure.	 The	 radius	 at	 the	 pit	 mouth	 increases	 whereas	 the	 pit	 depth	

remains	 rather	 constant.	 These	 results	 are	 in	 good	 agreement	with	 bottle-like	 pits	 (high	 depth	 to	

radius	ratio)	observed	for	the	304	stainless	steel	at	low	over-potential,	and	with	disc-shaped	pits	(low	

depth	to	radius	ratio)	at	nobler	potential	using	a	lead-in-pencil	setup	in	NaCl	solution	[16;24;28;35].	

Fig.	3	presents	the	influence	of	the	temperature	of	the	electrolyte	during	the	propagation	phase	on	
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the	geometric	parameters	after	2h30	of	propagation	at	0	V/MSE	while	 injecting	3	M	NaCl	with	the	

microcapillary	in	a	0.5	M	sulfate	solution.	The	first	hour	of	propagation	was	performed	at	20°C,	then	

for	the	remaining	1h30	the	temperature	was	lowered	to	15°C	in	the	first	experiment,	kept	constant	

at	 20°C	 in	 the	 second	 one,	 and	 increased	 to	 25°	 for	 the	 last	 experiment.	 With	 such	 change	 of	

temperature	during	the	propagation,	the	pit	depth	is	unchanged	conversely	to	the	radius	measured	

at	 the	 pit	 aperture,	 which	 increased	 while	 increasing	 temperature.	 The	 temperature	 affects	 the	

geometric	parameters	 in	the	same	way	as	the	potential.	Similar	effects	on	pit	morphology	beneath	

the	glass	microcapillary	were	also	observed	using	our	setup	by	varying	the	chloride	concentration	in	

the	syringe	[29].	 In	addition,	 it	was	shown	that	the	type	of	anion	(sulfate	or	perchlorate	ion)	of	the	

acid	used	as	supporting	electrolyte	also	influenced	the	pit	morphology	[25],	but	in	this	work,	we	only	

focused	on	sulfuric	acid	solution.	

	

Fig.	2:	Geometric	parameters	measured	for	different	applied	potentials	after	1	hour	propagation	at	

20°C	in	0.5	M	H2SO4	(injected	solution:	3M	NaCl).	Black	circles:	pit	radius;	red	squares:	pit	depth.	
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Fig.	3:	Geometric	parameters	measured	for	different	applied	temperatures	after	2h30	of	propagation	

at	0	vs.	(Hg/Hg2SO4)/V	in	0.5	M	H2SO4	(injected	solution:	3M	NaCl).	Black	circles:	pit	radius;	red	

squares:	pit	depth.	

	

Another	important	issue	concerning	the	pit	morphology	is	the	presence	of	a	pit	cover	on	the	top	of	

the	pit	[18].	This	cover	can	be	seen	as	a	facilitator	in	the	pit	propagation	since	it	locally	confines	the	

environment	 by	 acting	 as	 a	 diffusion	 barrier	 for	 the	 various	 species	 involved	 in	 the	 propagation	

mechanism.	The	usual	structure	is	similar	to	a	lace	with	several	small	holes	in	the	cap	allowing	some	

exchanges	between	the	bulk	and	the	pit	solution.	As	a	result,	depending	on	the	combination	of	the	

electrode	potential,	 the	 temperature	of	 the	electrolyte,	 and	 the	amount	of	 chloride	 ions	 [29],	 it	 is	

possible	with	our	experimental	device	to	obtain	an	open	pit	or	a	covered	pit	as	shown	in	Fig.	4.	When	

the	chloride	concentration	in	the	syringe	is	 large	enough	(3	M),	an	open	pit	was	observed	(Fig.	4a),	

whereas	 for	 a	 lower	 concentration	 (1.2	 M),	 a	 cap	 was	 observed	 even	 if	 the	 duration	 of	 the	

experiments	was	3	 times	 longer,	 as	 shown	 in	 Fig.	 4b.	 Interestingly,	 the	 cover	had	only	one	or	 two	

centered	 large	holes,	 in	contrast	with	 the	 lacy	 like	structure	described	 in	 the	 literature	 for	 the	304	

stainless	 steel	 in	 1	M	NaCl	 at	 0.2	V/MSE	 [18;21]	 but	 in	 agreement	with	 the	 cover	 found	 for	 some	
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stable	pits	on	304	stainless	steel	in	1.3	M	NaCl	at	–	0.4	V/MSE	[16].	We	believe	that	the	lace	did	not	

develop	 due	 to	 the	 presence	 of	 the	 glass	microcapillary	 in	 the	 close	 vicinity	 of	 the	 substrate.	 The	

microcapillary	may	 prevent	 some	 exchanges	 between	 the	 bulk	 and	 the	 pit	 solution	 hindering	 the	

growth	of	some	small	perforations	in	the	pit	cover.	

	 	

	

Fig.	4:	SEM	images	of	an	open	pit	for	a	316L	stainless	steel	after	1	hour	of	propagation	obtained	by	

injecting	a	3	M	NaCl	solution	with	the	microcapillary	(a)	and	a	covered	pit	obtained	after	3	hours	with	

a	1.2	M	NaCl	solution	(b).	For	both	experiments:	T	=	20°C	–	E	=	0	vs.	(Hg/Hg2SO4)/V	–	0.5	M	H2SO4	

	

(a)	

(b)	
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The	measurements	performed	after	different	propagation	times	of	the	pit	depth	and	the	pit	radius	

with	 an	 optical	 microscope	 and	 SEM	 allowed	 the	 determination	 of	 experimental	 laws	 for	 a	

quantitative	description	of	the	evolution	of	the	pit	parameters.	

For	 instance,	 for	an	open	pit	obtained	at	T	 =	20	 °C,	E	 =	0	V/MSE,	and	 injecting	3	M	NaCl	with	 the	

microcapillary	in	a	0.5	M	sulfate	acid	solution,	the	following	empirical	expressions	were	obtained	by	

fitting	the	experimental	measurements:	

𝑝 = 126 + 1.57 ∗ |𝑡 − 2700|/,12							𝑓𝑜𝑟	𝑡 > 45	𝑚𝑖𝑛			 (1) 

𝑟 = 250 + 26.36 ∗ |𝑡 − 180|/,>2						𝑓𝑜𝑟	𝑡 > 3	𝑚𝑖𝑛 (2) 

where	p	is	the	pit	depth	(expressed	in	µm),	r	the	pit	radius	(in	µm)	and	t	the	propagation	time	(in	

s).	In	Eq.	1,	the	pit	depth	measured	after	45	min	of	propagation	was	126	µm,	and	in	Eq.	2,	the	pit	

diameter	measured	after	3	min	of	propagation	was	250	µm.		

	

	

Fig.	5:	Calculated	(red	dashed	line)	and	experimental	pitting	current	(black	curve)	for	a	propagation	at	

E	=	0	vs.	(Hg/Hg2SO4)/V	–	T	=	20	°C	-	3M	NaCl	(syringe)	-	0.5	M	H2SO4	
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These	laws	have	a	physical	meaning	and	can	be	explained	as	follow:	assuming	that	the	pit	was	disc-

shaped,	it	is	possible	to	calculate	the	pit	volume	from	the	Eqs.	(1)	and	(2).	Then	from	the	dissolution	

volume	assuming	that	the	pit	volume	is	a	cylinder	(which	was	confirmed	performing	observation	of	

pit	 cross-section),	 we	 can	 calculate	 the	 current	 using	 the	 Faraday’s	 law.	 Fig.	 5	 compares	 the	

calculated	 current,	 based	 on	 optical	 measurements	 and	 Faraday’s	 law	 (black	 curve),	 and	 the	

experimental	current	directly	measured	with	 the	potentiostat	during	 the	experiments	 (red	dashed-

curve).	Both	currents	are	equal	for	long-term	propagation	(i.e.	t	>	1	h),	explaining	the	quite	constant	

current	recorded	during	pitting	propagation	by	the	pit	volume	evolution.	This	result	also	allowed	the	

microscopy	measurements	of	pit	depth	and	radius	to	be	validated.	

For	a	covered	pit	obtained	at	T	=	20	°C,	E	=	0	V/MSE	and	injecting	1.2	M	NaCl	with	the	microcapillary	

in	a	0.5	M	sulfate	acid	solution,	the	following	empirical	laws	were	determined:	

𝑝 = 111 + 1.93 ∗ |𝑡 − 2700|/,1>							𝑓𝑜𝑟	𝑡 > 45	𝑚𝑖𝑛			 (3) 

 

𝑓𝑜𝑟	3𝑚𝑖𝑛 < 𝑡 < 4ℎ ∶ 					𝑟 = 130 + 4.20 ∗ 𝑡 − 180 /.1>

	𝑓𝑜𝑟	𝑡 > 4ℎ		:																						𝑟 = 250 + 26.36 ∗ 𝑡 − 180 /.>2 																			(4)	

It	is	interesting	to	note	that	the	pit	depth	evolves	slightly	with	the	chloride	concentration	(relation	(1)	

and	(3)	are	almost	the	same).	Also	during	the	first	4	hours	of	pit	propagation,	the	pit	radius	obtained	

with	an	injection	of	1.2	M	NaCl	with	the	microcapillary	(Eq.	4)	is	lower	than	the	radius	resulting	from	

an	 injection	of	 3	M	NaCl	 solution.	However	 after	 4	hours	of	 propagation,	 both	 radius	 reached	 the	

same	 value,	 suggesting	 that	 a	 saturation	 concentration	 of	 chloride	 has	 been	 reached	 at	 the	

periphery.	

From	 the	 relations	 (3)	 and	 (4)	 and	 using	 the	 Faraday’s	 law,	 the	 dissolution	 current	 can	 also	 be	

calculated	and	compared	with	the	experimental	current	measured	with	the	potentiostat,	as	shown	in	

Fig.	6.	Conversely	to	the	case	of	the	open	pit,	the	calculated	current	(red	dashed	line)	is	larger	than	

the	experimental	(black	curve)	by	a	current	by	ΔI.	This	can	be	explained	by	an	overestimation	of	the	
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dissolution	volume	using	the	calculated	current	since	we	made	the	same	calculation	for	a	covered	pit	

than	for	an	open	pit.	ΔI	can	also	be	ascribed	to	the	cover	volume.	The	integration	of	the	Faraday’s	

law	with	respect	to	the	time	allowed	the	cover	volume	to	be	determined	from	ΔI.	Assuming	that	the	

cover	has	only	a	 centered	hole	with	a	mean	diameter	of	100	µm,	 it	 is	possible	 to	perform	a	 semi-

quantitative	calculation	of	the	cover	surface	from	the	pit	mouth	radius,	and	thus	from	the	volume	to	

express	the	cover	thickness,	e,	as:		

𝑒 =
1

𝜋 𝑟H − 50H
∗
𝑀
𝜌𝑛𝐹

∗ 𝛥𝐼 ∗ 𝑡																																																																			(5)	

The	numerical	application	of	Eq.	5	gives	an	exponential	 increase	of	the	mean	value	of	the	pit	cover	

thickness	 varying	 from	 10	 µm	 after	 10	 min	 of	 propagation	 to	 about	 25	 µm	 after	 10	 hours	 of	

propagation.	Experimentally,	Tian	et	al.	[16]	have	found	a	pit	cover	thickness	of	about	12	µm	after	5	

min	of	propagation	 for	a	304	stainless	 steel	 in	bulk	of	1.3	M	NaCl,	which	 is	 in	agreement	with	 the	

values	 obtained	 in	 this	 work	 and	 which	 allows	 to	 ascribe	 the	 discrepancy	 between	 the	 two	

techniques	used	for	monitoring	the	current	corresponding	to	the	pit	propagation	to	the	fact	that	the	

volume	of	the	cover	has	to	be	taken	into	account.	
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Fig.	6:	Calculated	(red	dashed	line)	and	experimental	pitting	current	(black	curve)	for	a	propagation	at	

E	=	0	vs.	(Hg/Hg2SO4)/V	–	T	=	20	°C	–	1.2	M	NaCl	(syringe)	-	0.5	M	H2SO4.	The	blue	dashed	curve	is	a	

mean	value	used	for	the	experimental	current	for	the	determination	of	ΔI.		

	

Eqs.	(1)	and	(3)	also	indicate	that	the	pit	depth	for	both	open	and	covered	pit	increases	as	a	function	

of	the	square	root	of	the	time.	Same	time	dependence	was	determined	by	Ghahari	et	al.	[19;36]	who	

measured	the	pit	depth	evolution	on	stainless	steel	foils	in	various	NaCl	solutions	up	to	1	M	using	X-

Ray	 radiography.	 Such	 a	 result	 can	 be	 explained	 by	 two	 different	 limiting	 mechanisms,	 namely	 a	

diffusion	 control	 or	 an	 ohmic	 control	 of	 the	 pit	 propagation	 [37].	 During	 the	 first	 times	 of	 the	

propagation,	diffusion	has	been	widely	suggested	in	literature	to	control	the	pit	bottom	process	with	

the	diffusion	of	metallic	cations	outside	of	the	pit	[19;23;33;38]	and/or	the	diffusion	of	water	to	the	

pit	since	water	is	required	for	the	transport	of	metallic	cations	outside	of	the	pit	[39].	However,	for	

small	pits,	ohmic	control	has	also	been	argued	in	literature	[26;40].	Due	to	the	presence	of	corrosion	

products	[26]	or	the	formation	of	hydrogen	bubbles	[40],	a	potential	gradient	may	appear	between	

the	passive	surface	and	the	 inner	wall	 inside	the	pit.	This	potential	gradient	can	result	 in	a	bottom	

surface	 inside	 the	 pit	 in	 the	 active	 potential	 range,	 thus	 allowing	 the	metal	 dissolution.	 Based	 on	

published	works	for	short	propagation	times,	we	can	assume	that	both	diffusion	and	ohmic	control	

are	possible	mechanisms	for	longer	propagation	times.	

3.2	Discrimination	between	diffusion	and	ohmic	control	for	the	pit	propagation	

To	 distinguish	 between	 diffusion	 and	 ohmic	 control	 for	 the	 propagation	 mechanism	 at	 the	 pit	

bottom,	 it	 is	 necessary	 to	 perform	 experiments	 with	 a	 potential	 change	 during	 the	 propagation.	

Interestingly,	because	we	were	able	to	generate	a	single	pit,	any	minute	changes	of	the	current	can	

be	directly	linked	to	the	pit	evolution	without	further	hypothesis.	Moreover,	according	to	the	Fick’s	

law	for	a	limiting	diffusion	process,	the	current	density	is	independent	of	any	potential	modification	

whereas	for	an	ohmic	controlled	mechanism,	the	current	density	varies	with	the	potential	according	

to	the	ohm’s	law.	
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Fig.	7	shows	the	evolution	of	 the	pit	depth	as	a	 function	of	 time	for	experiments	performed	at	T	=	

20°C	 in	 a	 0.5	M	 H2SO4	 solution	 for	 different	 applied	 potentials	 during	 the	whole	 test	 (0	 V/MSE	 –	

squares,	0.2	V/MSE	–	circles,	and	0.4	V/MSE	–	diamonds).	The	concentration	of	chloride	ions	used	in	

the	syringe	was	3	M,	which	resulted	in	the	formation	of	an	opened	pit.	Pit	depth	did	not	significantly	

vary	with	the	constant	applied	potential	for	the	different	propagation	times.	For	some	experiments,	

the	 potential	 was	 varied	 according	 to	 the	 following	 procedure:	 first,	 the	 initiation	 and	 the	

propagation	 of	 the	 pit	 for	 one	 hour	 were	 achieved	 at	 0	 V/MSE,	 and	 then	 a	 potential	 step	 at	 0.4	

V/MSE	was	applied.	The	results	are	shown	in	Fig.	7	(triangles).	Interestingly,	the	different	pit	depths	

obtained	 as	 a	 function	 of	 time	 followed	 the	 same	 variations	 that	 the	 pit	 generated	 at	 a	 constant	

potential.		

It	 could	 be	 surprising	 to	 obtain	 a	 quite	 constant	 pit	 depth	 for	 different	 applied	 potentials	 since	

according	 Butler	 Volmer’s	 law	 a	 higher	 dissolution	 rate	 is	 expected	 at	 higher	 potential.	 The	

explanation	could	be	a	self-regulated	mechanism	in	presence	of	a	salt	film	[33].	When	a	salt	film	is	at	

the	pit	bottom,	two	different	flows	have	to	be	taken	into	account:	(i)	at	the	metal	–	salt	film	interface	

corresponding	 to	 the	metal	 dissolution	 to	 thicken	 the	 salt	 film,	 and	 (ii)	 at	 the	 salt	 film	 –	 solution	

interface,	ascribed	to	the	dissolution	of	the	salt	film	into	the	pit	solution	and	the	outwards	diffusion	

of	cations	outside	of	the	pit.	At	steady-state	(i.e.	at	a	constant	current),	for	constant	potential,	these	

two	 flows	 are	 equal,	 indicating	 that	 the	 salt	 film	 thickness	 remains	 constant.	 However,	 when	 the	

applied	potential	is	increased,	the	local	potential	at	the	pit	bottom	under	the	salt	film	is	increased	as	

does	 the	dissolution	flow.	Thus,	 the	salt	 film	equilibrium	 is	 lost	with	 the	dissolution	 flow	becoming	

greater	 than	 the	diffusion	 flow	 resulting	 in	 an	 increase	of	 the	 salt	 film	 thickness	 and	 in	 turn	 to	 an	

increase	of	the	salt	film	resistance.	Such	a	variation	of	resistance	inside	the	pit	has	for	consequence	

to	decrease	the	potential	at	 the	pit	bottom	(ohmic	drop)	until	 it	 returns	to	the	equality	of	 the	two	

flows.	This	retroactive	effect	of	the	salt	film	on	the	bottom	potential	could	explain	why	a	constant	pit	

depth	was	 observed	 for	 the	 different	 applied	 potentials	 despite	 the	 instantaneous	 increase	 of	 the	

metal	 dissolution	 when	 the	 potential	 was	 changed.	 The	 salt	 film	 presence	 is	 also	 ascribed	 to	 a	
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diffusion	limiting	process.	Indeed	assuming	a	fast	diffusion,	the	diffusion	flow	should	be	greater	than	

the	dissolution	flow.	Thus,	the	salt	film	thickness	should	decrease,	causing	a	decrease	in	the	salt	film	

resistance,	whereas	 the	 pit	 bottom	potential	 under	 the	 salt	 film	 should	 increase,	 giving	 rise	 to	 an	

increase	of	the	dissolution	flow.	In	such	situation,	the	salt	film	should	disappear,	and	there	will	be	no	

more	reason	to	get	a	constant	pit	depth	for	different	applied	potentials.	

	

Fig.	7:	Pit	depth	measured	as	a	function	of	propagation	time	for	different	applied	potential	at	20°C	

and	 injecting	 3	M	NaCl	 +	 0.5	M	H2SO4	with	 the	 glass	microcapillary	 in	 a	 0.5	M	H2SO4	 bulk.	 (MSE:	

mercury	sulphate	electrode)	

	

From	pit	depth	measurements,	it	has	already	been	shown	that	the	current	density	at	the	pit	bottom	

can	be	calculated	[29].	Indeed,	there	is	a	constant	current	density	at	the	bottom	of	the	pit	as	it	was	

recently	found	by	quantifying	the	variation	of	 local	current	density	around	the	perimeter	of	the	pit	

using	X-Ray	 radiography	 [19].	 Fig.	 8	 shows	 the	evolution	of	 current	density	 at	 the	pit	 bottom	as	 a	

function	of	time	for	different	applied	potential,	which	was	obtained	from	the	measurements	of	the	

pit	 depth	 presented	 in	 Fig.	 7.	 A	 modification	 of	 the	 potential	 after	 1	 hour	 of	 propagation	 from	

0	V/MSE	 to	 0.4	 V/MSE	 did	 not	 change	 the	 current	 density	 at	 the	 pit	 bottom	 since	 the	 red	 curve	
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remains	 similar	 to	 the	 black	 curve	 over	 the	 whole	 duration	 of	 the	 experiment.	 Such	 a	 result	

eliminates	 the	 ohmic	 effects	 for	 the	 propagation	 mechanism	 at	 the	 pit	 bottom,	 and	 the	 limiting	

mechanism	at	the	pit	bottom	can	only	be	the	diffusion	of	ionic	species.	

	

Fig.	8:	Current	density	calculated	at	the	pit	bottom	for	results	presented	in	Fig.	7.	(MSE:	mercury	

sulphate	electrode)	

	

Similar	analysis	were	performed	for	the	pit	radius	as	shown	in	Fig.	9	for	different	applied	potentials	(0	

V/MSE	–	squares,	and	0.4	V/MSE	–	diamonds)	and	for	a	potential	step	applied	after	the	propagation	

for	1	hour	(from	0	to	0.4	V/MSE).	First,	whatever	the	duration	of	the	pit	propagation,	the	pit	radius	

was	 larger	 at	 0.4	 V/MSE	 than	 at	 0	 V/MSE,	 in	 agreement	with	 results	 presented	 in	 Fig.	 2.	When	 a	

potential	 step	 was	 applied	 after	 1	 h	 of	 propagation,	 the	 pit	 radius	 had	 an	 intermediate	 value	

between	the	radiuses	determined	for	experiments	performed	at	0	V/MSE	and	those	at	0.4	V/MSE.	It	

is	also	worth	noting	that	the	radius	value	tends	towards	the	same	limit	than	the	pit	radius	obtained	

at	0.4	V/MSE.		
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The	 SEM	 picture	 obtained	 after	 different	 propagation	 times	 shows	 that	 the	 radius	 increase	 is	 not	

uniform	on	the	whole	pit	wall	(Fig.	10).	Indeed	after	1	hour	of	propagation	at	0	V/MSE	and	then	15	

min	at	0.4	V/MSE	(Fig.	10a),	the	pit	expansion	on	the	pit	edge	is	clearly	visible.	The	surface	created	by	

the	 potential	 change	 is	 less	 deep	 than	 the	 pit	 developed	 at	 0	 V/MSE	 during	 1	 hour.	 However,	

increasing	 the	 propagation	 time	 at	 0.4	 V/MSE	 resulted	 in	 the	 formation	 of	 an	 homogeneous	 pit	

radius	and	the	surface	expansion	becomes	as	deep	as	the	pit	generated	at	0	V/MSE	(Fig.	10b).		

The	calculation	of	the	local	current	density	at	the	pit	mouth	obtained	from	the	radius	measurement	

is	shown	in	Fig.	11.	Conversely	to	the	current	obtained	for	the	pit	bottom,	the	potential	change	after	

1	hour	of	propagation	from	0	V/MSE	to	0.4	V/MSE	was	accompanied	by	a	change	in	the	local	current	

density	at	the	pit	mouth	(the	red	curve	is	no	longer	similar	to	the	black	curve	after	1	hour),	indicating	

that	the	pit	mouth	growth	is	potential	dependent.	

	

Fig.	9:	Evolution	of	the	pit	radius	as	a	function	of	time	for	different	applied	potential	at	20°C	and	

injecting	3	M	NaCl	+	0.5	M	H2SO4	with	the	glass	microcapillary	in	a	0.5	M	H2SO4	bulk.	(MSE:	mercury	

sulphate	electrode).	

	

0 1 2 3 4 5
0

200

400

600

800

1000

1200

1400

Applied potential
 0 V(MSE)
 0.4 V(MSE)
 t < 1h : 0 V(MSE)

         t > 1h : 0.4 V(MSE)

R
ad

iu
s 

/ µ
m

Time / h



	 19	

	

	

	

Fig.	10:	SEM	images	of	the	pit	formed	after	1	h	of	propagation	at	0	vs.	(Hg/Hg2SO4)/V	+	15	min	at	0.4	

vs.	(Hg/Hg2SO4)/V	(a);	and	1	h	at	0	vs.	(Hg/Hg2SO4)/V	+	2	h	at	0.4	vs.	(Hg/Hg2SO4)/V	(b).	Same	

experimental	conditions	than	in	Fig.	7.	

	

(b)	

(a)	
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Fig.	11:	Current	density	calculated	at	the	pit	mouth	from	results	presented	in	Fig.	9.	(MSE:	mercury	

sulphate	electrode).	

	

Similar	investigations	were	performed	for	a	covered	pit	using	1.2	M	NaCl	instead	of	3	M	NaCl	in	order	

to	 determine	 whether	 the	 pit	 bottom	 mechanism	 is	 the	 same	 than	 for	 an	 uncovered	 pit.	

Unfortunately,	 the	 presence	 of	 the	 cover	 on	 the	 pit	 is	 controlled	 by	 a	 combination	 of	 different	

parameters	(temperature,	chloride	–	sulfate	ratio	and	potential).	For	T	=		20	°C,	in	1.2	M	NaCl	+	0.5	M	

H2SO4,	the	pit	is	covered	after	1	hour	at	0	V/MSE	(similarly	to	results	presented	in	Fig.	4b).	When	the	

potential	was	changed	after	1	hour	from	0	V/MSE	to	0.4	V/MSE	for	15	min,	the	cover	was	partially	

dissolved	with	the	appearance	of	several	 little	holes	forming	the	lacy-like	structure.	In	addition,	the	

cover	residue	has	also	collapsed	inside	the	pit	as	shown	in	Fig.	12a.	For	longer	polarization	duration	

(1	hour	at	0	V/MSE,	and	then	2	hours	at	0.4	V/MSE)	the	pit	cover	was	entirely	dissolved	(Fig.	12b).	

The	 potential	modification	 from	 0	 V/MSE	 to	 0.4	 V/MSE	 has	 changed	 the	 pit	 from	 covered	 one	 to	

open	 one.	 Conversely,	 a	 potential	modification	was	 also	 performed	 at	 1	 h	 of	 propagation	 from	 0	

V/MSE	 to	 –	 0.2	 V/MSE.	 The	 pit	 propagation	 was	 maintained	 at	 –	 0.2	 V/MSE	 (revealing	 that	 the	

repassivation	potential	 [41]	 for	a	covered	pit	at	1	hour	should	be	 lower	than	–	0.2	V/MSE)	and	the	
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current	value	decreased,	as	well	as	did	the	active	pit	surface.	In	that	case,	 it	was	difficult	to	extract	

quantitative	information	from	the	ex	situ	microscopy	measurements	since	the	measurable	radius	at	

the	pit	mouth	corresponds	to	the	propagation	stage	at	0	V/MSE	and	not	to	the	propagation	at	–	0.2	

V/MSE.		

	

	

Fig.	12:	SEM	images	of	a	pit	after	1	h	at	0	vs.	(Hg/Hg2SO4)/V	+	15	min	at	0.4	vs.	(Hg/Hg2SO4)/V	(a)	and	

after	1	h	at	0	vs.	(Hg/Hg2SO4)/V	and	2	h	at	0.4	vs.	(Hg/Hg2SO4)/V	(b).	For	both	experiments:	T	=	20°C	–	

1.2	M	NaCl	+	0.5	M	H2SO4	
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These	 experiments	 are	 however	 very	 useful	 to	 characterize	 the	 behavior	 of	 a	 covered	 pit.	

Propagation	 mechanisms	 for	 a	 2D	 covered	 pit	 on	 stainless	 steel	 foils	 in	 NaCl	 solutions	 were	

investigated	 by	 X-ray	 radiography	 in	 literature	 [19;36].	 They	 found	 that	 the	 pit	width	 growth	 rate	

increases	with	chloride	concentration,	as	we	also	determined	with	a	change	in	the	chloride	amount	

injected	with	the	microcapillary	[29].	The	most	likely	reason	would	be	that	an	increase	in	the	chloride	

concentration	 causes	a	decrease	 in	 IR	drop	 in	 the	pit	 solution	 leading	 to	an	 increase	 in	 the	 lateral	

growth	 rate.	 The	 growth	 of	 the	 pit	 width	 beneath	 a	 perforated	 cover	 would	 be	 under	 an	 ohmic	

control.	

	

3.3	Evidence	of	salt	film	presence	at	the	pit	bottom	

The	diffusion-controlled	growth	of	the	pit	bottom	is	generally	associated	with	the	presence	of	a	salt	

film,	 as	 it	 was	 already	 observed	 for	 the	 pitting	 of	 nickel	 in	 a	 0.5	 M	 HCl	 solution	 using	 Raman	

Spectroscopy	[42]	or	the	pitting	of	iron	in	1	M	HCl	using	in-situ	Synchrotron	X-ray	Diffraction	[43].	The	

salt	 film	 is	made	of	different	complexes	of	 the	metallic	cations	coming	from	metal	dissolution	with	

the	anions	present	in	the	electrolyte	such	as	Cl-	and	SO4
2-	since	competition	between	both	anions	was	

already	 reported	 in	 the	 literature	 [24-26].	 The	 presence	 of	 a	 salt	 film	 at	 the	 pit	 bottom	 allows	

explaining	some	of	our	experimental	results.	First,	a	salt	film	might	explain	why	the	pit	depth	remains	

constant	while	increasing	the	potential	of	the	stainless	steel	substrate	as	shown	in	Fig.	2.	It	could	also	

explain	 the	constant	value	of	 the	pit	depth	as	a	 function	of	 the	chloride	amount	 injected	with	 the	

glass	microcapillary	 [29].	 In	 addition,	 it	 is	 also	 noted	 in	 the	 literature	 that	 the	 nucleation	 and	 the	

growth	 of	 a	 salt	 film	 require	 an	 appreciable	 overvoltage	 [44].	 Thus,	 additional	 experiments	 were	

performed	at	20°C	injecting	3	M	NaCl	with	the	glass	microcapillary	in	a	0.5	M	H2SO4	bulk	solution	at	a	

low	potential	 in	the	passive	domain	(E	=	-	0.4	V/MSE)	to	minimize	the	overvoltage	between	the	pit	

and	 the	 passive	 surfaces.	 Fig.	 13	 shows	 SEM	 image	 of	 the	 pit	 bottom	 morphologies	 for	 such	

experiments.	After	1	hour	of	propagation,	 the	pit	bottom	surface	 is	quite	 rough	and	 irregular	 (Fig.	
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13a),	as	it	was	observed	for	other	materials	[45].	This	roughness	can	be	explained	by	the	absence	of	

any	salt	film	at	the	pit	bottom,	due	to	too	low	overvoltage,	leading	to	a	preferential	steel	dissolution	

at	the	bottom	at	some	surface	state	defects	like	sulfide	inclusion	[9],	carbide	particles	[7]	and	grain	

boundaries	 [10].	 After	 6	 hours	 of	 propagation,	 the	 surface	 became	more	 uniform	 (Fig.	 13b).	 The	

increase	of	propagation	time	may	have	formed	a	continuous	salt	film	at	the	pit	bottom,	resulting	in	a	

polished-like	surface	morphology	well	known	for	the	salt	film	covered	pit	(Fig.	13c).	Such	pit	bottom	

morphology	presented	in	Fig.	13a	was	only	visible	at	the	beginning	of	the	passive	range,	whereas	for	

higher	 potential	 the	 pit	 bottom	 aspect	 was	 already	 similar	 to	 a	 polished	 surface	 even	 for	 short	

propagation	times	(Fig.	13c).	
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Fig.	13:	SEM	images	of	pit	bottom	surface	for	a	316L	stainless	steel	after	1	hour	at	-0.4	vs.	

(Hg/Hg2SO4)/V	(a),	6	hours	at	-0.4	vs.	(Hg/Hg2SO4)/V	(b)	and	1	hour	at	0	vs.	(Hg/Hg2SO4)/V	(c)	

Another	 interesting	 observation	 at	 low	 overvoltage	 is	 the	 spontaneous	 dissolution	 and	 re-

precipitation	of	the	salt	film	during	the	propagation	of	the	pit.	Fig.	14	shows	this	phenomenon.	The	

inset	presents	 the	pitting	current	during	an	experiment	performed	for	3	hours	at	–	0.4	V/MSE,	20°	

and	injecting	3	M	NaCl	in	0.5	M	H2SO4	with	the	glass	microcapillary.	In	a	typical	single	pit	record,	the	

current	had	first	an	increase	and	then	a	constant	value	as	shown	in	Fig.	5.	In	the	inset	of	Fig.	14,	two	

current	transient	corresponding	to	two	significant	decreases	are	shown	on	the	current	plateau	(the	

first	one	in	blue,	the	second	one	in	red).	These	two	exponential	current	decreases	are	shown	in	Fig.	

14	where	initial	time	(t	=	0	s)	corresponds	to	the	moment	in	which	the	salt	film	dissolves	(i.e.	for	1h30	

and	2h20	in	the	inset),	whereas	the	zero	value	of	the	current	corresponds	to	the	current	value	just	

before	 the	dissolution.	 Such	 salt	 film	behavior	was	 already	observed	 in	 literature	 for	 304	 stainless	

steel	in	1	M	NaCl	[34;46]	but	the	experiment	was	not	spontaneous	as	the	dissolution	was	caused	by	a	

potential	decrease	and	 the	precipitation	by	a	potential	 increase.	When	 the	salt	 film	was	dissolved,	

the	pit	bottom	was	no	longer	under	a	diffusion	limitation	in	the	pit	solution.	A	possible	explanation	is	

that	the	pit	bottom	is	controlled	by	a	slow	formation	and	growth	of	a	non-continuous	salt	film	that	

does	not	have	the	same	properties	 than	the	continuous	salt	 film	present	before	the	dissolution.	 In	

that	 scenario,	 the	 slowest	 process	 can	be	 either	 the	 rate	of	 growth	of	 anodic	 crystals	 forming	 the	
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non-continuous	salt	film	[47]	or	the	increase	of	pore	length	constituting	the	non-continuous	salt	film	

[48].	When	the	continuous	salt	film	is	formed,	the	current	returns	to	the	value	measured	before	the	

dissolution	(current	0	in	Fig.	14)	and	does	not	exceed	this	value.	This	indicates	that	supersaturation	

was	 not	 reached	 for	 the	 precipitation	 of	 the	 salt	 film,	 as	 it	 is	 commonly	 the	 case	 for	 the	 salt	 film	

formation	[46].	However,	a	precipitation	of	a	salt	film	without	supersaturation	was	already	observed	

in	literature	for	a	convective	system	using	a	rotating	disk	electrode	[49].	

	

Fig.	14:	spontaneous	dissolution	and	precipitation	of	a	salt	film	during	the	single	pit	propagation	

phase.	Inset:	Single	pit	current	record	for	a	316L	stainless	steel	at	–	0.4	vs.	(Hg/Hg2SO4)/V	–	20°C	–	

3M	NaCl	in	0.5	M	H2SO4	in	which	the	salt	film	had	spontaneously	dissolved	and	precipated	twice	(in	

blue	and	red)	

	

4	Conclusions	

An	original	 experimental	 setup	was	used	 to	 create	 reproducible	 single	pits	on	316L	 stainless	 steel.	

These	single	pits	have	a	similar	shape	to	real	pits	and	it	was	possible	to	follow	the	evolution	of	both	

pit	 radius	 and	 pit	 depth.	 The	 pit	 cover	 is	 of	 great	 importance	 for	 the	 pit	 propagation	 and	 it	 was	

shown	that	its	volume	has	to	be	taken	into	account	for	modeling	the	current	from	the	Faraday’s	law.	
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It	was	also	shown	that	 it	 is	possible	to	dissolve	the	pit	cover	during	an	experiment	by	changing	the	

experimental	 conditions	 (electrode	 potential,	 chloride	 to	 sulfate	 ratio	 and	 temperature).	 A	 special	

attention	has	been	paid	for	describing	the	pit	propagation.	From	the	square	root	of	time	evolution	of	

the	pit	depth,	it	was	concluded	that	the	pit	bottom	could	be	under	diffusion	control	or	ohmic	control.	

These	 two	 mechanisms	 were	 suggested	 in	 literature	 for	 short	 propagation	 times,	 but	 to	 our	

knowledge	 no	 work	 was	 performed	 for	 long	 propagation	 time.	 By	 performing	 potential	 step	

experiments,	 the	 ohmic	 control	was	 discarded,	meaning	 that	 the	 pit	 bottom	propagation	 is	 under	

diffusion	control.	In	such	diffusive	process,	some	evidences	of	a	salt	film	presence	at	the	pit	bottom	

were	highlighted	and	the	regulation	role	of	the	salt	film	was	discussed.		
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