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P RC P RA WAASANOSTI SiC-Y203-Se03 KOMPOZITOVS PRC DAVKOM
GRAFE£NU

PREPARATION AND PROPERTIES OF SiC-Y203-Sc203 COMPOSITES WITH
GRAPHENE

O.Hanzel,Zz. LEYMW®iN2 P. Gajgal 2k

linstitute of Inorganic Chemistry, Slovak Academy of Scieficesb r avska cest a

Bratislava, Slovak Republic

2 Functional Ceramics Laboratory, Department of Materials Science and Engineering,

University of Seoul, Seoul 02504, Republic of Korea
ABSTRACT

Dense silicon carbide/graphene nanoplatelets (GNPsgilkewh carbide/graphene oxide (GO)

with yttrium oxide and scandium oxide as a sintering additives were prepared by rapid hot

9,

pressing(RHP)Si nt eri ng of composites was peforf or med

30 min under uniaxial pressure of 50 MPAfter sintering samples were annealed in gas
pressure sintering (GPS) furnace at 1800AC
atmosphere. The aim of the present contribution was to investigate the influence of the GNPs
and GO additions, orierttans of the graphene layers and effect of annealing on electrical and

thermal properties of such prepared composites.

Keywords: silicon carbide, graphene, rapid hot press, functional properties

INTRODUCTION

Silicon carbide (SiC) is an importardtructural material due to its excellent thermal
conductivity, wear resistance, oxidation resistance, andbigiperature mechanical properties
[1i7]. Tailoring of electrical and thermal conductivity of structural ceramics is important for
many applicatios, for example, static charge dissipation devices, manufacturing components
by electredischarge machining, heat exchangers and electronic substrates. From this point of

view incorporation of graphene into ceramic matrix is very promising due to its eehiray
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electrical and thermal conductivitg-{L1]. PolycrystallineSiC ceramics exhibits &ide range

of thermal conductivity values from 30 W/m.K to 270 W/m.K. It depends on many factors like
specific chemistry of sintering additives, microstructure@wstheat treatment conditionSor
example, hepressed SiGintered with BeO yielded a theahtonductivity of 270 W/m.K12].

A SiC ceramic sintered with ADsi Y203 had aconductivityof 55 90 W/m.K. [13,14. There

are several strategies for improvemefitthermal conductivity of SiC ceramics: (1) decrease in
lattice oxygen from SiC grains by usingQs and SgOs as asintering additives, (2) the use of
sintering additives comprising cations insoluble in SiC such as the replacement of the Al
compound by sintering additives with no or low solubility in SiC, (8)earease in grain
boundary segregation, which indgagrain boundary scatterifg5], (4) annealing of sintered
sample in order to increase grain size and also to anneal defects in structure of graphene

incorporated in ceramic matrix
EXPERIMENTAL

For preparation of composite powders we used either cocratigravailable GNPs (thickness
< 4 nm, Cheap Tubes Inc., USA) or we synthesizedrEah.

SiC/GNPs composite powders with different content of graphene nanopléteetnd 1Qvt.

%) were prepared. First, appropriate amount of GNPs were mixed jmops=mnol and
ultrasonicated 60 min by strong ultrasound probe (Sonopuls HD 3200, Bandelin electronic
GmbH, Germany). After th&8.632 wt. %SiC, 0849 wt. % Y0z and 0.519 wt. %S0z were

mixed in isopropanol, added to suspension with graphene nanejsaied stirred on magnetic
stirrer for 3 h followed by 10 min. ultrasonication by ultrasound prdsepropanol was
removed from suspension by vacuum rotary evaporator. Resulting composite powders were

dried at 80AC over nigmtmandoshbheresnieved thr

SiC/GO composite powders withwt. % of graphene oxidevere prepared. First, appropriate

amount ofGO were mixed indistilled waterand ultrasonicated 60 min by strong ultrasound

probe (Sonopuls HD 3200, Bandelin electronic GmbH, Germaitgr that 98.632 wt. % SiC,

0.849 wt. % ¥Osand 0.519 wt. % SOs were mixed in isopropanol, added to suspension with
graphene nanoplatelets and stirred on magnetic stirrer for 3 h followed by 10 min.
ultrasonication by ultrasound prob®uspensiorwas then sprayed into the liquid nitrogen a
subsequently frozen powder was placed in freeze dryer in order to remove water by sublimation.
Resulting composite powders were dried at 80

microscreen.




In case of redrence powdefNS327)without any addition of graphene, all components were
ball milled together in isopropanol with SiC balls for 24 h. Isopropanol was removed from
suspension by vacuum rotary evaporator. Resu

night and then sieved through 71 e€m microscrtr

Composite and reference powders were placed in graphite die and surrounded by graphite paper
(foil) in order to prevent direct contact between powder compact and graphite die and sintered
inrapid hotpres ( DSP 507, Dr . Fritsch GmbH., Ger man:
mi n, uni axi al pressure 50 MPa wunder nitroger
In detail sintering regime is described below (Fig. 1). From each composition three samples
were made in order to get materials for testing of electrical and thermal conductivity and
studying influence of graphene layers orientations and effect of annealmgpenrties of such
preparedmaterials. Final dimensions of prepared samples were 20irmdiameter and

thickness approximately-8 mm and approximately 10 mim case of thick samples
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Fig. 1. Schema of sintering regime for rapid hot press

After sintering some sampleswereannealed gas pressure sintering

for 6 hunder 30 MPa of pressure in a nitrogen atmosphere.

Densities of prepared compositasd also after annealingere measured by Archimedes

method using mercury as the immersion medium.

Thermal diffusivity measurements were done using Laser flash analyssid LFA 1000 in

direction parallel and perpendicular to pressing axid also before and after annealifi@




evaluate thermal diffusivity sample 10 x 10 mm and thickness approximateynZm were
cut and plane parallel grinded. Data were averageshidt measuring temperature over at least
three measurements.

Electrical conductivity was measured by four point probe method in direction parallel and

perpendicular to pressing axdad also before and after annealing
RESULTS

Relative densityf prepared composites slightly decrease with increasing content of graphene.
However almost fully dense composites were prepared by RHP even at high loading of

graphene, in case of sample with 10 wt. % relative density was around 97 % (Fig. 2).
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Fig. 2 Relative densities of reference sample and composites with graphene nanoplatelets and

graphene oxide.

Af t er sintering, part of prepared sampl es
overpressure of 30 MPa. Purpose of this step were incorpouatioitrogen atoms into the
structure of composites, annealing of structural defects of graphene layers and increase of grains
size. XRD was used for verification of some possible new phases after annealing. Temperature

of annealing and overpressure of ogfen was choosen in order to prevent formation $NSi




XRD results confirmed that after annealing no new phases was formed and graphene was

retained in structure of composites after annealing (Fig. 3).

m 3C-SiC reference sample
A 6H-SiC — 10 wt. % GNP annealed
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Fig 3. XRD of reference sample, composite withat0% of GNP before and after annealing

CONCLUSION

SIC-Y203-Se03 composites with addition of either GNPs or GO were succesfully prepared.
Almost fully dense composites were prepared by RHP even at high loading of GNPs (RD were
higher than 97 %). Afteisnt er i ng, part of samples was ann
overpressure of 30 MPa. After annealing no new phases was detected and GNPs were also
preserved in composites. In future we will study effect of amount and type of used graphene,
orientaton of graphene layers, and effect of annealing on functional properties (especially of

thermal conductivity) of Si€yraphene composites.
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ELEKTRI CKY VORMP®ZEZI KO NAIBCZE S

ELECTRICALLY CONDUCTIVE COMPOSITES BASED ON SIC
R. By$§trli.ckilePl.§Gal gal 2 k
bstav anorganickej ch®mie, Sl ovenBratSlava k a d ® mi
ABSTRACT

In this work silicon carbide based composites were prepared fyrdésd and rapid hqiress

method. 20, 30, 40 and 50 mass% of of Ti and NbC were used as sintering additives. Their
molar ratio was kept at 1:1.8 (Ti:NbC). Samples wareeeed by hofpress method by two step
sintering to avoid the squeezing out the me
sintered at 1650 AC for 3 h and subsequently
30 MPa in Ar atmosphere. Rapidfpr essed sampl es were sinter ecf
30 MPa mechanical pressure in Ar. SIC50TINHE phase showed the electrical conductivity

of 240S L. mtprHigher Vickers hardness was achieved on rapiephegsed samples, nearly

20.5 GPa. Highest indeation toughness (818 P a F?mvas achieved in the sample with 40%

of Ti-NbC phase. XRD pattern confirmed the formation of (Ti, Nb)C solid solution in the SiC

matrix.

Keywords: silicon carbide, niobium carbide, electrical conductivity -pssing, rapid het

pressing
INTRODUCTION

Electroceramics are advanced ceramic materials that are used in a wide variety of electrical,
optical and magnetic applications. They can find theliegtions also in energy
storage/conversion systems, as high temperature filters, catalyst supports or acoustic
metamaterials, in nuclear fusion reactors and in high temperature thermomechanical
applications. Conductive ceramics such as silicon carbelaiseful as heating elements in
furnaces up to 1500 AC in air. Most of the c
of resistivity and therefore are developed as temperature indicators. Electroceramics with low
dielectric constants are madedrgubstrates for integrated circuits, whereas those with high
dielectric constants are used in capacitors. Electroceramics with good magnetic properties are
suitable for transformer cores, whereas those that exhibit piezoelectricity find applications in

transducers for microphones, and so[th.
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The development of structural electrically conductive ceramic is not simple, namely conductive
ceramic materials are usually brittle and do not sinter well, and on the other side, engineering
ceramic materials arénsulators. A promising approach is a combination of insulating
engineering ceramics with electrically conductive phases.

In recent years carbon structures, such as carbon nanotubes (CNTs) or graphene nanoplatelets
(GNPs), are incorporated into the cerammatrix. The aim is enhance of the electrical
conductivity and improve the mechanical properties, respectively. Authors were successful by
increasing of electrical conductivity of the composites but on the other hand the resulting
mechanical properties acentradictory. [1, 2, 3, 4, 5, 6]

Another good candidate for using as secondary phase in ceramics is niobium carbide due to its
high stability, high hardness and high wear resistance. Moreover, in combination with Ti helps
to densify the SiC ceramics aaan significantly increase the electrical conductivity of resulted
material. [1]. Moreover, Ti forms TiC at high temperatures, which is another phase with high
stability high hardness and high wear resistance.

In this work, we focused on densification®ifC composites with various amounts ofNbhC

phase by hepress and rapid hqiress method. Influence of-NbC amount and densification
method on the electrical properties and mechanical properties of final composite was

investigated.

EXPERIMENTAL PART

The commercial ly -8@@&$A0%pSuperiopGraptdtes USA), T (TOHO
Titanium Co., Japan) and NbC (Japan New Metals Co., Japan) were used for the starting
mixtures preparation. The Si@ased composites were prepared by the additioneofdahous
amount of electrically conductive -NbC phase what is a mixture of Ti and NbC in a molar

ratio 1:1.8 (Ti:NbC). The chemical composition of starting mixtures are briefly listed irLTab.

Tab. 1. Chemical composition of starting mixtures

W [mass%]
Sample SiC Ti NbC
SiC20TiNbC 80 7.2 12.8
SIC30TiNbC 70 10.8 19.2
SiC40TiNbC 60 14.4 25.6

11



W [mass%]

Sample SiC Ti NbC

SiC50TiNbC 50 18.0 32.0

The powder mixtures were homogenized in planetary mill in water with WC balls at 150 rpm

for 1 h. The homogenized suspensions were freeze dried. Hot pressed samples were prepared
in two steps: at 165¢C for 3 h and at 185 for 1 h under mechanical pseese of 30 MPa in

Ar atmosphere. Rapid hptr essed samples were prepared a
mechanical pressure 30 MPa in Ar atmosphere. The heating rate 4melstand rapid hot
press were 15 AC/ min and 100 AC/ min, respect
Reference samel without any additives was prepared by-pat e s s a't 1850 AC.
sintering process was described in Ref. 1.

The densities of the samples were measured by Archimedes method in mercury. The theoretical
densities were calculated according to the rulexbtures. The crystalline phases present in

the ground samples were identified usingay diffraction (XRD) (Panalytical Empyrean,

Net herl ands, Cu KU radiation).

The electrical conductivity measurement was performed by Van der Pauw method.

The microstratures were observed by scanning electron microscopy (EVO 40HV, Karl Zeiss,

Germany). For this purpose the sintered samples were cut and polished.
RESULTS

Tab. 2 shows the densities of sintered samples. Samples made by hot press with addition of 40
and 50mass % of HNbC phase (SIC40TiNb€EIP, SiC50TINbGHP) have densities near
theoretical density. Sample SIC30TiN®B{ has density only 91.7 % of theoretical density.
Sample SiC20TiNb&HP has density only 80% of theoretical density even though powder
mixturewas prepared by freeze granulation.

Samples made by rapid hptess with addition of 2040 mass% of FNbC phase
(SIC20TiINbGRHP, SIC30TiNbGRHP, SiC40TiNbCRHP) are fully dense.

12



Tab.2The density and relative density of
HP Rapid HP
Sample ;[ FlAc TD [%] ;[ FlAc TD [%]
SiC20TiNbC gran. T i 3.53 98.8
SiC30TiNbC 3.44 91.7 3.74 99.7
SiC40TiNbC 3.86 97.2 3.96 100
SiC50TiNbC 4.14 98.3 i T
Fig. 1 shows the XRD patterns of prepared composites.
Counts
SICN50
4000 = o-SiC
1‘1 - 7 (Ti, Nb)C .,
2000 ® g
° ° \' v o NbSi,
4Oog_smmo m p-sic
3000 “n
2000 N v .
6009 | SICN30
4000 2

Fig. 1 Comparison of XRD patterns of sintered samples
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Position [*2Theta] (Copper (Cu))

60 70

XRD patterns of samples SIC30TINGdP, SiC40TiNbCHP, SiC50TIiNbGHP (Fig.1)

showed

as a

resul t

t hat

of

t h SiC $GDRP3}I065 3 6 6 h tSE K@DD K1-073-1663)
b Y UNb)Cs (£ DDs0B-065- 1815} ancoNbSi(ICRD 08-0

sampl

(Ti,

0653551) as secondary phases. Presence of higher content of solid solution encourages phase

transformation of SiC matrix.

Samples SiC20TiNb@®HP, SIC30TINbGRHP, SiC40TiNbGRHP does not contain NBSi

phase. It is due to the much shorter sintering regime as -grésged samples and Nb from

NbC cannot diffuse into the SiC grain and form Nifiase.
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Fig. 2 shows the hardness of samples made bpress and rapid hqiress.
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Fig. 2Hardness of composites made by-h|{ Fig. 3 Indentation toughness of composit
press and rapid hqiress made by hoepress and rapid hqiress
The hardness of samples made by rapidphess method is decreaswgh higher amount of

(Ti, Nb)Cssphase but all values are higher than the values of samples madeprgdstThe
lowest hardness in the SICN30 sample is connected to the higher porosity which
approximately 8%. Comparing to the reference SiC withowyt additives, hardness of the
samples are lower.

Fig. 3 shows the indentation toughness of samples made-pydsst and rapid hqiress.
Indentation toughness of hot pressed samples is higher than in the case of rppésdent
samples. The indentatidoughness of rapid hgiressed samples is lower than in reference
sample except of SiC20TiINBRHP sample where the indentation toughness is about
7,8MPa.nt’2

Fig. 4 shows the electrical conductivity of samples made byptests and rapid hqiress.

1000

E e HP
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100
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[ ]
L d

El. conductivity (S.mm")

0,1 A
100/0

T T T
70/30 60740 50/50

SIC/TINBC (mass%)

T
80/20

Fig. 4 Electrical conductivity of composites made by-pogéss and rapid hqiress

is
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As it can be seen the electrical conductivity of thepgressed samples are up to 3 orders of
magnitude higher than in referendcc€onpaingpl e an
to other composites, SIC50TINBEIP sample has 2 orders of magnitude higher value than other
published composites with high electrical conductivity-1B). The electrical conductivity of

rapid hotpressed samples is increasing with increasmguant of (Ti, Nb)Gs Comparing to

values of hofpressed samples the electrical conductivity of SIC30THRSP is lower while

the SIC40TiINbCRHP has higher electrical conductivity than the sample with the same addition

of Ti-NbC made by hepress.

Fig. 5 f1ows the microstructure SiIC40TiNbC made by-pass and by rapid horess

Fig. 5 Microstructure of SiC40TiNbC made by Rotess (left) and by rapid hptess (right)

The microstructures of both samples reveal dark grains that correspond Wh&i€as the
overetched phase is (Ti, Nk}3On the grain boundary there is a thin layer of phase with higher
amount of Si, O (as SKvhich is an oxidation result of SiC starting powder), Al (as impurity

in SIC starting powder) and Ti. The average grairese of hot pressed s amg
Om, while the averqpgesgrai sasmpte ok napgisd Nho
of grain size between samples made by different method can explain the discrepancy of
mechanical properties. It is alsvell known that the hardness of sintered ceramics increases

and fracture toughness decreases with decreasing grain size.

CONCLUSIONS

Electrically conductive SiC composites were prepared by using NbC and Ti as sintering
additives. Composites were sinteed 1650 AC for 3 h and subsect

under mechanical pressure of 30 MPa in Ar atmosphere.

15



The addition of ANbC phase into the SiC matrix led to decreasing of hardness comparing to
reference SiC. Hardness values of rapidgressed saples are higher than values of -hot
pressed samples. On the other hand, addition @4bld phase increases the indentation
toughness of composites comparing to reference SiC without any additives, except
SIC30TINbGRHP and SiC40TiNb&RHP. The presence ofi-NbC phase significantly
increased the electrical conductivity of SiC composites. The highest electrical conductivity 240
S L. mhwas reached in the SiIC50TiNHEP composite.

SiC composites with electrically conductive NDC phase are promising materiaidields of

industry where ceramics with high electrical conductivity are needed.
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ABSTRAKT

Composites utilising long fibres as reinforcement are the most effective from the toughening
effect point of viewA brittle matrix using brittle fibres as reinforcement was investigated in

this case. The polysiloxane resin was used in this composite as matrix precursor and continuous
basal't fibres as reinforcement. The pyrolys
atmosyhere turn the polymeric precursor to seecalledhybrid matrix consisting of not fully
transformed Si OC glass containing polymeric
found to be optimal for the mechanical properties of the compositthafrdcture toughness

was determinednthe level of 20MPa.nt2. The main aim of this paper is to describe changes

in mechanical properties durihgng-termageing inanair atmosphere of this composite with
themetastable matrix. It was found that with ieasing temperature of the ageing the composite
behaviour tends to be brittle. This observation is supported by microstructural and fractographic
analysis. The degradation of basalt fibres was not observed therefore whole embrittlement

process is ascribed the changes in the hybrid matrix.
Keywords: Composite, Fracture, SiOC, Basalt Fibre, Ageing
INTRODUCTION

Composites reinforcedith ceramic fibres are basically used with two different types of matrix
i) polymeric matrix where incorporated fibres enhance mostly stiffness and strength and these

composites are predetermined for room temperature applications, and ii) ceramic matrix where
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fibres acts as toughening component through various toughening meukaand such
composites are usually targeted ayh-temperaturapplications. There obviously exists a gap

in the temperature range where polymeric matrix composites are not able to ser@mand
basednes are too expensive for these applicatifihs?]. The partially pyrolysed polysiloxane

based matrix reinforced by basalt fibres are composites with theyabifitl the temperature
range between room [B3-BlnTheymaypossesanexcellent sorengihs 0 A C
attackingevel of1 GPa andhefracture toughness on the level of [ 20P a ¥?as was reported
recently[6]. The aim of this contribution is to describe changes in the mechanical behaviour as
well as in the miastructure after applicatiofong-term exposition ina harsh oxidative

atmosphere of these hybrid composites.
EXPERIMENTAL

Unidirectional long fibre reinforced composites under the investigation from commercially
available methylsiloxane (MS) resiukosiiM1 30 (Lul ebn? z8vody Kol 2]
reinforced with basalt fibrekémenny VekRussig were prepared by the partial pyrolysis at
650AC wunder nitrogen atmosphere. These comp
dimensions 3 41 150mmconsequently aged at 30Bunder 400A
air atmosphere. Afteageing the specimensvere prepared and tested at room temperature.

Elastic properties were monitored using an impulse excitation technique using a RFDA (IMCE

NV, Genk, Belgum). Flexural strength values were obtained by loadirgrigepointbending
configuration witha spanof 40mm on a universal testing system Instron 8862 (Norwood,

USA) with a crossheadpeed 0.5nm/min. The fracture toughness was determined on CNB
spe@mens where chevron notch was cut by an hra diamond blade using a precise saw
Isomet5000 (Buehler, USA). The same testing system was used as in case of flexural strength
tests only therossheadpeed was 1080m/min and span of 1&m. The microstratural and
fractographic analyses were conducted using an electron scanning microscoeXita

(Tescan Czech Republic).
RESULTS

Thelong-termageing of composites results in their expected degradation due to microstructural
changes in thaybrid matrix where underwent only partial polymer to ceramic transformation.
Due to the fact of partigyrolysis some micreregions are behaving like SIOC glass and others
like polymer. The optimal mixture of these regions provides the composite with itgseuniq

mechanical behaviour, i.e. high toughness and strength. The typical propkassceived

19



material are summarised Trable 1. An oxidative atmosphere at elevated temperatures led to
the degradation of polymeric chains, oxidising of silica and carbmmespeciesn the form
of gasses, usually carbon oxides resulting in weight losses and microstructural changes. The

weight losses werd®.73% f or t he hi ghest ageihaspshowenimper at u
Table 1.

Table 1 Summarisation of results obtained on the hybrid composites in as received state and

after various temperatures of ageing. Average values witstainelarddeviation in brackets.

Material state Agingtemperature for 100th
As rec

Properties onnc nnnec pnnc
Weight loses (%) - -0.074 -0.44 -0.73
5Syaird® o631 Oy 2.16 (0.088) 2.15(0.012) 2.17(0.017) 2.14 (0.015)
Elastic modulusflexural (GPa) 62.9 (0.96)| 56.9(1.22) | 59.37(0.97)| 57.70.51)
Elastic moduluslongitudinal (GPa)| 63.9 (0.40)| 62.7(0.64) 63.9(0.41) 64.3(0.38)
Flexural strength (MPa) 793.8 (124.9 400.7 (17.94| 150.3 (26.01] 96.2 (13.51)
CNJ Ol dzNB (2dKy!{ 13.2(0.65)| 10.7(1.10)| 4.9(0.39) 2.3 (0.19)

Elastic properties are nseverely changed by the application of ageing rather are dependent on
the final density of the given specimen. Even though the longitudinal waves (i.e. direction along
the fibre axis) show less change than flexural vibration mode which is more sensthee to

specimen surface quality and its homogeneity. The overall changes are ubger 10
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Fig. 1 Dependence dheflexural strength (left) anthefracture toughnedsoth onthe ageing
temperature.

20



Contrary to the elastic properties the flexuralrggth and the fracture toughness are affected
severally by the ageing. The effect of ageing temperature on the mechanical praperties
individual specimens is plotted ig. 1. When the aseceived composite material is compared

with the material exposed to thgeingt e mper at ure of 300AdDpiNnone c:
the strength which is accompanied by%0drop in the fracture toughness values. Further
increase of the ageirtgmperature led to the decrease of the flexural strength to the level of
100MPa and the fracture toughness told.B a ¥2m

e S ¥

IPM AS CR, Brno IPM AS CR, Brno

Fig.2Fracture surfaces in the vicinityleffof chev

and 500AC (right) after fracture toughness t

The drop of the strength and fracture toughness can be explained by microstructural changes
ongoing in the composite matrix mainly. The typical fracture surfaces of the composite after
ageing temperatur@d40 AC and 5 0 0 A&iG. 2. 3he eversidwaeneals difierences in

the fracture mechanisms acting during loading. It is obvious that fracture surface of the
speci men e x phessignificartlyomore Gciva fibre pubbut mechanism, therefore,

the final fracture surface is more fragmented and consumption of the fracture energy is higher.
It i s necessary to note that the fracture su
to observe because the further loading led to the fibre delaomnaut not fracture, and the
specimen still stays in one piece. The detailed view of the fracture surfdegs3nllustrates

well the fracture mechanism changes where the higher ageing temperature led to the increase
of interfacial bonding between é@hfibres and the matrix, resulting in the fracture of
neighbouringfibres in amonolithiclike fracture (i.e. fracture in the same plane without the
fibre matrix delamination necessary for activation of the-putl toughening mechanism).

However, even iithis case a catastrophic sudden fracture was not observed which can be the
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advantagef such material having similar fracture toughness #&bteg-termageing in the air

atmosphere as commonly used structural ceramics.

LYRA3 TESCAN

IPM AS CR, Brno

Fig. 3 Detail viewof thefractures ur f aces f or speci mensflaadyed at
500AC (r i dviaftedfractue toughn@ss tests.

CONCLUSION

Thepresented results show thiectof degradation processes taking place imitigsiloxane
basedartially pyrolysed composite matrix with an increasing ageing temperature. The flexural
strength decreasedto%® of t he i niti al st r éandapproximatedyn a g e ¢
to 100MPa for the highest ageing temperatures applied. Accordingdyfraleture toughness

exhibits the same decreasing trend what corresponds well with the presumption that no larger
defects are formed during ageing than tifoseedduring processing. The drop in the fracture
toughness and the flexural strength, respegtivean be ascribed to the matrix shrinkage
causing clamping of the fibres in some parts and additionally to the chemical bbgding
formationof silicon-oxygenbonds of either matrix with fibres or betwesgighbourindibres

being in contact. Both wlergoing processes inhibited activation and effectiveness of expected
toughening mechanisms observed in #sreceived composite material. In spite of the
described composite degradat ilgithe corhpositencana t ag
possess relide properties suitable for expected applications in fire protection systems or other

mechanically low loaded parts resistangiven temperature range
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