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SUMMARY: Wettability. is a key factor in various engineering, scientific and indlustrial processes.
The ¢ontact angle is the most common measure of the degree to which a liquid wets a solid surface.
However, most investigations of contact angles focus on rather ideal systems where liquids wet inert,
smooth, and homogeneous surfaces which rarely exist in the real world. Reactive wetting -occurs when
the Tiquid reacts with the solid (as in corrosion) and has réceived much less attention. While ‘the

‘wetting .p_riné'i'pl_es' remain unchanged, in time the chemical reactions affect the c'omp'os:i-'tion -and :
- properties of the three-phase system. The influence of chemical kinetics is further complicated by the -

effects.of mass transport. We have examined the corrosion of mild steel undér a small aqueous droplet .

(basic, neutral or acidic). In order to corvelate the corrosion. process with the wettability of the metal
surface, - electrochemical. measurements of ‘the corrosion tate were combined with contact angle

measurements. We show how wettability is affected by corrosion and, at the same time, the local

" corrosion rate is modified by the conditions imposed by the fixed volumé of the droplet and its

evaporation. These findings are relevant for the performance of tools ‘and engincering structures
subjected to water spraying or under condensation-evaporation conditions. : e
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1. INTRODUCTION

" Wetting is an important phenomenon and is widely studicd and used in engineering, scientific and industrial processes.. The

contact angle is 4 measure of the wetting of a solid by a liquid in ambient vapour or an immiscible scecond liquid. It is an
important parameter in material performance and cngineering design. A vast amount of literatiire exists. on the contact

angles_=in'so‘lid-1iquid—vap0ur systems. However, niost investigations have concentratcd on rather ideal systems where.
liquids are placed on rather smooth and homogencous surfaces. In addition to that, mest liquids and solids investigated are

“inert. Tn praclice such ideal behaviour is rare as most solid surfaces are heterogeneous and rough and chemical reactions

* between the solid and the liquid are possible. Reactive welting oceurs in systems where the liquid reacts with the solid.

- These systems are complex since the wettability may change in time due to diffusion, oxidation, reduction and evaporation.

" Onc important occurrciice of rcaclive wetling in industries as well as. daily life is the corrosion of metal due to aqUEOUs

electrolyte droplets sitting on its surface. The comrosion rate increases with an improved wetting of the solid surface (i.c.
smaller contact angle) since the contact area between the metal and the liquid ‘is larger. The wetting bebaviour of typical
reactive three-phase systems would be affected by the cerrosion reaction. This rescarch is aimed at gaining some .
underétanding of the effccts of corrosion on the wetting of aqueous electrolyte droplets sitting on metal surfaces. ’

'_In- this study, we correlate the _'wettability'of aqueous droplets on mild steel with the corrosion tate of the. me_té]. Three

aqueous droplets (0.5 M H;804, 0.5 M NaOH, and 0.6 M NaCl) were used. to vary the carrosion rate of mild steel. The

© corrosion rate was measured using the potentiodynamic lincar polarisation resistance method. The active-passive behaviour

of mild steel was characterised with potentiodynamic anodic polarisation. curves. In a separate experiment the wettability of
stecl was characteriscd by mcasuring the contact angle with the sessilc drop technique. Finally, the surface ‘of mild steel

was examined (before and afler corrosion) using a scanning clectron microscope and low pewer optical microscopy 1o

characterise the effect of corosion on the surface.

L.T Wetting and contact angles

Wettability is defincd as the tendency for a liquid to spread on a solid substrate in vapours or in an immiscible liquid. The
degree of wetting is indicated by the contact angle formed at the solid-liquid interface which dcpends on the interfacial |
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ehergies (Adaﬁ:lsoﬁ & Gast, 1997). Wetting involves a balance berween the interfacial tensions and the adhesion between
the Tiquid-solid phases. Tts equilibrium behaviour is described by Young’s equatior. B

When a drop of liguid is placed on a solid surface; the drop spreads until it reaches a constant shape as shown in Figure 1.

' 'Figurc 1 A drop of NaCl on .a-pol'i shed mild steel surface, showi ng the interfacial tensions.

The -an-g]e' between thc_-licjuid-vapour and solid surfaces, 6, is called contact angle. The contact angle is determined by the
three interfacial tensions ygp, v and yip (S, L and V denote the solid, ligiid and vapour phases, respectively). When the .
 three interfacial tensions are in ¢guilibrium, they arc r¢lated by Youn s cquation (Adamson & Gast, 1997}

Yoy — Vs =V 086 ' 8

The contact an_g,_:lc described by Young’s equation is the cquilibrium contact angle. In praciice a variety of static contact
angle values are measured. This hysteretic range is bound by the advancing and receding contact angles. The advancing
contact angle is usnally more reproducible and considered more relevant to the cnergetics of the solid surface. :

1.1.1 Reactive wetting’ : _
In reactive wetting; wetting is influenced by chemical reactions between the spreading liguid and the solid substrate (Girish-
& Narayan; 2007). In the case of metal corrosion, corrosion products are formed at cathodic arcas while dissolution occurs
at anodic arcas. Since chemical Tcactions occur at the interface between the solid and the liquid, the interfacial tension yer
changes and that affects the contact angle. The migration of corrosion products may further complicate the situation. There -
have been a limited number of studies, e.g. those by Muster et al. {2004, 20035) where the relationship between corrosion
rate and the wettability .of aqueous drops have been examined. However, a major part of the research efforts has been
directed toward the study of reactive-wetting of molten moctals on a variety of surfaces (Custathopoulos et al, 1999). The
‘changces in the interfacial cnergies of the system were related o the interfacial reaciions. It was found.that the steady-state
-contact angle on the parent surface is abmost identical to the contact angle obtained on the reaction product itself. Basced on
these observations, Bustathopolous et al (1999) propesed the Reaction Product Control (RPC) model to describe reactive
weliing, This _mCydel' stales that the final degree of wetting in reactive systems is controlled by the product formed at the
" inlerface and not by the parent material. ' : '

1.2 Corrosion _éf ir_'on in oxygenated salutions _ } _ :
The 'corfosib_n_zind passivation of mild steel in NaOH, NaCl, and H,SO,, and have been studied extcnsively (Lyon, 2010).
When mild steel comes in contact with an aqueous droplet, the oxidation and reduction reactions arc as follows:

Fe— Fe®* +2e¢ (anodic reaction) ' 4)

O, +2H,0+4e” — A40H" (cathodic reaction) (5}
or/and

IH* + 2" — H, | | (6)

" The cathodic reaction depends on the pH of the aqueous solution.

Higher corrosion rates are expected when mild steel is contacted with FI,SO,, although the actual rate is concentration

 dependant (Panossian ct al., 2012). In a strong acid (e.g. sulphuric acid) the dissolution of Fe (o Fe’* ions is accelerated due
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to increased evol_uti_on of Hy from H' at the cathode. According to Ahmad (2006), in oxygenated systems, the net reaction
involving sulphuric acid and mild steel can'be described by . :

H,SO, +4Fe+20, —4FeSO, +4H,0 G
AFeSO; + O, + 6H,0 —> 4FeOOH + 4H,80,. )

* When steel js in contact with NaOH, the. metal passivates and the corrosion rate drops. According to Jovancicevic et al.
(1986), the passive layer consists of a thin film of crystalline Fe,0; with various water content. Freirea ct al (2008) reported:
 that, under alkaline conditions, the passivating film is inhomogeneous and contains Fe*~ and Fe®" oxides and hydroxides.
Pitting corrosion of mild steel is expected in the presence of NaCl and H,SO, due to the presence of the CI and SOy ions
which lead to the breakdown of the passivation. layer and also interfere with its reformation. Fof mild steél in-a well
oxygerated NaCl solution of pH betwcen 4 and 8 the anodic and cathodic reactions arc given by equations 4 and 5. Dueto
. the dissolution of Fe, an excess of positive metal ions, Fe*', accurnulates within the pit. To maintain charge neutrality, CI'
* anions from the electrofyte will migrate into the pit where the following hydrolysis reaction occurs:

Fe* +CU +2H,0 > FeOH), +4H" +CI". . ©)

_The pr_c_Sé'ncé of H" and CI ions prevents the self-repassivation of the metal as well as incroases the pH within the pit. This -

incteases the dissolution of the metal which increases the formation of Fe** and CI which in turn generates more H” and CI" -

" through hydrolysis (Ahmad, 2006). Thus, the pitting process is autocatalytic and the pitting ratc increases in lime. :

1.3 Corrosion under droplets _ _

‘Corrosion under droplets is complicated by the geometry of the liquid drops. On one hand, corrosion js patchy as the
~. conditions under the droplet are different from the metal exposed in between the droplets. On the other hand, the restricted -
volume of the liquid allows for aeration to be more significapt in the suiface layer. As a consequence the corrosion
" conditions undcr the droplets are uneven: less oxygen in the middle and more-oxygen near the periphery. As a'resuit, local
- corrasion develops: an anodic _r&_:gion in the middle and a cathodic region near the solid-liquid border. Evans introduced the -

concept of aeration differential ¢ells and demonstrated the variation in pH across the base arca of a corrosive droplet.

(Landolt, 2007). The problem is relevant to atmospheric corrosion and sitnations involving dry-wet cycles, and: has
. attracted increasing attention in Tecent years (Bubuisson et-al 2006, Dubuisson et al 2007, Hastuty et al, 2010, King et al,
© 2011, Mustét et al, 2011, Li and Hihara, 2012). :

2. METHODOLOGY

2.1 Reagent Preparation

~ Experiments were co’ﬁduct_cd using threc aqueous solutjons: (0,50 M H,S04, 0.50 M NaOH and 3.5 wt% {0.61 M) NaCL

~ Solutions was prepared from AR grade NaOH pellets and AR grade NaCl crystals, respectively, both supplied by Morek. A.
0.5 M H,80, was obtained by dilution of 30% HzS04 (Chem-supply). Milli-Q water was used to prepare all solutions. -

2.2 Preparation of the mild steel samples

 Three samp"]es_'\.mrc machinéd from a cylindrical 1020 mild steel rod (I cm diamcter). The stecl samples were rinsed with

_ acetone and dried with nitrogen gas before being cast in epoxy resin. Once the epoxy had completely set, the top and base
of the casts ‘were machined flat. A hole was ‘drilled and tapped in the base of each cast so that ‘a small spring could be .

' inserted n the hole to provide electrical contact with the metal sample and a protruding metal screw during corrosion-

" measurcments.

To ¢énsure the surface was uniform, the three casts containing the mild stecl samples were mounted onto a Fegra Force-5
-polishing unit and ground {lat using. silicon: carbide paper (grade P-300). An ethanol based lubricant was used during the
" polishing protess rather than water to avoid inadvertent corrosion. - : '

Additional hand grinding and cleaning was carried out prior to cach experimental run {corrosion measurcment or contact
“anglc measurement) using the following procedure. The cast was rinsed with deionised water to remove all restdue of the
~ aqueous solution from the previous run. The surfuce was sanded manually using a grade P-400 silicon carbide abrasive

papet 1o rémove any corrosion products. This was followed by abrasion using P-80G paper-and ethanol (100% analytical -
teagent from Chiem-supply) as the lubricant. The sample was rotated by ﬁpproxi'matcly. 45° after two strokes on the abrasive
- paper 10 improve the flatness of the surlace.. Ethaiio] was used 1o remove silicon carbide and epoxy particles prosent on the
steel surface. Any remaining particles were removed using a lint free cleaning tissue (Kimberly Clark Kamwipes). The cast
was then rinsed again with ethanol and finally blow dried using nitrogen gas. '
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2.3 Corrosion Measurements

Coi‘rosion_me‘z_isuremcuts .on. cach sample were performed using a Voltalab PGZ 100 potcntiostat and -VoltaMaster 4 - -
 software. A-standard fhree ¢lectrode setup was used with the cast sample (comnected by the serew/spring arrangement)
- acting as the -working “electrede, ‘a platinum counter electrode and a-saturated calomel reference clectrode. Linear
 polarisation résistance (LPR) was used to monitor the corrosion rate on cach sample over one hour. The measurement
parameters were based on ASTM.G59-97 for taking potentiodynamic polarisation resistance measurements: a scan rate of
*0.167 mVs' and an overvoltage of 20 mV. The LPR meastrements were conducted in triplicatc. S o

_ Pofentiodjzﬁa_:rhic measurements werc used to char_éa'cteri's;: th_e gencral elecfrochemi_czil response of the 'r_ﬁeta_l in-_:f%.a(;li_ of fhe.
. solutions studied.” They were conducted immediately. after immersion of the electrodes into the test solution. These
measurements were based on ASTM (i5-94 using a potential sweep rate of 0.167 mV.s. The change in current with |
_1espect to potential was recorded continuously from Eeor to +1.6 V as suggested in the 'standard. ‘The: potentiodynamic
fricasurement was stopped if the current density reached 0.1 Acm in order to cnsure the mild steel did not pit excessively.

24 Coﬁ_t'aét_.A:n_éle' M'easurémen't Using Sessile Drop
“ The 'expéfjm'entql setup shown in Figure 2 was used to capture images of sessile ‘drops on mild steel and measure the
contact angle. The sctup consisted of-a backlight, a sample holder, an Arc Soft webcam fitted with a'70 mm lens to capture -

" side images of the droplet, and a Moticam 3 MP webcam fitted with a 16 mm lens to capture top images of the droplet.

' Figure 2 T he sessile Llfop-exp_c:rimental sctup.

" Droplets of 5 L for cach aqucous solution were placed onte the freshly polish ed mild steel surface. This was donc usmga-
250 pL microsyringe fited with a 0.8 x 38 mm Terumo needle tip. Images of the droplet were capturcd periedically until -
~the dreplet evaporated completely. In order to optimize the image analysis for contact angle determination, the silhouette of
 the droplet was brought into sharp focus.. - ' o ' _

The contact angle was measured using the Imagel softwar¢ and the DropSnake plugin. The software operates by taking a -
collection of points manually traced around the silliouette of the droplet and fitting a suitable curve 10 the shapé from which
the contact angle is obtaincd. The contact angles measurcd were reliably deterniined within 2°. - o

3. RESULTS AND DISCUSSION

3.1 Corrosion Measurements - - _ _
The cxpéerimentally determined 1/Ry determined from. the LPR measurements, shown in Figure 3a,.indicate the rclative -
" gorrosion rates of mild steel in the three solutions over an-hour. The corrosion rate in H,S0, is abeut an erder of magnitude.
higher than that in NaCl which is an order of magnitude higher than the corrosion rate in NaOIl. Since I1;SOQ4 is a strong -
“acid it provides a high cencentration of IT" which accelerates the anodic reaction of Fe to Fe™ A decaying trend in tlie
corrosion rate of mild steel in H,SO4 with respect to time is observed in Figure 3. It can be attributed to the consumption of
thé reagents (either Fé or H') which reduces the rate of the redox reactions. :
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The 'carr_qsion: rate of mild steel i NaCl was determined to be lower ‘than in H,SOy4. The cathodic reactien .in NaClis -
expected 10 be domindted by the.oxidation’ of Oy since the concentration of H* in NaCl is lower than in the acid. Although -

" the presenice of CI” would indicate pitting, time is required for CI” to weaken the passive film and initiate pitting. Thercfore, . -

- the corrasion rate of mild steel i NaCl is lower than the corrosion rate in H;SOs. o _

- The corrosion rate of mild steel in NaOH was determined-to be.the lowest. This suggests that O assists the passivation of
' the mild steel surface and hence protect it fram corroding. Note that the corrosion rate m NaOH is so low that'most-of the - -
'LPR plots in NaOH (not shawn) did-not show linearity. ' ' - '

- The '.pofehﬁodyz_':_lam_ic polarisation curves, shown in Figurc 3b, suppaort“the c_orrosi"o'n- ra’[e_"rhcasurcments.-'Mild steel in

~ contact with either H,804 or NaCl becomes increasingly active as the applied potential becomes more positive. In NaGH. - -
_ the steél tenids to passivate with increasing. positive: potential. This suggests that a protéctive-and adherent oxide filmi is -
" formed on the mild steel which.is consistent with-the EPR neasurements whicre a very low cotrosion rate was observed.
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Figure 3 (a) Relative corrosion rate ('l-lR,,)'as.' a function of time measurcd vsing _LPR-s_ind (B) ipqt"cnt_i-odjném'ic' N
" measurements for mild steel-samples immersed in 0.61 M NaCl (blue curve), 0.5 M Hy80; (green curve).and 0.5 M NaOH
(red curve). ' : - _

32 Sc'a_n_n'iﬁgl El"ectrd_ﬁ Microscope angl'()ptical Images _ _ _ .
‘A cotlection of SEM images. of the mild steel surface (prepared by abrading with P-800 silicon carbide paper) following
* contact with each of the solutions are presented in Figures 4 t0 6. o :

321 0.5MNaOHDroplet . o o
‘Figure 4a shows two SEM. images of the polished mild steel surface. The insct shows a magnified view (x2000) of the .

. surface. The abrasive' marks on the metal surface’ due to the mechanical polishing are clearly visible. Holes with sizes of
. approximately 2 um-and located on thic: abrasion marks can’be seen ‘in the inset. .An.RMS roughness: of, 1.1 pm was
" measured-with :a stylus profilometer. Figure 4b shows the effect of a placing a droplet of NaOH on the mijld steel. Minimal
spreading was-observed, i.e. the deposited droplet did not spread much further than the initidl contact area. However, there
ate two distinct zones within this arca: (i} an outer zone (Figure 4¢) which was-essentially free of deposits. apart from
. aroutid the. periphery. where the contact line was located during evaporation; and fii) an inner zone (Figure 4d) filled with
crystalling ‘deposits. Spot analysis of the two regions using Energy Dispersive X-ray analysis (EDX) indicatcd that the
‘deposits consisted of Na, O and Fe while the empty arcas consisted of mainly Na and Fe. C o

. 3222 0.6M NaCl Droplet . . _

 Figure 5a shows the motal surface afler the NaCl droplet has evaporated completely. Again, there was almost 1o spreading -
of the droplet. C_i‘ys,'téls: of 0.2 mm sizes are scen around the periphery where the contact line of the droplet (Figure: 5b).

- Crystals were also present in the interior of the droplet with-sizes between 0.1 and 0.2 mm (Figure 5¢) although these were

. sparsely distributed. Note that the pattern formed by the NaCl doposits is opposite to that for the NaOH drop which1s . -
“denscly populated in the centre and sparse at the periphery. BDX analysis of the crystals from the periphery and the fiterior
" indjcated that they contained Na and Cl.only. The areas not covered by exystals consist mainly of Fe and O with small

amounts of Na'and C1. ' : o
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“Figure 4 (a) SEM image of the freshly prepared mild steel surface. The inset shows a section of
' the surface:at higher magnification. (b) A low magnification image of the regionthat wasin .~
contact with 2 NaOH droplet, {c) The periphery of the ¢onfact region at increased magnilication .

and (d) the centre of the contact region showing the various crystals prescnt on the surface.

Ao SpaMagn WD ] "L i WD fp—
250Ky 10 GEx 451 081 M Matt 0.7 151 MHaCl

F

“Figur - (a) SEM-image of the'région wherea NaCl droplet contacted the mild étee]'-_s_ur.fa_ By
' Iiage of the crystals present at the periphery of the coritact region and (c) thesé.in the centre. (d)
Small lieles —most probably artefacts of the surfuce preparation rather than dve to R

electrochemical pitting.
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The metal surface was also .examined for pitting corrosion. No visible large holes were located from the SEM. Only small
. holes with sizes up to 3 pm (Figure 5d) were found which were of similar sizes to the holes on the initial metal surface: The
lack of any visible large pits on the mild steel surface does not mean that pitting is not occurring. Any corrosion products or
NaCl crystals formed above the pits would obscure the pits to-be seen from the SEM. In addition, pitting is exiremely
lecalised and pits’ usually propagate downwards into the metal and are hard to detect from the surface. However, the lack of -
visible pitting could indicate that the contact time between the NaCl elcctrolyte and the stecl surface (~20 min} is
insufficient for pitting to initiate. Usually, pitting propagates at an increased rate once initiated. Corroded samples were
cleaned with ethanol and inspected under an optical microscope. These tests did not reveal obvious pitting corrosion. Thus,
with respect to the occurrence and the extent of pitting, our experiments were inconclusive. o

3.2.3 0.5 M Ho50, - _ _ _
Unlike the NaCl and NaOH droplets, the H>SO4 droplets exhibit a two-stage, rather asymmetric spreading on mild steel
surfaces. Two distinct zones were observed (Figure 6a). The location of the original droplet is-indicated by the dotted line
(it is not evident in the SEM. image but was apparent in optical photographs of the surface). The outer zone ‘was filled with
" smaller and dense deposits (Figure 6b) which became sparser in the direction away from the initial droplet. In the inner
zone where the initial droplet was placed (Figure 6c), larger but sparse deposits were found. EDX analysis indicated that all
the deposits had-a similar composition of Fe, O and 8. The different morphologiés of the deposits between the two zones
. ate probably ducto differcnt concentrations and time available to crystallise. The liquid in the centre of the droplet persists
. longer than that.at the edges which was also rapidly evaporaling during the secondary spreading process. In the inner zone, -
holes of sizes up o 20 pm-{Figure 6d) were found which indicates pitting. Sulphate anions can causc pitting, although not
as aggressively as Cl. - ' ' '

Figure 6 (a) An SEM image of the region where a H>SO, droplet contacted the mild steel surface.
‘The dotted line indicates the original perimeter of the drop when first deposited on the surface.
Crystals depositcd around in the region beyond the inftial drop position once the droplct had
spread. {c) the Crystal structurc observed within the droplet.{d) An example of pit formation at
the surface of the mild steel following cxposure to I1;S0,.

3.3 Contact Angle Mcasuremcents _ _
Figure 7 shows the contact angle as a function of time for NaCl, NaOII and H,SO, droplets on a mild stecl surface. In all
cases, a decreasing and effectively linear trend is-observed. :
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According to Young’s equation the contact angle is determined by the three interfacial tensions. The yy should be constant

‘as the metal surface was prepared following the same protocol. The values of 9, were estimated from literature data
(Yizhak, 2010) and for the three agucous solutions ranged between 73.0 and 74.1 mNm™~. These values are typical for
electrolyte -solutions. and very close to the surface tension of pure water. Therefore the effect on the contact angle is
telatively minor. Thus the changes in contact angle (Figure 7) should be atiributed entirely to changes in yg. According to
Young’s equation, a contact angle decrease implies that the solid-liquid interfacial tension decreases in time. This makes
sense as any spontaneous chemical reaction should decrease the free energy of the system. However, Young's: cquation is a
thermodynamic relation and applies strictly to systems at cquilibrium {(Adamson. & Gast, 1997). Corrosion under the
droplet was in all cascs significant (Figures 4 to 6) and therefote the contact line was not free to move over the steel surface
" but stayed pinned. Pinning occurs due to roughness and heterogeneitics and is the major causc for contact angle hysteresis
- {de Gennes'et al, 2004). Therefore interpreting the contact angles in Figure 7 with Young’s equation is not appropriatc.

' The following scenario accounts for the observed contact angle changes. After the droplet is deposited it spreads to a
. ‘certain extent, forming an initial contact angle. of about 20-40° (Figurc 7). On a really clean metal sutface the contact angle

of viater ‘should be zero but this is never the case as in'laboratory atmospherc carbonaceous compounds contaminate '
‘quickly any high-cnergy sarface. The original roughness on ‘the steel surface (Figure 4a) pins the centact linc and, as
_cofrosion proceeds, the pinning persists (the second stage seén with H,SO, droplets is discussed Jatcr). Thus we have an
~ aqueous droplet with a fixed base area (i.e. radius R) subjected to evaporation. For small contact angles, the volume ofa
sphierical cap can be approximaled-as ¥ = 6R®. It thercfore appears that the contact angle dccrease in Figure 7 reflects the
gradual evaporation of the droplet. Because of strong pining, the contact angle observed has little - thermodynamic
relevance. Tn this case the contact angle cannot be used to cxtract energetic ‘information about the solid-liquid interface. It.
- reflects the mass transpert (evaporation) during the process but is not directly related to the ratc of corrosion.

60 -
- +0.61 M NaCl
50 | m0.5M NaCH
. A05MH28C4
b
40 -

ol |t |
thes, JH* t
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0 5 . 10 15 20 - 25
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Contact angle (°)

" Fi gi_lrc"f Contact angle versus time of contact for: 0.61 M NaCl (blue diamonds), 0.5 M
NaOH (red squarcs), and 0.5 M IL,SO4 (green triangles).

34 Sécundary Spreading of Acidic Droplets

The corrosion chemistry for mild steel is different in the three aqueous envirenments. However, with H,S0, droplets a
‘secondary spreading stage was observed. A timeline of the droplet evolution is shown in Figure 8. After dcposition the
droplet assumes a ceriain noncircular area and cogrosion is al ready_happening'— gas bubbles can be seen under the droplet
(Figure 8a). Gas release becomes more intense (Figure 8b) and then fades away (Figure: 8c). Only then the droplet starts
spreading beyond the initial contact ared (Figure 8d). Evaporation is well advanced and the droplet is visibly drying (Figure

“8¢) until a completely dry “coffee-stain™ trace is obtained (Figure &[}. With both NaOH and NaCl droplets the spreading
did not proceed much further than the original contact area. The contrast with [1,80; is seen in Figure 9 where after about
10 min the rclative conlact area increases very significantly. :

A’ tentative explanation of the behavicur of aqueous droplets on mild steel is outlincd as follows. When a droplet is
deposited it assumes a certain contact area and forms a rather low contact angle. The wettability of the steel surface 1s
‘rather good but not perfect because the surface 1s always contaminated by carbonaceous, and therefore. hydrophobic, .
compounds. (a really clean surface can be obtained and studied only under high vacuum}). With the. neutral (NaCl) droplet

corrosion is not intensive (Figure 3y and in time ovaporation dictates the outcome. Namely, as the concentration of salt
_ increases crystallization occurs. The largest salt crystals are seen around the periphery of the droplet (Figure 5). This is the-
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well-known' coffec stain effect, where during evaporation internal convection carrics material 'towards_thc contact line

_ (Deegan, 2000), With the basic droplet (NaOH) the situation is different that the deposit is mainly located in the central

part of the contact area of the original droplet. It appears that, unlike in the NaCl casc where transport of the dissolved salt

was dominant, i this casc the reaction at the mictal:solution interface was ‘domiriant. With acidic droplets (H,50.),. the
corrosion reaction dominates the first stage (Figure 8a-c} but then, unlike the neutral and basic droplcts, the acidic one
spreads further (Figure 8d-f). In accordance with Evans® concept, the peripbery of the metal-droplet contact should be more

' bagic than the middle part (Landolt, 2007). This was verified by using an acidic droplet containin g a pH indicator. Also gas

~evolution is less. pronounced near the contact line (Figure $a,b) which indicates a_éid depletion. Wq'specu-late ‘that in the
_second stage a Tedistribution of the acid within the drop generates. the corrosive power needed to expand the contact area.
“This is not happening with nentral and basic droplets and their contact area remains within approximatély the initial value

(Figure 9).

Figure 8'A'typica].ewalulion'of'.a H,80, droplet on 4 mild steel surface. The acid concentration was 0.25 M and the steel '
surface was polished using a 3 pm diamend paste. The sequence corresponds to images taken art 0.8,3.5,8.8,11:5,;14.2 and
22.2 min after placing the droplet on the mild steel surlace. ' - ' :

47— —
1 40.25MH2S04
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1 #05MNaoOH
3 4 O
F Y
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Figure 9 Relative ared of the solid-liquid contact as a function of time for droplets of
different chemistry place on mild steel. '
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We report here detailed observations of the corrosion of mild steel under the influence of small electrolyte droplets. As the
- -conditions change from basic to neutral and acidic, the corrosion rale increases SLgmf' (.antly The spreading is important

_because it determines the area of contact between the corrosive droplet and the meta! substrate. The spreading is mifnimal
- W'lth neutral and basic-droplets, but a second mgmﬁuant spreading (~300%)} is observed with acidic droplets. It appears that
corrosion under a discontinuous aqueous phase displays. pecaliar behaviour due to the: limited droplet volumie and. the
conﬁnmg effect of the contact line, The exact mechanisms are unknown. but their knowledge would be of significant
“benefit in designing too]'-“. and structurcs subjec’ccd 1o spray corrosion..

4, CONCLUSIONS _
- The fo]lowmg points su:mmdnse the outcomes of th1s study:
- 1. The LPR corrosion rate of mild stecl is h1ghcst in 0.5 M H;80, followed by 0.6 M NaCl and fi na]ly 0 5 M NaOH

2. Potentiodynamic anodic _polarisation curves with NaOH showed a wide passive region beforc a transpassive-
- tegion. With NaCl and- H,SO; only active behaviour was registered.

3. NaCl and NaQH. droplets did not spread on the mild steel surface any further than the 0r1gu1a1 contact area. H,S0,
droplets ﬂpread much further at a later stage

4. The contact dng]es measured  reflected the evaporatmn of the droplet but not the energu‘ucs of the cerrosion
reaction, '

5. For that reason thiere is no 'inunediate corrclation between wettability and corrosion.

2

The deposits left after complete evaporation of the droplct.s are of the coffee stain type

7. For NaCJ the deposit is mainly due to cryxtdlhsatmn for NaQI the pawlvatmn reaction changes the paltern; for
H,S0, the corrosive reaction induces a second stage spreading. :
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