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Abstract: The chemical element and structural characterization of different types of cements and its brick stones
are been investigated under forensic aspects using X-ray florescence (XRF) and X-ray diffraction (XRD)
spectrometer. The XRF provides rapid compositional data for controlling almost all stages of raw materials,
clinker and cement. The decisive advantage of XRD methods is based on the unique character of the diffraction
patterns of crystalline substances, the ability to distinguish between elements and their oxides, and the possibility
to identify chemical compounds, polymeric forms, and mixed crystals by non-destructive examination. Therefore,
combination of these examinations is useful and able to apply for the forensic analysis in comparison of cements
and brick stones. There are more study remained to determine the viability of method for forensic analysis
of brick stones and the limits of the discrimination that can be achieved.
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Table 2. The Characteristic and Purposes of cements*
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Table 3. Comparison of cement manufacturer data and experimental data for chemical properties
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1. The chemical composition of cement pellets and beads by XRF analysis. The comparison of product manufacturer
data with experimental data shows that the chemical amount of cement pellets has come closer than cement beads
data to the cement manufacturer data.
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Fig. 2. (a) The PCA-X calculation graph of cements. Two groups were divided in a SS-5 cement and the other cement according
to amount of CaO and SiO,. These group were computed, giving the performance indicators R?X[1]=0.369, R*X[2]=
0.174 R2X[11=0.810 R?>X[2]=0.189. The R? values for five individual variables are plotted in Fig. 2(a), (b) The
Low heat of hydration blended cement (Type 1') and Portland blast-furnace slag cement (Type 1") were separated
by properties of trace chemical elements (AL,O;, Fe,Os, Na,O, MgO, SOs).
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Fig. 3. XRD reveals highly detailed information about themi-
nerlogical composition and crystallographic structure
of materials. Four types of XRD spectra for cement
pellets according to product manufacturer; A Type:
SSANGYONG-1, -2, -4, DONGYANG-1, -2, -3 and
HANRA-1, -2, -3, B Type: SSANGYONG-3, -6, -7, C
Type: SSANGYONG-5 and D Type: SSANGYONG-8.
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Fig. 4. (a) and (b) Comparison of SSANGYOUNG cements (Type A, Type B) and portlandite by XRD spectrometer, (c¢) and
(d) Comparison of SSANGYOUNG-5 and -8 cements by XRD spectrometer.
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Fig. 5. Spectrum of Portlandite Brick (SS-1) by XRD analysis. Portland brick (often known simply as cement brick) is created
by mixing ordinary portland cement and sand with water and those chemical elements were measured in XRD.
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Fig. 6. Comparison of bricks between SS-1 and SS-5. The SS-5 data indicates that 26 values 15.75 and 25.52 are corresponding
to Calcium Iron Oxide and Corundum in XRD spectra.
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Comparison of chemical properties of cement powder
and Brick stones. The pellets of Brick stone (BS) and
Cements Powder (P) were measured by XRF. The
increase of SiO, for bricks shows the brick are
contained in sand.
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(a) and (b). The PCA-X score plot of overview model of Brick pellets data set measured by XRF analysis. (a) There
are two groups divided in SS-5 cement and the others according to statistical data from properties of chemical component.
These group were computed, giving the performance indicators RZX[1]=0.369 R*X[2]=0.174, (b) The PLS-DA modeling
divided 5 types of group for Brick pellets in details (Portland blast-furnace slag, Low heat hydration blended, SS-
2, 3, 4, 6, DY-1 and Ultra super early strength brick (SS-5)).
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Fig. 9 (a) and (b) Comparison of Cements and bricks by overlapping spectra by XRD analysis. The different peaks were
observed after overlapping spectra of cements and bricks.
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Fig. 10. Comparison of Cement (SSANGYOUNG-5) and Brick stone (SS-5) by XRD analysis.
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Fig. 11. A XRD spectra of Ultra super early strength brick is compared with overlapping spectra of portland cement clinker
and Ettringite.
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