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Abstract

Graphite samples covered with glassy-carbon layers, have stayed for 2 years and
4 months under different conditions - terrestrial conditions and on the International Space Station.
The influence of outer space on glassy carbon coatings was studied by scanning electron microscopy
(SEM), energy dispersive X-ray spectroscopy (EDX), Raman and infrared spectroscopy. The results
show presence of some defects and heteroatoms (traces of O, F, Na, Cl) after staying in space,
probably due to radiation and other effects. SEM data provide valuable information about the
existence of undamaged glassy carbon layer with thickness of 20 um. There are no structural changes
in the layers of glassy carbon after stay in space. Data show that these materials can be successfully
applied for electrical field measurements in ionosphere.

Introduction

Glassy carbon belongs to the family of carbons, which have the ability to
form a variety of carbon allotropes (sp, sp2, sp3) [1-4], resulting in complex and
versatile microstructure of glassy carbon. Glassy carbon is a black non-transparent
material, which have found application as antireflective coatings. Modern physico-
chemical methods, like XRD and Raman spectroscopy, help to characterize glassy
carbon structures [1-4]. The carbonization of thermosetting resins (poly-aryl
acetylene, furfuryl alcohol, phenolic resins) in atmosphere leads to formation of
low-ordered, non-graphitizing carbon-based material, denoted ‘glassy carbon’ (GC,
known also as vitreous carbon or glass-like carbon). Glassy carbon is a stiff, fragile
material, and it exhibits a surface fracture, similar to that presented by the glass
(conchoidal fracture), which explains the term “glassy”. Unlike graphite, glassy
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carbon is a hard and isotropic material. Besides, glassy carbon low impermeability
towards molecules of gases and liquids, excellent chemical and thermal stability,
very good thermal and electrical conductivity. Glassy carbon is applied in many
fields — electrochemical devices and sensors, energy storage, wastewater
decontamination, tools for precision molding, ablative shields. Due to its good
biocompatibility, glassy carbon may be also used in medical applications pm heart
valves, implants, tissue regeneration [4-7].

In connection with the development of the technique for measuring
constant and alternating electric fields in space plasma, various materials are
developed and used for the preparation of satellite probes. The increased
requirements for these materials are determined mainly by the requirement to
increase the accuracy and sensitivity of the measurements. The accuracy of
measuring constant and alternating electric fields by the double probe method
strongly depends on the variations of photoelectron work function at the surface of
each probe in inhomogenous ionosphere-magnitosphere [8-9].

The technology used for the production of spherical probes for measuring
electric fields on boards of the satellites IC-Bulgaria 1300, IC-24 Active, I1C-25
APEX, INTERBOL-2, the sub-satellites Magion-2, Magion-3, Magion-4, Magion-
5 and ISS, for the period from 1981 till now, is invented in Bulgarian Academy of
Sciences [8-14], whereas spherical probes with glassy carbon coatings were tested
in laboratory conditions, simulating those in outer space (sudden temperature
changes, shock and vibration loads, etc.), and then implemented in scientific
equipment on the boards of the above mentioned satellites.

To verify and confirm the results of earth laboratory tests, and also to study
the effects of the influence of outer space on the physico-chemical and structural
properties of glass-carbon coatings, the technological experiment DP-PM was
planned and conducted within the international project "Obstanovka 1-stage”,
aboard the Russian module of the ISS. For this purpose, graphite samples
(30x15x8 mm) were prepared, covered with glassy carbon, and placed in the
DP-PM block, which is a container made of aluminum alloy with total dimensions
of 185x70x10 mm.

This work is dealing with glassy carbon preparation and its physico-
chemical properties, before and after stay in space. The research presented is a
continuation of our previous investigations on the same topic [15]. New samples
are studied, whereas the analysis and the interpretation of the obtained results are
expanded. The aim is to improve the knowledge on the resistance of glassy carbon
coatings, deposited on graphite samples, which have stayed in outer space for a
long time. The changes in the integrity and structure of the glassy carbon coating
are further investigated. The obtained results allow to assess its applicability for the
purpose of studying phenomena in the conditions of outer space.
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Experimental

Materials

The investigations were performed with two graphite samples covered with
glassy carbon. The first sample is called “reference” sample, and it stayed on the
earth, and the second sample, called “space” sample, was located on the outer
surface of International Space Station (ISS) in the open space. The “space” sample
IS subjected to radiation (cosmic radiation), which could vary in nature and
quantity, according to ISS orbit, ISS coordinates, geophysical and heliophysical
conditions. The sample was subjected to temperature changes in wide temperature
interval, from down to —120 ° C up to +150 ° C, every 2 h, for a period of 2 years
and 4 months.

Methods of characterization

In the present work, an assessment of the changes in “space” samples (cut
to investigate the inner morphology), as a result of the cosmic conditions, and
comparison with the “reference” samples have been made, by using different
methods.

The morphological study was performed using scanning electronic
microscope FEI Quanta 250 FEG, with high vacuum and beam deceleration, using
an accelerating voltage of 10.0-15.0 kV. FEI Quanta 250 FEG is a large stage
environmental SEM with BF/DF STEM detector (Fig. 1).
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Fig. 1. Scheme of SEM experiment

The equipment has low and extended vacuum mode up to 1000 Pa
(ESEM), temperature control range —25° to +55° and EDX chemical analysis
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including elemental and phase mapping. It is possible to perform X-ray mapping of
low-Z elements at low voltages. X-Ray Microanalysis (EDX or EDX or sometimes
referred to also as EDS analysis) is a technique used for identifying the elemental
composition of the specimen, or an area of interest thereof. It works as an
integrated feature of a scanning electron microscope (SEM) and cannot operate on
its own without the latter. Raman experiments (4000-400 cm™) are performed
using Bruker Senterra Il Raman Apparatus, with 1 cm-1 spectral resolution, and
514.5 nm laser.

Attenuated Total Reflection Fourier-Transformed Infrared Spectroscopy (ATR-
FTIR) ensures solid (transparent or non-transparent) and liquid samples to be
studied directly. ATR-FTIR spectra are collected using infrared spectrophotometer
Bruker Tensor 27, at wavenumber 4000-600 cm®, resolution 0.5 cm’, with
MIRacle-Diamond/ZnSe Crystal Plate ATR accessory - Pike technology.

Results and discussion

SEM and EDX analysis

The structure of glassy carbon was explored using scanning electron
microscopy (SEM). Morphology of glassy carbon obtained by SEM is shown in
Fig. 2 and Fig. 3. Electronic microscope images of the samples, oriented to
different directions, are performed. Samples are oriented with the upper side up
(electronic beam is running down the sample, which is on the bottom of the
chamber), back side up, and lateral side up.

a) b)

Fig. 2. SEM images of the “reference” sample at different magnification — 1 mm ()
and 100 um (b)

In Fig. 3a there are shown some traces on glassy carbon surface, which

follow the morphology of graphite support. This is an indication of small
disturbances in the glassy carbon coating, that occurred during the stay of the
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material in outer space. However, traces are negligible (< 1 um), and they do not
noticeable affect the overall coating electrical characteristics of the sample.

Fig. 3. SEM images of the “space” sample. Image of a) back side and b) lateral side
(cut cross-section) under 45°

To observe the glassy carbon layer and graphite layer, the sample holder is
rotated to 45° and on the SEM image lateral side (cut cross-section) under 45° stage
rotation is seen in Fig. 3b. The image in Fig. 3b confirms the presence of glassy
carbon (thin light layer) and graphite (right part of the image). The light layer
under angle of 45° is around 25 pum wide.

SEM data provide valuable information about the existence of undamaged
glassy carbon layer with thickness of 20 um.

EDX study (Fig. 4) shows the elemental analysis on the glassy carbon
surface. The main element is carbon (more than 90 wt. %). The results show
presence of some defects and heteroatoms (traces of O, F, Na, Cl) after staying in
space, probably due to radiation and other effects (space contamination, contact
with other devices, transportation, synthesis technology of glassy carbon layers).
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Fig. 4. EDX results for the a) “reference” sample and b) “space” sample
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Raman analysis
Raman study was carried out with all the samples (in 2—3 points for every
sample), and the Raman spectra are shown in Fig. 5 and Fig. 6.
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Fig. 5. Raman spectrum of the “reference” sample [15]
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Fig. 6. Raman spectrum of the “space” sample (measured in three different points)

Fig. 5 and Fig. 6 show Raman spectra of “reference” and “space” samples,
respectively. Two main Raman bands are detected for both samples — D band (D
for defect, representing the disordered structures) around 1350 cm™ and G band
located around 1580 cm™. G-band (G for graphite) arises from the stretching of the
C—C bond in graphitic materials and is characteristic for all sp2 carbon systems.

The presence of D- and G- Raman bands with equal intensity are
characteristic for existence of glassy carbon layer.

FTIR analysis

Attenuated Total Reflection Fourier-Transformed Infrared Spectroscopy
(ATR-FTIR) Spectra of the samples (back) are shown on Fig. 7.

There are almost no surface groups detected on the reference sample.
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Fig. 7. ATR-FTIR spectra of @) “reference” and b) “space” samples

In the IR spectra of space sample there are bands at 3000-2800 cm™,
associated to aliphatic C-H stretching vibrations at 3000-2800 cm?, as well as C-H
deformation vibrations in the region 1450-1350 cm™, due to aliphatic structures.
The band at 1740 cm™ is assigned to stretching vibrations of C=0. The bands at
1700-1500 cm™* could be due to aromatic ring stretching vibrations or C=C bonds
in aromatic structures. The bands detected in the region of 1200-1000 cm™ are
assigned to C—O in ethers or ring structures.

Data obtained from IR spectroscopy show, that on the surface of the space
sample different surface groups are detected — aliphatic and aromatic C—H groups,
carbonyl groups C=0, hydroxyl groups O-H, C=C structures, etc. Most probably
formation of surface groups and surface species on the space sample is due to
oxidation of the exposed parts of the graphite pad as a result of violations of the
glassy carbon coating that occurred during the stay in open space.

Conclusions

Our results show that glassy carbon coatings, due to their hardness and
chemical inertness, can stay years in outer space in order to collect accurate data on
the plasma parameters. No substantial change was detected in the structure of the
glassy carbon layers due to stay is space. The glassy carbon coatings deposited
onto graphite substrate can be successfully used for electrical field ionosphere
measurements.

171



The results show presence of some defects and heteroatoms (traces of O, F,
Na, Cl) after staying in space, probably due to radiation and other effects.
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SEM M EDX U3CJIEJBAHE HA CTBHKJIOBBIVIEPOJHU IIOKPUTUS
CJIEJ PO BJKATEJEH IPECTOI HA MEJKITYHAPOJHATA
KOCMHWYECKA CTAHIIHSI (MKC)

b. Hunyapcku, A. Bysexoea-Ilenkoea, Y. Illlenyea, I'. I'eopzues,
II. Ilgemkos, /I. Teooocues

Pesrome

OO0pasuu oT TrpaduT, MOKPUTH ChC CTHKIOBBIVICPOJHH CIIOCBE, ca
MpPeCTOsUIM 2 TOAWHU U 4 Mecela Ipy pa3iIuyHHU YCIOBUS — 3€MHH YCJIOBHS U Ha
MexayHapogHata KOCMHYECKa CTaHIMs. BinsHHETOo Ha KOCMHUYECKOTO IIpo-
CTPAHCTBO BBPXY CTHKJIOBBIJIEPOAHUTE ITOKPUTHA € M3CIEABAHO YpPE3 CKaHMpPaLla
enekTpoHHa Mukpockonus (SEM), eHepruiiHO TUCHIEpPCHOHHA PEHTI€HOBA CIIEK-
tpockonusi (EDX), pamanoBa u wuH(ppauepBeHa crekTpockonus. Pesynrarute
MOKa3BaT HAJIMUMe Ha HAKOM JedekTH u xerepoatomi (cieau ot O, F, Na, Cl) cnen
npectoii B KocMoca, BeposiTHO mopaau paguanus u apyru edpextu. SEM nannute
MPeOoCTaBsIT LeHHa WH(OpMAIMs 3a CHIIECTBYBAaHETO Ha HEHApYIIEH CTBHKIO-
BBIJIEpOJeH cioi ¢ aedenuHa 20 pm. HsMa CTpyKTypHH NpPOMEHH B CIIOEBETE
CTBKIJIOBBIJIEpO] cieq mpecToi B Kocmoca. JlanHuTe Mmoka3Bart, uye Te3u MaTepraiu
MOTaT YCIIEIIHO Ja Ce MpuiaraT 3a M3MEPBaHE Ha EJIEKTPHUYECKO T0JI€ B HOHO-
cepara.
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