Protective properties of a multi-layer external
coating applied to underground pipes of ductile iron
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In this work the analysis of corrosion for ductile iron pipes with diameters of 350 and 500 mm was performed. Two
phenomena regarding the pipes coating deterioration have been recognized: corrosion and abrasion. The
corrosion tests performed on different coatings in a neutral salt spray for up to 1000 hours indicate that this method
is applicable for a rough external surface of centrifugally casted ductile iron pipes. The abrasion tests have been
perE)rmed manually, using a grinding paper 1000#, due to an irregular profile of the external pipe surface
transferred from the casting mold. It heﬁ)ed to obtain “spotted” sections, which were further microscopically
analyzed (layer-by-layer). The last procedure, however not standardized, could be in some regards more convenient
comparing to trdJi,tiono| cross-sections.
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W pracy dokonano analizy korozji rur z zeliwa sferoidalnego o $rednicach 350 i 500 mm. Wykryto dwa zjawiska
zwigzane z pogorszeniem sie powloki rur: korozja i $cieranie. Testy korozyjne przeprowadzone na réznych powto-
kach w neutralnej mgle solnej przez okres do 1000 godzin wskazujg, ze metoda ta ma zastosowanie do szorstkiej
zewnetrznej powierzchni odlewanych wirowo rur z zeliwa sferoidalnego. Teslr/ na $cieranie przeprowadzono recz-
nie przy uzyciu papieru $ciernego 1000 #, ze wzgledu na nieregularny profil zewnetrznej powierzchni rury prze-

niesionej z formy odlewniczej. Pomogto to w uzysicmiu splamkowych” przekrojéw, ktére poddano dalszej analizie

mikroskopowej (warstwa po warstwie). Ostatnia procedura, cho¢ nie znormalizowana, moze byé pod pewnymi
wzgledami wygodniejsza w poréwnaniu do tradycyjnych przekrojéw pokprzecznych.
Stowa kluczowe: rury wodociggowe, zeliwo sferoidalne, zgorzelina tlenkowa, natryskiwana cieplnie powlfoka,

farba uszczelniajgca
Introduction

Zn and Zn85 Al15 coatings produced
by arc spraying technique are one of the
methods used to improve an external cor-
rosion resistance of water supply ductile
iron pipes in the low to moderate aggres-
sive soil environment [1]. The zinc coating
of 99,99 % purity is thermally sprayed in
a minimal amount of 200 g/m? of the pipe
wall, however, for pipe to be installed in
a corrosive soil the alloy coating of zinc
(85 wt %) and aluminium (15 wt %) has to
be applied [2]. This dlloy is commercially
known as Zinalium. In the case of ductile
iron pipes, their external surface is rough
after centrifugal casting in rotating forms.
Moreover, after annealing the surface is
covered by two layers of oxide-skin: an
inner one rich in silica and an outer one
consisting exclusively of ferric oxides [3].
The recent studies [4] revealed, that the

double anticorrosion system zinc-paint
was sensitive to external damages, occur-
ring e.g. during pipeline placement. They
happen because the zinc anodic layer is
usually applied on a britfle oxide-skin
(@ depth of 30-50 mm) growing during
subsequent annealing and cooling of pipes
in the metallurgical process [4]. So it is
relatively easy to “delaminate” the whole
coating during transportation and under-
ground pipeline installation. Silica present
in the internal layer of the oxide skin,
improves the mechanical strength and
attachment of ferric oxides to the pipe
matrix surface. It is important to recognize
such factors as: stability of the oxide skin,
the thickness and mass of zinc, or Zn-Al
coating as well as the protective properties
of additional protective layers, including
paints or PE sleeves. One of the objectives
of this study was to assess the applicability
of the standard [5] commonly used for

testing paints covering steel of smooth
surfaces. The other goal was fo investigate
the abrasive behavior of commercial coat-
ings, using layer-by-layer transversal
“grinding spots”.

Material and experimental methods

The material investigated was cut from
two standard water pipes (Fig. 1 and Fig.
2). The pipes nominal diameter (DN) was
350 mm and 500 mm. The surface of each
sample was approximately 400 cm?. Both
samples were made of a ductile iron
matrix covered with oxides of approxi-
mately the same thickness from 35 to 55
micrometers [4], and then covered by
a Zinalium coating exceeding slightly the
mass of 400 g/m2. Concluding, the under-
coat could be recognized to present identi-
cal properties in both samples. The tested
surface was degreased with ethanol. The
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Standard water pipe before using in a municipal
pipeline. View from the socket

Ryc. 1. Standardowa rura wodociggowa przed
montazem do rurociggu miejskiego. Widok od
strony kielicha

samples were visually examined for poten-
tial damages in the coating (Fig. 2).

Natural salt spray test (NSS)

A salt spray test was performed accord-
ing to the European standard [6] using the
chamber type SC/KWT 450 from Weiss
Umwelttechnik GmbH. A neutral salt spray
(NSS) test took place at temperature of
35°C, at a pH range of 6.5-7.1 and with
a NaCl concentration of about 50-55 g/I.
Affter the test, the samples removed from
the chamber were washed and dried. The
edges of the NSS samples have not been
protected and thus not evaluated. The
inspection photos were taken after every
100 hours. The assessment of the rusting
degree (Ri) of samples during the tests was
carried out after 1000 h [5]. A profection
rating (Rp) and an appearance rating (Ra)
for an anodic zinc coating have been
specified [7]. The protection rating Rp is
a number assigned to the ability of the
coating to profect the base material from
corrosion and the rating Ra is a number of
symbols assigned to describe the overall
appearance of the specimen, including dll
defects caused by exposure.

Abrasion fest

Abrasion test was performed manually
using a grinding paper of gradation
1000# (grain size 4.5+1mm) in a plane
tangential to the pipe external surface. The
pipe outer surface showed a regular wave
pattern associated with the casfing process
(Fig. 3 and Fig. 4). Thus the abrasion might
lead to many regular “spots”, each con-
taining images of layer-by-layer external
coating components: sealing paint, ther-
mally sprayed Zn-Al, ferric oxides covering
the surface of the ductile iron pipe and
finally the iron pipe itself. Visual inspection
of the grinding paper reveals different
colored residues coming from the scraped
outer coating: a blue color for the pipe DN
350 (Fig 3 left) and a gray one for the pipe
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DN 350

DN 500

b % Damage revealing the substrate

Damages revealing the zine coating

Fig. 2.

Images of the material cut from the pipes with diameter of 350 mm and 500 mm
Ryc. 2. Zdjecia materialu wycietego z rur o srednicy 350 mm i 500 mm

Fig. 3.

Images of samples abrasion using paper of
1000#. Blue sediment for the pipe DN 350 and
gray sediment for DN 500, respectively.

Ryc. 3. Widok probek scieranych na papierze
o gradacji 1000 #. Niebieski osad dla rury DN
350 i szary osad odpowiednio dla rury DN 500.

Results and discussion

The photographs of the samples after
the salt spray fest are presented in Fig. 5.
After 100 hours of the test three areas with
red corrosion (corrosion products of cast
iron substrate) were noticed on the pipe
sample DN 350. Two of these spots
matched the damages observed before the
test. The areas with red corrosion spots did
not increase throughout the test. The first
symptom of white corrosion (the corrosion
product of the metallic coating) was spot-
ted only at one point (at the upper edge)
after 200 hours of the fest. Except this sin-
gle point, no other changes related to the
corrosion of the zinc coating were noticed
for next 700 hours of the fest. After 1000
hours in the salt chamber, the sample DN
350 looked much better than the sample
from the pipe DN500.

Casting relied of the external pipe surface

m irom substrate

layers
:pmi-e;cﬁn:l ’: i scale
| thermal spray coating
777 sossog o
Fig. 4.

Diagram of the grinding plane tangential fo the external pipe surface - theoretical appearance of flat
“spots” for a further metallographic study has been shown.

Ryc. 4. Schemat ptaszczyzny szlifowania stycznej do powierzchni zewnetrznej rury - pokazano teorety-
czny wyglad plaskich ,plam” do dalszych badars metalograficznych.

DN 500 (Fig. 3 right). The morphology
and chemical composition of that spots
were studied using scanning electron
microscope (SEM) equipped with an ener-
gy dispersive spectrometer (EDS).
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In case of the sample DN 500, the first
symptoms of white corrosion were
observed after 100 hours of the test. After
this time, two areas with red corrosion
were found; one of them matched the dam-
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Fig. 5.

The samples after
1000 hours of the
salt spray fest.
Ryc. 5. Probki po
1000 godzinach

|| festu w mgle sol-
nej.

DM 200

age of the coating observed before the test.
After each subsequent stage of the test, the
other areas with corrosion products of the
metallic coating (white corrosion) were
observed. It proves a low quadlity of the
paint coating.

The coated surface, except for the
edges, was evaluated according to the
Standard [5] for the paint coating evalua-
tion. Assessment of the degree of rusting
was presented in Table 1. The degree of
rusting shown in this table refers to both
white corrosion (corrosion products of the
zinc coating) and red corrosion (corrosion
products of the cast iron substrate). The
analysis of the zinc coating performance
during NNS shows significant differences
between the quality of the samples’ sur-
faces (Tab. 2).

Tab. 1. Assessment of degree of rusting according
to [5]
Tab. 1. Ocena stopnia rdzewienia zgodnie z [5]

Samol Degree Minimum | Maximum
ample of rusting (the best) | (the worst)

DN350 Ril RiO Ri5

DN500 Ri4 RiO Ri5

Tab. 2. Protection rafing and appearance rating
according to [7] °C - corrosion products from
anodic coatings; vs — very slight amount; m -
moderate amount.

Tab. 2. Stopien ochrony i wyglad zgodhie z [7] °C
- produkty korozji z powlok anodowych; vs - bar-

dzo niewielka ilosé; m - umiarkowana ilosé.

Sample Prc?tecﬁon ARpearonce Area of defect, A
rating, R, | rating, R,

DN350 |7 6vs C 025<A£1.0

DN500 | 2 2mC 10<AL25

The composition of paint coatings of
the samples DN 350 and DN 500 was
analyzed to determine which paint ingre-
dients provide better protective properties.
A method of paint collection was devel-
oped, as described in the paragraph 2
(Material and Experimental — Abrasion
test).

Figures 6, 7 and 8 show results of
examination of the as-prepared tangential
abrasive spots; the images made at the
same magpnifications were compared. The
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representative flat section image of a Zn-Al
coating was strongly diffused and did not
comply with the theoretical considerations
undertaken in Fig. 4; it means an irregular
thickness of the protective coating, as
described by [8]. A thickness of a thermal
diffusion zinc coating is not homogeneous,
which can be seen in Fig. 7, presenting
a photograph of a pipe wall cross-section.
In spite of this, it can be seen that ferric
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Fig. 6.

Microstructure observed on flat spot-sections using
the SEM microscope: q, b) two different “spots” of
the sample DN500; c) EDS analysis of the ferric
oxide area (magnification bar of 0.5 mm)

Ryc. 6. Mikrostruktura zaobserwowana na
plaskich przekrojach plamkowych za pomocq
mikroskopu SEM: a, b) dwa rézne ,punkty”
probki DN500; c) Andliza EDS obszaru tlenku
zelaza (pasek powiekszenia 0,5 mm)
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Fig. 7

Microstructure of the Zn-Al coating: a) flat section
of the sample DN500 (magpnification scale of 10
mm), b) EDS analysis of the coating

Ryc. 7. Mikrostruktura powloki Zn-Al: a) pfaski
przekroj probki DN500 (skala powigkszenia 10
mm), b Andliza powloki EDS

oxides are continuously surrounded by the
Zinalium protective layer (Fig. 6 a,b). The
EDS analyze indicates that the visible oxide
spot contains exclusively iron and oxygen.
This means that the uncovered layer of fer-
ric oxides is external, as the lower layer
always contains silica in the concentration
between 3-7 wt. % [4].

In Figure 7 a fragment of Zn-Al dlloy is
presented and zinc and aluminium grains
can be easily recognized. As it is known,
this alloy contains micro-pores created
during thermal spraying. According to [9],
the pores size is in the range of 2.5 fo 10
pm. The zinc coating mass cannot be cal-
culated from the cross section of a pipe
wall because of the pores, as presented in
Figure 7. Other electolytical methods can
be applied for this purpose. The coating
consists of lamellas of the thickness from 10
to 15 micrometers (Fig. 7).

The EDS analysis of two paint coatings
applied by two producers to protect the
pipes DN 350 and DN 500 are presented
in Fig. 8. The paint (A) that gives much
better protection to the Zinalium coating
contains high concentrations of Ca and Zn,
as presented in Table 3 and in the form of
X-ray peaks (Fig. 8b).

The EDS analyze does not apply to the
five elements of the lowest number of pro-
tons and usually overestimates the carbon
concentration (Tab. 3). The composition of
the less protective paint (B) is significantly
different. The paint comprises mostly car-
bon and traces of other elements: Si, Zn,
Ti and Mg.
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Fig. 8.
Paints morphology and a chemical composition: a)

the sample DN 350, b) the respective EDS analysis,

¢) the sample DN500, d) the respective EDS analysis (magpnification scale of 30 mm)
Ryc. 8. Morfologia farb i skfad chemiczny: a) probka DN 350, b) odpowiednia andliza EDS, c) probka
DN500, d) odpowiednia analiza EDS (skala powigkszenia 30 mm)

Tab. 3. EDS results from the paint samples investigated

Tab. 3. Wyniki EDS z badanych prébek farb

Paint | Chemical composition, wt %.

somple | ¢ o Si Ca T Zn Mg Al

A - - 6,1 750 67 12,2

B 758 17,9 17 13 08 14 10 0,1
Conclusions ings, developed mostly for protective layers

The neutral salt spray test of paint coat-

ll [1‘|||:UE\I“'-."".5.‘:':'

adhered to a smooth steel surface, is also
applicable for testing paints applied on
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external rough ductile iron pipe walls after
casting and annealing processes.

The unconventional method of a paint-
zinc abrasion assessment was applied for
evaluation of the Zinalium continuity lining
around ferric hills covered with ferric
oxides. This method was also used for
sampling of paints protecting the external
zinc coating. The paint with a quite high
concentration of calcium and then zinc
provided much better anticorrosion profec-
tion to the ductile iron pipe. The paint with
a high concentration of carbon had worse
profective properties.
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