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  (The current edition is available at www.basrid.co.uk) 

REPLICAST LTD. 

and 

BUREAU OF ANALYSED SAMPLES LTD. 

 

CERTIFICATE OF ANALYSIS 
 

SPECTROSCOPIC CERTIFIED REFERENCE MATERIAL 
 

SCRM No. 668/14 

DUCTILE (NODULAR) IRON 
Prepared under rigorous laboratory conditions and, AFTER CERTIFICATION ANALYSIS IN GREAT BRITAIN, issued by 

the Bureau of Analysed Samples Ltd., Newham Hall, Middlesbrough, England. 

 

CO-OPERATING ANALYSTS 

  

1. COFFEY, R. N, Element Teesside, Middlesbrough. 

2. ATKINSON, M. J., Pattinson & Stead (2005) Ltd., Middlesbrough. 

3. JONES, S. J., Ridsdale & Co Ltd., Middlesbrough. 

4. WHITAKER, J. S., Keighley Laboratories Ltd., Keighley. 

5. HURDITCH, P., AMG Analytical Services, Rotherham. 

 

ANALYSES 
Mean of 4 values – mass content in %. 

Analyst 

No. 
C Si Mn P S Cr Mo Ni Cu Ti V Ce Mg 

1 3.7940 1.7353 0.6983 0.0472 0.0221 0.9822 0.0187 0.1006 0.6725 0.0872 0.1961 0.0221 0.0101 

2 3.7501 1.7242 0.6967 0.0450 0.0215 1.0138 0.0176 0.0947 0.6599 0.0874 0.2030 0.0252 0.0089 

3 3.7673 1.7195 0.7061 0.0446 0.0225 1.0067 0.0179 0.0982 0.6439 0.0865 0.1934 0.0234 0.0089 

4 3.7875 1.7493 0.7103 0.0459 0.0226 0.9853 0.0183 0.0983 0.6679 0.0882 0.1967 0.0227 0.0100 

5 3.7615 1.7145 0.6966 0.0443 0.0211 1.0020 0.0169 0.0892 0.6450 0.0821 0.1861 0.0214 0.0108 

MM 3.7721 1.7286 0.7016 0.0454 0.0220 0.9980 0.0179 0.0962 0.6578 0.0863 0.1951 0.0230 0.0097 

sM 0.0183 0.0140 0.0063 0.0012 0.0007 0.0138 0.0007 0.0045 0.0131 0.0025 0.0062 0.0015 0.0009 

sW 0.0069 0.0035 0.0035 0.0004 0.0004 0.0076 0.0006 0.0009 0.0052 0.0009 0.0016 0.0004 0.0002 

MM: Mean of the laboratory mean values. sM: standard deviation of the laboratory mean values. sW: average within laboratory standard deviation. 

CERTIFIED VALUES (Cv) 
mass content in % 

 C Si Mn P S Cr Mo Ni Cu Ti V Ce Mg 

Cv 3.772 1.729 0.702 0.0454 0.0220 0.998 0.0179 0.096 0.658 0.086 0.195 0.0230 0.0097 

C(95%) 0.023 0.018 0.008 0.0015 0.0009 0.018 0.0009 0.006 0.017 0.003 0.008 0.0019 0.0011 

The half width confidence interval, C(95%), is an expression of the uncertainty of the certified value. 

C(95%) = 
n

st M  where “t” is the appropriate two sided Student’s t value at the 95% confidence level for “n” acceptable mean values.  

For further information regarding the confidence interval for the certified value see ISO Guide 35. 

NB: Although widely accepted within the industry “mass content in %” is neither an SI nor an IUPAC supported quantity.  

Multiplication of the certified value (Cv) by 104 will yield the value in µg/g. 
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SCRM 668/14 

DUCTILE (NODULAR) IRON 
NOTES ON METHODS USED 

CARBON 
Analysts Nos. 1, 4 and 5 determined carbon using high frequency combustion and infrared absorption, Analyst No. 4 being in general accordance with BS EN ISO 9556:2001.  

Analysts Nos. 2 and 3 used gravimetric methods after combustion in a stream of oxygen, Analyst No. 3 using the standard method BS 6200.3.8.3:1990. 

SILICON 
Analysts Nos. 1 and 5 determined silicon using Inductively Coupled Plasma Optical Emission Spectrometry (ICP-OES). The remaining Analysts determined silicon 

gravimetrically, dehydrating the silica using perchloric acid, according to BS 6200: 3.26.1: 1995. 

MANGANESE 
Analyst No. 2 determined manganese using Flame Atomic Absorption Spectrometry (FAAS) whilst Analyst No. 3 used a photometric method, oxidising with periodate.  The 

remaining Analysts used ICP-OES. 

PHOSPHORUS 
Analysts Nos. 1 and 5 determined phosphorus by ICP-OES.  The remaining Analysts used a photometric method, extracting the yellow phosphovanadomolybdate compound. 

SULPHUR 
Analysts Nos. 1, 4 and 5 determined sulphur by high frequency combustion and infrared absorption.  Analyst No.2 used an acid base titration following combustion in a stream 

of oxygen whilst No. 3 used ICP-OES. 

CHROMIUM 
Analyst No. 2 determined chromium by FAAS.  The remaining Analysts used ICP-OES. 

MOLYBDENUM 
All Analysts determined molybdenum using ICP-OES. 

NICKEL 
Analyst No. 2 determined nickel by FAAS.  The remaining Analysts used ICP-OES. 

COPPER 
Analyst No. 2 determined copper by FAAS.  The remaining Analysts used ICP-OES. 

TITANIUM 
All Analysts determined titanium using ICP-OES. 

VANADIUM 
All Analysts determined vanadium using ICP-OES 

CERIUM 
All Analysts determined cerium using ICP-OES 

MAGNESIUM 
Analyst No. 2 determined magnesium by FAAS.  The remaining Analysts used ICP-OES. 

DESCRIPTION OF SAMPLE 
The material for this SCRM was prepared by Replicast Ltd. at Sheffield, U.K using a special method of casting known to provide material of uniform composition in a form 

suitable for use as a Certified Reference Material (CRM) for optical emission spectrometric analysis. Blocks from this cast have been shown, by statistically designed procedures, 

to provide reproducible results using optical emission spectrometry. 

SCRM 668/14 is sold in the form of chill cast rectangular blocks, each approximately 48mm x 42mm x 12mm thick with a single chilled working face. Spectroscopic 

reproducibility has been shown to be reliable to a depth of 5mm below the original surface of this block. Sparking must be made on the fully ground surface only and the sample 

should be discarded when this face has been ground back as far as the small shoulder around the edge of the sample. 

The preparation of representative samples for chemical analysis and the certification by co-operative analysis was undertaken by Bureau of Analysed Samples Ltd. 

Bureau of Analysed Samples Ltd is a United Kingdom Accreditation Service (UKAS) Accredited Reference Material Producer, No 4004, and, as the Producer of SCRM 

668/14 as defined in BS EN ISO 17034, is fully responsible for assigning the certified values and their uncertainties in accordance with BS EN ISO 17034 and ISO Guide 35. 

INTENDED USE 
SCRM 668/14 is primarily intended for the construction of calibration curves or for Quality Control purposes.  It is one of a series of such SCRMs (SCRMs 666 – 670 et seq) 

which may be used together.  Users should be aware that, when using optical emission spectrometers, a minimum of three sparks, made on separate, clean locations across the face 

of the block, should be obtained in order to establish a reliable mean value. 

STABILITY 
This SCRM will remain stable provided that the blocks are stored in a dry atmosphere. 

TRACEABILITY 
The characterisation of this material has been achieved by chemical analysis involving inter-laboratory study, each laboratory using the method of their choice, details of 

which are given above.  The analytical sample was prepared by taking turnings from several blocks which were then mixed and subdivided.  Each analyst received a representative 

sample of the bulk material and the Certified Values accurately represent the chemical composition of the SCRM. 

Most of the analytical methods used in the characterisation of this SCRM were either international or national standard methods or methods which are technically equivalent. 

All laboratories used either stoichiometric analytical techniques or methods which were calibrated predominantly against pure metals or stoichiometric compounds, ensuring 

traceability of the individual results to the SI. 

MEASUREMENT UNCERTAINTY 
The uncertainty of each of the certified values of SCRM 668/14 has been established by multiplying the standard error arising from the chemical analysis by the appropriate 

two sided Student’s t value at the 95% confidence level for the number of results.  Homogeneity has been assessed in accordance with ASTM E826 – 85 and found to be acceptable.  

It has not, therefore, been included in the calculated measurement uncertainty.  The stability of this SCRM and the transportation of the blocks also make negligible contributions to 

the overall uncertainty of the certified values. 

COMMUTABILTY 
When using optical emission spectrometers it has been established that materials of similar composition from different sources may respond differently.  The user should be 

aware that, although similar, the metallurgical history of this SCRM may not be identical to that of other SCRMs in this series and may not accurately reflect the metallurgical history 

of the user’s own materials. 

Further information and advice on this or other Certified Reference Materials or Reference Materials produced by Bureau of Analysed Samples Ltd may be obtained from the 

address below. 

For BUREAU OF ANALYSED SAMPLES LTD. REPLICAST LTD. 

NEWHAM HALL 7 EAST BANK ROAD 

NEWBY SHEFFIELD 
MIDDLESBROUGH ENGLAND 

ENGLAND S2 3PT 

TS8 9EA 

Email: enquiries@basrid.co.uk Email: info@replicast-ltd.co.uk 

Website: www.basrid.co.uk Website: www.replicast-ltd.co.uk 
R P MEERES S OXLEY 

Managing Director June 2020 General Manager 

4004 


