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Abstract

This research is aimed to develop a highly processable carbon fiber prepregs based on ternary
mixture matrices of benzoxazine, epoxy, and phenolic resins. The epoxy acts as a reactive diluent and
crosslink enhancer of the termary system while the phenolic resin can function as a polymerization
initiator for the polybenzoxazine and/or a hardener for the epoxy resin. The effects of the resin
mixture composition on processability, thermal, mechanical, and some physical properties for the

composites such as cure temperature, flexural strength, and thermal stability are characterized. The

resin composition was varied using diffi \ Tihss ratios i.e. benzoxazine/epoxy/phenolic (BEP)
equals 361, 362, 363 and 364 A “viscosity of the matrices decreases with
increasing epoxy mass fract itic th@ phenolic novolac mass fraction

effectively resulted in the d systems. These results can be

ak | pograms to lower temperature,

seen from the shift of

Processability and gel poi g Fourier Transform Mechanical

Spectroscopy (FTMS). It § l\ ravide a relatively wide range of

processing window from 50t elty iscosity for a long period time. In

addition, BEP362 show th Sy process due to low melt viscosity

i.e. 1.4 Pa.s at 100°C and can el igless i S : 'n\' & glass transition temperatures of the

above four temary systems are of approximately 150-165"C with BEP362

showing the highest Tg Qf 165°) an be kept at room temperature (~33°C)

with minimal effect ongils processability i a hittle change s : bf the resin (less than 25%

conversion of BEP362 v snposition of the ternary systems

Tl

J‘l carbon fiber prepregs 15 BEP362, J

for making high processa flexural modulus and flexural
strength of the car ﬁb:r—rr.ﬁ&cd BEPHE ata mma 5% volume of the fiber in cross-ply
orientation and w nhurut 68 GPa and 1,156

MPa r:spwtwcly [ huneycumb structyre from r:ari:ohf iber-BEP362 preprees is found to be

mmﬁuwa-awa=ﬂuﬁﬁswﬂ~f}%ﬂa 1
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Abstract

In this work, devices for producing honeycomb structure, a machine for applying
adhesive patterns to produce HoBE (Honeycomb Before Expansion) and a machine for expanding
HoBE to form hexagonal honeycomb structure, were designed and made. The honeycomb
structure was produced from Nomex410 p-apm‘@ (0.05 mm thickness) by the adhesion bonding,
adhesive was epoxy resin, and the expansion process. Using the devices, honeycomb structures
were produced, and its average de 1 '

\!

structure, 9.21 mm, is smaller q_ S1ET5) [he expansion angle is 49.5 degree. After

37 kg/m3. The average cell size of honeycomb

3 days, honeycomb structurg WS mt-stablegwithent @R Coati g to reinforce the structure. When
the cell size and angle of™He hoafietmb stn :credeed, its density increased. So liquid
phenolic resin will be uséd inforcement. Next properties of

the honeycomb structun and shear strength.
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Development of Carbon Fiber Based Prepregs for Honeycomb Core Material and

Prototype Device for Making Honeycomb
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11191311 pumifvesTagaenind@ndsznnaqmouivians [1.47)

Reinforcment Glass aramid Carbon Steel Aluminium
fiber uUuD UD high alloy
WR roving modulus
Resin polyester Epoxy Epoxy - -
Post-cure 16 h40°C | 180°C 180°C . -
Fiber Volume Fraction 0.32 0.60 0.60 - -
Property
Specific Gravity - 7.8 28
Tensile Strength (MPa) 450 300
Tensile Modulus (GPa) 207 70
Tensile Elongation to
Failure(%) 45 -
Compression Strength (N - -
Compression Modulus (GF, - -
Flexural Strength (MPa) - -
Flexural Modulus (GPa) 190 - -
Shear Strength (MPa) 65 330 180
Shear Modulus (MPa ™ BO 26

y_
3.1.2 ﬂ'imng (Prep
‘Hﬂ‘ﬂau Hou1IN Pre- rcg:rmtmn U350 Pre- -impregnated  Material
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Tensile Modulus (psi)” . 4300 | saxio® | 18sw1c° :

IR RN T |
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M3 3.1.3 audRveaduluyiiamag(1.47]

Specific Tensile Specific
Specifi ; modulus modulus
Reinforcement P y GPa 10°m
Glass
E glass L 72.4 29
S glass i 7 85.5 3.5
Boron on tungsten J -
substrate & Pz 400.0 15.5
Graphite : 2]
High strength 450 | i : 262.0 14.8
High modulus 1.94 - 3 10.9 380.0 19.9
Intermediate 4 i [ o~ 1860 109
Organic fiber
aramid m . 5 124.0 8.8
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1. PAN (polyacrylonitrile)
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[1.3]
Elongation at
break (%)
Precursor
PAN 0.6-2.5
Pitch 9 0.3-0.9
Rayon ~1.0 ~2.5
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3. Orientati in Dunng Graphmzatmn

ﬂlyl 19 ﬁﬁwm ﬁnﬂ;‘]ﬁ?mmﬂﬂi
w*ﬁuﬂqmﬁqm’gamn ﬂﬁm:muuﬁﬂmawnﬂ'lﬂn mioez lansvaissatuiivumly
T A

“q ﬂ m 1y ATy voudule

ﬂ1mnuﬂ‘tmmlﬁu11J'iﬁwmuﬂ1 i Tudanaudsatusanuudasweadulonrfuoud
19 PAN dumsdatuamnsaiiu 1dfaud 0.5-43 GN/m’ fweadavesdimnsadi 1ddaud
270580 GN/m® Faouugidoyavinmevaceumuiifdnaveaudulomiveunszeivga
disanninmaiants Tnadves Tuanalusgniumssdanszawldmunuevoudul
Faumsinssideyatildndnmeadindiolumsdsanum doyamiaiFanavedu
Tomsuowin it Idifusundovosiaduly



10

maafi 3.1.5 gumninveadlamuenyiia PAN base [1.47]

High Strength High Ultra
Modulus High
TR Modulus
92-94 >09 =009
Carbon content, wit%s
1.7-1.83 1.8-1.9 1.9-2.1
Spcmﬁc gr&"ﬂt}" 7-8 8-9
Filament Diameter, Llm 340-380 520-550
Tensile Modulus, GPa 72-74 1.8-1.9
Tensile Strength, GPa 0.6-0.7 0.3-0.4
Tensile Elongation 15 3
Tuughnr.ss. MPa 9-10 6-7

Electrical Resistivity, LLC)/m

Longitudinal Coefficient o -0.9
Expansion, 10 m/(m*K)
Range of Available Tow Counj 1-12 <]
Thousand Fiber/Bundle
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Properties BA-a epoxy phenolic

Flexural Modulus (GPa) 4.5 2.9 -
Flexural Strength (MPa)
Strain at break (%)

119 -

4.5

Impact strength
(J/m, 3.2mm thick)
Density (g/ce)

Monomer 1.28
Polymer
Coeff. Thermal expansion
oL (10”em’/em’ °C)
B (10%cm/em “C)

Te ('C)

65
170

— - sl ol
b 19 Tl eiAmsvugUna
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Film route : 2 steps process

g matrix

coating head matrix film
release paper
Step 2 - ’° l #
reinforcen

a":,‘_"'-__

—_—
’-‘"
J’J; i\hm o

o = .
AN .

° release paper

;ﬂi"; 3.1.9 54 LN [1.44]

Bath route
ﬂ u Emlp::%ure w ﬂ o iper or polyethylene film release
,qq 3 #‘ﬁﬂ‘i-‘ 5_\:3-‘ ‘l‘- ) ‘ : a

A ..

° paper or polyethylene film release

matrix bath

sUn 3110 m*:ﬁu;d wimand Ae35isAumal [1.44]
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HONEYCOMB SANDWICH WITH PREPREG SKINS

Prepreg skin

Adhesive film
(optional)

Honeycomb
(or foam)
Adhesive film
(optional)
Prepreg skin
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ominal thickness (mil) 5 3 10 15
(mm) | 0.05 | 0.08 | 0.25 | 0.38 | Test method
. + )]
Typical thickness = . | 25 | 3.1 | 102 | 152
(mm) | 0.06 | 0.08 | 0.26 | 0.39 | ASTM D-374
Basis weight (g/m?) 41 | 63 | 249 | 397 | ASTM D-646
ensity (g/cc) 0.72 | 0.8 | 0.96 | 1.03
[gf,‘;ﬂ; stength 1y 85 | 450
- 252 | ASTM D-828
Elongation (%) 19
14 | ASTM D-828
Elmendorf tear (N) o - 5
S |
1 72 | TAPPI-414
Initial tear ? " 116
strength (N) i85 74 |ASTM D-1004
Shrinkage M -"‘__f 0.3
at 300 ¢ (%) XD I8& 0.1 | 0.2
MD = Machine directio e
XKD = Cross directi
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Degradation Temperature ("C)
Resins Char Yield (%)
5% weight loss 10% weight loss

BEP361 382 393 24.8
BEP362 29.6
BEP363 32.1
BEP364 34.0

BA-a' 25.0
BA-35X" 30.0
Epoxy’ 10.5
Phenolic' \ \ 55.0

/ 22\
Rﬁf Kampangsacm:N ey : '«-'4'[_"};'1- i al substituted Composites from

Polvbenzoxazin ¢ aster 5 dg i :mnfChemma]Englnctnng,

Faculty of Engme.cnng i
* Ref.: Ishida H. and Chai
polybenz

' Ref.: Rimdusit S. and Imda H. Synergisr

Sfﬁf’ﬁmﬁ“ﬁ“ ﬁ"’%ﬁxﬂmﬁpﬁ% .

iersity, 2004,

"' (2003): 597-607.

prover ;‘# of Carbon fiber reinforce

and multiple nmmnica] relaxation observed in
1 _Polym, Sci,
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Composition Flexural Strength Flexural Modulus
(MPa) (GPa)
BA-a' 117 427
BEP361 141,522 3.820.2
BEP362 134.74 3.3 4.240.0
BEP363 145.0+2.7 4.5£0.1
BEP364 158.64 04 'l 5.0+0.1
Epoxy828° : x\\ ” 3.86
Phenolic’ _ 38

' Ref.: Rimdusit S., Pi apd L\""‘u\ o \ Damrongsakkul S. Toughening

of polybe olymer and flexible epoxy: a
comparative .ol ‘. 88-297.

* Ref.: www.resins.com, 2004R '

* Ref: Tshida H. and Allen D.J gterization of near-zero shrinkage
polybenzoxazines. 1996) 1019-1030,
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: a =
M3 5.1.4 : auiAmanavesTagaexindniildonumindsFuiannioudsuivTag

ponTnanluszuudw.
Resins Fiber Treatment Fiber Flexural properties
Types Method Volume
fraction Strength Modulus
(%) (MPa) (GPa)
BEP361 HTA-N-6000 - 50 940 69
HTA-12K-E30 50 921 57
KN 100 706 68
BEP362 809 59
HTA-12 1,072 68
1,011 71
BEP363 : 850 58
Ak o f If —= ' 996 54
T34 659
BA-a' 400 N/A
BA-a' Woven T-300 600 N/A
BA-a Woven T-300 - 850 N/A
BA-35X’ | Wgvenad800 | | 820 58
EPOXY" 'EQE_ X1 s00 N/A
(TGBAP/BEP) ﬂ
PMR-15° T-650/42-6K - W 69 1,800 60
EPOXYS$28’ ﬂwm’ﬂ ‘V E] qﬂj ' E]s'a:] r ‘51,555 N/A
Calanese GY-70 ¢ - ) 636 N/A
AWRIAINIUARINEAEY

"Ref: ng'!. and Yang H. Toughness improvement of carbon-fibre/polybenzoxazine composites

by rubber modification. 60 (2000): 457-463.

Ref.: Jang J. and Yang H. The effect of surface treatment on the performance improvement of
carbon fiber/polybenzoxazine composites. J. of Mater, Sci. 35(2000): 2297,

*Ref.: Ishida H. and Chaisuwan T. Mechanical property improvement of Carbon fiber reinforce
polybenzoxazine by rubber interlayer. Polym. Compos, 24 (2003): 597-607.
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“Ref.: Shin S., Jang J. The effect of thermoplastic coating on the mechanical properties of woven
fabric carbun.r';:poxy composite. L. of Polym, Sci. 35 (2000): 2047-2054.
* Ref: Shen S. and Ishida H. Development and characterization of high-performance

polybenzoxazine composites. Polym. Compos. 17 (1996): 710.
*Ref: www.resins.com, 2001 Resolution Performance Products
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