Results of further investigations……
As reported earlier, it was found that the data of the bromine index determination on sample #0627 was divided in two groups. About half of the reported results was about 5 mgBr/100g, while the other half was much higher: about 20 mgBr/100g. At the time of finishing the final report there was no explanation for this phenomena. Seven laboratories used method ASTM D2710, a method that is not suitable in case of aromatic solvents. However, although these results are somewhat lower than the other results, this could not explain the two groups of results.

After having received the final report, one of the participating laboratories (the Shell Rheinland Refinery laboratory) reported the presence of 130 ppm of styrene in the benzene sample. Theoretically this amount of styrene will give a bromine index of 16 mgBr/100g.

Investigation revealed that the setting of the polarizing current is very critical (see 3.1 of ASTM D5776) and this setting is of large influence on the final test result. From these initial investigations it was concluded that the low results reported for bromine number of sample #0627 in the benzene round robin iis06C05 are all false negative and that the assigned value indeed was too low. 

The results of this first investigation were published on our website http://www.iisnl.com and several laboratories that had reported very low results did further investigations. These laboratories confirmed that the polarizing current is most critical. For aromatic solvents a current of at least 10µA is necessary (see also paragraph 6.1 of ASTM D5776:2006), while for non-aromatics a current of 5µA is sufficient.
This means that the suggested QC sample quality control sample of 100 ppm cyclohexene in heptane (see note 1 of ASTM D5776) is not effective for the quality control in case of aromatic solvents. A freshly prepared sample of 100 ppm styrene in benzene will give more effective QC in this case.
Both laboratories optimised the determination and retested the benzene sample containing 130 ppm of styrene. After replacement of the earlier reported (low) results by these two new (higher) results, the data was again evaluated. This time also a new evaluation tool (the EM algorithm for mixeds models) was used that was only recently descibed by M. Thompson (Acqual DOI 10.1007/s00769-005-0053-0, see also AMC technical brief no. 23 on the RSC website http://www.rsc.org).In the below figure the results of this evaluation are shown:
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The blue curve represents the Kernel Density plot of all data.

The red curve represents the mixed model plot of the new EM algorithm.
The close resemblance between both independent plots is striking. 

The higher maximum corresponds to 19.6 mgBr/100g (standard error 1.2 mgBr/100g), while the lower maximum corresponds to 5.9 mgBr/100g (standard error 1.2 mgBr/100g).
The ratio between both peaks is almost 1:1.

When the lower half of the results is rejected  - using this knowledge - prior to the usual statistical evaluation, the mean value of the remaining 10 test results is 19.1 mgBr/100g, which is in good agreement of the maximum of 19.6 mgBr/100g found with the EM algorithm.The standard deviation is still very high (4.3 mgBr/100g).
The final conclusion from these investigations will be that only 7 laboratories reported initially sound results for this determination and all other laboratories (13 in total) should look closely to their analytical procedure to see whether the polarizing current has been sufficiently high during the determination of the bromine index.

