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 ABSTRACT

Corrosion is a major problem for oil and gas operators as the cosi consumed each
year in fighting corrosion are staggeringly high. Along with the implementation of
cost-effective corrosion prevention methods, the race for reducing cost consumption
still goes on. Protective coating is considered to be one of the most economical
methods there is. However, in the application of protective coating, the cost allocated
for surface preparation exceeds the coating material costs itself by 21%. The typical
standards currently used by PETRONAS required the steel substrates to be blast
cleaned to the I1SO cleanliness standard of Sa 2.5. Thus this project aims for the
practice of a cheaper alternative of cleanliness standards which is Sa 2. Three
samples (carbon steel) are blast-cleaned to the standard of Sa 2.5 and three others to
the standards of Sa 2. All samples are coated based on coating system No. 1A in
PTS. Corrosion test (ASTM B117-90) and adhesion test (scratch test) are conducted
exclusively to measure the performance of coating system. under different surface
cleanliness standards. Four samples (two samples With Sa 2 and others with Sa 2.5
cleanliness standards) had undergone corrosion test. Remaining two samples, eéch
with Sa 2 _zmd Sa 2.5 cleanliness respectively, had undergone adhesion fest.
Calculation on corrosion rate using mass loss method and visual examination for
evaluating the rust grade are done to determine the corrosion properties. Inspection
using 3D non-comtact measurement is conducted to confirm the critical load
experienced by the coating thus determining the adhesion properties. Findings for
corrosion test shows a equal perfdrmance of coating between samples prepared under
Sa 2 and Sa 2.5 cleanliness standards — corrosion rate of ¢ millimeter per year and a
rust grade of 10. Findings for adhesion test shows the critical load experienced by
sample prepared under Sa2 is 5IN and higher than the sample prepared under Sa 2.5
which is 43N. However, acoustic emission shows a higher intensity profile from the
sample prepared under Sa 2 standards compared to the sample preparéd undér Sa2.5.
Thus, for the success implementation of surface cleanliness of Sa 2, the performance
of the chosen coating system are to result in similar or better performance in

comparison to the application of Sa 2.5.
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CHAPTER 1
INTRODUCTION

1.1 BACKGROUND

1.1.1 Problems of Corrosion

Corrosion (the deterioration of a metal or its properties) attacks every component at
every stage in the life of every oil and gas field. From casing strings to production
platform, from drilling through to abandonment, corrosion is an adversary worthy of

all the high technology and research we can throw at it [1].

Because it is almost impossible to prevent corrosion, it has becoming more obvious
that controlling corrosion rate may only be the most economical solution. Therefore,
corrosion engineers are struggling in making the estimation the cost of their solutions
of preventing corrosion in conjunction with estimating the useful life of the operating

equipments in the production line.

1.1.2 Corrosion Rates and Common Affected Location

Thus, in the case of offshore oil rig, the analysis on where did corrosion most

preferably to occur has been done as shown in Appendix A [1]:



1.L3 Consequences of Corrosion

In the oil and gas production industries but not limited to it, the consequences of

corrosion are many and varies, thus the effecis of these on the safety, reliability and

efficiency operation of equipment or structures are ofien more serious than the

simple loss of a mass of metal.

Failures of various kinds and the need for expensive replacements may occur even

though the amount of metal destroyed is quite small. Some of the major harmful

effects of corrosion can be summarized as follows [2]:

1.

Reduction of metal thickness leading to loss of mechanical strength and
structural failure or breakdown, When the metal is lost in Jocalized zones so
as to give a crack-like structure, very considerable weakening may result
from quite a small amount of metal oss.

Hazards or mjuﬁés to people arising from structural failure or breakdown.,
Contamination of fluids in vessels and pipes.

Perforation of vessels and pipes allowing escape of their contents and
possible harm to the surroundings. For example, corrosive sea water may
enter the boilers of a power station if the condenser tubes perforate,

Loss of technically important surface properties of a metallic component.
These could costs the ease of fluid flow over a pipe surface.

Mechanical damage to valves, pumps, etc, or blockage of pipes by solid
cotrosion products.

Added complexity and expense of equipment which needs to be designed to
withstand a certain amount of corrosion, and.to allow corroded components

to be conveniently replaced.



1.1.4

Common Corrosion Prevention Methods

Generally, there are four necessary elements for metallic corrosion to occur:

1.
2.
3.

An anode (the metal that’s dissolving).

A cathode (the place where electrons are received to produce ions).

An electrical connection between the anode and cathode usually by physical

contact (this is sometimes called the external circuit and provides for the flow

of electrons).

A liquid medium, called the electrolyte, in contact with both the anode and

cathode (which provides the means for transporting ions to and from the

electrodes).

By retarding either the anodic or cathodic reactions, the rate of corrosion can be

reduced. This can be achieved in several ways [2]:

Table 1: Methods to reduce corrosion rate

Concept Main Methods Applications
I . Organic Coating, Metallic Coating,
Condﬁor;;ng the | Coating the Meial inorganic Coating
¢ Alloying the Metal Stainless Steel
. Using strong reducing agents (i.e.
1ofO .
Conditioning the Removal of Oxygen sulphite)
Corrosive Anodic Inhibitors, Cathodic Inhibitors,
Environment Corrosion Inhibitors | Adsorption Type Corrosion Inhibitors,

Mixed Inhibitors

Electrochemical { Difference in Metal
Control Potential

Cathodic Protection, Anodic Protection

Of all the methods mentioned above, corrosion engineers have decided that

conditioning the metal with the applications of protective coating is one of the most

effective ways fo fight corrosion.




L1.5 Coating as Corrosion Preventer

Although coating is considered as one of the most effective method in preventing
corrosion, the action of protective coatings is often more complex than simply
providing a barrier between the metal and its environment. This is because paints
may contain a corrosion inhibitor, zinc coating in iron or steel confers cathodic
protection. In fact, the combination of those elements which made a coating system

lives up to their reputation.

In fact, there are many different types of coating such as organic coating, inorganic
coating, metallic coating and conversion coating which have various performance
and usage on different application. Despite many new formulation of coating had
been created to improved coating performance, the problems of corrosion are still

significantly hard to solve.

The majority of paint and coating-related failures can be attributed to six primary

causes. These causes are as follows [3]:

Table 2: Causes and descriptions of coating-related failure

Causes Description
e The substrate surface is not adequately prepared for
Improper surface the coating that is to be applied.
preparation e This may include cleaning, chemical pretreatment or
surface roughening,
: ¢ Fither the paint or coating selected is not suitable for
Improper coating . . . .
selection the mt.ended- service environment, or it is not
compatible with the substrate surface.
e This can be a problem with either shop-applied or |
fmproper application field applied coatings, and occurs when the required
specifications or parameters for the application are not
met.
Improper drying, curing | » Again, this problem relates to a lack of conformance
and over coating times to the required specifications or parameters.
Lack of protection s This is a particularly serious problem with aqueous
against water and systems containing corrosive compounds such as
aqueous systems chiorides.
e Results from improper handling of the painted or
Mechanical damage coated substrate, resulting in a breach in the paint or
coating.




1.1.6 Surface Preparation Methods for Steel Substrates

Steel is the common material used for the construction of equipments such as
pressure vessels and heat exchangers, as well as the structures of offshore platform.
The applications of protective coating are most popular for protecting the equipments
and structures from corroding. Prior to coating, steel should be cleaned by one or

more of the nine surface preparations described below [4]:

1. Solvent Cleaning 6. Commercial Blast Cleaning
2. Hand Tool Cleaning 7. Brush-Off Blast Cleaning

3. Power Tool Cleaning 8. Power Tool Cleaning to Bare
4. Near-White Blast Cleaning Metal

5. White Metal Blast Cleaning 9. Water Blasting

Next, we will discuss the typical surface preparation methods that currently

implemented by oil and gas operators such as PETRONAS.

1.1.7 PETRONAS Technical Standards (PTS)

In PTS, specifically PTS30.48.00.31-P which is a technical specification titled
Protective Coating and Lining [5], one of the methods and standards of surface
preparation that has been chosen to be applied in their coating system is by blast-
cleaning. Table in Appendix X shows the surface preparation standards referred by
PETRONAS.

Thus, from the above we know that the typical surface preparation methods that
currently implemented by PETRONAS are blast cleaning, power tool cleaning and

solvent cleaning.



1.1.8 Coating System based on PTS

There are many different coating systems which can be selected by PETRONAS
according to various considerations such as [6]:

1. Coating characteristics.

2. Nature of substrates.

3. Basic function of coating on substrate.

4, Accessibility (time and space) and availability of appropriate equipment for

satisfactory surface preparation and application.

h

Environmental factors.

6. Life cycle costs.

An example of a typical coating system which is implemented by PETRONAS is
shown in Appendix B [5]. The coating system explains that prior to applying coating

system no.1 A, steel substrate has to be cleaned to the cleanliness standard of Sa 2.5.

1.1.9 Scenario in Surface Preparation Standards

The compliance of the surface condition of the steel substrate to the surface
preparation standards are evaluated only by visual inspection. For example, an expert
could say that a certain surface had been blast cleaned to an only Sa 2 standard, At
the same time, a new painting inspector would say that the same surface had already

adhered to the Sa 2.5 standards.

Thus, the differences in experienced, visual abilities and perception between painting
inspectors will results in the selection of ditferent surface preparation standards to be
matched with the predetermined coating system. However, in this study, this scenario

is not an important case.

There are no general rules of thumb when selecting a coating system in terms of
types of coating and coating compositions which will always be sensitively affected
by the variation of surface preparation methods applied. In most cases, the supplier

of the coating will propose a specific coating system which will teli the consumer



which types of coating should be used and the standard required to be adhered by the

surface preparation methods.

However, in the fight against corrosion, many oil and gas operators has search for
various ways to reduce the cost consumption thus making this the most important
case for this project. Apart from choosing the most cost effective methods of
preventing corrosion from happening, they can always go into the selection of cost-

effective standards of surface preparation.

As for example, instead of considering using a blast cleaning to the standard of Sa
2.5, why not select the standard of Sa 2 which generally cost less? Of course, if it
needs to be implemented, the blast cleaning to Sa 2 should provide similar or better

coating performance in comparison with the Sa 2.5 standard.



1.2 PROBLEM STATEMENT

PTS requires a review to inspection standard of surface preparation for coating
applications that yield cost effective operation without compromising its service life,
The implementation of surface cleanliness standard of Sa 2 instead of Sa 2.5 will

successfully achieve this requirement.

1.3 OBJECTIVES

Objectives of this project are:

1. To study the performance of coating upon the application of different surface
preparation which meet the requirement of surface cleanliness standards of Sa
2 and Sa 2.5,

2. To propose a new cost-effective method of surface preparation based on PTS.

3. To study the effect of different surface condition to the adhesion properties of
the coating on the metal surface based on PTS.

4. To study the effect of different surface condition to the corrosion protection

properties of the coating on the metal surface based on PTS.

1.4 SCOPE OF STUDY

The material that will be used as one of the constant vatiable in this study is carbon
steel material. The study is focused to the usage of carbon steel because of they are
commonly used material in the construction of structures and operating equipments
in the oil and gas industries. The carbon steel is used io construct the offshore

platform structures and equipments such as heat exchangers and pressure vessels.

As for the testing methods, only adhesion and corrosion protection tests will be
involved in this study. The reason being is that the equipments for conducting both
tests are already provided here in UTP. If the study completes earlier than expected,
one or two other testing methods will be conducted which hopefully will improve the

results obtained for the study.



CHAPTER 2
LITERATURE REVIEW

2.1 COATING COST DISTRIBUTION

Generally, the raw material cost of any coating application is considered significant
in estimating the total cost involved. However, it contributes to only a portion of the
cost of a coating application project. The SSPC survey [16] indicated that, for
example, for a typical aboveground crude oil storage tank, the total cost of coating is
distributed as shown in Figure 1.

Distribution of Coating Cost

5%

: M Surface Preparation
' H Coating Material
' | E Coating Application
' H Miscellaneous
8 Other Labor
' B Abrasives

Figure 1: Cost distribution of a coating application on an aboveground storage tank

The above figure clearly demonstrates that surface preparation contributes to a
considerably large percentage of cost compared to the coating material cost, let alone

to the coating application cost.



2.2 PETRONAS Technical Standards (PTS)

In PTS, the purpose and the focus of the standards are explained in relation to
coating performance. The purpose of the standards was to standardize and to improve
the coating specification to optimize cost of painting without compromising the

quality and coating performance [5].

The technical standards also focused on the methods of surface preparation.
Specifically there are four methods of surface preparation [5}:

1. Pre-cleaning of surfaces and solvent cleaning.

2. Surface preparation by blast cleaning.

3. Surface preparation by hand and power tool cleaning,

4. Surface preparation and cleaning by water jetting.

However, as for this project, the study is only to compare the performance of a

coating system upon the different blast cleaning surface preparation methods.
2.3 ADHESION TEST
231 Adhesion Measurement

Later in the methodology section, the adhesion tests chosen are the scratch test based
on several criferia and requirements. The selection of adhesion measurement
methods are guided by the following criteria {6}

1. Quantitative - Gives numerical data that can be unambiguously interpreted.

2. Ease of sample preparation - Samples quickly and easily prepared with
readily available equipment. If the sample is too complex, the test will not
likely be implemented.

3. Results relevant to real world - Final data must have relevance to final use

condition.

10



23.2 Scratch Tester [12]

Basics

The scratch tester moves a Rockwell diamond tip with a radius of 200pm across the
coated surface of a substrate at a constant velocity while an increasing normal force
is applied with a constant loading rate. The scratch test introduces stresses to the
interface between coating and substrate causing delaminating or chipping of the
coating. The critical normal force at which the first failure of the coating is detected
is termed the critical load, L. [12].

Failure detection [12]
The typical scratch tester has three methods of detecting coating failure which are:
l. A load cell to measure the change in friction.

2. Acoustic emission.

3. Observation of the scratch channel using an attached optical microscope.

=}

Coating

Rockwell
diamond

Substrate
Scratch channel

e ———

Sample motion

Figure 2: Diagram of an adhesion test [12]

The best scratch adhesion testers use all three methods of coating failure detection.
The intensity of the acoustic emission is dependent on the type of coating failure
during the adhesion test e.g. cracking, chipping (cohesive failure) and delaminating
(adhesive failure). It is therefore important to observe the coating failure after the
adhesion test using an optical microscope to confirm the critical load [12]. During
the adhesion scratch tests of the coatings the damages observed in which P. Burnett



divided as follows [24, 25]: spalling failure, buckling failure, chipping failure,

conformal cracking, tensile cracking.

Possible substrates

The scratch tester can be used to assess the coating adhesion on many different types
of substrates such as metal alloys, semiconductors, glass, and refractive materials but
is the most accurate when assessing the adhesion of hard coatings onto relatively
hard substrates >54 HRC [12].

233 Microscopic Examination

3D Non-Contact M remen [22]

It is a measuring microscope with image processing system. This machine has a
manually or CNC-controlled vision measuring systems for reliable, non-contact
precision measurement of surfaces and profiles. High-resolution, color CCD cameras

provide high performance in these compact and mobile desktop instruments.

Figure 3: 3D Non-contact measurement system [21]

The system, Quick Vision provides numerous filter functions for enhanced
measurement reliability, versatile illumination options and the ease and flexibility of
QVBasic programming language. Quick Vision is ideal for vision measurement of

parts with difficult to distinguish contours and surfaces.

Most of the measuring machine has an accuracy range between 0.3um to 3um,
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2.4 CORROSION TEST

24.1 Salt-Spray Test

ISO [11] specifies the apparatus, the reagents and the procedure to be used in

conducting the neutral salt spray (NSS), acetic acid salt spray (AASS) and copper-

accelerated acetic acid salt spray (CASS) tests for assessment of the corrosion

resistance of metallic materials, with or without permanent or temporary corrosion

protection.

Figure 4: Salt-spray corrosion chamber facility in UTP

For this project, the NSS will be used. The salt spray tests are particularly useful for

detecting discontinuities, such as pores and other defects in certain metallic, organic,

anodic oxide and conversion coatings. The NSS test applies to [11]:

Metals and their alloys

2. Metallic coatings (anodic and cathodic)
3.
4
5

Conversion coatings

. Anodic oxide coatings

. Organic coatings on metallic materials



2.4.2 Yisual Examination

ISO 4628-3:2003 [15] describes a method for assessing the degree of rusting of
coatings by comparison with pictorial standards. The pictorial standards provided in
this part of ISO 4628 show coated steel surfaces which have deteriorated to different

degrees by a combination of rust broken through the coating and visible underrust.

The pictorial standards [15] have been selected from the European rust scale
published by the European Confederation of Paint, Printing Ink and Artists' Colours
Manufacturers’ Associations (CEPE), Brussels. The correlation between the 1SO
scale and the European rust scale and between the 1SO scale and the rating system of
ASTM D 610, Standard Test Method for Evaluating Degree of Rusting on Painted

Steel Surfaces, is also provided.

2.5 SURFACE PREPARATION STANDARDS

251 Comparisons in Nemenclature

Worldwide, the surface preparation standards are being known with some different
naming system by organization such as NACE, ISO and SSPC. NACE for example,
is a leader in the corrosion engineering and is recognized around the world as the
authority for corrosion solution controls. Appendix C shows the comparisons of

nomenclature system between those organizations.
There are several standards within the blast cleaning surface preparation method in

which four standards and their respective description are as shown in the next

section.
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252 Blast-Cleanihg Standafds Description

For this project, study will be done in comparing the performance of coating system

upon the blast-cleaned surface to the standard of commercial blast-cleaning (Sa 2)

and near-white metal blast-cleaning (Sa 2.5)

Near-White Metal Blast Cleaning — Sa 2.5 [8]

1.

A Near White Blast Cleaned surface, when viewed without magnification,
shall be free of all visible oil, grease, dirt, dust, mill scale, rust, paint, oxides,
corrosion products, and other foreign matter, except for staining.

Staining shall be limited to no more than 5 percent of each square inch of
surface area and may consist of light shadows, slight streaks, or minor
discolorations caused by stains of rust, stains of mill scale, or stains of
previously applied paint.

Before blast cleaning, visible deposits of oil or grease shall be removed by

any of the methods specified in SSPC-SP 1 or other agreed upon methods.

Commercial Blast Cleaning - Sa 2 {8]

1.

Staining shall be limited to no more than 33 percent of each square inch of
surface area and may consist of light shadows, slight streaks, or minor
discolorations caused by stains of rust, stains of mill scale, or stains of
previously applied paint.

Before blast cleaning, visible deposits of oil or grease shall be removed by

any of the methods specified in SSPC-SP 1 or other agreed upon methods.

SSPC-SP 1 is one of the methods of surface preparation by solvent cleaning [8]. The

typical blast-cleaning activities are shown in Appendix D [19].

As for the pictorial or visual guide for the degrees of surface preparation by blast-

cleaning methods [7], they are explained in the Appendix E. Appendix F shows the

typical equipments types and parameters used in the process of blast-cleaning [7].
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253 Sa 2.5 Versus Sa 2

Near-white blast cleaning (Sa 2.5) provides a greater degree of cleaning than
commercial blast cleaning (Sa 2) but less than white metal blast cleaning (Sa 3) [18].
It should be used when a high degree of blast cleaning is required. The primary
functions of blast cleaning before coating are [18]:
1. To remove material from the surface that can cause early failure of the
coating system.
2. To obtain a suitable surface roughness and to enhance the adhesion of the

new coating system.

The hierarchy of blasting standards in terms of the degree of cleanliness (higher level

means higher degree in cleanliness) is as follows [18]:

Figure 5: Hierarchy of blasting standards
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2.6 SURFACE PROFILE
2.6.1 Blast-Cleaning Surface Profile

1t is defined as the contour of an abrasive blast-cleaned surface. Profile is classified
by its depth (height) and texture (rounded or angular). Profile is important because it
gives paint additional surface area for adhering to the substrate and forming a good,
tight bond. For steel, surface profile is a measurement of the average peak-to valley

height of the roughness, and typically ranges from less than 1 mil up to 5 mils {17].
2.6.2 Blast Profile and Anchor Pattern

Based on PTS, the blast profile and angular anchor pattern shall be that
recommended by the paint manufacturer to suit the minimum requirement of their
respective primers; and the minimum peak-to-valley height shall be 25 microns.
Roughness or anchor pattern [5] measurement shall be carried out by the painting
contractor using instruments approved by Owners and in accordance with the
procedures described in ASTM D 4417 {18].

Table 3: Relationship between coating thickness and anchor pattern [5]

Dry-Film Thickness Anchor Pattern
125 - 200 m (5 — 8 mils) 25— 50 m (1 — 2 mils)
200 — 500 m (9 — 20 mils) 50—-75m (2 -3 mils)

500 m or more (over 20 mils) 5 m (3 — 5 mils)

Appendix G depicis the critical element of surface preparation on metal substrates

specifically after blasting process before it undergoes the coating process [20].
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CHAPTER 3
METHODOLOGY

3.1 PROJECT FLOW CHART

The project main activities are basically divided into two sessions. One is the
activities that are conducted to evaluate the adhesion properties of coating and the
other activities are conducted to evaluate the corrosion protection properties of
coating. The activities breakdown for the project is shown in Figure 6 and Figure 7
below:

3.1.1 Adhesion Properties

Samples Preparation

Weight the Specimens

I}

Perform Surface Preparation

i}

Visual Inspection

g

Weight the Specimens

CoatinE the Specimens

Weight the Specimens

Adhesion Test

=

Documentations of Results

Figure 6: Project flow chart for testing of adhesion properties.
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3.1.2 Corrosion Properties

Samples l;reparaﬁon

Weight tlme-!rSpecimms
| |

Perform Surﬁ::e Preparation

Visual Inspection
_!

Weﬁht th?p&lmms

Coatig the SPecimens

Weight the Specimens

>

Corrosion Test I

Visual Inspection
U
Weight theﬂSpecimms

Documentations of Results

Figure 7: Project flow chart for testing of corrosion properties

As shown by figures above, the performance of coating in terms of adhesion and
corrosion properties under the different degrees of surface cleanliness are tested
exclusively. Some samples are only tested for the adhesion properties of coating

while others are only going tested for its corrosion properties.

Despite the actual situation experienced by oil and gas equipments which include
both adhesion and corrosion problems occurring at the same time, it is not practical

to perform the adhesion test before or after corrosion test and vice versa.



3.2 ACTIVITIES DESCRIPTION

To elaborate more on the previous section, the project methodology basically involve
nine phases (not in actual sequence):

1. Sample preparation. Perform the visual inspection.
2. Perform the surface . Perform the adhesion test.

3. Coat the specimens.

5.
6
preparation. 7. Weight the specimens.
8. Microscopic examination
9

4. Perform the corrosion test. . Documentation of results,

3.21 Samples Preparation

Metal preparation
There are two sets of plate prepared. The first set consists of four plates and are used

for the testing of corrosion properties. The dimensions of the plates (specifically the
thickness) are limited to the siots gap in the corrosion chamber. The characteristics of
the plates are set to be:

1. Dimension ~ 150mm {length) x 100mm (width) x 4.5mrm {thick).

2. Material — Carbon steel (including mill certificate - see Appendix H).

The second set consisis of two plates and are used for the testing of adhesion
properties. The dimensions of the plates (specifically the width) are limited to the
slots gap in the machine jig. The characteristics of the plates are set to be:

1. Dimension - 70mm (length) x 20mm (width) x 5mm (thick).

2. Material — Carbon steel (including mill certificate - see Appendix H).

All plates are ensured not to have any major surface defects. The mill certificate is
basically a birth certificate for steel material. It consists of specific material type,

compositions and properties which may be useful for future research and analysis.

See Appendix I for the pictures of the samples for corrosion and adhesion test.
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Coating Preparation

For this project, the three coatings as shown in the coating system below are
purchased. The product data sheets of the coatings are included in Appendix Z as it
contains technical information for the preparation and application method of the

coating.

6.2 PAINTING AND COATING SYSTEM SCHEDULES FOR EXTERNAL APPLICATION
68.21 Carbon Steel Design Temperature < 110 deg C NON INSULATED in'the Atmospheric Zone

6.2.1.1  Coating System No. 1A : Initial Painting

Surface preparation : Biast.Cleaning to 1SO 8501-1 : 1988, %225

Coating system ] DFT
1 st coat inorganic Zinc Silicate / Epoxy Zinc Rich 75 7]
2 nd coat High Soiid epoxy 150 [n
3'rd coat Aliphatic polyurethane | 50 ¥

Total | 275 M

Figure §: Coating system No. 1A based on PTS [5]

322 Surface Preparation

Two samples from the first set of plate and one sample from the second set of plate
are blast-cleaned to the standard of Sa 2. The other two samples from the first set of
plate and one sample from the second set of plate are blast-cleaned to the standard of

Sa 2.5. Every surface of the plate will be involved with the surface preparation.

Table 4: The summary of samples division under the different surface preparation

standards and tests

Standards
Test Blast cleaningtoSa2 |  Blast cleaning to Sa 2.5
Plates
Corrosion Test o AR e, D
Adhesion Test S E. .o IR -

In this project, all surfaces on the plate are blast-cleaned to the standard mentioned
above. However, only one surface of the plate is involved in the analysis, visual

inspection as well as the testing of adhesion.
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3.2.3 Coating the Specimens

Based on the coating system no. 1A in the previous page, Inorganic Zinc Silicate,
High Solid Epoxy and Aliphatic Polyurethane are applied as the base coat, 2™ coat
and topcoat respectively. The applications of coating involve all surfaces on the

plate.

Instrument used to apply the coating is the Air Spray [5]. The coating applications
are based on the recommendation from the manufacturer which can be referred in the
coating product data sheet in Appendix Z. The activities of coating preparation and

application for this project are shown in Appendix J.

The coating thickness in every application is measured using DFT (Dry-Film
Thickness) gauge. The application of DFT give us the value of the coating thickness
in which it will guide us in determining whether or not the coating thickness for the
first coat for example, has adhere to the thickness of the first coating in the no. 1A
coating systemn. Thus, the thickness of coating for each application is recorded in the

table below.

Table 5: Tabie used to record the coafing thickness readings

Procedure Measuring DFT

Standards Blast cleaning to Sa 2 Blast cleaning to Sa 2.5

Plates A B E C D F

1* coat (m)

2™ coat (um)

3" coat (un)

3.2.4 Perform Corrosion Test
One of the tests required for the coating systems testing (see Appendix K) chosen for
this project is the corrosion test. The corrosion test is conducted based on ASTM

B117 (Salt Spray Test) [10} and in conjunction with 1SO 9227:2006 [11].

It is a widely used method of testing that introduces a spray in a closed chamber

where some specimens are exposed at specific locations and angles [14]. This
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method is considered because it has the ability to duplicate the real situation
experienced by the operating equipments  in the real service. The samples
arrangement in the salt-spray corrosion chamber is shown in Appendix L while the

process parameters are shown in Appendix M.

The test duration for the corrosion test is 336 hours which is approximately 14 days.
While the specification of the corrosion chamber of the university facilities had
already followed the standard which is ASTM B117, the salf solution needs to be

prepared to meet the required volume of 5% of the total volume of water involved.
Appendix N shows the measurement of salt quantity activity conducted in UTP
laboratory facility. The calculation in determining the weight of the salt required to

be used is as shown below.

Volume of water required for 14 days of exposure,
Voater = T0L

While 1m® = 1000L,
Vyater = 70L x 1m?® / 1000L = 0.070m’

Since density of water,
Puater = 1000kg/m’

Mass of water,
Myater = 1000kg/m’ x 0.070m’ = 70kg

According to ASTM B117, the amount of salt required should be 5% from the total

amount of water used. As much as 0.3% of impurities are atlowed in the calculation.

Therefore, mass of salt,
Mg = 5.3% x 70kg = 3.71kg
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325 Calculation of Corrosion Rate

The formula for the calculation on corrosion rate for ASTM B117-90 test samples

are based on the mass loss method and are as shown below:

Corrosion Rate (millimeter per year) =

KxW
DxAXT
where,
K = Constant (87.6 for millimeter per year, 534 for mils per year)
W = Weight loss (mg)
D = Density (g/cm3)
A = Area(in’ or cm?)
T = Time (hr)
3.2.6 Perform Visual Inspection

It is necessary to perform visual inspection after two methods throughout this project
which are after performing the surface preparation and after conducting corrosion
test. Inspection needs to be done visually based on 1SO 8501-1 [9] to determine

whether the surface on each plate has been blast clean to their respective standards.

As previously mentioned, the corrosion test will be conducted for 336 hours. The
visual appearance of the samples after the test will be evaluated and recorded.
Throughout the test, the cabinet or corrosion chamber will be open at only short
duration for conducting visual inspection and calculating mass loss to ensure
minimal disturbance. The time elapsed prior to the appearance of the first signs of

corrosion, if any will be recorded.

The visual examination is conducted to cvaluate the degree of rusting of the
specimens. The method of visual examination wiil be based on ASTM D610 [13]
and ISO 4628-3:2003 [15]. The tabie for recording the visual inspection data is
shown in Appendix O.
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32.7

Perform Adhesion Test

Apart from the corrosion test, adhesion test are also conducted to evaluate the

performance of the coating. Scratch Test [12] is used to detect the failure in coating

and thus evaluating the coating performance. Scratch test has been conducted (see

Appendix P) on a sample for each blast-cleaning process (Plate E and F). The

summarized process parameters are as shown below:

Linear Scratch

Load Type: Progressive

Initial Load: 25N

Final Load: 75N

Loading Rate: SN/min

Scratch Length: 10mm

Speed: 1.01mm/min

2=
Sk i =

e v

ned adse 4o m=E @E  |T.E

Acoustic Emission Sensitivity: 1

' Scratch test

o nn
i e

|Secratch test parameaters

||Linear Scratch
|Type : Progressive
||Begin Load [N} : 25
|End Load [N} : 75
Loading rate (N/min): 5

|Speed [mm/min) : 1.01
|Length [mm] : 10
\|Posttion X {mm] : 16.366
|AE Sensitivity : 1

|Indenter
Type : Rockwel
\|Serial number : 5/0-258
||Material - Diamond
Radius (um) : 200
+ Hardware settings
Instrument : RST S/N: 27-0458
Fncontact: 09N
FnSpeed: 5N/s
Fn Remove speed : 10 N/s
Approach speed : 2 %/s
Dz sensor in standard range
Dz range adjusted before measure

|Date : 7/25/2003
Time : 122321 PM

Figure 9: Scratch Test Parameters
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3.2.8 Woeight the Specimens

Throughout this project, the weight of each sample is recorded four times for the
samples that will undergo corrosion test while two times for those which will

undergo adhesion test,

The first and the second weight recording session will be done before and after the
surface preparation. The calculation of mass loss during the blast cleaning procedure
may not be as essential as the final mass measurement. However, it may be useful for

future references and analyses.

Table 6: 1% and 2*¢ mass measuring and recording

Procedure Blast Cleaning 1
Standards Blast cleaning to Sa 2 Blast cleaning to Sa2.5 |

Plates A B E C D F
Initial mass (mg) S I R N W

Final mass (mg)

Mass loss (mg)

The third and fourth session will be done before and after the corrosion test is
conducted. This is to study the mass loss during the corrosion test and the effect of
corrosion onto the plate. All samples are then thoroughly clean and let to dry before

the mass is measured.

Table 7: 3 and 4™ mass measuring and recording

Procedure Corrosion Test ]
Standards Blast cleaning to Sa 2 Blast cleaning to Sa 2.5
Plates A B C D
Initial mass (mg) ' ' '
Final mass (mg)
Mass loss (mg)

For both situations in which during the surface preparation and the corrosion test, the
mass loss per square meter will be calculated [11]. These calculations are important
in analyzing the corrosion rate of the sampies tested and will be a good addition of

data to the visual inspection method,
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3.2.9 3D Non-Contact Measurement

The 3D non-contact measuring machine is used as the alternative to using optical
microscope for depicting the location of coating failure. As shown in the figure
below, a test sample (after undergone scratch test) is placed on the platform for

further processing by the QVPAK software in the computer.

Figure 10: 3D non-contact measurement facility in UTP

The procedure to perform the measurement on the sample (see Appendix Q):
I. Ensuring the scratch length of 10mm.
¢ Coordinate A are taken from the sample’s top edge location. Coordinate
D are taken from a point estimated to be the location where the scratch
starts. Coordinate B are taken from a point estimated to be the location
where the scratch ends.
e The location of x-coordinate for all three points are assumed align around
28mm [rom the sample’s left edge.
e Thus, we get the y-coordinate for all point A, D and B to be 0.0376mm,
17.8596mm and 7.2752mm respectively.
e Scratch length, Ly = Yp—Ya—Ys
=17.8596mm — 0.0376mm — 7.2752mm
= 10.5468mm
e Therefore, the value calculated is close with the actual scratch length of

10mm.
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2. Estimating the location of coating failure.

Coordinate D are taken from a point estimated to be the location where
the scratch starts. Coordinate C are taken from a point estimated to be the
location where coating failure oceurs.

The location of x-coordinate for all points are assumed align around
28min from the sample’s left edge.

Thus, we get the y-coordinate for all point I and C to be 17.8596mm and

9.2596mm respectively.

Location of failure, Iy =Yp—-Y¢
= 17.8596mm — 9.2596mm
= 8.6mm

Therefore, it is estimated that the coating failure occurs at 8.6mm from

the start point of the scratch.

The coating fajlure location will be used to confirm the failure location from the

scratch profile graph such as Figure 14.

3.2.10

Documentation of Results

All findings, observation and results of testing throughout this project are

documented. Analyses are made based on those findings to determine the

performance of coating under different surface preparation standards.

3.3 PROJECT GANTT CHART

The Gantt chart for Final Year Project I and Final Year Project II are shown in

Appendix R.
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3.4 TEST MATRIX
The project work summary is established in the form of test matrix. The test matrix is
provided in the tables below. The previous sections have explained the details

regarding the materials and test procedures used in the investigation.

Table 8: Test Matrix for corrosion test

Parameters Value
Material Carbon Steel
Cleanliness Standard Sa2 Sals5
Quantity of Sample 2 2

No. of Coating

Ist - Inorganic Zine Silicate

2nd - High Solid Epoxy

3rd - Aliphatic Polyurethane

Testing Method ASTM B117
. Corrosion Rate — Mass Loss
Measurement Techniques ASTM D610

No. of Surface to be Tested

1 surface per sample

Table 9: Test Matrix for adhesion test

Parameters Value
Material Carbon Steel
Cleanliness Standard Sa?2 Sal.5
Quantity of Sample 1 1

No. of Coating

st - Inorganic Zinc Silicate

2nd - High Solid Epoxy

3rd - Aliphatic Polyurethane

Testing and Measurement Methods

Scratch Test
3D Non-Contact Measurement

No. of Surface to be Tested

1 surface per sample
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CHAPTER 4
RESULTS AND DISCUSSION

4.1. PROJECT RESULTS AND ANALYSIS

4.1.1 Weight Measurement

The table below shows the weight measurement of all plates before and after the

blast-cleaning process. The initial mass of the plates indicates the mass before blast-

cleaning while the final mass of the plates indicates their mass after undergo the

blast-cleaning process.

Table 10: Weight of the plates before and after blast-cleaning process, and mass loss

Procedure Blast Cleaning |
Standards Blast cleaning to Sa 2 Blast cleaning to 8a 2.5
Plates A B E C D F
Initial mass (g) 53296 | 535.64 | 55.75 | 54137 | 54009 | 56.05
Final mass (g) | 523.44 | 526.17 | 4691 | 531.44 | 530.51 | 46.80
Mass loss (g) 9.52 9.47 8.84 9.93 9.58 .| 925

The table below shows the weight measurement after the plates had undergoes

coating process. The initial mass indicates the weight of the plates after undergo

blast-cleaning process / before coating while the final mass indicates the weight of

the plates after undergo coating process.

Table 11: Weight of the plates before and after coating process

Procedure Coating
Standards Blast cleaning to Sa 2 Blast cleaning to Sa 2.5
Plates A B ~E C D F
Initial mass (g) 523.44 {1 526.17 | 4691 | 53144 | 53051 | 46,80 -
Final mass (g) 556.57 | 55833 | 78.64 | 56645 | 564.81 | 77.97
Mass of coating (g) | 33.13 | 32.16 | 31.73 | 35.01 3430 | 3117 |
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4.1.2 Coating Thickness Measurement

The table below shows the coating thickness measurement for all plates by using the
Dry-Film Thickness (DFT) gauge. The total coating thickness for all plates should be

above and around to 275um. Table 12 shows the coating thickness after 1¥ coating.

Table 12: DFT measurement of all plates after 1¥ coating

Procedure Measuring DFT [
Standards Blast cleaning to Sa 2 Blast cleaning to Sa 2.5 1‘
Plates A B E C D F
1* coat (pm) 111 95 123 104 9 95

Figure 11 and 12 below show the color and texture of the sample after undergone the
1¥ coating process respectively. The color scheme for the 1¥ coat can be referred in

Appendix Z.

Figure 11: Sample of plate coated with
1* coat (primer) of the plate coated with 1™ coat (primer)

Figure 12: Close-up view on the texture

Table 13 shows the coating thickness after 2™ coating. Figure 13 and 14 show the
color and texture of the sample after undergone the 2™ coating process respectively.

The color scheme for the 2™ coat can be referred in Appendix Z.

Table 13: DFT measurement of all plates after 2™ coating

Procedure Measuring DFT |
Standards Blast cleaning to Sa 2 Blast cleaning to Sa 2.5 :
Plates A B E C D F |

2" coat (um) 243 238 266 237 250 240 |
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Figure 13: Sample of plate coated with Figure 14: Close-up view on the texture
2™ coat of the plate coated with 2™ coat

Table 14 shows the coating thickness afier 3" coating. Figure 15 and 16 below show
the color and texture of the sample after undergone the 3™ coating process

respectively. The color scheme for the 3" coat can be referred in Appendix Z.

Table 14: DFT measurement of all plates after 3™ coating

Procedure Measuring DFT
Standards Blast cleaning to Sa 2 Blast cleaning to Sa 2.5
Plates A B E C D ¥
3" coat (um) 281 289 288 284 287 290

i‘igure 15: Sample of plate coated with  Figure 16: Close-up view on the texture
3" coat of the plate coated with 3 coat
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4.1.3 Scratch Test

Scratch test has been conducted and manages to produce two scratch profile or
results. The computer software that functions together with the scratch test machine
has produced the critical load for each sample. Below are the samples showing

scratches after the test is conducted.

Blast-clean to Sa 2 Blast-clean to Sa 2.5
Figure 17: Plates that are used for scratch test (size: 70mm x 20mm x 4.5mm)

The red circled scratches as shown in Figure 17 above corresponds with the scratch
profile results as shown in Figure 18 and Figure 19 respectively. For this project, the
critical load was observed to be at the point where the penetration depth profile

begins to decrease its value.

[ 100

810

&0

Critical Load = SIN |

¥ M S 85 { 55 65 0 h
| <oy r - = e b8 n— *'_lk—ﬁ il - T . T ==
000 mm 200 400 600 800 1000

' ’ —
Enomal torce 5 Acoustio Emission (=3 . Location of Failure = §.2mm ‘

Figure 18: Scratch test profile on sample E (Blast-cleaned to Sa 2)
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As shown in Figure 18, the penetration depth (green color) profile was increasing its
value from around 110pm until around 328um. The profile then suddenly begins to
decrease its value until around 320pm. The sudden change of the penetration depth
value possibly depicts the starting of collision or friction between the diamond stylus

and the bare metal substrates.

The critical load at that point is estimated to be 51N and the first location of the

failure is estimated to be 5.3mm.

™ e b b

16.04 20 -39 8

1| criticalLoad = 438
DOMN | ! - P S— _lox laao,

e e P — rr ¥ — —
2500 N 500 on 55.00 6500 75.00
r T T ———
0.00 mem Zb 600 aoo 1000

s
Edtiomal torce el Acoustic Emssson [ F sostiston dwih | [ ocation of Failure = 3. 7mm

Figure 19: Scratch test profile on sample F (Blast-cleaned to Sa 2.5)

As shown in Figure 19, the penetration depth (green color) profile was increasing its
value from around 130pum until around 342um. The profile also suddenly begins to
decrease until around 320um. The critical load at the point is estimated to be 43N

and the first location of the failure is estimated to be 3.7mm.

34



4.1.4 3D Non-Contact Measurement

Sa 2 sample (see Appendix S for the coordinates figure)
The scratéh length, L

=Yr—Yr—Ya

=17.8839-7.1276 - 0.0135

= 10.7479mm

Percentage deviation from actual length, P
=(10.7479 - 10)/ 10 x 100%
=7.479%

Location of first failare, La
=Yr-Yg
= 17.8839 - 12.7843
=5.0996mm

The location of first failure occurs at 5.0996mm from the starting point of the
scratch. This value, when compared to the value extracted from the scraich profile
graph (Figure 18) which is 5.2mm shown a really close value. Thus, the location of

first failure shown in Coordinate E figure confirms the critical load.

Below is the calculation for the location where other coating failures for the same Sa

2 samples are indentified.

Location of second failure, Ly
=Yr—Yp
= 17.8839 - 10.0830
= 7.8009mm

Location of third failure, Lg
=Yr~Y¢
=17.8839 -9.2844
=§.5995mm
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Sa 2.5 sample (see Appendix T for the coordinates figure)
The scratch length, L,

=Yer—-Ye—Ya

= 18.6956 — 8.3587 — (—0.0089)

=10.3458mm

Percentage deviation from actual length, P
=(10.3458 -10) / 10 x 100%
=3.458%

Location of first failure, Ly
=Yr—Yg
=18.6956 — 15.0955
=3.6001mm

The location of first failure occurs at 3.6001mm from the starting point of the

scratch. This value, when compared to the value extracted from the scratch profile

graph (Figure 19) which is 3.7mm shown a really close value. Thus, the location of

first failure shown in Coordinate E figure confirms the critical load.

Below is the calculation for the location where other coating failures for the same Sa

2.5 sample are indentified.

Location of second failure, Ly
=¥r—Yp
= 18.6956 — 11.9959
= 6.6997mm

Location of third failure, Ly
=Yr—Y¢
= 18.6956 — 9.5952
=9.1004mm
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4,1.5 Acoustic Emission Vs. Microscopic Examination

This section will involve comparing the acoustic emission profile (dark blue color)
from Figure 18 and Figure 19 with the pictures produced from 3D non-contact

measurement.

As shown in Figure 20 in the next page, the coordinate E location indicates the
beginning of the coating failure. From Coordinate E to Coordinate D section, we can
see the acoustic emission profile becomes noisier compared to the section before
Coordinate E. The acoustic emission increases its intensity in this region. We can see

a lot of “value jumps” in the profile.

As from Coordinate D and further, the value jumps continue to occur. This indicates
that the coating continues to fail and may gather along the diamond stylus path thus

increasing the intensity of the acoustic emission profile.

The intensifying occurrence of “vaiue jumps” in Figure 20 also consistent with the
pictures shown in Coordinate E, D and C. It appears that the coating failure starts
with the large micro cracks {Coordinate &) and propagate further along the scratch
path until the coating experience flaking thus exposing its bare metal substrates

(Coordinate D and C).

As shown in Figure 21, the coordinate E location also indicates the beginning of the
coating failure. From Coordinate E to Coordinate D section, we can see the acoustic
emission profile becomes noisier compared to the section before Coordinate E. The
same phenomena occur here where we can see a lot of “value jumps” in the profile

even though in comparison to Figure 21, the intensity or noise is tower.

As from Coordinate D and further, the value jumps continue to occur as an indication
of the coating continues to fail. It appears that the coating failure starts with a smatler
and finer micro cracks (Coordinate E) and propagates further as the density of the
cracks increase (Coordinate D). However, the failure in Coordinate C is much less
severe than in Figure 20. In addition to no occurrence of flaking, the coating seems to

be compressed downwards possibly by the effect of friction with the diamond stylus.
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Figure 20: Corresponding failure with acoustic emission profile for Sa 2 sample
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Figure 21: Corresponding failure with acoustic emission profile for Sa 2.5 sample
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4.1.6 Corrosion Test

The corrosion test is conducted with the duration of 336hours (14 days). The
corrosion chamber setting is prepared as per ASTM B117-90. The table below shows

the result from Sa 2 samples exposed to corrosive environment.

Table 15: Corrosion rate on 8a 2 samples based on mass loss method for ASTM B
117-90 test

Blast-Clean to Sa 2

Mass (g) Day Hours of Exposure | Mass Loss | Corrosion Rate

Sample A | Sample B (hrs) (g (mm per year)
556.57 558.33 0 0 - .
556.57 558.33 1 24 0 0
556.57 558.33 2 48 0 0
556.57 558.33 3 72 0 0
556.57 558.33 4 96 0 0
556.57 558.33 5 120 0 0
556.57 558.33 6 144 0 0
556.57 558.33 7 168 0 0
556.57 558.33 3 192 0 0
556.57 558.33 9 216 0 0
556.57 558.33 i0 240 0 0
556.57 558.33 11 264 0 0
| 556.57 558.33 12 288 0 0
556.57 558.33 13 312 0 0
556.57 558.33 14 336 0 0

Calculation on corrosion rate based on the mass loss method is as shown below.

Corrosion Rate (millimeter per year), CR =

KxW
_ DXAXT
where,
K = 876 T = 24hrs
D = 7850kg/m’ = 7.85g/cm’ A = 10cmx15cm = 150cm’

W (weight loss) equals to 0 grams throughout the test, the nominator in the equation
above also become 0. Thus, since the mass of both sample A and B remain constant

throughout the test or 14 days, their corrosion rate is 0 millimeter per year.
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Corrosion Test Result on SA 2 Samples
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Figure 22: Mass of Sample vs. Hours of Exposure (Sa 2 Samples)
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The tabie below shows the result from Sa 2 samples exposed to corrosive

environment.

Table 16: Corrosion rate on Sa 2.5 samples based on mass loss method for ASTM B
117-90 test

Blast-Clean to Sa 2.5

Mass (g) Da Hours of Exposure | Mass Loss | Corrosion Rate

Sample C | Sample D y {hrs) (g) (mm per year)
566.45 364.81 0 0 - -
566.45 564.81 1 24 0 0
566.45 564,81 2 48 0 0
566.45 564 .81 3 72 0 0
566.45 564.81 4 96 0 0
566.45 564.81 5 120 0 0
566.45 564.81 6 144 0 0
566.45 564,81 7 168 0 0
566.45 564.81 L 192 0 0
566.45 564.81 9 216 0 0
566.45 564,81 10 240 0 0
566.45 564.81 11 264 0 0
566.45 564.81 12 288 0 0
566.45 564.81 i3 312 0 0
566.45 564.81 i4 336 0 0

Calculation on corrosion rate based on the mass loss method is as shown below.

Corrosion Rate (millimeter per year) =

KXW
DXAXT
where,
K = 876 T = 24hrs
D = 7850kg/m’ = 7.85g/cm’ A = 10cmx15cm = 150cm’

W (weight loss) equals to 0 grams throughout the test, the nominator in the equation
above also become (. Thus, since the mass of both sample C and D remain constant

throughout the test or 14 days, their corrosion rate is 0 millimeter per year.
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4.1.7 YVisual Examination

The visual examination is conducted 1 evalvate the degree of rusting of the
specimens. As mention in methodology section, the method of visual examination
will be based on ASTM D610 [13] and 15O 4628-3:2003 [15].

Identical area is set for examination for all four samples (see Appendix U). Based on
ASTM D610, the outcome of the visual examination is depicted through the

existence of Spots, General or/and Pinpoint rusting,

However, all plates did not show any sign of corrosion within the surface inspected.
Therefore, all plates are graded with Rust Grade 10 for having less than or equal to
0.01 percent of rusted surface. We can see clearly in all the figures in Appendix U
that there are no spots or areas that are different in color compared to the green color

of the coating,
The table beiow shows the evaluation results on all corrosion test samples.

Table 17: Evaluation and degree of rusting for ASTM B 117-90 test result

Blast-Cieaning Standard Samples Area Percentage (%) Rust Grade
A 0 10
Sa2 B 0 10
C 0 10
Sa2.s D 0 10




4.2 DATA GATHERING AND DIiSCUSSION

This section will discuss the real life sitation involving costs allocated for the
application of blast cleaning standards of Sa 2 and 8a 2.5. The cost evaluation is
done based on two projects managed by a certain company, manufacturer and sub-
contractor. The details:

1. Company — Owner of the equipments (i.e. pressure vessel or heat exchanger)

2. Manufacturer — Company responsible for the manufacturing process of the

equipments.
3. Sub-contractor — Company responsible for the application of blasting and

painting of the equipments.

To ease the understanding of the next section, Project A is managed by PCSB
(PETRONAS Carigali Sdn. Bhd.) while Project B is managed by PGB (PETRONAS
Gas Berhad). The manufacturer and sub-contractor are not named to avoid the

violation of confidentiality.
4.2.1 Previous PETRONAS Projects

Project A

1. Activity Report
The activity report as shown in Figure 24 is published by the sub-contractor. It will
indicate that they have done the calculations on the total area required for blésting
and painting. Upon having this information, they will establish a quotation for the

service cost for blasting and painting work.

Job Site indicates the location where the blasting and painting work is done which in
this case, in the manufacturing company’s blasting and painting yard. Client
indicates the owner of the equipments (PCSB - PETRONAS Carigali Sdn. Bhd.) and
Job Title shows the name of the equipment to be manufactured. F-207/0 is the

equipments number while ¥ is the abbreviation for Pressure Vessel.
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From the above figure, we now know the total area of the Slug Catcher that needs
blasting service which is 532.285m’. The sub-centractor has allocated 10 percent of

the total area for touch up and repair services. Thus, the final total area that needs to

Figure 24: Activity Report for Project A

be blasted is 585.485 m”.

2. Quotation

As shown in Figure 9 below, the same item V-2010 (Stug Catcher) is considered. For
the application of blast cleaning to Sa 2.5 standard and coating system No. 1A, the
sub-contractor has charged a rate of RM 68 per meter square. Thus, with the total
area of 585 m’, the PCSB has to pay a staggering amount of RM39,848 just for the

process. Be reminded that this amount does not yet include other manufacturing cost

for the equipments.

Ned s e b B e A s e b e b

Torch T'p & Repair {16%:)




_.--m‘&o;;cr [oscrmox AT | RAIE TESHVATED AL

Blasting 9.A 2.3 and aplly paint 3 coat
e system foa external shell exd saddle 1a RM 68 B M 39.813,00
2 Tremn Ne 2319

RAND TOTAL AMOUNT RM 39,548,00

Figure 25: Quotation for Blasting and Painting Service

For both figures including those in the appendices, columns which are blank contain

the confidentia) information and cannot be shown,

Project B

Basically, Project B also involved situation similar to Project A. The figure for
Activity Report and Quotation are shown in Appendix V and W respectively, While
Project A involves only the manufacturing of single equipment, Project B involves
six equipments. The owner of those equipments is PETRONAS Gas Berhad (PGB).
For the process of blasting and painting, this project cost RM31,280 in which it is
less than project A.

4.2.2 Cost Comparisons between Sa 2.5 and Sa 2.

Let’s take Project A for example. An estimated area of 585m” will undergo blasting
and painting job. The rate charged by the sub-contractor for the coating system no.
1A with surface preparation to the standard of Sa 2.5 is RM68 per m” Thus,
PETRONAS will have to pay the total amount of:

585.485 m” x RM68 = RM39, 848

Then again, the typical rate charged by the sub-contractor for the coating system no.
1A with surface preparation to the standard of Sa 2 is RM28 per m?, Thus, if we
calculate using this rate for the same coating system and same area required for

blasting, PETRONAS will just have to pay the amount of:

585.485 m? x RM28 = RM 16,390
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We can see between results of calculations, (1) and (2), the amount needs to be
allocated with the application of Sa 2 standard is less than half the amount when Sa
2.5 standard is applied. However, if saving the amount of RM 23,458 is not
significant enough for a big company like PETRONAS, let's assume the next

scenario would happen:

“In a year, PETRONAS have 5 projects; each of the projects involves the
manufacturing of 5 equipments; each of the equipments has a total estimated area of

250m’; in ten years time, PETRONAS will do a similar project each vear".

Cost involved between the application of Sa 2.5 and Sa
2, and cost saved in 10 years

RM x Million
45
4 1
35
3 |
25
z 4
1.5 4
1 N
05 |
o d

Cost from Sa 2.5 Cost from Sa 2 Cost saved by
application application implementing Sa 2

Figure 26: Cost comparisons between Sa 2 and Sa 2.5 application as well as cost

saved by implementing Sa 2

Thus, the above figure shows the comparisons of the costs for the application of
coating system no. 1A and the blast cleaning standard between Sa 2 and Sa 2.5, as
well as the cost saved by implementing Sa 2. By considering the scenario given, if
implemented, the application of Sa 2 will save PETRONAS up to RM2.5 million in

10 years time.
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4.2.3

Summary

Based on the project work that has been completed, the findings can be summarized

as shown below,

Table 18: Comparison of the between Sa 2 and Sa 2.5 sample under different factor

Tests
Corrosion Test Adhesion Test
Sample | Corrosion Critical Location Cost )
Ra *Rust AE . **Severity | (perm”)
e Grade Load intensity of fathure of failure
(mm/yr) (N) (mm) -
Sa2 0 10 51 High 5.2 5 RM 28
Sa2.5 0 10 43 Medium 3.7 2 RM 68
* based on ASTM D610

** 1 10 5 scale (with 1 being lowest and 5 being highest in terms of severity level)

From the perspective of protection against corrosion, the performance of samples
prepared under the standards of Sa 2 is at par with the samples prepared under Sa 2.5
standards. The entire sample acquires the highest rust grade and Omm of corrosion

rate per year.

From the perspective of adhesion properties, Sa 2 sample performed well in
sustaining a higher critical load compared to Sa 2.5 sample. Having a higher value in
location of failure indicates that it takes Sa 2 sample a longer time to expose its bare

metal substrates to the environment than the Sa 2.5 sample.

However, the acoustic emission indicates a higher intensity produced from Sa 2
sample. This is due to the coliection of coating residue along the diamond stylus
path. The intensity level is consisient with the severity of the coating failure
examined from Sa 2 sample. This means that compared to Sa 2.5 sample, Sa 2

sample has a larger exposed area of bare metal.

On the other hand, economical analysis regarding the cost allocated for the service of
blasting and painting had been done based on PETRONAS previous projects.
Findings made were, with the implementation of the blast-cleaning surface

preparation to the standard of Sa 2 will definitely be cost-effective.
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CHAPTER 5
CONCLUSION AND RECOMMENDATION

5.1 CONCLUSION

Thus, we can conclude that compared to Sa 2.5, Sa 2 has better overall performances

which are:

Corrosion Rate of 0mm/yr

Rust Grade of 0

Higher critical load —~ 51N

Location of failure is farther from the start of scratch — 5.2mm

Cost — RM 28/m?

If Sa 2 system is to be implemented with the current coating system No. 1A, aside

from being cost-effective, the equipments involves or prepared under Sa 2 standards

requires special attention and coating defects by human error should be avoided at

any cost. Risk-based inspection should be implemented together with this new

system so that we can prevent coating failure on the operating equipments.
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52 RECOMMENDATION

For future work and research, it is recommended to prolong the hours of exposure of
the test samples to the corrosive environment inside the corrosion chamber. This is
due to the fact that with the non-defect fully coated samples being tested, the
indication of rusting or corrosion is very hard to occur within short duration of
exposure. The proposed hours of exposure for all samples should be 6 months or
more [23].

One surface of the coating on the metal sample should be scribed prior to the salt
spray exposure [23]. The resuit from this action will allow us to siudy the type of
corrosion that will form along the scribed mark / area. Furthermore, we can calculate

the corrosion rate more accurately.

As for the weight measurement, it is recommended to use more precise measuring
equipment which can measure up to the accuracy of 0.0001gram. This is necessary to

get more accurate corrosion rate result from the calculation of mass loss.

Aside from scratch test as the only adhesion test, it is recommended to add another
test which is Pull-off test (ASTM D4541) so that we can get more accurate
quantitative results and data thus learn deeper about the relation of surface
preparation in terms of blast-cleanliness standards with the adbesion properties of

coating.

ASTM D4541 test method covers a procedure for evaluating the pull-off strength
(commonly referred to as adhesion) of a coating system from metal substrates. The
test determines either the greatest perpendicular force (in tension) that a surface area
can bear before a plug of material is detached, or whether the surface remains intact

at a prescribed force (pass/fail) {26].
Failure will occur along the weakest plane within the system comprised of the test

fixture, adhesive, coating system, and substrate, and will be exposed by the fracture
surface {26].
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APPENDICES

Appendix A - Diverse corrosive environments attacking a typical offshore rig
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Appendix B —- Coating system No. 1A based on PTS

Coating System No. 1A ; Initial Painting

Surface preparation - Blast Cleaning to 1SO 8501-1; 1688, Sa 2.5

Coating system

1 st coat inorganic Zinc Sliicate f Epoxy Zinc Rich 75 H
2 nd coat High Solid spoxy 150 H
3 rd coat Aliphatic polyurethane 50 H
Total 275 "
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Appendix C - Comparisons between the nomenclatures for different surface

preparation standards.

Jet ; 10845, ot Bourasss Eat
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Tl BT ) BT 240

Fa (614 a8 - 295
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Surface Preparation Comparative Chart

NACE SSPC IS0 B501-1 BSI BS 7079
Salvem Cleaning SSPC-58-1
Hanrd Tool Claaning SSPC-8P-2 St20rSe3 Identical to
- = ISO 5t (2 or 3)
Power Tool Cleaning SSPC-5P-3 St2o0e$t3 Identcal 1o
ISO St(2or 3}
Power Tool Cleaning SSPC-SP-11
To Bare Metal
Rame Cleaning SSPC-52-4 F Identcal 10
ISOFt
Pickiing SSPC-S8-8
White Metal NACE No.1 SSPC-8P-3 Sa3 Identical to
I50Ss 3
Near-White Metal NACE No.2 SSPC-88-10 Sa212 Identcal 1o
150 Sa2 12
Commercal NACE No.3 SSPC-SP-4 Sa2 identcal 10
IS0 Sa
Brush-Off NACE No 4 SSPC-58-7 Sat Identical 1o
150 Sa
Water Slasting NACE No5 SSPC-8P-12
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Appendix D — Typical blast-cleaning activities




Appendix E - Degrees of cleanliness of blast-cleaned surfaces
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Appendix F — Typical equipments parameters and functions
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Appendix G — The critical elements of surface preparation before coating
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Appendix H — Mill certificate for the carbon steel specimens
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Appendix I - The samples involved for each testing

Sample for corrosion test - 150mm (length) x 100mm (width) x 4.5mm (thick)

Sample for adhesion test - 70mm (length) x 20mm (width) x Smm (thick)



Appendix J — Coating preparation and application activities

Coating preparation process — mixing and stirring

Applying coating onto the samples
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Appendix K - Coating system testing requirements based on PTS

Extmi'Coaiiflg.'Systeihs '
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hote:
Cyclic Sait Cog/UV Dxposure test may be camied out in addition to the Salt Spray and Accelerated Weathering
fesls whet e comsidened nevessary.

Adhiesion test shall be caricd out using the hydraulic adhesionfiensic tester.

Abrasion test is mandatory for coating systoms which will be cxposcd to abrasion. wear and tear.
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Appendix L — Samples arrangement inside the corrosion chamber
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Appendix M — Parameters and ASTM standard shown on the machine’s user-

interface
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Appendix N — Precise measurement of salt weight
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Appendix O - Table for recording the degree of rusting for each sample

Blast-Cleaning Standard Samples Area Percentage (%) Rust Grade
A
Sa2 B
G
Sa2.5 0
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Appendix P - Sample being tested by the scratch test machine
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Appendix Q — Coordinate used for estimating scratch length and coating failure

location

Coordinate A, (X4, Yy) for top edge location which is (28.0582, 0.0376)
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Coordinate B, (Xg, Yp) for end of scratch location which is (28.3516, 7.2752)



Appendix Q Cont’d (2) — Coordinate used for estimating scratch length and

coating failure location
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Coordinate D, (X, Yp) for start of scratch location which is (28.3476, 17.8596)
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Appendix R - Project Gantt chart

Selection of FYP topic title
Preliminary Research Work

Submission of Preliminary Report

Study on the Corrosion Working Principles
Study on the Coating Working Principles
Study on the Methods of Surface Preparation
Study on the Methods of Coating Techniques
Submission of Progress Report

Seminar

O (00 |~J |\ | |58 |W K=

10 | Selection of Surface Preparation Method

11 | Selection of Coating Technique

12 Study on the Adhesion Measurement Methods and
Procedures

13 Study on the Corrosion Measurement Methods and
Procedures

14 | Selection of Adhesion Measurement Method
15 | Selection of Corrosion Measurement Method
16 | Preparation For Interim Report

17 | Submission of Interim Report Final Draft

18 | Oral Presentation

Final Year Project 1
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Appendix R Cont’d (2) — Project Gantt chart

Conducting Surface Preparation

Performing Coating

Preparing for Corrosion Test

Conducting Corrosion Test

Preparing for Adhesion Test (Scratch Test)

Conducting the Adhesion Test (Scratch Test)

Submission of Progress Report

Preparing for Adhesion Test (Pull-Off Test)

Conducting the Adhesion Test (Pull-Off Test)

Pre-EDX

Submission of Draft Report

Preparation of Project Dissertation

Submission of Dissertation (soft bound)

Preparation of Technical Paper

Ll Bl Bl Bl Bl Bt
alelGln|z|S|ole|w|o|wn]|s|w |~

Submission of Technical Paper

—
(=)

Oral Presentation

~J

Submission of Project Dissertation (hard bound)

Final Year Project IT
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Appendix S — Coordinates for 3D non-contact measurement for Sa 2 sample
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Coordinate C, (X¢, Yc) for coating failure location which is (25.2784, 9.2844)
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Appendix S (Cont’d) — Coordinates for 3D non-contact measurement for Sa 2

sample

Coordinate F, (X, Yp) for start of scratch location which is (23.3223, 17.8839)
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Appendix T — Coordinates for 3D non-contact measurement for Sa 2.5 sample

Coordinate B, (Xp, Yy) for end of scratch location which is (48.8824, 8.5387)
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Coordinate C, (X¢, Yo) for coating failure location which is (48.8603, 9.5952)
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Appendix T (Cont’d) — Coordinates for 3D non-contact measurement for Sa 2.5

sample

a .I. 35-"-'\;'. . -f-'El

Coordinate F, (Xg, Yy) for start of scratch location which is (48.8280, 18.6956)
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Appendix U - Figures showing the area in which visual examination is

conducted

Sample A

Sample B



Appendix U (Cont’d) - Figures showing the area in which visual examination is

conducted

Sample C'

Sample D



Appendix V — Activity report for Project B

JOB SITE JOBNG
CLIENT PETRONAS GAS BERHAD ACTIVITY  |BLASTING/ PAINTING
TOBTIITLE  |GAS FILTER COALESCER DATE
ITEM / ND DESCRIPTICN [ DETALL DLAMETER ot f M ory IENGTH AREA m?
ELLIPS HEAD TA00 T156 ) T.050 PR
F-3801 A [SHELL 1,460 4308 1 3.600 15.833
F-301B [|PIFESLMP 0400 15% 1 3,600 43503
PLANGE SLMF 0.400 faar 2 - 0774
BLIND SUMP 0400 O.ddts 2 . 0592
LIPTING LUG Plate 0.150 & 0.2% 002
QLIS OPEWING CLOSURE [ 2472 i - 207
SADDLE RIS Plate 0300 12 0.500 5760
=ADDLE WEB Plate 0.500 L3 1.300 24.808
BASE PLATE Plate 0.360 1 1.300 1850
SADDLE RIBGIMP) Plate 0.300 12 1.300 10800
SADDLE WEB { SUME) Plate 1.300 3 £.500 8,000
BASE PLATE{ SUTMB) Plate 8300 1 1,500 3600
NOZZLE E5A /B EAA /B ESA/BEIASE, 005D 0.189 L 0.300 0453
PLANGE K54/ BXes /B I3A/BIOA/E, 0650 0.080 8 - 0240
NOZZLE KA/ BML1A/BNGASBNT 150 0.180 8 0.300 0.453
PLANGE KA/ BALLA/ BNGA/BNY 1058 0080 g - 024
MOPZLENGABNEA/B BOS0 0180 i 0.300 a1
PLANGE N34/BN3A/B 0050 2050 + - 0120
NOZZLENINA/BNSA/B 0.200 0.688 i 0.300 0813
PLANGE N10A/BN8A/B 0.200 0.1e3 i - 0535
NOZZLE N2 NL B.600 1815 1 0.300 118
PLAMNGE N3N1 1.608 0.664 2 - 1378
[ Total Area (E) 7010
“Touch Up & Repair (20%} 14024
Grand Total (X
X2UNTT 168,258
- Prepared by Chedkend by;
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Appendix V Cont’d (2) — Activity report for Project B

1OB SITR JOBNO
CLIENT PETRONAS GAS BERELAD ACTIVITY  |BLASTING/ PAINTING
JOETITLE  |GAS MRU SILTERS DATE
ITEM / NO DESCRIFIION / DETAIL DLAMETER e f M ooy LENGTH AREA I
LIS HEAD 1.290 1813 1 L0 1814
FISIA [SEIFLL 12850 L0535 1 2750 L1267
ZOF 3830 SIART 1260 1033 1 1433 11778
RASE RENG Plate 0.300 L 3.800 168
USSET PLATE Plate 0.100 s 0.100 016
TAIDGLUG Fiate 0.230 1 0.£30 0073
[BRACTNG FIPE 4" 0.358 i 1790 D463
| ACCEss HOLE Q300 1393 1 0200 0319
COVER PLATE 025 0259 x - 0573
TRINNION .20 0685 2 .50 D412
QUICK CFENING CLOSURE 5" 1691 1 - L9t
BLIND QLICK CPENTNG kg 257 1 - 2770
DIV ARM 3 027 1 2.600 0725
NOZZLE KL 2/8.N4,N34,/B 1050 o182 £ 0.300 02w
FLANGE KL A/B NN/ B 0054 0033 + - 0120
NOZZLE NZNL 0,760 2232 b4 0.500 133
FLANGE N2,N1 [ (%) b - 106
Total Area (MF) 39.754
Touch Up & Repair (20%) 7.936
Grand Total AF.740
X1UIT 95481
mparcd b}f‘, Checkend b}'i
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Appendix V Cont’d (3) - Activity report for Project B

TOR SETE JOB NG
CLIENT PETRONAS GAS BERHAD ACTIVITY  [BLASTING / PAINTING
JOBTITLE  [GAS MRUFILTER COALESCER “DATE
EEM/ X0 DESCRIFEION / DETALL DIAMETER e f NE QY LENGIH | AREAm®
ELLIDS HEAD 1700 515 . 3 1000 6,300
V36104 |SHELL 1.700 5,341 4 353 18863
WUISI0B  |PEE SULEP 0.500 1.595, 1 3.600 S70
FLANGE SUMP 0500 0.5%8 L) - 1052
BLIND SUMP 0.500 0626 1 - 1332
LIPTING LUG Flate 8150 z 0.290 8264
UK, OFENTNG CLOSERE - Ly - 24172 1- - 207
SADDLE RIB Picite 0.300 1 2,000 14400
SATITL A WER Plate 200 * 1590 12600
BASE PLATE Flate .30 1 1300 1300
SADDLE RIB(ADD) Piate 8300 1 0.630 489
SADDLE WEB § ATHY) Phate 1300 1 0.680 2080
BaSE PLATR( ADD) o Plate 0300 + 1300 3.600
INOZZLE K54, BIAS /B X34 /B E2ALE, BO5 0150 s 0.300 0438
FLANGE F3A/BXLA/BRIA/BEASS, 005 0.050 3. - 2240
NOZZLE KIA/BMELAJB NOA/BNT .05 basa s 0.300 0433
FLANGE K4/ B, X114/ BNOABINY 8058 0£.0%0 1 - 0330
MNOZZLE N3aSBNIA/B w050 0189 & 0.300 0.1
FLANGE N3a/D.M34/B 0580 6.030 i - 0120
NOZZLENIOA/BNSA /B G.200 0655 L 0,300 0824
FLANGE 104 /B, N8A/B a.200 0163 i - 0623
NOPELENENL 0700 2033 il 0.300 1339
PLANGE M2151 0.7 0.705 el - ¥
Total Avea (NE} 52299
Touch Up & Repalt (30%)] | 16449
Grand Tokal -~ 95 6%
XN 19739
Prepared by; Checkend by;
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Appendix W — Blasting and painting quotation for Project B

TOTAL
Blasting 5.4 2.5 anct aplly paint 3 coat
gvatemn tor shell _side and saddle 1A RMes % RM 6,460,00
{ drom No JEF-380A /2038308 )
Blasting 5.4 25 wned gy pinit 3 conf
syhlems for shell side and saddle 1A RM 68 168 B BEA2LAG
{ Teon No F-380LA /F-3601T )
Blasting 5.4 25 aud apliv paint 3 cout
syatenn for shel st and saddle 14 [reyn: 197 RM 13,596,08
{ et No 20V 3310A/20V 381003
———— ——
i GRANDTOTAL AMOUNT RM 31,280,061
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Appendix X - Surface preparation specification

NEAREST EQUIVALENT OF THE MAIN SURFACE PREPARATION

SPECIFICATIONS
~Abrasive Blast Cleaning .~~~ '] SSPC | 1SO 85011 | NACE
Extremely Thorough, White Metal Blast ~SP5. ] . SA3 ‘No.1 .
Very Thorough, Near White Metal Blast “SP10. | Saz2s5 No. 2
Thorough, Commercial Blast - SP6 Sa2 | No. 3 '
Light Brush-Off Blast - SP7 [ . SA1 ,

L “Tool Cleaning oo - SSPC | 180 8501-1 | NACE -
Extremely Thorough, Power Tool Cleanmg SP11 S -
Very Thorough, Power Tool Cleaning - SP3 - SSt3 ~
SP2 | . St2° -

Thorough, Hand Tool Cleanmg '

~-Solvent Cleanm_g

Soivent Cleaning
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Appendix Y - ASTM Standards
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Designation: B 117 - 03

N

i/

TONAL

Standard Practice for

Operating Salt Spray (Fog) Apparatus’

This standard s issued under the fixed designation B 117, the rumber immediacly following the designation indicaes the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicites the year of last reapproval. A
superscript epsiton () indicates an editorial change since the last revision or reapproval.

This stundard has been approved for use by agencies of the Department of Defense.

<]

his practice covers the apparatus, procedure, and
ns required o create and maintain the salt spray {fog)
ironment. Suitable apparatus which may be used is
d in Appendix X1.

his practice does not prescribe the type of test speci-
exposure periods to be used for a specific preduct, nor
pretation to be given to the results,

he values stated in ST units are to be regarded as
L. The inch-pound units in parentheses are provided for
tion and may be approximate,

liis standard does not purport to address all of the
oncerns, if any, associated with its use. It is the
‘bility of the user of this standard to. establish appro-
afery and health practices and determine the applica-
regulatory limitations prior ro use.

renced Documents

STM Standards:
. Method for Copper-Accelerated Acetic Acid-Salt
1y {Fog) Testing (CASS Test)?
I Practice for Preparation of Cold-Rolled Steel Panels
Testing Paint, Varnish, Conversion Coatings, and
ited Coating Products®
13 Specification for Reagent Water*
4 Test Method for Evaluation of Painted or Coated
cimiens Subjected to Corrosive Environments®
Test Method for pH of Aqueous Solutions with the
g Electrode®

Practice for Conducting an Interiaboratory Study to
:rmine the Precision of a Test Method®

ractice is under the jurisdiction of ASTM Committee GO1 on Corrosion
ind is the direct responsibility of Subcomimittee G01.05 on Laboratory
Tests.

edition approved October 1, 2003. Published October 2003, Originally
1 1939, Last previcus ediion approved 1n 2002 as B 117 - 02

! Book of ASTM Standards, Vol 02.03.

| Book of ASTM Standurds, Vol 06.01.

{ Baok of ASTM Standards, Vol 11.01.

I Book of ASTAM Stemdards, Vol 13,03,

! Book of ASTM Srandeards. Vol 14.02,

ATy inteream sl 00 Barr =

[

G 85 Practice for Modified Salt Spray (Fog) Testing’

3. Significance and Use

3.1 This practice provides a controlled corrosive environ-
ment which has been utilized tc produce relative corrosion
resistance information for specimnens of metals and coated
metals exposed in a given test chamber.

3.2 Prediction of performance in natural environments has
seldom been comrelated with salt spray results when used as
stand alone data, :

3.2.1 Correlation and extrapolation of corrosion perfor-
mance based on exposure to the test environment provided by
this practice are not always predictable.

3.2.2 Correlation and extrapolation should be considered
only in cases where appropriate corroborating long-term atmo-
spheric exposures have been conducted.

3.3 The reproducibility of results in the salt spray cxposure
is highly dependent on the type of specimens tested and the
evaluation criteria selected, as well as the control of the
operating variables. In any testing program, sulficient repli-
cates should be included to establish the variability of the
results. Variability has been observed when similar specimens
are tested in different fog chambers even though the testing
conditions are nominally similar and within the ranges speci-
fied in this practice.

4. Apparatus

4.1 The apparatus required for salt spray {fog) exposure
consists of 4 fog chumber, a salt solution reservoir, a supply of
suitably conditioned compressed air, one or more atomizing
nozzles, specimen supports, provision for heating the chaniber,
and necessary means of control. The size and detailed con-
struction of the apparatus are optional, provided the conditions
obtained meet the requirements of this practice.

4.2 Drops of solution which accumulate on the ceiling cor
cover of the chamber shall not be permited to fall on the
specimens being exposed.

T Anwaal Book of ASTAL Srandards, Yo G302,




il B 117 - 03

¥ ol soluwien which fall {rom the specimens shall
rned o the solution reservoir for respraying.

zrial of construction shall be such that it will not
arrosivencss of the fog.

vater used for this practice shall conform 1o Type IV
pecification D 1193 (except that for this practice
hlorides and sodium may be ignored). This does not
nning tap water. All other water will be referred to
grade.

gcimens

type and number of test specimens to be used, as
criteria for the evaluation of the test results, shall be
the specifications covering the material or product
sed or shall be mutually agreed upon between the
nd the seller.

ition of Test Specimens

imens shall be suitably cleaned. The cleaning
1l be optional depending on the nature of the surface
itaminants. Care shall be taken that specimens are
iminated after cleaning by excessive or careless

imens for the evaluation of paints and other organic
1all be prepared in accordance with applicable
n{s} for the material(s) being exposed, or as agreed
:en the purchaser and the supplier. Ctherwise, the
ens shall consist of steel meeting the requirements
D 609 and shall be cleaned and prepared for coating
ce with the applicable procedure of Practice D 609.
imens coated with paints or nonmetallic coatings
: cleaned or handled excessively prior to test.
never it 1s desired to determine the development of
om an abraded area in the paint or organic coating,
scribed line shall be made through the coating with
rument so as to expose the underlying metal before
z conditions of making the scratch shall be as
‘est Methed D 1654, unless otherwise agreed upon
+ purchaser and the seller.

ss otherwise specified, the cut edges of plated,
uplex materials and areas containing identification
n contact with the racks or supports shall be
ith a suitable coating stable under the conditions of

hould it be desirable te cut test specimens from parts or from
nted, or otherwise coated steel sheet, the cut edges shall be
:oating them with paint. wax, lape, or other effective media
velopment of a galvanic effect between such edges and the
d or otherwise coated metal surfaces, is prevented.

of Specimens During Exposure

yosition of the specimens in the salt spray chamber
=5t shall be such that the following conditions are

css otherwise specified, the specimens shall be
r suspended between 15 and 30° {rom the vertical
ly parallel to the principal direction of fiow of fog
chamber, based upon the dominant surface being

1462

7.1.2 The specimens shall net contaet cagh other or any

metallic material or any material capable of acting as @ wick,
703 Bach-specimen shall be placed 10 permit unencum.
bered exposure w the fog.
7.h4 Saltsolution from one specinen shall not drip on any
other specimen.

Note 2—Suitable marerials for the construction or ceating of racks and

supports are glass, rubber, plastic, or sultably couted wood, Bave metal

shall not be used. Specimens shall preferubly be supported from the
bottom or the side. Slotted wooden strips are suitable for the support of flat
panels. Suspension fram glass hooks or waxed siring may be used as lang
as the specified position of the specimens is obtained, if necessary by
means of secondary suppert at the boltom of the specimens.

8. Salt Solution

8.1 The salt solution shall be prepared by dissolving § + §
parts by mass of sodium chloride in 95 parts of waler
conforming to Type IV water 1n Specilication D 1193 (except
that for this practice limits for chlorides and sodium may be
ignored). Careful attention should be given to the chemical
content of the salt. The salt used shall be sodium chloride with
not more than 0.3 % by mass of total impurities. Halides
(Bromide, Fluoride, and lodide} other than Chloride shall
constitute less than (.1 % by mass of the salt content. Copper
content shall be less than 0.3 ppm by muss. Sodium chloride
containing anti-caking agents shall not be used because such
agents may act as corosion inhibitors. See Table 1 for a listing
of these impurity restrictions. Upon agreement between the
purchaser and the seller, analysis may be required and limits
established for elements or compounds not specified in the
chemical composition given above.

TABLE 1 Maximum Allowable Limits for Impurity Leveis in
Sodium Chloride™®

Impurity Description

Allowable Amounl

Total Impurities =03%
Haliges (Bromide, Fluoride and {odide} excluding Chloride =01%
Copper < 0.3 ppm
Anti-caking Agents ) 0.0%

“ A common formula used o caleulate the amount.of salt required by mass 10

achieve a 5 % salt solution of a known mass of water is’

053 X Mass of Water = Mass of NaCl required

The mass of water is 1 g per 1 mL. To calculate the mass of salt required in grams
to mix 1 L of 2 5 % salt solution, multiply .053 by 1000 g (35.27 oz., the mass of
1 L of water). This formula yields a result of 53 g (1.87 oz.) of NaCl| reguired for
each liter of water to achieve a § % salt solution by mass.

The 0.053 muliplier for the sedium chloride used above is derived by the
following:

1000 g (mass of a fuII L of water} divided by 0.95

(water is only 95 % of the total mixture by mass) vields 1053 g

This 1053 g is the lotal mass of the mixture ot ane L of water with a 5% sodium
chleride concentration, 1053 g minus the original weight of the L of water, 1000 4.
yields 53 g for the weight of the sodium chioride. 53 g of total sodium chioride
divided by the original 1000 g of water yields 2 0.053 multiplier for the sodium
chlorige,

As an example: 1o mix the equivalent of 200 L (52.83 gal) of § % sodium chioride
solution, mix 10.6 kg (23,37 10) of sadium chioride into 200 L (52.83 gal) of waler.
200 L of water waeighs 200,000 g. 200,000 g of waler x .053 {sodium chloride
mukliplier) = 10,600 g of sodium chloride, or 10.6 kg.

5 In order to ensure thal the proper salt concentration was achieved when mixind
the solution, il is recommendead thal the solution be checked with either a salimeter
hydrometer or specific gravity hydromeler. When using a salimeter hydrometer, lh_e
measurement should be between 4 and § % at 25°C (77°F). When using a specific
gravity hydrometer, the measurement should be betwsen 1.0255 and 1.0400 &
26°C (77°F).
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‘he pH-of the salt solution shall be such that when
d at 35°C (95°F) the collected solution wili be in the
ge from 6.5 1o 7.2 (Note 3). Beforc the soluticn is
d.it shall be free of suspended solids (Note 4). The pH
:ment shall be made at 25°C (77°F) using & fuitable
I-sensing electrode, reference electrode, and pH meter
in accordance with Test Method E 70.

—Temperature aftects the pH of a salt solution prepared from
orated with carbon dioxide at room teraperature and pH ad]ust-
v be made by the following three methods:
hen the pH of a salt selution is adjusted at room temperaiure, and
a1 35°C (95°F, the pH of the collected solution will be higher
ariginal solution due to the loss of:carbon dioxide at the higher
e, When the pH of the salt solution’ is adjusted at room
ire, it is therefore necessary to adjust it below 6.5.s0 the collected
ifter atomizing at 35°C (§5°F) will meet the pH:limits of 6.5 to
about a 50-mL sample of the salt solution as prepared;at room
Jré bojl gently for 30 s, cool, and determine the pH. When the
salt solution is adjusted to 6. 51072 by this, procedure, the pH
)mlzed and collected solution at 35°C (95°F) wi l come within

3

cey a solution the pH of which does not nannall}' hange when
at 35°C {95°F).

ating the water from which the sa]t solution is prepared to 35°C-

ahove, to expel carbon dioxide, and adjusting the pH of the salt
vithin the limits of 6.5 to 7.2 produces a solution the pH of which
materially change when atomized at 35°C {95°F).

LmThe freshly prepared salt solutioh may be filtered or decanted
is ‘placed in the reservoir, or the end of the tube le1d1no from the
0 lhe atomizer ray be covered w ith a double layer of cheesecloth
tplu ging of the nozzle. -

i The'pH cun be adjusted by additions of dilute ACS: reagent
Jr(pchionc acid or sodiun hydrexide solutions.

supply .

he compressed air supply to the Air Sat_u:_‘ator: Tower
free:of grease, vil, and dirt before use by passing
well-maintained filters. (Note 6) This air should be

1e§d at a -sufficient pressure at the base .of the Air

r Tower 10'meet the suggested. pressures of Table 2 at

of the Air Saturator Tower.

HT[']L air supply:may bc freed fmm oil ‘apd dirt by passing it
sullable oil/water exrraclor ‘(that 'i§ commercially available) to
gil from reaching’ the ; Alr S*ﬂur"xtor Tower, Many oil/water
i have ‘an cxp1rauon mdlcator, proper prevcnuvc maintenance

ehould take these into account.

hc c0n1pres<;ed air supply to. the atomlzer nozzle or

qha be conditioned by introducing it into the bottom
er fillwed with water. A common methed of introduc-

air js through ad air dispersion device (X1.4.1). The

the water muist be. maintained- aummalzcally to ensure
» humidification It i$ common pmcuu: [o maintain the
ture in this toweribetween 46 and 49°C.(114-121°F) to
e cooling effect of expansion;to .nmosphulc pressure
hn, atomization plonesﬂ Tuble:2 in 9.3 of this practice
hq tempernure. b different pressures; that are com-
tsed 1o offset] the 'C‘ﬁ(:()ii_ng 'c-l“l‘ccl. of expunsion w0
eric Pressure, .

arclul atention should be “I\LH to [hl. ILI(RN(JII\]‘IIP of
nmpersiure to pressure-since this relutionship can have

Air Pressure‘ kPa

aung lhe Q’l]l solunon to boiling ang coolirg to 3‘>°C (95C ) and
ng it at 35°C (95°F) for approximately 48 h befors adJustmﬁ the

a direct impact to maintaining proper collection rates (Note 7).
Itis preferable to saturate the air at temperatures well above the
chamber temperature as insurance of a wet fog as listed in
Table 2

TABLE 2 Suggested Temperature and Pressure guideline for the
top ot the Air Saturator Tower for the operation of a test at 35°C
(95°F)

‘Temperature, °C  Alr Pressure, PSI

Temperature, °F "

-83 : 46 12 114
96 : 47 . 14 17
“110 ag ' .16 119

124 : 49 - 18 121

\IUTE 7——If the tower is run outside of these suggested lcmpcrdturc and
pressure ranges to 'xchcm, proper collection rates as described in 10.2 of

“ this prictice, other means of verifying the proper corresion rateiin the

chamber should be| ihvestigated, such as the use of contro} specimens
(pariels of known performance in the test conducted). It is preferred that

* contro} panels be jprovided that bracket: the expected test specimen

pérfbrihahce. The controls aliow for the normalization of test conditions

. duringTepeaied running of the test and will'also allow comparisons.of test

results! from differeht repeats of the same test. (Refer to Appendiz X3,
Evahmtlon af Corroswe Condltlons for mass loss procedures),

10 Cundltmns m the Salt Spray Chdmber

104 Yempemrme—_The exposunc zone of the salt spray
chdmber shalj be maitained at 35+ 1.1 -1.7°C

=(95 +2 - 3°F). Ln,h set point.and its tolerance represents an
‘ opcratmml conlroi point for equ:hbnum conditions at a single

location in the cabme[ which may not necessarily represent the

- unifo ommy of conditions lhroucrhout the cabinet. The temipera-

ture within the exposure ‘zone of the closed cabinct shall be

“recordedi(Note 8) at least twice a: ddy at least 7h apart (except
S on Saturdays Sundays, and hohdays when the salt spray test is
'nol mlerrupted for exposing; . rearranging, or!removing test
: qpec:mens or 10 check andi’ replemsh the so!ut:on in the
' reservmr)

NotE &—A quamble method o récerd the temperature is by a contina-
ous rcco:dmo device or by a lhcrmomclcr which can be read from outside
the closed cabinet. The recorded tunpem{urc must be vbtained. with the

salt spray‘chamber dosed 1o avoid a false low reading because of wettbulb

"effect when the chamber is opef.

102 Atomiz ation and Quantiry of Fog—Place at least 1Wo
clean fog collectors per atomizer tower within the exposure
zone 50 that no dmps of solution will be collected from the test
‘ipf:Clans or any ‘other source. Position the collectors in the
preximity of the test specimens, one nearest to any nozzle and
the other fdnhcst from all nozzles. A typical wrrangement js
shown in Fl” . The fog shall "be such that for each 80
cm” (174 in. } of horizontal «collecting area,! there will be
collected:from 1.0 10 2.0 mL of solution per holur based on an
average run of dileast 161 (Note 9. The sadium thomlt,

canceritration of he milumi solttion shall bed = 1 nass o

iNotes 911, Tht. pH of the collected solution shall be 6.5

7.2 The pH medsureinent shall be mande as danhul i 8.2
(Note 31, :
No) W =Subls o .Ju.! Ny (3;\1&;\ i sl :i1|li\|\L' inels waih
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Fog Chamber

1is figure shows a typical fog collector arrangement for a single atomizer tower cabinet. The same fog coliector arrangement is also applicable
- atomizer tower and horizontal (“T" type) atomizer tower cabinet construciions as well.
FIG. 1 Arrangement of Fog Collectors

werted through stoppers into graduated cylinders, or crystal-
s. Funnels and dishes with a diameter of 10 cm (3.94 in.) have
bout 80 ent” (12.4 in?).

—A solution having a specific gravity of 1.0255 to 1.0400 at
7} will meet the concentration requirement. The sadium
ncentration may also be determined using a suitable salinity
sxample, utilizing a sodium ion-selective glass electrode) or
:ally as follows. Dilute 5 mL of the collected solution to 100
tilled water and mix thoroughly; pipet 2 10-mL aliquot into an
dish or casserole; add 40 mL of distilied water and 1 mL of
um chromate solution (chioride-free) and titrate with 0.1 N
: solution to the first appearance of 2 permanent red coloration.
that requires between 3.4 and 5.1 mL of 0.1 A silver nitrate
1 meet the concentration requirements.

—Salt solutions from 2 to 6 % will give the same results,
aniformity the limits are set at 4 ¢ 6 %,

1e nozzle or nozzles shall be so directed or baffled
of the spray can impinge directly on the test

nuity of Exposure

1less otherwise specified in the specifications cover-
1aterial - or product being tested, the fest shall be
s for the duration of the entire test period. Continu-
ton implies that the chamber be closed and the spray
continuously except for the short daily interruptions
to inspect, rearrange, or remove test specimens, to
replenish the solution in the reservoir, and to make
recordings as described in Section 14, Operations
o scheduled that these interruptions are held to a

d of Exposure

1e period of exposure shall be as designated by the
ons covering the malerial or product being tested or
-y agreed upen between the purchaser and the seller,
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Nore 12—Recommended exposure periods are to be as agreed upon
berween the purchaser and the seller, but exposure perinds of multiples of
24 h are suggested.

13, Cleaning of Tested Specimens

13.1 Unless otherwise specified in the specifications cover-
ing the material or product being tested, specimens shall be
treated as follows at the end of the test

13.1.1 The specimens shall be carefully removed.

13.2 Specimens may be gently washed or dipped in clean
running water not warmer than 38°C (100°F) to remove salt
deposits from their surface, and then immediately dried.

14. Evaluation of Results

14.1 A careful and immediate examination shall be made as
required by the specifications covering the material or product
being tested or by agreement between the purchaser and the
seller.

15. Records and Reports

15.1 The following information shall be recorded, unless
otherwise prescribed in the specificalions covering the material
or product being tested:

15.1.1 Type of salt and water used in preparing the salt
solution, ‘

15.1.2 All readings of temperature within the exposire zone
of the chamber,

15.1.3 Daily records of data obtained from each fog-
collecting device including the following:

15.1.3.1 Volume of sait solution collected in millilitres per
hour per 80 cm? (12.4 in.%),

15.1.3.2 Conceatration or specific gravity at 35°C (95°F) of
solution collected, and

15.1.3.3 pH of c¢ollected solution.
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2 Type of specimen and its dimensions, or number or
iption of part,

3 Method of cleaning specimens before and after testing,
4 Method of supporting or suspending article in the salt
chamber,

5 Description of protection used as required in 6.5,

& Exposure period,

7 Interruptions in exposure, cause, and length of time,

15.8 Results of all inspections.

Note 13—If uny of the atomized salt solution which has not contacted
the test specimens is returned to the reservoir, it is advisable to record the
concentration or specific gravity of this solution also.

16. Keywords

16.1 controlled corrosive environment; corrosive condi-
tions; determining mass loss; salt spray (fog) exposure

APPENDIXES

(Nonmandatory Information)

X1. CONSTRUCTION OF APPARATUS

Cabinets

i.1 Standard salt spray cabinets are available from
} suppliers, but certain pertinent accessories are required
: they will function according to this practice and provide
teat control for duplication of results.

1.2 The salt spray cabinet consists of the basic chamber,
-saturator tower, a salt solution reservoir, atomizing
5, specimen supports, provisions for heating the cham-
id suitable controls for maintaining the desired tempera-

1.3 Accessories such as a suitable adjustable baffle or
“fog tower, automatic level control for the salt reservoir,
ntomatic Jevel control for the air-saturator tower are
:nt parts of the apparatus.

|.4 The size and shape of the cabinet shall be such that
mization and quantity of collected solution is within the
of this practice.

..5 The chamber shall be made of suitably inert mate-
«h as plastie, glass, or stone, or constructed of metal and
7ith impervious plastics, rubber, or epoxy-type materials
valent.

.6 All piping that contacts the salt solution or spray
be of inert materials such as plastic. Vent piping should
ufficient size so that a minimurn of back pressure exists
ould be installed so thdt no solution is trapped. The
d end of the vent pipe should be shielded from extreme
ents that may cause fluctuation of pressure cr vacuum In
tnet.

‘emperature Control

.1 The maintenance of temperature within the salt
1T can be accomplished by several methods. It is
ly desirable to control the temperature of the surround-
the salt spray chamber and to maintain it as stable as
:. This may be accomplished by placing the apparatus
1stant-lemperature room, but may also be achieved by
ding the basic chamber of a jacket containing water or
controlled temperature,

2 The use of mmersion heaters inan internal sali
creservolr or sithin the chamber is detrinenial where

(s

heat losses are appreciable because of solution evaporation and
radiant heat on the specimens.

X1.3 Spray Nozzles

X1.3.1 Satisfactory nozzles may be made of hard rubber,
plastic, or other inert materials. The most commonly used type
is made of plastic. Nozzles calibrated for air consumption and
solution-atomized are available. The operating characteristics
of a typical nozzle are given in Table X1.1.

X132 It can readily be seen that air consumption is
relatively stable at the pressures normally used, but a marked
reduction in solution sprayed occurs if the level of the solution
is allowed to drop appreciably during the test. Thus, the level
of the solution in the salt reservoir must be maintained
automatically to ensure uniform fog delivery during the test.®

X133 If the nozzle sclected does not atomize the salt
solution into uniform droplets, it will be necessary to direct the
spray at a baffle or wall to pick up the larger drops and prevent
them from impinging on the test specimens. Pending a com-
plete understanding of air-pressure effects, and so forth, it is
important that the nozzle selected shall produce the desired

B A suituble device for maintaining the jevel of liquid in either the saturator tower
or reservoir of test solution may be designed by a local engincering group, or may
be purchased from manufacturers of test cabinets as an accessary,

TABLE X1.1 Operating Characteristics of Typical Spray Nozzle

Siphon Air Flow, dm%min Solution Consumption, cm¥h
Height Air Pressure, kPa Air Pressure, kPa
, cm 34 69 103 138 34 £49 103 138
10 18 265 315 36 2100 3840 4584 5256
20 19 2865 315 36 536 2760 3720 4320
30 19 2685 315 36 0 1380 3000 3710
40 19 2686 315 35 0 780 2124 2904
Siphon Air F_tgw, Solution
Height, —— L/rmin Consumption, mL{h
in ' Air Pressure, psi Air Pressure, psi
5 10 a5 a0 5 10 5 20
4 19 265 315 36 2100 3840 15564 5256
8 19 Z6.5 31.5 36 636 2760 3720 4320
12 19 2865 315 aG 4] 1380 3000 3710
16 19 26.8 315 36 o] 780 2124 2904
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woen wperated al the wie pressure selected. Nozrles
sessarily located at one end, but may be placed in the
can also be directed vertically up through a suitable

[k oll i

11

for Atomization

The air used for atomization must be free of grease,
irt before use by passing through well-maintained
am air may be compressed, heated, humidified, and
& water-sealed rotary pump if the temperature of the
wuitably controlled. Otherwise cleaned air may be
linta the bottom of a tower filled with water through
tone or multiple nozzles. The level of the water must
ned automatically to ensure adequate humidification.
:r operated in accordance with this method and
X1 will have a relative humidity between 95 and
ce salt solutions from 2 to 6 % will give the same
sugh for uniformity the limits are set at 4 w 6 %), it
ile to satuiate the air at temperatures well above the
emperature as insurance of a wet fog. Table X1.2
temperatures, at different pressures, that are required
the cooling effect of expansion to atmospheric
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TABLE X1.2 Temperature and Pressure Requirements for
Operation of Test at 85°F

Air Pressure, kPa

83 96 110 124

Temperature, *C 46 47 48 49
Air Pressure, psi

i2 14 16 18

Temperalure, °F 114 117 119 121
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X1.4.2 Experience has shown that most uniform spray
chamber atmospheres are obtained by increasing the atomizing
air temperature sufficiently to oflset heat losses, except those
that can be replaced otherwise at very low-temperature gradi-
ents.

X1.5 Types of Construction

X1.5.1 A modern laboratory cabinet is shown in Fig. X1.1,
Walk-in chambers are usually constructed with a sloping
ceiling. Suitably located and directed spray nozzles avoid
ceiling accumulation and drip. Nozzles may be located at the
ceiling, or 0.91 m {3 ft) from the floor directed upward at 30 to
60° over a passageway. The number of nozzles depends on type
and capacity and is related to the area of the test space. An 11
to 19 L (3 to 53-gal) reservoir is required within the chamber,
with the level controlled. The major features of a walk-in type
cabinet, which differs significantly from the laboratory type,
are illustrated in Fig. X1.2. Construction of a plastic nozzle,
such as is furnished by scveral suppliers, is shown in Fig. X1.3.



—8-—Angle of lid, 90 1o 125°

lermoineier and thermostat for controlling heater (Item Na. 8) in base
Jlomatic water leveling device!

amidifying tower

tomatic tcmperature rcgulamr for controllmc heater (I[em No. 5)
umersion heater, nonnsting’

rinlet, mullzple openings

r tube 1o spray nozzile '

sater in base ' : : : ‘ ' :
nged top, hydmullcqlly operated or. coumerbalanced : . Co g
ackets for rods. <uppurtmg qpemmens or test table

emal TESErvoir: . :
ray nozzlc above TESErvoir, sunably dcsmned lomled and. baffled : : !
ipray nozzle housed in dlspemon tower loc:dled preferabiy in center of cabinet (1yplcal cxamples)
wer seal :

inbinatiori:drain and exhausl Exhaust at opposite side of test space from spmy nozz e (I[em 12), but p:efcmb]y in combination with dram waste
p, and forced draft waste pipe (Ttems 16, 17, and' 19). :

inplete separaticn between forced draft wiste plpe (Item 17} and combmatlon drain and exhaust (Ttems 14 and 19) 1o avoid undcsxmb]:, suction;
back pressure,

teed. draft; waste plpc

tomatic ]eve]mg device. for Teservoir
sle trap

* space or'water JdeCL’
it tuble orrack, \l.ﬁ.ll below roof: area

—Thiy nuurc shows the muom compnmnl\ mdudmg alternate arrangements of the spray nozzles .md \ohmon TeSCIVOIr

FIG X1 1 Typical Salt Spray Cabinet

[467
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he controls are the same, in general as for the smaller laboratory type cabinet (Fig. X1.1), but arc sized (o care for the larger cube. The chamber

owing features:

2 of ceiling, 90 to 123°

v insulated outer panels

pace

watl density heaters, or steam coils
e- or double-, full-opening door (refrigeration type), with
-d sloping door sill

ing window/s

chamber vent

chamber drain

boards on floor

FIG. X1.2 Walk-in Chamber, 1.5 by 2.4 m (5 by 8 ft) and Upward in Overall Size
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Solution

FIG. X1.3 Typical Spray Nozzle

X2, USE QF THE SALT SPRAY (FOG) TEST IN RESEARCH

This practice is primarily used for process gualifica-
|uality accepiance. Regarding any new applications, it
al 1o correlate the results of this practice with actual
sure results. (See Fig. X2.1.)

The salt spray has been used to a considerable extent
irpose of comparing different materials or finishes. Tt
- noted there 1s usually not a direct relation berween
(fog) resistance and resistance to corrosion in other
:cause the chemistry of the reactions, including the
of films and their protective value, frequently varies
‘ith the precise conditions encountered. Informed
are awure .of the erratic composition of basic alloys,
slity of wide variations in quality and thickness of
ms produced on the same racks at the same time, and
quent need for a mathematical determination of the
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number of specimens required to constitute an adequate sample
for test purposes. In this connection it 1s well to point out that
Practice B 117 is not applicable to the study or testing of
decorative chromium plate (nickel-chromium) on steel or on
zinc-base die castings or of cadmium plate on steel. For this
purpose Method B 368 and Practice G 85 are available, which
are also considered by some to be superior for comparison of
chenucally treated aluminum (chromated, phosphated, or an-
odized), although final conclusions regarding the validity of
test results related to service experience have not been reached.
Practice B 117 and Practice G 85 are considered 10 be most
useful in estimating the relative behavior of closely related
materials in marine atmospheres, since 1t simulates the basic
conditions with some acceleration due to either wetness or
temperature, or both.
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ution: 5 = 1 pans by mass of sodium chioride (NaCl) in 95 parts by mass of Specification D 1193 Type [V waler.

‘o 7.2 of collected solution.

osure zone of the salt spray chamber shall be maintained at 35 + 1.1 - 1.7°C {85 + 2 - 3°F). Each set point and ils tolerance represants an operalional control
uifibriumn conditions at a single location in the cabinet which may not necessarily represent the unifermity of conditions throughout the cabinet.

1 rate of 1.0 1o 2.0 mlshr per B0 cm? of horizontal collection area.

ed chart lines indicate temperature icierance limits.
nted with permission.

FIG. X2.1 Standard Practice for Operating Salt Spray (Fog) Apparatus

X3. EVALUATION OF CORROSIVE CONDITIONS

General—This appendix covers test panels and pro- X34 Positioning of Test Panels—Place a minimum of two
‘or evaluating the corrosive conditions within a salt weighed panels in the cabinet, with the 127-mm (5.0 in.) length
iinet. The procedure involves the exposure of steel test supported 30° from vertical. Place the panels i the proximity
d the determination of their mass Josses in a specified ~ of the condensate collectors. (See Section 6.)

“time. This may be done monthly or more frequently

consistent operation over time. Tt is also useful for X3.5 Duration of Test—Expose pancls (o the salt fog for 48
ig the corrosive conditions among different cabinets. to 168 h.

Test Panels— The required test panels, 76 by 127 by X3.6 Cleaning of Test Panels After FExposure—Afier re-
2.0 by 5.0 by 0315 in.), arc made from SAE 1008 moval of the panels from the cabinet, rinse each pancl
ial-erade cold-rolied C,u_b’on steel (UNS G10080) immediately with running tap water to remove salt, and rinse in

reagent grade water (see Specification D 1193, Type V).
Chenucally clean each panel for 10 min at 2010 25°C ina [resh

Preparation of Panels Before Tesiing—Clean panels . .
- solution prepared oy follows:

sting by degreasing only, so that the surfuces are free

o . Mix 1000 mL of hydrochlorie acid {sp gr 1.18} vith 100 e
1. or other foreign matter that could influence the test ' " yerozhionc acid lsp gr 1.18) vih 1000 mL ¢

. ) ; . agent grade water (D 1193, Type V) and add 10 ¢ of hexamethvl-
Wler C|Cill11l'lg. \\Clgh e¢ach panel on an :1]};1]_\'[!0!? one telramine. Alter cleaning, rinse cach pangl with reagent grads

v the nearest 1A mg and record the mass. water (Tyoe V) and dry (ste 13.2).
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Determining Mass Loss—Immediately after drying, X388 Precision and Bics---Steel Punel Tesi:
the mass loss by reweighing and subtracting panel

: . X3.8.1 Aninterlaboratory test program using three different
s exposure from its original mass.

sets of UNS GIO080 steel panels, 76 by 127 by 0.8 mm (3.0 by
5.0 by 0313 in.) has shown that the repeutability of the mass
loss of the steel panels, that is, the consistency in mass loss
ased on two replicates in every test run. No.=number of  resuits that may be expected when replicate pancls are run
Uspray cabinets in test program; r = 95 % repeatability limits,  ooultancously in a salt spray cabinet, is dependent upon
Vg, coeflicient of variation, %: and 5, = repeatability stancard exposure time and the panel lot or source. The interlaboratory

TABLE X3.1 Repeatability Statistics

: 2 program yielded repeatability standard deviations, S, from
verage . _ el e T . . e f .
Tel?;r?ur:a- Mass S.g  Ov rg Mo which 85 % repeatability limits, r, were calculated as follows
' Loss, g {see Practice E 691).
48 0.8170 0.0588 7.20 0.1646 12 r=288, (X3.1)
%6 15347 01048 728 02934 12
168 25096 C2408 861 06994 12 The values of 5, and r are reported in Table X3.1. Note that
48 07787 0.0403 547 01128 10 th . te of stee] in this envir 0t is approximatel
o5 14004 00923 655 02584 1D ¢ corrosion rate of steel in this environment is approximately
168 24309 01594 656 04483 10 constant over the exposure interval and that the ratio of the
48 08566  00Gess 801 01821 5 standard deviation to the average mass loss, the cocflicient of
85 15720 00976 621 02733 5 - . o .
168 27600 02588 938 07246 5 variation, Cv, varies between 5 and [0 % with a weighted
average of 7.4 % and an r of £21 % of the average mass loss,
X3.8.2 This interlaboratory program also produced resulis
TABLE X3.2 Reproducibliity Statistics on the reproducibility of results, that is, the consistency of mass
0. = number of different salt spray cabinets in lest program; loss results in tests in different laboratories or in different
sproduciblity limits, g; Cv= Sp/avg, coefficient of variation,  cabinets in the same facility. This program yielded reproduc-
= reproducibility standard deviation, g. ibility standard deviations, Sy ,from which 95 % reproducibil-
Test Dura.  Average ity limits, R, were calculated as follows (See Practice E 691):
tion R Mass Sa g Cv, % R g No.
ion, Loss, g : R=1288, (X3.2)
8 0817 00947 1158 02852 12 The values of S, and R are reported in Table X3.2. Note that
96 1.5347 02019 1402 05653 12 0 of dard doviation fo the averase mass loss. the
158 25986 04255 1252 08114 12 the ratio of standard deviation to the average mass loss, the
48 0.7787  0.0805  10.33  0.2254 10 coefficient of variation, Cv, varies belween 8 to 18 % with a
96 14004 0.1626  11.54 04353 10 weighted average of 12.7 % and an K of %36 % of the average
168 2.4309 03402 1400 08526 10 =
48 0.8366 01529 1785 04281 5 mass loss.
96 15720 01319 838 03693 5 X3.8.3 The mass loss of steel in this salt spray practice is
168 27600  0.3873 1403 1.0844 5

dependent upon the area of steel exposed, the temperature, time
of exposure, salt solution make up and purity, pH, spray
conditions, and the metallurgy of the steel. The procedure in
Appendix X3 for measuring the corrosivity of neutral salt spray
cabinets with steel panels has no bias because the vatue of
corrosivity of the salt spray is defined only in terms of this
: from ASTM Headquarters. Request RR No, G1-1003. practice.

Data generated in the interfaboratory study using
»d are available from ASTM as a Research Report.®
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ASTM International takes no position respecting the validity of any patent rights asserted in connection with any ftem mentioned
in this standard. Users of this standard are expressly advised tfiat determination of the validity of any such paten! rights, and the risk
of infringement of such rights, are entirely heir own responsibifity.

This standard is subject to revision at any time by the responsible technical commities and must be reviewed every five years and
if not revised, gither reapproved or withdrawn, Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM international Headguanters. Your comments will receive careful consideration at a meeling of the
responsible techmical commities, which you may attend. If you feel that your commenis have.not received a fair hearing you should
make your views known to the ASTM Commitiee on Standards, at the address shown below.

This standard Is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United Slates. Individual reprints (single or multiple copies) of this standard may be obtained by contacling ASTM at the above
address or at 610-832-9585 {phone}, E10-832-9555 (fax), or service@asim.org (e-mail); or through the ASTM website
fwww.astm.org).
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. 4. Interferences

4.1 The visual examples that are part of this test method and
the associated rust-grade scale cover only rusting evidenced by
visible surface rust.

4.2 The use of the visual examples requires the following
cautions:

4.2.1 Some finishes are stained by rust. This staining must
not be confused with the actual rusting involved.

422 Accumulated dirt or other material may make accurate
determination of the degree of rusting difficult.

4.2.3 Centain types of deposited dirt that contain iron or iron
compounds may cause surface discoloration that should not be
mistaken for corrosion.

4.2.4 Failure may vary over a given area. Discretion must
therefore be used when selecting a single rust grade or rust
distribution that is to be representative of a large area or
structure, or in subdividing a structure for evaluation.

4.2.5 The color of the finish coatitig should be taken into
account in evaluating surfaces as failures will be more apparent
on a finish that shows color contrast with rust, such as used in
these reference standards, than on a similar color, such as an
iron oxide finish.

5. Procedure

3.1 Select an area to be evaluated.

5.2 Determine the type of rust distribution using definitions
in Table 1 and visual examples in Fig. 1, Fig. 2, and Fig. 3.

5.3 Estimate percentage of surface area rusted using the
visual examples in Fig. 1, Fig. 2, and Fig. 3 or SSPC-VIS 2, or
both, by electronic scanning techniques or other method agreed
upon by contracting parties.

Note 1-—The numerical rust grade scale is an exponential function of
the area of rust, The rust grade versus area of rust is a straight line plot on
semilogarithmic coordinate from rust grade 10 to rust grade 4. The slope
of the curve was changed at 10 % of the area rusted to 106 % rustcd to
permit inclusion of complete rusting on the 0 to 10 rust scale.

5.4 Use percentage of surface area rusted to identify rust
grade (see Table 1). Assign rust rating using rust grade of 0-10
followed by the type of rust distribution identified by S for
spot, G for general, £ for pinpoint or £ for Hybrid.

5.5 The visual examples are not required for use of the
rust-grade scale since the scale is based upon the percent of the

*A Summary of Changes section appears at the end of this standard.

100 Bamr Harbor Drive, West Conshohocken, PA 18428-2959, United States.
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TABLE 1 Scaie and Description of Rust Ratings

Visual Examples

rade Percent of Surface Rusted Spot(s) General (G) Pinpoint {P)

Less than or equal to 0.01 percent None

Greater than 0.01 percent and up to 0.03 percent 9-8 9-G 9-P
Greater than 0.03 percent and up to 0.1 percent B8-S 8-G 8-P
Greater than 0.1 percent and up to 0.3 percent 7-5 -G P
Greater than 0.3 percent and up to 1.0 percent 6-5 6-G 6-P
Greater than 1.0 percent and up to 3.0 percent 5-5 5-G 5P
Greater than 3.0 percent and up to 10.0 percent 4-35 4-G 4-p
Greater than 10.0 percent and up to 16.0 percent 3-S 3-G 3-P
Greater than 16.0 percent and up 1o 33.0 percent 2-5 2-G 2-P
Greater than 33.0 percent and up to 50.0 percent 1-8 1-G 1-P

Greater than 50 percent

=z
=
3
@

on Types:

1g—~Spot rusting occurs when the bulk of the rusting is concentrated in a few localized areas of the painted surface. The visual examples depicting this
re labeled 9-§ thru 1-5 (See Fig. 1, Fig. 2, and Fig. 3).

1sting—General rusting occurs when various size rust spots are randomly distributed across the surface. The visual examples depicting this type of rusting
theu 1-G. (See Fig. 1, Fig. 2, and Fig. 3).

isting—Pinpoint rusting occurs when the rust is distributed across the surface as very small individual specks: of rust. The visual examples depicting this
re labeled 9-P through 1-P. (See Fig. 1, Fig. 2, and Fig. 3).

ting—An actual rusting surface may be a hybdd of the types of rust distribution depicted in the visual examples. In this case, report the total percent of
e surface. 9-H through 1-H.

nd any method of assessing arca rust may be used 7, Precision and Bias

he rust grade, . . .
t st 7.1 No precision or bias statement can be made for this test

method.

fy sample or area evaluated.

t rust grade using rating of 0-10.
t rust distribution using S for Spot, G for General, 8.1 corrosion; rusting
at and & for Hybrid.

8. Keywords

aof 2 Docurment provided by IHS Licensee= ExxonMabil/ 1 890500101, User=, 1041772002
02:44:21 MOT Questions of comments about this message: please call the Documant
Policy Mansgemeant Group al t-800-451-1584.

[

PR I

IR E 0



dih D 610

SPOT RUSTING
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GENERAL RUSTING

PINPOINT RUSTING

*

Rust Grade 9-8, 0.03% Rusted

Rust Grade 9-G, 0.03% Rusted

Rust Grade 9-F, 0.03% Rusted

Rust Grade 8-S, 0.1% Rusted

Rust Grade 8-G, 0.1% Rusted

Y

FIG, 1 Examples of Area Percentages
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Rust Grade 6-3, 1% Rusted

Rust Grade 6-G, 1% Rusted

Rust Grade 6-P, 1% Rusted
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Rust Grade 5-8, 3% Rusted

rade 5-P, 3% Rusted

FIG. 2 Examples of Area Percentages
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SUMMARY OF CHANGES

ommittee D01 has identified the location of selected changes to this standard since the last date of issuc that

" impact the use of this standard.
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7 Designation: D 4541 - 02

Standard Test Method for

Pull-Off Strength of Coatings Using Portable Adhesion

Testers’

This standard is issucd under the fixed designation D 4341; the number imunediately following the designation indicates the year of
original adeption or. in the case of revision, the year of last revision. A number in parcatheses indicates the year ol last reapproval. A
superscript cpsilon {€) indicates an editorial change since the last revision or reapproval.

test method covers a procedure for evaluating the
-ength {commonly referred to as adhesion) of a
rigid substrates such as metal, concrete or wood.
stlermines either the greatest perpendicular force (in
at a surface area can bear before a plug of material
1. or whether the surface remains intact at a pre-
ce (pass/fail). Failure will occur along the weakest
n the system comprised of the test fixture, adhesive,
stem, and substrate, and will be exposed by the
rface. This test method maximizes tensile stress as
:0 the shear stress applied by other methods, such as
knife adhesion, and results may not be comparable.
-off strength measurements depend upon both ma-
instrumentdl parameters. Results obtained by each
d may give different results. Results should only be
r each test method and not be compared with other
s. There are five instrument types, identified as Test
-E. It is imperative to identify the test method used
rting results,
; test method uses a class of apparatus known as
1ll-off adhesion testers.? They are capable of apply-
entric load and counter load to a single surface so
1gs can be tested even though only one side is
Measurements are limited by the strength of adhe-
s between the loading fixture and the specimen
the cohesive strengths of the adhesive, coating
| substrate.
3 test can be destructive and spot repairs may be

values stated in MPa (inch-pound) units are to be
s the standard. The values given in paréntheses are
ation only.

method is under the junsdiction of ASTM Committee D01 on Paint

vatings, Materials, and Applications and is the direst responsibility of

: DO1.46 on Industrial Protective Coatings.

liton approved Feb. 10, 2002. Published Aprit 2002, Originally
24541 - 93. Last previous edition D 4541 - 95%1,

adhesion tester may be somewhat of & misnomer, but its adoption by
urers and a Jeast two patents indicates continued usage.

1.6 This standard does not purport to address all of the
safety concerns, if any, associated with s use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:

D 2651 Guide for Preparation of Metal Surfaces for Adhe-
sive Bonding®

D 3933 Guide. for Preparation of Aluminum Surfaces for
Structural Adhesives Bonding (Phosphoric Acid Anodiz-
ing)’

D 3980 Practice for Imterlaboratory Testing of Paint and
Related Materials®

22 ANSI Standard:

N512 Protective Coatings (Paints) for the Nuclear Industry®

23 IS0 Standard:

4624 Paints and Varnish—Pull-Off Test for Adhesion®

3. Summary of Test Method

3.1 The general puli-off test is performed by sccuring a
loading fixture (dolly, stud) normal (perpendicular) to the
surface of the coating with an adhesive. After the adhesive is
cured, a testing apparatus is aitached to the loading fixture and
aligned to apply tension normal to the test surface. The force
applied to the loading fixture is then gradually increased and
monitored until either a plug of material is detached, or a
specified value is reached. When a plug of material is detached,
the exposed surface represents the plane of limiting strength
within the system. The nature of the failure is qualified in
accordance with the percent of adhesive and cohesive failures,
and the actual interfaces and layers involved. The puli-off
strength is computed based on the maximum indicated load,
the instrument calibration data, and the original surface area

stressed. Pull-off strength results obtained using different

* Annual Book of ASTM Standeards, Vol 15.06.

* Annual Book of ASTM Standards, Vol 06.01.

* Available from American National Standards Institute, 11 W. 42nd St., 13th
Floor, New York, NY 10036,

TM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United Stales.
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jay be different because the results depend on
al parameters {see Appendix X1),

ance and Use

pull-off strength of a coating is an important
se property that has been used in specifications. This
d serves as a means for uniformly preparing and
sted surfaces, and evaluating and reporting the
s test methoed is applicable to any portable apparatus
¢ basic requirements for determining the puil-off
a coating.
ations in results obtained using different devices or
1bstrates” with the same coating are possible (see
X1). Therefore, it is recommended that the type of
nd the subsirate be mutually agreed upon between
ed parties.

purchaser or specifier shall designate a specific test
tis, A, B, C, D or E, when calling out this standard.

tus

sion Tester, commercially available, or comparable
ipecific examples of which are listed in Annex
AS.
1ding Fixtures, having a flat surface on one end that
red to the coating and a means of attachment to the
z other end.
‘aching Assembiv (adhesicn tester), having a cen-
engaging the fixture.
ie, o the detaching assembly, or an annular bearing
ded for uniformly pressing against the coating
ind the fixture either directly, or by way of an
t bearing ring. A means of aligning the base is
1at the resuliant force is normal to the surface.
ans of moving the grip away from the base in as
continuous a manner as possible so that a torsion
 (opposing pull of the grip and push of the base
me axis) force results between them.
er, or means of limiting the rate of stress to less
3 (150 psifs) so that the maximum stress is obtained
about 100 s. A timer is the minimum equipment
yy the operator along with the force -indicator in

staining the maximum stress in 100 s or less by keeping the
of shear to less than 1 MPa/s (150 psi/s) is valid for the
ff strength measured with these types of apparatuses.

e Indicator and Calibration’ Information, for
the actual force delivered to the loading fixture.
iZ, or other means for cleaning the loading fixture
er prints, moisture, and oxides tend to be the
aminants.
andpeaper, or other means of cleaning the coating
alter its integrity by chemical or solvent attack, If
ding is anticipated, choose only a very fine grade
writ or {ener) that will notintroduce aws or leave

1683

5.4 Adhesive, for securing the fixture to the couting that does
not affect the coating properties. Two component epoxies® and
acrylics’ have been found to be the most versatile.

5.5 Magnetic or Mechanical Clamps, if needed, for holding
the fixture in place while the adhesive cures. '

5.6 Cofton Swabs, or other means for removing excess
adhesive and defining the adhered area. Any method for
removing excess adhesive that damages the surface, such as
scoring (see 6.7), must generally be avoided since induced
surface flaws may cause premature failure of the coating.

5.7 Circular Hole Cutter {optionzal), to score through to the
substrate around the Joading fixture,

6. Test Preparation

6.1 The method for selecting the coating sites to be prepared
for testing depends upon the objectives of the test and
agreements between the contracting parties. There are, how-
ever, a few physical restrictions imposed by the general method
and apparatus. The following requirements apply to all sites:

6.1.1 The selected test area must be a flat surface large
enough to accommodate the specified number of replicate tests.
The surface may have any orientation with reference to
gravitational puil. Each test site must be separated by at least
the distance needed to accommodate the detaching apparatus.
The size of a test site is essentially that of the secured loading
fixture. At least three replications are usually required in order
to statistically characterize the test area.

6.1.2 The selected test areas must also have cnough perpen-
dicular and radial clearance to accommodate the apparatus, be
flat enough to permit alignment, and be rigid enough to support
the counter force. It should be noted that measurements close
to an edge may not be representative of the coating as a whole.”

6.2 Since the rigidity of the substrate affects pull-off
strength results and is not a controllable test vartable in field
measurements, some knowledge of the substrate thickness and
composition should be reported for subsequent analysis or
laboratory comparisons., For example, steel substrate of less
than 3.2 mm (V&-in.) thickness usually reduce pull-off strength
results compared to 6.4 mm (Y4-in.) thick steel substrates.

6.3 Subject to the requirements of 6.1, select representative
test areas and clean the surfaces in a manner that will not affect
integrity of the coating or leave a residue. Surface abrasion
may introduce flaws and should generally be avoided. A fine
abrasive (see 5.3) should only be used if needed to remove
loose or weakly adhered surface contaminants.

6.4 Clean the loading fixture surface as indicated by the
apparatus manufacturer. Failures at the fixture-adhesive inter-
face can often be avoided by treating the fixture surfaces in
accordance with an appropriate ASTM standard practice for
preparing metal surfaces for adhesive bonding.

¢ Araldite Adhesive, available from Ciba-Geigy Plastics, Duxiord, Cumbridge.
CB2 4QA. Englund, Hysol Epoxy Pach Kit Y07, available fromm Hysol Div., The
Dexter Corp.. Willow Pass Rd., Piushurg, CA 94565, and Scotch. Weld Adhestve
T838B/A. available fron 3M, Adhesives. Coutings and Scalers Div, 3M Center, St

Paal, M 353144, huve bees Tound sansfactory Yor this purpuose.

T Nersiloe 201 and 204 with aceelerator, wvatluble from Lisrd Carp., fndustrial
Adbesive Div, 206U, Grandview Bhvd., 120, Box 10038, Frie. PA 65T have
been found soitvactosy for this puvpose
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aides 13 2050 und 1) 3433 are opieal of well-proven mcth-

smg adhesive bond suengths o metal surfaces.

re the adhesive in accordance with the adhesive
s recommendations. Apply the adhesive 1w the
ie surface 10 be tested, or both, using a wethud
:d by the adhesive manufacturer. Be certain to
hesive across the entire surface. Position fixture on
o be tested. Carefully remove lhe excess adhesive
i the fixture. (Warning—Movement, especially
1 cause finy bubbles to coalesce into large holiduys
te stress discontinuities during testing.)
Jding about 1 percent of #5 glass beads to the adhesive
alignment of the test fixture o the surface.
}on the adhesive manufacturer’s recommendations
icipated environmentzl conditions, allow enough
adhesive to set up and reach the recommended
r the adhesive set and early cure stage, a constant
sure should be maintained on the fixture. Magnetic
cal clamping systems work weil, but systems
ck, such as masking tape, should be used with care
at they do not relax with time and allew air 1o
reen the fixture and the test area.
1g around the fixture violates the fundamental
criterion that an unaltered coating be tested. If
ind the iest surface is employed, extreme care is
prevent micro-cracking in the coating, since such
cause reduced adhesion values. Scored samples
different test, and this procedure should be cleatly
h the results.

is comimon to score around the test iixture when performing
titious substrates where the tensile strength of the substrate
* lower than either the pull-off or cohesive strength of the
I

the approximate temperature and relative humidity
me of test.

cedure

viethods:
Method A — Fixed Alignment Adhesion Tester

Jperate the instrument in accordance with Annex
" Method B — Fixed Alignment Adhesion Tester
perate the instrument in accordance with Annex
Meﬂ?(ui C — Self-Alignment Adhesion Tester Tvpe
perate the instrument in accordance with Annex
Method D — Self-Alignment Adhesion Tester Tvpe
serate the instruiment in accordance with Annex
Method E — Self-Alignment Adhesion Tester Type

serate the instrument In accordance with Annex
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7.2 Sclevtan adhesion-tester with o detaching assembly

having « [oree cabibrution spaming the runge off expected
values wlong with its compuatible louding Nixture. Mid-range
measurcments ave ustatly the best. hut read the manufacturer’y
operaling instructions before proceeding,

7.3 If @ bearing ring or comparable device (3.1.3} 13 to he
used. place it concentrically around the loading fixture on the
coating surface. I shims are required when a bearing ring is
employed, place them between the Lester base and bearing ring
rather thai on the coaling surlace.

7.4 Carefully connect the central grip of the detaching
assembly to the loading fixture without bumping, bending, or
otherwise prestressing the sample and connect the detaching
assembly to its control mechanism, if necessary. For nonhori-
zontal surfaces, support the detaching assembly so that itg
weight does not contribute to the force exerted in the test,

7.5 Align the device according to the manufacturer’s in-
structions and set the force indicator to zero.

Note 5—Proper alignment is critical, see Appendix X2, 1f alignment is
required, vse the procedure recommended by the manufacturer of the
adhesion tester and report the procedure used.

7.6 Increase the load to the fixture in as smooth and
continuous a manner as possible, at a rate of less than 1 MPa/s
(150 psifs) so that failure occurs or the maximum stress is
reached in about 100 s or less (see Nole 1).

7.7 Record the force attained at failure or the maximum
force applied.

7.8 If a plug of material is detached, label and store the
fixture for qualification of the failed surface in accordance with
8.3.

7.9 Report any departures {rom the procedure such as
possible misalignment, hesitations in the force application, ete.

8. Calculation and Interpretation of Results

8.1 If instructed by the manufacturer, use the instrument
calibration factors to convert the indicated force for each test
into the actual force applied.

8.2 Either use the calibration chart supplied by the manu-
facturer or compute the relative stress applied to each coating
sample as follows:

X = dFiwd? : ()
where:

X = greatest mean pull-off stress applied during a pass/fail
test, or the pull-off strength uchieved at failure. Both
have units of MPa (psi).

F = actual force applied to the test surface as determined
in 8.1, and

d = equivalent diameter of the original surface area

stressed having units of inches (or millimetres). This
is usually equal to the diameter of the loading fixture.

8.3 For all tests to failure, estimate the percent of adhesive
und cohesive failures in accordance to their respective areds
and location within the test system comprised of coating and
adhesive layers. A convenient scheme that describes the total
test system is outlined in 8.3.1 through 8.3.3. (See ISO 4624.)
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-A iaboratory tensile testing machine is used in ISO 4624.

escribe the specimen as substrate A, upon which

. coating layers B, C, D, etc,, have been applied,
the adhesive, ¥, that secures the fixture, Z, to the top

esignate cohesive failures by the layers within which

-as A, B, C, etc., and the percent of each.
esignate adhesive failures by the interfaces at which
as A/B, B/C, C/D, etc., and the percent of each.

ssult that is very different from most of the resulis

wsed by a mistake in recording or calculating. If
iese is not the cause, then examine the experimental
ces surrounding this run. If an irregular result can be
0 an experimental cause, drop this result from the

owever, do not discard a result unless there are valid

:al reasons for doing so or unless the result is a
outlier. Valid nonstatistical reasons for dropping
ude alignment of the apparatus that is not normal to

. poor definition of the area stressed due to improper -

of the adhesive, poorly defined glue lines and
, holidays in the adhesive caused by voids or
improperly prepared surfaces, and sliding or twist-
ture during the injtia] cure. Scratched or scored
1y contain stress concentrations leading to prema-
es. Dixon’s test, as described in Practice D 3980,
d to detect outhiers.

sgard any test where glue failure represents more
f the area. If a pass/fail criterium is being used and
ire occurs at a pull-off strength greater than the
eport the result as “pass with a puil-off strength
ained}...”

er information relative to the interpretation of the
is given in Appendix X2,

rt the following information:

of description of the general nature of the test, such
aboratory testing, generic type of coating, etc.
wperature: and relative humidity and any other
vironmental conditions during the test period.
cription. of the apparatus used, including: appara-
turer and model number, loading fixture type and
and bearing ring type and dimensions.

| Precision of Adhesion Pull-Off Measurements

Coefficlent of  Degrees of Maximum
Variation, v, %  Freedom Acoeptable
T Difference, %
nstrument: . .
8.5 48 29.0
} 12.2 129 41.0
177
strument:
8.7 20 25.5
} 20.6 58 58.7
78
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9.1.4 Description of the. test system, if possible, by the
indexing scheme outlined in 8.3 inctuding: product identity and
generic type for each coat and any other information supplied,
the substrate identity (thickness, type. orientation, ctc.), and the
adhesive used.

9.1.5 Test results.

9.1.5.1 Date, test location, testing agent.

9.1.5.2 For pass/fail tests, stress. applied along with the
result, for example, pass or fail and note the plane of any
failure (see 8.3 and ANSI N512).

9.1.5.3 For tests to failure, report all values computed in 8.2
along with the nature and location of the failures as specified iri
8.3, or, if only the average strength is required, report the
average strength along with the statistics.

9.1.54 If corrections of the results have been made, or if
certain values have been omitted such as the lowest or highest
values or others, reasons for the adjustments and criteria used.

9.1.5.5 For any test where scoring was employed indicate it
by placing a footnote superscript . besuie each data point
affected and a footnote to that effect at the bottom of each page:
on which such data appears. Note any other deviations: from the
procedure. )

10. Precision and Bias ®

10.1 Precision—In an interlaboratory study of Test Methods
A-D, operators made measurements, generally in triplicate but -
in a few cases in duplicate, on coated panels covering a
moderate range at the intermediate achesion level using { our
different types of instruments (see Annex Al-Annex A5 and :
Appendix X1). The number of participating laboratories varied
with each instrument and in the case of ‘one instrument with the
material. Only two laboratories had access 1o Type 1 instru-
ments but two operators.in each made the triplicate tests.
During the statistical analysis of theiresults three individual
results and one set of triplicates Obldmed with Type I
instruments were rejected as outliers; one smg]e test with Type
III instruments and three single resultsiwith Type I instruments
were rejected. The pooled intra- andinter-laboratory coeffi-
cients of variation were found to be those shown'in Table 1. -
Based on these coefficients the following criteria should be .
used for judging, at the 95 % conﬁdencé levei, the acceptabitity
of results: ‘

10.1.1 Replicate Repeamb:ht}——Tﬂphc‘ite results ¢btained
by the same operator using instruments {rom the same category
should be considered suspect if they differ i percent relative
by more than the values given in Tablg 1.

Note 7—Difference in percent relative to two results, ¥, and ., s the -
absolute value of

(x) — 1)
o o | 100 o - @

10.1.2 Reproducibiliny—Two resuits; cach the mean of trip-
licates, oblained by operators in diifefent labdratories using

* Supporting date are available frosm ASTA Inerpational Heddquaiters - Reguest
R [ - 10ag :
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ol the sume catepory should be considerad suspect
v pereent relative by moere than the values given

—This test method has no bigs statement since
wceeplable reference material suitable for determin-
of this test method.
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1. Kevwords

il adheston: coatings; field: pamty portable: pull-ofy
strength; tensile test

ANNEXES

(Mandatory Information)

Al. FIXED-ALIGNMENT ADHESION TESTER, TYPE 1

paraties:

. fixed-alignment portable tester as shown in Fig,

—Precision data for Type I instruments described in Table 1
| using the devices illustrated in Fig. Al.1.

he tester is comprised of detachable aluminum
ures, 50 mm (1.97 in.) in diameter, screws with
:ads that are screwed into the center of a fixture, a
e testing assembly that holds the head of the screw,
ge, dynamometer, wheel and crank.

'he testers are available in four models, with maxi-
> forces of 5, 15, 25, and 50 kN (1125, 3375, 5625,
Ib ) respectively. For a fixture having a 50 mm (1.97
1, a 5 kN device cormresponds to a range of 2.5 MPa
st).

Z35 tesier 18 available from PROCEQ SA, Riesbachstrasse 57.
:h, Switzerland.

Al.2  Procedure;

Al.2.1 Follow the general procedures described in Sections
6 and 7. Procedures specific to this instrument are described in
this section.

A1.2.2 Set the pointer on the zero mark by first pressing the
push-button located on the left of the indicator. While holding
the push-button, turn the [ittle knob located on the upper part of
the indicator to set the pointer at zero. Set the zero after testing
by pressing the push-button.

A1.23 After fixing a loading fixture to a substrate, insert a
screw with a spherical head into the center of the fixture.
Position the testing equipment on the metal disc. Then by
means of the notched wheel, fix the head of the spherical screw
into the socket at the base of the equipment. For the first
mechanical approach, stop screwing down the wheel when the
pointer on the indicator shifts from the ZERO mark. Tests are
done by turning the crank. After each test, turn the crank in the
opposite direction until it stops.
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l Wheel

Dyramometer

Indicating instrument

N

Ze T | e

min, 10 mm

FIG. A1.1 Photograph (a} and sketch (b) of Type | instruments

A2, FIXED-ALIGNMENT ADHESION TESTER TYPE II

wparatus:

‘his is a fixed-alignment portable tester, as shown in
3

—Precision duta for Table | were obtained using the devices
Frg. A2.1.

meter. Model 106, adhesion tester is available from Eleometer
d.. Edge Lane. Droylsion, Mancheser M35 6UB, Unied Kingdom.

A2.1.2 The tester is comprised of detachable aluminum’
loading fixtures having a flat conic base that is 20 mm (0.8 in.)
in diamcter on one end for securing to the coating, and &
circular T-boit head on the other end, a central grip for
engaging the loading fixture that is forced away from a tripod
hase by the interaction of & handwhee! (or nut). and a coaxiul
bolt connected through a series of belleville wushers, or springs
n later models. that acts as both « torsion relief and a spring
that displuces a dragging indicator wil respect to a seale.



&M pasat - g2

A2.1.3 The Torce is indicated by meusuring the maximuyn
spiing displacement when loaded. Care should be (aken to sep
that substrate bending does not influence its final position or
ihe actual force delivered by the spring wrangement.

AZ.1.4 The devices are available in four ranges: From 3.5,
7.0, [4, and 28 MPa {0 to 300, 0 to 1000, O to 2000, and 0 o
4000 psi).

A22 Procedure:

A2.2.1 Center the bearing ring on the coating surface
concentric with the loading fixture. Turn the hand wheel or nyt
of the tester counter-clockwise, lowering the grip so that it slips
under the head of the loading fixture.

A2.2.2 Align or shim the three instrument swivel pads of the
tripod base so that the instrument will pull perpendicularly to
the surface at the bearing ring. The annular ring can be used on .
flexible substrates.

A2.2.3 Take up the slack between the various members and
slide the dragging (force) indicator located on the tester to zero.
A2.2.4 Firmly hold the instrument with one hand. Do not
allow the base to move or slidé during the test. With the other
hand, turn the handwheel clockwise using as smooth and
constant motion as possible. Do not jerk or exceed a stress rate
of 150 psi/s (1 MPa/s) that is attained by allowing in excess of
7 s/7 MPa (7 s/1000 pst), stress. If the 14 or 28 MPa (2000 or
4000 psi } models are used, the handwhecl_is replaced with a
nui requiring a wrench for tightening. The wrench must be used
in a plane parallel to the substrate so that the loading fixture
will not be removed by a shearing force or misalignment, thus
negating the results. The maximom stress must be reached i

- Egg&%{go within about 100 s.

A22.5 The pulling force applied to the loading fixture is
increased to a maximum or until the system fails at its weakest ¥
locus, Upon failure, the scale will rise slightly, while the }

|

dragging indicator retains the apparent load. The apparatus
scale indicates an approximate stress directly in pounds per

(b}

CENTRAL GRIP square inch, but may be compared to a calibration curve.
A22.6 Record the highest value attained by reading along
LOADING the bottom of the dragging indicator. e
L” FIXTURE -

ESIVE

ey R R
BASE - 1\ \ ANNULAR RING
U /\+ SUBSTRATE

Photograph (a) and schematic (b) of Type i, Fixed
Alignment Pull-Off Tester
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A3, SELF-ALIGNING ADHESION TESTER TYPE Ii}

pparatus:
Chis is a self-aligning tester, as shown in Fig. A3.1."!

—Precision data for Type II instruments shown in Table |
4 using the devices described in Fig. A3.1.

-oad s applied through the center of the dolly by a
iston and pin. The diameter of the piston bore is
it the area of the bore is equal to the net area of the
xfore, the pressure reacted by the dolly is the same
sure in the bore and is transmitted directly to a
ge.

‘he apparatus is comprised of: a dolly, 19 mm (0.75
> diameter, 3 mm (0.125 in.) inside diameter,
iston and pin by which load is applied to the dolly,
are gage, threaded plunger and handle.

he force is indicated by the maximum hydraulic -

displayed on the gage, since the effective areas of
qore and the dolly are the same,

Mark VIl adhesion tester is available from Hydraulic Adhesion Test
l, 629 Inlet Rd., Nurth Palm Beach, FL 33408.

A3.1.5 The testers are available in three standard working

ranges: (1o 10 MPa (0 to 1500 psi), 0 to 15 MPa (0 to 2250

psi), 0 to 20 MPa (0 to 3000 psi). Special dollies shaped to test
tubular sections are available.

A32 Procedure:

A3.2.1 Follow the general procedures described in Sections
6 and 7. Procedures specific to this instrument are described in
this section.

A3.2.2 Insert a decreased TFE-fluorocarbon plug intc the
dolly until the tip protrudes from the surface of the dolly, When
applying adhesive to the dolly, avoid getting adhesive on the
plug. Remove plug after holding the doily in place for 10 s,

A3.2.3 Ensure that the black needle of the tester is reading
zero. Connect a test dolly to the head and increase the pressure
by turning the handle clockwise until the pin protrudes from
the dolly. Decrease pressure to zero and remove the test dolly.

A3.2.4 Connect the head to the dolly to be tested, by pulling
back the snap-on ring, pushing the head and releasing the
snap-on ring. Ensure the tester is held normal to the surface to
be tested and that the hose is straight,

A3.2.5 Increase the pressure slowly by tumning the handle
clockwise until either the maximum stress or failure is reached.
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(b}
FIG. A3.1 Photograph (a) and schematic (b) of Type 1ll, Self-Alignment Tester
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Ad. SELF-ALIGNMENT ADHESION TESTER TYPE IV

pparas:

This is a self-aligning tester, which may have a
ned pressure source and has a measuring system that
choice of different load range detaching assemblies.
1in Fig. A4.1.12

1—Precision data for Type I'V instruments shown in Table |
«d using the devices illustrated in Fig. A4.1.

T'he apparatus is comprised of: ( /) a loading fixture
lat cylindrical base that is 12.5 mm (0.5 in.) in
n one end for artachment to the test coating and a
- used with the fixture to reproducibly define the area
. The other end of the fixture has 3/8-16 UNC
} a central threaded grip for engaging the loading
wugh the center of the detaching assembly that 1s
y by the interaction of a self-aligning seal; and (3)
zd gas that enters the detaching assembly through a
se connected to a pressurization rate controller and
gage (or electronic sensor).

“he force is indicated by the maximum gas pressure
wtive area of the detaching assembly and can be
ibrated,

'he detaching assemblies are available in six stan-
-in multiples of two from 3.5 MPa (0 to 500 psi) to
) 000 psi). Special ranges are available.

‘hree models of control modules that control all
etaching assemblies are available,

ocedure:

ollow the general procedures described in Sections
icedures specific to Type IV testers are described in
1g section.

osition the annular detaching assembly over the
hed to the coating to be tested, and loosely engage
ia the central threaded grip. Leave at least 1.6-mm
learance between the detaching assembly and the
the threaded grip so ‘that the seal can protrude
lign itself when pressurized.

lake the appropriate pneumatic connections and
e valve 1/4 .

ero the pressure measuring sysiem.

I self-alignment adhesion tester 1s available from SEMicro Corp.,
ranch Way, Rockville, MD 20855.

(a}

Pulling Force

Self - Aligning
Becring Flate

"Precsurized
Gos Inlet

Pul Stub

PNEUMATIC PiSTON

{b}

FIG. A4.1 Photograph (a) and schematlc of piston (b) of Type v
Self-Alignment Adhesion Tester

A4.2.5 Press the run button to control the gas flow to the
detaching assembly and make final adjustment of rate valve so
that rate of stress does not exceed 1-MPa/s (150 psifs) yet
reaches its maximum within 100 s.

A4.2.6 Record both the maximum pressure attained and the
specific detaching assembly. Conversion to coating stress for
V4-in. (12-mm) stud is found in a table supplied for each
detaching assembly.

A5, SELF-ALIGNING ADHESION TESTER TYPE V

naratis:
1is is a self-aligning tester, as shown in Fig. A5.1'%,

:st Pull-CHT Tester 15 available from DLI"C]\ko Comporation, 802
Oudenhurg, NY 13669 USA;

[Rélal

A5.1.2 Self-aligning spherical dolly head. Load evenly
distributes pulling force over the surface being tested, ensuring
a perpeadicular, balanced pull-off. The diameter of the standard
dolly 20 mm (0.78 in.) is cqual to the area of the position bore

in the actuator. Therefore, the pressurg reacted by the dolly is



(b)
FIG. A5.1 Drawing {(a) and schematic (b) of Type V, Self-Aligning Tester

5 the pressure in the actuator and is transmitted A5.1.5 The testers are available in two standard ranges 0 to
he pressure gauge. Conversion charts and calcula- 7 MPa (0 to 1000 psi) with 20 oun (0.78 in.) dollies and
'vided for the 50 mm (1.97 in.) dollies and common  accessories for finishes on plastics, metals, and wood: 0 to 21
3 1Gand 14 mm (0.39 in. and 0.55 in. respectively).  MPa (0 to 3 100 psi) with 20 or 50 mm, or both, (0.78 in. or
he apparatus is comprised of: a dolly, 20 to 50 mm 1.97 in., or both) dollies and accessories for coatings on metals
1 1.97 in. respectively) diameter. hydraulic actuator  or concrete, or both. Special dollies, typically 10 mm (0.39 in.)
¢ load is applied to the dolly, pressure gauge. and and 14 mm (0.55 in.), are available for use on curved surfaces

imp. and when higher pull-off pressures are required.
he drag pointer on the pressure gauge indicates the
drce. A52 Procedure:
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Follow the general procedures described 'in Sections
rocedures specific to Type V Testers are described in
I

Ensure the pressure relief valve on the pump is
y open. Turn the “drag” indicator on the pressure
ero. Push the actuator handle completely down into
o assembly.

Place the actuator assembly over the dolly head and

quick coupling to the dolly. Close the pressure relief

he pump.
Ensure the pump is on a well-supported horizontal
"1t is necessaty to place the pump on a vertical

surface, position the unit so the pump hose outlet is in the down
position to prevent air from being pumped into the actuator..
Begin pumping the pump handle antil the indicator on the
pressure gauge starts (o move, Continue pumping 2t a uniform
rate of no more than 1 MPa/s (150 psi/s) until the actuator pulls
the dolly from the coating.

A5.2.5 Immediately following the pull, open the pressure
relief valve on the pump to release the pressure. The “drag”
indicator on the pressure gauge will maintain the maximum
pressure reading, Record the pull off pressure and mark the
dolly for future qualitative analysis.

APPENDIXES

{Nonmandatory Information)

X1. INTERLABORATORY PULL-OFF DATA

fable X1.1 1s a summary of the interlaboratory
n data. Tt is included in this appendix to illustrate the
e of a pull-off result upon the type of testing device.

TABLE X1.1 Summary of Round-robin Data

Instrument

Type 1 Typell, ' Typelll ~Type IV
Faint Sample Mean of Three Resuits, psi (outliers discarded)
A 201 586 . . 1185 160
B 185 674 ! 1157 1089
C 190 827 . 1245 1333
D 297 888 1688 1678
Range of Mean Resulis, psi
12 302 529 579

X2, STRESS CALCULATION

he stress computed in 8.2 is equal to the uniform
ength of the analogous rigid coating system if the

ce is distributed uniformly over the critical locus at -

of failure. For any given continuous stress distribu-
the peak-to-mean stress ratio is known, the uniform
:ngth may be approximated as:

U=XR, X2

iform pull-off strength, representing the greatest
rce that could be applied to the given surface area,
1 (MPa),

sasured in-situ pull-off strength calculated in 8.2,
i (MPa) and

ak-to-mean stress ratio for an aligned system.
rtant to note that a difference between these pull-off
Jes not necessarily constitute an error; rather the
surement simply reflects the actual character of the
ing system with respect to the analogous ideal rigid

TH43

X22 An error is introduced if the alignment of the
apparatus is not normal to the Surface. An approximate
correction by the peak-to-mean stress ratio is:

R=R,(1 +0.144zld), (X2.2)

z = distance from the surface to the first gimbal or the
point at which the force and counter force are gener-
ated by the action of the dI'lVlné. mechanism, in. (mrn)

d = diameter of the loading fixture, in. (mm),

a = angle of misalignment, degrees (less than 3),-and

R = maximum peak-to-mean stress mt1o for the misaligned

rigid system, :
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ASTR International takes ne posttion respecting iz walidity of any patent rigits asserted in connection with any item mentioned
in this standard. Usars of Mhis slandard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility. '

This standard is subject to revision at any lime by the fesponsible technical commitiee and musf be reviewed every five years and
if not revised, either reapproved or withdrawn, Your comments are invited either for revision of this slandard or for additional standards
and should be addressed to ASTM Intarnational Headquarers. Your comments will receive careful consideration at a meeting of the
responsible technical commiltee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known fo the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (singte or mulliple copies) of this standard may be obtained by contacting ASTM at the above
address or at §10-832-89585 (phone), 610-832-9555 (fax), or service@astm.org {e-mail); or through the ASTM websile
{www.astm.org).
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Protective Coatings

Page 1 of 4
Issue Date:07/07/2009
Ref:2548

Interzinc, 22

Inorganic Zinc Rich Silicate:
A two coi-panent solvent :ased inorganic zinc rich ethyl silicate primer, containing 85% zinc by
weight, ir' tha dry film. Cormplies with the composition and performance requirements of SSPC Paint
20.

Available in ASTM D520, Type N zinc dust version.

A metallic zinc primer suitable for use with a wide range of high performance systems and topcoais
in both maintenance and new construction of bridges, tanks, pipework, offshore structures and
structural steelwork.

Provides excellent corrosion protection for correctly prepared steel substrates, up to temperatures
of 540°C (1004°F) when suitably topcoated.

Fast drying primer capable of application in a wide range of climatic conditions.

Colour Greenish Grey
Gloss Level Matt
Volume Solids 63%

Typical Thickness 50-80 microns (2-3.2 mils) dry equivalent to

79-127 microns (3.2-5.1 mils) wet
Theoretical Coverage 8.40 m%litre at 75 microns d.f.t and stated volume solids
337 sq.ft/US gallon at 3 mils d.f.t and stated volume solids

Practical Coverage Allow appropriate foss factors

Method of Application Alrless Spray, Air Spray

Drying Time

Overcoating Interval with

recommended topcoats
Temperature Touch Dry Hard Dry Minimum Maximum
5°C (41°F) " 30 minutes 3 hours 36 hours Extended®
15°C (59°F)" 20 minutes 90 minutes 24 hours Extended®
25°C (77°F)° 10 minutes 1 hour 16 hours Extended?
40°C (104°F) 1 5 minutes 30 minutes 8 hours Extended®

* Drying and overcoating times are dependent upon ambient conditions. The figures quoted above
have been determined at the quoted temperature and 65% relative humidity. See Product
Characteristics for further advice.

2z Maximum overcoating intervals are shorter when using polysiloxane topcoats. Consult
international Protective Coatings for further details.

Flash Point Part A 14°C (57°F); Part B Not applicable; Mixed 15°C (59°F)
Product Weight 2.50 kg#l (20.9 Ib/gal)
voc 4.08 Ib/gal (490 g/lt) EPA Method 24

EU Solvent Emissions Directive
{Council Directive 1999/13/EC)

See Product Characteristics section for further details

222 gikg
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Inorganic Zinc Rich Silicate

JRFAC : Al surface ; to be coated sho Id be clean, dry and free from contamination. Prior to paint application all surfaces
REPARATION shauld be sssessed and treat=d in accordance with 150 8504;2000.

Oil or grease should be remo2d in accordance with SSPC-SP1 solvent cleaning.
Abrasive Blast Cleaning

Abrasive blast clean to $a2¥ {ISO 8501-1:2007) or SSPC-SP6 (or SSPC-8P10 for optimum performance). If
oxidation has occurred between blasting and application of Interzine 22, the surface shoutd be reblasted to the
specified visual standard.

Surface defects revealed by the blast cleaning pracess should be ground, filled, or treated in the appropriate
manner.

A surface profile of 40-75 microns (1.5-3.0 mils) is recommended.
Shop Primed Steelwork
Interzing 22 is suitable for application to unweathered steelwork freshly coated with zine silicate shop primers.

If the zinc shop primer shows extensive or widely scattered breakdown, or excessive zinc corrosion products,
overall sweep blasting will be necessary. Other types of shop primer are not suitable for overcoating and wil
require complete removal by abrasive blast cleaning.

Weld seamns and damaged areas should be blast cleaned to Sa2% {180 8501-1:2007) or SSPC-5PS.
Damaged / Repair Areas

All damaged areas shouid ideally be blast cleaned to Sa2 (1SO 8501-1:2007) or SSPC-SP6. However, it is
acceptable that small areas can be power {ool cleaned to Pt3 (JSRA SP5S8:1884) or SSPC-SP11, provided the
area is not polished. Repair of the damaged area can then be caried out using a recommended zinc epoxy
primer - consult International Protective Coatings for specific advice.

PPLICATION Mixing Interzinc 22 is supplied in 2 parts, a liquid Binder base component (Part A) and a
Powder component (Part B). The Powder (Part B) should be slowly added to the
liquid Binder {Part A) whilst stirfing with a mechanical agitater. DO NOT ADD
LIQUID TO POWDER. Material should be filtered pricr to application and should be
constantly agitated in the pot during spraying. Once the unit has been mixed it
should be used within the working pot life specified.

Mix Ratio 3.17 part(s) : 1.00 part(s) by volume

Working Pot Life 5°C (41°F) 15°C {59°F) 25°C (77°F) 40°C (104°F)
12 hours 8 hours 4 hours 2 hours

Airtess Spray Recommended Tip Range 0.38-0.53 mm {15-21 thou)

Total output fiuid pressure at spray tip not less than 112
kgfom® (1593 p.s.i.}

Air Spray Recommended Gun DeVilbiss MBC or JGA
{Pressure Pot) AirCap 704 or 765
Fluid Tip E
Brush Suitable - small areas only  Typically 25-50 microns (1.0-2.0 mils) can be achieved
Roller Not recommended
Thinner International GTA803 Do not thin more than allowed by tocal environmental
{Intemational GTA415) legislation
Cleaner Intemnational GTAB03 or Internaticnal GTA415
Work Stoppages Do not allow material fo remain in hoses, gun or spray equipment. Thoroughly flush

all equipment with International GTAB03. Once units of paint have been mixed they
should not be resealed and it is advised that after prolonged stoppages work
recommences with freshly mixed units.

Clean Up Clean all equipment immediately after use with International GTABO3. it is good
working practice to pericdically flush out spray equipment during the course of the
working day. Frequency of cleaning will depend upon amount sprayed, temperature
and elapsed time, including any delays.

All surplus materials and empty containers should be disposed of in accordance with
appropriate regional regulafionsflegisiation,
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Inorganic Zin: Rich Silicate:

RAOCACT Inferzinc - 2 is available in v:rious low lead zinc dust versions dependent upon local legislation/project
HARACTERIS 'ICS specificat:on. When utilising the ASTM D520 Type |l specification, the sppropriate zinc dust grade must
be used. “ontact Internatior:al Protective Coatings for further details.

Prior to ovarcoating, Interzirs 22 must be clean, dry and free from both soluble salts and excessive zinc
corrosion products.

Surface temperature must always be a minimum of 3°C above dew poinl.
When applying Interzinc 22 i confined spaces ensure adequate venfilation,

The minimum overcoating interval is dependent upon the relative humidity during cure. Below 65%
relative humidity the minimum recoat period will nrormally be at least 24 hours, but will be dependent upon
the ambient temperature and refative humidity during the application and curing period.

if thinning is required to assist spray appiication in wammer climates, (fypically >28°C (82°F)), it is
recommended that International GTA803 thinners are used.

It is recommended that prior to overcoating a solvent rub test to ASTM D4752 should be undertaken. A
value of 4 indlcates a satisfactory degtee of cure for overcoating purposes.

At relative humidities helow 50%, curing will be severely retarded and humidity may need to be increased
by steam or water spraying. Altematively, the use of Interzinc accelerator solution may be necessary.
Please consult Internationat Protective Coatings for further details in this situation.

Excessive film thickness and/or over-application of Interzinc 22 can lead to mudcracking, which will
require complete removal of the affected areas by abrasive blasting and re-application in accordance with
the original specification.

Care should be exercised to avoid application of dry film thickness in excess of 125 microns (5 mils).

For high temperature systems the thickness of Interzinc 22 should be restricted to 50 microns (2 mils)
d.ft. Continuous dry temperature resistance of Interzinc 22 is 400°C (752°F) if teft untopcoated, however,
if this product is used as a primer for Intertherm 50, the dry temperature resistance will he 540°C (1004°
F).

Untopcoated Interzine 22 is not suitable for exposure in acid or alkafine conditions or continuous water
immersion.

This produci has the following specification approvals:
« S8PC Paint Specification No. 20 Type 1C

+ BS5493 (1977) : EP2A

+ Shell Specification 40.48.00.30 V1{g)

- ASTM A490 Ciass B Slip Coefficient

« BS4604 Friction Grip

Note: VOC values are typical and are provided for guidance purpose only. These may be subject to
variation depending on factors such as differences in colour and normal manufacturing tolerances.

Low molecular weight reactive additives, which will form part of the film during normal ambient cure
conditions, will also affect VOC values determined using EPA Method 24.

YSTEMS When it is necessary for Interzinc 22 to be overcoated by itself due fo low dry film thickness, the coating
OMPATIBILITY surface must be fresh and unweathered. A minimum of 50 microns (2 mils) d.f.1 of any subsequent coat
of Interzinc 22 is needed fo ensure good film formation,

Before overcoating wilh recommended fopcoats ensure the Interzing 22 is fully cured (see above) and if
weathering has occurred all zinc salts should be removed from the surface by fresh water washing, and if
necessary scrubbing with brisile brushes.

Typical topcoats and intermediates are:

Intercryl 530 intergard 475HS
Intercure 200 Intersea! 670HS
Intercure 420 Interfine 979
Intergard 251 Intertherm 50
Intergard 269 Intertherm 715

In some cases it may be necessary to apply a mist coat of suitable viscosity to minimise bubbling. This
will depend upon the age of the Interzinc 22, surface roughness and ambient conditions during curing
and application. Altematively, an epoxy sealer coat, such as Intergard 269, can be used fo reduce
bubbiing problems.

For other suitable topcoatsfintermediaies, consult international Protective Coatings.
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interzinc, 22
Inorganic Zinc Rich Silicate:

DDITIONAL Further iniormation regarding industry standards, terms and abbreviations used in this data sheet
IFORMATION can be found in the following documents available at www.international-pc.com:

-
: o
7 Bl

Definitions & Abbreviations
Surfaca Preparation

« Paint Application

» Theoretical & Practical Coverage

Individual copies of these information sections are availabie upon request.

AFETY This product is intended for use only by professional applicators in industrial situations in

RECAUTIONS accordance with the advice given on this sheet, the Material Safety Data Sheet and the
container{s), and should not be used without reference to the Maternial Safety Data Sheet (MSDS)
which International Protective Coatings has provided to its customers.

Al work involving the application and use of this product should be performed in compliance with all
relevant national, Health, Safety & Environmental standards and reguiations.

in the event welding or flame cutting is performed on metal coated with this product, dust and
fumes will be emitted which will require the use of appropriate personal protective equipment and
adequate local exhaust ventilation.

If in doubt regarding the suitability of use of this product, consult International Protective Coatings
for further advice.

PACKSIZE ., = i Part A i PattB
S i . Vol Pack "~ - Vol Pack'
‘ " 1084lire - A5le. .. 3.36itre - 20
_ 3.8USgal sUsgal_ 12Usgal sUSgal
T For avsilability blmer pack sizes, contact mtemationai Piblective Coatings.
SHIPPING WEIGHT. | i : Part A : PartB
‘ ' S 1.7k K 2584y
sk 'es.1 b
STORAGE .- ° ... Shelflife .. Part A: 8 months minimum at 25°C. .
T SRl T “ Part B: 12 months minimum at 25°C (77 F.
<111 Subject to re-inspection thereafter. Store in dry, shaded oondmons away from
i sources of heat and ignifion.
iportant Note

@ information in this data sheet is not infended to be exhausiive; any perscn using the product for any purpese other than that specifically recommentded in this data sheet without first

taining wiittort corfirnation from us as to the suitability of the product for the intended purpose does so al their own risk. Alf advice given or statements made about the product

hether in this dala sheet or otherwise} is comect o the best of our knowledge bit we have no confrol over the guality o the condition of the substrale or the many factors affecting the

» and application of the product. Therefors, unfess we specifically 8gree in wiling to do so, we do mtacceptanyﬂawibfaiawurmeperfumnce of the product or for (subject to the

ximum extent permitiod by law} any foss or damage ansing ouf of the:use of the product. We heneby disclaim any i o orimphad, by operafion of

ror athanviss, including, without imitation, any implied warranty of merchantability or fithess for a particular purpose. Aff pmducts suppt!ed and technical advice given are subjoct to
~Conditions of Sale, You should raquest a copy of this document and review it carsfully. The information contained in this dafa sheet is fable to modification from time ta time in the

it of experionce and our policy of continuous development, It is the user's responsibiiity to check with their focal Infemational Paint representative that this data sheet Is cument prior fo

nig the product. .

ue date: G7/07/2009
pyight © AkzoNobel, QTAT/2009.

International, . Intemational and all product names mentioned in this publication are trademarks of, or fit to, Ak

ww.infernational-pc.com
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ESTRIFTION

ITENDED USES

RACTICAL
IFORMATION FOR
ITERGARD 475HS

EGULATORY DATA

Intergard, 475HS

Epoxy

Alow VC 2, high solids, hih build, two component epoxy coating. Available with conventional
pigmentz ion, or alternativzdy can be pigmented with micaceous iron oxide to provide enhanced

overcoating properties.

For use as a high build epoxy coating to improve barrier protection for a range of anti-corrosive
coating systems in a wide range of environments including offshore structures, petrochemical
plants, pulp and paper milis and bridges.

Suitable for use in both maintenance and new construction situations as part of an anti-corrosive

coating system.

The micaceous iron oxide variant improves long termn overcoating properties, betier facilitating
applicaticn in the fabrication shop, prior to shipping, with final overcoating on site.

Colour
Gloss Level
Volume Solids

Typical Thickness

Theoretical Coverage

Practical Coverage

Method of Application

Light Grey MIO and a selected range of colours
Matt
80%

100-200 microns (4-8 mils) dry equivaient to
128-250 microns (5-10 miis) wet

6.40 m¥flitre at 125 microns d.f.t and stated volume sofids
257 5q.f/US gallon at § mils d.f.t and stated volurne solids

Allow appropriate loss factors

Airless Spray, Air Spray, Brush, Roller

Drying Time

Overcoating Interval with

recommended topcoats
Temperature Touch Dry Hard Dry Minimum Maximum
-5°C (23°F) 150 minutes 48 hours 48 hours Extended’
5°C (41°F) 90 minutes 16 hours 16 hours Extended®
15°C (59°F) 75 minutes 10 hours 10 hours Extended®
25°C (77°F) 60 minutes 5 hours 5 hours Extended?

' See International Protective Coatings Definitions and Abbreviations
Maximum overcoating intervals are shorter when using polysiloxane topcoats. Consult International
Protective Coatings for further details.

Flash Point

Product Weight
vocC

Part A 34°C (93°F); Part B 31°C (B8°F); Mixed 33°C (91°F)

2.10 kgl (17.5 Ib/gal)

1.72 lbigal (207 gfit)
92 g/kg

EPA Method 24
EU Solvent Emissions Directive
{Council Directive 1999/13/EC)

See Product Characteristics section for further detalls

PN

ECOTECH
‘_’

Ecotech is ar initiative by international Protective Coatings a world leader in coating technology lo
promofe the use of environmentally sensitive producls across the globe.

Protective Coatings

2age 1 of 4
ssue Date:07/07/2009
ef-2153

" AkzoNobel
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Intergard, 475HS

Epoxy

All surfacas to be coatad should be clean, dry and free from contamination. Prior to paint
applicaticn all surfaces should be assessed and treated in zccordance with 150 8504:2000.

Primed Surfaces

intergard 475HS sheuld atways be applied over a recommended anti-corrosive coating scheme.
The primer surface should be dry and free from all contamination and ntergard 475HS must be
applied within the overcoating intervals spacified (consult the relevant product data sheet).

Areas of breakdown, damage etc., shouid be prepared to the specified standard (e.g. Sa2%2 (ISO
8501-1:2007) or SSPC-SP6, Abrasive Blasting, or SSPC-8P11, Power Tool Cleaning} and patch
primed prior to the application of Intergard 475HS.

Zinc Primed Surfaces

Ensure that the surface of the primer is clean, dry and free from contamination and zinc saits before
application of Intergard 475HS. Ensure zinc primers are fully cured before overcoating.

Mixing

Mix Ratio

Working Pot Life

Airless Spray

Air Spray
{Pressure Pot)

Brush
Roller

Thinner

Cleaner

Work Stoppages

Clean Up

Material is supplied in two containers as a unit. Always mix a complete unit
in the proportions supplied. Once the unit has been mixed it must be used
within the working pot life specified.
(1) Agitate Base (Part A) with a power agitator.
(2) Combine entire contents of Curing Agent {Part B} with Base

(Part A) and mix thoroughly with power agitator.

3 pari(s) : 1 pari(s) by volume

-6°C (23°F)  5°C (41°F)  15°C (59°F) 25°C (77°F)
B0 minutes B0 minutes B0 minutes 60 minutes

Recommended Tip Range 0.53-0.63 mm (21-25 thou}
Total output fiuid pressure at spray tip not less
than 190 kglem? (2702 p.s.i.)
Recommended Gun DeVilbiss MBC or JGA
Air Cap 704 or 765
Fluid Tip E
Suitable Typically 75 microns (3.0 mils) can be achieved
Suitable Typically 75 microns (3.0 mils) can be achieved

International GTACO7 Do not thin more than allowed by local
environmental legislation

International GTA822 {or Internationai GTA415)

Do not aliow material t¢ remain in hoses, gun or spray equipment.
Thoroughly flush all equipment with International GTA822. Once units of
paint have been mixed they should not be resealed and it is advised that
after prolonged stoppages work recommences with freshly mixed units.

Clean all equipment immediately after use with International GTAB22. itis
good working practice to periodically flush out spray equipment during the
course of the working day. Frequency of cleaning will depend upon amount
sprayed, temperature and elapsed time, including any delays.

All surptus materials and empty containers should be dispesed of in
accordance with appropriate regional regulations/legislation.



Y.nernaona. Intergard, 475HS

RODUIC [ B Intergard 475HS is primarily designed for use as a high buitd bartier coat to impart barrier
HARACTERISIICS  protection tn a coating systam. It is recommended that it should be overcoatec with a durable finish
from the !nterfine or Interthane range when appearance is important.

Maximum film build in one coat is best attained by airless spray. When applying by methods other
than airless spray, the requirad film build is unlikely to be achieved. Application by air spray may
require a multiple cross spray pattern to attain maximum filr build. Low or high temperatures may
require specific application techniques te achieve maximum film build.

When applying Intergard 475HS by brush or roller, it may be necessary to apply multiple coats to
achieve the total specified system dry film thickness.

Surface ternperature must always be a minimum of 3°C above dew point.
When applying Intergard 475HS in confined spaces ensure adequate ventilation.

Exposure fo unacceptably low temperatures and/or high humidities during or immediately after
application may result in incomplete cure and surface contamination that could jeopardise
subsequent intercoat adhesion. -

For further details regarding cure times and overcoatability, please contact Intemational Protective
Coatings.

Interchanging standard and elevated temperatura curing agents during application to a specific
structure will give rise to an observable colour change due to the difference in the
yellowing/discolouration process common to all epoxies on exposure to UV light.

In common with all epoxies Intergard 475HS will chalk and discolour on exterior exposure.
However, these phenomena are not detrimental to anti-corrosive performance.

Intergard 475HS is not designed for continuous water immersion.

The micaceous iron oxide variant of this product is frequently used as a "travel coat' prior to final
overcoating on site. To ensure best extended overcoating properties ensure over-application does
not oceur and that the surface is fully cleaned of any contamination which may be present in the
surface texture due to the coarse nature of the micaceous iron oxide pigmentation.

When applying Intergard 475HS at temperatures less than 15°C (59°F) or wet film thicknesses of
150 microns {6 mils} or less, addition of around 5% International GTAQQ7 thinners will improve film
appearance, sprayability and aid film thickness control.

Note: VOC values are typical and are provided for guidance purpose only. These may be subject
to variation depending on factors such as differences in colour and normal manufacturing
tolerances.

Low molecutar weight reactive additives, which will form part of the film during normal ambient cure
conditions, will also affect VOC values determined using EPA Method 24.

YSTEMS Intergard 475HS is designed for use over correctly primed steel. Suitable primers are:
OMPATIBILITY
Intercure 200 Interzine 22 (mist coat or tie coat may be required)*
intergard 251 Interzinc 315
Intergard 269 Interzinc 52

Suitable topcoats are:

Intergard 740 Interfine 629HS
Interthane 980 Intergard 475HS

For alternative primers and finishes, consult International Protective Coatings.

*See relevant product data sheet for details.
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M o Inf le 475HS
omernaiona, niergard, 475H
Epoxy
JBETIONAL Further ir‘ormation regarding industry standards, terms and abbreviations used in this data sheet
FORMY: TION can be found in the following documents available at www.international-pc.com:
Definitions & Abbreviations
Surface Preparation
= Paint Application
= Theocretical & Practical Coverage

individual copies of these information sections are available upon request.

AFETY This product is intended for use only by professionat applicators in industrial situations in

RECAUTIONS accordance with the advice given on this sheet, the Material Safety Data Sheet and the
container(s), and should not be used without reference to the Material Safety Data Sheet (MSDS)
which International Protective Coatings has provided to its customers.

All work involving the application and use of this product should be performed in compliance with all
relevant national, Health, Safety & Environmental standards and regulations.

In the event welding or flame cufting is performed on metal coated with this product, dust and
fumes will be emitted which will require the use of appropriate personal protective equipment and
adequate local exhaust ventilation.

If in doubt regarding the suitability of use of this product, consult International Protective Coatings

for further advice.
PACKSIZE ~© =~ ¢ UnitSiz¢. .. | . PaitA : " 'PartB
T peLTor ot Vel Pack . o Mol Pack
20 fitre 150itre = 20 fitre - blifre 5 litre
5usgai. 3USgal  5USga 1USgal  1USgal

For ava:lablhty of othar pack sizes, oonmcl Intemahonal Protecttve Coatings.

SHIPFING WEIGHT - - PatA " PartB
e : 354 kg - . 83kg
_ 874k a;nb_
STORAGE b0 Shelf Lif 12 months minimum at 25°C (77°F).
A T Subject to re-inspection thereafter. Store in dry, shaded condmons away
! from sources of heat'and ignition. :
nportant Note

w informatien in this data sheet is not intended te be exhaustive; any person using the product for any purpose cther than thet specifically recommended in this data sheet without first
Waining written confirmation from us as to the suitability of the product for the infendad purpase does sa at their own rsk. All advice given or stalements made about the product
thether in this data sheet or otherwise) is comect to the best of our knowledge but we have no controd aver the qualily or the condition of the subsirate or the many factors affecting the
e and application of the product, ‘Thersfore, unless we spacifically agrae in writing to do so, wa do not sccept any liabily af aif for the performance of the product ar far {subject to the
exdmum extent permitted by law) any foss or damage arising out of the use of the product. We hereby disclalm any ias oF rop tions, express or impliad, by aperation of

w OF otharwise, inchicling, without limitation, any inplied warranty of merchantability or fitness for a particular purpose. Al products supplied and techrical advice given are subject to

tr Condifions of Sale. You should request a copy of this document and review it canofully. The information contained in this data sheet is fiabie to modification from time fo tima in the
ht of experience and our pelicy of continuous development. |t is the user's responsibliity to check with their focal Imternational Paint representative that this data sheet is current prior to
iing the product.

sue date; 0772009
apyright @ AkzoNobel, 07/07/2008.

Unternational, . Infernatienal and alf product rames ioned in this publication are frademarks of. or li d to, AkzoNobel.
rvw.international-pe.com

2age 4 of 4



interthane, 990

¥onernatonal

Polyurethane:
RODUCT A two coimponent acrylic palyurethane finish giving excellent durabiiity and long term recoatability.
ESCRIFTION
ITENDED USES Suitable for use in both new construction and as a maintenance finish which can be used in a wide
variety of environments including offshore structures, chemical and petrochemical plants, bridges,
pulp and paper mills, and in the power industry,
RACTICAL Colour Wide range via the Chromascan system
IFORMATION FOR
ITERTHANE 830 Gloss Level High Gloss
Volume Solids 57% + 3% (depends on colour}
Typical Thickness 50-75 microns (2-3 mils) dry equivatent to
88-132 microns (3.5-5.3 mils) wet
Theoretical Coverage 11.40 mfiitre at 50 microns d.f.t and stated volume solids
457 sq.f/US gallon at 2 miis d.f.t and stated volume solids
Practical Coverage Allow appropriate loss factors
Method of Application Airless Spray, Air Spray, Brush, Roller
Drying Time
Overcoating Interval with
recommended topcoats
Temperature Touch Dry Hard Dry Minimum Maximum
5°C (41°F) 5 hours 24 hours 24 hours Extended*
15°C (59°F) 2.5 hours 10 hours 10 hours Extended*
25°C (77T°F) 1.5 hours 6 hours 6 hours Extended’
40°C (104°F) 1 hour 3 hours 3 hours Extended’
' See Iniernational Protective Coatings Definitions and Abbreviations
EGULATORY DATA  Flash Point Part A 34°C (93°F); Part B 49°C (120°F); Mixed 35°C (95°F)
Product Weight 1.21 kg/l {10.1 Ib/gal)
voc 3.50 Ib/gal (420 g/lt) EPA Method 24

EU Sclvent Emissions Directive
(Council Directive 1999/13/EC)

See Product Characteristics section for further details

341 g/kg

Protective Coatings _Worldwide Product
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interthane, 990

Polyurethan:

All surfacas to be coated <. 1ould be clean, dry and free from contaminatior:. Prior to paint
applicatic all surfaces sh:uld be assessed and treated in accordance with IS0 8504:2000,

Primed $urfaces

Interthane 990 shouid always be applied over a recommended anti-corrosive coating scheme. The
primer surface shouid be dry and free from all contamination and Interthane 990 must be applied
within the overcoating intervals specified (consult the relevant product data sheet).

Areas of breakdown, damage etc., should be prepared to the specified standard (e.g. Sa2¥: (iSO
8501-1:2007) or SSPC-SP86, Abrasive Blasting, or SSPC-SP11, Power Tool Cleaning) and patch
primed prior to the application of Interthane 990.

Mixing

Mix Ratio

Working Pot Life

Airless Spray

Air Spray
{Pressure Pot)

Air Spray

(Conventionat)

Brush

Roller

Thinner

Cleaner

Work Stoppages

Clean Up

Material is supplied in two containers as a unit. Always mix a complete unit
in the proportions supplied. Once the unit has been mixed it must be used
within the working pot life specified.
(1 Agitate Base (Part A} with a power agitator.
(2) Combine entire contents of Curing Agent (Part B) with Base

{Part A) and mix thoroughly with power agitator.

6 part(s): 1part(s) by volume

5°C (41°F)  15°C (69°F) 25°C (77°F) 40°C (104°F)

12 hours 4 hours 2 hours 45 minutes

Recommended Tip Range 0.33-0.45 mm (13-18 thou)
Total output fiuid pressure at spray tip not less
than 155 kglcm? (2204 p.s.i.)

Recommended Gun DeVilbiss MBC or JGA
Air Cap 704 or 765
Fluig Tip E

Svitable Use suitable proprietary aquipment

Suitable Typically 40-50 microns {1.6-2.0 mils) can be
achieved

Suitable Typically 40-50 microns (1.6-2.0 mils) can be
achieved

international GTA713 Do not thin more than aliowed by local
or Intemational GTA733 environmentai legislation

(or International

GTA056)

Internationai GTA713 or International GTA733

Do not allow material to remain in hoses, gun or spray equipment.
Thoroughiy flush all equipment with International GTA713. Once units of
paint have been mixed they should nct be resealed and it is advised that
after prolonged stoppages work recommences with freshly mixed units.

Clean ail equipment immediately after use with international GTA713. Kis
good working practice to periodically flush out spray equipment during the
course of the working day. Frequency of cleaning will depend upon amount
sprayed, temperature and elapsed fime, including any delays.

All surplus materials and empty containers should be disposed of in
accordance with appropriate regional regulations/legistation.
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Polyurethane

Interthan - ©90 is available in a range of metallic finishes - please consult the separate Interthane
990 Metz lic Working Procadures document for further information.

Level of sheen and surfaca finish are dependent on application rethod. Avoid using a mixture of
applicaticn methods whenaver possible.

Best resuits in terms of gloss and appearance will always be obtained by conventional air spray
application.

For brush and roller application, and in some colours, two or more coats of inferthane 980 may be
required to give uniform coverage, especially when applying Interthane 990 over dark undercoats,
and when using certain lead free bright colours such as yellows and oranges. Best practice is to
use a colour compatible intermediate or anticorrosive coating under the interthane 990.

When overcoating after weathering or ageing, ensure the coating is fully cleaned to remove all
surface contamination such as oil, grease, salt crystals and traffic fumes, before application of a
further coat of Interthane 990.

Absolute measured adhesion of topcoats to aged Interthane 990 is iess than that to fresh material,
however, it is adequate for the specified end use.

This product must enly be thinned using the recommended International thinners. The use of
altemnative thinners, particularly those containing alcohols, ¢an severely inhibit the curing
mechanism of the coating.

Surface temperature must always be a minimum of 3°C (5°F) above dew point.

When applying Interthane 990 in confined spaces ensure adequate ventilation,

Condensation occurring during or immediately after application may result in 2 matt finish and an
inferior film.

Premature exposure to ponding water will cause colour change, especially in dark colours and at
low temperatures.

This product is not recommendad for use in immersion conditions. When severe chemical or
solvent splashing is likely to occur contact International Protective Coatings for information
regarding suitability.

A modified version of Interthane 990 is available for use within the Korean markeiplace in order to
provide improved workability.
Note: VOC values quoted are based on maximum possible for the product taking into account

variations due to colour differences and normal manufacturing tolerances.

Low molecuiar weight reactive additives, which will form part of the film during normal ambient cure
conditions, will also affect VOC values determined using EPA Method 24.

The following primersfintermediates are recommended for Interthane 990;

Intercure 200 Interseal 670HS
intercure 200HS Interzinc 315
Intercure 420 Interzine 52
Intergard 251 Interzinc 52HS
Intergard 269 Interzone 505
Intergard 345 interzone 954
Intergard 475HS Interzone 1000

Interthane 990 is designed only to be topcoated with itself.

For other suitable primers/intermediates consult International Protective Coatings.
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JDITIDN-AL Further ir ormation regard: g industry standards, terms and abbreviations used in this data sheet
FORMy- TION can be foi:nd in the followi-,g documents available at www.internstional-pc.com:

Definitions & Aubreviations

= Surface Preparation

S

Paint Application

a

Theoretical & Practical Coverage
= {nterthane 9990 Metailic Finish Working Procedures

Individual copies of these information sections are avaifable upon request.

AFETY This product is intended for use only by professional applicators in industrial situations in

RECAUTIONS accordance with the advice given on this sheet, the Material Safety Data Sheet and the
container(s), and should not be used without reference to the Material Safety Data Sheet (MSDS)
which International Protective Coatings has provided to its customers.

All work involving the application and use of this product should be performed in compliance with all
relevant national, Health, Safety & Environmental standards and regulations.

In the event welding or flame cutting is performed on metal coated with this product, dust and
fumes will be emitted which will require the use of appropriate personai protective equipment and
adequate local exhaust ventitation.

If in doubt regarding the suitability of use of this product, consult International Protective Coatings
for further advice.

Warning: Contains isocyanate. Wear air-fed hood for spray application.

PACK SIZE S UnitSze T PatA - Part B, T
oo b veb . Pack . Vol :Pack
i20Me’ 17440t 20lire 2861Hre - 3.7 live
5 US gal E429u593| SUSgai 071U59a| 1USgai-

_Fbr availability of oiher pack sizes, contact Intamatlcna! Pmtective Coatlngs :

SHIPPINGWEIGHT . UnitSize. | . Part A _ PartB- | -
: ' . | 20itre 21kg | 35kg |
‘5 US gat ﬁ 478l : 741
STORAGE _ Shelf Life ' | 24 months (Part A} & 12 months {Part B) minimum at 25°C (77°F)

. 1Subject to re-inspection thereafter. Store in dry, shaded conditions away from
i 'sources of heat and ignition.

nportant Note

he information in this data sheet is not intanded fo be exhaustive; any person using the product for any purpose other than the! specifically recommencded in this data sheet without first
biaining writtsn confimation from us as to the suitability of the product for the intended purpose does so at their own risk. All advice given or staterments made about the product
vhether in this data sheet or otherwise) is corect io fie bos! of cur knowledge but we have no control over the quality or the condition of ihe subsirate or the many facfors affecting the
30 and application of the product. Thersfore, unisss we specifically agree in writing fo do so, we do not accapt any liability at al for the performance of the produdt or for (subject fo the
aximum extent parmitted by law} any loss ar damage anising ott of the use of the product. We hareby disclairn any wairanties or!apfssematmm express or implied, by operstion of

w or othenwise, ingluding, without linvtation, any implied warranty of merchantabilify or fifness fora rbcular purp All p is supplied and technical advice given ans subject fo

ar Conditions of Sale, You shoufd request a copy of this document and review it carsfully. The tained in his data shee! Is lisble fo modificaion from time to time i the
tht of experience and aur policy of continuous deveicpment. If is the user's mspormmlrty to chack with !he;r locaf International Paint rep tative fhot this data sheet is cument priorio
sing the product.

opyright © AlkzoNobel, 04/08/2009.

vinternational, | intemationat and et procect names mentionsd i this publication are B of, or ficensed to, AkzoNobel.
vww.international-pc.com
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