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INFLUENCE OF PRECIPITATES AND THEIR
DISTRIBUTION ON SEAWATER CORROSION

RESISTANCE OF AFMg ALLOY

®
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ABSTRACT The corrosion behaviors of AFMg alloy LF6M plates( 5xxx series) exposed to seawater are

significantly different. These alloy plates with different precipitate distribution states had been fulFimmersed in

Qingdao, Xiamen and Yulin sea areas for 1, 2, 4 and 8a respectively, and then were heai-treated and probed

by SEM and TEM before they were put into the seawater again. The experimental resulis showed that the in-

tergranular corrosion morphology oceurring on the corrosion specimens are welkrelated to the states and sorts of

the precipitates and the inclusions located at the grain boundaries, especially chainrdistributed ( MnFe) Alg and

silicates produced by special heat-treatment. The electrochemical measurement of the specimens also gave rea-

sonable explanations for the difference of their corrosion behaviors.
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1 INTRODUCTION

LF6M AFMg alloy (5xxx series with Mg
content 6% ) has been widely used in marine en-
gineering bhecause of its higher strength and ex-
cellent corrosion resistance. It is well known
that the B phase ( the intermetallic compound
with rich magnesium content) precipitated at
grain houndaries can deteriorate the corrosion re-
sistance of AFMg alloys with higher magnesium

M-

3 .
content' '™ ¥ The existence of Mn as alloy con

tent and Fe as impurity can lead to ( MnFe) Al

2% in the alloys and seems to influ-

5]

precipitates
ence the corrosion resistance of the alloys ™
Unfortunately, the phenomenon and the mecha
nism are seldom reported. Since 1982, 11 types
of Al alloys have been exposed to marine envr
ronment at China National Test Network to get
seaw ater corrosion dataof 1, 2, 4, 8, 16a inter-
vals, including the LF6M alloy made in China.
After 1, 2, 4a intervals the alloy (with Al clad)
exibited good resistance to seawater corrosion,
but severe local corrosion occurred on one specr
men exposed for 8 a, where the Al clad was con-
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sumed thoroughly'®". The initial study shows
that it is the ( MnFe) Aly precipitate at grain
boundaries of the alloy that is responsible for the
severe local corrosion' !,

The present work will further study the in-
fluence of (MnFe) Alg precipitate on the seawa
ter corrosion behavior of the alloy and the specr
mens will be heat-treated again so as to control
the microstructure of the alloy in correspondence
with the corrosion behavior of the alloy exposed

to seaw ater for 1 a.
2 EXPERIMENTAL

2.1 Experimental materials and apparatus

The experiment materials are annealing
plates of 5 mm thick from manufactory, the
composition of which is shown in Table 1. The
size of the specimens is 100 mm X 200 mm. The
Al clad layers of the specimens were removed by
alkaline washing before they were heat-treated a
gain in vacuum furnace. The treatment tech-
nologies are represented by A, B and C, the heat
treatment temperatures of which are 550, 320,
and 450 C, respectively!® °!.
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Table 1 Composition analysis of LF6M alloy

Components Mg  Mn Ti Al
Content/ % 6.4 0.64 0.096 Rem.
Components Fe Si Cu Zn
Content/ % 0.21 0.12 <0.1 <0.15

The experimental apparatus used are

JSM 84 0SEM fitted with TN 5500 EDX, JEM
2000FX TEM fitted with LINKAN 1000 EDX,
1250 potentiostat from Solartran Co., and mi-
crocomputer of Macintosh with corresponding
soft ware.

2.2 Experimental methods

Three types of standard specimens were
fulFimmersed in Xiamen seawater for one year
according to the method provided by China na
tional standard GB6384-86, the microstructures
of which were observed by transmission electron
microscopy ( TEM ), scanning electron mri
croscopy (SEM) and optical microscopy (OM).
Specimens for TEM observation are thin films
prepared by electrolytic double spray technique,
and specimens for OM observation are cross sec
tions of the original specimens or those after sea
water corrosion test, both of which are speci-
mens for SEM. The specimens for electrochemi
cal measurement are small plates of 10 mm X 10
mm cut from the standard specimens with welded
electrode wire and polished surface.

3 RESULTS AND DISCUSSION

3.1 Microstructure observation

Three types of microstructures were ob-
served by SEM and TEM, corresponding to
three types of heat-treatment technologies A, B
and C. As shown in Fig. 1 (SEM picture of thin
film specimen), microstructure of chairrlike pre-
cipitates along grain boundaries is taken from the
specimen corresponding to heat-treatment tech-
nology A. The microstructure can be divided in-
to three levels, that is, dark grey matrix, light
grey particles a little bit higher than matrix and
white particles much higher than matrix. Ac
cording to semiquantitative composition analysis,

the light grey particles can be represented by
(MI’IFG)AI()A,

metallic compound (MnFe) Alg, and the white

approximately equal to inter

particles are phases of silicate. The particles of
(MnFe) Alg or silicate are as long as 1~ 10 Pm.
The phases of (MnFe) Al are 1 Hm long with
structure of orthorhombic system distributed at
the grain boundaries of the matrix which pos
sesses the face central cubic ( F'CC) structure.
The structure of silicate can not be identified be-
cause it is too thick to be transmitted by electron
beam. Most of them are also located at the grain
boundaries. Fig. 2 shows a TEM diffraction corr
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Fig. 1 SEM image of chaimr like
precipitates in specimens of
LF6M treated by technology A
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Fig.2 TEM image of precipitates on grain
boundaries, x 25000
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trast image of a grain boundary with precipitates
on it using the same specimen as that of Fig. 1.
Fig. 3 shows a microstructure corresponding
to the specimen of technology B, with a large
amount of B phase (Mg rich phase) distributed
on the matrix. No characteristic of distribution
of precipitates along grain boundaries can be seen
in the figure. Although the structure of speci-
mens of technology C is similar to that of tech-
nology A, the precipitates are much less and not
distributed along grain boundaries ( figure omit-

ted) .

Fig. 3 SEM image of microstructure of the
specimens treated by technology B

( B phase grains spread in the alloy matrix)

3.2 Analyses of corrosion specimens

After one year exposure to seaw ater, severe
local corrosion occurred only on the specimens
treated by technology A. Fig. 4 is a sketch of
corrosion pit section, in which the numbers
stand for the points of composition analyses by
SEM and EDX, and the analysis results are giv-
en in Table 2. The morphology of the pitting is
intergranular as shown in Fig. 5, which is taken
from the pit bottom of the specimen by means of
OM. Fig. 5 shows that corrosion developed par
allel to the surface of the specimen once the pit-
ting went deep into the matrix of the alloy.
Therefore, the shape of the pit in Fig. 5 is some-
thing like a calabash with a small orifice. Be
cause of the intergranular corrosion morphology

shown in Fig. 5, the composition of every point
probed includes elements of Cl, S, Ca, etc., in-
dicating that the corrosion products were probed
simultaneously. From the results of Table 2, the
follow ing conclusions can be draw n:

(1) No extremely high Mn content was de-
tected, indicating the relatively uniform distribu-
tion of Mn.

(2) The contents of Ti (alloying element) ,
Fe and Si (impurities) are higher in some local
places, suggesting a tendency to form inclusion.
The average content of Si is much higher than its
name content in the alloy ( see Table 1), and as
high as 10. 79% and 7. 23% at point 1 and point
5, respectively. The contents of Fe at the two
points are also higher than other points, indicat-
ing that the two impurities were richened
at the two places and deteriorated the corrosion resist-
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Fig. 4 The pitting sketch of specimens
treated by technology A after exposed
to seawater for 1 a

Fig. 5 The intergranular corrosion morphology
of the bottom of the pitting
shown in Fig. 4, x 200
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Table 2 The composition analyses of different
positions along the pitting edee of LF6M specimens( % )
Points l 2 3 4 5 6 7 8

Al 79.53 91.36 91.54 91.02 70.73 90.97 90.94 91.70
Mg 5.90 6. 60 6. 68 6.33 8. 18 6.53 7.18 6.58
Mn 0.50 0.52 0.47 0.52 0.26 0.87 0.52 0.53

Ti 0.30 0.03 0.26 0.28 7.16 0.38 0.54 0.30

Si 10.79 0.82 0.53 0.92 7.27 0.62 0.34 0.61

Fe 1.58 0.35 0.15 2.23 0.04 0.10

Cl 0.23 0.16 0.14 0.19 0.33 0.14 0.10 0.08

S 0.37 0.12 0.14 0.68 2.09 0.48 0.26 0.11

Ca 0.79 0.04 0.08 0.06 1.75 0.00 0.07 0.00

ance of these places. According to literature[ 5], lier as anodic polarization proceeds. It can be

St and Fe as impurities in Al alloys could de
crease the temperature of solid solubility of Mn
in the alloys, so as to promote precipitation of
(MnFe) Alg. It might be the high content of the
impurities that makes ( MnFe) Alg precipitate at
the grain boundaries as mentioned above. There
should be precipitation-free zones near the pre
cipitates at grain boundaries with corrosion po-
tential lower than that of the precipitate and also
lower than that of the alloy matrix, which act as
an anode of corrosion process and make inter
granular corrosion occur.

(3) At point 1 and point 5, the highest
contents of Cl, S and Ca were detected, which is
the indicator of severe corrosion.

3.3 Electrochemical measurement results

Fig. 6 shows the anodic polarization curves
measured by potentiostatic determination con-
ducted in 3. 5% NaCl solution at room tempera
ture. Two typical curves were obtained by mea
suring the specimens corresponding to technolo-
gies A and B (abbr. Tec. A and Tec. B), re
spectively.

The problems of Tec. A can be seen by
analysis of the two curves. Although the curve of
Tec. B exhibits a little bit stronger tendency of
corrosion in weak polarization zone, it is noticed
that a plateau arises near 10~ > mA current zone,
indicating a wider passivation zone existing on
the polarization curve. Comparatively speaking,
the passivation zone of Tec. A is 40mV narrow,
that is, the specimen would enter active zone ear-

seen from Fig. 6 that, the anodic current of Tec.
A is two orders higher than that of Tec. B when
the specimens are potentiostatically polarized to
— 730 mV. Obviously, the anodic polarization
behavior of specimens treated by Tec. B would
not change greatly if the areas of the specimens
used in electrochemical measurement were limit-
ed to grain boundary zone, while for the specr
mens treated by Tec. A, the pitting potential
would decrease and the anodic current density
would increase greatly. Moreover, the corrosion
potential of AFMg alloys exposed to seaw ater

o
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Fig. 6 Comparison of two anodic polarization
curves corresponding to specimens
treated by Tec. A and Tec. B

{ NaCl aqueous solution 3. 5%,

-0.5 -0.4

pH 8.2, room temperature)

(Topage 124 )
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laser pressure and the antishock pressure of va
poration; the results of the interaction between
the expansion stress and the mechanical pressure
show positive oscillation in the oscilloscope. In
comparison with the building-up of the wave,
the attenuation of the stress wave is very slow.

4 CONCLUSIONS

(1) LSP can effectively improve LY 12CZ

from the expansion stress, the other is the me

chanical pressure which arises from the laser

pressure and the antishock pressure of vapora

tion.
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