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Abstract
In the present studies, silicon based low-density ablative material has been studied for its ablative performance to protect flight 
hardware from temperature raises due to aerodynamic forces for a longer duration. The oxyacetylene flame test estimates 
ablative properties at 100–120 W/m2 heat flux. The time duration for the flame test is taken 200 s. The material shows low 
mass and linear ablation rate with high ablative effectiveness. The degradation kinetics of silicon ablator is studied by Thermo 
Gravimetric Analysis (TGA) method. Non-isothermal TGA is performed in the temperature range of 30 °C to 900 °C at vari-
ous heating rates, viz. 5, 10, 15, and 20 °C/ min. Knowledge of the kinetic parameters of thermal decomposition is used to 
predict the degradation kinetics of the material at high heating rates, which the ablator faces during aerospace applications. 
During ablation, the silicone ablative material consists of a virgin zone, reaction zone, and char zone. These are explained 
by kinetic parameters determined with the help of free software called Kinetic Calculation.
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1 Introduction

Ablation in ablative materials is a complex phenomenon, and 
much research has been done on this subject [1–6]. Ablation 
is an effective and reliable process primarily used in flight 
structures to protect the hardware from high external temper-
atures. Knowledge of degradation kinetics help in modeling 
of ablation phenomenon. In ablation, the heat is dissipated 

through thermochemical degradation reactions. As a result, 
char is formed on the material's surface, which becomes a 
barrier between the virgin material and the hyperthermal 
atmosphere. It prevents direct plume contact with virgin and 
gives transpiration cooling at the same time. Elastomeric 
ablative materials are widely used for thermal protection in 
aerospace applications. Some examples of elastomeric sys-
tems are nitrile butadiene rubber, styrene-butadiene rubber, 
silicone rubber, EPDM, etc. The most used reinforcements 
are carbon, glass, ceramic fibers, and thermally stable fill-
ers [7]. As ablative materials are critical to the safety of 
flight structures, it is necessary to investigate their ablation 
behaviors in advance. In this work, ablative properties and 
kinetics of degradation of a low-density ablative material 
based on silicone matrix and hollow glass microspheres as 
filler [8, 9] are studied by oxyacetylene flame test (OFT) and 
thermogravimetric analysis (TGA). OFT gives an insight 
into the ablation rate and ablative effectiveness. The oxya-
cetylene flame test is simple, cost-effective, and valuable in 
estimating ablative materials' thermal processes [10, 11]. At 
the same time, the TGA of materials allows us to calculate 
hypothetically the time required for the degradation of mate-
rials at the desired temperature, which leads to calculating 
kinetic parameters. These kinetic parameters help analyze 
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decomposition rates at various temperatures. The Commit-
tee of International Confederation for Thermal Analysis 
and Calorimetry (ICTAC) offers guidance for obtaining 
kinetic data for the thermal decomposition of inorganic sol-
ids and thermal and thermo-oxidative degradation of poly-
mers and composites. These recommendations for kinetic 
measurement are focused on thermal analysis methods such 
as Thermogravimetric analysis (TGA), Differential scan-
ning calorimetry (DSC), and Differential thermal analysis 
(DTA) [12]. Currently, isoconversional methods are widely 
used because it assumes that the rate of reaction does not 
change with the variation of heating rate and depends only 
on temperature. It involves temperature measurements for 
the constant degree of conversions at different heating rates 
[13, 14], and kinetic software is available for calculating 
kinetic parameters [15–17]. The estimated kinetic parame-
ters activation energy and pre-exponential factor are utilized 
to generate plausible degradation mechanisms for ablative 
material.

2  Experimental

2.1  Raw Materials

Sylgard 184, a commercially available Vinyl terminated sili-
cone resin from Dow Corning, is used as the matrix material. 
It is a two-part system. Part A is low viscous resin (viscosity: 
3500–5500 cps), and Part B is a hardener / cross-linking 
agent. When both parts are mixed in a 10:1 ratio by weight, 
respectively, it polymerizes with a cured density of 1.03 g/
cm3. The HGMs of K-25 grade from 3 M India Ltd is used 
as filler. Karstedt’s catalyst (from Sigma Aldrich) is also 
purchased. Primer SS-4155 is purchased from Momentive 
India Ltd.

2.2  Sample Fabrication for Property Evaluation

Sylgard 184, part A (100 g), and part B (10 g) are mixed in 
a ratio of 10:1 by weight. 40 g of HGM particulates are rein-
forced slowly in the resin by mixing with hands. Karstedt’s 
catalyst (0.01 g /10 g of resin) is added to the mixture [9]. 
The composite mixture is then sprayed on a square type of 
metal plate (Mild steel) of size 120 × 120 × 3.5  mm3. The 
ablative material is coated on the substrate with a 5 mm 
thickness. The application of ablative material by spraying 
method is given in our earlier studies [9]. Now castings can 
cure at room temperature for about 3–4 h. 08 samples are 

prepared for analysis, of which 07 plates are kept for OFT, 
and from one plate, the coating is scratched out for TGA 
analysis.

3  Instrumentation

3.1  Oxyacetylene Flame Test (OFT)

The nozzle is typically placed on the sample's surface at a 
distance of 40 mm from the sample surface, and the flame 
impinges precisely at the center of the sample. The heat 
flux maintained is 100- 120 W/cm2 through the regulation 
of flow rates of oxygen and acetylene. This is kept con-
stant throughout the experiments. The test is conducted for 
200 s, and the substrate back wall temperature is measured 
by placing a K-type thermocouple on the back side of the 
substrate. The schematic diagram of the OFT setup is given 
below in Fig. 1.

After the test, samples are visually inspected to check 
char layer formation and ablative layer intactness to the sub-
strate. The charred layers are removed such that unaffected 
layers are observed. The thickness and mass of the sample 
are then taken. The ablative parameters—Linear Ablation 
Rate (LAR), Mass Ablation Rate (MAR), and Ablative 
Effectiveness (AE) of ablative materials are determined.

3.2  Thermal Properties

The non-isothermal TGA experiments at different heating 
rates (5, 10, 15 & 20 °C/min) are performed using a thermo 
gravimetric analyser (TA instrument, model TGA–55). 
Approximately 10 mg of finely powdered sample is placed 
in a small platinum crucible for each run under an air atmos-
phere with a 60 ml/min flow rate. The instrument collects the 
weight loss variation concerning the time and temperature 
automatically and is determined through the TA universal 
analysis software. The experiments are done multiple times 
under identical conditions to confirm the reproducibility of 
the results. Thermal stability in the material is studied con-
cerning its thermal degradation behavior as a function of 
time and temperature.

The open-source software Kinetic Calculation [15] has 
been used to calculate kinetic parameters and generate 
kinetic equations of thermal decomposition. This is a user-
friendly software that allows calculating kinetic parameters 
using by Vyazovkin method [18] and Flynn–Wall–Ozawa 
(FWO) method [19, 20]. The software has a provision for 
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dividing the entire process into multistage decomposition 
processes and accurately calculating the mechanism's func-
tion, which is not dependent on the models. The following 
equations are used for kinetic parameters:

Vyazovkin method

FWO method

4  Results and Discussions

4.1  Thermal Stability

Thermo-oxidative degradation profiles of ablative material 
are recorded in the temperature range from 30 °C to 1000 °C 
at varying heating rates of 5, 10, 15 & 20 °C/ min, and the 
results are given in Fig. 2. The shifting of Thermogravi-
metric (TG) curves of the material to higher degradation 
temperatures with the increase of heating rate is a general 
phenomenon for thermally activated processes. The degra-
dation is a multi-step process, and variation in heating rate 

(1)
d�

dT
=

A

�
.e−Ea∕RT .�m(1 − �)n − ln(1 − �)p

(2)ln(β) = ln

(

AEa

Rg(α)

)

− 5.331 − 1.052

(

Ea

RT

)

does not affect the pattern for degradation. In this thermo-
oxidative degradation, the weight change of ablative mate-
rial is minimal up to 350 °C due to the loss of volatile con-
tents present in the material. After that temperature range 
of 350 °C – 440 °C shows another degradation step. A rapid 
weight loss in ablative material is started after 440 °C at 
all four heating rates. This may be considered the primary 

Fig. 1  Schematic diagram of 
OFT setup

Computer for data 
acquisi�on

Water tank 
for cooling

Sample 
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Water 
circula�on

Air cylinderAcetylene 
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Fig. 2  Thermo-oxidative degradation profiles of ablative material at 
different heating rates
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and final degradation process. After 630 °C, the weight loss 
started diminishing slowly, and weight residue was constant.

The char yield at 990 °C is approximately 53% to 57% 
and is not affected significantly by which heating rates. This 
residual mass is correlated well with the quantity of inor-
ganic filler used in the ablative compound [21]. The first 
derivatives of the TG (DTG) curves obtained for ablative 
material are shown in Fig. 3 at different heating rates.

As the heating rate increases, the onset and end set deg-
radation temperatures are also increasing. It is observed 
from the DTG plots that below 350 °C, the rate of thermal 

degradation is low. The maximum degradation rates are nar-
row in the temperature region of 525 to 571 °C at all heating 
rates. After the maxima, the decomposition is slow again 
until it finishes at the final degradation temperature. The 
volatile/moisture evaporation region and end set of degrada-
tion are identical for all heating rates.

Nevertheless, the heating rate affects the maximum 
and minimum points of DTG curves which are shifted 
towards higher temperatures as the heating rate increases. 
This phenomenon can be explained based on heat transfer 
limitation. At a low heating rate, a large instantaneous 
heat is provided, and a long time may be required for the 
purge gas to reach equilibrium with the temperature of the 
furnace or the sample. In the same temperature region, 
there is a short reaction time at the higher heating rate, 
and the temperature needed for the sample to decompose 
becomes higher. This causes the maximum rate curve to 
shift to the right [22, 23]. Yang Xue et al. reported similar 
results of maximum degradation temperature for silica-
filled silicone rubber composite [24].

4.2  Kinetic Studies

Kinetic studies are done using Kinetic Calculation software 
[15] which uses Vyazovkin and FWO methods. In order to 
verify the results given by the software, the FWO method, 
as per ASTM E1641, is also used. First, the software is run 
for the entire temperature range (35 – 986 °C).

Fig. 3  Derivative TG (DTG) curves of ablative material at different 
heating rates

Fig. 4  Kinetic parameter for temperature range 35 – 986 °C
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The screenshot of the results is given in Fig. 4. The 
overall activation energy  (Ea) calculated by the Vyazovkin 
and FWO methods are 120.53 and 144.05, respectively. 
Ea's dependency on the conversion degree is also shown 
in the top right corner. This also confirms that the thermo 
–oxidative degradation is not a single-step process. The 
bottom right corner plot shows the correlation between 
experimental and calculated data. The relative error 

(18.2%) is greater than 10%, indicating a multi-step deg-
radation mechanism [25].

The kinetic equation for the whole process can be written 
as

(3)
d�

dT
=

2 × 10
8

�
.e−120530∕RT .�0.1(1 − �)1.24

Fig. 5  Kinetic parameter for temperature range 34 – 431 °C

Fig. 6  Kinetic parameter for temperature range 431 – 631 °C
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Now the software is run in three different temperature 
ranges 34–431 °C, 431–631 °C, and 631–831 °C. The 
results are shown in Figs. 5, 6, and 7. In Figs. 5 and 6, the 
relative error is less than 10%, indicating that these steps 
are single-step mechanisms. However, in Fig. 7, the rela-
tive error is more than 10%, and activation energy is low 
compared to earlier steps. It indicates the ending of the 
degradation process with multiple steps.

The kinetic equations for all the steps can be written as.
Temperature range 34 °C—431 °C

(4)
d�

dT
=

117.99 × 10
10

�
.e−145800∕RT .�0.3(1 − �)1.47

Temperature range 431 °C—631 °C

Temperature range 631 °C – 831 °C

The activation energy is also calculated as per ASTM 
E1641 (FWO method) at various conversion degrees. Here 
the graph has been plotted between the log of the heating 
rate and the inverse of temperature. The slope of the graph 

(5)
d�

dT
=

1.7 × 10
9

�
.e−129460∕RT .�0.1(1 − �)1.2

(6)
d�

dT
=

1.7 × 10
9

�
.e−31410∕RT .�0.1(1 − �)1.2

Fig. 7  Kinetic parameter for temperature range 631 – 831 °C

Fig. 8  Log of heating rate vs. inverse of the temperature plot Fig. 9  Activation energy with the degree of conversion
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calculates the Ea for each degree of conversion. The results 
are shown in Figs. 8 and 9.

This also gives similar results as from software and confirms 
multistep thermo-oxidative degradation of ablative material.

4.3  Ablation Studies

The oxyacetylene flame test is done on three samples, and 
the averages of the three results are given in Table 1.

where,

di   is the initial thickness of the sample in mm

df  is the final thickness of the sample after the test in mm 
and

t  is the time of the test in seconds

mi  is the initial mass of the sample in grams,

mf  is the final mass of the sample after the test in gram

Hf  is the heat flux applied to the sample in W/cm2 (J/
sec-cm2)

ρ  is the density of the sample in g/cm3

l   is ablation or char depth in cm

 The low linear and mass ablation rate and high abla-
tive effectiveness show that the material has good prop-
erties. Figure 10a is coated sample before the test. The 
SEM images were taken before and after the oxyacetylene 
flame test (Fig. 10b and c). The test results show before 
the test (Fig. 10b) that the HGMs are primarily intact and 
dispersed in the resin, but the HGMs are not intact. They 
are broken and eroded (Fig. 10c).

4.4  Thermal Decomposition Mechanism

After the ablation, the material consists of the char layer, 
the reaction zone, and the virgin layer, as shown in Fig. 11 
below.

The char layer generates porosity, and hot gases are 
released after the material's decomposition. The char con-
tains mainly silicon dioxide, which is confirmed by FTIR 
and EDX analysis of char. The FTIR spectra (Fig. 12) show 
absorption peaks of stretching at 1261  cm−1 and 1075  cm−1, 
bending at 795  cm−1 and rocking at 590  cm−1 wave number 
of the Si–O-Si bonds in  SiO2 [26].

The EDX analysis also shows more silica content than 
carbon compared to virgin material. (Fig. 13 and Table 2).

The thermo-oxidative degradation occurs in the reaction 
zone, and its mechanism has been elaborately reported in the 
literature. It follows the Andrinov mechanism for releasing 
volatile oxidation products and forming silicon dioxide, as 
mentioned in Fig. 14 [27, 28].

The significant events in the thermo- oxidative degra-
dation of vinyl silicones are the first initial wt loss due 

Table 1  Oxyacetylene test results of ablative material

Properties Value Formula

Linear Ablation rate 0.039 mm/sec LAR =
di−df

t

Mass Ablation rate 0.050 g/sec MAR =
mi−mf

t

Back Wall Temperature 104 °C at the end of 200 s
Ablative effectiveness 

(J/g)
9.05 ×  104 J/g AE =

Hf × t

�× l
  

Fig. 10  Coated sample and SEM 
images of ablative material

(a) Coated Sample (b) Before the test (c) After the test

Char Layer
Reac�on Zone
Virgin Layer

Fig. 11  Schematic diagram of ablative material after ablation
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to solvent removal. The second stage, decomposition at a 
temperature range of 350 to 440 °C where weight loss is 
approximately 12%, may be assigned to the vinyl group's 
breakage and side chains. The third-stage decomposi-
tion (i.e., in the temperature range of 440 to 630 °C) is 
due to the dimethyl siloxane unit of the silicone, where 
weight loss is about 30%. This decomposition happens 
in the reaction zone, and the weight residue is constant 
due to the formation of a hard silica char layer. The rela-
tively low activation energy also indicates that side chain 

Fig. 12  FTIR spectrum of char after ablation

(a) Virgin (b) Char

Fig. 13  EDX spectra of ablative material before and after ablation

Table 2  Elemental composition of Ablative material

Type of atoms Elemental Composition %

Before Ablation After Ablation

C K 34.69 10.03
O K 31.33 43.37
Na K 2.03 2.28
Si K 27.74 37.98
Ca K 4.21 6.34
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cleavage occurs in thermo-oxidative degradation because 
-Si–O- has high bond energy. The reaction between car-
bon residue and silica is reported at the 1250–1750 °C 
temperature range [29]. These endothermic reactions 
(Fig. 15) may occur in the char layer and contribute to 
transpiration cooling [30].

5  Conclusion

A simple oxyacetylene flame test studies a silicone low-
density ablative material's ablative properties for a lengthy 
application and kinetic parameters are determined using 
open-source software. The ablative properties show low 

linear and mass ablation rates with high ablative effective-
ness. So the material is a good candidate for thermal pro-
tection of flight hardware in long-duration applications. It 
is tried here to predict the kinetic model for degradation by 
thermo gravimetric analysis. The kinetic degradation model 
is in good agreement with the experimental values shown 
by the software. The dependency of activation energy with 
degree conversion also shows the multistep degradation 
process, and a similar conclusion has been reported in the 
literature.

Acknowledgements The authors thank the GITAM and DRDL man-
agement for their encouragement to carry out this study.

Author Contributions Mrs. Sujatha Maddu and Mrs. Tanu Srivastava 
carried out all experimental analyses and mathematical modeling of 
thermal properties in this research paper. Dr. Naresh Kumar Katari 
participated in designing the work and drafting the manuscript. Dr. 
Karuna Sree Merugu performed the statistical analysis. Prof. Rambabu 
Gundla did the theoretical analysis and reviewed the manuscript. Dr. S. 
Krishna Mohan helped in comparing theoretical and experimental test 
results. All authors read and approved the manuscript.

Funding This research received no specific grant from any funding 
agency.

Data Availability No further data and materials are available.

Fig. 14  Thermo-oxidative 
degradation mechanism of 
polysiloxane O Si

CH3

CH3

O O O Si

CH3

CH2OOH

O Si

CH3

OH CH2O

CO H2

O Si

CH3

CH3

O Si

CH3

CH3

O Si

O

CH3

/O2

SiO2

SiO + CO + 147000 caloriesSiO2 + C

Si + 2CO + 157000 caloriesSiO2 + 2C

SiC + 2CO + 137000 caloriesSiO2 + 3C
3SiO + CO + 304000 calories2SiO2 + SiC

Fig. 15  Reactions between silica char and carbon residue



3608 Silicon (2023) 15:3599–3608

1 3

Declarations 

This article does not contain any studies with human or animal subjects.

Competing interests The authors declare no competing interests.

Research involving Human Participants and Animals This article does 
not contain any studies with human or animal subjects.

Statement on the Welfare of Animals This article does not contain any 
studies with human participants or animals performed by any authors.

Consent to Participate I, Naresh Kumar Katari, on behalf of all 
authors, hereby declare that we participated in the study and develop-
ment of this manuscript.

Consent for Publication I have read the final version and consent for 
the article to be published in your esteemed journal.

Conflicts of Interest The authors declare that no known conflicts of 
interest are associated with this publication.

References

 1. Fengyi W, Zhixiong H, Yang L, Yunxia L (2016) Novel cardanol-con-
taining boron modified phenolic resin composites: Non-isothermal 
curing kinetics, thermal properties, and ablation mechanism. High 
Perform Polym 1–10. https:// doi. org/ 10. 1177/ 09540 08316 64119

 2. Paglia L, Genova V, Marra F, Bracciale MP, BartuliT C, Valente 
GP (2019) Manufacturing, Thermochemical characterization 
and ablative performance evaluation of carbon-phenolic ablative 
material with nano-Al2O3 addition. PolyDegraStabi 169:108979. 
https:// doi. org/ 10. 1016/j. polym degra dstab. 2019. 108979

 3. Schellhase KJ, Koo JH, Wu H (2018) Experimental Characteriza-
tion of Material Properties of Novel Silica/Polysiloxane Ablative. 
J SpaceRoc 1-10. https:// doi. org/ 10. 2514/1. A34044

 4. Bahramian AR, Kokabi M, Famili MHN, Beheshty MH (2006) Ablation 
and thermal degradation behaviour of a composite based on resol 
type phenolic resin: Process modeling and experimental. Polymer 
47:3661–3673. https:// doi. org/ 10. 1016/j. polym er. 2006. 03. 049

 5. Tadini P, Grange N, Chetehouna K, Gascoin N, Senave S, Reynaud 
I (2017) Thermal degradation analysis of innovative PEKK based 
carbon composites for high-temperature aeronautical components. 
Aero Sci Tech 65:106–116. https:// doi. org/ 10. 1016/j. ast. 2017. 02. 011

 6. Jaramilloa M, Koo JH, Natali M (2014) Compressive char strength 
of thermoplasticpolyurethane elastomer nanocomposites. Poly 
Adv Tech. https:// doi. org/ 10. 1002/ pat. 3287

 7. Natali M, Kenny JM, Torre L (2016) Science and technology of 
polymeric ablative materials for thermal protection systems and 
propulsion devices: A review. Prog Mater Sci 84:192–275. https:// 
doi. org/ 10. 1016/j. pmats ci. 2016. 08. 003

 8. Srivastava T, Katari NK, Ravuri BR, Gundla R, Mohan SK (2021) 
Influence of Filler Content on Thermo-Physical Properties of Hol-
low Glass Microsphere- Silicone Matrix Composite. Silicon: 1-11. 
https:// doi. org/ 10. 1007/ s12633- 020- 00869-5

 9. Srivastava T, Katari NK, Krishna Mohan S, Rama Krishna C, 
Ravuri BR (2022) Studies on hollow glass microsphere reinforced 
silicone matrix composite for use in fast curing low-density ther-
mal insulation coating applications. Fibers and Polymers 23:175–
183. https:// doi. org/ 10. 1007/ s12221- 021- 0566-0

 10. Miller-Oana M, Neff P, Valdez M, Powell A, Packard M, Walker 
LS, Corral EL (2015) Oxidation Behavior of Aerospace Materials 
in High Enthalpy Flows Using an Oxyacetylene Torch Facility. J 
Am Ceram Soc 1–8. https:// doi. org/ 10. 1111/ jace. 13462

 11. Sheu S-M, Chu H-T, Chou J-H (2011) Experimental Study of 
Ablative Materials by Oxyacetylene Flame Flow System. J Propul 
Power 27:1108–1113. https:// doi. org/ 10. 2514/1. B34055

 12. Vyazovkin S, Chrissafis K, Lorenzo MLD, Koga N, Pijolat M, 
Roduit B, Sbirrazzuoli N, JosepSuñol J (2014) ICTAC Kinetics 
Committee recommendations for collecting experimental thermal 
analysis data for kinetic computations. ThermochimActa 590:1–
23. https:// doi. org/ 10. 1016/j. tca. 2014. 05. 036

 13. Vyazovkin S (2006) Model-Free Kinetics Staying free of multiply-
ing entities without necessity. J Ther Ana Cal 83:45–51

 14. Vyazovkin S (1997) Evaluation of activation energy of thermally 
stimulated solid state reactions under arbitrary variation of tem-
perature. J Compu Chem 18:393–402

 15. Drozin D, Sozykin S, Ivanova N, Olenchikova T, Krupnova T, 
Krupina N, Avdin V (2020) Kinetic calculation: Software tool for 
determining the kinetic parameters of the thermal decomposition 
process using the VyazovkinMethod.SoftwareX11:100359(1–7). 
https:// doi. org/ 10. 1016/j. softx. 2019. 100359

 16. Akts-thermokinetics version 5.11 (2019) In: Advanced kinetic and 
technology solutions. http:// www. akts. com. Accessed 8 Jan 2023

 17. Kinetic analysis of chemical reactions (2019) https:// kinet icsne 
tzsch. com. Accessed 8 Jan 2023

 18. Sergey Vyazovkin (2015) Isoconversional Kinetics of Thermally 
Stimulated Processes. Springer International Publishing Switzerland.

 19. Ozawa T (1965) A new method of analyzing thermogravimetric 
data. Bull ChemiSoci Japan 38:1881–1886. https:// doi. org/ 10. 
1246/ bcsj. 38. 1881

 20. Flynn J, Wall L (1966) General treatment of thermogrvimetry of 
polymers. J Res Natl Bur Stand 70A:487–523

 21. Marinovic-Cincovic M, Jankovic B, Jovanovic V, Samarzija-Jovanovic 
S, Markovic G (2013) The kinetic and thermodynamic analyses of 
non-isothermal degradation process of acrylonitrile–butadiene and 
ethylene–propylene–diene rubbers. Composites: Part B45 321–332

 22. Brown M (2001) Introduction to Thermal Analysis: Techniques 
and Applications. Springer International Publishing Switzerland

 23. Gallagher PK (1998) Hand book of thermal analysis and Calorim-
etry, vol 1. Elsevier, Principal and Practice

 24. Xue Y, Li X-f, Zhang D-h, Wang H-s, Chen Y, Chen Y-f (2018) 
Comparison of ATH and  SiO2 fillers filled silicone rubber com-
posites for HTV insulators. Compo SciTech 155: 137–143. https:// 
doi. org/ 10. 1016/j. comps citech. 2017. 12. 006

 25. Long Q, Xia Y, Liao S, Lia Y, Wu W, Huang Y (2014) Facile 
synthesis of hydrotalcite and its thermal decomposition kinetics 
mechanism study with masterplots method. Thermochim Acta 
579:50–55. https:// doi. org/ 10. 1016/j. tca. 2014. 01. 016

 26. Luna-López JA, García-Salgado G, Díaz-Becerril T, Carrillo 
López J, Vázquez-Valerdi DE, Juárez-Santiesteban H, Rosendo-
Andrés E, Coyopol A (2010) FTIR, AFM and PL properties of 
thin SiOx films deposited by HFCVD. Mater SciEngi B174:88–92

 27. Jones RG, Ando W, Chojnowski J (2000) Silicone containing 
Polymers. Kluwer Academic Publishers

 28. Dvornic PR (2004) High Temperature stability of Polysiloxane, Silicon 
Compounds: Silanes and Silicones, GelestCatalog, 300-A 419–431

 29. Meng Zhong C, Wenhua W (2007) Thermal properties study on 
the ablation materials of inorganic silicon compound from organo-
silicone in high percent conversion. Chin Sci Bull 52: 2048-2053

 30. Martin et. al Carbon and silicone Polymer Ablative Liner Material. 
US patent 5212944

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds 
exclusive rights to this article under a publishing agreement with the 
author(s) or other rightsholder(s); author self-archiving of the accepted 
manuscript version of this article is solely governed by the terms of 
such publishing agreement and applicable law.

https://doi.org/10.1177/095400831664119
https://doi.org/10.1016/j.polymdegradstab.2019.108979
https://doi.org/10.2514/1.A34044
https://doi.org/10.1016/j.polymer.2006.03.049
https://doi.org/10.1016/j.ast.2017.02.011
https://doi.org/10.1002/pat.3287
https://doi.org/10.1016/j.pmatsci.2016.08.003
https://doi.org/10.1016/j.pmatsci.2016.08.003
https://doi.org/10.1007/s12633-020-00869-5
https://doi.org/10.1007/s12221-021-0566-0
https://doi.org/10.1111/jace.13462
https://doi.org/10.2514/1.B34055
https://doi.org/10.1016/j.tca.2014.05.036
https://doi.org/10.1016/j.softx.2019.100359
http://www.akts.com
https://kineticsnetzsch.com
https://kineticsnetzsch.com
https://doi.org/10.1246/bcsj.38.1881
https://doi.org/10.1246/bcsj.38.1881
https://doi.org/10.1016/j.compscitech.2017.12.006
https://doi.org/10.1016/j.compscitech.2017.12.006
https://doi.org/10.1016/j.tca.2014.01.016

	Studies on Ablative Performance of Silicone Low-Density Ablative Material
	Abstract
	1 Introduction
	2 Experimental
	2.1 Raw Materials
	2.2 Sample Fabrication for Property Evaluation

	3 Instrumentation
	3.1 Oxyacetylene Flame Test (OFT)
	3.2 Thermal Properties

	4 Results and Discussions
	4.1 Thermal Stability
	4.2 Kinetic Studies
	4.3 Ablation Studies
	4.4 Thermal Decomposition Mechanism

	5 Conclusion
	Acknowledgements 
	References


