m TFM/TFMi behaviour on Stage 2 & 3 HTHA
Application Note

Introduction -
Industries ‘

What is high temperature hydrogen attack (HTHA)? *  Chemical & Petrochemical Sector
e Oil & Gas Sector

High Temperature Hydrogen Attack is an issue that occurs in steel ¢ Nuclear Energy Sector

which is consistently operated at temperatures above 400°F (204°C)

in hydrogen rich environments. Common industries encountering Application

HTHA include Boilers, Refineries, Offshore Drilling, other * (Corrosion/Thickness

. . clers measurement
petrochemical or chemical facilities, among others. ,
e Storage Vessel Inspection

HTHA occurs when hydrogen at high temps and pressures dissolves ° Assetintegrity

into methane, creating micro-fissures within the steel grain * FlawDetection and Evaluation

structure. As the HTHA worsens and the micro-fissures turn into
cracks, the mechanical characteristics of the steel are degraded and
can cause complete failure of the steel component, especially when * Pressure vessels
pressurization is cyclical. * Coal gasifier
e Carbon steel pipes with welded

Early detection of HTHA has been an obstacle for the NDT Joints

community for years. With advances in Phased Array Ultrasonic Inspection Techniques
Testing, such as TFM (Total Focusing Method) and TFMi (Intermodal e Phased Array L-Scan

TEM), it is possible to detect HTHA before catastrophic failure is «  Phased Array 5-Scan

imminent. « TOFD
o« TFM
HTHA stages:
Features and Benefits
e Incubation Period: The changes are almost imperceptible. e High resolution image produced
Voids are at microscopic size. by the Veo3 FMC/TFM
e Rapid Crack Formation and Growth: The voids are linked * Fullrecording of A-Scan data
together to create fissures (10 to 100 micron) and separate * Up to 400V TOFD channels. Often
. no need for preamplifier
grains. Ad d sizi bilities
. . . ° vanced sizing capa
e Terminal Stage. Fissures link up to form cracks and affect _ gcap .
. . . . . e Quick analyses of data set using
the part integrity. Material strength is reduced, and failure UTStudio
may occur.

Technical Information & Requirements

Sonatest utilized the Veo3 PA flaw detector and X series PA probes to study the different methods used to detect
HTHA. TFM and TFMi were especially helpful in detecting and sizing earlier stages of HTHA.

PA Methodology

FlawTech provided Sonatest with an HTHA Demo Specimen for testing:
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HTHA \VE A DENSITY OF ~10 INDICATIONS.
2. STAGE 3 HTHA WILL HAVE A DENSITY OF ~20 INDICATIONS.
3. INDICATIONS WILL VARY IN SIZE AND DENSITY
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Figure 1 Flawtech specimen

Inspection Results

All scans were preformed from the top side of the block, from left to right according to the drawing with Stage 2

at the beginning (left side of Top View) and Stage 3 toward the end (right side of Top View). Linear and TFM scans
were performed simultaneously when both scan types were used. The “Top View" is similar to a C-Scan but uses

an “extractor box” rather than a gate to extrude from a 2 dimensional area from the L-Scan to the C-Scan.

The first set of scans compare a simple Linear Scan (Left) with an 8 element aperture to a TFM scan (Right) using
the LL propagation mode. Software gain and color palette parameters were altered in attempt to create the best

image possible for both scan views.

L-Scan TFM Scan

¥

1% MR
Top View (Similar to C Scan) Top View

Figure 2 - L-Scan and TFM scan image comparison

The above scans were taken using the X2A-5MHz, 16 element, 0.6mm pitch PA probe with no wedge.
Flawed areas are clearly detectable with both scans, improbable to size with PA, good resolution with TFM. The

small number of elements leads to a poor image quality compared to other probes.
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Figure 3 - L-Scan and TFM scan image comparison

The above scans were taken using the X2A-10MHz, 32 element, 0.3mm pitch PA probe with no wedge.
Improvement on Noise, Sensitivity and Resolution, with a larger number of smaller elements at a higher
frequency. The inspector can easily compare the difference in quantity and size of indications between stage 2
and stage 3 HTHA. Several indications missed by the L-Scan are visible on the TFM Scan.

Figure 4 - L-Scan and TFM scan image comparison

These scans were taken using the X2B-5MHz, 32 element, 0.6mm pitch PA probe with no wedge.

The L Scan has better sensitivity and resolution results. The TFM scan shows improved sensitivity and resolution
as well, with a slightly less impressive SNR compared to the previous scan at a higher frequency. This size and
frequency is a good compromise.
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Figure 5

The probe with the best image was the X3A-5MHz, 64 element, 0.6mm pitch probe. This probes offered the
number and pitch of elements that provided superior sensitivity and resolution, and decent SNR. The 2 stages
are also easily discernible on the TFM scan.

There are a few factors to note on the above scans. First, the comparison between PA and TFM.

The flaws on the FlawTech sample are Stage 2 and 3 HTHA, meaning they are large and concentrated. This
makes them easily detectable with even the simplest PA scan. The benefits of TFM are still easily visible. TFM
allows for much better flaw characterization and sizing, considerably better resolution between flaws, and
improved detection of smaller indications.

Secondly, probe selection can be important also. As seen above, there is subtle difference between the 5 and 10
MHz probes, but there is a large difference in sensitivity and resolution between the 16 and 64 element probes.
At the large thickness inspected, the 10MHz was less useful compared to 5MHz, but with the SNR benefits, the
10MHz probes would be more suitable for thinner materials.
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Figure 6 - Stage 2 (Left) and Stage 3 (Right) HTHA
This is one of the many reasons TFM is the chosen method for HTHA where you need high sensitivity and
resolution while maintaining a good signal to noise ratio. TFM enables the inspector to easily discern between
stage 2 (left) and stage 3 (right) HTHA. The quantity, size, and amplitude of the indications are all greater on
stage 3, which is to be expected.
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TFM, being the chosen method, has its own characteristics that can change the efficiency of detecting HTHA.

Mainly, the propagation mode will greatly affect the results. Below we will compare these modes on the HTHA
sample.
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Figure 7 - TFM Scan propagation modes: Top Left - LL, Top Right - LLT, Bottom Left - LT, Bottom Right - LLLL

Of all the available TFM propagation modes, these 4 showed the best results; LL, LLLL, LT and LLT. The
indications are just too small and oriented poorly in order to get any usable reflections from the indirect modes
LLL and 5L, even LLT delivers little benefits to the image while adding considerable noise. No mode showed

results nearly as well as the typical LL mode. Combining these modes using TFMi can improve these images even
further.
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Figure 8 - Stage 2 HTHA with TFMi LL/LLLL propagation modes

The combination of LL and LLLL using TFMi offers the best of all image quality standards; sensitivity, resolution,
SNR, flaw characterization, sizing and locating, as well as the ability to resolve stage 2 vs stage 3 HTHA in the
sample.

Figure 9 - Stage 3 HTHA with TFMi LL/LLLL propagation modes
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Figure 11 - Stage 3 HTHA with TFMi LL/LT/LLLL propagation modes

LL, LT, & LLLL TFMi modes combined also shows great results. While lacking some obvious contrasts between
stages, this combination offers great sensitivity and resolution and moderately low noise. This scan would be
ideal when looking to size and categorize indications within the volume of the part. This On a regular and flat
piece, it can be of great advantage when inspecting base materials that produce an especially noisy background,
such as stainless steels or heat-treated carbon steels.
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Next, we took the knowledge we gained from the FlawTech block and used them on a sample of naturally

produced HTHA. This sample (provided by Team Inc.) is approximately 4" thick with HTHA present in the bottom
1",

TFEMi offered an excellent image quality, sensitivity and resolution on the HTHA sample provided. Noticing the
difference between early and late stage HTHA is more apparent using the TFMi scan, comparing to the FlawTech
sample as a reference guide.

Figure 12 - This area would be considered as Stage 3 HTHA, using the FlawTech sample as a reference guide.
Small, but high amplitude and concentrated indications
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Figure 13 - Another Stage 3 example
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Figure 14 - This could be considered a Stage 2 HTHA example. Fewer indications at a lower amplitude compared
to Stage 3.

Figure 15 - This area on the authentic sample may be considered Stage 1, with very small, low amplitude
reflections. With proper calibration and reference levels, the inspector could use TFMi to locate HTHA in this
stage, before the damage becomes catastrophic .
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Figure 16 - Lastly, an image including a Merged C scan of an area approximately 9" x 7”. This real HTHA coupon
shows growing inclusions from the inside diameter of the steel part. A higher frequency probe is recommended
because it offers a higher far surface resolution so any suspicious porosities could be detected near the
powerful back wall echo.

Conclusion

There are many options available to you when testing for HTHA. Some setups will have better characteristics
than others, with most having associated drawbacks. There will usually be a compromise. TFM will usually offer
better sensitivity and resolution compared to a Linear Array, but will require more power and slower scanning
speeds. TFM also necessitates the selection of a single propagation mode, which can be difficult to determine
what the best option is if the flaw is unknown. TFMi, while still requiring more processing power and times, can
offer excellent benefits above standard TFM and PA, especially when the part geometry allows for more than
the direct LL propagation mode. Utilizing the Veo3, TFMi, and one of the various PA probes offered, you can find
an excellent solution for HTHA inspections .
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For further information or support, please contact the Sonatest Applications Team: applications@sonatest.com

Recommended Tool Package

Category Part # Description
Acquisition Unit VEO3 phased array data

acquisition unit with

TFEM/TFEMi
Probe TULA probes

X2B 5M32E Probes /
alternate PA probes
available for different
applications

Encoder AXYS Encoder

Software
UTStudio+ was utilized in :
post analysis of all data StUd|0+
vaUIred EXPLORE ANNOTATE REPORT &

Get in touch with your local Sonatest expert, available in more than 50 countries over 5 continents!

Sonatest (Head Office) (North America)
= Dickens Road, Old 12775 Cogburn, San Antonio Texas,
ﬁ Wolverton Milton Keynes, 78249
MK12 5QQ t: +1(210) 697-0335

m t: +44 (0)1908 316345 e: sales@sonatestinc.com

e: sales@sonatest.com
Sonatest
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