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Opinion

Protective coatings on metal substrates undergo degradation
due to various conditions such as intense solar irradiation,
wind, rain, moisture, sand storm etc. Degradation of coatings
is a serious problem, generally, and is a severe problem in
the petroleum industry [1,2]. Structures and pipe lines are
susceptible to damage due to coating deterioration. The loss
suffered by the industry due to such damages is huge. If there is
a mechanism to predict the damage or to monitor the progress
pattern of the damage, essential safeguards can be put in place.
One such suggested mechanism is to study a cross section or
slice of the coated material and to assess the damage inflicted on
the substrate using a Laser Ablation system hooked up to a mass
spectrometer [3,4]. Several studies indicate that the progress of
the damage can be reasonably assessed and that should provide

an early warning to take counter measures to slow down or to
arrest the damage process.

An earlier study has used samples which were treated
steel substrates protected with a uniform layer of acrylic based
coating [5,6]. The coating was ensured to be of uniform thickness.
The control samples were maintained indoors at ambient
conditions while the experimental samples were subjected
to harsh environmental conditions outdoors and on roof tops.
The deterioration or damage to the coating was assessed, at
pre-determined intervals by subjecting the coating to laser
ablation and monitoring the damage using a mass spectrometer
connected to the laser unit. The study had simulated the situation
of coating degradation under real conditions of the environment.
The reported results have unequivocally proved that the study
was useful in assessing the coating degradation.
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Figure 1: Schematic diagram of hyphenated Laser Ablation- ICP-MS.
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The technique mostly depends on the efficient and
synchronous use of two instruments-the Laser Ablation unit and
the ICP Mass Spectrometer (Figure 1). The sophistication of the
laser units have grown to such levels that a fine tuned laser beam

can be pre-programmed to drill through virtually any material or
medium [7,8] . As newer models of laser units have emerged with
shorter wavelengths carrying higher energy, any sample from
soft materials like biological samples to hard geological or heavy
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metals can be dealt with by the laser ablation units [9-11]. Several
parameters of the laser beam can be controlled and fine-tuned by
computer controlled firmware. The diameter of the beam itself
can decide the crater size. The beam energy can be fine-tuned in
accordance with the hardness of the subjected sample. An inert
gas sweep across the sample chamber will ensure the smooth
transport of the ablated sample into the mass spectrometer. A
well balanced combination of beam diameter and beam energy,
coupled with the right gas flows will ensure drilling the sample
through pre-determined depths without much accumulation of
debris in the crater. In addition to drilling through the sample,
drilling across the surface along a grid is equally feasible. The
recent innovations in the field of laser ablation have catapulted
the technique to the fore front of depth profiling studies. All these
point to the fact that a well programmed laser ablation unit can
be made use of to study the coating degradation. The technology
has proved itself to be reliable and reproducible [12,13].

It is equally important to have the hyphenated mass
spectrometer well-tuned and well synchronized to the laser
unit. Every hit of the laser pulse generates a stream of atomized
elements which are swept into the plasma, where they are
ionized and enter the evacuated mass spectrometer region.
Unlike the liquid sampling mode, which delivers a continuous
stream of samples into the mass spectrometer, until several
sweeps across the spectrum of selected masses are completed,
the laser ablation provides only short term pulses. The pulses
may stay only for a few milli-seconds, some times. Hence the
mass spectrometer has to be sensitive enough to capture the
extremely short pulses which are time restrained as well as
are of low intensity. However taking into consideration of the
present class of instruments, and the highly sensitive electron
multiplier detectors, it can be stated with almost certainty that
the technique is fool proof [14,15]. Signals of very short duration
and those of low intensity can be registered by present day mass
spectrometers. Modern electron multiplier tubes are capable of
amplifying the signal with acceptable signal to noise ratios.

There are several other technologies currently available
to study coating thicknesses. But then why is laser ablation
technology superior to them? Most of the surface analysis
techniques and instrumentation are expensive. Most of them
require careful pre-treatment of the section of the samples.
Atomic Force Microscopes, Scanning Electron Microscopes or
X-ray Photo-electron Spectroscopy etc. are extremely expensive
and sample preparation is cumbersome. The cost of ICP mass
spectrometers and laser units are affordable. There is virtually
no sample preparation for laser irradiation studies. All one has
to do is to cut a section of the sample into a suitable size like 4x4
cm so that the sample fits itself in the laser chamber. The laser
is very versatile so that it can deal with any sample from soft
tissues to hard rocky deposits. Once a section of the sample is
inside the laser chamber, a pre-cursor of the results appear in
minutes.
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However, when it comes to coating degradation studies,
one major hurdle often encountered is the absence of validated
standards. This is a major handicap faced by laser investigators.
NIST glass standards are often used to standardize laser beams.
Butthey don’t qualify to be used in coating studies. Hence the best
means to study coating degradation is to compare the degraded
coating to carefully maintain coated controls. The controls can
be maintained in ideal environmental conditions, which can
serve as yard sticks to ascertain the level of degradation that had
taken place in the real samples.

Conclusion

The tandem technique of Laser Ablation-ICP-MS serves
as a reliable tool to study the coating degradation when
coated materials are subjected to environmental conditions.
The technique is relatively less expensive compared to other
sophisticated techniques. The technique does not demand time
consuming sample preparations apart from cutting and chopping
the material to fit into the sample chamber. Laser measurements
are highly sensitive so that differences of a few microns in
the coating thickness can be determined. If used properly, the
technique can be gainfully employed to study coating degradation
and thereby minimize heavy losses in several industries.
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