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Why PMI?

• Positive Material Identification (PMI) is the 
analysis of any material, generally a metallic 
alloy, to establish composition by reading the 
quantities by percentage of the constituent 
elements

• These specifications include the levels of 
various alloying elements that comprise a 
specific ASTM or AISI grade

• PMI and verification applications include any 
installed, inventoried, or in-process 
fabricated items whose properties must meet 
strict engineering specifications to avoid 
potentially catastrophic consequences
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“41% of the 170 largest losses in the hydro-carbon process industry resulted from failures of piping 
systems…”

Why PMI?

Source: Marsh and McLennen (property protection and risk consultants)
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Common Technologies Used in PMI 

Three technologies typically used for alloy grade ID and chemical analysis 

• 40-year-old mobile Optical 
Emission Spectroscopy 
(OES)

• 40-year-old portable X-Ray 
Fluorescence (XRF)

• Over 60,000 Thermo Fisher 
Scientific Niton handheld XRF 
alloy analyzers installed 
globally

New LIBS Technology
• Over 3,000 HH LIBS installed
• Can supplement XRF for 

carbon applications
• Can replace OES for most 

applications

6
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Why PMI?

• LIBS is a minimally destructive test – leaves a 
small burn  on the surface

• Relatively small spot size (50u) means alloy 
must be homogeneous (representative) at that 
spot

• Requires sample prep (grinding)

• Routine set-up procedure

• May need occasional cleaning of optics

• Need to purchase consumables

• Mainly argon cartridges and grinding media

• Laser Safety vs Radiation Safety
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Why PMI?

• XRF is completely non-destructive

• Standard measurement beam area is 8mm; 
Optional small-spot feature collimates the beam 
down to 3mm for smaller samples

• Sample prep (grinding) is generally not required, 
unless removing paint, scale, coatings, etc. from 
the sample surface, or when light element 
analysis (S, P, Mg, Al, & Si) is required

• Fast set-up procedure via internal System Check

• May need occasional cleaning/changing of 
aperture window, which is the only consumable

• Radiation Safety Training required
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How it Works - XRF

• X-rays from a primary beam (X-ray tube) are 
fired into the sample

• Excited electrons in the atoms return to 
ground state, emitting characteristic energy 
element x-rays

• The energies are picked up by a detector 
and produce spectral data

• Software and calibrations in the CPU  
compare the energies and intensity of 
spectral lines to quantify the concentrations 
of elements

• Composition and grade data are displayed 
and stored in memory for recall or printing
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How it Works - LIBS

• Pulsed laser is fired into the sample and 
vaporizes the metal to form a plasma on the 
surface

• Excited electrons in the plasma return to ground 
state in atoms and ions, emitting light which is 
diffracted by a grating into  component 
wavelengths

• The wavelengths are transferred to a detector 
and produce spectral data

• Software and calibrations in the CPU  compare 
the wavelengths and intensity of spectral lines to 
quantify the concentrations of elements

• Composition and grade data are displayed and 
stored in memory for recall or printing



12 Proprietary & Confidential

How it Works – LIBS & XRF Spectra of Same Alloy
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The LIBS spectra contains more information, meaning we see more detectable elements, 
but with greater complexity in the analytical determination of those extra elements
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How it Works - XRF, OES and LIBS Element Ranges 
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Technology Choice:  Handheld XRF and/or LIBS Analyzer

Type of Alloy Family Best Technology 
(preferred type listed first)

Stainless steel XRF or LIBS1

C-steel LIBS
Low alloy and Cr-Mo steel LIBS or XRF
Tool Steel XRF or LIBS
Ni, Ni/Co and Co alloy XRF or LIBS
Cu alloy XRF or LIBS2

Al alloy LIBS or XRF
Ti alloy XRF or LIBS3

Zn alloy XRF or LIBS3

Exotic and refractory alloy XRF
Precious metals XRF or LIBS
Rare earth alloys XRF

1 If L-grades are needed (C) 
LIBS is the only HH solution

2 HH LIBS best if sorting ECu, 
Be-Cu or Al-Si bronze

3 HH LIBS best if sorting based 
on Al content
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Carbon Equivalency

• Formula developed to assign a numerical 
value to the hardenability of a steel

• Predict the susceptibility of a steel to 
Hydrogen (cold) cracking 

• Heat Affected Zone (HAZ) hardenability in 
welding

• Elements C, Mn, Ni, Cr, Cu, Mo, V influence 
overall CE value

• Recycled steel more common today in steel 
production

• Modern high strength steels will have lower 
carbon with micro alloying elements such as 
Nb, V, Ti added for desired strength
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Carbon Equivalency

• Used in all O&G sectors (upstream, mid, downstream)
• Energy markets – nuclear, power gen, fossil fuel
• Casting repairs (i.e. valves, pumps, turbine casing)
• Pipeline welding, containment sleeve
• Hot tap for flow meter, bypass line
• Offshore riser reinforcement
• Shaft, flange face machining & weld build-up
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Carbon Equivalency
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Carbon Equivalency
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Application Notes
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HF Alky Residual Elements

• Alkylation units convert isobutane into 
alkylate, a gasoline component

• Most refineries use HFAU while others use 
SAAU.  SAAU is not subject to this app.

• Residual element concentrations in carbon 
steel can be a critical indicator in the 
expected life and performance

• Manufacturing of carbon steel is becoming 
more dependent on recycled metal scrap

• NACE 03651 suggests the combination of 
carbon and RE content (Cu, Ni, Cr) could 
increase corrosion by 5 times
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HF Alky Residual Elements

• Cu+Ni<0.15
• Cu+Ni+Cr<0.15

• C>0.18%

• CE<0.43

• Nb<.02  V<.02  

• Nb+V<.03
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HF Alky Residual Elements

• Common material specifications

• A106 pressure retaining piping

• A105 flange, valve forging

• A234-WPB wrought fitting (elbow, tee)

• A516-70 pressure vessel plate

• A216-WCB valve casting

• Weld consumables typ.
• E60XX, low hydrogen

• Very important to remove protective copper 
coating from outside of filler wire

• >30% copper can be detected using XRF
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HF Alky Residual Elements

• XL5 is great solution 
for Cu, Ni, Cr, Nb, V

• Typ. 45-60 seconds 
(main, low)

• No carbon or CE 
detected

• Apollo is preferred with 
10s measurement

• Able to measure C/CE 
and possibly relax RE 
total criteria (Cu+Ni)

• Same sample process 
with more data output
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Sulfidation Corrosion

• Thins pressure boundary 
wall of piping, components 
and welds exposed to 
hydrocarbon containing 
sulfur compounds at 
elevated temperatures

• Accelerated corrosion for 
carbon steels containing 
less than 0.10wt% silicon

• One third of high 
temperature sulfidation 
corrosion failures result 
from low silicon content



28 Proprietary & Confidential

Sulfidation Corrosion

• Mechanism ranges from 450-1000F

• This chart from API 939C shows one 
company’s corrosion rate  

• All A53 B piping circuit and operating at the 
same approximate temperature

• 10 to 15 mpy versus 1 mpy makes a big 
difference after decades of service

• More than 700 refineries worldwide

• ~200 refineries in N. America

• Identify the refinery shutdown periods and 
key in on service providers
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Chemistry Requirements A106 vs A53
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Chevron Richmond Incident

• On August 6, 2012, the Chevron Refinery in 
Richmond, CA experienced a catastrophic 
rupture in the #4 Crude Unit

• At the time of the incident, light gas oil was 
flowing through the line at a rate of 
approximately 10,800 barrels per day

• The ruptured line released flammable, high 
temperature light gas oil which partially 
vaporized into a large cloud that engulfed 19 
Chevron employees.  A few minutes later, 
the release fluid ignited.

• Chevron Refinery Incident

https://www.youtube.com/watch?v=QiILbGbk8Qk
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Chevron Richmond Incident
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Silicon, Carbon Stability

Multiple samples analyzed eighty (80) 
times over a period of approximately four 
(4) hours to determine the stability of 
individual instruments. 

The following illustrates examples of single 
instrument repeatability, all showing good 
precision for silicon (Si) and carbon (C).
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Typical Silicon Performance

0.058 0.100 0.270
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Sulfidation Corrosion Presentation

• XL5 is proven and 
approved solution for 
ambient conditions

• Typically, 20-60s 
measuring time 
depending on the 
concentration

• No carbon or CE 
detected

• Apollo is preferred with 
10s measurement

• Able to measure C/CE 

• Same sample process 
with more data output
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PHMSA Mega Rule

• DOT regulatory initiative stemming from 
PG&E San Bruno incident Sept 9, 2010

• Effective date of final rule was July 1, 
2020

• Applies to 500k miles of natural gas 
transmission pipelines across U.S.

• High Consequence Areas (HCA’s) – 
interstates, freeways, expressways, etc.

• 49 Part 192.607 – Material Verification
• Assets must be “traceable, verifiable and 

complete” 
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PHMSA Mega Rule
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PHMSA Mega Rule Application
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PHMSA Mega Rule

• Users are the owner-operators and  
inspection firms that do pipeline 
inspection for them

• Key benefits:
• Size, portability, ergonomics
• Similar form factor to XRF
• Simple to use, familiar user interface
• Typically, lower purchase price vs OES
• Lower cost of ownership (argon, 

maintenance)
• SAFE and ideal for descending challenging 

excavation sites
• Recognized methodology per API 578 3rd 

edition release
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Flow-Accelerated Corrosion (FAC)

• FAC is a corrosion mechanism that has been a concern in nuclear 
power production for 40 years, and it has led to accidents that have 
caused fatalities. There have been pipe ruptures leading to a release 
of steam and deaths of workers

• Accelerated loss of metal due the mechanical effect of fluid flow or 
velocity of a fluid combined with the corrosive action of the fluid. It 
is a complex process influenced by a number of variables:

• The composition of the steel – principally the alloying elements of 
Chromium (Cr), copper (Cu) and molybdenum (Mo)

• The water chemistry in use – pH at temperature in the water, dissolved 
oxygen, and temperature

• The water flow variables – fluid velocity, diameter, fitting geometry, and 
upstream influences

• Of these variables, the material composition has been shown to 
exert the most influence of FAC through both plant experience and 
laboratory testing.1

1.Chexal, B., Goyette, L.F., Horowitz, J.S., Ruscak, M., Predicting the 
Impact of Chromium on Flow Accelerated Corrosion, PVP-Vol 338, 
Pressure
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Flow-Accelerated Corrosion (FAC)

Measurement Cr Cu Mo

1 0.079 0.051 0.0040

2 0.078 0.051 0.0047

3 0.071 0.055 0.0037

4 0.078 0.048 0.0044

5 0.081 0.053 0.0055

6 0.073 0.047 0.0040

7 0.072 0.057 0.0046

8 0.076 0.047 0.0042

9 0.083 0.047 0.0048

10 0.074 0.055 0.0044

Average 0.077 0.051 0.0044

Std. Dev. 0.004 0.004 0.0005

Ref Value 0.079 0.050 0.0047
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