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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
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Surface chemical analysis — Analysis of zinc- and/or

alu

minium-based metallic coatings by glow-discharge

optical-emission spectrometry

1
This
deter
cons
silico

This

4

i
9

Bcope

sting of zinc- and/or aluminium-based materials. The alloying elements considered are
n, lead and antimony.

method is applicable to

Zinc contents between 0,01 mass % and 100 mass %;
aluminium contents between 0,01 mass % and 100 mass %;

nmickel contents between 0,01 mass % and 20 mass %;

ron contents between 0,01 mass % and 20 mass_%;

gilicon contents between 0,01 mass % and 10-mass %;

bad contents between 0,005 mass % dnd 2 mass %;

antimony contents between 0,005 mass % and 2 mass %.

2

ormative references

The following referenced-documents are indispensable for the application of this documen

refer
docu

ISO 1
Introd

ISO 1

nces, only the~édition cited applies. For undated references, the latest edition of th
ment (including-any amendments) applies.

4707, Surface chemical analysis — Glow discharge optical emission spectrometry (|
Juction,to use

International Standard specifies a glow discharge optical emission spectrometric me
mination of the thickness, mass per unit area and chemical composition of metallic surface coatings

thod for the

nickel, iron,

t. For dated
b referenced

GD-OES) —

of chemical

4284, Steel and iron — Sampling _and preparation of samples for the determination

composition

ISO 17925, Zinc and/or aluminium based coatings on steel — Determination of coating mass per unit area
and chemical composition — Gravimetry, inductively coupled plasma atomic emission spectrometry and flame
atomic absorption spectrometry

3 Principle

The analytical method described here involves the following processes:

a) Cathodic sputtering of the surface coating in a direct current or radio frequency glow discharge device.
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b) Excitation of the analyte atoms in the plasma formed in the glow discharge device.

c) Spectrometric measurement of the intensities of characteristic emission spectral lines of the analyte
atoms as a function of sputtering time (depth profile).

d) Conversion of the depth profile in units of intensity versus time to mass fraction versus depth by means of
calibration functions (quantification). Calibration of the system is achieved by measurements on
calibration samples of known chemical composition and measured sputtering rate.

4 Apparatus

4.1 Glow [discharge optical emission spectrometer

Required instfrumentation includes an optical emission spectrometer system consisting of a Grimm type|['] or

similar glow| discharge source (direct current or radio frequency powered) and a simultaneous optical

spectrometer as described in ISO 14707, incorporating suitable spectral lines for the analyte elementg (see

Annex B for $uggested lines).

The inner digmeter of the hollow anode of the glow discharge source shall be in.the range 2 mm to 8 mm. A

cooling devide for thin samples, such as a metal block with circulating cooling liquid, is also recommendeg, but

not strictly ngcessary for implementation of the method.

Since the dgtermination is based on continuous sputtering of the surface coating, the spectrometer shall be

equipped with a digital readout system for time-resolved measurement of the emission intensities. A system

capable of |a data acquisition speed of at least 500 measurements/second per spectral chanrlel is
recommendgd, but for the applications within the scope *of this International Standard a spegd of

2 measurements/second per spectral channel may be acceptable.

4.2 Minimum performance requirements

4.21 Gengdral

It is desirablge for the instrument to conform\to the performance specifications given in 4.2.2 and 4.2.3, and

evaluated in p.2.7.

NOTE Setting up for analysis comimonly requires an iterative approach to the adjustment of the various experirhental

parameters.

4.2.2 Minithum repeatability

The following test shall be performed in order to check that the instrument is functioning properly in termms of

repeatability.

Perform 10 |emission intensity measurements on a homogeneous bulk sample with an analyte cqntent

exceeding 1 mass %. The glow discharge conditions shall be those selected for the actual analysis. These
measurements shall be performed using a discharge stabilization time (often referred to as “preburn”) of at
least 60 s and a data acquisition time in the range 5 s to 20 s. Each measurement shall be located on a newly
prepared surface of the sample. Calculate the relative standard deviation of the 10 measurements. The
relative standard deviation shall conform to any requirements and/or specifications relevant to the intended

use.

NOTE

Typical relative standard deviations determined in this way are 2 % or less.
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4.2.3 Detection limit

4231 General

Detection limits are instrument-dependent and matrix-dependent. Consequently, the detection limit for a given
analyte cannot be uniquely determined for every available instrument or for the full range of Zn/Al-based
alloys considered here. For the purposes of this International Standard, the detection limit for each analyte will
be acceptable if it is equal to or less than one-fifth of the lowest mass fraction expected in the coating or one-
fifth of the lower end of the range of mass fractions quoted in Clause 1 of this International Standard,

whichever is greater.

4.2.3|12 SNR method

The {irst method is often called the SNR (signal-to-noise ratio) method. In order to determine fhe detection

limit for a given analyte, the following steps shall be performed:

1) elect a bulk sample to be used as a blank. The composition of the sample,shall be similar [to that of the
oatings to be analysed in terms of the elemental composition of the matrix. Further, it shall|be known to
ontain less than 0,1 ug/g of the analyte.

2) erform ten replicate burns on the blank. For each burn, acquire the*emission intensity at {he analytical
avelength for 10 s. These are the background emission intensity measurements. The glow discharge
onditions used shall be the same as those that will be usedyin/the analysis of the coated samples. For
ach measurement, the blank shall be preburned at these conditions for a sufficient length of time to
chieve stable signals prior to the quantification of the emission intensity. Use an unsputtered area of the

gurface of the blank for each individual burn.

3) Compute the detection limit, expressed as a mass:fraction, using the following equation:

DL — 3xS (1)
m
Where
DL is the detection limit;
S is the standard-deviation of the ten background intensity measurements performed ih step 2;
m is the analytical sensitivity derived from the instrument calibration, expressed ag the ratio of
intensity t0' mass fraction.

If thg detection\limit calculated is unacceptable, repeat the test. If the second value calculated is also

unacgeptablethien the cause shall be investigated and corrected prior to analysing samples.

4.2.3|3.~ SBR-RSDB method

The second method, which does not require a blank, is often called the SBR-RSDB (signal-to-background
ratio — relative standard deviation of the background) method. The method is performed as follows:

1) Select a bulk sample that has a matrix composition that is similar to that of the coatings to be analysed,
and for which the mass fraction of the analyte is greater than 0,1 % and known. If an analytical transition
that is prone to self-absorption (see 6.1) is to be used, then the mass fraction of the analyte shall not
exceed 1 %.

2) Perform three replicate burns on the chosen sample. For each burn, integrate the emission intensity at

the analytical wavelength for 10 s. The glow discharge conditions used shall be similar to those that will
be used in the analysis of the coated samples. For each measurement, the sample shall be preburned at
these conditions for a sufficient length of time to achieve stable signals prior to the quantification of the
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emission intensity. Use an unsputtered area of the surface of the sample for each individual burn.

Average the three replicate emission intensities.
3) Select a peak-free region of the emission spectrum within 0,2 nm of the analytical peak. Perform ten
replicate burns on the chosen sample. For each burn, integrate the intensity at the peak-free region for
10 s. These are the measurements of the background intensity. The glow discharge conditions and
preburn shall be the same as those used in step 2. Once again, use an unsputtered area of the surface of
the sample for each individual burn. Compute the average and relative standard deviation of the
10 replicate measurements.
4) Calculate the detection limit using the following equation:
DL L 3x(MFxRSDB/100) 2)
(S-B)/B
where
DL is the detection limit;
MF is the mass fraction of the analyte in the sample;
RSDB s the relative standard deviation of the background from step 3, expressed as a
percentage;
B is the average background intensity from step 3;
S is the average peak intensity from step 2.
If the detecfion limit calculated is unacceptable, repeat the test. If the second value calculated is| also
unacceptablg, then the cause shall be investigated and corrected prior to analysing samples.
5 Sampljng
As approprigte, carry out sampling in accordance with 1SO 14284 and/or relevant national/international
standards. Iff such standards are unavailable, follow the instructions from the manufacturer of the cpated
material or apother appropriate procedure. Avoid the edges of coated strips. The size of the test samples| shall
be suitable for the glow discharge 'source used. Typically, round or rectangular samples with sizes (diameter,
width and/or [ength) of 20 mm to.100 mm are suitable.
Rinse the surface of the sample with an appropriate solvent (high-purity acetone or ethanol) to remove oils.
Blow the sufface dry with~a stream of inert gas (argon or nitrogen) or clean, oil-free compressed air, peing
careful not tp touch the’surface with the gas delivery tube. The wetted surface may be lightly wiped with a
wetted, soft, |int-free cloth or paper to facilitate the removal. After wiping, flush the surface with solvent and dry

as described

above.

6 Procedure

6.1

Selection of spectral lines

For each analyte to be determined, there exist a number of spectral lines which can be used. Suitable lines
shall be selected on the basis of several factors including the spectral range of the spectrometer used, the
analyte mass fraction range, the sensitivity of the spectral lines and spectral interference from other elements
present in the samples. In this type of application, where most of the analytes of interest are major elements in
the samples, special attention shall be paid to the occurrence of self-absorption of certain highly sensitive
spectral lines (so-called resonance lines). Self-absorption causes non-linear calibration curves at high analyte
mass fraction levels, and strongly self-absorbed lines shall therefore be avoided for the determination of major
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elements. In Annex B, some suggestions concerning suitable spectral lines are given. Spectral lines other
than those listed may be used, so long as they have favourable characteristics.

6.2

6.2.1

Optimizing the glow discharge spectrometer system settings

General

Follow the manufacturer’s instructions or locally documented procedures for preparing the instrument for use.
The source parameters shall be chosen to achieve three aims:

dequate sputtering of the sample, to reduce the analysis time without over-heating the coati

ngs;

¢

q

Ther¢ are often tradeoffs among the three specified aims.

In pa
given
of the

6.2.2

6.2.2
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Set the high-voltage of the detectors as described in 6.2.4.

ood crater shape, for good depth resolution;

onstant excitation conditions in calibration and analysis, for optimum accuracy.

rticular, check that the entrance slit to the spectrometer is correctly @djusted, following the procedure

by the instrument manufacturer. This ensures that the emission intensities are measured
spectral lines for optimum signal-to-background ratio. For further information, see 1ISO 1470

Setting the discharge parameters of a dc source

1 General

rn dc glow discharge spectrometers usually have provisions for complete control/measur
ical parameters (current, voltage, power), allowing any two of these parameters to be locke
s by varying the pressure (active pressure regulation). Older spectrometers often lack an ag
htion system, but the pressure can still betadjusted manually to achieve the same result. T
one of the following procedures.

2  Constant applied current and voltage
wo control parameters are.applied current and voltage. Set the power supply for the giq
e to constant current/constant voltage operation. First set the current and voltage to t
nmended by the manufacturer. If no recommended values are available, set the voltage to 7
ht to a value in the.range 5 mA to 10 mA for a 2 mm or 2,5 mm anode, 15 mA to 30 m4
b, or 40 mA to #00-mA for a 7 mm or 8 mm anode. If no previous knowledge about the opt
ilable, it is reCommended that, to start with, a value somewhere in the middle of the recomm
d.

bn the peaks
7.

ement of the
d to constant
tive pressure
he user shall

w discharge
pical values
00 V and the
A for a 4 mm
mum current
ended range

t the discharge parameters as described in 6.2.5, adjusting first the current and if necessaryl

the voltage.

Adjugd

Optimize the crater shape as described in 6.2.6, by adjusting the voltage. These conditions are then used
during calibration and analysis.

6.2.2

3

Constant applied current and pressure

The two control parameters are applied current and pressure. Set the power supply for the glow discharge
source to constant current operation. First set the current to a typical value recommended by the manufacturer.
If no recommended values are available, set the current to a value in the range 5 mA to10 mA for a 2 mm or
2,5 mm anode, 15 mA to 30 mA for a 4 mm anode, or 40 mA to 100 mA for a 7 mm or 8 mm anode. If no
previous knowledge about the optimum current is available, it is recommended that, to start with, a value
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somewhere in the middle of the recommended range is used. Sputter a typical coated test sample, and adjust
the pressure until a voltage of approximately 600 V is attained in the coating.

Set the high voltage of the detectors as described in 6.2.4.

Adjust the discharge parameters as described in 6.2.5, adjusting first the current and if necessary the
pressure.

Optimize the crater shape as described in 6.2.6, by adjusting the pressure. Before sputtering a new sample
type, make a test run in order to ensure that the voltage is not altered more than 5 % from the previously
selected value. If this is the case, readjust the pressure until the correct value is attained. These conditions

are then useg-duaringcatibrationand-anatysis:

Emission vyi¢lds vary with the current, voltage and possibly the pressure (see Reference(4} in the
Bibliography]. It is therefore essential that these parameters be kept as closely as possible at the same levels
during measpirement of coated samples as during calibration. Since it is impossible in practice, to maintgin all
three paramgpters constant for all samples, priority is given to maintaining current and‘voltage congtant,
utilizing the |pressure as a variable parameter. There exists a method to correct forhveltage and clirrent
variations byl means of an empirically derived function (see Reference [4]) and this type of correction is|often
implemented in software based on the intensity normalization method in accordance with Equation (Al2) in
Annex A. Hgwever, such corrections for voltage and current are not included«in® this standard methpd. If
available in the spectrometer software, the user shall therefore ensure that the'voltage-to-current corregtions
are disabled |in order to implement the method correctly.

6.2.3 Setting the discharge parameters of an rf source

6.2.3.1 General

Currently, mxst rf sources are operated with constant applied’power and constant pressure. Other modes also
exist, such @s constant applied voltage and pressure, and constant effective power and applied voftage.
These modefg are likely to become more common in*the future. All rf operational modes are allowed ip this
International|Standard provided they meet the three aims listed in 6.2.1. In the following, separate instrugtions
are provided|on how to set the parameters for the operational modes that are currently used regularly.

6.2.3.2 Constant applied power and_pressure

The two confrol parameters are applied-power and pressure. First set the applied power and adjust the spurce
pressure to those suggested by the-manufacturer. If recommended values are not available, set the applied
power and pressure to somewhere in the middle of the ranges commonly used for depth profiling of metal
samples. Measure the penetration rate (i.e. depth per unit time) on an iron or steel sample. Adjust the gower
to give a penjetration rate ¢f-about 2 um/min to 3 pm/min.

Set the high poltage of'the detectors as described in 6.2.4.

Adjust the discharge parameters as described in 6.2.5, adjusting first the applied power and if necessafy the
pressure.

Optimize the crater shape as described in 6.2.6, by adjusting the pressure.
Re-measure the penetration rate on the iron or steel sample and adjust the applied power if necessary to
return to about 2 um/min to 3 um/min. Repeat the cycles of power and pressure adjustment until no significant

change is noted in the penetration rate or crater shape. Note the power and pressure used, in units provided
by the instrument. These conditions are then used during calibration and analysis.

6.2.3.3 Constant applied power and dc bias voltage

The two control parameters are applied power and dc bias voltage. First set the applied power and adjust the
source pressure to attain a dc bias typical of those suggested by the manufacturer. If recommended values
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are not available, set the applied power and dc bias voltage to somewhere in the middle of the ranges
commonly used for depth profiling of metal samples. On instruments equipped with active pressure control,
this can be achieved automatically. Measure the penetration rate (i.e. depth per unit time) on an iron or steel
sample. Adjust the power to give a penetration rate of about 2 um/min to 3 pm/min.

Set the high voltage of the detectors as described in 6.2.4.

Adjust the discharge parameters as described in 6.2.5, adjusting first the applied power and if necessary the
dc bias voltage.

Optimize the crater shape as described in 6.2.6, by adjusting the dc bias voltage.

Re-measure the penetration rate on the iron or steel sample and adjust the applied powerlifyhecessary to
retur;r to about 2 ym/min to 3 pm/min. Repeat the cycles of power and dc bias voltage adjustinent until no
significant change is noted in the penetration rate or crater shape. If this is not the case; readjusgt the dc bias
voltage until the correct value is attained. Note the power and dc bias voltage usedcn lunits prqvided by the
instryment. These conditions are then used during calibration and analysis.

6.2.3|14 Constant effective power and rf voltage

The fwo control parameters are effective power and rf voltage. Constant effective power is definefl here as the
applied power minus reflected power and the “blind power” measured with the sample in placg but without
plasma (vacuum conditions). The rf voltage is defined here as the RMS voltage at the coupling elgéctrode.

Set the power supply for the glow discharge source to constant effective power/constant rf voltage operation.
First |set the power to typical values recommended by the“manufacturer. If no recommendefl values are
available, set the rf voltage to 700 V and the power to awalue in the range 10 W to 15 W for a # mm anode,
for example. If no previous knowledge about the optimum power is available, it is recommended that, to start
with, ja value somewhere in the middle of the recommended range is used.

Set the high voltage of the detectors as described in 6.2.4.
Adjugt the discharge parameters as deseribed in 6.2.5, adjusting first the power and if necessary the rf voltage.
Optimize the crater shape as described in 6.2.6, by adjusting the rf voltage.

Re-measure the penetration rate on the iron or steel sample and adjust the applied power if phecessary to
retur;r to about 2 um/min t6 8‘um/min. Repeat the cycles of power and dc bias voltage adjustinent until no
significant change is notédjin the penetration rate or crater shape. If this is not the case, readjusgt the dc bias
voltage until the correct'value is attained. Note the power and dc bias voltage used, in units prqvided by the
instryment. These eonditions are then used during calibration and analysis.

6.2.4| Setting.the high voltage of the detectors

Selegt tést 'samples with coatings of all types to be determined. Using these samples, run the |source while
obsefving the output signals from the detectors for the analyte atoms. Adjust the high voltage of the detectors
in such a way that sufficient sensitivity at the lowest analyte mass fraction is ensured, without saturation of the
detector system at the highest analyte mass fraction.

6.2.5 Adjusting the discharge parameters

For each type of test sample, carry out a full depth profile measurement, sputtering it in the glow discharge for
a sufficiently long time to remove the coating completely and continuing well into the base material. By
observing the emission intensities as a function of sputtering time (often referred to as the qualitative depth
profile), verify that the selected source settings give stable emission signals throughout the depth profile and
into the substrate. Unstable emission signals may indicate thermal instability on the sample surface; sample
cooling is beneficial in this regard. If the emission signals are not found to be stable, reduce one of the control
parameters by a small amount and sputter through the coatings again. If the stability is still unsatisfactory,
reduce the other control parameter by a small amount and repeat the measurements. If found necessary,
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repeat this procedure for a number of control parameter combinations until stable emission conditions are
obtained.

6.2.6 Optimizing crater shape

Sputter one of the brass samples (see 6.3.2), or a Zn- and/or Al-based coating typical of the unknown
samples, to a depth of about 10 um to 20 uym (but still inside the coating if a coated sample is used) and
measure the crater shape by means of a suitable profilometer device. Repeat this procedure on the brass or
coating sample a few times using slightly different values of one of the control parameters. Select the
conditions that gives an optimally flat-bottomed crater.

6.2.7 Preliminary performance test

Ensure that the selected operating parameters are adequate to meet the minimum performance reguirements
described in {4.2. If these minimum performance requirements are not satisfied, then additionalradjustmepts to
the operating parameters will be necessary.

6.3 Calibration

6.3.1 Gengdral

Calibration of the system consists of determining, for each analyte and spegctral line, the analytical response
curve as degcribed in either Clause A.2 or Clause A.3 in Annex A. In order to carry out the calibration, it is
necessary to know both the chemical composition and the sputtering rates (mass loss rates) of the calibfation
samples.

6.3.2 Calibration samples

6.3.2.1 General

Whenever pgssible, spectrometric calibration samples issued as CRMs (certified reference materials) shall be
used. Due t¢ the quantification being based ¢én,emission yields, the calibration samples need not be very
similar to thg coating materials in composition, but shall have sputtering rates which are well determined and
reproducible] In particular, pure or nearly-pure zinc samples are not recommended, due to difficulties in
obtaining regroducible and stable sputtering rates in zinc. Furthermore, high-purity metals are not necegsary
in order to ¢alibrate correctly for high’mass fractions, but they are valuable for the determination qf the
spectral backgrounds. The following /considerations are the most important in the selection of the calibfation
samples:

a) there shpll be at least(five calibration samples for each analyte, covering a range from zero to the highest
mass frgction to be determined;

b) the samples shall be homogeneous.

Based on these’general considerations, the following types of calibration sample are suggested. Additional
calibration samples of other alloy types containing the analytes may be used.

6.3.2.2 Brass calibration samples

Select at least two brass samples with zinc mass fractions of 25 % to 50 %, aluminium mass fractions of 1 %
to 4 % and lead mass fractions of 1 % to 4 %.

6.3.2.3 Zn-Al alloy samples

Select at least two Zn-Al alloy samples with zinc mass fractions of 40 % to 90 %.
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6.3.2.4 Iron or low-alloy steel samples
Select at least two iron or low-alloy steel samples with iron mass fractions greater than 98 %. The iron mass

fraction may be determined by subtracting the sum of the mass fractions for all other known elements from
100 %.

6.3.2.5 Stainless-steel samples

Select at least two stainless steels with nickel mass fractions of 10 % to 40 %.

6.3.2.6 Nickel alloy samples

Selegt at least one nickel-based alloy sample with a nickel mass fraction higher than 70.% [an Ni mass
fractipn higher than the 20 % defined in Clause 1 is necessary due to the high sputteringrate of|{Zn-Ni alloys,
the calibration points being defined by the product of sputtering rate and mass fraction)!

6.3.2]7 Aluminium-silicon alloy samples

Selegt at least one aluminium-silicon alloy sample with a silicon mass fraction-of 5 % to 10 %.

6.3.2|8 High-purity copper sample

Selegt a high-purity copper sample with analyte mass fractions oféss than 0,001 %. This samplegl can be used
as the zero point for all analytes except copper.

6.3.3| Validation samples and optional RMs for calibration

6.3.31 General

Validption (see 6.4) samples shall be prepared in order to check the accuracy of the analytical results. The
following sample types are suggested, but other samples may be used where appropriate. These samples
may glso be used as additional calibrants;

6.3.3]2 Electrolytically coated zinc-nickel RM

Prepare an electrolytically coated RM with a nickel mass fraction less than 20 %. Determine the ¢oating mass
per upit area and chemical-composition of the coated RM by specified reference methods such ag ISO 17925.

6.3.3}]3  Electrolytically coated zinc RM

Prepgire an electrolytically RM with a zinc mass fraction higher than 30 % and an iron mass fraction higher
than b %. Determine the coating mass per unit area and chemical composition of the coated RM by specified
refergnce methods such as ISO 17925.

6.3.3.4 Zinc-aluminium coated RM

Prepare a zinc-aluminium coated RM with a zinc mass fraction higher than 10 % and an aluminium mass
fraction higher than 5 %. Determine the chemical composition of the coated RM by specified reference
methods such as ISO 17925.

NOTE 1 A reference material (RM) is a material or substance one or more of whose property values are sufficiently
homogeneous, stable and well established to be used for the calibration of an apparatus, for the assessment of a
measurement method or for assigning values to materials.

NOTE 2 A certified reference material (CRM) is a reference material, accompanied by a certificate, one or more of

whose property values are certified by a procedure which establishes its traceability to an accurate realization of the unit in
which the property values are expressed, each certified value being accompanied by an uncertainty at a stated level of
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confidence. A Standard Reference Material® (SRM®) is a CRM issued by the National Institute of Standards and
Technology, Gaithersburg, MD, USA.

6.3.4 Determination of the sputtering rate of calibration samples

The term “sputtering rate” is understood here to be equivalent to the mass loss rate during sputtering in the
glow discharge. The term “relative sputtering rate” is understood here to be the sputtering rate of the sample
divided by the sputtering rate of a reference material sputtered under the same conditions. If the sputtered
areas of the sample and the reference sample are the same, then the relative sputtering rate is equivalent to
the relative sputtering rate per unit area. Proceed with sputtering rate determinations as follows (sputtering
rates may also be available from the manufacturer):

a)

b)

c)

d)

f)

9)

h)

10

If Iaboralory facilities are available, measure the density of each calibration sample. A suitable meth

homoge
by imm¢g

heous samples is sample mass divided by sample volume where the sample volume is mea
rsion of the sample in water, using Archimedes' principle. Alternatively, the sample volume

bd for
sured
could

be estimated from the sample dimensions, or the density calculated from the sample;compositipn as

describsg
better th

Prepare
another

Adjust t

Sputter
sputterin

Repeat
for each

Measure
performi

For absg

1) medsure the area of at least one-crater;

2) calg
spu

3) cald

4) cald

d in Annex A [see Equation (A.29)]. The accuracy of the measured or calculated density sh
an 5 %.

the sample surface in accordance with the instrument manufacturet's recommendatio
appropriate procedure.

e glow discharge parameters to those selected in 6.2.

he sample for a time estimated to result in a crater 20 {4m to 40 ym deep, recording the
g time.

) several times if the sample surface area is sufficiently large, recording the total sputtering
crater.
hg at least four profile traces in differentldirections across the centre of the crater.

lute sputtering rates:

ulate the sputtered volume of each crater by multiplying the sputtered area by the av
tered depth;

ulate the sputtéred mass as the sputtered volume multiplied by the density of the sample;

ulate theSputtering rate for each crater as the mass loss divided by the total sputtering time

5) cald

cratFr.

ulaté the average sputtering rate and the standard deviation from the measurements of

Bl be

NS or

total

time

the average depth of each crater by méans of an optical or mechanical profilometer d¢vice,

brage

each

For relati

ve sputtering rates:

1) calculate the sputtered mass per unit area for each crater as the sputtered depth multiplied by the
density of the sample;

2) calculate the sputtering rate per unit area for each crater as the sputtered mass per unit area divided
by the total sputtering time;

3) choose a reference sample (iron or low-alloy steel is recommended) and measure the average
sputtering rate per unit area for this reference sample as described above for the calibration samples;

© 1SO 2005 — All rights re

served


https://standardsiso.com/api/?name=9501a18178fbbbfdfb3f09fbcc2075bb

ISO 16962:2005(E)

4) calculate the relative sputtering rate for each crater as the sputtering rate per unit area d

average sputtering rate per unit area of the reference;

5)
each crater.

The profilometer used in the depth calibration shall have an accuracy of better than 5 %.

NOTE

The sputtered mass can also be determined by weighing samples before and after sputtering.

ivided by the

calculate the average relative sputtering rate and the standard deviation from the measurements of

However, this

requires the use of balances of extremely high accuracy, and the uncertainty in such measurements is generally inferior to
the uncertainty in crater depth measurements.

6.3.5| Emission intensity measurements of calibration samples

The procedure for measuring the calibration samples is as follows:

a)

6.3.6

Perfd
Claus

NOTE
graphs for some elements may show a‘large separation between samples from different matrices. The sepg
occur
includ
samp
show

manu[acturer to minimize-this effect, it should be used. Otherwise the solution is to choose, from each ca
calibr.

For z
graph].

6.4

6.4.1

repare the surfaces of the calibration samples in accordance with theinstrument m

instructions. If such instructions are not available, dry grinding with 220 grit -abrasive papg
ufficient for any bulk sample. However, wet grinding may be beneficial. Wet samples car
oroughly rinsing them with alcohol and then blowing the solvent away with a stream of in
s argon or nitrogen. Be careful not to touch the sample surface with the gas delivery tube.

djust the source parameter settings to those selected in 6.2. Chpoose a preburn time of 50 s
signal integration time of 5 s to 30 s.

Measure the emission intensities of the analytes. The ‘units in which the intensities are g
importance. Commonly used units are counts per-second (cps) or volts (V). Measure ea
Ipast two times and calculate the average value.

Calculation of calibration constants

rm the calibration computations in accordance with the methods specified in either G
e A.3in Annex A.

Depending on the type of source, the mode of operation and the calibration samples chosen,

5 between two matrix groups:yone group including low-alloy steel, stainless steel and brass, and a
ing aluminium and alminium-zinc alloys. This separation has been noted in elemental calibration
es from both matrix groups are included. This separation is proof of a difference in emission yield,
to be well correlated'to’matrix-dependent variations in the glow discharge plasma. If some facility is g

tion samples which most resemble the samples to be analysed. This normally does not present any s
nc, for example; when analysing aluminium-zinc coated steel, the brass samples are excluded from

Validation of the calibration

anufacturer's
er is usually
be dried by
brt gas, such

to 200 s and

ven is of no
h sample at

lause A.2 or

the calibration
ration typically
second group
graphs where
and has been
rovided by the
ibration curve,
pecial difficulty.
the calibration

General

Carry out the following procedure immediately after calibration in order to confirm that the calibration
equations are accurate. This process is called validation of calibration (see the Note). It is not necessary to
validate the calibration every time a new sample is analysed. A related procedure (verification) shall be used
on a more routine basis to check for instrument drift over time, as described in 6.5.

Two validation procedures are included in the subclauses that follow. The first procedure (see 6.4.2) makes
use of bulk reference materials, and the second (see 6.4.3) employs coated reference materials. Such coated
reference materials are often difficult to obtain. As a result, the validation procedure described in 6.4.3 is
optional.
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NOTE Validation is the confirmation, through the provision of objective evidence, that the particular requirements for
a specific intended use or application have been fulfilled (see 1ISO 9000:2005, Subclause 3.8.5). Validation of the method
is defined in ISO/IEC 17025:2005, Subclause 5.4.5. Validation of the calibration is analogous to it (cf. Note to 6.5).

6.4.2 Checking analytical accuracy using bulk reference materials

a) Select an appropriate number of bulk reference materials to be used for validation of the calibration, in
accordance with 6.3.2.

b) Measure the emission intensities for these validation samples under the same glow discharge conditions

n the

hown
shall

Follow the instrument manufacturer's instructions for setting up the depth profile analysis.

b) Use the [same glow discharge operating parameters as those used\to establish the calibration.

c) Sputter the coated reference material for a sufficiently longtime to ensure that the coating is compfetely
removed and sputtering has continued well into the substrate.

d) Follow the instrument manufacturer's instructions for-ealculating the relationship between intensity versus
time (quglitative) and mass percent versus depthar’ um (quantitative). Modern instrumental software will
automatjcally calculate this relationship at the end of each analysis.

e) Calculatp the coating mass in g/m2. Coating mass per unit area can be calculated using theoreti¢al or
calculated densities. The difference.between the assigned value and the calculated value shajl not

exceed + 10 %.

f)  Calculatg the coating depth in um. The difference between the value assigned to a reference materigl and
the calcplated value shall.be-£ 5 % or less. The difference between the value assigned to a chentically
analysed commercial strip-and the calculated value shall be within + 10 %.

g) If a profijometer is.available, a one-time verification of the depth calculation can be made. If the ass|gned
value, CIIcuIated value and profilometer value agree within the tolerances cited in item f) above, thgn the
calibratipn constants are acceptable.

h) Calculate_the average chemical composition. in mass percent, of the analytes present in the coating and
substrate. The calibration constants are acceptable if the relative accuracy for the major elemental mass
fractions (> 1 %) are £ 5 % or less in most cases.

i) If validation is not successful, repeat the calibration.

When the curves are properly adjusted, the accuracy of the mass fractions and the depth axis will be ensured.

6.5 Verification and drift correction

The analytical response of modern instrumentation may drift over time. Even if the instrument has just been
calibrated and validated, it is necessary to verify that the calibration equations are still in control prior to
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rmining unknown samples in each working day or shift. If the instrument manufacturer has not provided a
edure for calibration verification, then the following procedure shall be performed:

Select a limited number of homogeneous pieces (standardants) to be used for verification of the
calibration.

Measure the emission intensities for these samples under the same glow discharge conditions and
preburn and integration times as selected for calibration. At least two independent burns shall be placed
on each sample, using a freshly prepared surface for each burn.

Compute the average mass fractions of the analytes for each sample, based upon the calibration

Aatian
equauul 1o,

Confirm that the average mass fractions of the analytes measured in this way agree with;'/kngwn values to
within appropriate statistical bounds. If statistical disagreement is found, carry out a drift |[correction in
accordance with the instrument manufacturer's instructions.

ecommended that a verifier be analysed after drift correction to prove the.accuracy of the calibration
.

NOTH Verification is the confirmation, through the provision of objective evidence, that specified reqqirements have

been

6.6

Anal

estaljlished in accordance with 6.3, 6.4 and 6.5.

7

71

Gengrate a quantitative depth profile, a-typical example of which is shown in Figure 1.

7.2

The

fulfilled (see ISO 9000:2005, 3.8.4, and compare Note to 6.4.1).

Analysis of test samples

yse test samples in accordance with the procedure described in 6.1 and 6.2, using calibfjation graphs

Expression of results

Quantitative depth profile

Determination of total coating mass per unit area

otal coating mass-pep unit area, in g/m2, for each element is calculated using the relevapt algorithms

giveny in Clause A.3.en Clause A.4 and the computing procedure given in Annex C. Integrate m, . in
Equation (A.20) or(A.27) for a time interval corresponding to the coating depth. Conversion from the time to

the depth and viee.versa for integration is made using the algorithms in Clause A.5.

NOTH The'integration is carried out on the depth profile of g/m?/s versus time in seconds. However, this procedure

may

C.3.2]imfAnnex C.

For
dept

a)

e hidden in the software of commercial instruments. In this case, the integration is carried out in aqcordance with

the major elements, the following recommendations are given for the determination of the integration
h:

Define the coating thickness as the depth at which the mass fraction of the major element is reduced to
50 % of the maximum value in the coating. The maximum value is the highest mass fraction between
start and Zn = 84 %.

Define the width of the interface region (which is equivalent to the practical depth resolution) as the
difference between the depth at which the mass fractions of the major element in the coating is reduced
to 84 % of the maximum value in the coating and the depth at which it is reduced to 16 % of its maximum
value.
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c)

A

Y
100

The integration depth is the sum of the coating thickness and the interface width.

90
80

70

Fe

Zn

60
50
L0
30
20

10 Fe

Key
X depth, um
Y analytem

7.3 Deter

The average

12 14
bss percent
Figure 1 — Quantitative depth profile*of’a galvanneal (ZnFe) coating on steel

mination of average mass fractions

mass fraction of each elementiis computed by dividing the coating mass for that element G

sum of the cgating masses for all the elements.

8 Precis

A planned t
making two

listed in Tabl
determinatio
apparatus, idg

on

ial of this method was carried out by four laboratories, for seven elements, each labo
br more deteérminations of each element. The test samples used and mean results obtaine
b D.1. Theresults obtained were treated statistically in accordance with ISO 5725-2. Two or
s were-carried out under repeatability conditions defined in ISO 5725-1, i.e. one operator,

\

y the

atory
d are
more
ame

entical operating conditions, same ca

limit has bee

Table 2. Graphic

NOTE

industrially produced samples, not by measurement capability.

14

libration and a minimum period of time. The repeatabili

3

The precision obtained for hot-dip-coated steel is in practice governed mainly by the inhomogeneity of
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Table 1 — Results for repeatability standard deviation and repeatability limit of

coating mass per unit area

Values in g/m?

Type of coating

Repeatability standard deviation

Repeatability limit

S, r(=2,8s,)
Electrolytic coating 0,75 2,1
Hot dip coating 45 16,0
Tlable 2 — Results for repeatability standard deviation and repeatability limit of % massl fraction
in a coating
Element content Repeatability standard deviation Repeatability linjit
% Sy r(=2,8s,)
Less than 0,1 0,006 0,017
1 0,03 0,084
10 0,2 0,56
99 1 2,8
9 Testreport
The test report shall include the following information:
a) all information necessary for the identification of the sample;

b) e laboratory and the date of analysis;

c) e method used, by reference to this International Standard;

d) e analytical results and/the form in which they are expressed;

e) any unusual features noted during the determination;

f) etails of any~operation not specified in this International Standard, as well as any optio

hich may\have influenced the results.

© I1SO 2005 — All rights reserved
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Annex A
(normative)

Calculation of calibration constants and quantitative evaluation of

depth profiles

A.1 Symbols

A.1.1 Sym

Mo

Pi

A.1.2 Sym
B,

B/lrel

b,

bols used generally in this annex
atomic fraction of element i in segment ;
area of crater on sample M
mass fraction of element i in sample M
mass fraction of element i in segment; of sample M
time increment in segment j
element
emission intensity of wavelength A of element i
segment of depth profile
total sputtered mass per unit area.in ségment ;
density of pure element i
density in segment j
atomic mass of element i

thickness of segment j

pbols used in Clauses A.2 and A.4 concerned with relative sputtering rates

spectral background term at wavelength A, expressed in mass %

related spectral background term at wavelength A, expressed in mass %

spectral background intensity at wavelength 4

leine % (aprlarer)];  relative elemental sputtering rate for element i in segment

kij

qdm

16

constant factor derived from inverse emission yield divided by relative sputtering rate
sputtered mass per unit area of element i in segmentj of sample M

sputtering rate, expressed as mass loss rate per unit area of sample M
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qng sputtering rate expressed as mass loss rate per unit area in segment j
Il ref sputtering rate of sample M relative to reference sample

Irefldyr sputtering rate correction factor for sample M relative to reference sample
R;; inverse emission yield of element i at spectral line 4

R, emission yield of element i at spectral line 4

Sia constant describing degree of non-linearity

A.1.3 Symbols used in Clauses A.3 and A.5 concerned with absolute sputtering rates

B'; spectral background term at wavelength A, expressed as mass % g/time

B'jrel related spectral background term at wavelength A, expressed-as mass % x g/timje
(cins q’M)j elemental sputtering rate for element i in segment ;

K';; constant factor derived from inverse emission yield\divided by sputtering rate
M;p sputtered mass of element i in segment j ofisample M

Oy sputtering rate or mass loss rate of sample M/

Oy sputtering rate or mass loss rate inSegment ;

R, inverse emission yield of element i at spectral line 4

R emission yield of element i at spectral line A

s constant describing 'degree of non-linearity

A.2 |Calculation of calibration constants using relative sputtering rates

Calibration is conduéted using one of the following equations:

it X (4 fT Gref) = Rizg 1y =B (A.1)
or

civg = Rig % 1i7(qref 1901 )= B arer (A.2)
where

Cin is the mass fraction of element i in sample M;

gy/a.es IS the sputtering rate of sample M relative to that of a reference sample;

qduy is the sputtering rate expressed as the mass loss rate per unit area of sample M;
Gref is the sputtering rate expressed as the mass loss rate per unit area of a reference sample;
R;; is the inverse emission yield of element i at spectral line 1 (see also Note 1);
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Brel

drefldn

is the emission intensity of element i at spectral line 4;

is a spectral background term at wavelength 4 which may be treated as a constant or as some

more complex function, given in mass fraction units, provided by the manufacturer;

is a different but related spectral background term at wavelength A which is give

n, in

Equation (A.2), in mass fraction units, is often referred to as the “background equivalent
concentration” and may be treated as a constant or as some more complex function provided by

the manufacturer (see also Note 2);

is equal to 1/(q,,/q,¢f) and is called the sputtering rate correction factor.

NOTE1  THh
Ry =1/(

where the emi

R,=(

b, being
NOTE2  TH

B e =(q

These equat]
second-orde
Equations (A

cim x(q
and

cim =R
where s, is 3

The actual ¢
squares-fit a

The paramefer ¢ issnormally selected as the sputtering rate per unit area of some frequently used

material for

e inverse emission yield is related to the emission yield R, by

ref XN iz)

5sion yield is defined as

L =ba) (o xqar)

he spectral background intensity at wavelength A.

e two spectral background terms are related by

tef /a0 )% B,

ons can conveniently be modified to non-linear calibration curves, for example by incorpo

and higher-order terms. To illustrate suchi'non-linear calibration curves, second-
1) and (A.2) become, respectively

2
Wi lqret) = Rip x 1y +5siyx1;,° =B,

2
2 % g % (qref qar)+5ia ¥ " % (qref 1 qar ) — B srel
constant factor describing the degree of non-linearity.

blibration constants shall be obtained by regression analysis of the calibration data using a
gorithm.

calibration s

calibration standards, e.g. low-alloy steel. This has the effect that, for several steel-4
mples, the relative sputtering rates and the sputtering rate correction factors are both clg

(A.3)

(A4)

(A.5)

ating
order

(A.6)

(A7)

east-

base
ased
se to

Unity, and insensitiveto p=00| ra-conditions:

NOTE 3

The spectral background terms in Equations (A.1) and (A.2) are not true constants, but are more or less

matrix-dependent as was pointed out in 4.2.3.1. In practical work, it is always advisable to select the lowest measured
intensity as the fixed background for each spectral line.

NOTE 4

All commercially available instruments manufactured today have provisions for subtraction of additional

background signals from those of other analyte elements (line interference corrections). Where applicable, such
corrections should be implemented.

18
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A.3 Calculation of calibration constants using absolute sputtering rates

Calibration is conducted with one of the following equations:

i x4y = Rigx1iy =B (A-8)
or

cim = Rizx1ip 14’y = Blrel (A.9)
wherg

¢y is the mass fraction of element i in sample A;

q'y is the sputtering rate expressed as the mass loss rate of sample M;

R is the inverse emission yield of element ; at spectral line 1 (see also Note 1);

1, is the emission intensity of element i at spectral line 4;

B, is a spectral background term at wavelength 4 which may ‘be treated as a constanf or as some
more complex function, given in mass fraction units mutitiplied by sputtering rate, prgvided by the
manufacturer;

By is a different but related spectral background-term at wavelength A which [is given, in
Equation (A.9), in mass fraction units, is_often referred to as the “background equivalent
concentration” and may be treated as a coristant or as some more complex functior] provided by
the manufacturer (see also Note 2).

NOTH 1 The inverse emission yield is related to the emission yield R’;; by
R, =1/R, (A.10)
wherg the emission yield is defined as
R, = (1,-0,) (i xd'y) (A11)
&, being the background.intensity.

NOTH 2  The twospectral background terms are related by
B ret = Bl (A.12)
Thesp equations can conveniently be modified to non-linear calibration curves, for example by jncorporating

second-order _and higher-order terms. To illustrate such non-linear calibration curves, $econd-order
Equations (A.8) and (A.9) become, respectively

’ ’ ’ 2 ’
Ciyg Xqp =Ry x Iy +sy, <1~ =By, (A.13)
and
’ ’ ’ 2 ’ ’
Cisg =Ry x 1y g+ %117 1y = Bijrel (A.14)
where s';, is a factor describing the degree of non-linearity.

The actual calibration constants shall be obtained by regression analysis of the calibration data using a least-
squares-fit algorithm.
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NOTE 3

The spectral background terms in Equations (A.8) and (A.9) are not true constants, but are more or less

matrix-dependent as was pointed out in 4.2.3.1. In practical work, it is always advisable to select the lowest measured
intensity as the fixed background for each spectral line.

NOTE 4

All commercially available instruments manufactured today have provisions for subtraction of additional

background signals from those of other analyte elements (line interference corrections). Where applicable, such
corrections should be implemented.

A.4 Calculation of mass fractions and sputtered mass using relative sputtering rates

A.4.1 General
The calculatipn of elemental mass fractions and sputtered mass can proceed in accordance with different sets
of algorithmq as described below, depending on the calibration function used. The final results are‘equivhlent,
however.
A.4.2 Calculation based on relative elemental sputtering rate
If a calibratign function based on Equation (A.1) was used for calibration, carry.out“the following calcujation
steps.
For each segment j of the depth profile, calculate from the calibration function the quantity [c;, x (¢),/,¢ )]j for
each element i. This quantity is called the relative elemental sputtering.rate. '
Provided that the sum of all the elements determined constitutes¢more than 98 % of the material anallysed,
calculate the|relative sputtering rate (qM/qref)j of segment ; of the.depth profile of sample M using the equgtion
(qur Tane) ;=D [eis x(q ! qrer)] ;1100 (A-15)
i
The mass frgction Cingi of element i in segment j is.given by the equation
ciMj:[ z'MX(QM/Qref)]j/(QM/Qref)j (A.16)
where c;; is|given in %.
The total spyttered mass per unitarea, My, in segment j and in the corresponding time increment At; is given
by the equation '
M jiot = firef x(qag Ldet ) j ¥ Al ; (Wn.17)
A.4.3 Calculation based on the mass fractions of the elements
If a calibration function based on Equation (A.2) was used for calibrafion, carry out the following calculation

steps.

Provided that the sum of all the elements determined constitutes > 98 % of the material analysed, the mass
fraction Cingj of element i in segment j of sample M, expressed as mass %, is given by the equation

(kig x1iz = B jrel) 100

ciﬁ/lj =
D kg %11y = Bel)

1

where k;; is equal to R, x(qref /q 1 )-

20

(A.18)
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NOTE Equation (A.18) incorporates a sum normalization of all mass fractions to 100 %.

If non-linear calibration curves are used, replace the linear functions shown in Equation (A.18) by the
corresponding non-linear functions.

For each segment ; of the depth profile, calculate the sputtering rate per unit area qp5 using the equation

daj = dret % ) (kiz 1z — B 1re1)/100 (A.19)

1

For each segment j and corresponding time increment At of the depth profile, the sputtered mass per unit

area Vni]\lj or element: IS given Dy the equation

The fptal sputtered mass per unit area, Moy, in segment j is given by the equation

M ot = 3 mang (A.21)
i

A.5 |Calculation of mass fractions and sputtered mass using absolute sputtering
ratep

A.5.1 General
The ¢alculation of elemental mass fractions and sputtered mass can proceed in accordance with different sets

of algorithms as described below, depending on thé calibration function used. The final results arfe equivalent,
howgver.

A.5.2 Calculation based on elemental’ sputtering rate

If a dalibration function based on Eguation (A.8) was used for calibration, carry out the followinlg calculation
stepy.

For gach segment j of the depth profile, calculate from the calibration function the quantity (c;;, x §'),); for each
element ;. This quantity is-thé elemental sputtering rate.

Provided that the sumy of all the elements determined constitutes > 98 % of the material analysed, calculate
the sputtering rate & v of segment ; of the depth profile of sample M using the equation

v =2 Cine X ) ;1100 (A.22)
i

The mass fraction Cingj of element i in segment j of sample M is given by the equation
civgi =(Cing X' ) j 1 4y (A.23)
where c;; is given in %.

The total spgttered mass per unit area, M, in segment j and in the corresponding time increment Az, is given
by the equation

Mjtot = gy x At j 1 Ay (A.24)

where 4, is the area of the crater on sample M.
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A.5.3 Calculation based on the mass fractions of the elements

If a calibration function based on Equation (A.9) was used for calibration, carry out the following calculation

steps.

Provided that the sum of all the elements determined constitutes > 98 % of the material analysed, the mass
fraction Cingj of element i in segment j of sample M, expressed as mass %, is given by the equation

kiy xI.; —B' ;
(ki <1y = Brer) <100

ci]Wj =

D (kipx 1y = Blyel)

(A.25)

where &', is
NOTE  Eq

If non-linear
correspondin

For each seg
YR,
1

For each se
element i is ¢

M v = |y > cingg < At ;1100 (
The total spyttered mass per unit area, thot, in segmenty is given by the equation
M jor =D Mg | Ay (
i
A.6 Calculation of sputtered.depth
A.6.1 Gengral
The analytical method described in this International Standard determines the sputtered mass and

fractions of €
known. For
densities of {

equal to R, )/q",.
Liation (A.25) incorporates a sum normalization of all mass fractions to 100 %.

calibration curves are used, replace the linear functions shown in Equation (A.25) b
g non-linear functions.

ment j of the depth profile, calculate the sputtering rate 9"y using the equation

[ (Kiz % 1;) = Blyer)/100

gment j and corresponding time increment Al of the depth profile, the sputtered mass M
iven by the equation

ach element. To determine the sputtered depth, the density of the sputtered material has
he materials considered here, this can be estimated from the elemental composition an
he pure elements.

y the

A.26)

Mj of

A.27)

A.28)

mass
to be
d the

There are two existing methods for calculating the sputtered depth, either of which can be utilized for the
purposes of this method.

A.6.2 Calculation based on constant atomic volume

For each segment ; of the depth profile, calculate the density P using the equation

p; =100/
i

Ci[\lj
Pi

where p; is the density of the pure element i.

22

(A.29)
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For each segment ;j of the depth profile, calculate the thickness z; of that segment using the equation

M .
z = Zjtot. (A.30)
Pj

The total depth is determined by summing zj over j using Equation (A.30). Though not strictly necessary, it is
interesting to calculate the sputtering rate per unit area in segment ; by dividing Mo by At

A.6.3 Calculation based on averaged density

For each segment; of the deptn prortile, calculate the atomic fraction aij Of each element : using,ine equation

| (eaglwi) (A31)

Y Z(ciMj/Wi)
i

wherg w; is the atomic mass of element ;.

For €ach segment ;j of the depth profile, calculate the estimated density o) using the equation

i

For gach segment j of the depth profile, calculate the thickness z; using Equation (A.30). The fotal depth is
determined by summing zj over .
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Annex B
(informative)

Suggested spectral lines for determination of given elements

Estimated useful

Element Wavelength mass fraction range Comments
nm T
Zn 330,26 0,001 to 100
Zn 334,50 0,001 to 100
Zn 481,053 0,001 to 100
Al 172,50 0,1 to 100
Al 396,15 0,001 to 1002 Self<absorption
Ni 231,603 0,01 to 100
Ni 341,78 0,001 to 1002 Weak self-absorption
Ni 349,30 0,005 to 1002 Weak self-absorption
Pb 202,20 0,001 to 10
Pb 405,87 0,005:t0:100
Sb 206,83 05005 to 2
Si 212,41 Not determined
Si 251,61 Not determined
Si 288,16 0,001 to 20
Fe 249,318 0,01 to 100
Fe 259,94 0,01 to 100
Fe 274,44 0,1 to 100
Fe 371,94 0,005 to 1002 Weak self-absorption
Fe 379,50 0,01 to 100
Cu 296,12 0,01 to 100
Cu 327,40 0,001 to 52 Strong self-absorption

4

se asnen=linear calibration curve.
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Annex C
(informative)

Determination of coating mass per unit area

General

plished by summing the masses of each depth segment, obtained by Equation (A.16); (A.
hding on the calculation method used. In instruments where it is available, the coating mass
Iso be calculated from the quantitative depth profile expressed in ordinate units'ef g/m2/s
of seconds. A key issue in these calculations is the determination of the.domain that re
ing. This is particularly true when a given element is present at significant mass fraction
ing and the substrate. For such cases, the following two methods are recommended.

Method 1

consider an element that is present at a higher mass fragtion in the substrate than in the
ach for such an element is most easily explained by means of the galvanneal example in F
xample, Fe is the element of interest. Time #, (when-Ee in the base metal begins to appear
the time at which the ordinate value for the major element in the coating, Zn, falls tg

bn to the Zn profile. Therefore, the integral of,Fe within the transition zone is equal to the i
pen £, and the time when the Zn profile falls$)below the detection limit for Zn, multiplied by th
Zn ordinate values at 4. The total Fe coating mass per unit area is then the sum of the Fe
hit area within the transition zone and.the integral of the Fe profile for all times prior to #.

An alternative definition of # s possible, whenever there are monitored elements that are absent

d Co are examples of possible.monitored elements.

case of coating elements that are present at higher mass fractions in the coating than in t
bating mass per unit.area is taken to be the integral from time zero to the time at which the o
o that characteristic of the substrate.

inate units of
isions in the
[his can be
P7) or (A.28),
per unit area
hnd abscissa
presents the
b in both the

coating. The
Figure C.1. In
is assumed
95 % of its
feach zero in
htegral of Zn
e ratio of the
Coating mass

in the coating,
detected. Nb,

he substrate,
rdinate value
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Figure ¢.1 — Quantitative depth profile, expressed as g/m?/s vs seconds, illustrating method |l
for galvanneal

C.3 Method 2

C.3.1 Prockdure for. calculation of depth profile in units of g/m2/s versus seconds

Like the pregeding ‘'method, method 2 is best explained by means of a galvanneal example (see Figure|C.2).
Time 4 is deffined as the time at which the ordinate value for the major coating element Zn becoms eqlial to
that of Fe. Time ¢ is taken to be the time corresponding to the integration depth defined in 7.2 ¢). The Fe
coating mass per unit area is then calculated, in g/m2, as follows:

Fe coating mass per unit area = Feq, , - a xZn, 5,
where
Feoto, i the value obtained by integrating the Fe profile from time zero to time ;

Zn; 1o, s the value obtained by integrating the Zn profile from time ¢ to time 7 ;

a is an adjustment factor.
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