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Abstract

The commercially available polydimethylsiloxane (Sylgard®184) is a
commonly known material in microelectronic and microfluidic industries as flexible
substrates, device packing elements, lab-on-a-chip, or stamps. Recently, PDMS derived
materials have attracted much interest in the development of broadband electromagnetic
absorbers in the terahertz and microwave regions. When exposed to high temperature (T
> 900 °C) PDMS undergoes profound transformations leading to derived solid
nanocomposites made of graphitic phase embedded into silicon oxycarbide structure.

In this work, we discuss the PDMS thermal changes that have been evaluated
using different analytical techniques (thermogravimetry-coupled mass spectrometry,
and Raman spectroscopy). The pyrolysis of cross-linked gels in an inert atmosphere
gave 50.94 wt% of solid resida 1500 °C. It was observed that the presence of Si-H
bonds in the curing agent promotes cross-linking between the siloxane backbones
containing vinyl groups (Si-E13) through hydrosilylation reaction. However, excessive
addition of curing agent impedes ceramic yield down to 20%. Above 1000 °C, Raman

spectra show the formation of disordered cgrbon that subsequently organizes with
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the heat-treatment temperature. These carbon-ilcors oxycarbide materials are
remarkably resistance to oxidation even at 1500 °C.
Keywords: polydimethylsiloxangyolymer-derived ceramics, pyrolysis, thermal

stability, thermal oxidation

1. Introduction

Since Yajima’s pioneering work on silicon oxycai(5iGOy) ceramic fibers
in the seventies [1-3], the research has beertebets by considerable efforts to
investigate new methods of synthesis from variogl®itd organic-inorganic polymers,
in order to obtain new phases that produce masevigith enhanced properties (e.g.
chemical and thermal stability) when compared wikie conventional methods.
Silicon-based polymeric precursors have becomedytlie most studied and used
starting polymers for ceramic materials. At thedjnthese polymers, though known
since 1901 [4,5], presented a refreshing new apprda the preparation of new
materials. Emphasis was on the synthesis and thezamersion of precursors for
preparation of materials usable at high temperaturess attention was given to their
other physical properties.

Over the past two decades, however, research leasrbdirected towards new
applicationsas fibers [6], batteries [7,8] and ceramic matromposites [9,10] in
addition to the thermostructuraBesides mechanical properties [11], thermal/thermo-
oxidative stability [12], silicon oxycarbide basethterials have other properties such as
electrochemical activity [13], giant piezoresisiw[14], white light emissivity [15,16]
and efficient electromagnetic wave absorption ia thicrowave [17], and recently,
terahertz domain [18]. This kind of materials iad#y obtained by pyrolysis of silicon-
based polymers with hybrid organic-inorganic molacaetworks that contain Si, H, C,

and O [19]. One of the advantages of using polynasrstarting precursors is that the
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chemical composition in the residue can be easdgifred by changing the nature of
functional groups present in the initial moleculstructure and/or the gaseous
atmosphere and temperature during heat treatmé@jt Edr instance, pyrolysis of
phenyltriethoxysilane (§Hs-Si-(OGHs)3) allows for the incorporation of up to 45 wt.%
of free carbon in the SO, ceramic matrices, whereas the EH-(OGHs)s)
methyltriethoxysilane leaves only 9 wt.% of freebmm at the same temperature of heat
treatment 1000 °C [21].

The functional side groups, such as hydrogen, afiphor aromatic units,
attached to silicon do not only control the carbmmtent in the derived ceramic
material but also influence the electronic, opticahd rheological properties of the
polymer [22]. This last property is of considerable practical amance in the
fabrication of complex shapes, such as, for examiple micrometer-sized ceramic
structures that are useful in potential applicati@s terahertz microbolometers [23],
micro-electromechanical devices [24-26], and hydadyic surfaces [27]. For terahertz
applications in particular, one of the requiremantposed on polymeric precursors is,
not only their ability to form various geometricethapes with dimensional accuracy
ranging from micrometers to centimeters, but alseirtability to produce near-net
shaped components after pyrolysis. To date, mi@edsceramic components have been
achieved by casting a flexible polymer on a rigidlanor vice versa [24—26]. One of the
most commonly used silicon-based polymers is Sgl@aB4 polydimethylsiloxane
(PDMS) elastomer. PDMS is commercially availabled amsed in a variety of
applications such as micro and nano-fluidic chasfed lab-on-chip applications [28],
biocompatible materials [29], and electrically ilaing materials [30]. It is noteworthy
that, for such applications the organosilicon (PDM8I is used as it is, not thermally

converted into a ceramic material. The gels caprbpared as follows: the elastomer kit



contains two parts, namely the base (part A) anthguagent (part B). The base
contains a linear chain of siloxane with dimethgbdups and with Si-vinyl end groups
(0.68 mol %) [30], and a Pt catalyst complex [3Lhe curing agent is rich in Si-H
bonds [30] and may also contains other oligomershsas tetramethyl tetravinyl
cyclotetrasiloxane [32]. Mixing these two partsuks in a soft and flexible elastomer

with the tentative molecular structure shown inuregl.
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Figure 1 The chemical structure of Sylga#d84 elastometer81]

Grassie’s group [33] and others [34-38] have repgbrton thermal
decomposition of linear chain PDMS in which eadlt@n is di-substituted [(Ck).Si-
O] (D units). Pyrolysis of linear dimethylpolysiloxamoes not yield char or any other
type of infusible residue [33] due to complete dgpmrization by evolution of a
spectrum of cyclic compounds ranging frorg-D;, units. Only very few studies have
been reported on the thermal stability of PDMS 8gdggel into SiQO, ceramics. Cui
et al. [39] described very briefly the thermogravimetfySylgard gel. The gel showed
around 57% weight loss at 900 °C in nitrogen. Thgaaive of this study is thus to
evaluate the effect of curing agent content andlggis conditions on the ceramic

yield, and also the thermal stability of derivedaseics in oxidizing atmosphere.



2. Experimental

The starting polymers were prepared using commigr@sailable Sylgard®184
elastomer. The curing agent and base were mixadgimen ratio of curing agent: base
expressed in part by volume (PBV), and stirreddbghly in a clean beaker.

The air bubbles and solvents were degassed inwmachamber. The sol was
transferred to a polystyrene dish, and allowedrass:link at room temperature for a
minimum of 60 h. The gels in square sizes 1.5 xt5were pyrolysed in an alumina
horizontal tube furnace at a heating rate of 2 i@/m a flow of 50 sccm (standard
cubic centimeters per minute Argon (99.999%) purity.

The pyrolysis process was characterized using amtbiealance (Netzsch
STA449 F1 apparatus) coupled with mass spectroniidetzsch QMS403D Aeolos, 1-
300 amu, 70eV, electronic ionization). The volasifeecies evolved during the pyrolysis
were transported to the mass spectrometer via @h&Q capillary of diameter 0.75
pm. The analysis was performed in a flowing argomnosphere of 50 sccm, and with a
heating rate of 10 °C/min. The oxidation of pyr@gsresidues was conducted at the
heating rate of 10 °C/min in 20% @ Helium with a flow of 50 sccm.

A micro-Raman spectrometer (Horiba, Jobin-Yvon Lat®HR) was used to
record Raman spectra of the samples. A solid-tatr (Cobalt Blues® DPSS) having
a wavelength of 473 nm focused on the sample usb@x objective lens. Raman
scattered signal were collected, spectrally disggkisy a grating (1800 lines/mm) and
then detected by a position sensitive CCD detector.

3. Results and discussion

3.1 Thermal conversion



A preliminary observation, already made by P.Vaifehis book [40], is that a
TGA thermogram is useful and can be compared ohlgnaall experimental conditions
are known precisely. Unfortunately, the few expemmts performed on commercial
Sylgard 184 precursors reported in literature carm@oused for comparison [30,39].
Many important factors (amount of material, heatiate, the nature of the carrier gas)
that may affect decomposition behavior cannot berngd and must be taken into
account when comparing data.

For comparison, two different inert carrier gadesligm and argon) are used to
sweep evolved gases out of the furnace to the sEesstrometer for volatile species
analysis. To eliminate possible effects of sampéssnon decomposition temperature,
similar amounts of sample (40 mg) were placed intthe 160 mm diameter by 200
mm tall cylindrical alumina crucible and heated enthe same conditions (heating rate
10 °C/min, carrier gas flow 50 sccm). The TG curire§igure 2a of cross-linked gels

in helium and in argon show similar patterns.
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Figure 2Thermogravimetry analysis of cross-linked PDMS g&$ The effect of the
nature of carrier gas (helium, argon), (b) influenof the heating rate on thermal
degradation of gels

For the gels prepared using 1:10 and 3:10 PBV @®aiNolume), the pyrolysis

was conducted in argon atmosphere at two diffeheaiting rates (2 °C/min and 10



°C/min). As shown in Figure 2b, the TG profiles aearly the same, only a slight shift
in the temperature of the maximum mass loss isrebde Whatever the ratio of curing
agent to base, increasing heating rate shifts tisetdemperature to higher values, and
subsequent mass loss occurs between 400 °C antiC606or the gels prepared using
the same ratio, the ceramic yield at 900 °C araeddo be the same.

It can be seen that the mass loss of the gelliseinted by the volume % of the
curing agent. Even though the mass loss profilesla same, the main difference lies
in the ceramic yield at 900 °C. The gels with 1ABV result in the highest ceramic
yield of 41.95%, whereas increasing the curing agen5:10 PBV decreases the
ceramic yield to 26.7%, as shown in Figure 2. Bynparison, it seems that the
judicious amount of curing agent (1:10 PBV) imped=gradation and therefore
increases the ceramic yield of PDMS. This is nopssing, since the gels containing
D" units (O-Si(HCH)-O are known to undergo thermal degradation arot0@ °C to
yield volatile products containing silicon [41]. As result, the char yield markedly
decreases.

It is also clear from the graph that there is aywdiscernible change when the
initial mass of gel is varied from 40 mg to 250 Mg. the yield is the primary interest
for design and fabrication of ceramic parts, thielge0 PBVshowing the highest yield
of 41.95%has been selected for further analysis. The gasdecsmposition species
were swept from the furnace toward the ionizatibarober of the mass spectrometer.
Figure 3 shows thermogravimetry-coupled with mgg&ssometry (TG/MS) analysis of
the cross-linked Sylgard®184 gel (1:10 PBV, 40 mga heating rate of 10 °C/min in
flowing helium atmosphere. Due to the presenceusherous different fragments, to
provide a clear picture of the mass spectrometr8)(btofile curves, only ions of most

importance to our discussion have been selecteldstamwn in Figure 3.
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Figure 3 (a) Thermogravimetry-coupled with mass spectrometry lyaima of

Sylgard®184 crosslinked polydimethylsiloxane elastometer flowing Helium

atmosphere, and magnified version in two tempeeatanges (b) 30 °C — 500 °C and

(c) 450 °C — 900 °C

On heating from room temperature to 400 °C, thessstmked gel exhibits a

mass loss of ~ 4.61% to 18.5% depending on theertrationof curing agent. The

gases detected correspond to hydrogen (m/z 2),rwate 18), and silicon-based

species, mainly (Ckls-Si-OH (m/z 75, 45, 47, 29, 43), and traces of {G$iH (m/z

59, 73, 43, 58) ascribed to terminal sites of tlneng agent (Figure 1). The presence of

H,O leads to the hydrolysis of (G}3Si-O- sites and to the cleavage of {49i-OH

(m/z 75, 45), as observed for Polyhydridomethyaihe PHMS (CEBiHO)N[41].



The extent of the mass loss depends on many fasticts as the ratio of curing
agent to base, the curing time, and the curing ésatpre of the gels. The gels prepared
using curing agent to base ratio of 1:10 PBV an@ddor ~ 48h at room temperature,
show greater mass loss when compared to those awedg few months. This
difference is due to the release of end sites wipicdduces compounds of the type
(CH3)3SiH (m/z 59, 73), (Ck).SiH, (m/z 59, 44, 28), as shown in the inset of Figure
3a. The more unreacted O-H bonds present in thetgegreater the loss of end sites is.

The loss of water (m/z 18), and hydrogen (m/z 2t stage is associated with
dehydration between two Si-OH [19], and dehydrodiagpreactions between Si-H and
Si-OH respectively [19]. It should be noted thatridg the curing step via
hydrosilylation reaction, the Pt catalyst also perfs as a sluggish dehydrocoupling,
slightly converting Si-H bonds to Si-OH due to ghresence of moisture in the reaction
solution.

Between 400 °C and 480 °C, the second weight 16ss @87% indicated the
removal of hydrocarbon species such as methang @iz 16, 15, 14, 12), and
ethylene GH4 ( m/z 28, 27, 26, 25). These species are issuwed the vinyl terminal
sites of PDMS-base, and to decomposition of $i as already shown on other
organosiloxane polymers issued fropHgSiO; 5 precursors[42,43].

A maximum mass loss of ~ 33.6 % has occurred ienaperature interval,
ranging from 480 °C to 600 °C. Detected in this domis a series of silicon-based
oligomers such as linear molecules @&+6i-O-Si-(CH)s (m/z 147, 73, 66), and cyclic
molecules such as [(GH-SiO]s, D3 (m/z 207, 96, 191, 133) and [(GktSiO]s, or Ds
(m/z 73, 355, 267, 45, 59), together with elimioatof hydrogen (m/z 2) and water

(m/z 18).



The thermal degradation proceeds via reactiongyhich the main chain Si-O
bonds undergo splitting and reformation. As showifrigure 4, the exchange reactions
of the siloxane readily occur within a single pobmor between two different
macromolecules (intermolecular chains) [44]. Therfation of cyclic volatiles extends
from low molecular weight units such as, D,, Ds to higher degrees of polymerization
[33]. The formation of cyclic oligomers were explad by backbiting or unzipping
mechanism due to presence of Si-OH groups (Figa)eo# due to random scission
(Figure 4b) [45].

It might be useful to recall that silicon-basedgolners can in turn undergo

degradation reactions upon heating in the furnaderelease volatile species.
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Figure 4 Formation of cyclic oligomers Punits via (a) unzipping mechanism in
presence of Si-OH, (b) random scission mechanismgathe intramolecular siloxane
backbond45].

In the temperature range 600 °C — 780 °C, predamhirelease of band CH

leads to a weight loss of ~ 12.4 %. In the presesic8i-H, the cleavage of Si-GH
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occurs via free radical mechanisms [19]. It is naehy to mention that the free radical
mechanisms via Si-H started earlier than the hotiwobleavage of Si-Cgl which is
peaked at 800 °C in the absence of Si-H, for exanagl for MTES [21]. All these

reactions are well documented in the literaturef4p,

Further heating between 900 °C and 1500 °C, noifgignt mass loss was
observed. However, annealing at 1500 °C, the nahtemdergoes a further mass loss to
produce mainly carbon monoxide CO (m/z 28, 12),saswn in Figure 5 via

carbothermal reduction reactions [46].
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Figure 5Thermogravimetry-coupled with mass spectrometryyasismof Sylgard PDMS

(1:10 PBV) at 1500 °C in inert atmosphere

3.2 Raman spectroscopy analysis

Figure 6a depicts the Raman spectra recorded fydgars base (Part A), curing
agent (Part B), and the 1:10 PVB cross-linked d&t. Raman spectroscopy, no
significant differences were found between thehieprepared and aged gels. all

three compounds, the most intense peaks appear280@tcn and 2965 cm are
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assigned to symmetric and asymmetric stretchingatitm of CH in Si-CH units,

respectively.
N ////
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Figure 6 Raman spectroscopy acquired from (a) PDMS Sylg&4 lase (part A),
curing agent (part B), 1:10 PVB cross-linked gehdaheat treated up to 650 °C (b)

ceramic residues issued from pyrolysis of 1:10 RxBs-linked gel

. A major difference between the base and crog#linagent is noticeable at
2160 cn* that belongs to stretching vibration of Si-H. Tdrdy evidence signature for
the presence of vinyl groups is the small signalrig10 crit (vs C=C). This could be
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due either to their low concentration because vigrgdups have been converted by
hydrosilylation or polyaddition reactions. Thisalsserved for both parts (A and B) [31].
This shows that the curing agent is not pure; ity nsantain few percentages of
dimethylsiloxane dimethylvinyl-terminated molecylesnd tetramethyl tetravinyl
cyclotetrasiloxane [32]Note that in both parts of commercial PDMS-baseatipcts,
the precise chemical composition and the naturehefmical structural are not known.
The band at 488 cthis characteristic of symmetric stretching of SBD4n the cross-
linking agent, the band at 488 ¢ris broad is broad relative the base, which suggests
that the environment of Si-O-Si in the cross-linieedifferent than the base.

The cross-linked gel features a weak and broad Ba@d60 cnt indicating the
presence of unreacted Si-H. The bands at 1412, 62 crit, and 862 cil are
attributed to asymmetric bendind.§, symmetric bendingd( and symmetric rocking
(ps) of CH; group attached to silicon atom, respectively. Tleé shows other weak
bands at 708 cthand 687 cri assigned to symmetric stretching)( androcking ©s)
of Si-C bonds. The band at 787 twas assigned to asymmetric rockipgy vibration
of CHz and/or asymmetric stretching, of Si-C [47].

For comparison, the spectra acquired from the igglthose pyrolyzed up to 600
°C, were normalized with respect to the most iregmesak at 2907 cm With increasing
pyrolysis temperature up to 280 °C, the peak a02d&" completely disappeared at
280 °C. This indicates that either all Si-H bondssér been consumed or that their
content is too low to be detected by Raman spemipys The sample heated between
350 °C and 520 °C exhibits a new peak at 1348'.cithis peak was assigned to
aliphatic chains CHCH, between two silicon atoms [19], providing furtteridence
for the consumption of Si-H by hydrosilylation réao between Si-H and Si-Vinyl

bonds [41]. The overall intensity of all peaks grallly decreases with increasing heat
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treatment temperatures (up to 650 °C). HoweverCl%-groups (2800-3000 ¢
persist to at least 650 °C. This agrees with tlselte obtained from mass spectrometry
analysis showing that above 600 °C the main evobeeslis CH arising from Si-CH
scission.

For the samples heated between 700 °C and 900h&CRaman spectrum is
featureless due to overlap of the fluorescencedracid that makes difficult to resolve
Raman signal. A reason for emission of the higterisity of fluorescence is the
presence of hydrogen saturated non-radiative remwmtibn centers [48]. In other
words, appearance of fluorescence is a consequénice presence of -CH bonds in the
derived residues [49]. Indeed, the presence ofduydr in the material is reinforced by
the evolving H gas detected by mass spectrometry when furtheingghe gel. Above
1000 °C, the characteristic bands of gfisordered carbon appear even though
fluorescence is still present. The two bands, namgeiphitic (G) band centered around
1600 cni and disorder induced (D) band at 1365'crre attributed to the free carbon
phase having turbostratic structure [50], in whicfew layers of graphene are stacked
randomly to each other. The G band is a resulb-gflane vibrations of all pairs of Sp
carbon either chains or rings, whereas the D barassociated to breathing mode of
aromatic rings [51]. The D band is forbidden infpet graphite, but it appears for
disordered carbon structured®oth the G and D bands appear as a broad mas$jf [52
which is an overlap of multiple defect bands nanily~ 1620 cnt), D” (~ 1500 cm
%, and T (~ 1200 ci) bands [53,54]. For comparison, the spectra haeen
normalized with respect to the G band intensityigure 6b. The fitting procedure of
the first order spectra was carried out using aosatoigt function for both D and G
bands, and a Gaussian function for the band ceh&r&540 cri that is assigned to %p

bonded carbons linked to heteroatoms, especiajgenx [55]. The intensity of the D

14



band increased with heat treatment temperaturettitmux et al. [56] showed by TEM
analysis that the g phase of most polymer-derived ceramics existsaaglstructural
units (BSU) of diameter lower than 0.7 nm.

Other peakcharacteristics, such as full width at half maxim{iHWM), and
the positions of the D and G bands provide strattunformation of the free carbon
phase [57]. For the samples heat-treated betwe@® %0 and 1500 °C, the FWHM of
D-band decreased from 152 ¢rto 60 cnt', and that of G band decreased from 65.5
cm? to 58.3 cnt. These results suggest the occurrence of clugterinfree carbon
phase as the treatment temperature rises [52]. knawn literature, the resulting black
residues are composed of several mixed phasegdgi@ell described by solid NMR
for the same type of materials derived from pyrslysf hybrid organic-inorganic
polymers [58],[20]. These black glasses are stratiju heterogeneous systems
containing excess free carbon. TA&i NMR analysis revealed various silicon
environments; SiC¢) SiG0,, SiGO, SiG, and SiQ. On further heating, the mixed
structural phases undergo rearrangements yieldiagntost stable condensed phases
such as Sig SiC, and free carbon phases.

Indeed, after 1500 °C heat treatment for 15 mim, smple exhibited the
characteristic peaks of SiC phase at 789 @md 916 cril, as shown in Figure 6b. The
formation of SiC is attributed to carbothermal téats involving the mixed metastable
phases Si(Dy, or SiQ sites and free carbon phase, according to equgtipr- (3)
[43],[20].

SiCOy ----- > SiC) + X CO + (y-x-1)C (2)
SiO, + 3C ---> SiQg) + 2COyg) 2

SiO(g) + 2C --->SiC(s) + CO(g) (3)

15



All these reactions involving free carbon phasellema mass loss accompanied by a
release of CO gas clearly shown by TG/MS (Figure &)d as a consequence, a new
organization of free carbon network occured.
3.3 Oxidation behavior of derived ceramics

In a first instance the oxidation behavior of pym&ld materials was tested in the
TGA apparatus in a flowing mixture of oxygen andidma (20 % Q in He). The
thermogravimetry analysis (Figure 7) clearly dentiated that oxidation behavior of
PDMS-derived materials depends on pyrolysis tentppgraAmong the three pyrolyzed
samples, the one previously heated at the lowegtdeature (1000 °C) exhibits a mass
loss, whereas a slight variation in mass gain @)3E found for samples pyrolyzed

above 1000 °C.

0 J—te— kB Skl —k— Ak g
Pyrolyzed at
1000 °C
24 —=— 1250 °C
g —— 1500 °C
(]
n
k=)
3 -4
]
=
-6

200 400 600 800 1000 1200 1400
Temperature (°C)
Figure 7Thermogravimetry analysis pblydimethylsiloxane (Sylgard184)-derived

ceramics in oxidizing atmosphere

It is well known that the oxidation of carbon-emméd oxycarbide materials
involves several elementary reactions shown by teng 4 to 10 [59,60]. These
reactions can occur either in parallel or in aesedf sequential reactions. Some of these

reactions lead to mass loss (equations 5, 6, T))3,whereas others produce mass gain
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(equations 4 and 9). It is worth noting that thacte®ns at the interface, as for example
equation 9, given off SiO that will rapidly reac produce Si@in the presence of

oxygen. TG gives the resultant variation of mas$y.o

—CH, + O, > -C=0 + HO @)
—C-H+0Q > CO, + H,0 (5)
Cree + O > CO (6)
Chree + CO 2 2CO (7)
SiC,0, + O; > Sio, + (CO, CQ) (8)
SiC + SiQ (at the interface in inner materig)2SiO + C (9)
3C + SiQ (at the interface in inner materié!)SiC + 2CO (20)

To better define the existence of several mixedsebaresent in the material,
the Temperature Programmed Oxidation (TPO) of POid&ved ceramic materials has
been achieved using TG coupled with MS analysibie TPO procedure allow us to
follow, simultaneously, the uptake of oxygen fronxed gas (20%@Helium) by the
sample, as well as the gases released during ttatimx reactions. Figure 8 illustrates
the TG-MS data generated from oxidation of the darppeviously pyrolyzed at 1500

°C.
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Figure 8Thermogravimetry coupled with mass spectrometrglgoted at 10C/min in
oxidizing atmosphere of PDMS previously pyrolyzets®0 °C

The material is not sensitive to hydrolysis and Baswn excellent oxidation
behavior over a wide range of temperatures (25 26800 °C). Only, a very small gain
in weight of ~ 0.35% is observed. Under linear imggtthe main oxidation products
detected were CQOm/z 44, 28, 12), CO (m/z 28, 12) and als®Hm/z 18, 17). It is
interesting to note that the TPO profile of £showed a series of peaks; one clear peak
at 932 °C with several shoulders (at 439 °C, 886ehd at higher temperatures ~1500
°C). Each peak represents a distinct reactivityesponding to a particular chemical
environment site.

One of the most significant advantages of the nuktisoits sensitivity to the
structural features of phases involved in oxidatieactions. However, further studies
by solid NMR and chemical analysis are requirebetier understand the chronological
order of the reactivity of the various S sites.

The mass gain seems more related with the oxidaticat least four different
environments of silicon (gL,0,). It can be noted that the carbon, present inl&&0

°C product, appears to be embedded in a continsibiosn oxycarbide phase and is not
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easily oxidized due to the formation of a proteetsilica layer that inhibits further
diffusion of oxygen. After oxidation, the structusé sgf carbon domains was revealed

by Raman spectroscopy as shown in Figure 9.

D
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Raman Intensity (A.U.)
[E=Y
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(e}
Sy
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I/l =152 3216

400 800 1200 1600 2000 2400 2800 3200
Raman Shift (cm’)
Figure 9 Comparison of th®aman spectra acquired from PDMS-derived

materials pyrolyzed at 1500 °C before and aftedatibn at 1500 °C

The Raman spectra of the samples pyrolyzed at P&)Obefore and after
oxidation at 1500 °C, are shown in Figure.9. Whatethe gaseous atmosphere of
thermal treatment, heating at 1500 °C facilitabesarrangement of $parbon domains.
After oxidation, no significant changes were degdcin the characteristic positions of
the two D and G-bands. Free carbon phase persists &ter oxidizing treatment at
1500 °C. However, thepllg ratio increased from 1.52 to 1.73. The increasang
narrowing of the D band in the oxidized sampledear evidence of an ordering of the
spf carbons leading to a better structural organinatibfree carbon phase. It is worthy
to mention that our Raman experiments were perfdratea laser power of AW in
order to avoid any local heating effects that cardifiy the characteristic of the two

bands [61].
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4. Conclusion

To date, little has been reported on the thermalhesion of commercially
available PDMS-Sylgard®184. The present work encsses the preparation of cured-
PDMS gels, their thermal degradation, the struttetzaracterization of resulting
materials at different stages of pyrolysis, andalfin their thermal resistance in

oxidizing atmosphere.

The crosslinked polydimethylsiloxane gel (Sylgadd4) undergoes physical
and structural changes when heated in an inert stheve. During the course of
pyrolysis, a large weight loss (49%) occurred betwé&50 °C and 600 °C due to the
cleavage of chemical bonds and depolymerizatiosilokane units as trimers or higher
degree cyclic oligomers. These reactions are veogmneon in pyrolysis of
organosiloxane polymers. The thermal degradati@vele a solid ceramic residue
consisting of free carbon phase embedded intoieosiloxycarbide matrix. Raman
spectroscopy showed the presence of the two cleaistct bands (D and G) of
disordered graphitic carbon in the residues.

Increasing pyrolysis temperature facilitates thenaeal of heteroatoms and
dangling bonds surrounding carbon cycles and thexdfavoring neighbouring carbon
cycles to lie and also the rearrangement and atient of carbon planes to take place.
Thus, the diameter in planejlof the free carbon phase increases with furthereiase
of pyrolysis temperature.

When pyrolyzed samples are subjected to oxidatlmmmass variation depends
on the treatment temperature of pyrolysis. The $asnpyrolyzed above 1250 °C are
remarkably resistant to oxidation and retains atmtbeir initial mass due to the

formation of SiQ layer at the surface of material. The Si@yer acts as a protective
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layer that prevents the oxygen diffusion. Therefararbon clusters are momently
protected against oxygen attack.

Polymeric derived materials approach may be consitias an elegant method
for producing composites in which nanometric caripbase is well dispersed into an
oxide matrix. Compared to traditional mixing or Ititey methods to produce
composites, there is no need to handle the indalighases or to mix them in a liquid
dispersion medium.

Preliminary results already published [23] have destrated the ability of
PDMS to form near net-shaped structures, and thssilpiity to vary terahertz
absorption coefficients of materials by changing lleat treating process.

The combination of these propertiesakes carbon-rich silicon oxycarbide
materials derived from hybrid organic-inorganic ypoers promising candidatesr
absorbers or also as black-body for terahertz thesources that can be used in hash
environments.
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