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A Study on Warpage Reduction of Polymer by Injection-Compression Molding
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1. Introduction

Carbon-based composites, especially carbon fiber
reinforcement polymer (CFRP) are widely used in
aerospace fields, such as in the structures of aircraft and
turbine engines [1-2]. Materials intended for use in space
environments must not only possess the physical
properties required for structural integrity but also exhibit
minimal changes in structural stability due to extreme
temperature fluctuations. Traditional metal and metal
alloys as structural materials used for aircraft have a higher
coefficient of thermal expansion CTE, Duralumin (22-24
x 10%/°C), Ti (8.6 x 10°%°C) , SUS 304 (17.3 x 10°%/°C)
than required in space environment which is under 5 x 10
6/°C and are heavy, which limits improvements in fuel
efficiency. The carbon composite materials, specifically
by incorporating CNT (carbon nanotubes) films with a
negative CTE at room temperature [3] can overcome the
limitation . In this study, the coefficient of thermal
expansion of CF/CNTF hybrid composite will be
investigated into the influence of temperature,
configuration and thickness of CNT films.

2. Experimental

el CH,, Catalyst (Sulfur, Ferrocene, Thiophene...)

Synthesis of CNTF
by FCCVD

(Floating-Catalyst Chemical Vapor Deposition)

*  Lower processing temperature (

By-product: H, (CH, — CNTF + H,)

Figure 1. Diagram of FCCVD for CNTFs

Carbon fibers were used in propre which supported by
Hankuk Carbon, CNT fibers and films are produced by
FCCVD (Floating Catalyst Chemical Vapor Deposition)
method in aluminum furnace.

The configuration will be CNTF/CF/CNTF/CF/CNTF
due to their mechanical and electrical properties. The
direction of CNTFs will be difference with each other. The

hybrid composite will be cured in an oven with sealed
sample in vacuum.

Figure 2. Sample with vacuum before curing in oven

Coefficient of thermal expansion of the compisite will
be measured by Thermomechanical Analyzer (TMA).

3. Summary and further work

Currently, only the mechanical and electrical properties
are check for basic configuration of the CF/CNTF hybrid
composite. The investigation of the coefficient of thermal
expansion of this composite material will be carried out
with the factors as below.

[ Temperature : Room temperature to 150 °C
= Configuration of CNTFs : Paller and Orthogonal
] Thickness of CNTFs : 1 — 30 pm
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1. Introduction

Low melting point In®' Bi*?® Sn!®? ternary alloy, which is
called as Field’s Metal (FM, melting point: 62 °C), have
garnered interest for use as a printing material due to its
versatility [1]. However, direct ink writing (DIW) of
metals remains as challenge due to the high surface tension
of metals in their liquid state. We modify rheological
properties of FM by embedding Sn particles with the assist
of sonication treatment. Moreover, we endow
ferromagnetic property to the FM by embedding iron
magnetic particle with the same method.

2. Materials and experimental methods

2.1 Specimen preparation

Sn particle embedded FM (Sn-FM) and iron particle
embedded FM (Fe-FM) are fabricated by sonication
process of bulk FM with particles in the HCI solution (1
wt.%, 62 °C). the sonication treatment of mixture is
applied for the 5 minutes.

2.2 Material characterization

The rheological properties of Sn-FM is conducted with
hybrid rheometer (DHR-2, TA instrument). Scanning
electron microscopy (SEM) and an energy dispersive X-
ray spectroscopy (JSM-7600F, Jeol) are used to evaluate
microstructure of the alloy specimens.

3. Results and Discussion

Improved
printability

retention

-,

Fig. 1. Sn-FM with modified rheological properties. (a)
Sn-FM before and after the sonication treatment. (b)

Shape retention of molten Sn-FM alloy due to the
modification of rheology

Fig. 1. showcases the fabrication process and modified
rheological characteristic of Sn-FM. Sn particles are
successfully embedded into the bulk FM by after a
sonication treatment. The fabricated Sn-FM exhibits
improved shape retention allowing for printing processes,
which enables the alloy to behave like paste.

Field's metal layer

Fig. 2. SEM microscopic images and EDS analysis of
FM layer casted on a Sn substrate

Fig. 2. shows SEM and EDS analysis of FM layer casted
on the Sn substrate. FM integrates seamlessly with the Sn
substrate creating thin, uniform layer (~50 pum). This
indicates that sonication induced wetting is promising
approach to incorporate particles into the alloy attributed
to the enhanced wetting.

4. Conclusions

Sonication-induced approach for modifying rheological
properties of eutectic alloy is proposed. The modification
of rheological property of FM is achieved by embedding
Sn particles.
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1. Introduction

Deployable structures have garnered significant attention
across various industries and academia, including
aerospace, architecture, and medical fields. This is due to
their ability to be efficiently stored and transported in a
compact form, and subsequently deployed to occupy a
larger volume at a desired location.[1] Representative
foldable materials include paper, polymers, and ultra-thin
glass, but most lack the necessary mechanical properties to
be employed as load-bearing structural materials.
Recently, some researches have been conducted to achieve
“foldable-yet-stiff”  materials ~ with  extraordinary
mechanical reliability and lightweight properties by using
fiber-reinforced polymer (FRP).[2] Nevertheless, there is
still a lack of research concerning the accuracy and
processability of the fabrication process of FRP with
complex structures.[3]

In this study, a novel Multi-Resin Dispensing (MRD)
process was developed to enable the use of FRP in
deployable structures. The process involved programming
the dispensing of various resins in specific patterns at
designated positions along the vertical axis. To meet the
mechanical requirements of deployable structures, the
FRP was designed with both rigid and flexible regions: the
rigid regions were composed of carbon fibers (CFs)
impregnated with a rigid epoxy, while aramid fibers (AFs)
impregnated with a flexible epoxy formed flexible regions.

2. Experimental

2.1 Materials

KFR-120V (rigid epoxy, Kukdo, Korea) and KFH-163
(hardner, Kukdo, Korea), 12K plain weave WSN 3KY
(208 g m?, CF, Hyundai Fiber, Korea) composed rigid
region. YD-171 (flexible epoxy, Kukdo, Korea) and G 640
(hardner, Kukdo, Korea), plain weave TW 150 (180 g m™,
AF, Taekwang, Korea) formed flexible region.

2.2 Fabrication

After applying the release agent to the mold, a preform was
prepared by stacking CFs and AFs. The foldable region
was fabricated by impregnating 1 ply of AF with a flexible
epoxy. In comparison, the rigid FRP region was produced
by impregnating 1 ply of AF and 2 plies of CF with rigid
epoxy. Rigid epoxy, and dimer acid-modified epoxy
(flexible epoxy) were mixed with their respective hardners

in ratios of 100:30 and 100:26. Subsequently, the mixed
resins underwent a degassing process in a vacuum oven at
60 °C for 20 min. Each resin was filled into a dispenser
syringe and dispensed onto the fiber preform according to
the programmed position. The upper mold was then
covered, and the FRP was cured in a 160 °C, 5 MPa hot
press for 30 min to obtain FRP with deployable
triangulated cylindrical origami (TCO) structure.

3. Results and Discussion

()

Tensile strength (MPa) &
Load (kgf)

7 RA
%

Ductile fracture  Brittle fracture

©  Rigid FRP Flexible FRP 0 5 10 s
Displacement (mm)

—— Rigid FRP.
—— Flexible FRP

ural strength (MPa) &

Load (kgf)

Flex

1 ==
Rigid FRP Flexible FRP 2 3 4 s
Displacement (mm)

Fig. 1. Tensile/flexural properties of rigid and flexural
FRP

Tensile and flexural tests were preformed to analyze the
mechanical properties of the FRP produced using the
MRD process. The results were demonstrated on Fig. 1.
The resulting tensile strength and flexural strength values
of rigid FRP measured were 371.6 MPa and 383.2 MPa,
respectively. In contrast, flexible FRP exhibited tensile
and flexural strengths of 180.4 and 24.0 MPa.
Flexible FRP demonstrated ductile failure rather than
brittle failure during tensile test, and it was folded to about
90 °, but no fracture occurred while flexural test.

[l
260 600 750 100
Bending cycle

Fig. 2. Durability test results of flexural FRP and
toughness of two FRPs
A durability test was performed on the flexible FRP using
the single cantilever mode by DMA and the results were
exhibited on Fig. 2. Despite being 2 mm thick due to the
inclusion of 8 plies of AF, it retained 89.5% of its initial

Rigid FRP Flexible FRP
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properties after undergoing a rigorous test involving 1,000
cycles at a strain of 1,000%.

The toughness, calculated from the area under the stress-
strain curve from tensile tests, was 7.49 J for the rigid FRP
but significantly higher at 14.48 J for the flexible FRP,
marking a 93% enhancement.

Those results confirmed that the flexible FRP is effective
in load-bearing, demonstrating its suitability as “foldable-
yet-stiff”” material.

4. Conclusions

A hybrid FRP that capable of deployment and folding was
fabricated using a novel MRD process. The new hybrid
FRP was “foldable-yet-stiff”, which was confirmed
through various measurement and analyses. These results
suggest that FRP will have broader applicability and utility
in industries such as aerospace, construction, and wearable
devices.

References

[1]S. D. Guest, S. Pellegrino, Acta Astronaut. 1996, 38, 103-113.

[2] H. Yasuda, C. Chong, E. G. Charalampidis, P. G. Kevrekidis,
J. Yang, Phys. Rev. E 2016, 93, 043004.

[3] J. O’Neil, M. Salviato, J. Yang, Compos. Struct. 2023, 304,
116376.

Acknowledgement

This work was supported by the Nano & Material Technology
Development Program through the National Research
Foundation of Korea (NRF) funded by Ministry of Science and
ICT (RS-2024-00412289).

- 118 -

Ho

4n 4 o= 1



20241 FHAE3A 25H5| 2A|EHAT3

2024 Fall Conference of the Korean Society for Composite Materials

Thermomechanical Optimization of PDMS-Based Composites with
Polydopamine-Coated Boron Nitride Nanosheets and Aramid Nanofibers

*Shin Woo Ryu' and Dong Gi Seong!?*
! School of Chemical Engineering, Pusan National University,

2 Department of Polymer Science and Engineering, Pusan National University
“E-mail: dgseong@pusan.ac.kr

Keywords : Thermal interface material, Aramid nanofiber, Boron nitride nanosheet, Ice template

1. Introduction

Efficient thermal management and vibration-dampening
properties are critical for wearable electronics and high-
performance devices [1]. Polydimethylsiloxane (PDMS)
has excellent damping properties with good viscoelasticity,
but its low thermal conductivity makes it difficult to apply
in advanced systems [2]. To address this issue, we propose
a method to improve the thermal and mechanical
properties of PDMS-based composites by incorporating
boron nitride nanosheets (BNNS) and aramid nanofibers
(ANFs). This study demonstrates the fabrication of PDMS
composites with improved heat dissipation and structural
integrity for electronic and wearable applications using
bidirectional freezing, which induces the vertical
orientation of particles.

2. Experimental

2.1 Materials : Hexagonal boron nitride (h-BN) powder
(MGP, Denka Co., Ltd, Japan) with a lateral size of ~10
um was used as a thermally conductive filler. ANFs,
derived from bulk aramid fibers (Taeckwang Industrial Co.,
Ltd., Korea), were used as structural reinforcement.
Dopamine hydrochloride (Sigma-Aldrich) was used for
polydopamine (PDA) coating on BNNS, while Sylgard
184 PDMS resin (Dow Chemical Company) served as the
matrix material.

2.2 Fabrication of Composites : PDA-coated BNNS (P-
BNNS) were synthesized by exfoliating h-BN powder
through sonication for 5 hours, followed by dopamine
polymerization. To prepare the ANF solution, KOH was
dissolved in deionized water, followed by the addition of
DMSO and aramid fibers stirring for 26 minutes. The P-
BNNS and ANF solutions were mixed and sonicated to
form a homogeneous dispersion. This dispersion was
transferred to a silicone mold and placed on a 15-degree
inclined copper block for bidirectional freezing, then
freeze-dried to create a P-BNNS/ANF (PBA) scaffold. The
PBA composite was fabricated by vacuum-impregnating
PDMS into the PBA scaffold and curing it.

3. Results and Discussion

The integration of P-BNNS and ANFs significantly
improved the thermal conductivity and mechanical

properties of the PBA composite. The thermal
conductivity of the PBA composite with the highest P-
BNNS content was 4.09 W/m'K, 23 times higher than that
of neat PDMS. The vertical alignment of P-BNNS allowed
the generation of continuous thermal pathways, greatly
enhancing heat dissipation. Thermogravimetric analysis
(TGA) revealed improved thermal stability, with the
decomposition onset temperature for PBA composite at
444.5 °C, compared to 378.1 °C for neat PDMS.

Compressive testing demonstrated a significant increase
in mechanical strength, with PBA composite exhibiting a
compressive modulus of 1.92 MPa compared to 0.42 MPa
for neat PDMS. The elastic recovery of the PBA composite
against repeated loads was confirmed by cyclic
compression, resulting in stable mechanical properties and
thermal conductivity.

The PBA composite also exhibited superior damping
properties. The increase in P-BNNS content led to a higher
loss factor (tand), which can be attributed to enhanced
energy dissipation at the P-BNNS and PDMS interface.

4. Conclusions

This study successfully developed PDMS-based
composites incorporating P-BNNS and ANFs, resulting in
significant enhancements in both thermal and mechanical
properties. The vertical alignment of P-BNNS and the
incorporation of ANFs provided excellent mechanical
reinforcement, ensuring durability under repeated
mechanical stress. The PBA composite exhibited superior
thermal conductivity, compressive strength, and damping
capabilities, demonstrating its potential as an advanced
TIM for applications in electronics and wearable devices.
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1. Introduction

In carbon fiber reinforced polymer (CFRP) composites,
the fiber/matrix interface plays a significant role in
strengthening materials where load is transferred between
fiber and matrix. One key mechanism for improving
interfacial bonding is mechanical interlocking, which
occurs between the matrix and the rough surface of the
fiber[1]. The objective of this investigation is access the
effect of roughness on the surfaces of carbon fibers in
adjusting interfacial interaction in CFRP composites by
using the 3D finite element method.

2. Methodology

2.1 Finite element modeling: Three distinct fiber surface
roughness profiles, obtained from AFM images with a
scan area of 500 nm x 500 nm, were acquired to develop
FE models. The detailed surface roughness characteristics
of carbon fibers are summarized in Table 1. The interface
between the fiber and matrix is modeled as a bilayer model,
where the height ratio of the fiber to the matrix is 1:1 with
perfect match at contact surface. For the analysis, a
boundary condition with zero displacement was defined at
all nodes of top surface of matrix. A displacement control
was applied to the bottom surface of carbon fiber in
various directions to study interfacial behaviors.

2.2 Constitutive modeling: All materials were assumed to
be linear-clastic and to have homogencous isotropic
mechanical properties. In FE simulation, surface-based
cohesive contact is used to describe the bonding between
the fiber and matrix by introducing traction-separation
cohesive behavior. For normal behavior, compressive
interactions between the contact surfaces are governed by
“hard” contact preventing penetration. Additionally, it is
assumed that the contact surfaces slide freely without
friction.

3. Results and Discussion

The model’s response under normal loading is
presented in Fig. 1, where the traction was calculated by
dividing the resulting nodal forces in the loading direction
of the top surface by the area. As shown in Fig. 1, the peak
stresses of the T7CF, T7CF27, and T7CF27P30 were
found to be 87.95, 90.94, 97.30 MPa, respectively. As
expected, the rougher surfaces led to an increase in
interfacial adhesion, because increased roughness can
supply larger contact area between carbon fiber and
matrix[2]. However, mechanical interlocking was not

observed in the normal loading direction, as no “hard”
contact occurred. In contrast, during transverse and
longitudinal loading, enhanced surface roughness
significantly improved interfacial behavior through strong
mechanical interlocking.

Normal loading direction

T7CF
——T7CF27
100 —— T7CF27P3(

80

60

Traction (MPa)

40

204

0 T T T T T
0 5 10 15 20 25 30

Displacement (nm)

Fig. 1. Traction on top surface under normal loading

Table 1: Detailed surface roughness of CF surface

Rq (nm)
Roughness X y
T7CF 4.11 1.48
T7CF27 4.14 2.13
T7CF27P30 5.59 3.59

4. Conclusions, and Future Works

This study investigates the influence of fiber surface
roughness on the interfacial adhesion of CFRP composites.
The results confirm that increasing surface roughness
enhances interfacial performance under various loading
directions. Future work will focus on incorporating
plasticity and damage behavior into the materials to better
understand failure mechanisms at the interface.
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1. Introduction

Progress in sustainable development is resulting in
heightened use of clean and renewable energy sources in
place of fossil fuels. Nevertheless, renewable energy sources
like solar and wind power require extensive energy storage
systems to stabilize production and effectively utilize them
in practical applications [1-6]. The vanadium redox flow
battery (VRFB) is crucial in energy storage systems due to
its benefits, including limitless storage capacity, reliable
performance, prolonged lifespan, and design versatility. The
VRFB comprises critical components such as bipolar plates,
electrodes, membranes, and electrolytes. The energy
efficiency of the VRFB mostly depends on the interaction
between vanadium ions and the electrode [8]. Carbon-based
materials such as carbon felt (CF) and graphite felt are
frequently employed as electrode materials due to their
affordability, chemical stability, porous structure facilitating
electrolyte flow, and excellent electrical conductivity. The
main drawbacks of carbon-based electrodes are their
insufficient electrochemical activity and low wettability.
This research developed a composite electrode of MXene
reduced graphene oxide (MXene-rGO-CF), and carbon felt
for application in the vanadium redox flow battery (VRFB).
MXene-rGO-CF composite is designed to increase the
kinetics of redox couples.

2. Experimental section

2.1 Fabrication of the composite electrode: Firstly,
graphene oxide (GO) was first used to create reduce
graphene oxide (rGO) by heating it at 150°C for 6 hours.
Afterwards, four distinct temperatures 130°C, 150°C, 170°C
and 180°C for 8 hours were used to make MXene-rGO
composites.

2.2 Characterization: Experimental methods are utilized to
investigate the electrocatalytic performance and mass
transport  properties of the resultant electrode.
Electrochemical impedance spectroscopy (EIS), X-ray
diffraction (XRD), Raman spectroscopy, cyclic
voltammetry (CV), and X-ray photoelectron spectroscopy
(XPS) were employed to thoroughly analyze the materials.

3. Results and Discussion

The CV profiles for bare CF and specimens fabricated at
different temperature regarding the vanadium redox process
at 5 mV/s in a electrolyte are depicted in Fig. 1. It signifies
that carbon felt functions as an inert electrode demonstrating
low electrochemical activity for the redox reaction. The
composite samples are ordered according to their peak
currents as follows: MXene-rGO -CF-150C > MXene-
rGO -CF-180C > MXene-rGO-CF-170> MXene-rGO-
CF-130C> Bare CF is relevant to both reduction and
oxidation reactions. The decrease in electrochemical
polarization of the bare CF electrode can be attributed to the
active sites on the surface of carbon fibers.

010 ~
Bare

0.08 - | —43ceceen

0.06 —150°C-8h
170°C-8h

0.04 \
180°C-8h

Current (A)

T T S IS B B |
0.2 04 06 0.8 1.0 12 14 1.6

Potential (V)

Fig. 1. CV profiles of bare CF and MXene-rGO-CF at
different temperatures.

4. Conclusions

This study proposes a pathway for the development of high-
performance electrodes that could significantly enhance the
comprehensive efficiency and durability of VRFB systems.
Our research indicates that the composite synthesized by
initially synthesized rGO at 150°C for 6 hours, followed by
the MXene-rGO composite at 150°C for 8 hours, exhibited
substantial performance. This electrode demonstrates
exceptional performance over 120 battery cycles. Stability
with a coulombic efficiency of 96.5%, a voltage efficiency
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of 86%, and an energy efficiency of 85% respectively, at a
current density of 100 mA/cm? The enhanced efficiency and
stability be attributed to the improved synthesis conditions,
which augment the synergy between MXene with reduced
graphene oxide (rGO) yield enhanced electrochemical
properties. The research examines the importance of
temperature optimization in hydrothermal synthesis.
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1. Introduction

Advancements in sustainable development are leading to
increased utilization of clean and renewable energy sources
over fossil fuels. However, renewable energy sources such
as solar and wind power necessitate the wuse of
comprehensive energy storage systems to stabilize energy
production and efficiently harness them in real-world
situations [1-6]. The vanadium redox flow battery (VRFB)
is significant in energy storage systems because of its
advantages such as infinite storage capacity, consistent
performance, extended lifespan, and design adaptability [7].
The VRFB has essential components like bipolar plates,
electrodes, membrane, and electrolytes. The energy
efficiency of the VRFB mostly relies on the interaction
between vanadium ions and the electrode [8]. Carbon-based
materials like carbon felt (CF) and graphite felt are
commonly utilized as electrode materials because of their
cost-effectiveness, chemical stability, porous structure for
electrolyte flow, and high electrical conductivity. The
primary disadvantages of carbon-based electrodes are their
inadequate electrochemical activity and poor wettability.

This study created a borophene and carbon felt
composite electrode for use in the VRFB. Borophene, a two-
dimensional nanosheet, has been recognized as a promising
electrode material for high-performance vanadium redox
flow batteries (VRFB). A morphological and structural
analysis has been conducted to determine the growth of
borophene on the surface of carbon fibers in carbon felt..

2. Experimental section

2.1 Fabrication of the composite electrode: Borophene
was manufactured using ultrasonication in an atmosphere of
nitrogen. The borophene carbon felt composite electrode
(B-CF) has been produced using the hydrothermal reduction
of an aqueous borophene dispersion. A Teflon-lined
autoclave had been used with 130 mL aqueous dispersion of
borophene at a concentration of 2 mg/mL at 120°C. The
autoclave was operated at an respective temperature for 14
hours. Subsequently, the specimen underwent the
carbonization procedure at 900 C. Subsequently, the B-CF
was rinsed with deionized water.

2.2 Characterization: A cyclic voltammetry test was
conducted to evaluate the electrochemical performance of
the electrode in the battery. XPS research was performed to
examine the surface functional groups. Scanning Electron
Microscopy (SEM) study was conducted to examine the
morphology of the electrode material.

3. Results and Discussion

The CV profiles for bare CF, PANi-rGO-CF-1,2,& 3 CF
towards VO,"/VO," redox reaction at 5 mV/s in 0.5M VO?*
+ 3.0 mol/L H,SO4 electrolyte is shown in Fig.1 . It indicates
that carbon felt serves as an inert electrode exhibiting
minimal electrochemical activity for the VO2+/VO2+ redox
process. The peak currents for the composite samples are
ranked as follows: B-CF-120°C > B-CF-150°C >  B-CF-
90°C > Bare CF, applicable to both reduction and oxidation
processes. The reduction in electrochemical polarization of
the electrode can be ascribed to the active sites on the surface
on carbon fibers.
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Fig. 1. CV profiles of bare CF and borophene-CF at
different temperatures.
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4. Conclusions

This study successfully produced a borophene carbon felt
composite electrode for vanadium redox flow batteries
(VRFB). The electrochemical activity of the redox reaction
was enhanced in the composite reaction relative to the bare
carbon felt. The study illustrates that borphene enhances the
electrocatalytic activity of carbon felt. The borophene
promotes fast charge transport and homogeneous dispersion
of electrons and ions within the electrode. The active sites
with heteroatoms enhances the remarkable electrocatalytic
efficacy in vanadium redox reactions. The VRFB exhibits
significantly superior performance overall.

References

[11 JW Lim et al. J. Intell. Material Syst. Struct. 29: 3386-3395,
2018.

[2] JW Lim et al. Compos Struct. 134: 927-949, 2015.

[3]JW Lim et al. Compos Struct. 134: 483-492, 2015

[4] JW Lim et al. J. Vis. Exp. 128: 55815, 2017

[5]1JW Lim et al. Compos Struct. 108: 757-766, 2014

[6] Zhangxing He et al. Carbon 127 (2018) 297-304.

[7] Ghimire et al. Carbon 155 (2019) 176-185.

[8] Kim et al. Materials Chemistry and Physics 131 (2011) 547—
553.

7
8

Acknowledgement

This study was supported by the KIST Institutional Program
(Project No. 2Z06890-23-P052) and Guwon Scholarship
Foundation (No. 2023-12-01). Their support is greatly
appreciated.

- 130 -

Ho

4n 4 o= 1



20241 FHAE3A 25H5| 2A|EHAT3

2024 Fall Conference of the Korean Society for Composite Materials

SHANR ET OlMTE 29 75
ol ojxE &

Ead 7 EF/0FA SEAE A

sl it of 7

Study on microstructure model construction of carbon fiber tow and their effect on
tensile strength of carbon fiber tow/epoxy composites

o5 1 eIl o[X|2 ' o[&F ', Nils Maximilian Demski 2, Holger Seidlitz 2, ZlAds™
“S.H.Lim !, W.V.Kim !, J.LE. Lee !, J.H. Lee ', N.M. Demski 2, H. Seidlitz %, S.S. Kim '*

1

rot

F=asty| a2l 7| A28t 2 Fraunhofer IAP PYCO center

*E-mail: seongsukim@kaist.ac.kr

Keywords: Carbon fiber tow, Microstructure, Fiber distribution, Fiber interlacing, Tensile strength

1. M2
g st BdAEE =2 VA4 B4
g o w vk Hek fofel] HEEHi glon,
gaAF B Ule] EtHe wAlFRR <l
AR 71A4 &4 BE8] A567] od &
A7 ). o] & HEY] Y3 wlola R FAFH

A

o
o\
i
o
o
N
flo
wW
24
(o
e
1
o

Fg9n Qo
dolel tlEye] ¥E3ha
ARl Qrk. web 71E 23

&Y o e HoA4s 7=

£

X A% AR 7 H A= AR
Ao wg AR sTE. olE ¢8|
w7 BA 7 o|u|X] ZZ2AY S 7T
32 Frol Aol BaxMF I Y-S
2-Roll-mill A& 7dtslsict. H=s}
HIE o 2 BEAAMf ES AT x RS
B f 2 SR F ES/EA] S AR

-
w54 Astskel 4T BAE BHSHY

ol FI it X H o 2o

ro 9B o X by

2.2 EIANR 1o M "HII
gads nd ARE gRdon #E7] 96
2-Roll-mil

d=eS JlstE Ago] mglol EAstE H Aol A
AFA (Fiber breakage)o] wAlglttar 71483},
olF 7o ® UAHZ H£LZ olFdtE ESUL F
el E8 AlolE Ay 7 ek ¢hEHE S
We= 3la, 27 ES A gin) Abd e A A
H &S AEete] A nd AES 104 H7Eskad ok

—_o

ASTM D3379-75 A1 & ¥ 3} ASTM D4018-99 A A H S
ZIRto 2 747t g 9 '@ R Eg/0EHA
g o s =45

=

.

3. 848

g2 B vAGRY] AP H7bE 7Ivte=
Uniform distribution model¥} Core-shell model<
AT [1]. e A w2, 92 719 F
9 e 7 HAEE 71X += Uniform distribution
modelo] ©EAAF EF/AZFZA H}ARY =2
A Ardd 71ods Aoz FRlsirt.

Non-
twisted
part
Interlaced
part

Case 1: Case 2:
Uniform distribution Core-shell

Fig. 1. CF arrangement model

]
kl
A
i

—
—
—
w2

H Lim, et al. Compos Sci Technol.256:110786, 2024.

=7

= ATE MASHAR T} SR MAT T E Y0l XY
o A A A R 2 X [ AL (ol 2/ 4A) (P0017307) 22
TAHE AFA TR,

- 131 -

Ho

4n 4 o= 1


mailto:seongsukim@kaist.ac.kr

20241 FHAE3A 25H5| 2A|EHAT3

2024 Fall Conference of the Korean Society for Composite Materials

Cross-ply Bt 7/0| ZA| S 2o & Al 74 2=t M7 Ful 28 H3t
E£dE st FELT| A HE JtsMof e AT
Study on the Applicability of Gutoski Equation through Measurement of Fluid
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1. Introduction

Fossil fuel use in transportation has significantly impacted
Earth's climate, prompting the search for eco-friendly
energy alternatives. Hydrogen has appeared as a
sustainable energy source[l, 2] and that resulted in the
investment in hydrogen technology around the globe.
Hydrogen is typically stored in a Type-III pressure vessel
consisting of a metallic liner and composite overwrap. The
dome geometry plays a crucial role in the design and
performance of pressure vessels, significantly influencing
stress distribution [3] and safety management. Various
dome shapes, including hemispherical, Isotensoid,
paraboloid, and ellipsoid configurations, each impart
distinct stress patterns [4-6] and affect the vessel's bursting
pressure. The choice of dome shape not only impacts the
vessel's ability to withstand internal pressures but also
influences material efficiency, weight distribution, and
manufacturing complexity. Engineers must carefully
consider these factors to optimize the vessel's structural
integrity, safety margins, and overall performance. By
selecting the most appropriate dome geometry, designers
can enhance the vessel's resistance to failure.

2. Modeling of Type-III pressure Vessel

2.1 Generation of Finite Element Model:

Dome shape was generated following the parabolic pattern,
different slopes were assigned for different shapes. Using
Eq. (1) different dome geometries are generated in order to
find the interlaminate stresses generated, these dome
geometries are given in Fig.1. Each dome accurately
replicated the vessel’s geometry and filament winding
pattern, including winding angles and layer thickness. This
detailed approach allowed for precise analysis of the
vessel's structural behavior under various conditions. A
finite element model was developed in ABAQUS (6.20,
SIMULIA, France) to analyze stress variations in
hydrogen pressure vessels with different dome shapes.

2.2 Calculating thickness and angle change in Dome
part:

Node data of the elements was used to calculate the
element's slope and determine the helical layer angle at
that point using Eq. (2). Also with the changing geometry
the thickness also changes in the dome part and is
measured following the winding pattern.

Fig. 1. Different dome shapes

3. Results and Discussion

As the geometric structural changes and it changes the
winding angle of the layers the angles increase as we move
towards the port part. Also for accurate modeling of the
pressure vessel accurate thickness prediction in the dome
part is very curtail, the layer thickness also increases with
the dome part. In this study we studied different dome
shapes of the pressure vessel to see the effect of dome
shape on the interlaminate stresses generated and from that
data decide a suitable dome shape for the pressure vessel.

y= 1—(f)m><b (1)

a = tan~

rif' ri)—f (ri)
! @)

/‘*‘ [fr@i))?  friZcotan®—[f (ri)]?

4. Significance and Future Works

This study can help select an appropriate dome shape for
the pressure vessel. After an appropriate shape of the dome
part the authors would like to find an optimized winding
pattern for the vessel to further improve the stresses levels
and reduce the weight and cost of the pressure vessel.
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1. Introduction

Epoxy/alumina composites are emerging as attractive
materials due to their high thermal conductivity and
electrical insulation properties, making them ideal for
applications requiring efficient heat dissipation [1].
Despite their increased use, the curing kinetics of high
alumina content epoxy composites remain under-
studied in isothermal conditions. Most research relies on
dynamic DSC tests, citing the epoxy’s low reactivity, the
method's simplicity and speed. However, since real-
world curing is largely isothermal, validation under
these conditions is essential. [2]. This study investigates
the validity of isothermal and dynamic DSC tests for
modeling the curing kinetics of epoxy/alumina
composites, aiming to provide more accurate insights
into their behavior during the curing process.

2. Experimental

2.1 Materials

The Epoxy/Alumina composites used in this study
consists of Araldite® B 41 CI unmodified Bisphenol A
resin, Aradur® HT 903 CI anhydride hardener from
Huntsman Corporation (USA). Alumina are then mixed
to form the composite to study the influence of alumina
filler on the curing behavior.

1.2  Determination of Curing Behavior

The isothermal temperature in the DSC test ranges from
140°C to 220°C (Q20, TA Instruments, USA) wherein
the samples are held until the heat flow curve reaches
convergence. The results of the isothermal tests are
fitted to the Kamal-Sourour (KS) cure kinetics model in
MATLAB (R2023b, MathWorks, USA) [3]. For the
dynamic DSC tests, multiple different temperature ramp
rates ranging from 1°C/min to 15°C/min are used. The
results of the analysis are used to fit the modified Sestak-
Berggren (SB) equation with the reaction rate
determined via the Kissinger method [4].

- 138 -

3. Results

As shown in figure 1 (left), the KS model exhibited a
better agreement with isothermal experimental results at
various temperatures compared to the SB model. This is
potentially due to the lower apparent activation energy
of the KS model. However, the results also showcase the
superiority of the SB model when modeling the curing
behavior at the dynamic regime.

0B

Sestak-Berggran
= Kamal-Sourour
——Experimental

Degree of Cure

02

120 140 160

1] 20 40 B0 B0 100
Time (min)

Temperature ("C)
=
Degree of Cure

02
0 20 40 60 80 100
Time (min)

Figure 1 Model Comparison during Isothermal Cure at 170°C (left)
and Dynamic Cure at 2.5°C/min (right) for 70 wt% Alumina/Epoxy
Composite

The result also showcases a good agreement between the
KS model and the dynamic test results until the
temperature reaches around 200°C, indicating the
validity of the model at lower temperatures. Beyond this
temperature, the KS model underestimates the degree of
cure of the composite due to the heat generation loss at
the initial part of the isothermal DSC experiments which
can be attributed to the thermal lag induced by the high
heat capacity of the alumina filler.
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4. Conclusion and Future Work

A comparative analysis of the KS model from
isothermal DSC and the SB model from dynamic DSC
was conducted. The KS model showcased good
agreement with experimental data obtained under
constant temperatures. However, the model showcased
discrepancies at elevated temperatures in the dynamic
regime.

Future work will explore the impact of varying alumina
content on cure kinetics and establish guidelines for
selecting dynamic or isothermal DSC based on alumina
content and curing conditions.
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Fig. 1. 3D printing schematic and printed parts of GF-rPP
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A Study on Separable Multifunctional Integrated Structures for Drag Reduction and
Enhanced Impact Resistance of Underwater Vehicles
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Hydro-pressure buckling analysis of sandwich structure with corrugated core
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Effects of thermal fatigue loading imitating space environment on the shear response
of high-modulus fiber-reinforced composite materials
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224 SAHE AAGS mm x 3 mm)Z} I 27 E CT i e bl i)

28 AlE (5 mm x 5 mm) 2.2 7} 313l Tk (2) (b)
=e° ( ) °o” Fig. 2. Stress-Strain curve of (a) HAHA, (b) TAHA
2.2 I 2 53 AH

g1 2 35 23S Fig. 1(b)9} 2o A& 2 E(SH- Table 1 Normalized In-plane shear test results
DO-360FG, A& ):; Abg-3le] o) 195 °C7FA] 71 gk

Axial Stress (MPa)
Axial Stress (MPa)

o Specimen HAHA
F aheol A 35°C7kH) JZHsreeh. sk ¢ H4 S
K ! ! i Cycles 0 200 | 400 | 600 | 800 | 1000
Hd 10003] WHEsielom, ZF 2003] wiek 7] A1H
o -Tq- /R] A H] n /\7(] HJ90 =7 ’8}03 q_ Peak Stress 1.00 0.73 0.71 0.66 0.57 0.53
E Y ‘—'—. T T = = .
© == e Failure Strain | 1.00 | 074 | 071 | 067 | 057 | 058
10 - cycle Temp vs time mesaure Axial Stiffness 1.00 0.95 0.96 0.93 0.95 0.94
é w0 Specimen TAHA
£ ‘u"uuu’luun Cycles 0 200 | 400 | 600 | 800 | 1000
£ Peak Stress 1.00 | 088 | 079 | 071 | 0.66 | 0.61
: O ey Failure Strain | 1.00 | 090 | 079 | 072 | 059 | 058
(a) (b) Axial Stiffness | 1.00 | 098 | 1.00 [ 095 | 099 | 0.99
Fig. 1. (a) Thermal fatigue loading test specimens (b) 10
cycle Temp vs time measure graph. 4. ZE 4 S5 A E
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Enhancing fuel cell performance through stack structure design
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Fig. 1. (a) Anode and (b) Cathode flow field modeling
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Fig. 2. Singel cell simulation results
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Development of analytical model and impact-resistance structural technology for
improving the safety of composite overwrapped pressure vessels
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Fig. 1. Modelling detail of pressure vessel.
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