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Date of Issue: 
07 February 2024 

 

Standard Reference Material® 360c 

Zirconium (Sn-Fe-Cr) Alloy UNS R60804 
(chip form) 

CERTIFICATE OF ANALYSIS 
 
Purpose:  The certified values delivered by this Standard Reference Material (SRM®) are intended primarily for use 
in validation of chemical and instrumental methods of analysis for element contents of zirconium and its alloys.  They 
can be used to validate value assignment of a laboratory’s in-house reference materials. 
 
Description:  A unit of SRM 360c consists of one bottle containing approximately 100 g of chips produced by a 
milling machine. 
 
Certified Values:  A NIST certified value is the present best estimate of the true value [1].  The certified values for 
SRM 360c are shown in the table below and are metrologically traceable to the International System of Units (SI) 
derived unit of mass fraction, expressed as milligrams per kilogram. 
 

Certified Values for Elements in SRM 360c 
 

Element Mass Fraction(a)  
(mg/kg)  

 Element Mass Fraction(a) 
(mg/kg) 

Boron (B)  0.563  0.021  Nickel (Ni)  17.8  1.6 
Chromium (Cr)  1539  18  Niobium (Nb)  99.9  6.5 
Cobalt (Co)  5.12  0.30  Tantalum (Ta)  193.2  8.1 
Hafnium (Hf)  31.7  2.4  Tin (Sn)(b)  1990

_
0  48

_
0 

Iron (Fe)  1601  46  Tungsten (W)  22.1  2.4 
Lead (Pb)  7.98  0.92  Vanadium (V)  19.63  0.93 

(a) Values are expressed as x  U95%(x), where x is the certified value and U95%(x) is the expanded uncertainty of the certified 
value [2–4].  The true value of the analyte lies within the interval x  U95%(x) with 95 % confidence.  For guidance in 
propagating this uncertainty, see reference 5. 

(b) The overlined digit is the least significant digit of the certified value for Sn. 
 
Non-Certified Values:  Non-certified values for elements in SRM 360c are provided in Appendix A.   
 
Additional Information:  Values of potential interest to users are provided in Appendix B. 
 
Period of Validity:  The certification of SRM 360c is valid indefinitely, within the measurement uncertainty 
specified.  The certified values are nullified if the material is stored or used improperly, damaged, contaminated, or 
otherwise modified.  Periodic recertification of this SRM is not required. 
 
Maintenance of Certified Values:  NIST will monitor this SRM over the period of its validity.  If substantive 
technical changes occur that affect the certification, NIST will issue an amended certificate through the NIST SRM 
website (https://www.nist.gov/srm) and notify registered users.  SRM users can register online from a link available 
on the NIST SRM website or fill out the user registration form that is supplied with the SRM.  Registration will 
facilitate notification.  Before making use of any of the values delivered by this material, users should verify they have 
the most recent version of this documentation, available through the NIST SRM website (https://www.nist.gov/srm). 
 
 
 
 
Carlos A. Gonzalez, Chief Steven J. Choquette, Director 
Chemical Sciences Division Office of Reference Materials 
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Storage:  A bottle containing unused material should be kept tightly capped and stored at room temperature 
(25 °C  10 °C) in a dry location (relative humidity <50 %). 
 
Use:  Zirconium alloy chips may be analyzed in the as-received form.  Test methods used to characterize the material 
used sample quantities of 0.2 g or more, which is the minimum recommended mass for a single specimen.  Before 
sampling, it is recommended to mix the bottle contents by gently inverting and rotating the bottle by hand for one 
minute.  To obtain another specimen, recap the bottle and repeat the mixing.  When finished, immediately recap the 
bottle and return it to storage.  
 
Source:  The material for SRM 360c was obtained from a commercial manufacturer of zirconium and its alloys.  The 
material was chipped, sieved, blended and bottled at NIST. 
 
Analysis:  Measurements used to certify SRM 360c were performed at NIST and a collaborating laboratory.  Test 
methods included combustion methods, inductively coupled plasma mass spectrometric methods, inductively coupled 
plasma optical emission spectrometric methods, inert gas fusion, neutron activation analysis, titrimetric methods, and 
X-ray spectrometric methods. 
 
Notice to Users:  NIST strives to maintain the SRM inventory supply, but NIST cannot guarantee the continued or 
continuous supply of any SRM.  Accordingly, NIST encourages the use of this SRM as a primary benchmark for the 
quality and accuracy of the user’s in-house reference materials and working standards.  As such, the SRM should be 
used to validate the more routinely used reference materials in a laboratory.  Comparisons between the SRM and a 
laboratory’s in-house reference materials or working measurement standards should take place at intervals appropriate 
to the conservation of the SRM and the stability of relevant in-house materials.  For further guidance on how this 
approach can be implemented, contact NIST by email at srms@nist.gov. 
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Certificate Revision History:  07 February 2024 (Certified values for Cu, Mn, P and Ti changed to non-certified values; updated title; editorial 
changes); 10 February 2021 (Original certificate date). 

 
 
 
 
 
 
Certain commercial equipment, instruments, or materials may be identified in this Certificate of Analysis to 
adequately specify the experimental procedure.  Such identification does not imply recommendation or endorsement 
by the National Institute of Standards and Technology, nor does it imply that the materials or equipment identified 
are necessarily the best available for the purpose. 
 
Users of this SRM should ensure that the Certificate of Analysis in their possession is current.  This can be accomplished 
by contacting the Office of Reference Materials 100 Bureau Drive, Stop 2300, Gaithersburg, Maryland 20899-2300; 
telephone (301) 975-2200; e-mail srminfo@nist.gov; or the Internet at https://www.nist.gov/srm. 
 

* * * * * * * * * * * End of Certificate * * * * * * * * * * * * 
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APPENDIX A 
 

Non-Certified Values:  Non-certified values are best estimates based on currently available information.  However, 
they do not meet NIST’s criteria for certification [1].  Non-certified values should not be used to establish metrological 
traceability to the SI or another higher-order reference system.  They may be used to establish traceability of test 
results to these values for this reference material. 
 

Non-Certified Values for Elements in SRM 360c 
These mass fraction values are metrologically traceable to the values for calibration standards used by the 

collaborating laboratory for one or more test methods. 
 

Element 
 

Mass Fraction(a) 
(mg/kg)  

Aluminum (Al)  20  3 
Copper (Cu)  5.31  0.21 
Manganese (Mn)  7.2  1.2 
Nitrogen (N)  33  2 
Phosphorus (P)  87.2  5.2 
Titanium (Ti)  12.6  1.7 

 

(a) These values are expressed as x  2u(x), where x is the value and u(x) is the standard uncertainty of x.  The standard uncertainty 
represents the combined effects of measurement repeatability and calibration uncertainty for a single test method and material 
composition variance from multiple independent specimens.  While the best estimates of the values lie within the intervals 
x  2u(x), these intervals may not include the true values.  For guidance on using and propagating this uncertainty, see 
reference 5. 

 
Period of Validity:  The non-certified values are valid indefinitely within the measurement uncertainties specified.  
The value assignments are nullified if the material is stored or used improperly, damaged, contaminated, or otherwise 
modified.   
 
Maintenance of Non-Certified Values:  NIST will monitor this material to the end of its period of validity.  If 
substantive technical changes occur that affect the non-certified values during this period, NIST will update this 
Appendix and notify registered users.  SRM users can register online from a link available on the NIST SRM website 
or fill out the user registration form that is supplied with the SRM.  Registration will facilitate notification.  Before 
making use of any of the values delivered by this material, users should verify they have the most recent version of 
this documentation, available through the NIST SRM website (https://www.nist.gov/srm).   
 
 
 
 

* * * * * * * * * * * * End of Appendix A * * * * * * * * * * * * 
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APPENDIX B 
 

Values of Potential Interest to Users:  Approximate mass fraction values for additional elements in SRM 360c were 
obtained by one test method.  The values have not been confirmed nor have the uncertainties of the values been 
assessed.  This information is provided to help the user assess possible measurement interferences.  It cannot be used 
to establish metrological traceability to the SI or another higher-order reference system.  Do not use these values to 
calibrate or to validate a test method. 
 

Element 
 

Mass Fraction(a)  
(mg/kg)  

Element 
 

Mass Fraction(a)  
(mg/kg)  

Antimony (Sb)  <10 Ruthenium (Ru)   <50 
Bismuth (Bi)  <1 Samarium (Sm)  <5 
Cadmium (Cd)  0.08 Silicon (Si)  30 
Calcium (Ca)  <10 Silver (Ag)  <1 
Chlorine (Cl)  <1 Sodium (Na)  <5 
Gadolinium (Gd)  <2.5 Thallium (Tl)  <25 
Hydrogen (H)  16 Thorium (Th)  <3.5 
Magnesium (Mg)  <10 Uranium (U)  <1 
Molybdenum (Mo)  9 Yttrium (Y)  <5 
Oxygen (O)  1100 Zinc (Zn)  <50 
Palladium (Pd)  20   

 

 (a) The mass fraction values given as ‘less than’ (<) values represent estimates of the limits of quantification for the 
test methods used to attempt to determine the amounts present in SRM 360c. 

 
 
 
 

* * * * * * * * * * * * End of Appendix B * * * * * * * * * * * * 


