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INTRODUCTION

1 Introduction

Introducing the abe® Rustopak™ range which is 
categorised as a High Performance Anticorrosion 
Sealant technology. This handy guide contains 
product information as well as technical 
guidelines with reference material to assist in 
conveying product technical information. This 
technology is widely tested and is available in 
South Africa, through a.b.e.® Construction 
Chemicals (Pty) Ltd. References are given as 
a guide and are complimented with additional 
information, facts, descriptions and guidelines 
and are not verbatim quotes from the source 
references. Calcium Sulfonate Alkyd is USA 
spelling vs Calcium Sulphonate Alkyd which is 
the British spelling of the word even though 
both these references are about the same 
chemistry. This guide is not meant to encompass 
every detail pertaining to corrosion and is 
directed specifically for the use of High Ratio 
Calcium Sulfonate Alkyd (HRCSA) branded as 
abe® Rustopak™.

1.1 High Performance Anticorrosion Coatings

High Performance Anticorrosion Coatings and Sealants are all 
specialized formulations to protect metal and concrete against 
natural degradation processes caused by corrosive agents such 
as moisture, salt, acids and oxygen. These Coatings and Sealants 
are also formulated to protect infrastructure where chemicals 
contaminate industrial and manufacturing environments. 

Industrial corrosion related maintenance costs and the 
replacement of metal and concrete infrastructure is a burden 
on the economy and the environment. Research has shown 
that corrosion related costs to Gross Domestic Product (GDP), 
averages at 4% for any developed or developing economy. 
Specifying the correct product based on its design, can reduce 
this cost to GDP. 

CHAPTER 1
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2.1 Introduction

Corrosion is a naturally occurring phenomenon 
commonly defined as the deterioration of a 
substance (usually a metal) or its properties 
because of a reaction with its environment. The 
tendency of a metal to corrode depends on the 
grain structure of the metal, its composition as 
formed during alloying, and the temperature 
or deformation of a single metal surface 
developed during fabrication.
Corrosion occurs as a result of an electrochemical 
reaction driven by a potential difference 
between two electrodes, an anode and 
a cathode, connected by an electronic path and 
immersed in the same electrolyte. In the case 
of uniform corrosion, a multitude of microscopic 
anodic and cathodic sites exist on the surface of 
the metal structure.

REF:  1  https://www.corrosionpedia.com/2/1368/prevention/
cathodic-protection/cathodic-protection-101
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2.2 Corrosion Cell explained

Corrosion cells are a condition on a metal surface in which a 
flow of electric current occurs between the metal surface and 
an electrolyte with which it is in contact, sufficient to cause the 
metal to degrade. Corrosion cells have been used to measure 
the corrosion properties of an object immersed in an electrolyte. 
It is normally used to test the reaction of metal specimens in a 
corrosive environment.

• a. Corrosion cells can be created through:

  i. Electrolysis.

  ii. Oxygen concentration cells.

  iii. Galvanic action.

• b.  A corrosion cell is a condition on a metal surface where 
flow of electrical current occurs between two metal 
surfaces.

• c.  A corrosion cell consists of four fundamental components:

  i. Anode.

  ii. Cathode.

  iii.  Conducting environment for ionic movement 
(electrolyte).

  iv.   Electrical connection between the anode and 
cathode for the flow of electron current.

• d.  The driving force behind a corrosion cell is a potential or 
voltage difference between the anode and cathode. It is 
important to know that each of the four elements of the 
corrosion cell affect the severity of corrosion.

• e.  A corrosion cell can occur on the molecular level. These 
cells usually are produced by three factors:

  i.  Irregularities in the metal’s surface produced by the 
original metalworking/forming or extruding.

  ii.  Differences in the composition of the metal’s surface 
pressed into the surface by shaping/rolling or 
finishing operations.

  iii.  Stresses induced from forming, welding, etc.

• f.  Coating films can be used to control one of these 
elements - the electrolyte. Applying a tightly adhered 
continuous protective film over the surface of the metal 
and isolating those points with different potential (anode 
and cathode) controls corrosion.

REF 2:  https://www.corrosionpedia.com/definition/1470/
corrosion-cell 
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2.3 Anticorrosion explained

• a.  A typical description can be found at http://www.
Corrosionpedia.com (Ref: 3). Anticorrosion explains the 
measures that are used to combat the occurrence and 
progression of corrosion. These can be techniques that 
are applied to reduce the negative effects of corrosion.

• b.  There are many anticorrosion techniques such as the 
use of inhibitors, coatings or the utilization of cathodic 
protection systems - all of which deter the consequences 
of corrosion.

• c.  There are countless anticorrosion measures used 
in various industries. One of these is the use of 
anticorrosion coatings. Special organic or metallic 
coatings can be used to protect metal structures from 
corroding. These are effective in giving protection to 
metal parts or equipment exposed to high levels of 
saline water and humidity. Such coatings are typically 
composed of layers such as:

  i. Pre-treated layer.

  ii. Middle anticorrosion primer.

  ii. Polymer topcoat.

• d.  According to experts, the most efficient coatings are 
those that contain epoxy aluminium. However, oxide 
paints and bituminous coatings also work well. These 
coatings are an inert film layer and simply separate the 
substrate from the atmosphere.

• e.  Another means of fighting corrosion is through 
galvanizing. In this process, metal, fabricated iron 
or steel is dipped in a molten bath of zinc, which is 
referred to as hot-dip galvanizing. It must be noted 
that the zinc acts as the Anode and will sacrifice itself 
to protect the underlying steel. The speed at which 
the sacrificial layer is depleted will depend on the 
chemistry of the environment, for example, in acidic 
conditions the zinc depletion will be rapid while under 
certain rural conditions the zinc depletion will be very 
slow. Galvanized items can also be painted (referred to 
as a Duplex system) which gives extended life to first 
maintenance of the item. This is widely used in major 
applications and industries that make use of iron and 
steel such as:

  i. Automotive.

  ii. Transportation.

  iii. Paper and pulp.

  iv. Utilities.

  v. Petrochemical.

  vi. Power transmission lines.

  vii. Electrical substations.

  viii.Telecommunication towers.

• f.   Other anticorrosion methods include the use of corrosion 
inhibitors. These substances, when mixed with the 
environment even in minute amounts, can effectively 
reduce corrosion rates in exposed metals. Such inhibitors 
are used in industries like petroleum refining, chemical 
and oil production. The most common corrosion 
inhibitors include:

  i. Phosphates.

  ii. Chromates.

  iii. Sodium nitrite.

  iv. Hexamine.

  v. Ascorbic acid.

  vi.  Trans-Cinnamaldehyde is also known as a corrosion 
inhibitor for steel and other ferrous alloys in 
corrosive fluids.

  vii. Amines.

  viii.Calcium sulfonate.

• g.  Apart from these, there are countless other ways 
to combat corrosion and its damaging effects. Its 
applications depend on the industry and machinery to be 
protected as well as the level of protection required.

REF 3:  https://www.corrosionpedia.com/definition/1329/anti-
corrosion 
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2.4 Forms of Corrosion

• a. Differential Aeration Corrosion

  i.  Differential aeration corrosion, as described in  
http://www.Corrosionpedia.com, is a type of 
corrosion that occurs when oxygen concentrations 
vary across a metal’s surface. The varying 
concentration of oxygen creates an anode and a 
cathode on the metal’s surface. Oxidation then 
occurs because an anode and a cathode have 
been established on the surface. In differential 
aeration corrosion, the area with the higher oxygen 
concentration becomes the cathode. The area with 
the lower oxygen concentration becomes the anode.

  ii.  Consequently, the portion of the metal that has 
the lower oxygen concentration is the portion 
subject to corrosion. Some examples where varying 
concentrations of oxygen may be found are metals 
that are buried, certain joint types, crevices and 
cracks. Metals that are partially submerged in water 
are also subject to differential aeration corrosion 
because the oxygen concentration in the water is 
typically different from the oxygen concentration in 
the atmosphere.

REF 4:   https://www.corrosionpedia.com/definition/6289/
differential-aeration-corrosion 

• b. Crevice corrosion

  i.  A typical description of crevice corrosion refers to 
the attack of metal surfaces that are in contact 
with each other where stagnant water conditions 
can contribute to the corrosion  in the crevice, for 
example around the edges of nuts and rivet heads. 
When dust, sand and other corrosive substances are 
deposited on surfaces, they create an environment 
where water will accumulate and corrode the metal 
part. It can happen between two metals or between 
a metal and a non-metal. This causes damage to the 
metallic part, which is initiated by the concentration 
gradient in chemicals.

  ii.  Oxygen causes an electrochemical concentration cell 
inside the crevice. This is a differential aeration cell 
where the oxygen in the crevice (the anode), and the 
oxygen content decreases, lowering the pH making 
the micro-environment more acidic.

  iii.  For chlorides, the electrochemical concentration is 
higher on the inside, which worsens the corrosion. 
When a ferrous metal is present, the ferrous ions 
react with the chlorides to form ferric chloride, which 
attacks the steel and in particular stainless steel. 
This makes the concentration of both the oxygen 
and the pH remains lower in the crevice than the 
concentration in the water solution that forms on the 
metal. The propagation mechanism is similar to that 
of pitting corrosion.

  iv.   There are factors that influence crevice corrosion. 

  These include:

   (1)  The type of crevice - either metal to metal or 
metal to non-metal.

   (2)  The geometry of the crevice, including the size of 
the gap, its depth and the surface roughness.

   (3)  The composition of the metal: The structure of 
the alloy composition and can be Cr, Mo, or other 
metals.

   (4)  The environment: The pH, halide ions, 
temperature, oxygen, chloride levels and Relative 
Humidity (RH).

  v.  The resistance of a material to crevice corrosion 
can be ranked and evaluated by its critical crevice 
temperature (CCT), but this has to be in accordance 
with the ASTM Standard G48-03. CCT is the minimum 
temperature in °C that can produce a crevice attack, 
and is found to be lower than the critical pitting 
temperature (CPT).

  vi. How can crevice corrosion be prevented?

   (1)  Replace riveted joints with welded butt joints.

   (2)  Eliminate crevices in lap joints through 
continuous welding and soldering.

   (3)  Drain existing solutions on surfaces and avoid 
creating stagnant conditions.

   (4) Use solid and non-absorbent gaskets.

   (5) Use higher alloys.

   (6)  Seal off the crevice with an “active seal” coating 
to prevent moisture and oxygen ingress.

REF 5:  https://www.corrosionpedia.com/definition/347/crevice-
corrosion 
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• c. Intergranular Corrosion

  i.  This is a corrosion type that attacks the boundaries 
of the metal crystallites, as opposed to attacking the 
surface of the metal. Intergranular corrosion can 
also be referred to as intergranular attack under a 
condition known as grain boundary depletion.

  ii.  Metals and alloys, like other elements, have micro-
structures that can be described as grains. Metals 
can contain multiple grains, and these are separated 
by a grain boundary. Intergranular corrosion can be 
defined as an attack along the boundaries of several 
grains in the metal or near the grain boundary 
with the largest portion of the grain remaining 
unaffected.

  iii.  The relation of corrosion to the grains can be 
explained in terms of element segregation. When an 
element adequate for the resistance of corrosion is 
lost, either from the boundary or the zone adjacent 
to it, it creates a condition where the spot becomes 
an anode with reference to the rest of the grain. 
Corrosion then proceeds along the affected grain 
boundary and may cause grains to dislodge due to 
the boundary deterioration.

  iv.  Stainless steels and weld decay sensitization are 
the best examples of intergranular corrosion. Grain 
boundaries that are rich in chromium elements will 
precipitate lead. This makes the boundaries very 
vulnerable to corrosion attacks in various electrolytes. 
This is caused by reheating the part that has been 
welded, especially in multi-pass welding.

  v.  In the process of intergranular corrosion, a knife-like 
attack, a form of intergranular corrosion, can occur 
when carbon reacts with niobium, titanium or the 
austenitic stainless steels. Carbides form in the areas 
close the welded part, making it difficult for them to 
diffuse. This condition can be corrected by reheating 
the part to enable the carbides to diffuse.

  vi.  Aluminium-base alloys are mostly affected by this 
corrosion due to two main reasons. The first is when 
the phases anodic to aluminium are along the grain 
boundaries. The second is due to the depleted parts 
of copper which are adjacent to the boundaries. 
Other alloys that are prone to intergranular corrosion 
are those that have elongated and flattened grain 
micro-structures. These are the heavily worked on 
alloys or those that have been extruded.

REF 6:  https://www.corrosionpedia.com/definition/689/
intergranular-corrosion 

• d. Pitting Corrosion

  i.  Pitting is a type of corrosion that occurs in materials 
that have protective films. It is an attack with 
localized holes on the metal’s surface. The attack can 
penetrate the metal very rapidly, while some parts of 
the metal surface remain free from corrosion.

  ii.  Pitting is vigorous when the solution on the metal 
surface contains chloride, hypochlorite or bromide 
ions. Other harmful solutions are those that contain 
fluorides and iodides, while sulfides and water are 
known to enhance the pitting process.

  iii.  When metal is exposed, its available electrons are 
given up, and thus tiny pits begin to form on the 
metal surface. This then grows to become a rapid 
attack that results in massive damage of the metal. 
The oxidizing cation of iron, copper and mercury, 
among others, enables the formation of pitting 
even when there is no supply of oxygen in the metal 
surface. Stainless steel, chromium, passive iron, 
cobalt, aluminium, copper and associated alloys are 
all prone to pitting corrosion.

  iv.  A tubercular morphology can be seen where pits 
develop. Pitting is not always local in nature, as 
even when intrinsic defects in the solution-metal 
interface, the potential nuclei remains intact. Their 
development and stabilization show a random 
nature, and galvanic coupling established in the 
zones of discontinuity where metal dissolution 
occurs, lead to the formation of small anodes.

  v. Pitting corrosion can be controlled by:

    (1) Use of a more resistant material.

    (2)  Ensuring that the fluids in contact with the 
material are either washed away or are 
injected at a high velocity.

    (3)  Reducing the medium’s aggressiveness.

    (4) Use of cathodic protection.

    (5) Avoiding stagnant zones.

    (6)  Use of appropriate materials for service 
conditions.

    (7)  Proper use of inhibitors or control of fluid 
chemistry.

    (8)  Use of a coating sealant that will prevent 
pitting on metal surfaces.

    (9)  The ability to maintain the protective film of 
the same material.

REF 7:   https://www.corrosionpedia.com/definition/883/pitting-
corrosion 



is a CHRYSO Group Companya.b.e.® Construction Chemicalsis a CHRYSO Group Companya.b.e.® Construction Chemicals

PAGE 7CHAPTER 2

CORROSION

• e. Fretting Corrosion

  i.  Fretting is gradual wear by means of rubbing or 
gnawing action between two surfaces. Fretting 
corrosion is a combined action of fretting as well as 
corrosion, which involves corrosion at points where 
two metal surfaces make contact by means of a 
rubbing action.

  ii.  Fretting corrosion is also known as chafing corrosion.

  iii.  For fretting corrosion to occur, the following 
conditions are needed:

   (1) Interface must be under load.

   (2)  Relative motion must occur and should be 
sufficient enough to produce deformation on the 
surface.

  iv. Fretting corrosion is common in: 

   (1) Riveted joints/structures.

   (2) Bolted joints/flanges.

  v.  Problems generated by means of fretting corrosion 
are very expensive to fix. There is no standard test 
method to identify fretting corrosion. Mechanical 
design plays a more important role than material 
selection when facing this kind of corrosion. While it 
cannot be eliminated completely, it can be reduced 
by using inhibitive caulking compounds in the joints. 
The use of an “active” penetrant based on calcium 
sulfonate in joints will inhibit corrosion.

  vi. Fretting corrosion can be prevented by:

   (1)  Reducing relative movement between materials.

   (2)  Using materials that are not susceptible to 
fretting corrosion.

   (3)  Increasing the hardness of one or both materials.

   (4) Using contact lubricants.

   (5) Using seals to absorb vibrations.

   (6)  Using an “active” seal such as High Ratio Calcium 
Sulfonate Alkyd which can accommodate the 
movement.

REF 8:   https://www.corrosionpedia.com/definition/553/fretting-
corrosion 

• f. Stress Corrosion

  i.  Stress corrosion refers to the degradation and/
or rust formation of a given metal surface in an 
electrochemical fluid environment due to the metal 
being subjected to tensile forces in residual or direct 
form.

  ii.  Stress corrosion erodes the microscopic granular 
composition of a metal surface, often causing the 
surface to crack and disintegrate due to significant 
tensile stresses.

  iii.  Metal modification processes such as welding, cold 
or hot bending, machining, or grinding can create 
residual stresses in a metal, which accelerate stress 
corrosion. Certain metals such as stainless steel, 
carbon steel and copper alloys are more prone to 
stress corrosion in corresponding electrochemical 
environments.

REF 9:  https://www.corrosionpedia.com/definition/6141/stress-
corrosion

2.5 Weakest link explained

The weakest links on lattice structures are found at the 
fasteners where joints are clamped together and where 
corrosion starts first. This is due to the movement found only 
where members are clamped together. There are bimetals 
with different corrosion potentials, such as bolts, nuts washers, 
flanges, gusset plates, etc. all forming anodes and cathodes. 
Where there are crevices one will find an electron flow in the 
presence of moisture forming a corrosion cell. If it is decided to 
hot-dip galvanize the fasteners, the need to oversize the nuts to 
allow space for the zinc layer diminishing the tensile strength of 
the fasteners. 

Most importantly, if the fasteners are not protected against 
moisture and oxygen and the first two threads, responsible 
for 57% of the fastener’s total load distribution, is at risk of 
corroding and this will lead to a domino effect of fastener 
failure. Hard curing, Passive Barrier Coatings are applied to 
joints but they crack due to the movement at the joints, which 
allow for moisture and oxygen ingress, starting the bimetallic 
corrosion process, at an accelerated pace.

REF 10: Bimetallic Corrosion Workshop 1 & 2 June 2017.
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3.1 General methods

High Performance Coatings and Sealants can broadly be 
classified into two categories. These coatings and sealants 
are also divided into various technological categories such as 
solvent borne, water borne, powder coatings, heat applied 
coatings, radiation-cured coatings, Nano coatings, electro-
plating and other technologies.

3.2 Passive barriers

Passive Barriers form an “inert shell” over metal and has “no 
resistance to under creep” when damaged or they crack where 
structures move at the jointed areas. They simply separate the 
substrate from the environment which causes the corrosion 
from the surface of the substrate. They are also prone to 
natural degradation and once they fail, the substrate is not 
protected anymore and corrosion occurs. Coatings in this 
category are polyurethanes, epoxies, siloxanes, bituminous, etc.

3.3 Active seals

Hot-dip Galvanizing, zinc-rich coatings (92 – 95% Zn by 
volume), metal plating, zinc spray as well as a coating 
generically called High Ratio Calcium Sulfonate Alkyd (HRCSA) 
are “Active Seals” which react with the metal surface by 
metallurgical bond and chemical reaction respectively and 
“resists undercreepage” at the scribe (a scribe is used in ASTM 
Standard testing to simulate a crack or coating damage). 

3.4 Cathodic Protection

•  a. Cathodic Protection (CP)

   In this type of CP, protection is achieved by connecting 
the protected structure to a sacrificial anode, which is 
placed close to the protected structure. Sacrificial anodes 
are made from active metals such as zinc, aluminium, or 
magnesium, which are considered the most active metals 
according to the galvanic series. CP current is created by 
the potential difference between sacrificial anodes and 
the protected structure. The type of anode used depends 
on electrolyte resistivity and the chemical compositions 
of the electrolyte to which the substrate is exposed.

• b. Impressed Current Cathodic Protection

   In this type of CP, protection is achieved by connecting the 
protected structure to an anode bed through a transformer 
rectifier (TR). The anode bed is a series of buried anodes 
that are electrically connected and surrounded by certain 
backfill to reduce their resistance to the earth. The 
anode bed should be placed remotely from the protected 
structure. (For more information, see Cathodic Protection 
and Anode Backfills.). Three types of anodes are used: 
Soluble anodes (aluminium and steel), semi-soluble anodes 
(graphite and high silicon cast iron (HSCI ), and non-soluble 
anodes (platinum, mixed metal oxide, and polymer) The 
main component of this type of CP is the TR, which forces 
the current to flow from the anodes to the protected 
structure (cathode). The type of anodes used depends on 
the chemical composition of the electrolyte, to which the 
substrate is exposed and the area to be protected.

FIG.1.
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FIG.2.

REF11:  https://www.corrosionpedia.com/2/1368/prevention/
cathodic-protection/cathodic-protection-101 
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 i. Van Der Waals forces explained:

    In molecular physics, the van der Waals forces are 
distance dependent interactions between atoms 
or molecules. Unlike ionic or covalent bonds, these 
attractions are not a result of any chemical electronic 
bond and they are comparatively weak and more 
susceptible to being disturbed. Van der Waals forces 
quickly vanish at longer distances between interacting 
molecules. Van der Waals forces also define many 
properties of organic compounds and molecular solids, 
including their solubility in polar and non-polar media. 
The term “van der Waals forces” is also sometimes used 
loosely as a synonym for the totality of intermolecular 
forces.

REF 14: https://en.wikipedia.org/wiki/Van_der_Waals_force

• c.  abe® Rustopak™ prevents the flow of electrical currents 
i.e. it stops the flow of electrons which causes Galvanic 
Corrosion when conductive materials are in direct 
contact.

• d.   abe® Rustopak™ prevents oxidation, because oxygen 
cannot pass through the coating as it seals the metal 
off from the atmosphere. The HRCSA Seal is filled with 
calcite platelets to create a long path for oxygen and 
moisture to pass through to the metal or concrete 
substrate. This ensures that no oxygen or moisture will 
pass through the Seal. Calcite, the most abundant form 
of natural Calcium Carbonate (CaCO2) is insoluble in 
water and provides this thixotropic seal with enough 
filler to build a film far greater than conventional 
coatings, a film build with one pass of a brush or sprayer 
can be as much as 1500µm, thus providing an extended 
life cycle of corrosion protection at a high film build 
without sagging.

  i. Thixotropy explained:

   (1)  Thixotropy is a time dependent shear thinning 
property. Certain gels or fluids that are thick, or 
viscous, under static conditions will flow (become 
thin, less viscous) over time when shaken, 
agitated, sheared or otherwise stressed (time 
dependent viscosity). They then take a fixed time 
to return to a more viscous state.

   (2)  A thixotropic fluid is a fluid which takes a 
finite time to attain equilibrium viscosity when 
introduced to a steep change in shear rate. 
Some thixotropic fluids return to a gel state 
almost instantly such as ketchup and are called 
pseudoplastic fluids. Others such as yogurt 
take much longer and can become nearly solid. 
Many gels and colloids are thixotropic materials, 
exhibiting a stable form at rest but becoming 
fluid when agitated. 

• c. Hot-Dip Galvanizing

    Hot-dip galvanizing (HDG) is the process of coating 
iron, steel or ferrous materials with a layer of zinc. This 
is done by passing the metal through molten zinc at a 
temperature of 460 °C. If left for a period of time the 
shiny Zinc (Zn) starts to become dull with the formation 
of a zinc carbonate (ZnCO3) layer on the surface of the 
Zn. The zinc carbonate layer is a strong insoluble material 
that protects the Zn layer. Once the ZnCO3 has eroded 
away then only the CP remains to protect the steel and 
can prevent corrosion in many circumstances. Hot-dip 
galvanizing can be carried out cheaply and in large 
batches. Hot-dip galvanizing is also known as hot-dip 
coating.

REF 12:   https://www.corrosionpedia.com/definition/635/hot-dip-
galvanizing-hdg 

3.5 abe® Rustopak™ High Ratio Calcium Sulfonate 
Alkyd Protection

• a.  abe®  Rustopak™ HRCSA is Hydrophobic, preventing the 
moisture from reaching the coated metal surface.

 i. Hydrophobicity explained:

  (1)  The hydrophobic effect is to repel water or moisture. 
The word hydrophobic literally means “water-
fearing” and it describes the segregation of water 
and nonpolar substances. It minimizes the area of 
contact between water and nonpolar molecules.

2)  The hydrophobic effect is responsible for the separation of a 
mixture of oil and water into its two components. 

REF 13: https://en.wikipedia.org/wiki/Hydrophobic_effect

• b.  abe® Rustopak™ HRCSA has a greater attraction to 
metal than water, because of the van der Waals forces 
which is its primary method of adhesion and for this 
reason, it is not necessary to grit blast metal surfaces 
before coating with abe® Rustopak™. Modified calcium 
sulfonate/carbonate complexes obtain adhesion through 
charge attraction. The positively charged calcium and 
double bonded oxygen’s have a strong affinity for the 
negatively charged metal surfaces. As discussed, modified 
calcium sulfonate systems obtain adhesion through 
totally different mechanisms (Van der Waals forces) 
than conventional paints. Conventional paints obtain 
adhesion through hydroxyl, carboxyl and epoxide groups 
which usually requires a substrate profile. Because of the 
different adhesion system, the sulfonate coatings are 
not affected by the ions generated during the corrosion 
process that normally causes undercutting.
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   (3)  Thixotropy arises because particles or structured 
solutes require time to organize. Many kinds of 
paints and inks e.g. plastisols used in silkscreen 
textile printing exhibits thixotropic qualities. In 
many cases it is desirable for the fluid to flow 
sufficiently to form a uniform layer, then to resist 
further flow, thereby preventing sagging on a 
vertical surface.

REF 15: https://en.wikipedia.org/wiki/Thixotropy

• e.   abe® Rustopak™ modifies the environment, because 
the mild sulfonic acid in the seal reacts with the zinc 
carbonate (ZnCO3) layer  formed on the surface of the 
zinc (Zn) of hot dip galvanising to which the coating 
is applied, this chemical process increases the surface 
pH > 10.1 which inhibits the formation of corrosion. The 
calcium carbonate (CaCO3) available has a solubility of  
1 X 106 in any water entering the coating. Although low, 
this is enough to set up a buffered pH of about 10.1. This 
pH range is too alkaline for active corrosion (rust) and a 
passivating layer is formed.

• f.   abe® Rustopak™cures to a firm film (ASTM D3363) 
of 5B Pencil Hardness and passes the (ASTM D522) 
180° Mandrel Bend Test. A film that does not cure to 
a hard finish will not crack where structures move at 
assembled areas like pipe supports, joints and foundation 
assemblies etc.

• g.  Thermal Stability of abe® Rustopak™. Modified calcium 
sulfonates do not exhibit a melting point. Any softening 
or dropping points are in excess of 260 ºC. Modified 
calcium sulfonates remain flexible even when frozen in 
an applied coating. In concentrated solutions, modified 
calcium sulfonates have little tendency to separate or 
settle due to their thixotropy at temperatures from 
-17 ºC to 54 ºC.

3.6 Chemistry of High Ratio Calcium Sulfonate Alkyd 
(HRCSA)

 
 The different types of Calcium Sulfonates are lubricants & 
greases, fuel additives, thickeners for conventional coatings, 
corrosion inhibitors for conventional coatings. Calcium Sulfonates 
are available in water based and solvent based, gelled or over 
based resins. Water based resins have not proven to provide the 
protection to that of solvent based resins. abe® Rustopak™ is a 
solvent based resin product.

• a.  Gelled vs Over based

   Focus will be on this category used as resins in Active 
Seal coatings modified with Alkyd resins and waxes 
modifications increase water resistance, wetting of the 
substrate and firmness of the coating. HRCSA must have 
High Ratio of Calcium Sulfonate to these modifiers to 
maintain maximum corrosion resistance.

• b. Gelled Calcium Sulfonate Chemistry

   Thixotropic over based and gelled Calcium Sulfonates are 
produced in a series of chemical reactions.

Sulfonic acid is formed by reacting with an alkyl benzene 
compound with sulphur trioxide. This process is called sulfonation.

Neutralization and Over-Basing

Sulfonic Acid is then converted into the Sulfonate-Carbonate 
complex by neutralizing the Sulfonic Acid and reacting with the 
metal salt with an excess of Calcium Hydroxide and Calcium Oxide 
to form the over based complex. 

Carbonate Modification

This step converts the small amorphous Carbonate particle 
structure (9 μm average) to a large particle size Calcite crystal 
(200-250 µm average). This Calcite structure imparts thixotropic 
viscosity characteristics to Calcium Sulfonates.

METHODS OF CORROSION PREVENTION

FIGURE 1 | Sulfonic acid production

Sulfonic acid

R R+ SO3 SO3

FIGURE 2 | Formation of the amorphous carbonate complex

Amorphous

[R SO3]2+ Ca O [R SO3]2
-Ca++ • n CaCo3

Ca[OH]2 CO2

FIGURE 3 | Formation of the calcite structure

Amorphous Calcite

Solvent

[R SO3]2
-Ca++ • n CaCo3

[R SO3]2
-Ca++ • n CaCo3
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Hydrophobicity 

Alkyl groups attached to the aromatic ring face away from the 
substrate and repel moisture. These mostly saturated aliphatic 
chains are completely nonpolar. The complex being polar on 
one end and nonpolar on the other end makes hydrophobic 
compounds like waxes and oxidative petrolatum’s compatible 
coating formulations.

Polarity

The polarity of the aromatic ring and attached Sulfonate 
(SO3) group results in coatings with superb metal wetting 
and moisture displacement properties. The polar end of the 
Sulfonate/Carbonate complex attaches to metallic substrates 
and demonstrates exceptional adhesion even when the coating 
film is damaged. Very thin films of only a few mils  
(1 mil = 25.4 micron) can offer up to 1,000 hours of protection 
in the ASTM B 117 Salt Fog Test. The moisture displacement 
property allows the application of coatings in less than optimal 
conditions.

Corrosion Inhibition

The Calcium Carbonate (CaCO3) part of the complex functions 
primarily as an Alkalinity reserve. The Carbonate is slightly 
soluble in water and acts as a corrosion inhibitor by buffering 
the pH at the metal surface. A pH of approximately 10.0 can 
be maintained at the coating/metal interface, which delays the 
initiation of the corrosion process and this further aids in under 
cutting (undercreepage) prevention. 

Formulation

Coatings both Passive and Active seals are made up of a 
combination of resins, pigments, solvents and additives. 
Differences in coatings and their performance are the direct 
result of these components and the ratio’s that are used in their 
manufacturing. In the case of HRCSA it is the Calcium Sulfonate 
resin that provides the excellent corrosion resistance, water 
resistance, adhesion to bare metal and Hot-Dip Galvanized metal.

REF 16: Bimetallic Corrosion Workshop 1 & 2 June 2017.

Over based Calcium Sulfonate-calcium Carbonate Complex

 

This complex is dispersed in Mineral Turpentine/Spirits and 
exhibit a variety of properties, which relate to the chemical 
structure of over-based gelled Calcium Sulfonate. These 
include hydrophobicity due to platelet formation, polarity and 
corrosion inhibition.

Platelet Structure

The size and shape of the Calcium Carbonate particle is 
controlled during synthesis to form the platelet structure. 
These flat platelets form a barrier to air, moisture, and 
Carbon Dioxide to reach the metal surface, thereby stopping 
the electrochemical reaction process and thus preventing 
corrosion. Once the modified calcium sulfonates have “plated 
out” with their charged groups toward the metal they orient 
a very hydrophobic hydrocarbon chain structure outward. This 
environment prevents water from reaching the metal and 
thus eliminates one of the necessary agents for corrosion. The 
calcite platelets increase the path length that oxygen or water 
would need to take to reach the metal substrate.  This situation 
is further augmented by the materials that would form the 
matrix between the platelets (wax, OXPET), which are also 
hydrophobic.

METHODS OF CORROSION PREVENTION

Hydrophobicity Polarity Corrosion inhibition

Amorphous

FIGURE 5 | Calcium sulfonate - calcium carbonate complex functionalities
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FIGURE 4 | Simplified over-based calcium sulfonate micelle
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• b. Surface Cleanliness

  i.  abe® Rustopak™ may not be applied to existing 
coating that has coating removed and the particle 
level is higher than 3 on the ISO 8502 – 3 Standard. 
Refer to the following pictorial reference to the 
standards.

  Standard:  ISO 8502 – 3 

    Refer to the various levels of cleanliness below.  
Level 3 must not be exceeded.

4.1
What abe® Rustopak™ can  
be applied to

abe® Rustopak™ is formulated to be an overcoat to new steel, 
corroding steel, new and weathered concrete and most existing 
coatings except Bitumen and Siloxane (silicone) based coatings. 
It is imperative that the existing coating/s is/are sufficiently 
adherent to the substrate and inspected by means of a fast, low 
cost, visual comparison method for paint and powder coatings 
up to a thickness of 250µm. The existing coating is cut into small 
squares, thereby reducing lateral bonding and the adhesion 
assessed against ISO, ASTM or Corporate Standards. Adhesion 
testing is a hold point that must be inspected by a qualified 
coating inspector or supervisor using Dust Tape.

• a.  Adhesion Test abe® Rustopak™ may not be applied 
to existing coating that has coating removed between 
classification 0B - 2B level on the ASTM D3359 Standard. 
Refer to the following pictorial reference to the 
standards.

CHAPTER 4

WHAT YOU NEED TO KNOW ABOUT 
abe® Rustopak™

  ii.  Surface cleanliness is a hold point that must be 
inspected by a qualified coating inspector or 
supervisor using Dust Test Kits which need to be 
attached to the relevant inspection certificate and 
uploaded to the App.

  iii.  Surfaces must be clean and dry. No oily residue, 
loose corrosion, dust or plant material may be left on 
surfaces to be coated.

  iv.  Surface Salt Levels must be inspected for the 
presence of salt, especially Chlorides, before coatings 
are applied. Surfaces must be inspected by a qualified 
coating inspector or supervisor using Quantab 
Chloride Test Titrators which need to be attached to 
the relevant inspection certificate and uploaded to 
the App.  abe® Rustopak™ may not be applied to 
surfaces that have salt readings that are higher than 
70µg/cm2 or 70mg/m2.

% of Area 
removed

Surface of cross-cut area from which flaking 
has occurred for 6 parallel cuts & adhesion 

range by %
Classification

5B

Less than 
5%

 5 - 15%

15 - 35%

35 - 65%

Greater than
65%

0%
None

4B

3B

2B

1B

0B

1

2

3

4

5
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WHAT YOU NEED TO KNOW ABOUT 
abe® Rustopak™

4.2 When abe®  Rustopak™ can be applied

• a.  Rain: abe® Rustopak™ can be applied if there is no 
rain anticipated for the day of    
application.

• b.  Wind: The wind velocity must be low when spray 
applying. If the velocity of the wind is too high, switch to 
roller or brush application. Overspray must be contained 
with screens.  If there is any overspray on equipment not 
specified to be coated, it is the applicator’s responsibility 
to remove all overspray. If this occurs, use mineral 
turpentine and clean cloth.

• c.  Temperature: Surface temperatures between -7 °C 
and 54 °C can be coated and the dew point may not 
be less than 3 °C differences between the ambient 
and the surfaces temperatures. If it is less than 3 °C, 
condensation will form on the surface of the substrate. 
For the application of the coating the surfaces must be 
totally dry. Climatic reading is a hold point that must be 
inspected by a qualified coating inspector or supervisor 
using appropriate equipment such as a Dew Point Meter.

4.2 When abe®  Rustopak™ can be applied

• a.  abe® Rustopak™ Red Penetrating Sealant - Used for 
superior wetting into high corrosion areas or inaccessible 
areas where crevice corrosion occurs  such as splice 
plates, rockers, box construction design and pack rust. 
No more dismantling and re-assembling of components 
is required. abe® Rustopak™ Red Penetrant Sealant is 
a low VOC penetrating liquid used in conjunction with 
abe® Rustopak™ Topcoat. It is a single component system 
specifically formulated to be applied as an overcoat over 
surfaces with tightly adherent rust and also hard to reach 
areas such as crevices. 

• b.  abe® Rustopak™ Topcoat - A low Volatile Organic 
Compound (VOC), active rust inhibitive sealant, for use as 
a single coat direct to metal (DTM) that does not have to 
be rust free. Tightly adhered rust on structural steel must 
be without contaminants such as oil, grease, salt, etc. 
abe® Rustopak™ Topcoat can also be applied to concrete 
that must be without contaminates such as oil, grease, 
salt, etc. It is a single component, specifically formulated 
active sealant system and gets applied as a topcoat over 
abe® Rustopak™ Red Penetrant Sealant to offer UV 
protection and colour.

4.2 When abe®  Rustopak™ can be applied

The recommended application method for abe® Rustopak™ Top 
Coat is a single application system applied at 175 to 450 microns 
(μm) WFT or as specified by DFT requirements.

Airless Spray: 30:1 Graco Bulldog with 9.5 mm ID high pressure 
line and a Graco Silver Gun with a 0.43 to 0.53 mm spray tip or 
similar.

Note: Brush or roller application is recommended for jointed 
areas and ease of application.

May be applied to surfaces and in ambient temperatures down 
to -17.7 °C  provided there  is no visible condensation or ice 
present.

The material temperature prior to being applied must be 
elevated to achieve a workable viscosity. This temperature 
may be higher than the minimum recommendations of 1.6 to 
7.2 °C  based on equipment, desired working times and ambient 
conditions.

Ambient temperatures must remain at least 3 °C  above the 
Dew Point and rising during application.

Material should not be applied when the relative humidity 
exceeds 90% (RH > 90%) or the substrate temperature is higher 
than 53 °C. Surface particle reading must be between 1 and 3.

Maximum surface salt level must be less than 70 mg/m2. 
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5.1 Introduction: ISO 9001:2008  
REF. No. ACE 03 REV.01  

abe® Rustopak™ can only be applied by an 
Accredited Company and by an Accredited 
Applicator. The Quality Management Work 
Instructions ISO 9001:2008 REF. No. ACE 03 REV.01 
shall be implemented when abe® Rustopak™ is 
applied for Warranties to take effect.

5.2 CS029-01: Staff Details: Qualifications

 In order to ensure that the Warranty of the abe® Rustopak™ 
coating system be honoured, it is essential to ensure that all 
Coating Applicators and Paint Supervisors are suitably qualified.

5.3 CS029-02: Visual Standards for Prepared Surfaces

 To establish the standard of Surface Cleanliness after 
Preparation of steel surfaces. Evaluation of the standard of 
Surface Cleanliness of prepared steel surfaces for subsequent 
coating application.

5.4 CS029-03: Test for Non-Visible Salts

Test methods for determining 
soluble salts

a.  The Approved Chloride Test Kit 
Strips  Method (soluble salts) 
with distilled water.

b.  The Elcometer 134 CSN method 
(chlorides, sulphates, nitrates)

ISO

ASTM

8502-6

D512-C

2006

2004

CHAPTER 5 5.5 CS029-04: Surface Temperature Measurement

Determination of temperatures on surfaces which abe® 
Rustopak™ is going to be applied to.

5.6 CS029-05: Relative Humidity Measurement & 
Dewpoint

 Determination of moisture in the atmosphere, i.e. the 
percentage Relative Humidity (RH) and dew point temperature.

5.7 CS029-06: Wet Film Thickness (WFT) gauge

Determination of wet film thickness. Measure the wet film 
thickness (WFT) of coatings. This method is restricted to slow 
curing coatings.

5.8 CS029-07: Dry Film Thickness (DFT)  
measurements non-destructive

 Non-destructive determination of coating dry film thickness. To 
measure the dry film thickness of surface coatings such as paint 
and galvanised zinc on ferrous or non-ferrous substrates using 
non-destructive electronic test instruments.

5.9 CS029-08: Test Panels

Preparation of a duplicate set of Test Samples for every type 
of substrate that the coating will be applied to, of every 
batch of each coating system specified for future reference. 
Project Engineer’s signed approval shall be documented on 
Test Certificate C029-08-01 of the sample application must be 
obtained before the batch is applied.

5.10 CS029-09: Storage & Handling

Correct storage and handling of the coating according to the 
specification of the manufacturer. In terms of the products 
hazardous classification, the storage and handling of such 
product containers must be done according to the guidelines 
provided. Distribution of signed certificate shall be as stated in 
the Job File.

INSPECTION
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CHAPTER 6

6.1 abe® Rustopak™ Red Penetrant Volume Solids

% Solids by Weight 62 ± 2.0

% Solids by Volume 45 ± 2.0

WFT 50 to 100 microns (µm)

DFT 25 to 50 microns (µm)

6.2 abe® Rustopak™ Topcoat Volume Solids

% Solids by Weight 76 ± 2.0

% Solids by Volume 60 ± 2.0

WFT 300 to 375 microns (μm)

DFT 
Spread rate: Theoretical

180 to 225 microns (µm) 
3.33 m2 to 2.66 m2

6.3 What is Spread Rates

 The theoretical spreading rate or coverage of a coating is 
a function of the volume solids. The volume solids is the 
percentage of the coating consisting of binder and pigments 
which remain on the substrate, forming the final paint film 
after the volatile components or solvents evaporate. The 
theoretical formula assume that all the coatings (except 
solvents) are uniformly applied to the substrate with no over 
spray or application loss. The theoretical coverage is used in 
calculating cost comparisons between coatings systems and 
suppliers and establishes a factual starting point from which 
the practical spreading rate/coverage can be estimated. 

The practical coverage makes allowances for application losses 
and is a more reliable indicator of what will be experienced 
in the field. Application losses are affected by many factors, 
including wind, application technique, application equipment, 
and type/profile of the substrate to be coated. Loss factors vary 
depending on the specific situation.

6.4 How to Calculate Theoretical Spread Rates – 
Wet Film vs Dry Film

The theoretical coverage/spreading rate of a coating are 
calculated as follows: 

Volume solids (%) x 10
= Theoretical Coverage (m2 / L)

Measured DFT (in microns)

Example:

60 (%) x 10 
= 2.25 (m2 / L)

2.66 DFT (in microns)  

6.5 How to Calculate Practical Spread Rates –  
Wet Film vs Dry Film

The practical coverage/spreading rate of a coating are 
calculated as follows: 

 Theoretical coverage x (1- loss factor) = Practical Coverage

Example: 

  Theoretical coverage of 2.66 m2 per Litre at recommended 
dry film thickness.

Loss factor of 30% of Theoretical Spread Rate of 2.66 m2 / L  
x (1- 0.30) = 186 m2 / L calculated for the Practical Spread Rate.
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