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guantitative method for determining the mineralogical composition of clays in cultural heritage (i.e. pottery, sculpture§
construction materials, etc.) samples using ATR-FT-IR spectroscopy with partial least squares (PLS) analysis is presented.
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ATR-FT-IR Is fast, easy, has no specific sample preparation, enables analysis of tiny samples or non-destructively directly
on the object. It offers highly characteristic information about clay composition and structure (compared to XRD also
enables the identification of amorphous components). Coupling ATR-FT-IR with PLS, it is possible to quantify many
components from the mixtures, whose bands can overlap severely in IR spectra, and spectral baselines can be variable,
as long as there are at least minor differences in the ATR-FT-IR spectra of the components. This ATR-FT-IR-PLS method
IS a suitable alternative to the XRD, especially if the sample amounts are very low and high accuracy is not needed.
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------------------------------------ CASE-STUDIES e

Most of the main minerals of the tiny
sample can be quantified.
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John's church (14th c. AD) S
_______________________________________________________________________________________________________ I

l L
: 0.3| Fragment of Corded Ware pottery from the Narva Joaorg Egr:g@o . :
| = For the analysis, the sample of the potsherd from Narva Joaorg was tiny (a | - LIS 4 CONCLUSIONS | ~
: few mq); the samples of brick from Tartu Cathedral and terracotta sculpture 2 02 N g o E :
: from Tartu St John’s church were larger, and besides ATR-FT-IR, for g B 39 I | = The developed ATR-FT-IR-PLS

_ . : < 0.1 R I ; .
: comparison, XRD analysis was also carried out. | : method (using the mid-IR and far-IR
| . The ATR-FT-IR spectra of case-study samples were in_ser_ted Into TQ Analyst 00 | i regions) enables quantifying the
1 Pro software, and the PLS model calculated the quantitative contents of the | FoundBrick from Tartu af‘fd' i contents of 7 main classes of minerals
| |_samples (see the Table below). 8 s 2% ' | in different sizes and amounts of clay
: S 02 : samples with a RMSEP ranging from
| < odl : 0.9 to 5.1 g/100g and the average
| 0.0 ! performance index of 84.8 %.
| ’ !
: | . | = In some cases, depending also on the
: g 04 i | content of the minerals in the sample,
: g | I the accuracy is at semiquantitative

2 02

: < i level.
| * | = |0
I — 0.0 get adequate results, sample
| Tartu Cathedral, Estonia 2000 2000 T000 | homoaeneity is a kev aspect
: (built 13th to 16th c. AD) Wavenumbers (G- i genelty y aspect.
| | - -IR-
[ Content (g/100g) of the component Total quant. : ATR FT-IR-PLS methcd Can_ be :
: Sample Silica var. Feldspars Clay 1 Clay 2 Clay 3 | Carbonates |Iron oxy-hyd. | (9/100g) Comments : |mproved b_y addmg new calibration
: PLS |[XRD|, PLS |[XRD| PLS PLS |[XRD| PLS PLS | XRD| PLS | XRD PLS I standards into the model.
: Fragment of Corded Ware :
i I
: |
: |
: |
: |
: |
: |
: |

Acknowledgements
This work was supported by Estonian Research Council grant (PUT1521, PUT1511

UNIVERSITY OF TARTU MOBERC14, PRG1198, PSG492) and by the EU through the Europea,n Regionai

Development Fund (TK141 “Advanced materials and high-technology devices for energy
recuperation systems”).




