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MECHANISM OF VMETAL CORROSION IN NARRCW
SLITS AND CREVTC®<

Vi. MAGNESIUM AND SCME OF ITS
aT1 OYS

I. L. RCSENFIELD, I. K. MARSHAKOV (Mcscow)

By> its electrochemical prcjpartiee magnesium sherply differs from other
metals (1 = 3) #nd this determines its behev.iour in psrrov slits. The laws
establiebed‘tor qth’g_r_‘metals do nct describe the béhevicur of magnesium =ud
the study of ccrroeive ard electr;*cbemicax prcperties of megresium and its
alloys hcs, therefors, a certain szciectificel interest. In viév of the xroed
applicatico of megnesium alloys in industry aend especially in aviation thie

study acquires A pructicel ilmportarnce.

Higaly purirfied megnesiwum, comercisl msgnesium, anc alloys Mt « S ang

MA - 8, whose contents are given in Table 1, were investicated.

“he method of investigution of metal cerrosicr in slits was developed
previously (4). The products of corrosion has been taker off by 204 scluticn
of chrome anhydrite (witk amall admixture of AghOg) at 50° C in § = 8 minutes.

Corrosive conduat of the mmgnesiun of high purity in slits 1a.repreaontod
grephically in FPig. 1., 0,01 N NaCl. Jan a corrosive medium. The velocity of
megpesium corrosior in nerrow slits (less than C.50 mm) is corsiderabdbly khigher
than ip the electrolyte (curves 1, I, 3) as it is seen in the diasgram. The
character of corrosicn deductions in slits is also changing. In electrolytic

volume highly pure magnesium corrcdes uniformly but in narrow slits it is
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subjected to atrong pitted corrcaion (Fig.2) The curves of relstion of corrosion
velocity and the average depth of the pit with dimension of slit have the same
shape and are charscterized by the pressence of msximums,

Corrosion condust of ccmercial magpesium hss been atudiod in distilled water

~
 end in solutions of sodium chloride 0,0C1; 0,01 and 0,5 N. In all casea the

velocity moXtixdtmaxicasxakxsxix of megresiwm corrosion in nerrow slits is

higher than velocity of ccrrosion in electrolyte. The curve corrosion velocity
vs slit dimensions also have a maxirmm at certaln evarege value but not e! mine

imual slit. WwWith chlorine-ion ccncentration increasing the maximum shiftas to

mere wide slite.

TABLE 1
CARMICAL CCNTZNT OF INVESTIGATED MATECRIALS
contert %
Ye Mn Al i Zn Ye

MATERIAL

high purity megnesium C©,007 | 0,0001 [0,0011 |0;0006 | 0,0019 |balarce

comuarcisl (teckrical) C.041 | — 0,048 (0,041 — saze
alloy ML =S C.014 0,05 |4.80 —_ 0,68 _ o -
alloy Ma - 8 —_— 1,9 ' - ..

The relation between the velocity-ef.corrosion for alloy M. = 5 and the
dimension of slit and chlorine-ion concertration is very complex (Fige 3) In
distilled water and in 0,01 N NaCl the welocity cf alloy ML = 5 ccrrosion in

rlita narrower than 0.25 mm is longer than velocity of ccrrnsion of the same

alloy in electrolyte.
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In 0,1 N NeCl the velocity of corrosion in parrow clits is lowver than in
oloctrolftc. The peculiarity of alloy MA -8 carrosion behavdour concists in
the fact that ths velocity of corrosion in elits almost did not change with time
but the velecity of corrosion 1in electrolyte diminished greastly. Therefore, the
ratio of velccity in slits end elsctrolytes dspends considerably on the duration
of our experiment. During shortlusting experiments with alloy Mi-8 (up to 3
days) ip 0,1 N NaCl ths velocity of corrosion in slits is ezeller than in
elsctrolytes. At longer experimsnts thse velocity of corrosion in alits be-
comas greater than in electrulytes. In‘tho me antize, the relationship tetween
ths velocity of Ma-8 slloy corrosisn in slits and chlorinaeioa coacentruéioa was
about the sams es for elloy Ml-jt(Fig. 3)

The comparative investigetion of corrosion ead electru=chenical behaviour of
those motals and alloys in sersted elsctrolyte and in oxygen-fres electrolyte
(roteting electrods) has bean carried .n order to determine the mechanisz of

magnesiuxm snd its allove corrosinm. The wendlea grs given in Tebls 2.

Figure 1 highe puwrevy wasuoesuws vuisvoavs 23 0,01 N NaCls 1. corrosioa

velocity; 2. an average depth of pits (from three maximums) in condition where all

surface of motel is in a slit; 3. corrosion velocity in elsctrolyte; 4. corrosicn
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velocity in =1its at the presznce of contact with metal by electrolyte. The ratio

of surfaces is 1 : 1l; duration of experiments . 7 days,

The study of the results permits us to conclude that the destruction of oxygen
diffusion into slits cannot ﬁontribute to the increease on velocity of corrdsion aa
a Tesult of disturded passive stuto because in deserated alectrolytes velocity of
corrosion is lower then in aeratsd elactrolytes. Diminishing in veloeity cof proe
cessas is dus to excluaion of sorrosion on account of oxygén depolarizatdon which
to magnesium and its alloys, according to Paleolog's investigations /3/, has a
considerable magnitude in ceutral electrolytes. Cf cettain interest are also the
results obtained with rotating eisctrodes(Figel) Curlné rotation of electrode, the
volocity of corrcslon iﬁcreesee 0 timﬂa,and potentially shift to the negative
400 mV. The charucter of corros:ion elso changss greatly. Fig. 2(not available
in papsr for repioduction) represents the picture of magnesium suxrfaces after
corrosion is stationery el-ctrolyte(s) and with rotating electrods(b). In tbe

la=t the corrosion hsas distinctly local character,

Table 2

CORRGSICH VELOCITY AND MACNITUTE OF MAGNESIUM POTENTIALS IN C,01 N NeCl. TURATICN
C¥ EXPERIMENTS: 24 HOUFRS wITH RCTATINC -1ECTRODE, 8 Da¥YS FCR COTHER CASES

AERATED ELECTRCLYTE HYDROGEN | ATMOSPHERE RCTATING ELECTRCLE
MATERIAL s X £ 2009 RPM
k 107, kK 10 k 10 -2‘
g /cm® days l E, V zr /cmz " K, ¥V = /em E Vv
l ¥
high purety m:mesium {13.0| —1.3§ 6.3 —1,39 380.C —1,82
alloy MA - 8 . f’o9 — 1.3] 6.7 1,33 - -

slloy ML - 5 39| —1.23 3.6 —1.24 -
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By comperison end ansalysis of the data observed, the following mechanism of
8lit magnesium corrdsion can be offered. Magnesium, as it is kmown, corrodes con-
siderably even in neutral electrolytes with conslderable degree of hydrogen de-
polarization. Emitting hydrogsn, trying to escape from slits, mixss thoroughly
in the electrolyte and the mixing in alits is longer than at metal surfaces in
slectrolyte; the space for bubdbles to move in the slits is limited end thie
movement is complex. The intense movement of electrolyte and bubbles of H2 §n
the slits prevents formation of ?rotective filx ané‘destroya the ex;eting $ilm

which stipulates intensze pit corrosiorn, ;

Fige 3 Dimension of 81lit ) : .

Fig. 3 Alloy ML - 5 corrosion .

a) in cistilled water; . o A

b) 4in 0,01 N NaCl; S e

4) 1in slits;

e) in electrolyts. Durat:ion of cur experimercts: ... 8 dayse

In electrolytes with amall content of chlorine-ion the velocity of magnssium

corrosion and, thus, the amount of eloped hydrogen, are small and therefore, thas
effect of olectrolyio mixing can be défectad cnly in amall slits. {(FP1g. 3) In
media containing bigher ccncentrati~n of chhorine-ions the velocity of corrosicn

and the amount of liberated hydrogen are increasing. This results, on ons aide,

in hydrogen &nd products of corrosios are filling alwost fully smail slits and
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prevents corrosive medias from coming in; on ths other hand, more intense evol-
ment of hydrogen beings intense mixing of electrolyte in more wider slits, 4ll
thie brings the origin to maximums or the curves of mstal corrosion velocity vs
8iit dimension (Fige 3b) vwith E&)k (6) incressed chiorine-ion concentreticn the
maximum on these curves shifta.to the reygion of wider silts. At higher ion con-
centration the large importance acquires the conaitiogror Qithdraval of the pro-
ducts of corrosion and liberated hydrogen end supply of corrosive wsdia., These
-
condition ure less favorsble in slits then in électrolytes. therefore, the effect
of intensifisd mixing of corrosive media in slits srready does not play a de-
eldins role and the wvslocity of corrosicon in slits at such concextratiorn cof
chlorine-ions is smsller tharn in electrolytes (Fige 2a). The eoffect of chlorine=
ion conceatrat;on during which time the amaller wolccity of corrosioa in slits,
then in alectrolytaa, ia oxassrved, depends on many factors=; the metal proparties,
]

the wvelocity of electrulyte movenent, terperature,etc., i

Tycrefore. the gtrcfg ;g;roELYe distruction ¢f ragresium in glits , is due
to tkte work of microelecwrts end changes ic welocity of electrodes rescting cn
ataxamlamexx micrcelectrodes. Microelemernts, which c¢en orizinate frcm the coro-
tact of the metal irn slits with the metal of electrdlytos. are Tét re;ponaihle

for suchk destructicns. On the contrary, tke presence cf such contect in the cuse

of magnesivm, results in defini%e electrochemical protection of metal in nerrcw

Blite as the metsl {n slits 1s a cethod of meXxX macroelemert. (Figel, curve L)
™e alloys ML~ S end Mi - 8 in 0,1 N NaCl at the presecce of metal surface oute
side of the slits ere subjected xm in slits to more ing;nao corrosior due to tke
work of microelements, whcse anode is @ metal in the slit.

The origin of microelements is eéf}alned cct only by sherp valocity of mixing

of electrolytes in slits end around the surface of metel in electrolyte, but alsec
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in changes in charscter of corrcsive medis. The corrosive media in narrow slits is
qtickly seatiated with productas of corrosion /¥g(CH),/ and they estabdlish pH de-
ﬁorninod by product of eolu§111ty of thege prcducts of ccrrosion. Our measure~
ment lhuin showed pH equal to 10,0 — 10,2. .‘ |

Magpesium potential refines with increased elkalinity and, therefore, part
of the material in the 8lit becomes catﬁodo. The Oppoaiie tendaﬁZy ia obaer;éd
simultenecusly. Due to ictense mixing of electrclytes by the bubbles of bydrcgen
the interruption in the continuity of prctective films occurs, the mxXImyx ragz-
nesium peteztial bucCmes less refined, which brings to origin tke macrcelemernts,
whose spnode is a metal in the slits. Hovev;r. differances of potentiala, Ereated
in both ceases, ia.vexy {neignificant and the curreunt of elements ia srmall and
unstable with the time, Therefore, the influence of macrceléments in the slits

magnesiur cerrosion is not toc evidernt,

\ CONCLUSIONS

Y
AT

l. Qﬁha corroaico ‘eepcuet’ of‘£iggle‘um and its eiloys in narrov slits were

studied. It was stown th=t in the mejority of cases these metals are suvbe
‘ ¢/
jected to g-aator corros:on in slita thern in electrolytea. v Corrosion in

AL

slits acquires more prcmxinent local character.™ ”te dependence valoc‘ty of
corrosion on the Jdimenaion of slits is described by cocmplicated cuxrves char-

acterized by the presence of maxime at certain valuojbf the width of the slit,

."*v.-f-"‘ Cq (/O.,u(”ﬂ jHl

2. Intennifiod ,maghesivm and its alloys is dwe nog/cb tho—oba%ruot4on_o‘—yrocaasoc

/‘~ r————

ko{-oxygen diffusion rut chiefly © xixing a’ electrolyte.

lf’J'l

mnﬁ—tho movemests of bubbles preventm{fomtion of prctertive
£ilms and deatruction of existing one. Hence, the atrong corrosive deo-
struction of megnesium in alits is due tc the work of microelemerts and the

/ o
changes in ctaracter of their work. The part played by mecroelements in

by she babtles of /ﬁ
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1.

2.

3.

developement of slit magnesjum and its alloys corrosion, contrary to pre-

viously investigated cerses of slit corrosion, is negligible dus to their
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