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Introduction

The analysis of Inorganic Impurities In steels Is
required In the process of their characterization.
Issues related to such analysis are linked to the high
presence of matrix following the sample preparation:
up to 10g/L of total dissolved solid (TDS), mainly
composed by iron.

Therefore, the conventional approach requires:
-The dilution of sample (down to 1g/L of TDS)
-Matrix-matching standards for the instrument
calibration.
This methodology Is time consuming due to the
samples and standards preparation and performances
are linked to the purity of the iron used for matching
the matrix.
To overcome those issues, in the present work, we
iInvestigated the direct analysis of undiluted samples
and the determination of their concentrations using
standards only prepared in acid (without matrix
reconstruction). This approach is possible thanks to

the High Matrix Introduction (HMI) system available
on the 7700x.

Results were compared with the conventional
approach for the validation of the results and to
underline the benefits of this new procedure.

Sample and standard

preparation

4 certified reference materials (CRM) and 6 unknown
samples were analyzed during the experiment.

500 mg of steel samples were digested in presence of
HCL, HNO; and HF using a microwave device.
Digested samples were completed till 50 mL with
water.

b Final sample contains up to 10 g/L of iron

-Standards for calibration are simply prepared into
acids

b No matrix matching for standards

High Matrix Introduction (HMI) System

The 7700x includes the unique HMI system which
dilutes the aerosol stream from the spray chamber,
thereby reducing the aerosol and matrix loading on
the plasma. The result is a significant increase in the
effective plasma temperature, which effectively
eliminates matrix suppression, and also allows
samples containing % levels of TDS to be analyzed
routinely, without the need for time consuming
dilutions of over-range samples. Therefore samples at
10 g/L were directly injected into the system without
prior dilution. The principle of the HMI system is
detailed in the figure 1.

Results and Discussion

The comparison of the Method Detection Limits
(MDL) 1s a first evaluation of the new procedure
proposed. The table 2 summarized the MDLs obtained
with the two procedures. Data are taking into account
the dilution factor link to each sample preparation.

As can be seen from fig.2, the recovery of the internal
standards for the samples (containing 10 g/L of the
matrix) are superior to /0% (the reference is the first
point of calibration only prepared in 2% of HNQO,). In
consequence, the matrix effect is relatively low and
will be corrected by the internal standards. It's also
Interesting to see that along the sequence the
recovery Is stable: no matrix deposits nor drift are

observed during the analysis of samples containing
10 g/L of iron.

The CRMs were only certified on few values. The
table below shows the comparison between certified
values and the one measured using the HMI system.

The analysis of the CRMs underlines the method
performances as excellent agreement can be
observed between certified and measured values.
Therefore those results confirm the possibility of
measuring the samples containing up to 10 g/L of
matrix when calibrating the instrument only with
standards prepared In acids.

To improve the validity of the new HMI method, the
results obtained for unknown samples were compared

with the conventional procedure (results shown in the
table 4).

Experimental

The Agilent 7700x system was used for the analysis.
An nert kit, made from PFA, was employed to allow
the introduction of HF into the system (presence of HF
link to the sample preparation).

The CRMs were not certified on every elements of
Interest. So the first experiment consisted at the
analysis of samples under the conventional approach
for the determination of “reference” values. Therefore,
samples were diluted ten times after their preparation
and standards were prepared with the use of a high
purity iron (NBS 365) dissolved at 1 g/L for matching
the sample matrix.

In the second experiment, for the direct sample
analysis, the configuration of the 7700x was modified
before the analysis with the activation of the HMI
system. Thanks to the MassHunter software,
controlling the instrument, one click is sufficient for
switching till the HMI configuration.

The table 1 summarizes parameters used for the
analysis under the HMI conditions.
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Thanks to the use of the HMI system, MDLs are 10
times improved for almost all the elements In
comparison with the conventional methodology.
Those Improvements are mainly coming from the
standards only prepared in acids. As there Is no more
reconstruction of the matrix, no 1mpurities are
iIntroduced during the calibration of the instrument.

To evaluate the matrix effect during the analysis of
undiluted samples (experiment 2), the recovery of
Internal standards (scandium, rhodium and iridium)
during the full sequence was measured. The figure 2
shows its evolution during the analysis of the
sequence.

B 1931r[1]
B 103 Rh[1]
" 45Sc[1]
B 1931r[2]
B 103Rh[2]
B 45sc (2]

ry% (Outlier Setting)

o
>
9
3]
o)

o

@]

l—

)

1-060 SV
L-£L60 SV

Germany, January 2011

Excellent agreements between the two procedures
are obtained for most of the elements. It can also be
notify the interest of the HMI procedure on difficult
elements such as sulfur (only measured with HMI).

The new procedure developed here allows the simple
and reliable analysis of samples containing high TDS
(up to 10 g/L). The methodology is time efficient as
the best results were obtained with the direct analysis
of steel samples and with standards only prepared in
acids (no need for matrix matching approach).
Therefore the use of the HMI opens new possibilities
for the direct analysis of high concentrated matrices

with a 7700x ICP-MS.



