Challenges in sample preparation of carbon-rich samples of
biogenic, geogenic and technological origin
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Introduction Structural characterisation

The knowledge of the elemental composition of carbon rich samples of biogenic,
geogenic or technological origin (Fig. 1.) is important for further applications as
well as for the identification of the origin via an elemental fingerprint.

The complete digestion of these samples is still an analytical challenge [1]. In raphite ' o = Morphology characterization via secondary electron images
previous studies we observed that the digestion efficiency depends on the s

crystallinity and the grain size (in the case of flake graphite).
Hypothesis:

SEM (Scanning electron microscope):

ZEISS® EVO MA 10 scanning electron microscope (SEM)

RAMAN spectroscopy:

; Horiba Labram HR Evolution instrument equipped with a 100mW Nd:Yag
» Digestion rate depends on the structure and morphology of the carbon. Flake graphite (532 nm) laser

« Microwave induced combustion leads to a more complete digestion. = Characterisation of phase mineralogy at the micrometric-scale.

Aim of the work: Carbon black

= Evaluation of the lattice ordering.

Development of arapid and complete digestion procedure.
Fig. 1: Types of carbon

Microwave-induced Oxygen combustion (MIC) digestion for ICP-MS analysis
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= Biochar
Commercial source

Pressing 100 (50) mg powdered sample
mixed with 100 mg cellulose at 2x10* N for

= CRM BAM-S009 1L il
Reference material -
Medium Purity Graphite

Closing the vessels and placing them into the rotor (Rotor
8NXQ80, Multiwave Pro, Anton Paar )

1500 W, 30 min
Max. 80 bar, max. 280 °C

P, After MIC

Moistening filter paper Placing the sample into \ ‘ DS
5 : around the sample with the quartz vessel with AN\ o B
> B 50 pl NH,4NO solution 6 mL w = 5 % nitric acid or Filling the vessels with oxygen at 20 bar using a 4-Way valve 4

Finished pressed pellets (w =50 %) 8 ml w = 50% station Complete digestion Incomplete digestion = After MW classic

Results

Amorphous graphites (2A and 1A) Biochar Technogenic carbon (PYO 022) For determining the digestion completeness in %, the solid residues In
digests were filtered and weighed. Digestion completeness was
calculated as 100% minus residue divided by sample weight (Fig. 2).
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Most samples, including the flake graphites, were nearly completely
digested by MIC, but not by the standard MW (MW) method (more likely
extraction/decomposition). Completeness of standard MW digestion is for
flake graphites <10%, for amorphous graphites <20% and for
technologically produced carbon between 30-80%.
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Sample 21D from Madagascar shows a flake Sample 2A from Kaisersberg, Austria shows an Sample Biochar shows a honeycomb-like Sample PYO 022 shows cloud-like heap

graphite with a pronounced crystalline structure. amorphous type of graphite without the flake like structure and differs completely from the structures without defined grain shapes and
The picture shows the side view of the graphite structure and more rounded grains. layered structure of other samples. crystalline structure.

flake and thus also the layered structure.
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Fig. 2: Digestion completeness in % (MIC and MW), SEM images and first-order RAMAN spectra of the selected samples. Flake graphite Fig. 3: Mass fractions (n = 3) of selected trace elements in carbon rich
21D, amorphous graphites (2A, 1A), technologically produced carbon (PYO 022) and biochar. Sample 21D shows a typical spectrum of the samples and in certified reference material (CRM) BAM-S009 determined
flake graphite, sample 2A (as well as 1A) of an amorphous type of graphite, while sample Biochar and PYO 022 do not exhibit the using ICP-MS after different digestion methods: MW and MIC.
pronounced crystallinity of natural graphite materials which can be seen in different peak locations, shapes and intensities [2].
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