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[bookmark: _Toc102889089]ICP Introduction

ICP (Inductively Coupled Plasma) spectroscopy is an analytical technique which, can be used to determine how much of certain elements from a metallurgical perspective are within an alloy or sample matrix, based upon the ionization of the individual elements.  Basic principle of ICP uses the fact that ions, or indeed atoms can absorb certain energy in order, to move the electrons from a ground state to an exited state.  The ionization source for mass spectrometry can ionize ~80% of elements in the periodic table making this an ideal method for analyzing complex Nickel, Cobalt or Iron based alloys which are produced here at LSN Diffusion Ltd.  As well as analyzing major elements within an alloy, ICP also has the technology to analyze elements at low levels (tramp elements) of ppm (parts per million) which, is vital measuring alloys that could have traces of contamination.  ICP can also be described as ICP-OES (Optical Emission Spectroscopy).  ICP spectrometry has now been used for over 25 years and is now considered a good versatile method in regards, to inorganic analysis.  (Wilschefski, S.C. and Baxter, M.R., 2019)

ICP – which, can also be termed as ICP-MS (mass spectrometer) consisting of the following:
· Sampling interface
· Ion source
· A detector
· Light source

[bookmark: _Toc102889090]We do we ICP in-house at LSN Diffusion

Chemical analysis is vital for LSN.  Customers require test certificates of all our products detailing element values.  Specifications for material produced at LSN can either be generic, for example, general welding grades whereby specifications are written in-house by our technical department to suit the customers application. Or, indeed customer specific specifications for material such as brazing, automotive, or even for the nuclear industry via Rolls Royce whereby we are accredited to produce.  ICP values obtained from the product are also used for “revert” purposes (the oversize or undersize post screening of the finished saleable product) which, is used in conjunction with mathematical equations for the recyclability of the material back into other such alloys.   Average yield of material is ~40% (pending grain size specification) therefore, ~60% of material initially atomized is remelted.  Without rapid in-house chemical analysis, the inventory of costly virgin material would increase within the organization until any third-party analysis could be completed.   Samples of material shipped out for third part external analysis can be costly, and as mentioned, the impact this would have on the business from a financial perspective. 

[bookmark: _Toc102889091]Limitations of ICP

There is a still a large group of elements which cannot be detected by ICP.  Majority of these are gaseous elements such as Hydrogen, Helium and Oxygen for example.  Carbon and some other elements are also a struggle.  However, at LSN Diffusion we also use combustion analysis equipment to measure these gasses within the alloy matrix as they are critical to the performance of the product at the application end as well as meeting customer specification requirements.  We also have combustion analyzers which, detect Carbon and Sulphur.  www.spectroscopyonline.com/

The plasma is generated by directing energy of a radio frequency generator into a gas which, in our case is Argon.  Energy is created to ionise Argon atoms by collision excitation which, are accelerated to the torch.  In ICP, the source of the energy is the heat which, is produced from the argon plasma that can operate in excess, of ~10,000 kelvin.  Each particular element can absorb light at a characteristic wavelength generally from “multiple” overlapping elements thus leading to challenges in regards, to the interpretation of the results obtained.   The ICP via an optical grating device normally separate these elements so individually they can be detected.  However, common problems with using ICP “can” include poor precision such as, detection limits and sample drift for example.

[bookmark: _Toc102889092]How samples are prepared for ICP analysis

Samples are accurately weighed out on calibrated analytical digital scales into clean sample weigh boats then high purity concentrated acids are added to break down the alloy into wet solution.  Depending on the composition of the alloy, either hot-plates or even microwave are used which, act as a catalyst thus, reduces the digestion time.  However, recent specific research carried out at LSN shows that Silicon levels of ~5% relative can be lost when using microwave technology especially when digesting in temperatures >180oC.   

Acids that are generally used to break-down the metallic alloy consist of a ratio of the following:

· Hydrochloric acid
· Nitic acid
· Hydrofluoric acid

Acids purchased for this practice contain tramp elements which, are normally <1 PPM (parts per million) therefore, reduces possibility of contamination.

[bookmark: _Toc102889093]How samples are analyzed using ICP

Digested solutions are passed through the spectrometer using a nebulizer which transport the material to the plasma chamber.  Noise/light of each, element is detected from each sample, and results are reported.  However, prior analyses, calibrations are performed by the instrument using known concentrations of alloys with similar compositions.  ICP calibration standards have validated compositions which, are certified by third-party external laboratories.   These external (unbiased) samples are used as reference points.  (Wang, M, et al 2010)

[bookmark: _Toc102889094]Calibration of ICP

The calibration if the instrument is carried out daily, using the appropriate programs with subsequent related, validated reference standards.  Calibration also requires a blank (0% of element concentration). Blanks contain deionized water with similar acid concentration to that of the reference standard used.  Blanks cancel out each other’s background noise levels.  As per (fig 1), the auto sampler feeds the ICP with the solutions via pump windings.  Tight tolerances of levels must be met (depending on alloy program).  ICP is programmed to keep recalibrating until satisfied values are met, or indeed values stabilized before analyzing any unknown samples such as, the N-i625 in this case.  (Miliszkiewicz, N., et al, (2015)

(fig 1) Avio 500 with auto sampler
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[bookmark: _Toc102889095]ICP reference standards

(fig 2), shows the ICP chemical composition validated reference standards used for analyzing this material.  The C-28 reference standard was originally produced and validated by a company MBH Analytical Ltd.  However, MBH do not now exist. This reference standard material was sourced from LGC Group whereby all old “certified” reference standards which, were originally purchased from MBH.  The Std-13A is a Nickel based material reference standard which, was atomized in-house into a powder format.  This sample was sent to various laboratories for repeated analysis.   Values as in (fig 3) are used for ICP comparison against unknowns.  Standard 13A is predominantly used for tramp or trace elements at low levels.


 (fig 2)                                                  (fig 3)
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[bookmark: _Toc102889096]What is Inconel-625 Material

Inconel 625 can be described as a protective alloy which, can be used for example, cladding components, and can be deposited using either PTA (plasma transferred arc), laser welding or HVOF application (high velocity oxy fuel). Deposits exhibit excellent corrosion properties in a wide range of service temperatures.  It also has high strength as well as high toughness.  Inconel 625 obtains its “stiffening” effect from the elements Niobium and Molybdenum.  Inconel is widely used to protect equipment used in marine, chemical and nuclear generation processes.  Inconel is also used in exhaust systems; it can cope well with the high temperatures that are involved.  Inconel is a better choice material to use than some others such as various types of Stainless Steel for example, as the material remains extremely strong at these higher temperatures as mentioned.  Also, these alloys are resistant to oxidation as well as scaling.  It is often applied as a buffer layer between the substrate and a difficult to apply hard-facing type material/layer.  The overlay is then finished machined by turning using Tungsten Carbide tips.  (Huebner, J et al, 2017)

[bookmark: _Toc102889097]Typical physical properties of a Inconel-625 type alloy powder:
· Apparent density ~4.8 gm/cm3
· Melting point ~1300oC
· Hall cup flow ~16 secs/50gms
· Specific gravity ~8.4 gm/cm3
· Various particle size distribution of between 15 and 180 microns depending on application
(Shankar, V, et al 2001)
[bookmark: _Toc102889098]Typical chemical composition of Inconel-625: (major elements)
· Cr ~22%
· Fe ~1% (although Iron will also be picked-up from dilution in welding)
· Mo ~9%
· Nb ~3.7%
· Si ~0.3%
· Ni – balance
Inconel 625 (especially in PTA application) can become extremely brittle and crack in air post welding if tramp elements such as, Phosphorus (P) >0.02% or indeed Boron (B) >0.10% if the material exceed these limits.  “Micro” cracks can be an issue on the overlay as these are only observed post machining.  This can result in high reprocessing costs of the application and the replacement costs of the substrate (base metal).    

[bookmark: _Toc102889099]Chemical composition anomaly for analyzing Inconel-625 

Two samples of Inconel 625 type alloys were digested using the “slower” hot-plate digestion method.  Inconel 625 material has a low Carbon content which, is normally <0.03% therefore, material can be easily broken down by the acids at ~80oC.  Higher Carbon alloys are generally digested by using microwave technology which, is more aggressive in order, to break-down the material.  After digestion the samples were subjected to chemical analysis whereby, the ICP is calibrated against a known and validated Inconel type reference standard.   

Values reported as per (fig 4) below.
(fig 4)
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The higher Phosphorus values in the analysis performed at LSN gave the Quality Department cause to reject the batches which would have been costly to the organization (specification 0.015% max in this instance).  However, prior to the official rejection, all material tested will have re-tests using fresh samples for any reason initial digested samples were subjected to possible contamination from spatulas and other laboratory equipment.  The ICP would also be subjected re-calibration QC checks using new reference standards.  In-line QC software checks on the instrument monitor wavelength noise and until element limits of the internal standards are met, unknown samples would not be analyzed.  ICP reference standards used are material with of a similar alloy family which has been fully analyzed in many external laboratories world-wide.  Certification values from these external laboratories as mentioned previously are used as reference points.   

This rejection from the laboratory instigated/triggered an investigation of how these batches of material could have been possibly contaminated in production.  However, LSN also produces Nickel based alloys which, contain high levels of Phosphorus.  Could this be the source of contamination when this material was originally being produced and processed in the plant?  This was our original thought!!  All alloy powders produced in the plant are similar in appearance and, also in particle size therefore, poor “house-keeping” can, and has also been an issue and source of in-house contamination in the past  

After the investigation however, it was deemed that such contamination at this time could not have been caused through contamination within the plant.  This then raised questions to whether the chemical analysis values originally reported were indeed accurate!!

Samples of the material whereby we suspect that the Phosphorus values are not accurate were sent to a third party (Element Technology Ltd) for external unbiased chemical testing.  Element Technology are an independent chemical analysis “accredited” testing facility based in the Steel industry area in Sheffield.  Element Technology Ltd are often used by similar industries such as LSN Diffusion which, analyze materials for customers such as Rolls Royce for example.

As per (fig 5), values reported by Element Technology shows that N-i625 material lot numbers 72229 & 72291 “do not” or at least, have extremely lower levels of Phosphorus than what LSN have reported.



(fig 5)
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(fig 6), below shows the comparison between values measured here at LSN and the third-party laboratory Element Technology Ltd.  All individual elements measured apart from the Phosphorus appear similar and to an acceptable standard

(fig 6)
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From this comparison, it is evident that Element Technology Ltd measured/reported Phosphorus at levels significantly lower than what was measured in our laboratory here at LSN thus triggered an investigation into the methodology of the ICP spectrometer for this particular chemical analysis method.  It was suggested that we look at ICP element interference as the possible cause of this composition anomaly in an attempt, to find root-cause. 




[bookmark: _Toc102889100]ICP Investigation

When analyzing complex alloys, element interferences can play a role in regards, to the uncertainty of certain trace, or tramp elements.  Strategies in an attempt, to reduce these interferences on these analytes can involve complex and indeed carful re-development of the ICP program methodology.

Spectral Interferences can be described as an “overlap” of the analyte of an element by an interfering element which, is present in the same alloy.  Interfering analytes can be certainly identified by observing the wavelength tables then checking the interference lines which, are in proximity to the analyte that is of interest.  Elements which are close to the area of interest which, are also present in the alloy needs to be investigated further depending on the concentration on the conflicting elements.

There can normally be a few types of interferences.  However, in regards, to analyzing heavy metals with high concentrations, spectral interference (element overlap) is generally the culprit in obtaining inaccurate data.  (Lum, T.S. and Leung, K.S.Y, 2016)

A visual example as per (fig 7), shown below, shows such a direct interference of two analytes which, can result in incorrect values being reported.

(fig 7)
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In order, to validate any type of ICP interference, synthetic “bought-in” high-purity individual single element solutions are used.   All elements which, are common in the material analyzed are individually checked against these “validated” and certified synthetic standards with extremely low trace elements of <1ppm.  Normally synthetic standards are purchased as 1000 PPM (1000 PPM represents 100% in ICP as samples analyzed are subjected to 0.1000 gm).  These synthetic samples are then carefully measured out volumetrically to similar levels of the alloy being analyzed.  In other words, will have similar element levels in Inconel 625 so direct comparisons can be made.   All individual single element synthetic samples are sequentially analyzed against the Inconel 625 program.  Each element should, therefore, have unique values obtained.  If any two or more elements obtain values from a single element solution, then interference is indeed confirmed (process of element elimination!!)  www.fishersci.com


[bookmark: _Toc102889101]Investigation ICP program validation

The single element synthetic standards chosen and used in this investigation were volumetrically measured as follows:

Nickel - 60%  
Chromium - 20%
Molybdenum -10%
Niobium - 3.5%
Silicon – 0.5%
Manganese - 1%
Iron - 1%
Each individual element as above represent the elements which, are common/typical in the Inconel 625 material.  Two samples of synthetic Phosphorus standards were also made-up to validate the ICP Phosphorus intensity line selected.
  
The original set of results which were measured high in Phosphorus (out of specification) were obtained from using the intensity line 177.434 Which is embedded in the ICP program.  When creating ICP programs, normally the strongest intensity peak lines are chosen automatically as default.  However, these initial chosen or default lines “may”, have interference issues when analyzing complex alloys which, contain many elements therefore, less intensity lines with little or no interference can be used as an alternative.  Although, these alternate lines have lower sensitivity, they can provide decent and repeatable data.   

The program used for analyzing this alloy was amended with added Phosphorus intensity lines 213.617 & 178.221 In combination with the original line 177.434.  All the synthetic single elements were sequentially analyzed

Table of values reported as per (fig 8)
(fig 8)
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[bookmark: _Toc102889102]High and normal resolution
There are a few resolution settings available on the Avio-500 which, may be used to enhance an element peak by setting the “slit” widths.  This affects how the detector will be read.  When “normal” resolution is selected, the combination of both the freedom of spectral interference and, also the sensitivity which, is suitable for most of program applications is optimized.  However, in “high” mode, even more freedom of element interference although, to the demise of lower sensitivity than in normal mode.  Therefore, a “trade-off” may have to be assessed prior the finalizing or establishing the chosen program. (Moldovan, M, et al 2004)    

[bookmark: _Toc102889103]Axial and radial viewing
According to Tyler, G., & Yvon, J. (2003), the improvement factor in regards, to resolution, can increase by up to ten times (depending on the element selected) when, in an axial viewing mode. See (fig 9) below.  When analyzing Nickel based alloys, axial viewing is selected for lighter elements such as Aluminum and Phosphorus.  Also, low traces of Boron in Boron free Nickel alloys.  Other elements are analyzed using radial view as the sensitivity would be saturated if axial viewing were selected.
(fig 9)
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[bookmark: _Toc102889104]Evaluation of Values Reported Using Synthetic Single Element Standards

[bookmark: _Toc102889105]Phosphorus line – 177.434 (original/default line chosen)
From the values obtained from this interference study, the original line chosen for Phosphorus in the Inconel 625 program 177.434 clearly indicates that there is indeed interference of both elements Nickel and Chromium as well as a negative value with Niobium.

When using ~60% Nickel and ~20% Chromium on axial view, and in both high & normal Resolution, Phosphorus is detected at between ~0.02% and ~0.03%.  Niobium also plays a part with a negative value of ~-0.03%.  There was no detection/intensity count of any sort from any of the synthetic standards when using radial view.

From these values reported using the synthetic single element standards it shows that the original program set-up for analyzing this material is indeed flawed as Phosphorus positive values are obtained in a controlled Phosphorus free trial!!  
  
[bookmark: _Toc102889106]Phosphorus line – 213.617
Using this line 213.617 shows that Molybdenum has a direct negative interference with this Phosphorus line of varied values.  Molybdenum synthetic standard used (~10%) when analyzed using both radial/axial and high/low resolution settings clearly indicate that this, Phosphorus line cannot not be entertained within the ICP program therefore, this line is immediately illuminated from this trial. 



[bookmark: _Toc102889107]Phosphorus line – 178.221
Values obtained when using line 178.221 shows an extremely small interference, therefore, appears promising when in axial view.  Again, the data reported using radial view showed inconclusive values, therefore, can be immediately discounted.  Both high and low intensities in axial view gave similar values across all elements chosen for this specific ICP program.   However, as mentioned, there is indeed small interference with Molybdenum and Manganese although, these levels are acceptable due to the limitations of the ICP instrument itself.   Line 178.221 at this point, appears to be the most likely candidate that can be used for future analysis for this type of alloy.

[bookmark: _Toc102889108]Synthetic Phosphorus check 
As a controlled check, two samples 0.02% and 0.20% of Phosphorus solutions were produced and analyzed in combination/alongside with the other single element synthetic solutions to validate/substantiate the Phosphorus selected/chosen lines chosen for this test.  As shown in (fig 8) above, the values reported in the original line 177.434 shows that this line measures Phosphorus accurately at these levels.  Although, as per this trial, element interference occurs when subjected to Nickel and Chromium when using this line.  Again, using line 213.617 Shows that analyzing single element Phosphorus at these levels are also indeed accurate.  However, as per trial, there is interference analyzing for Phosphorus using this selected line with Molybdenum present.
The Phosphorus values obtained from the preferred line 178.221 in axial view, using high resolution, appears to be capable of measuring Phosphorus accurately at 0.02% and 0.2%. However, in this instance, the only other element interference from any of the single element solutions analyzed is a small trace of Molybdenum from the standards used in this trial.  Therefore, with limited Phosphorus lines available in the ICP world, makes this line a likely candidate choice for analyzing this type of alloy.  Although, this choice could not be made without such a Phosphorus capability check.
As per (fig 10) below, as mentioned, a small interference even to the recommended phosphorus line 178.221 can be seen.  The arrow shows the “slight” edge of the secondary interference peak.  However, interference here is negligible!  Slight interference in this instance is Molybdenum.  Inconel “containing Molybdenum such as, Inconel 625 can normally be UKAS approved laboratory.  UKAS is a National Accreditation Body who are appointed by the UK government that ensure laboratories meet requirements in regards, to quality management systems with the ability to demonstrate chemical compositions are performed within a set criterion to a relevant standard.  However, alloys containing Molybdenum >10%, can interfere with Phosphorus to a higher degree therefore, external laboratories cannot validate to UKAS accreditation as the values become unreliable.   There are still, limited Phosphorus lines available to current ICP technology!!  (Beaumont, J., 1999)

(fig 10)
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ICP program rectification

From the data obtained from the ICP synthetic investigation (process of elimination), it was determined that the ICP program for analyzing Inconel type material should be amended in regards, to the Phosphorus intensity line.  Therefore, line 177.434 has now been superseded by line 178.221.  www.inorganicventures.com
To validate the change, full calibration of standards must be performed and the original Inconel 625 lots: 72229 and 72291 to be re-analyzed.  Standard operating procedures state that “unknown” samples should be analyzed two times and the values of each of these two runs be averaged.  ICP technology have been around ~40 Years.  However, drift of elements still does occur between individual analysis runs.  Some specifications have tight upper and lower limits therefore, several analyses are required in order, to be confident that values reported are indeed accurate.   ICP programs have quality control limits to values therefore, the autosampler will not advance to analyzing unknown material until these limits have been met.  The ICP will keep performing calibration automatically until the instrument is stable and numerous values obtained repeatable.  It is important to note that however, reference standards degrade over time.  Reference standards are considered as the measuring stick (in ICP world) whereby, unknown material is measured against.  Therefore, all sample values can be in doubt if the reference standards are not freshly prepared periodically.  With the program now updated, the reference standards were subjected to full calibration with the included new Phosphorus intensity line.

The newly re-tested values of the Inconel material obtained as shown in (fig 11) below, shows that the amended ICP program now appear to have Phosphorus values close to the values initially reported by Element Technologies.  Values obtained with the new analysis method in regards, to Phosphorus are well below maximum limits allowable for this type of alloy.  We can now therefore, be quite confident of tramp elements values reported such as Phosphorus when analyzing any future Inconel 625 type products without having the need for expensive and time consuming external, third-party chemical analysis checks.

(fig 11)
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[bookmark: _Toc102889109]Evaluation of Re-test Chemical Composition 

Results/data obtained from the retests “at these levels” indicate that the updated ICP program have now been optimized for future chemical analyses of this type of Nickel based alloy.  However, ICP deeply relies on the accuracy of samples prepared and, also of the reference standards used to measure and compare against therefore, without such protocol checks, initial values obtained can always be questioned.  When contamination does occur, these additional analysis checks are fundamental for reporting back “confident” and accurate values as any incorrect analysis reporting can be financially crippling for the organization. To obtain accurate and repeatable readings, wavelengths chosen would normally have maximum absorbance.   However, as from the data shown in this report, Phosphorus values initially reported showed that although the wavelength for Phosphorus was high/stable, values obtained were indeed inaccurate!    

All batches of material produced at LSN are subjected to chemical composition.  However, if a batch of material passes this criterion on “first” instance, material is approved and certified.  However, initial values could indeed be also incorrect!!! Therefore, certified incorrectly.  Contamination as mentioned in this report can be masked by other elements within the alloy, therefore, in some instances go unnoticed.  Should all analyses of varying elements be subjected of such retest protocols even if they initially pass first time in order, to present factual certification data?  

Important to note is that the chemical analysis must be accurate for internal purposes also.  As mentioned, the revert (oversize & fines) of any product produced at LSN is returned to the foundry area post screening for future use in other such products.  Inaccurate values reported on revert can have ramifications on the calculations when revert is re-used.  Incorrect values can have a financial impact when converted to a new product.

[bookmark: _Toc102889110]Investigation Reflection - For Improving Methodology Further 

Although initial solution for this chemical analysis problem was to change/amend Phosphorus line to a more stable line which, was not subject to other element interference of any sort that is present in the alloy, this methodology is, and was extremely time consuming and costly to the organisation without, the additional chemical analysis costs of samples being shipped to external laboratories for validation or verification. 

To improve this methodology further, a software package available to ICP are in the forms of MSF (Multicomponent Spectral Fitting) and IEC (Inter-Element Correction).  These are two unique techniques which can be used to “minimise” or totally remove spectral interferences.  Both methods have similarities such as:

· Requiring both mathematical and the recalculation or adjustment of intensity data.
· Additional analyses are required in order, to create a mathematical model. 

https://dnr.wi.gov/topic/labcert/documents/ICP-OES_Interference_correction.pdf

[bookmark: _Toc102889111]MSF (multicomponent spectral fitting)
This program consists of using mathematical models in order, to distinguish analyte spectra from any other interfering spectra which, involves a very different form of process for elemental interference than that of IEC.  However, using the MSF facility the same resolution and profiling settings must be used for collection of the data.  MSF will obtain better interference correction and, also better detection limits with increased precision than that of IEC since only the “peak shape” will need to remain constant. 
[bookmark: _Toc102889112]IEC (inter-element correction)
IEC can correct interference so long as the intensity/concentration of that of the interfering element “remains” within the linear concentration ranges.  The plasma conditions as well as the matrix remains constant and unchanged.  This method of correcting interference which, are unresolvable use a simple correction factor that does not change “significantly” on a day-to-day basis making this method to ensure no false positives a most efficient and robust way in order, to eradicate “direct” spectral overlaps.  Software can come with features to set-up all the IEC equations/tools that are required. IEC is the best method to use “if” direct overlaps are expected


[bookmark: _Toc102889113]Evaluation for improving method further

As mentioned, there are two software methods available (MSF) and (IEC) which, could be used for further improvement to the chemical composition anomaly that was initially reported as the “initial” improvement method was just to simply changing the intensity line to a non-interference line.  Although, the initial solution worked and the values obtained post the synthetic standards trials were more accurate, the time taken to do this investigation work proved costly to the organization.   What could also be factored into this cost is the downtime and missed/lost opportunity of analyzing other produced grades of material produced at LSN while the instrument was undertaking the lengthy process of the initial elimination trials that was conducted in the first instance.  This put pressure on the organization to further ship samples out for chemical analysis in this period which again, proved costly.

Therefore, the (MSF) and (IEC) further improvement methodology for element interference must be explored further (although, has recently been touched upon) in order, to reduce this costly downtime if ever a situation of a similar nature arises.  
[bookmark: _Toc102889114] References
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Analysed at LSN 72291| N-I625-H6K | 0.02 0.014 0.11 22.09 3.86 0.12 8.23 3.52 Bal 0.04 0.29 0.05 0.03 <0.01 0.032 0.05
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Attn:  PAUL CORRY

Item - REF:72229 & 72291
2 OFF NICKEL POWDER SAMPLES

Specification - PRODUCT SPECIFICATION NOT APPLICABLE

o
.
.

| Chemical Analysis -
.

C (%1 [Si (%] |[Mn [%1|P (%] |S (%) |Cr  [%][Mo [%][A1 [%]|B (%] [Co [%]1|Nb [%] | Comments

-

001: 0.03 0.69 0.45 0.006 <0.003 20.8 8.84 0.02 0.081 0.32 3.38 | 72229

002: 0.04 0.30 0.12 0.008 <0.003 21.9 8.43 0.02 0.012 0.11 3.57 | 72291
Ti [%1|Fe [%¥]|N %1 [0 (%] Comments

001: <0.01 1.40 0.15 0.057 72229

002: 0.06 3.9 0.033 0.054 72291
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Lot: Alloy: Al B Co Cr Fe Mn Mo Nb Ni P Si Ti [ S N o
Analysed at LSN 72229 | N-1625L-PL1 0.08 0.3 20.82 1.29 0.45 8.58 3.33 Bal 0.04 0.75 <0.01 0.03 <0.01 0.15 0.06
Independent Laboratory |72229|N-I625L-PL1| 0.02 0.081 032 20.8 14 0.45 8.84 338 Bal 0.006 0.69 <0.01 0.03 <0.003 0.15 0.057
Analysed at LSN 72291| N-1625-H6K |  0.02 0.014 0.11 22.09 3.86 0.12 8.23 3.52 Bal 0.04 0.29 0.05 0.03 <0.01 0.032 0.05
Independent Laboratory |72291| N-I625-H6K | 0.02 0.012 0.11 218 3.96 0.12 843 3.57 Bal 0.008 03 0.06 0.04 <0.003 | 0.033 0.054
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Single Element Calibration Synthetic Standards Synthetic Phos Check
Element Analysed Ni 60% Cr 20% Mo 10% Nb 3.5% Si 0.5% Mn 1% Fel% P 0.02% P0.2%
i High Resolution -0.012 -0.002 -0.005 -0.008 -0.001 0.019 0.192
Axial View
Line 177 Normal Resolution -0.009 | -0.032 0 -0.001 0.001 0.021 0.193
o High Resolution X X X X X X X X X
Radial View
Normal Resolution X X X X X X X X X
Aial View | High Resolution 0.002 0.004 | -0.264 | -0.002 [ 0.001 [ 0.021 0.219
Line 213 Normal Resolution 0.002 -0.006 -0.003 -0.001 -0.001 -0.001 0.025 0.219
Radial View High Resolution 0.003 0.001 -0.004 -0.007 -0.004 -0.008 0.019 0.202
Normal Resolution 0.009 0.001 o 0.001 -0.001 -0.001 0.02 0.191
Radial View High Resolution
Normal Resolution -0.069 -0.01 0.005 -0.035 0.022 0.227
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Lot: Alloy: Al B Co Cr Fe Mn Mo Nb Ni P Si Ti C S N o
LSN Re-test| 72229 N-i625L-PL1 | <0.01 | 0.07 | 0.28 | 20.72 | 1.33 | 0.42 | 8.61 | 3.31 Bal | 0.005| 0.77 | 0.01 | 0.03 | <0.01 | 0.15 | 0.06
LSN Re-test| 72291 N-i625-H6K | 0.01 | 0.01 | 0.12 | 21.99 | 3.92 | 0.10 | 8.20 | 3.61 Bal | 0.007 | 0.31 | 0.05 | 0.03 | <0.01 | 0.032 | 0.05





image1.png
N

LSN Diffusion





image2.jpeg




