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Joining and Welding Research Institute, OSAKA UNIVERSITY Mm; -

Titanium and its alloys necessary for weight reduction of airplanes

RUZ=E#FCFRP

z -;.'; :2;::: CRTS (M=) =06 CFRP
g{) S—— .. Specific high Young’s modulus + strength
Sy 4| O Fuel efficiency improvement
%m L K and CO, gas emission reduction

© om0 T o

o LmmEmme? o weoa | Surface potential difference, V g5

Q00 005 010 015 020 0.5 030

ENE CE/D) [ /N] am

Grabhite -

ariury —

1
1
1
1
T !
i :
i Platmum -
i
! Silver -

Iq,opper -

Low alloy steel

: Alumlnum aIIo

- Magnesmm

[ mmmeae

CFRP~50%  — -
- o - o -20 -15 -1.0 05 0.0 05
AI 20 /o’ m Active — Potential (V) vs. SCE  — Noble

Joining and Welding Research Institute, OSAKA UNIVERSITY M; )

This document is provided by JAXA.



12 FHIMTZEWFTE B AR AR IS B JAXA-SP-13-009

Titanium and its alloys necessary for weight reduction of airplanes

6hrs; pH=10.30

AZ31B alloy
(Mg-3%AI-1%2Zn-0.3Mn)

1hr; pH=10.85

AZ31B-CNils composite®

« Salt water immersion test at 35C (NaCl concentration; 3%)

*H. Fukuda, J. A. Szpunar, K. Kondoh, R. Chromik, Corrosion Science, 52, (2010), 3917-3923. Q

Joining and Welding Research Institute, OSAKA UNIVERSITY
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Titanium and its alloys necessary for weight reduction of airplanes

uu,_ Surface potential 3D-mapping by SKPFM
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SEI 5.0kV  X100,000 WD 9.2mm 100nm

Joining and Welding Research Institute, OSAKA UNIVERSITY I
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Carbon nanotubes (CNTs) benefits to all materials

> High-strength light metal (Al, Mg, Ti) composites reinforced with
MWCNTs effective for weight reduction

» Energy saving and Environmental benign materials

Properties Single-walled | Multi-walled Steel
Specific gravity 0.8 g/Cm3 / 1t4g‘lbm3 7.8 g/cm?
Tensile strength 50~500 kGPa_;'i 10~60 GPa 400~1500 MPa

Young’s modulus : ‘v A 'f'Pa 210 GPa
Electric resistivity *%gﬁ /MQ cm 9.7 [uQ cm
co?cliirc::iility 80 Wim K

Joining and Welding Research Institute, OSAKA UNIVERSITY '

=t

Segregation of bundled Multi-Walled CNTs due to Van der Waals force

y - it A

SEI 30kY X2000 10gm WD 9.2mm

Joining and Welding Research Institute, OSAKA UNIVERSITY '

=
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300
Extruded pure Mg
250 A
\
/

N
o
o

LY
//’\/"CNT; 1.mass%

/-

Stress, o/ MPa
o
o

100 \ 2 mass%
20 mass%
0
0 5 10 15

Strain, &(%)

Fig: Stress-strain curves of P/M pure Mg
composite reinforced with MWCNTSs.

NONE

Un-bundled CNTs formation in zwitterionic surfactant solution

CNTs distributed in water
with zwitterionic surfactants

(5%MWCNT solution) (in 2 weeks)

NONE SEI 160KV  X40000 WD

Joining and Welding Research Institute, OSAKA UNIVERSITY ' -

=
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Un-bundled CNTs formation in zwitterionic surfactant solution

Bundled-CNTs due to +- +- +- +- o - -+ -

van der Waals force
Splitting
Zwitterionic
surfactant solution | | | |
ti+3+3 i

-+-+-+-

Zwitterionic
surfactant (Z-3-18) Attractlon

— Head;

- -+ - + E E E E
hydrophilic
™ Tail; I I I I

hydrophobic Un-bundled CNT

° [
S T

C-18 (tail) « - 4+ - 4 - -+ - 4 -
Headgroup

Joining and Welding Research Institute, OSAKA UNIVERSITY .........; -

Preparation of composite powders coated with un-bundled CNTs

5

Un-bundled CNTs
dispersed in solution

5.0kV X25,000 WD 9.9mm TUm

Joining and Welding Research Institute, OSAKA UNIVERSITY MN; -

This document is provided by JAXA.



R 23 £RFE JAXALZE T 0 7T DGR R 2 BRHE (28 REEERSY) 17

Ti+ C =TiC | 4G g3 =iz 172£12.6 KJ/moj
:3 5 o

Tilmatrix

- fs P

TiC effectivelintensile
¢ sﬁ‘ei"transér between
# CNIEnd iimatrix

el Y

-

50KV  X20,000 1um WD 10.2mm

Fig: SEM observation on CNT/Ti composite powders after annealed at 873K in Ag gas.
(In-situ formed TiC particles detected between CNTs and Ti matrix)

Joining and Welding Research Institute, OSAKA UNIVERSITY ¥

Microstructures of CNTs reinforced Ti composites

Point 2

Joining and Welding Research Institute, OSAKA UNIVERSITY m_‘; -
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Mechanical behavior of CNTs reinforced Ti composites

Ti-0. 1wt/ CNI material

1200
Extruded Ti-0.1wt%CNT material

1000 -

800 - b
Extruded pure Ti material
600 - b

Stress, o/MPa

400 {f b

In-situ formed TiG

\ XN

L ———_————taatrc

0.3 0.4
Strain, €
Fig: Stress-strain curves of extruded pure Ti powder

material and its composite reinforced with CNTs, and
SEM observation of fractured surfaces after tensile test

NONE SEI

Joining and Welding Research Institute, OSAKA UNIVERSITY

Mechanical behavior of CNTs reinforced Ti composites

Si_ntéred at 1417 3K:

GBS -
_ Gompletedireaction
% of iGN with Ti, but

1 s(ﬁl in'original shape

{

Ultra-fine TiC p; icles ['
% 3 : TS: 918 MPa

YS; 886 MPa
E; ~8%

L -
" |

TiG ' ~

Using 3wt%CNT solution 50KV X30,000 WD 10.0mm  100nm
Extruded Ti-CNTs powder composite material via SPS at 1473K.

Joining and Welding Research Institute, OSAKA UNIVERSITY '

=
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Thermal stability of CNTs reinforced P/M pure Ti composites

(a) Ti with no CNT (b) Ti -0.06Wt%CNTs  (c) Ti -0.1wt%CNTs

*Annealed at 300 C(upper) and 400 T (lower) for 10hrs

Joining and Welding Research Institute, OSAKA UNIVERSITY ¥

Thermal stability of CNTs reinforced P/M pure Ti composites

T|C pmn‘ing

‘l*

A

NONE S 5.0kV X10,000 WD 10.0mm Tum

Fig: SEM observation on pure Ti powder composite with 0.1wt% CNTs
after annealing at 673K for 100hrs. In-situ formed TiC dispersoids at
grain boundaries are effective to obstruct Ti grains growth by their
pinning effect.

Joining and Welding Research Institute, OSAKA UNIVERSITY m_'; -
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High-temperature property of CNTs reinforced P/M pure Ti composites

* High-temperature strength improved by TiCs pinning effects

Tensile stress, o/ MPa

1000

900 -
800 -

700
600
500
400
300
200
100

® 0.1Wt%CNTs | R
o . : B AWLZCNTS
0.06Wt%CNTs B Er
J\ O With no CNT | | _ SRS L -
Pinnediiigrai
M-
\0\\0
O
0 100 200 300 400 500

Temperature, T/ °C

Joining and Welding Research Institute, OSAKA UNIVERSITY ' -
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