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ABSTRACT KEYWORDS
Normally for the analysis of stainless steel (SS), low aloy steel (LAS), Stesl;
aluminium alloy (Al A), brass and white metal standard methods are ICP-OES,

Inter laboratory comparison;
Proficiency testing;
validation.

employed wherein gravimetric, titrimetric and Flame Atomic Absorption
Spectroscopy (FAAS) are used. These are generally cumbersome, tedious
and laboriousto use. Present study describes the use of Standard Materials
(SM) and Inductively Coupled Plasma Optical Emission Spectroscopy (1CP-
OES). The digestion procedure is adopted from the standard methods and
then the solution was aspirated to | CP-OES. Thiswas an easy way in which
these material s can be analyzed, in comparison with the existing. The method
was validated by doing repeatable and reproducible experiments. It was
established that the analysis done was valid and acceptable within limits of
the analysis of these materials.

To authenticate the above findings, Inter Laboratory Comparison (ILC) for
the validation of thistest method has been conducted. The present method
of analysis can be implemented only if SM, which takes into account the
matrix effect, isavailable, since no primary standardsare used inthisfield of
analysis. However, use of |CP-OES was nhot uncommon or unacceptable.
We have compared the method validation and IL C resultsin which different
test methods were employed, to find that the z-scores are lower than 2.0. It
may be emphasized that acid dissolution followed by ICP-OES using SM
was an authentic way of analysis and was similar to the available methods.
© 2014 Trade Sciencelnc. - INDIA

INTRODUCTION

Andyssof sed anddloyshasbeenaroutineaffar
since hundredsof years, whilemost of themethodsare
documented by Internationa Organization for Standard-
ization (1SO), American Society for Testingand Materi-
as(ASTM) and Bureau of Indian Standards (BIS), itis
still atest to any existing testing laboratory to authenti-

catetheresults. All theanalysts haveto betrained by
qudity control personnd. Alwaystheandysisof eachis
amatter of concern and skill. Hence, every laboratory
hasto proveitscompetency for testing these materias.
ThuslLCinaparticular areaaround atesting laboratory
isadvisable, when they areanalyzedinlargequantities.
In this context, we came across arelevant paper¥ in
which ILC datawas obtained from 67 |aboratories of
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31 countriesfor LASusing certified referencematerids
(CRM) or SM. Theresultsof thesamecanbeseenin
thereport- APLAC T026 LAPTP?2 inwhich 201abo-
ratorieshave Z- score< 3withal resultsina5% prob-
ability leved. Inanother study™ only manganese(Mn) was
andyzedon FAASindifferent SSand Al A CRM’swhich
areinagreement withthecertified values.

Primary standardsfor individua or mixed metals
cannot be used for these materialsasthere are matrix
effectsinvolvinglarge amountsof one particular metal
to beconsidered for traceability purpose. So, CRM’s
and/or SM’sareused for calibration and/or itsvaida-
tion. We have used SM’s bought from Bureau of Ana-
lyzed samples. Analysis of SM was done using the
present method of acid digestion followed by aspira-
tionto ICP-OESfor al thefour categoriesof steels&
alloys. For the sake of comparison, inthe caseof SS
samples alone, classical methodsfor nickel (Ni) by

gravimetric, chromium (Cr), phosphorus (P) & sulfur
(S) by titrimetric were performed. Theresultsfor the
classical methods, method validation for the present
method werein agreement with thevauesgiven with
thesupplied certificatesfor the SM’s. Thedataare pre-
sented in resultsand discussion section.

For thelLC programwe have analyzed SS, LAS,
Copper dloy (CuA), and Al A for most of theelements
inchemical and afew mechanica properties. Six labo-
ratorieshave participated in theanalyssand theresults
are presented here. One samplefor chemical and two
samplesfor mechanica weredistributed fromthesame
lottodl. Methodsof anadlysisfor chemicd areemployed
asper the choiceof individua laboratory. However, for
Universal Tensile Strength (UTS) IS: 1608-2005 and
for VickersHardness (VH) IS: 1501-2002 were used
by al. Therequired testsfor thelLCin both categories
giventoall laboratoriesaretabulatedin TABLE 1.

TABLE 1: Parametersanalyzed for all categoriesof steels& alloys.

S.No Steel/Alloy

Elements Analyzed

Chromium (Cr), Manganese (Mn), Molybdenum (Mo),

1 Stainless steel (SS)
(S)

o  LowAlloy stedl Nickel (Ni), Phosphorus (P), Vanadium (V). Silicon
(LAS) (S)

3 Copper Alloy (Brass, Copper (Cu), Iron (Fe), Manganese (Mn), Nickel (Ni),
White metal) Zinc (Zn)

4 Aluminium Alloy Copper (Cu), Iron (Fe), Manganese (Mn), Nickel (Ni),
(Al A) Zinc (Zn)

Nickel (Ni), Phosphorus (P), Vanadium (V), Silicon

Sulphur (S),

Chromium (Cr), Manganese (Mn), Molybdenum (Mo),

Aluminium (Al), Copper (Cu)

Aluminium (Al), Cadmium
(Cd), Tin (Sn), Lead (Pb),

Magnesium (Mg),

MECHANICAL PROPERTIES

1 Universal Tensile Strength (UTS)
2 Hardness

EXPERIMENTAL

Thissection presentsdataof method vaidation and
ILC for authentication of varioussteelsand dloys.

Method validation
Chemical: Samplepreparation

For SSsamples, Ni, Si as Silicd® were estimated
by gravimetry and Cr, P, Swasestimated by titrimetry!®
8 All dementslistedinTABLE 1, except S & S, present
inSS, LAS,Al A, CuA wereestimated by ICP-OES
after thedigestion using the gppropriatesandard method
for the particular element®Y,

Hnalytical CHEMISTRY o

M echanical: Samplepreparation

For UTSand VH, sample preparation was done
as per the standard methods*21,

Instrument (ICP-OES)

General operational conditionsare: PlasmaGas
flow (L/min) - 15, Auxiliary gasflow (L/min) - 1.5,
Nebulizer Pressure (kPa) - 200, Viewing Height - 5mm,
Pump speed - 15 rpm, Sample uptake Delay - 15s,
Replicate Read Time- 1s, Instrument stabilization de-
lay - 15s, Cdibration parameter - Linear, Plasmapower
- 1.2 kW, Torch Type- Fixed, Nebulizer - V-groove,
Fast pump rinse- 50 rpm, Rinsetime- 10s, Replicates
- 5, Line Background correction - Fitted, Concentra-
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tion range - 0.05-1.0 %, Error percent - 15%
I nter laboratory comparison (ILC)

Threelaboratorieshave adopted the standard meth-
ods mentioned abovefor the sampl e preparation for
the ILC program. However, the other three laborato-
rieshave used different methods of analysig41. The
resultsof thelLC dataarediscussed indetail in Results
and Discussion section.

RESULTSAND DISCUSSION

Method validation datafor steel and alloys

SS,LAS Al A, Brassand Whitemeta wererunon
|CP-OES after thesampledigestion asdescribedin 1.1.

—— Fyll Peper

For repeatability data, onesamplewasrunfivetimes.
For reproduaibility data, threedifferent weightsweretaken
andrunfivetimeseach. TheexperimentsondementsS,
Cr, Ni, Pand Sfor SSsampleswere doneby gravimet-
ric and titrimetric methodsand they wererepested three
timesfor comparison. Ni, Cr and Parerepesated on ICP-
OESadsoto comparethevauesobtained by classica
methods. Themeanvauesobtained aregivenin TABLE
2. Theother categoriesdoneonly with present method
aregivenin TABLES 3-6. However, Si wasanalyzed
gravimetrically for LASand Al Atoo. Thevauesare
tabulated inTABLES 3-4.

Asthevauestabulated for method validation are
observed to be closer to the true values of the stan-
dard, the said andysisissuitablefor routineusefor al

TABLE 2: Method Validation datafor Stainlessstedl

Elements Truevalues Classical values Standard |CP-OES mean Rep?é:nblllty Reproducibility
*(%) (%) Deviation (SD) values (%) D x 10° mean SD X 107

Mn 1.311 +0.013 Nil Nil 131 1.20 0.24

Mo 2.776+ 0.021 Nil Nil 2.77 2.96 1.48
0.0346 + . .

\ 0.0016 Nil Nil 0.03 0.21 3.63

Cr 17.84 + 0.05 17.82 0.020 17.86 517 3.77

Ni 10.20+ 0.05 10.17 0.006 10.204 3.16 5.92
0.0105 +

P 0.0005 0.009 0.001 0.01 0.18 0.04
0.0069 +

S 0.0005 0.0054 0.0004 -

Si 0.48+ 0.007 0.52 0.03 -

Certified values for the CRM/SM No: 466/2

thested and adloyssamples. Thus, itispossibletodis-
sociatethemetalsof the steel materialsinacid forming
inorganic solublesdts, which candirectly be aspirated
to ICP-OESto obtain similar totruevaluewithinthe
acceptablerangesof standard deviation. Only way to
establishthat thisisaright way of andysisisto conduct
an ILC and obtain comparableresults.

I nter laboratory comparison (ILC)

Thedataobtained for the ILC for six laboratories
wereandyzed by using thefollowing strategy.
Criteria

Theresults obtained from the participating labora-

toriesaretabul ated for statistical andysis. Thefollow-
ing criteria have been adopted while assessing and

eva uatingthe z-score.

a Resultsnot reported aremarked < X”.

b) Meanvalue, first quartilevalues, robust z-scores
for chemical and z-scorefor between laboratory
and z-scorefor within laboratory for mechanica
arecal culated for each parameter.

C) Resultsthat aregivenwithalessthansign, thesign
areremovedfor calculations.

Z-score

Thez-scoreisanormaized vaue, which givesascore
to each result relaiveto the other membersinthegroup.
So az- scorecloseto zero meansthat theresultsagree
well with thosefrom other vaues.

Z = (Result — Median) / (NIQR)

—— a%a['yttaa[’ CHEMISTRY
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TABLE 3: Method Validation datafor LowAlloy Stedl

True 'Cnf'egnES Repeatability Reproducibility
Elements \ialua values Mean_3 mean .
(%) (%) SD x 10 SD x 10
Al O(')(_’ggf 0.0464 0.35 0.154
o LS 1esa 3.25 3.94
cu 06%571 0.4364 0.13 3.19
Mn Oc')%c?ei 04192 0.35 192
Mo Oéf'g’foi 04322 0.00066 341
Ni o 2DTE 2078 0.00216 144
p o O oom2 000024 0.24
Y, Oéf‘gzi 04413  0.00068 1.66
S 024110 ;;70&) ] ]

Certified values for the CRM/SM No: 410/2
TABLE 4: Method Validation datafor Aluminium alloy

True ICP-OES  Repeatability Reproducibility
Elements values* mean values mean mean
(%) (%) SD x 10° SD x 10°
0.730 +
Fe 0.059 0.7492 2.39 3.11
0.298 +
Mg 0.02 0.3504 0.26 0.30
2.180 +
Cu 0.104 2.0524 4.02 5.54
0.180 +
Mn 0.013 0.1703 0.22 0.33
) 0.130 +
Ni 0.011 0.1203 0.26 0.27
0.470 +
Zn 0.028 0.4808 0.53 2.92
S Measured 0.890
0.74+0.02  (classical)

Certified values for the CRM/SM No: 216/3 (5% Cu and Al
alloy)

TABLE5: Method Validation datafor Brasspowder

True ICP-OES Repeatability Reproducibility
Elements values* mean values mean Mean
(%) (%) SD x 10° SD x 10°
Al 222 +0.04 2.2208 0.60 3.06
Mn 0.86 + 0.03 0.8677 1.00 2.34
Ni 0.56 + 0.02 0.5634 2.20 1.36
Pb 0.35+0.02 0.3504 0.26 0.30
Sn 0.70+0.05 0.70073 0.27 4.83

Certified values for the CRM/SM —brass powder : 325 mesh lot
No:H18P19

TheNormdized Inter QuartileRange:
NIQR =0.7413x (Q3-Q1)
a. Zscoresoutsidetherange+3 arelabeled asoutli-

ers.
Standardized sumfor apair of test resultsSi = (Al
+Bi)/+2

c. Standardized differencefor apair of test resultsDi
=(Ai - Bi)/«2if medianA>median B

d. Standardized differencefor apair of test resultsDi
=(Bi - Ai)/«2if medianB>medianA

e. Betweenlaboratory Z-score(ZBL) = (Si-med Si)/
NIQR (Si) to show the accuracy or the biasin
measurement of thelaboratory

f.  Withinlaboratory Z-score (ZWL)= (Di-med Di)/
NIQR (Di) to show the precision or repeatability
of thelaboratory

TABLE 6: Method Validation datafor Whitemetal

ICP-OES Repeatability
mean values Mean

True

Elements values* Reproducibility

mean SD x 10

(%) (%) SD x 1073
Bi 01 01007 021 050X 10°
cd 018 01406 0.25 029X 10°
cu 48 4840 266 314X 10°
Fe 0028 00243 0.34 0.40X 10°
Ni 0T oxros 035 206X 10°
Pb 385 zaes4 389 272X 10°
sb 96‘_‘381 9.4541 5.54 1.16 X 102
zn 0080 00403 022 0.27 X 10°

Certified values for the CRM/SM No: 178/2 (Tin based)
Results

Resultsare categorized in three partsbased on the
Z-scoreevauation
|. Satisfactory:Z<2for al dements
I1. Questionable:2<Z> 3for dl dements
[11. Outlier: Z>3for dl dements.

Discussion for resultsof Z-scor e of samples:
Chemical:
Z-Scorefor SSILAS

al 6laboratoriesare <2.0, soresultsare satisfac-
tory for dl theelements.

Z-scorefor Al alloy

Lab2& 5- CrisQuestionableand for Lab 5- Cu,
Ni and Fearefound to be Outliers.

Z-scorefor Cu alloy
Lab2-Zn,Lab- 5 Cu, Ni are questionable and

Hnalytical CHEMISTRY o
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Lab 5- Snisfoundto beoutlier.
Theresultsare sent to eachindividua laboratory
for thair interna corrections.

M echanical

Z-scoreanalysisfor thetens e strength and hard-
nessfor the analyzed samplefor all |aboratorieswere
found to be satisfactory. Withinlabvaluefor Lab 4 is
>2 and needsimprovement. InLab 5, the hardness of
the sampleresulted in non-compliance, whichwasin-
formedinturn.

All thetablesand datafor method validation and
ILC program are availablewith authorsfor ready ref-
erence.

CONCLUSION

ThelLCinchemical for SS, LAS, Al dloyand Cu
alloy areconducted. Inthe category of mechanica the
tenglestrength, Vickershardnessisconducted. A tota
of six laboratories have participated. Most of there-
sultswerefound to be satisfactory. A few arequestion-
ableand afew moreareouitliers, which wereintimated
totheindividual laboratories separately. Sincethere-
sults of the z-score of al thechemical testing param-
etersarefound to beinthe acceptablelimit of <2.0, the
method of testing adopted for themusing acid digestion
followed by ICP-OESusing SM isvalidated. There-
sultsof method vdidationand ILC werecompared with
thesupplied certificate of analysis. They werefoundto
comply.
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