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AbsTrACT

ust is a common electrochemical 
corrosion problem regularly faced 
by the palm oil industry but most 
millers and refiners have shown only 

lukewarm interest in taking serious steps to 
control rust in the mill machinery especially 
the storage tanks. Metals act as catalysts in  
the oxidation reaction where palm free fatty 
acids react with the iron from the bare metal 
surfaces to produce oil soluble metallic soaps 
that will eventually result in pitting on the 
inner tank surfaces. This in turn leads in oil 
quality deterioration in a relatively short period 
of time. The most common and effective way to 
prevent corrosion is to isolate the metal surfaces 
from electrolyte by keeping the  surface dry 
and by applying a protective film coating like 
epoxy coating, epoxy phenolic coating or linseed 
oil. Proprietary rust treatment formulae may 
provide appropriate solution but tend to be rather 
expensive due to the fact that such formulations 
often comprise inexpensive common chemicals. 
Commercial rust converters usually are water-
based primer which contain tannic acid or 
phosphoric acid and an organic polymer usually 
2-butoxyethanol that can be applied directly to a 

rusty surface without bringing the surface down 
to bare metal.  The use is not practical because 
the accurate thickness and composition of the 
rust film is impossible to determine. Generally, 
increased corrosion resistance can only be 
obtained at an increased cost.

INTrODUCTION

Palm oil mills are equipped with machinery 
such as boiler, steriliser, etc. and necessary 
supporting structure which are made of 
mild carbon or stainless steel. Rust is an 
electrochemical corrosion process that 
occurs in the presence of iron, water and 
oxygen. When iron is immersed in water, or 
when there is a minimum of 40% humidity 
moisture from the air condenses on  the 
iron  surface, an infinite number  of cathode  
and anode sites are established uniformly 
and distributed over the metallic surface 
as shown in Figure 1. The dissolved oxygen 
reacts with iron causing the formation of 
iron oxides known as hematite or magnetite 
in its mineral form. There are two distinct 
chemical reactions in a corrosion process 
which are anode dissolution of iron that 
goes into solution and cathode reduction 
of oxygen dissolved into water as shown 
in the Reactions (1) and (2) respectively. 
Reaction (3) shows the formation of iron 
hydroxide (Cushman and Gardner, 1910).
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2Fe → 2Fe2+ + 4e- (1)
O2 + 2H2O + 4e- → 4OH- (2)

2Fe2+ + 4OH- → 2Fe(OH)2 (3)

Iron hydroxide then reacts with oxygen 
to form iron oxides as shown in Reaction 
(4).  Thus, the corrosion rate is a function of 
temperature, pH and fluid velocity.

4Fe(OH)2 + O2 → 2Fe2O3 (hematite) + 4H2O
6Fe(OH)2 + O2 → 2Fe3O4 (magnetite) + 6H2O (4)

Hematite bulges out because the iron 
oxide takes up more physical space than 
iron but magnetite takes up the same 
amount of space as iron, thus, it doesn’t 
bulge out. Only iron and steel oxidation is 
known as rust.

HelMHOlTz eleCTrOlyTIC 
DOUble lAyer

The double layer model is used to visualise 
the ionic environment in the vicinity of 
a charged surface due to ionic groups on 
the surface of a dielectric or a metal under 
potential. The balancing counter charge 
in the liquid will be concentrated near the 
charged surface as shown in Figure 2. Thus, 
a small but finite volume of the liquid at the 
boundary of two phases possesses different 
properties from the extended bulk liquid. 
There are several theoretical treatments 
of the solid-liquid interface such as Gouy-

Figure 1.  Cathode and anode formation on a metal surface.

Chapman Double Layer and Stern Modified 
Diffuse Double Layer.  Helmholtz Double 
Layer theory is the simplest approximation 
that the surface charge potential is linearly 
neutralised by counter ions placed at a 
certain distance away from the surface. 

If two types of metal ions present in a 
solution, the metal ion with smaller solution 
pressure will give up its electrical charge 
and returns to the metallic state while 
plating another metal. At this point, the 
first electrolytic layer with positive charged 
metal tends to set up a second electrolytic 
layer with opposite polarity to the first. 

Water is dissociated into H+ and OH- ions 
naturally in small definite extent. When a 
strip of pure iron comes into contact with 
water, positively charged iron ions are 
introduced into the water.  The H+ ions 
plate out on the iron strip due to smaller 
solution pressure, leaving the free OH- ions 
to balance the positive charges iron ions.

COrrOsION IN eleCTrOlyTIC 
THeOry

Every metal that dissolves in water forms 
hydroxide which exhibits different rate of 
decomposition that varies from instant and 
rapid decomposition as shown in sodium 
and potassium to approximately zero for 
gold and platinum. Iron solution can be 
placed in between the two extremes and its 
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Figure 2.  Electrolytic double layer ion formations.

position is greatly influenced by impurities 
or added substances contained in the metal 
and solvent. The slightest segregation of the 
metal will disturb the surface equilibrium 
causing a rise in the rate of decomposition 
at only some point. If the surface points are 
in contact via an electrolyte, the maximum 
solution pressure points will be electro-
positive with reference to the negatively 
charged hydroxyl pressure point leading to 
the flow of an electric current.  The corrosion 
rate is a function of electrolyte conductivity 
due to the faster rate of metal dissolution in 
the electro-positive areas. 

If the hydrogen ion concentration is 
sufficiently high, the hydrogen ions will 
exchange their electrostatic charges with 
the iron atoms sweeping into solution and 
gaseous hydrogen is seen bubbling out 
from the system. However, during ordinary 
rusting due to the low acidity environment, 
the hydrogen ions polarise to a great 
extent around the positive nodes without 
accomplishing a complete exchange and 
form Helmholtz electrical double layer. 
This polarisation effect resists and slows 
down the action. Thus, the concentration of 
ferrous hydroxide grows as soon as the iron 
sweeps into solution but the ferrous reaction 
appears in one place and the hydroxyl in 
another. Then oxygen from the atmosphere 
dissolved in the solution oxidise the ferrous 

ions to form the insoluble iron oxides which 
are precipitated as rust and the action of 
hydrolysis continues. 

rUsT AND PreveNTION

In zone corrosion,  rust occurs in localised 
areas only leaving the larger part of metal 
surface intact. There are three types of zone 
corrosion.

Galvanic corrosion is the disintegration 
of the metal surface due to electron flow 
between metals whenever two dissimilar 
metals are in contact with each other.  This 
could be prevented by replacement of the 
wasted metal component with a metal 
compatible with the mating piece.

Crevice corrosion occurs around the 
joints and seams of metal fixtures where 
dirt accumulates allowing moisture to 
collect and initiates corrosion. 

Pit corrosion occurs due to moisture 
retained in microscopic craters formed on 
metal surfaces when bombarded by wind 
with minute particles of dirt, salt or sand. 

The most common and effective way 
to prevent corrosion is to isolate the metal 
surface from electrolyte by keeping the 
surface dry and coating it with a water 

Solid surface

Bulk liquid

Compact layer Diffuse layer
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resistant film like paint, electro plating, 
lacquer or wax. All traces of rust must 
be removed before coating is applied on 
any metal surface. Epoxy primer is a non-
porous finish that is typically recommended 
as the first basecoat over bare steel or the 
black iron phosphate coating that remains 
after rust converting. Weld-through primer 
is often applied to the mating area and 
doesn't burn off when welding to provide 
protection on lap welds and inner weld 
seams.

Corrosion inhibitor is a substance 
applied in small quantity to effectively 
reduce a specific metal corrosion when 
exposed to the specific environment. The 
selection of corrosion inhibitors depend on 
the environment concerned, the required 
design life, the physical requirements of the 
material, appearance and availability of the 
ready stocks. Generally, increased corrosion 
resistance can only be obtained at increased 
cost (Afidah Abdul Rahim, 2005).

Figure 3.  Molecular structure of tannic acid.

Rust converters are solutions or primers 
designed to be applied directly to a rusty 
surface without the need for the surface 
to be brought down to bare metal. This 
interact with iron oxides especially Fe2O3 
to form a noble and protective black layer 
that possesses    resistance against humidity 
and prevent further corrosion process. 
Commercial rust converters usually are 
a water-based primer containing  tannic 
acid as shown in Figure 3.  The  iron oxides 
is converted to ferric (III) tannate and an 
organic polymer usually 2-butoxyethanol 
(C4H9OC2H4OH) that provides a protective 
primer layer. Reaction (5) shows the tannic 
acid reaction on the rust. Phosphoric acid 
may also be used in some formulations 
converting the rust to form firmly adhering 
iron phosphate layers as shown in Reaction 
(6).

C76H52O46  + 5Fe2O3 + 6O2 → 5Fe2(C14H7O9)
(OH)3 + 6CO2 + H2O

(5)

2H3PO4 + Fe2O3 → 2FePO4 + 3H2O (6)
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The use of rust converters is not 
practical because the accurate thickness 
and composition of a rust film is impossible 
to be gauged. Excessive use of the rust 
converter will cause it to form an acid 
surface whereas insufficient amount will 
cause incomplete conversion yielding rust 
residual that form the starting point for 
new corrosion processes. 

DIsCUssION AND CONClUsION

Most millers and refiners have neglected 
the storage tank maintenance. Research 
results show that about 3 ppm of iron was 
picked up by the oil samples in an uncoated 
drum over a period of six months and free 
fatty acids increased from 3.8 ppm to 60 000 
ppm after about 800 days under normal 
storage conditions (Chong, 2000). Palm free 
fatty acids reacts with the iron from the bare 
metal surface to produce oil soluble metallic 
soaps as shown in the Reaction (7).

2RCOOH + Fe(OH)2 → Fe(OOCR)2 + 2H2O (7)

Thus, the oil quality deteriorates in 
relatively short periods of time.

There are many rust treatment products 
available in the market but proper 
assessment for a rust treatment solution 
may require several years when outer 
finishing layers are removed so that any 
existing underlying rust could be examined. 
Thus, many consumers are bonded to 
specific well-known branded products with 
proprietary rust treatment formulas. The 
solution may be appropriate but tend to be 
rather expensive due to the fact that such 
formulations often comprise inexpensive 
common chemicals. Indeed exploring other 
potential options may achieve better results 
at a lower cost.

Tank coating is crucial for palm oil 
industry and should fulfill requirements as 
stated to ensure durability and oil quality 
preservation:

• smooth surface finishing and suitable 
for steam cleaning; 

• impervious to oil and comply with FDA 
regulations; and 

• resistant to low molecular weight fatty 
acids at temperature of 50°C to 90°C.

Under the present practice, bare metal 
surface preparation is normally done using 
rotary red brush. Epoxy coating is advisable 
at least 3 m from the bottom because water 
condensed from the moisture content of 
the oil will accumulate at the bottom over 
a period of time due to its higher density 
compared to oil. Protective coating using 
linseed oil at approximate 1 litre m-2 is also 
applicable but the coating layer that can 
be peeled off needs replacement during 
scheduled cleaning. 
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Electro plating is the process of creating a 
permanent coating of material on an object 
using electrical currents.  It is usually 
used to coat metal with a wide variety of 
coating materials such as chromium, gold, 
silver, bronze, copper, lead, nickel and tin 
to improve the appearance or performance 
characteristics of an object. It allows more 
expensive or desirable metals to coat on 

Figure A1.  Electroplating process schematic and parameters.

Process parameters

pH
Impurity 
Plating time
Current density
Bath additive
Bath temperature
Bath solution concentration

Additives
Cyanides (CN-) facilitate anode corrosion, 
carbonates (CO   ) and phosphates (PO  ) 
increase conductivity.

more affordable or less attractive base 
metals, protect the object or help to increase 
its resistance to rust and corrosion, help to 
increase the size of a metal object so that it 
will fit any desired application and serve 
a decorative function. Figure A1 shows the 
electro plating process schematic diagram 
and the process parameters.
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