Application of handheld laser-Induced breakdown spectroscopy (LIBS) to
develop quantitative calibration curves for the analysis of heritage copper alloys
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Background Results Part 2: Calibration Curves and Normalization

Ha.ndhel.d Iaser?mduced breakd.own spectroscopy (LIES) is well suited for analy§|s of archaeological 1. Linear regressions Hlement Line(nm) R Mol B Sorted by wavelength:
artifacts in the field because it is portable, requires little or no sample preparation, has good spatial Ag| 32807 814 40340 929 A o
resolution, consumes only micrograms of sample, and can be used to remove surface corrosion to Relates measured signal magnitude 33829 926 N
provide depth profiling for a variety of materials. and known element content, with the RO Six lowest
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LIBS excels at qualitatively identifying all elements (H through U) in a sample, with the level of & g g ;

§ ol e ( oh U) 2 o from otherwise qualitatively analyzed 39615 958 35245 925 (<280 nm) were
detection for higher Z elements comparable to or lower than portable XRF. However, quantitative in bottom 7 Rz
analysis is a more complex undertaking.

spectra. 28400 values
Research Objectives

As | * 189.00 .819 967 28633
193.70  .851 36835 .962 20672
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1. determine optimal data collection parameters for the LIBS instrument 10/10 elements had at least 0T EF]
one valid (R%0.85) line
with the ultimate aim of enhancing the utility of handheld LIBS for analysis of copper-containing artifacts. very good (R?-0.95) line 10>R2>.95 N=9 Il 33450 992 . iz::s
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2. determine optimal data normalization method Fe | 358.12 883 28400 .980 :2 ;;
5/10 elements had at least one 28633 989 36835
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Used 24 wavelengths, coverin,
s g 560.90 e tested (Fe Il 259.85)
3. create and evaluate calibration curves for several elements .
.80>R >.50 N=4

10 total elements.

Suggests limiting
choices to atomic
lines above 280 nm

Materials

« LIBS unit used was handheld SciAps Z-500, with wavelength 1064 nm; spectral range 180-675 nm;
beam size 50-100 ym; pulse duration 1-2 ns; power per pulse 5-6 mJ; sampling rate set at 10 Hz

« Primary sample material was 14 copper-alloy standards in the Cultural Heritage Alloy Reference
Material (CHARM) Set

Methods

« Data collected with 3 cleaning shots and 10 data shots per location, averaged into a single spectrum
for analysis
Five locations tested on each sample, using a 1x5 grid pattern with 500 ym spacing
Spectral lines were chosen for analysis based on both data observation and literature precedent

* Highest content value omitted

** Two highest content values omitted BB =TSG!

. Region of linearity 3. Normalization methods
Peak intensity often began to decrease at highest « LIBS signal strength can vary between shots, necessitating data normalization
content levels Ni341.48 + Conclusion: normalizing to the Cu 510.5
Attributable to self-absorption at high levels of signal Including all data points: line gave the best overall results

« Conclusion: many
lines only apply
within limited region
of linearity

Al 396.15nm
Cu-based normalizations were always
the most accurate and stable

Z-score normalization gave particularly
poor and inconsistent results

L normalized
with z-scores
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LIBS spectrum for CHARM sample 36XCUAS4, 180-675 nm, averaged of 10 data shots from a single location

For 3 elements
(Al As, Mn), a
valid regression
line could only be
achieved with the
highest 1-2
content values
removed (shown
in blue on the
graphs)

* Al content (ppm) The Cu 510.5 line was consistently
equivalent to or better than the Cu 327.4 line
Asl 193.7 nm
With highest and lowest tosum
values removed: not

normalized
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Results Part 1: Parameter Optimization A6 content (por)
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3. Laser focus 4. Testing on external samples R 953

1. Argon flush

Distance of laser focus above maximum
focus point depth.
All detected elements

The usage and duration of argon purging of the
surface before the laser pulse.
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Calibration lines were tested using

+ 9 additional copper-alloy reference
samples (CDA & NIST)
18 ancient Peruvian metal fragments,
with compositions previously determined
using electron microprobe analysis

Example regression
test results:
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|Within margin of error
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Argon usage improved both peak intensity and
signal : noise ratio

Extending flush duration had negligible impact on overall results
Conclusion: argon flush should be used, and a 1s duration is

sufficient to optimize results

2. Gate delay
The length of time between the laser pulse and the
activation of the spectrometer detector.
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Atvalue 0 um, the laser focus is at its maximum depth below
the surface (~0.5mm). At larger values the laser focus is
closer to the laser source.

* Increasing focus point value (decreasing focus
depth) caused variation in peak intensity but not in
signal : noise ratio

+ Conclusion: optimal focus depth is around 560 ym

Results varied among individual elements
Best compromise was 750 ns

Optimal results might be better obtained by adjusting
gate delay to target specific elements

Inconclusive

Conclusion:

» External comparisons were inconsistent
at best

> Indicates that the calibrations lose
validity when testing outside CHARM Set

Results summary Future directions

1. Optimized LIBS instrument 1. Incorporate instrument’s ability to
parameters (argon flush, break through a corrosion layer to
gate delay, and laser focus) sample material underneath

(particularly important for studying

. Compared four 4 q
archaeological artifacts)

normalization methods

. Explore calibration-free LIBS,
which takes into account the
sample matrix

. Developed and tested
calibration curves for 10
elements
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