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Abstract—In this study, an ablation, mechanical and thermal
properties of a rocket motor insulation from phenolic/ fiber matrix
composites forming a laminate with different fiber between fiberglass
and locally available synthetic fibers. The phenolic/ fiber matrix
composites was mechanics and thermal properties by means of
tensile strength, ablation, TGA and DSC. The design of thermal
insulation involves several factors.Determined the mechanical
properties according to MIL-1-24768: Density >1.3 g/cm3, Tensile
strength >103 MPa and Ablation <0.14 mm/s to optimization
formulation of phenolic binder, fiber glass reinforcement and other
ingredients were conducted after that the insulation prototype was
formed and cured. It was found that the density of phenolic/fiberglass
composites and phenolic/ synthetic fiber composite was 1.66 and
141 g/cm3 respectively. The ablative of phenolic/fiberglass
composites and phenolic/ synthetic fiber composite was 0.13 and
0.06 mm/s respectively.
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|. INTRODUCTION

OMPOSITE materias that are resistant to ablation can be

used as components in rocket and space shuttle. Hot gas
generated from combustion within the combustion chamber of
the rocket will have a temperature of 2000-4000 °C that is
very high temperatures [1-2]. Duringthe hot gas flow through
a pipe to nozzle of rocket motor to drive the rocket to the goal
[3-4].As a result the corrosion has occurred. Thus the
insulation must be resistant to heat and friction corrosion as
well.

Phenol-Formaldehyde or phenolic resin, the oldest
thermosetting  polymers.Phenolic resins are oligomers
synthesized by repeatedly linking phenolic monomers with
aldehyde chemicals. The influence of several variables have
been studied for the synthesis of phenol by many different
authors using different analytical techniques. Phenolic
resincan be used as heat insulation. They are resistant to heat
and chemically stable. Because of the structure of Phenilic
Resin has the high crosslinking density. Therefore, the
phenolic resin is used in the rocket and the Space
Shuttle.Because the properties of the phenolic composite has
good heat resistance.Resole phenolic resin chemistry is that in
the presence of an excess of formaldehyde in the mixture[5-7].

Phenolic resin and the fibers formed by the compression
and drying. Process is called forming a laminate fibers used to
form many types of Glass Fiber carbon fiber, and Aramid
Fiber when you are forming a phenolic composite.
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The phenolic and composite the ablation due to excessive
heat will result in the char density of the area to be heated,
which is a great feature of the insulation of the past research
has studied the types of phenolic and resin and fibers [8]. The
basic features are suitable for use as insulation for nozzle of
the rocket motor.

The study of materials with mechanical properties of heat
and corrosion, it was found that the polymer matrix composite
as a result the increase in tensile, flexura, ablation, high
thermal property therma and high structure stability when
compare with other material.ln this study, an ablation,
mechanical and therma properties of fiber/phenolic matrix
composites forming a laminate.

Il. METHODS

A. Materials

The commercial available resole phenalic resin was TGCI
company with commercial code PL-2346, PL-9236B and PL-
9236C. Table | shown the summarizes main properties of
resole phenolic resin. Both fiber type was Woven Roving (Wr
600) and synthesis fiber from GRE composite company.

TABLEI
THE PROPERTY OF PHENOLIC RESIN

Resole Phenolic

Density@ 25°C(CP)  Gel time (T=140°C)

resin
PL-2346 200-400 2545
PL-9236B 220-300 37
PL-9236C 800-1200 4-7

B. Measurements

Ablation rate was measured using oxygen and acetylene
ablation testing equipment according to ASTM E285.

The mechanical properties were measured by means of a
universal testing machine (Instron 8801) according to S/H
H2059)

Therma gravimetric anaysis (TGA) was performed over

the temperature range 30-850°C on a Mettler Toledo
TGA/SDTA 851° thermal analyzer at a heating rate of

20°C/min under a nitrogen atmosphere.
Differential Scanning Calorimetry (DSC) was performed on

Mettler Toledo DSCL1 at a heating rate of 20°C/min under a
nitrogen atmosphere.

Fourier-transform infrared spectroscopy (FTIR) was
performed with a Spectrum One FT-IR spectrometer a a
resolution of 4 cm™.
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C. Preparation of Phenolic/Fiber composite

The results of the characterization of phenolic and resin by
using FT-IR showed a double bond (1595.66 cm™, 1699.47
cm?), among the hydroxyl in (3350.62 cm™) and Mu. akyl
(2978.70, 2938.83, 1456.38 and 1368.03 cm™) from H-NMR
analysis showed that the type of aromatic compounds (& = 6.8-
7.2 ppm), alkanes (& = 4.5 ppm). and an aldehyde (6 = 9.2
ppm).

Preparation of phenolic composite by bringing fiber layer
size at 30 x 30 cm and mixed with resole phenalic resin at
750g and is mixed in the same manner until the 10th layer as
showninFig.1 and Fig.2
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Fig. 1 Geometrical details of target configuration for composite
laminates

Fig. 2 Phenolic composite forming laminates

Phenolic composite was forming laminate and put into the
oven at 60 °C for 2 h and then heated to 120 °C for 2 hours
and heated again to 160 °C for 2 hours as shown in Fig. 3
After that bringing to study Ablation, mechanical and thermal
properties.
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Fig. 3Typicd process proceduresfor fibe/phendic composte

I11. RESULTSAND DISCUSSION

A.  Mechanical properties
Therma insulation for rocket motors. Determined the
mechanical properties according to MIL-1-24768 by the
density is more than 1.3 g/cm?, the tensile strength is more
than 103 MPa, and the ablation property is less than 0.14
mm/s.The Density of al fiber/phenolic composite are more
than 1.3 g/cm® as shown in Fig.4 and all fiber glass/phenolic
composite has density more than synthetic fiber/phenolic
composite aswell. The Density of all fiber/phenolic composite
are more than 1.3 g/lcm® as shown in Fig.4 and al fiber
glass/phenolic composite has density more than synthetic
fiber/phenolic composite as well. While tensile strength of PL-
9236C/fiber glass composite and PL-9236C/synthetic fiber
composite are the best condition according MIL-1-24768
standard as shown in Fig.5.
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Fig. 4 Density of fiber/phenolic composite
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Fig. 5 Tensile strength of fiber/phenolic composite

B. Ablation properties

The ablation rate was measured using oxygen and acetylene
ablation testing equipment according to ASTM E285. Is
shown in Fig.6 and to caculate the ablation rate to the
following equation (1) is.

. thickness
ablation rate =

ablation time (1)

From Fig.7 shown that result of the ablation rate is less than
0.14 mm/s according MIL-1-24768 at al composites while the
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ablation rate of synthetic fiber composite is less than fiber
glass composites about 50%. From PL-9236C/fiber composite
is the best composites for thermal insulation because the
tensile strength is higher than other composite.
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Fig. 6 Test specimen of ablation test
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Fig. 7 Ablation of fiber/phenolic composite

C. Thermal stability

The study is a comparison between the therma stability of
PL-9236C/fiber  glassand  PL-9236C/synthetic  fiber.
Thermogravimetric Analysiss TGA is shown in Figure
8.Found that the phenolic/fiber glass composites is the second
decomposition reaction a first, 300 -580 °Cof organic
compounds with high molecular weight and the second , 590-
670 °C. While the phenoalic/synthetic fiber composite is the
decomposition reaction at temperatures of 600-680 °C and at
800 ° C, the char was 46.2 percent, indicating that the phenolic
[/synthetic fiber composite components were not degraded. The
reason for the improved char layer ablative performance was a
physica barrier of the system. While the burning char aso
serves as insulation to protection thermal of the surface. When
studies the therma properties by using DSC (Differentia
Scanning Calorimetry) found that the reaction heat at the
temperature about 230 °C, indicating that the crosslinking
reaction. Which the phenolic is shown in Fig 9. The result
suggests that use of phenolic/synthetic fiber composite as
reinforcement in a composite may improve the thermal
insulation in nozzle of rocket motor.
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Fig. 9 DSC curves of PL9236C/fiber glass andPL 9236C/synthetic
fiber

IV. CONCLUSION

The design of thermal insulation involves severa factors.
The result found that the mechanica properties of
phenolic/fiber glass composites and phenolic/ synthetic fiber
composite according to MIL-1-24768. The tensile strength of
PL-9236C/fiber glass compoasite and PL-9236C/synthetic fiber
composite better than other composite. However the PL-
9236C/synthetic fiber composite is the best composites for
thermal insulation because have good the tensile strength and
good the thermal stability. The result suggests that use of
phenolic/synthetic fiber composite as reinforcement in a
composite may improve the thermal insulation in nozzle of
rocket motor.
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