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Tuz Pusklirtme Testi - Farkl tip kaplamalan karsilastirirken

neden kullaniimamahidir?

Salt spray testing — Why it should not be used

i nsaat, imalat  veya muhendislik

alanlarinda koruyucu kaplama

kullanicilari igin, dikkatle anlagiimasi
gereken tek bir korozyon boyutu vardir —
hizlandiriimis korozyon testinin rolu ve
sinirlamalari. On yillar boyunca, sdzde
“tuz puskirtme testi”, kaplama
performansi hakkinda yaniltici  bilgiler
vermekte ve sonuglari, suni olarak gercek
dinyadakine gdére daha olumlu sonugclar
veren urlnlerin pazarlama malzemelerinde
belirgin  bir  o6zellik olarak  kendini
gostermektedir.

“Tuz puskurtme testi”’nde yanlis olan nedir?

Oncelikle, test, ©zel bir malzeme veya
kaplamanin kalite kontroli ile ilgili baz
degerler icermektedir. Bu, testin esas olarak
tasarlanma amacidir ve bu amagla bazi sanayi
kuruluglar tarafindan basarili bir bicimde
kullaniimaktadir. Bununla  birlikte, artik
otomotiv sanayinde dahi buyuk ol¢ide terk
edilmigtir.

“Tuz pulskdrtme testi’ndeki ciddi  hatali
kullanim, farkli karakteristiklere sahip farkli
malzemeleri veya kaplamalari kiyaslamak veya
derecelendirmek icin kullaniimasidir. Ozellikle,
testin, boyalari metalik kaplamalar ile
kiyaslama amaciyla kullaniimasi yanilticidir.
Farkl metalik kaplamalari kiyaslamak da ayni
dlglide yanilticidir. Ornegin, ¢inko ve ¢inko
alasimli kaplamalar (kGguk miktarda
magnezyum ve aliminyum ilave edilmig olanlar
gibi) arasindaki kiyaslamalar, gergcek saha
performansina gore oldukga farkli
karsilastirmall sonuglar meydana c¢ikarabilir.

Asagidaki ifadeyi de igeren test ile ilgili
uluslararasi standarda (ISO 9227) ragmen,
testi  kullanarak malzeme kiyaslamalari
yapmaya ne vyazik ki halen devam
edilmektedir:

to compare different types of coatings?

construction, manufacturing or

engineering industry, there is one aspect
of corrosion science that requires careful
understanding — that is the role and limitations
of accelerated corrosion testing. For decades,
the so-called ‘salt spray test’ has generated
misleading  information  about  coating
performance and its results still feature
prominently in themarketing materials of
products that, artificially, yield more favourable
outcomes than in the real world. We are going
to examine the possibilites to use hot-dip
galvanizing in different corrosion categories, in
this document.

For users of protective coatings in the

What is wrong with the ‘salt spray test’?

Firstly, the test does have some value for
quality control of a specific material or coating.
This is what the test was originally designed for
and it is used successfully by some industries
for this purpose. Although, it is now largely
abandoned even by the automotive industry.

The serious misuse of the ‘salt spray test’ is its
use to compare, or rank, different materials or
coatings that have differing characteristics. It is
especially misleading to use the test to
compare paints with metallic coatings. It is
equally misleading to compare different
metallic coatings. For example, comparisons
between zinc and zinc alloy coatings (such as
those containing small additions of magnesium
and aluminium) can produce comparative
results that are vastly different to real in-field
performance.

Unfortunately, material comparisons are still
made using the test despite the international
standard for the test (ISO 9227) clearly stating
that There is seldom a direct relation
between resistance to the action of salt
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“Tuz piliskiirtme uygulamasina dayanim ile
bir bagka ortamda korozyona dayanim
arasinda dogrudan iligki nadiren mevcuttur,
c¢linkii  koruyucu film olugsmasi gibi
korozyonun ilerlemesini etkileyen bazi
faktorler, karsilagilan sartlara goére biiyiik
olcide degisiklik gosterir. O nedenle, test
sonuglari, bu malzemelerin kullanilabilecegi
tim ortamlarda test edilen metal
malzemelerin korozyona dayanikhhg: ile
ilgili direk bir kilavuz olarak
goriilmemelidir.” *

Bunun vyerine, I1SO 9227, tuz puskirtme
testlerinin, yalniz, boya veya bazi metal
kaplamalarda, kesiklikler, gbzenekler ve
hasarin hizli analizinde kalite kontrol testi
olarak uygun oldugunu éngérmektedir.

Cok sayida meslektas incelemesinden gegmis
calismalar, tuz piskuirtme testinin kullaniimasi
hakkinda acgik ve net uyarilarda bulunmustur:

“Esasen, organik kaplama sistemlerinin
performans seviyelerini derecelendirirken,
standart tuz puskiirtme testleri ile pratik
deneyimden c¢ikan sonuglar arasinda varsa
bile ¢ok kiigiik bir korelasyon oldugu, uzun
yillardan beri kabul edilegelmektedir.” >

“Tuz plskirtme, en yaygin kullanilan
hizlandiriimig testtir. Deniz ortamlarinda
metalik kaplamalarin test edilmesi i¢in 50
yil o6nce gelistirilmistirr Bu testin,
kaplamalarin a¢ik hava hizmet performansi
icin (tuzlu atmosferde bile) iyi bir gosterge
teskil etmedigi gosteriimis olmasina
ragmen, kullanimi, kaplama sanayinde
yerlesmis durumdadir.” 8

“Bilinen ASTM B-117 tuz piiskiirtme testi,
birka¢ yiiz saat i¢cinde, soguk haddelenmis
ve galvanize celigin kiyaslamasini
vermektedir. Ne yazik ki, tuz piiskiirtme
testi, kaplanmamis haddelenmis sac
levhaya goére galvanizlenmis levhanin
bilinen ustiin korozyon dayanimini tespit
etmesi miimkiin degildir.” *

“Tuz puskiirtme, hizh indirgeme
saglamaktadir, ancak acik hava
maruziyetleri ile zayif korelasyon ortaya
koymaktadir; ¢ogu zaman agik havada
gorulenlerden farkli mekanizmalar ile
indirgeme olusturmaktadir ve nispeten zayif
hassasiyete sahiptir.” 3

spray and resistance to corrosion in other
media, because several factors influencing
the progress of corrosion, such as the
formation of protectivefilms, vary greatly
with the conditions encountered. Therefore,
the test results should not be regarded as a
direct guide to the corrosion resistance of
the tested metallic materials in all
environments where these materials might
be used. Also, the performance of different
materials during the test should not be
taken as a direct guide to the corrosion
resistance of these materials in service.’!

Instead, 1ISO 9227 recommends that salt spray
tests are suitable only as quality control tests
for rapid analysis for discontinuities, pores and
damage in paint or some metallic coatings.

A large number of peer-reviewed papers have
also given clear warnings about the use of the
salt spray test:

‘In fact, it has been recognised for many
years that when ranking the performance
levels of organic coating systems, there is
little, if any, correlation between results
from standarzd salt spray tests and practical
experience.’

‘Salt spray is the most widely used
accelerated test. It was developed more
than 50 years ago for testing metallic
coatings in marine environments. Although
it has been demonstrated that this test
does not provide a good indication of
outdoor service performance of coatings
(even in a salt atmosphere), its use has
become entrenched in the coatings
industry.”*

‘The well-known ASTM B-117 salt spray test
provides a comparison of cold-rolled and
galvanized steel within several hundred
hours. Unfortunately, the salt spray test is
unable to predict the well-known superior
corrosion resistance of galvanized relative
to uncoated rolled steel sheet.”*

‘Salt spray provides rapid degradation but
has shown poor correlation with outdoor
exposures; it often produces degradation
by mechanisms different from those seen
outdoors and has relatively poor
precision.”
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Ne vyazik ki, bu uyarilara ragmen, tuz
puskirtme testi, yeni kaplamalar ve
malzemelerin piyasaya tanitiimasinda iletisim
amagli olarak halen kullaniimaktadir.

Tuz puskiurtme testi neden yaniltici
sonuglar vermektedir ?

“Tuz puskurtme testlerinin® gergek korozyon
performansini glvenilir  bicimde  tespit
edememesinin sebeplerini anlamak igin, test
prosedurine bakmak oénemlidir. Testi yapilan
numuneler, tuz igeren bir solisyonun, 35°C de
numuneler Uzerine ¢ok ince bir sis katmani
olarak puskurtildigu sicakhk kontrolld bir
bdlmeye konur. Puskurtme surekli yapilirken,
numuneler surekli 1slak olur ve o nedenle
surekli korozyona maruz kalir. Performans,
tanimlanan yizey paslanmasi seviyelerine
ulasmak Uzere sayl saatleri kaydederek
derecelendirilir. Test slreleri, bazi malzemeler
icin, 24 saat ile 1000 saat arasinda degisir.

Tuz puskldrtme testinin, gercek dunyada
maruziyet sartlari ile korelasyon icinde
olmamasinin bazi ¢ok agik sebepleri vardir:

o Test kuponlarinin yiizeyi, gergekte
olugsmayan cevrimsel kuruma
olmadan siirekli 1slaktir. Bu, ginko
gibi metallerde, sahadaki gibi bir
pasif film tabakasi olugmasini 6nler.

o Klorir muhtevasi, cok yiiksektir
(normalde % 5 NaCl), ve farkl
metaller ve metal bilegenleri igin
farkh hizlandirma faktorlerine sahip
cok hizlandirilmig sartlar
olugsmasina yol ac¢ar.

Bunlar, normal acik hava sartlarinda maruziyet
sirasinda muhtemelen asla olugsmayan olagan
disi ve agir sartlardir.

Unfortunately, despite these warnings, salt
spray testing is still used in communications to
introduce new coatingsand materials to the
market.

Why salt spray testing gives misleading
results?

To understand why the ‘salt spray test’ fails to
reliably predict real corrosion performance, it is
important to look at the test procedure.
Samples under test are inserted into a
temperature-controlled chamber where a salt-
containing solution is sprayed, at 35°C, as a
very fine fog mist over the samples. As the
spray is continuous, the samples are
constantly wet, and therefore, constantly
subject to corrosion. Performance is rated by
recording the number hours to reach defined
levels of surface rusting. Test duration ranges
from 24 hours to 1000 hours or more for some
materials.

There are some obvious reasons why the salt
spray test does not correlate with real world
exposure conditions, in particular:

e The surface of the test coupons is
constantly wet, with no cyclic
drying, which does not happen in
reality. This prevents metals, such
as zinc, from forming a passive film
as it would in the field.

e The chloride content is very high
(normally 5% NaCl) resulting in
highly accelerated conditions with
different acceleration factors for
different metals and metal
constituents.

These are unusual and severe conditions that
probably never occur during normal outdoor
exposure.

Sekil 1 - Tuz puskiirtme bolmeleri, varsa bile pratikte gok nadiren goriilen test sartlari olusturur.
Figure 1 — Salt spray chambers create test conditions that are rarely, if ever, observed in practice.
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Tuz puskilirtme testi,
malzemelerin korozyona dayanimini
basarili bicimde kiyaslayamaz.

Gergek acgik hava sartlarinda, metalik ¢inko
kaplamalarin iyi  performansinin, islaklk
dénemleri arasinda kurumaya dayandigi kabul
edilmektedir. Kuruma cevrimi sirasinda pasif
ve nispeten stabil bir oksit ve/veya karbonat
filmi  gelistirme, galvanize kaplamalarin
mikemmel performansina katki yapar. Tuz
puskirtme testi sirasinda surekli i1slaklik, pasif
oksit/karbonat tabakasi gelismesine imkan
vermez. O nedenle, test, ¢inko kaplamalarinin
performansini suni olarak azaltir.

Boyanmis malzeme, tuz puskirtme testi
kullanilarak  degerlendirildiginde,  boyalarin
parcalanmasinin yaygin sebebi olan ultraviyole
Isigina maruziyet yoktur. Boyanmis celigin
bozulmasinin sebebi olan ana bozulma
mekanizmasi, tuz puskirtme testinde bir sart
oldugu igin, bu ciddi bir kusurdur.

Farkh ¢inko kaplamalari gesitlerini kiyaslarken,
tuz puskurtme testi, benzer yaniltici sonuglar
verebilir. Ornegin, ¢inko kaplamaya az
miktarda magnezyum veya aliminyum ilavesi,
gercek maruziyet sartlarindan farklilik gosteren
tuz puskuartme testi sonuglari olusmasina yol
acar.

ister gevresel ortamdan (deniz tuzu) ister bir
¢inko alasimindan olsun magnezyum iyonlari,
sodyum  klorir mevcudiyetinde koruyucu
korozyon urunlerinin olusumunu tesvik eder ve
bdylece korozyon oranlarinin digmesine yol
acar. Bu, ylksek oranda islaklik ve yuksek
klorir yliku iceren hizlandiriimis testlerde,
¢inko-magnezyum-aliminyum kaplamalarinin
suni olarak neden daha iyi performans
gosterdigini acgiklamaktadir. Bu etki, 6rnegin
deniz, atmosfer gibi bazi saha maruziyet
testlerinde de ortaya ¢ikmaktadir; ancak tuz
puskurtme test sonuglariyla gdsterilene goére
oldukca duslk seviyede bir iyilesme gorular.

Salt spray testing
cannot successfully compare
corrosion resistance of materials.

It is well accepted that the good performance
of metallic zinc coatings in real outdoor
conditions relies on drying between periods of
wetness. The development of a passive and
relatively stable oxide and/or carbonate film
during the drying cycle contributes to the
excellent performance of galvanized coatings.
The continual wetness during the salt spray
test does not allow this passive
oxide/carbonate layer to develop. The test
therefore artificially reduces the performance of
zinc coatings.

When painted material is evaluated using the
salt spray test, there is no exposure to
ultraviolet light, a common cause of breakdown
of paints. This is a serious omission, since the
main failure mechanism that causes painted
steel to deteriorate is not included as a
condition in the salt spray test.

The salt spray test can give similarly
misleading results when comparing different
variants of zinc coatings. For example, small
additions of magnesium or aluminium to a zinc
coating will produce salt spray test results that
differ ~ significantly from real exposure
conditions.

Magnesium  ions, whether from the
environment (sea salt) or in a zinc alloy,
promote the formation of protective corrosion
products in the presence of sodium chloride,
thus reducing corrosion rates. This explains
why zincmagnesium-aluminium coatings show
artificially better performance, as compared to
zinc, in accelerated tests involving high time of
wetness and high chloride load.

This effect also occurs in field exposure tests
in some, e.g. marine, atmospheres but with a
substantially lower level of improvement than is
indicated by salt spray test results.
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Ozet

Celik malzeme igin koruyucu kaplama
segiminde vyol gosterici olmak Uzere tuz
puskirtme test sonuglarinin kullaniimasi,
muihendislik toplulugunda halen ciddi bir
problem olmaya devam ediyor. “Korozyon
dinyasinda” testin cok iyi bilinen
sinirflamalarina ragmen, &zellikleri gérunirde
olumlu sonuglar ortaya ¢ikarabilecek
kaplamalarin kullaniimasinin tesvik
edilmesinde kullaniimaya devam etmektedir.
Bu makalenin, bu tip hizlandirimis test
sinirlamalarina iliskin bilimsel zemin igin bir
kavrayis olusturmasi umulmaktadir. Hizli ve
kisa sureli bilginin cekiciligine ragmen, uzun
sureli maruziyet testinden elde edilen korozyon
bilgileri ve gercek yapilar veya kullaniimakta
olan bilesenlerden elde edilen gegmis olay
bilgileri igin ikame niteliginde degildirler.
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Summary

The use of salt spray test results to guide
election of protective coatings for steel remains
a serious problem in the engineering
community. Despite the well understood
limitations of the test in the ‘corrosion world’, it
still used to promote the use of coatings whose
properties happen to produce apparently
favourable results. It is hoped that this article
has given some insight into the scientific
background to the limitations of this type of
accelerated testing. Despite the attractiveness
of quick and short-term information, there is no
substitute for corrosion data generated from
long-term exposure testing and case history
information from real structures or components
in service.
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institute within corrosion and materials research, based in
Stockholm, specialising in surface technology, corrosion and
corrosion protection of metals, corrosion testing and field
exposures, corrosion of polymers and material analysis and
metallography.
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