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Abstract _ . . . . .

For examining deterioration characteristics of several types of anti-corrosive metallic coatings
under acid rain, an accelerated exposure test during .300 days was performed. The coating
thickness afier 300 days became 10% in the Zn hot-dip galvanizing, 20% in the Zn-Al alloys and
around 30% in the Zn-Al pseudo-alloys and the Al compared with thelr virgin states. For
evaluating repair effects of painting on deteriorated metallic coatings, the same accelerated
exposure test was performed on the.repaired specimens by painting after removing the rust on
them, The residual metallic coatings largely affected the durability of the repalr paints on them.
Although the degree of the effect depended on the types of the metallic coatings, there was a
risk that the durability of the repair paints became lower than that of the paint coatings on the
virgin specimen due to the residual metallic coatings. The resulls indicated that the residual
thickness of the deteriorated metallic coatings should be noted in repairing them by painting.
Keywords; Maintenance, Anti-corrosive metallic coating, Paint coating, Acid rain,

Accelerated exposure test
1. INTRODUCTION

For preventing corrosion of steel bridges, paint coating systems have been used generally.
A lot of researches about anti-corrosive performance of paint cogting systems have been
conducted [1]. Recently, metallic coatings such as galvanizing or thermal spray have been
used also from the view point of minimum maintenance.

The deterioration characteristics of the anti-corrosive coatings are basically examiﬁed
under the conditions assuming the salt water spray {2]. On the other hand, concerns {o
influences of acid rain also become larger in all over the world. However, it cannot be said that
the deterioration characteristics of these metallic coatings under acid rain have been examined
sufficiently.

By the way, repair of deteriorated coating due to corrosion is necessary for maintaining

steel bridges. In the cases of the metallic anti-corrosive coatings such as galvanizing, it is
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difficult fo repair the deteriorated part with the same metallic coating on site. Therefore,

repair by paint coating on the deteriorated metallic coating is sometimes performed. However, -

the effect of the paint repair on the detel‘iorét’ed metallic cdatings under acid rafn is unknown.
For examining the deterioration characteristics of several types of anti-corrosive metallic
coatings (Zn hot-dip galvanizing and thermal sprays by Zn-Al alloys, Zn-Al pseudo-alloys and Al)
under acid rain, an.accelerated exposure test during 300 days is performed in .this study.
Furthermore, for evaluating repair effects of painting on dateriorated metallic coatings, the same
accelerated eXpbéufe test is perfbrfned on the repaired .speciméns by painting after renﬁovihg

the rust on them.

2. DETERIORATION CHARACTERISTICS OF METALLIC COATINGS
UNDER ACID RAIN

2.1 Test specimens
Fig. 1 shows the geometry of the specimens.
The substrate steel plates df 70x150x9mm are made of JIS SM490A structural steel.
The steel plates are covered with four types of anti-corrosive metallic coatings; Zn hot~di}5

galvanizing and thermal sprays by Zn-Al alloys, Zn-Al pseudo-alloys and Al.

In order to simulate corrbsion deterioration ' 70
behavior from cut on the coatings, cross-scribe lines A g
through the coatings are made on the coated N I

) Coating
specimens for exposing the underlying substrate steal. |
The width of the scribe lines is imm. The length is B 50°
40mm. The cross angle is 50 degrees. ' —

Furthermore, 20x70 mm region at the lower part of e
a specimen is not coated for exposing the substrate el 40
steel. This is for simulating thé corrosion deterioration 10 N :

. . . Cross-scribe lines
behavior from discontinuous part of the coatings such i
{Width: 1)
as a boundary between two members in bolted joints. A ‘
. o
™~
2.2 Conditions of accelerated exposure test ' 5 i

It is actually "impossible that the "deterioration | & Coating
characteristics of the coating under acid rain are ) Thickness: 9
examined by a field weathering test because the long 3”2“3{9 steel: SM4S0A

: nit: mm .
test term and the high cost are néeded and the test
conditions are limited. : - Fig. 1 Geometry of specimen
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Artificial acid ! Wetting | _ Drying | _ Drying

rain (pH3.5) (High temp.) (Low temp.)

30+2°C, 98% > 30£2°C, 95% ’ 50+2°C, 20% ’ 30+2°C 20%
0.5hr . - 1.Bhr : 20w 0 20hr

? — : " 6.0hr/cycle : ; E

" Fig. 2 Acce[eratecl exposure test COﬂdlthﬂ

In thls study, an accelerated exposure test with conmdenng the acid rain condmons is
carried out. This test can simulate various environmental conditions in short terms.

Fig. 2 shows the test conditions. . fﬁhe_SG cycle specified in.Japanese Industrial Stapdard :
(JIS} K 5621 is used [3]. Althougﬁ the 86 cycle is the test condition by using .salt water
spraying, the salt splaying periods are replaced with the artificial acid rain periods. This is
selected because the test standards for evaluating the deterioration characteristics of m_e,ta_llic.
coatings under acid rain have not been established. ,

The test period is 300 days (1200 cycles). _ : , -

The number of the specimens in each kind of the metallic coating is basically twelve.
Threé specimens are kept as the virgin state. Three specimens are taken out from the test
machine by every 400 cycles (400, 800 and 1200 cycles.) The afnpearances are observed and

the coating thicknesses of the specimens are measured.

2.3 Test results _

Fig. 3 shows the appearances of the specimens.

lt' can be confirmed that the deteriorations in the upper side of the specimen are milder than
those in other parts such as around the cross-scribe lines and the uncoated part in the lower
side. . h |

Fig. 4 shows the coating thlcknesses measured by 400 cycles (100 days).

The measured points are descrlbed in Fig. 4{a). The points 1, 2 3 are defined as the
coated region in which no cut on the coatings or no boundary of the coatings are. The points 4,
5, 6 are the crogs scribe region on which the cross scribe lines may affect. The poinis 7, 8, 9
are the boundary region in which the detericration may spread. from the boundary between the
coatings and the substrate slteel. The average ceating thickness and the standard variations at
all 9 points or at 3points in each region is shown in Fig. 4 (b), {¢), {(d) and (). In the case of the
Zn hotdip galvanizing (Fig. .4(b)), almost all of the coating is lost until 400 cycles. The
difference of the deterioration behaviors between the measured regions cannot be confirmed.
The difference is also small in the case of the Zn-Al alloys (Fig. 4 (¢)). The coating hardly

remains when 800 cycles. The results indicate that these metallic coatings themseives are
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Taskcyclss

Fig. 3 Appearances of specimens (afier removing rust)

vulnerable to acid rain regardless of the existence of the cut on the coatings or the boundary of
the coatings.

In the cases of the Zn-Al pseudo-alloys and the Al (Fig. 4 (d) and (e)), the deterioration
behaviors differ from each region. The deterioration speed .is the hlghest i the boundary
region. That is the second-highest in the cross-scribe region. Scarcely any deterioration
oceurs in the coated region until 800 cycles.

When noting the average coating thickness measured at all 9 points after finishing 1200
cycles, the thickness 'of each coating after the test become 10% in the Zn hot- -dip galvanizing,

20% in the Zn-Al alloys and around 30% in the Zn-Al pseudo-alloys and the Al compared with

their virgin states,

208




Proceeding of the 8™ Korea-Japan Joint Seminar on Bridge Maintenance o
23-26 October 2011, Korea

15 20 20 15 250 Zn hot-dip galvanizing 250 Zn-Al alloys
! < — 3 o k .
, O e e e E 200 [ _ Eomn | -
= Coating region w ® |
g 150 r 3 150 |
O | i=| § w0
o | [Cross-scribe regibn 22 100 B £ 100 @
o : = £ Y
. = =
@Xo®|
v o g
: 3 0 . Y —
T) . . .0 o —
m @ 0O 400 800 - 7200 .. O . 400 800 1200
v_. @ Cycles . R . Cycles -
gi Boundary re'gi_onl . (b) Zn hot-dip galvanizing (c) Zn-Al alloys °
280 — 260 et
‘ ~ ] - Al
‘t 5_; 200 £ 5_200. L
| < & 150 %150 |
] - Unit;mm g g4,
i o &}
' ' £ 100 £ 100
1 Symbols 2 i
i Q All points % 50 £ 50
f A Coated region - 8 peaudo-alloys ") §
: B Cross-soribe region 0'(’} 4(‘)0 BE’JG 10 0
% Boundary region Cycles
(a) Measured points . {d) Zn-Al pseudo-alioys

' Fig. 4 Deterioration of coating thickness

3. EFFECTS OF PAINT REPAIR ON DETERIORATED METALLIC GOATINGS

Here, fof eva!_ua‘tiﬁg‘ effects of paint repair on the deteriorated metaliic coatings, the same
accelerated exposure test is performed on the repaired specimens by painting after removing

the rust on them.

3.1 Paint repair conditions

The virgin and the deteriorated specimens by the accelerated exposure test in the above
chapter {so called the pre-test) are repaired by painting: -

After removing the rust generated during the pre-test by chemicals and blasting with
alumina, organic zinc-rich paint is coated [4].  For examining the effect of the paint repair on the
deteriorated metallic coatings, a series of specimens directly painted on the steel without'anyﬂ

metallic coating are made.
3.2 Conditions of accelerated exposure test

The conditions of the accelerated exposure test are the same as those of the pre-test in the
above chapter,
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3.3 Testresults = . & RSN
Fig. 5 'shdws the appearances ‘of the deterloration of the palnt coatlngs on each metallic’

t

coatmg in the case that the pre~test cycfe is zero.
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- Fig.'5 . Appearances of deterioration of paint coatings (pre-test cycle: zero) .
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Fig. 6 Blister area
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Blister of the paint coatings due to
the rust of the steel is observed.

For evaluating the deterioration of
the paints, the blister areas shown in
Fig. 6 are noted. The blister area is
defined as the area in which the
thickness of the paint coating becomes
150um larger than that in_the virgin
state. ‘

In the case of the Zn hof—dip
galvanlzmg (Flg B(a)), the dlﬁerences
of the chahges of the blister-area are
small regardless of the cycles of the
pre-test for deferiorating the metallic

coating. They are almost the same

as the case that the specimens directly painted on the steel.
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5000

4060

3000

2000

1000

O Zn hotdip B Zn-Al
_galvanizing

pseudo-alloys .-}
L A Zn-Al alloys € Al

3

&

A

0 L

- Painting o substrate sies!

==

@

A

LU S R e

hd

O..

N A TR

SRR TR BT P

o
Residual metallic coa’ung thickness (um)

50

41607

: 150

#3001 250

Fig.7 Relationship between fesidual ‘coating

coaling remained until 400 cycles in the pre-test,

thickness

This is:because ha.rdiy any’
In the cases of the Zn-Al alloys and the Zn-Al’

pseudo-alloys (Fig. 6 (b} and (c)), the deteriorations of only the specimens painted on the vir'gin._f

metallic coatings increase frorn 300 cycles

In the case of the Al (Flg G (d)), longer the cycles in-the pre-test are, Iarger the bllster area“

become

The resulis indicate that the degree of the residual metallic coating in the pre-test affects’

the deterioration of the repair paint coatings,

For investigating ‘this-effect, . the refationship

between the residual metallic coating thickness by the pre-test and fhg blister area of the repair

paint coatings after finishing the 1200 cycles accelerated exposure test is shown in Fig. 7.

The dotted line means the blister area of the specimen directly painted on the steel.

In the case of the Zn hot-dip galvanlzlng, the blister area of the repair paint coating is not'

affected by the residual metallic coating thickness.

In the cases of the Zn-A| alloys and the Zn-Al pseudo-alloys, the “blister areéé become::

larger when the residual metallic coating thickness is over 50pum.

In the case of the Al, the

blister area becomes large a[though the metal]sc coating thickness hardly remains.

The residual metallic coatings Iarg_ely affect the durability- of the repair paints on them.

Although the degree of the effect debends on the types of the metallic coatings, there is a risk”

that the durability of the repair paints becomes low due to the residual metallic coatings.

The results indicate that the degree of the residual metallic coating thickness should be

noted when repairing them by painting.
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4. CONCLUSIONS

For examining the deterioration characteristics of several types of anti-corrosive metallic
coatings under acid rain, an accelerated exposure test during 300 days was performed:

(1) The differences of the deterioration behaviors in the normally coated region, around the
cross-scribe region and the bé::undary region in'the specimens were not confirmed in the
cases of the Zn hot-dip galvanizing or the Zn-Al alloys thermal splay. Inthe cases of the
Zn-Al pseudo-alloys or the Al thermal spray, the metallic coatings around the bbi;ndary
region and the cross-scribe region deteriorated earlier than the normally coated region.

{2) The thickness of the metallic coatings after the accelerated exposure test considering acid
rain condition became 10% in the Zn hot-dip galvanizing, 20% in the Zn-Al alloys and
around 30% in the Zn-Al pseudo-alloys and Al compared with their virgin states.
Furthermore for evaluating repair effects of painting on deteriorated metallic coatings the

same acceterated exposure test was performed on the repaered specimens by painting after

removing the rust on them: )

(3} Inthe case of the Zn hot—dlp galvanizing, the blister area of the repair pamt coating was not
affected by the residual metallic coating thickness.

(4) In the cases of the Zn-Al a!ioys and the Zn-Al pseudo-alloys, the blister areas became
larger when the residual metallic coating thickness was over 50um.  In the case of the Al,
the blister area became targe although the metaflic coating thickness hardly remained.

(8) The residual metallic coatings largely affected the durability of the repair paints on them.
Although the degree of the effect depended on the types of the metaliic coatmgs there was
a risk that the durability of the repair paints became low due to the residual metallic coat:ngs.
The results indicated that the degree of the residual metallic coating thlckness should be
noted when repairing them by painting.
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