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Introduction
Non-destructive testing (NDT) for positive material identification (PMI) is 
an integral part of industrial plant operation. Whether as part of scheduled 
inspection and maintenance, or to comply with industry regulations, in-situ 
analysis is part of everyday business.

In power generation, flow accelerated corrosion analysis (FAC) must be carried out on pipework, 
and complete PMI has to be undertaken for many components that are covered by regulations. 
Those in upstream oil and gas must undertake on- and off-shore material verification, whereas 
midstream oil and gas facilities will have to get to grips with pipeline safety asset verification. And 
all industries, including automotive and aerospace, must verify materials for weldability to avoid 
catastrophic problems further down the line.

Reliable and accurate PMI analyzers that can be taken to remote locations or deep within 
large industrial plants, are today essential kit. OES technology has been relied upon for years 
by engineers, quality managers and scientists to deliver the full chemistry of a sample with 
excellent precision and accuracy. Only spark optical emission spectrometer (OES) technology 
was previously available for complex or critical analysis to meet the specifications for safety 
critical operations. However, the rise of handheld LIBS (laser induced breakdown spectroscopy) 
analyzers that boast their ability to test for carbon has challenged this perception. 

But can they provide the precision and accuracy that’s so critical in this field? In this ultimate 
guide we take a detailed look at which analyzers are up to each job.

Hitachi High-Tech Analytical Science
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Material analysis options

The regulatory landscape 

There are three main analyzer technologies you can choose from: 

Optical Emission Spectroscopy (OES)

The metal surface is heated to thousands of degrees Celsius with an electrical spark. The  
energy applied causes the atoms in the metal to emit light, which is analyzed to determine 
sample composition.

Laser Induced Breakdown Spectroscopy (LIBS)

The metal surface is heated with a laser which turns part of the surface into a very small amount 
of plasma. As the plasma cools, it emits radiation of a very specific wavelength. Analysis of these 
wavelengths tells you which elements are present in the sample.

X-ray Fluorescence (XRF)

A focused beam of X-rays is fired at the surface of the metal. The high energy beam displaces 
electrons in the atoms and as these electrons fall back into their natural state, they release a very 
specific energy signature which the instrument can detect.

Ultimately, the technology that’s right for you depends on the outcome you need  
to achieve.

In July 2005, the BP Texas City refinery had a major fire within the resid hydrotreater unit (RHU). 
An investigation found that the wrong grade of material was accidentally installed during routine 
maintenance. The faulty part was not suitable for the high temperature hydrogen line, rupturing 
after only three months of operation and causing $30 million in damage.

Fast forward to 2010 and we see another major incident, this time in a residential area of San 
Bruno, California. A segment of natural gas transmission line ruptured, releasing huge quantities 
of natural gas. The gas ignited, causing a fire that killed eight people, injured many more 
and destroyed 38 homes. The subsequent investigation determined the probable cause as 
inadequate quality assurance and quality control which allowed the installation of a substandard 
piece of pipe with a visible weld flaw. 

These incidents are just two of many globally that have led to today’s regulations that cover 
materials inspection and routine pipeline pressure testing.

Plant and pipeline testing are extensively covered by regulations, and we’ll 
examine what needs to be measured to be compliant. But first, let’s take a 
brief look at why these regulations exist.
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API Standards
The American Petroleum Institute (API) standards, widely recognized and used actively around 
the globe, are a comprehensive set of specifications, standards, recommended practices  

and manuals.

API 5L 

This specification provides standards for seamless and welded steel line pipe used in 
transporting gas, water and oil and is applicable to the natural gas and oil industries. 

In terms of materials verification, the standard gives details for chemical composition by stainless 
steel grade; examples are shown for seamless and welded PSL (product Specification Level) 2 
pipe in the following table:

PSL-2 Grade Specifications

Grade C Max Mn Max P Max S Max Ti Max

Seamless

B 0.24 1.2 0.025 0.015 0.04

X42 0.24 1.3 0.025 0.015 0.04

X46
X52
X56
X60
X65
X70
X80

0.24 1.4 0.025 0.015 0.04

Welded

B 0.22 1.2 0.025 0.015 0.04

X42 0.22 1.3 0.025 0.015 0.04

X46
X52
X56
X60

0.22 1.4 0.025 0.015 0.04

X65 0.22 1.45 0.025 0.015 0.04

X70 0.22 1.65 0.025 0.015 0.04

X80 0.22 1.85 0.025 0.015 0.04

Hitachi High-Tech Analytical Science
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Non-destructive testing (NDT) 

The API standards give guidelines on NDT to help ensure accuracy: 

Verification of material properties and attributes using non-destructive methods must:

1.  Use methods, tools, procedures, and techniques that have been validated by a subject matter 
expert based on comparison with destructive test results on material of comparable grade 
and vintage; 

2.  Conservatively account for measurement inaccuracy and uncertainty using reliable 
engineering tests and analyses; and 

3.  Use test equipment that has been properly calibrated for comparable test materials prior  
to usage.

Elements that must be analyzed under API 5L

As a minimum, each analysis must check for the following elements:

 Carbon (C)  Chromium (Cr)  Silicon (Si)

 Manganese (Mn)    Niobium (Nb)    Titanium (Ti)

  Phosphorus (P)    Copper (Cu)   Vanadium (V)

  Sulfur (S)    Molybdenum (Mo)   Boron (B)*

*You only need to check for boron if the heat analysis figure supplied is above 0.001%. If it’s less 
than that, boron determination isn’t necessary.

On top of this, you must also check for any other alloying element added during steelmaking 
(other than for deoxidation). This can include elements such as Tungsten (W). We discuss these 
elements and their importance in Section 4. 

API RP 578 

The Material Verification for New and Existing Alloy Piping standard provides guidelines for 
material control and verification programs on ferrous and nonferrous alloys. With guidelines 
on how to carry out NDT, the standard covers inspection during construction, installation, 
maintenance and inspecting of new and existing piping systems covered by ASME B31.3 and API 
570 piping codes.
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The PHMSA ‘Mega Rule’

EU and Chinese Pipeline regulations

The ‘Mega Rule’ is the widely accepted term for the PHMSA’s (Pipeline and Hazardous Materials 
Safety Administration’s) 2020 upgrade to the US’s pipeline safety regulations.

If you’re responsible for gas transmission pipelines laid before 1970, you now need to determine 
the material strength of these lines by verifying the specific material properties and the Maximum 
Allowable Operating Pressure (MAOP). If you have existing records, then you can supply those. 
But if you don’t, then you must physically test the pipeline for diameter, wall thickness, seam 
type, grade and toughness. It’s estimated that 168,000 miles (270,000 km) of pipeline has never 
been tested and may need to be checked for the first time.

These tests are pretty comprehensive, with key strength parameters established at a minimum of 
five places in at least two circumferential quadrants of the pipe for a minimum total of 10 readings 
at each pipe cylinder location. 

You’re also required to routinely check the condition of all pipes, valves and flanges above and 
below the ground. 

Heavily reliant on NDT and PMI principles, the testing must be extensive enough to ensure at 
least a 95% confidence level in material properties, following valid statistical methods, and the 
equipment used in the analysis must follow typical NDT guidelines as outlined above.

Establishing Material Grade and Maximum Operating Pressure (MOAP)

Allowable grades are those specified in the API 5L pipe standard, so providing the correct grade 
was used, there shouldn’t be a need to replace pipeline due to incorrect grade within the PHMSA 
‘Mega Rule’. However, you do need to verify the grade (if the original paperwork is missing) 
because this is needed for the MOAP calculation. 

Maximum operating pressure (P) is calculated using Barlow’s formula:

S is the specified minimum yield strength and is determined by the grade of the material. PMI via 
an on-site analysis instrument is necessary to establish the grade and look up the S value.

T is the pipe wall thickness and can be established by an ultrasonic thickness gauge.

OD is the outer diameter of the pipe and can be measured directly with calipers.

SF is a safety factor that is dependent upon the physical location of the section being measured 
and can be obtained from the DOT 192 standard.

The API regulations and PHMSA ‘Mega Rule’ are North American guidelines. The rest of the 
world is not far behind. 

European pipeline regulations are covered by the Pressure Equipment Directive PED 2014/68/EU 
and applies to stationary pressure equipment with a maximum allowable pressure greater than 
0.5 bar. China is also keeping a close eye on pipeline safety, with new measures that allow third 
party access to oil and gas pipelines permitted since May 2019.

P = 
2 * S * T

OD * SF

Hitachi High-Tech Analytical Science
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Meeting regulations on a 
practical level

Carbon plays a crucial role in the behavior of steel, a key metal used in pipelines. It contributes 
to strength and brittleness and affects workability and weldability. Using the wrong grade of 
steel in relation to carbon content can cause mechanical failure. Determining the correct grade 
of carbon or L-grade steel is also important when it comes to high temperature processing, such 
as welding. If the component can’t withstand the temperature being applied, it will be destroyed, 
which is costly.

The Texas City refinery incident discussed above was due to a carbon steel elbow being used 
instead of an alloy steel elbow. Small mistakes can have big consequences when it comes to 
material grade.

To predict the behavior of the material when processed at high temperature, the carbon 
equivalent concept is used. This uses the percentage of other alloying elements to give a ‘carbon 
equivalent’ value that is used instead of the pure carbon percentage when evaluating material 
properties. In practice, the CE value is obtained by using a carbon equivalent equation. There are 
several to choose from, depending on the type of steel.

Before we get into comparing analysis techniques, we need to spend a 
little time breaking down what needs to be analyzed into an elemental level. 
Materials verification, regulatory compliance and weldability assessment 
all come down to the ability to measure certain elements. Let’s start with 
perhaps the most complex of all these – carbon.

Carbon Analysis

Carbon Equivalent (CE) Content
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Most common and adopted by the International institute for welding (IIW) CE:

CE=(%C)+((%Mn)/6)+(((%Cr)+(%Mo)+(%V))/5)+(((%Cu)+(%Ni))/15)

Carbon equivalent according to C. Düren (CEM):

CEM=(%C)+((%Si)/25)+(((%Mn)+(%Cu))/20)+(((%Cr)+(%V))/10)+((%Mo)/15) +((%Ni)/40)

Carbon equivalent according to Thyssen CET:

CET=(%C)+(((%Mn)+(%Mo))/10)+(((%Cr)+(%Cu))/20)+((%Ni)/40)

Carbon equivalent according to EN 10025-1 CEV:

CEV=(%C)+((%Mn)/6)+(((%Cu)+(%Ni))/15)+(((%Cr)+(%Mo)+(%V))/5)

Carbon equivalent according to the Japanese welding institute PCM:

PCM=(%C)+((%Si)/30)+(((%Cr)+(%Cu)+(%Cr))/20)+((%Ni)/60)+((%Mo)/15)+((%V)/10)+((%B)*5)

Popular expressions for calculating carbon 
equivalent content

The following table shows how weldability changes with CE. Notice how weldability deteriorates 
with increasing CE.

Carbon equivalent (CE) Weldability

Up to 0.35 Excellent

0.36–0.40 Very good

0.41–0.45 Good

0.46–0.50 Fair

Over 0.50 Poor

If you are using the CE concept to estimate properties, such as weldability, of ferrous materials 
then you’ll need to accurately measure the concentrations of many alloying elements, such as 
manganese, boron, molybdenum and nickel.

Hitachi High-Tech Analytical Science
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We’ve seen that weldability deteriorates as the carbon equivalent value increases. The API 5L 
regulation gives maximum carbon equivalent values for pipeline. 

The carbon equivalent shall not exceed:

a.  For Grade X80 pipe, for all grades of seamless pipe having a specified wall thickness greater 
than 0.800 in. (20.3 mm), and for pipe designated by the purchaser as high carbon equivalent 
pipe, the value agreed upon between the purchaser and the manufacturer.

b.  For pipe not covered in Item a. above, a CE(PCM) of 0.25 or a CE(IHV) of 0.43, whichever  
is applicable.

We’ve looked at carbon and carbon equivalence, yet beyond this there are other elements that 
have a significant impact on behavior and must be verified and carefully controlled. 

As per API 5L, the following elements must be measured in every analysis

Carbon, manganese, phosphorus, sulfur, chromium, niobium, copper, molybdenum, nickel, 
silicon, titanium, vanadium and boron (where necessary). 

As per API 5L, all alloying elements that are added during the steelmaking process

This depends on the grade,but could include refractory elements such as tungsten (W), tantalum 
(Ta) or hafnium (Hf). Their high melting points can make them tricky to analyze.

Nitrogen

Nitrogen analysis is essential for identifying and separating duplex steel. A fast-growing sector, 
incorrect use of duplex steel can be problematic, especially in very low temperature applications. 
While duplex steels offer high strength and excellent corrosion resistance, they are more difficult 
to work.

The carbon equivalent formulae have been created to give a best estimate indication of a carbon 
content that would relate to the hardenability for the steel being measured. The formulae are also 
used to determine related properties, such as toughness and strength.

However, as you can see from the carbon equivalence equations, there are several to choose 
from. Which one you choose will depend on the carbon content of your steel. The PCM and CEM 
formulae were developed for low carbon steels, and today PCM is generally used for modern 
steels typically used for pipelines where carbon content is less than 0.11 wt. %. This means that 
you’ll have to be able to measure the following elements for the CE calculation:

Carbon (C), Silicon (Si), Chromium (Cr), Copper (Cu), Nickel (Ni), Molybdenum (Mo), 
Vanadium (V), Boron (B)

Carbon Equivalence and API 5L

Other elements in steel / iron

Getting to grips with Carbon Equivalence 
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Boron at low ppm

Minute amounts of boron – as low as 3 ppm – can significantly increase hardness. It’s used 
as it can improve properties at relatively low tempering temperatures, reducing energy costs. 
However, if too much boron is present it lowers weldability, reduces toughness, causes 
embrittlement and creates welding problems.

Steel grades are ultimately determined by their composition and when performing material 
verification analyses, you need to ensure you can measure the right elements at the right levels. 
Many elements are added to achieve specific properties, and we’ll consider the most common 
ones below: 

Carbon and Manganese

Low carbon is for corrosion resistance and high carbon for improved strength at high 
temperatures. L-grade steel requires C at 0.03% or below, H grade is minimum of .04% and max 
of 0.1% C. Manganese steel – used for high impact resistance – requires 13% manganese.

Silicon, Phosphorus and Sulfur

Phosphorus and sulfur are added to increase machinability, whereas the silicon level has to be 
restricted in some grades for extra corrosion resistance. 

Chromium and Molybdenum

Molybdenum is added in higher concentrations to austenitic grades of stainless steel for 
corrosive environments. Chromium does a similar job in martensitic grades.

Correct grade verification 

Hitachi High-Tech Analytical Science



Ultimate Guide: LIBS vs OES

14



15

What can OES and LIBS  
deliver on the elements that  
really matter?

   Handheld XRF

  Handheld XRF is not able to analyze carbon or boron, this is because the technique doesn’t 
resolve lighter elements of the periodic table well enough. Although widely used for hundreds of 
applications, XRF is not suitable to comply with the PHMSA “Mega Rule”.

   Handheld LIBS

  Handheld LIBS is excellent at some alloy grade identification. Historically, LIBS was unable 
to detect carbon, however today some instruments have this capability. The API RP 578 has 
been amended to include LIBS as a measurement technique however, even though LIBS is 
capable of measuring SN, As and B, the detection limits are too high to be useful for most of 
the applications.

   OES

  OES has for many years been seen as the gold standard of metals analysis, with low detection 
limits for traditionally difficult elements, such as carbon, boron and tungsten. Manufacturers 
have made OES instruments portable so you can carry them with you, making the 
measurements at height or in a ditch easy. 

So, we must discount XRF as it can’t analyze carbon, but what about the other two technologies?

We’ve seen that there are many elements that must be measured, sometimes 
at very low levels, to comply with regulations and correctly determine metal 
grade. Analysis techniques are different and each one has pros and cons. So, 
which analyzer should you choose for in-the-field grade determination and 
regulatory compliance?

Hitachi High-Tech Analytical Science
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Head to head: LIBS vs OES
Taking a series of industry standards of known composition, we tested the instruments side by 
side under laboratory conditions. And here’s what we found. 

Carbon (C)

Analyser Certified 
Reference 
Value (%)

Average 
result (%)

Confidence 
at 95%

Standard 
Deviation 
(%)

Relative 
Standard 
Deviation 
(%)

OES 0.047 0.048 0.0007 0.0010 2.10

HHLIBS 0.047 0.13 0.0053 0.01 6.03

Manganese (Mn)

Analyser Certified 
Reference 
Value (%)

Average 
result (%)

Confidence 
at 95%

Standard 
Deviation 
(%)

Relative 
Standard 
Deviation 
(%)

OES 0.393 0.3768 0.0035 0.0049 1.3

HHLIBS 0.393 0.52 0.0303 0.04 8.26

0.0000

0.0200

0.0400

0.0600

0.0800

0.1000

0.1200

0.1400

0.1600

0 2 4 6 8 10

C
on

ce
nt

ra
tio

n 
[%

]

Measurement No.

183a - C

0.0000

0.2000

0.4000

0.6000

0.8000

1.0000

1.2000

1.4000

1.6000

0 2 4 6 8 10

C
on

ce
nt

ra
tio

n 
[%

]

Measurement No.

186a - Mn



17

Phosphorus (P)

Analyser Certified 
Reference 
Value (%)

Average 
result (%)

Confidence 
at 95%

Standard 
Deviation 
(%)

Relative 
Standard 
Deviation 
(%)

OES 0.009 0.0119 0.0005 0.0007 6.0

HHLIBS 0.009 n/a n/a n/a n/a

Sulfur (S)

Analyser Certified 
Reference 
Value (%)

Average 
result (%)

Confidence 
at 95%

Standard 
Deviation 
(%)

Relative 
Standard 
Deviation 
(%)

OES 0.007 0.0074 0.0005 0.0007 9.40

HHLIBS 0.007 n/a n/a n/a n/a
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Titanium (Ti)

Analyser Certified 
Reference 
Value (%)

Average 
result (%)

Confidence 
at 95%

Standard 
Deviation 
(%)

Relative 
Standard 
Deviation 
(%)

OES 0.047 0.0498 0.0027 0.0038 7.70

HHLIBS 0.047 0.04 0.0098 0.01 33.29

Niobium (Nb)

Analyser Certified 
Reference 
Value (%)

Average 
result (%)

Confidence 
at 95%

Standard 
Deviation 
(%)

Relative 
Standard 
Deviation 
(%)

OES 0.017 0.0230 0.0007 0.0010 4.20

HHLIBS 0.017 0.01 0.0043 0.01 44.28
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Vanadium (V)

Analyser Certified 
Reference 
Value (%)

Average 
result (%)

Confidence 
at 95%

Standard 
Deviation 
(%)

Relative 
Standard 
Deviation 
(%)

OES 0.021 0.0207 0.0002 0.0003 1.60

HHLIBS 0.021 0.01 0.0016 0.0017 18.49

Silicon (Si)

Analyser Certified 
Reference 
Value (%)

Average 
result (%)

Confidence 
at 95%

Standard 
Deviation 
(%)

Relative 
Standard 
Deviation 
(%)

OES 1.41 1.428 0.0047 0.007 0.5

HHLIBS 1.41 1.28 0.0220 0.03 2.44
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Chromium (Cr)

Analyser Certified 
Reference 
Value (%)

Average 
result (%)

Confidence 
at 95%

Standard 
Deviation 
(%)

Relative 
Standard 
Deviation 
(%)

OES 1.065 1.067 0.0025 0.004 0.3

HHLIBS 1.065 1.12 0.0400 0.06 5.07

Molybdenum (Mo)

Analyser Certified 
Reference 
Value (%)

Average 
result (%)

Confidence 
at 95%

Standard 
Deviation 
(%)

Relative 
Standard 
Deviation 
(%)

OES 0.21 0.2102 0.0012 0.0017 0.8

HHLIBS 0.21 0.11 0.0174 0.02 23.21
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Nickel (Ni)

Analyser Certified 
Reference 
Value (%)

Average 
result (%)

Confidence 
at 95%

Standard 
Deviation 
(%)

Relative 
Standard 
Deviation 
(%)

OES 0.41 0.4129 0.0011 0.0016 0.4

HHLIBS 0.41 0.25 0.0046 0.01 2.61

Copper (Cu)

Analyser Certified 
Reference 
Value (%)

Average 
result (%)

Confidence 
at 95%

Standard 
Deviation 
(%)

Relative 
Standard 
Deviation 
(%)

OES 0.06 0.0628 0.0003 0.0004 0.6

HHLIBS 0.06 0.05 0.0040 0.01 11.88

Hitachi High-Tech Analytical Science
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Boron (B)

Analyser Certified 
Reference 
Value (%)

Average 
result (%)

Confidence 
at 95%

Standard 
Deviation 
(%)

Relative 
Standard 
Deviation 
(%)

OES 0.0009 0.0012 0.0001 0.0001 7.10

HHLIBS 0.0009 n/a n/a n/a n/a

Tungsten (W)

Analyser Certified 
Reference 
Value (%)

Average 
result (%)

Confidence 
at 95%

Standard 
Deviation 
(%)

Relative 
Standard 
Deviation 
(%)

OES 1.3 1.327 0.0054 0.008 0.6

HHLIBS 1.3 n/a n/a n/a n/a
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Observations

It’s worth looking at the output you would get if you used these results for the most common PCM 
CE calculation. This is a modified version of PCM, as results for boron weren’t available with LIBS.

Once again, lack of precision is an issue when calculating CE values.

CE(PCM) = C + + + + + + + 
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The results clearly show that handheld LIBS can’t measure phosphorus, sulfur and boron at all.

In many cases the LIBS trace is far from the red line that denotes the certified reference value. 
Although this looks alarming, in practice this is easily remedied by re-calibrating the instrument 
against a known reference prior to field testing. So, we can assume that the average value 
measured by handheld LIBS will have better accuracy in a real testing situation. 

What is more problematic though is the lack of precision. In some cases, the standard deviation 
is more than an order of magnitude worse with handheld LIBS. The problem with lack of precision 
is that it could easily mis-categorise the metal grade, especially with carbon where differences 
between grades are very small. This could have serious consequences for product performance, 
especially where the grade is used to find the maximum operating pressure within a pipeline.

The problem with lack of precision is that 
it could easily mis-categorise the metal 
grade, especially with carbon where 
differences between grades are very small.
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The variation with each measurement 
on key element results makes it easy 
to mis-interpret the grade. In this field, 
to be accurate but not precise is risky.
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How to choose the right analyzer

Let’s sift through this and look at what you need to consider before making your choice:

   Precision for correct grade interpretation

  Some of our data implies that LIBS is not accurate. This won’t be a problem in the field because 
handheld LIBS can be type standardized to bring the accuracy into line. The issue is precision. 
The variation with each measurement on key element results makes it easy to mis-interpret the 

grade. In this field, to be accurate but not precise is risky.

   Ability to measure a range of elements for C

  To have confidence in your results, you need to measure carbon equivalency. This means 
measuring many elements – not just carbon – to low detection limits. Handheld LIBS can’t 
measure elements such as boron, making it impossible to accurately calculate the standard 
PCM CE formula. 

   Regulatory compliance

  As we’ve seen in our discussion of the API 5L regulation, many country-wide guidelines 
demand verification of a range of elements. Many elements that you need to measure for 
compliance – such as phosphorus and sulfur – can still only be measured with OES. 

Another factor to consider when comparing OES with LIBS is measurement time. In a busy 
production environment or during a plant shutdown, it’s important that measurements can be 
taken quickly and efficiently with no loss of performance. OES requires only a quick flush of 
argon through the optics and you can begin measuring. Handheld LIBS with carbon needs a 
recalibration and warm-up time before analysis can begin. 

Also, you’ll need to wait for the handheld LIBS analyzer to reach the optimum temperature when 
moving between different types of samples. For example, changing between low alloy steel and 
stainless steel can take up to half an hour, and if the ambient temperature fluctuates, you’ll need 
to compensate and carefully manage this to retain the confidence level of your measurements.

The final issue related to temperature is if the optics of a handheld LIBS get hot, they can 
adversely affect the results. This means you’ll have to pause testing and wait until they cool 
down. This interruption of testing can be significant and the same applies to cost when the 
instrument can’t be potentially used for 30-40% of the day. 

Essentially, OES technology has been relied upon for years by engineers, quality managers and 
scientists to deliver the full chemistry of a sample with excellent precision and accuracy. Whilst 
it’s great to see the advancements in handheld LIBS, it’s not a handheld OES and as such a 
direct replacement to portable OES instruments. You’ll still need to rely on OES technology if you 
need to measure carbon, phosphorus, sulfur, boron, arsenic and tin in low alloys and stainless 
steels, and nitrogen in duplex steels.

At this point we have a lot of information to hand – we know what needs to 
be measured to remain compliant and safe, and we’ve seen exactly how OES 
compares with handheld LIBS for key elements.

Hitachi High-Tech Analytical Science
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Our recommendation
Hitachi High-Tech’s PMI-MASTER Smart gives you the performance and ease of use of an OES 
instrument in a portable analyzer. Weighing just 15kg, the PMI-MASTER Smart is compact 
enough for small and hard to reach spaces and can be easily taken up a ladder or down a shaft. 
The long-life battery can deliver up to 300 analyses, enough to last all day when working in a 
remote area.

PMI-MASTER Smart at a glance: 

  Wide spectral range, covering a huge range of elements

  Correctly identifies low and medium alloyed steels by carbon content

  L-grade separation for stainless steel

  Identification of duplex steel grades via nitrogen content

  Ready to use almost immediately with minimal warm-up time

  Fast analysis and immediate visibility of results on-site

  Lightweight probes for continuous use with minimal operator fatigue

  Comes with carry case as standard, with a trolley and backpack frame as optional extras for 
easy transport

GRADE Database included

The PMI-MASTER Smart comes with a GRADE database of over 12 million records for over 
360,000 materials from 69 countries and standards. This means you can easily find the correct 
grade and keep up with national and international standards.
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Conclusion

When it comes to material verification, you’ll need to be able to measure a wide range of 
elements to very low detection limits. Using technology that’s not up to the job can lead to 
incorrect grade specification. This means you could be approving material for use where it’s 
not suitable. For example, the limit for boron to be classified as alloyed steel is just 0.0008%. 
If an incorrectly graded alloy ends up in a pipeline, car, building, or a bridge, it could fail with 
catastrophic consequences.

When it comes to regulatory compliance, implementing a widespread in-situ testing program 
using less than ideal equipment is a waste of time and money – and that’s before considering the 
cost of non-compliance.

At the end of the day, are you willing to take the risk where lives are at stake, or would you prefer 
to back the technology that gives you the whole picture?

There is no doubt that handheld LIBS technology has advanced in recent 
years. For some applications, such as aluminum grade classification or  
fast material sorting, handheld LIBS is becoming the tool of choice. 

However, reliable carbon equivalent analysis requires the measurement  
of a range of elements, not just carbon, and to this day, only OES can do  
this reliably.

Hitachi High-Tech Analytical Science
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