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NSMC (Nonwoven Stitched Multiaxial Cloth )
CFRTP
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6,,:250-550 MPa

SiC
0,~500 MPa, H,:22-24 GPa, Ki;:2.5-4.5 MPa-m2

SigN, -

0,,:600-880 MPa, /,:14-18 GPa, Kic:4-9 MPa-m2
SIAION

0,,:400-800 MPa, A,:14~16 GPa, Ki:2.5-4.0 MPa-m2

1~3nmé-  um!
7.4eV/  (CNT),

cf. 7.2eV/ (GIEWI0)]
(CNF)/ (ALLO,)

(Sic)
(SIAION)
(B.C)
nm¢- 4~10 um'
:100-300 GPa, ot ~2.20 GPa
(B4C) p ~ 1%x10 Om




O CNT/SiC composite  HP/2000 -  10%Up
(R.Z.Maetal. J. Mater Sci., 1998)

O CNT-Fe-Al,0; composite HP/1500-1600 -
Ch.Laurent et al. J. European Ceram Soc.,1998
Carbon Nano Fiber
O CNT/Al,O;composite  HP/1300 - K,.24 Up
R.W.Siegel etal. Scripta Mater.,2001

CNE

CNT (carbon nano tube,

Carbon Nano Fiber (CNF)




05  CNF/ Al,O,

(Sicy/

G )
(~ 10 vol%) R.T. 6,,:560 — 720, 1200<=C 5,,:890 MPa

—

(CNF) : Si;N,ALO;, AIN:

(~5 vol%) o,:650 - 800 MPa / (CNF)
(=3.0vol%) ~10°Qm
(~ 5 vol%) 600 MPa,
Kic~4.5 MPa-m'2

—




(methanol,30min)

(10 MPa) ———|

(methanol,30 min)
CIP (245 MPa) ————

( 10Pa)
1800 10 min
30MPa 100 mint

B,C Starting Powders

2

Melting point 2450 () 255 f /
Bending strength 323-430 (MPa) |

(MPa m2 & i
Vickers's hardness 27.4-34.3 (GPa) [aN !
Young’s modulus 455 (GPa) el

4 |




(Spark Plasma Sintering:SPS) SHS

(Self-propagating High-temperature Synthesis)

Compound AR
(Product AB)

Z-axis
displacement 2
20

Intensity (a.u.)
Intensity (a.u.)

30 40
I6(degree) Cukion

5 60 7020 30 40 50 SEM Images

by 7 [

SN [ 1S S} Pl

Fig.  Shrinkage profiles of elemental powder compact of (a) (4B,C,2.5 vol% Al,O,),
(b) (4B,C,15v0l% CNF, 2.5 vol% Al,O; ) and (c) heating temperature as a
function of soaking time.

Fig. Fracture surface of x vol% CNF/B,C composite: x=(a)0, (b)5, (c)10, (d)15, and (e)20.




volema fraction of ALCKSLAKRN (velta)

TEM image 00

GO0 Ul 92 o W oW

Fig. HRTEM photographs for the grain boundaries of 5vol%CNF/B,C composites:

(a) low and (b) high magnifications

(b)

volurne fraction of CHF (fvalfs)
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Fig. (a) Bending strength oy, (b) Vickers's hardness H,, and (c) fracture toughness K¢ of x vol

CNF/B,C composites fabricated under (1800

/10 min/30 MPa).

%

Fig. (b) Relative density and (b) grain size of x vol% CNF/B,C composites (1800 /10 min/30 MPa) .
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CNF/matrix

(CNF/ALO,) (CNF/SiC)
(CNF/SIAION) (CNF/B,C)

JST




20084£08/01(<) p.1/19
FABMFVFALZ R
RASHRPEEMHAR L IRERE
RSB KR REDEH HR A T 1 78 4018 =

RN : EILR—REFIALE
HLWISRFVIRIEDEZS

ARROAR

LB O—ZADT4T I (R L1

. HHERIE TS RF YO R (FRP) &I (REfRER)
AR TOHFLLNERA

. FDEN

CRRTAREMREA

BB TELNENERGIR)

- HEE

NOOr~rWN =

RsiAs EISH BRREH
16:40-17:00 Y—XER KE foth
17:10-17:40 HEZRS

p.2/19

1. EO—RDT 4TIV (MMM Sk
(1) “H#EohIzH MM

[ Micro Fibrillated Cellulous (MFC) |

MFC: 2 -5 nm

nost
Y 5~20um mono-filament
L

B2 O-Faa—2H Al SATURESLABRRORST
PEEBEAO—AIZOT A FULIANET £ Rul

Bt 19881 D)
[tro—zg@n—iE |

p.3/19
(2) RABRGHHE
B8 3/074JULELO—REH# WO LDAE |

. p.4/19

$10 / 1kg for material
= $100 for 1kg of pure MFC
(after eliminating water)
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High aspect
ratio

Fig. Micro-fibrillated cellulose (MFC).
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2. WiMBItTSRAF VIR (FRP) &lx  (BEFRSH)
F: Fiber (Ki#)

R: Reinforced (5&1k)
P: Plastics(FZRXF YU R)
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3. AARTOHLLEZRA

FEZDOMMEE ST, NIITUIFIEE
IS$37477

N 4
Composite

MR DRAEDITHEEHE
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4. ZDOHH
(1) FZEHTE B =Scale IR DFIA
_ woven fabric of yarn bundles

Fig. Variation in
reinforcement scales

single carbon fiber with
entangled carbon nanotubes
grown on the surface

C ites Science

s ER/EEbOh T E=REIC, T
reinforcement Zentangled &t 7=l
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(2) WEMLEH=HFHTS HROFA
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Sum
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T45 430007 (FEHER )

© BFEMH - THYPANRRZFRMM (PYROFIL TR311OM =FEL A3Y)

® # fs -
@ mmiL# :

O WHKHERE -

ZRHERIETS O

IRXIHAE (ER828 Petro—chemicaltt)

48+2% (CFIARBHERSHR)

&tt32phr) (ER¥17113 Petro—chemicalti

4 Unmodifie
4 MFC 0.1wt)
4 MFC 03wt

p. 14 /19

Displacement [mm
©® MFC&HE : 00wtk (Unmodified) , 0.1wth , 0.3wt% placement [mm]
p. 15 /19 p. 16 /19
CHEOERIL (2) &% WAL HEORE
4000 Initial energy .
% x Propagation energy . -
CF E i Total energy . + . - | 100 -
== Filll 7T ETwES % -
ﬁ -l MFCK 0 (Propagation energy) =2
e S ———— o
=== Displacement [mm] 'S BRI 6 EOFwE L
[a
. 4 2 600
= 0 T 2 2 A
) 30% % 5 | 92k up N > 2 500 N —
3 35 — [ g3 V o
I I B =g sl = L1 R —
Es T T | e 1 £ ol ‘ A
I 1 1
5 00 01 03 t 00 01 03 2 10° 108 107 b 1
MFG weight fraction [nt3¢] MCF weight fraction [wt2%] Numbers of cycles to failure
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0 =500MPa  (BI3RIREDT72.4~76.1%)
BEHE

Loading direction
—

: Loading direction
—
I

i TR
e o ]
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MFCOFEM [> =zt Eauns
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(3) WIRBREROHRE

Bamboo fiber

Initial notch

Direction
of Crack
path

Direction

: of Crack
path

(RLOTR[MFCIZ&

YRE LM H DBE)

Notched by
o— diamond blade
220,635 mm(0.025")
(W =0.025/0.125
=0.2 (Nominal)

Bamboo fiber budle w=318 mm(ﬂ 125), Standardized
(embedded at molding) by ASTM D638
Diameter = 0.25 +- 0.05mm

(HITRX M OBWE)

Modified tensile bar
by ASTM D638
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