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This research focused on the fabrication process of high strength Ti composite reinforced with MWCNTs
via a combination of the solution-coating technique and powder metallurgy process. A simple chemical
solution-coating technique was added into the powder metallurgy process in the powder preparation step. This
combination had the potential to fabricate the high strength metal based composite materials, especially when
this technique was applied to nano reinforcing materials.

The zwitterionic surfactant solution was used to solve the agglomeration problem due to the van der
Waals force between carbon nano reinforcing materials. The individual MWCNT was dispersed in the
zwitterionic surfactant solution by the associated positive and negative charges at the hydrophilic groups of
zwitterionic surfactant. By coating this solution on the commercially pure sponge and fine Ti powders, highly
homogeneous distribution of individual nano particle on those two kinds of Ti powders surface would be
obtained, which never achieved by solid state mixing such as ball milling. The successful combination of the
solution-coating technique and powder metallurgy process could be identified by the morphologies of the
MWCNTs coated Ti powders, microstructures and mechanical properties responses of the hot extruded
Ti/MWCNTs composite materials.

Microstructure of the hot extruded TI/MWCNTSs composites showed the high distribution of the in-situ
formed TiC particles throughout the Ti matrix, which accounted for the high distribution of MWCNTSs on the Ti
powder surface in the context of solution-coating technique. Consequently, this microstructure contributed to
increase of mechanical properties of the extruded TI/MWCNTs composites via the dispersion strengthening
mechanism of second phase. Moreover, the microstructure observation at higher magnification revealed the
incompletely reacted MWCNTs or remained MWCNTSs existing in the Ti matrix. These remained MWCNTs also
contributed to the increase of mechanical properties of the extruded T/MWCNTs composites. Higher SPS
temperatures consolidation caused an increase of TiC particles size with decreasing in mechanical properties of
the composites. Amount of the remained MWCNTs decreased with increasing SPS temperatures, resulting in

decrease of mechanical properties. The good balance of SPS temperature and time yielded the highest

mechanical properties at 1073 K and 1.8 ks. The yield stress and tensile strength of extruded fine Ti composite
could be raised to 91.9% and 46.9%, compared to those of extruded Ti matrix without any reinforcement.

The dynamic properties and stability at elevated temperature of TYMWCNTSs have also been evaluated
by fatigue testing and high temperature tensile testing. The ability to scale up process from laboratory to
industrial scale has investigated simultaneously during the fabrication of fatigue test samples. 860 g of fine Ti
powders were used to fabricate fatigue test sample, comparing 130 g of fine Ti powders used in laboratory. The
tensile properties evaluations of the scaled-up samples shewed good results similar to those of laboratory. The
fatigue test results of the extruded T/MWCNTSs also showed the improvement results, compared to those of
extruded fine Ti matrix and the previous study. The increase of fatigue strength of the extruded TI/MWCNTs
composites was mainly due to the dispersion strengthening mechanism of the TiC particles which retarded the
dislocation movement efficiently. The evaluations of stability at elevated temperature of the extruded
Ti/MWCNTSs composites showed good mechanical responses. The yield stress and tensile strength at elevated
temperature were maintained by the increased amount of the TiC particles in Ti matrix. Tn addition, the
solution-coating technique showed the ability to be applied to other nano carbon reinforcing materials, i.e.,
acetylene black, carbon black particles and graphene sheets. The mechanical properties of the extruded Ti/ nano
carbons composites were highly improved by adding small amount of those nanc carbon materials via the
solution-coating technique.

The improvements of the mechanical properties in static and dynamic modes including the stability
strength at elevated temperature of the extruded Ti reinforced with MWCNTSs clearly verified the application of
the solution-coating technique in the powder metallurgy process for fabrication of high strength titanium metal

matrix composites.

MXEBEEORRNDES

FRXE, WEEELENRS T BN T, VT AILEFEETEERERETERH T, BRE - BlEsH
THEBH—RT ) F2—7 MIND) 2D ETHREBRT /RFELBEM L LIcF & VEEGH ORI, +0
MEBEICRIE TS O NCRER TV HTEEROEEBEAL PR L TN, ERAREEITIOE) THH

1) MWCNT % Sy HORIEH & L TRIAT 2BR0OBETHD 7 7 7T — /L AB| T REE T 25 MHONT @@Eﬁ%@%%z%m?m
TR, FMEA A REEER 2 ST ONT 28T 25 2 & TEORE L RIEEANIC L D EML, BAE
MICHE L2+ /BRI B 2HES A LR U TEEIRIBIZH D MICNT 2L L7z B EOKIB & 5 2 &L IThk
HLTWD, ZO& 5 7% MICNT SBUKERERWTC, T ¥ U HROEEICESE MIONT N — BT 58 ahEx
FERLLTWB, 7o, BREED NT BRI, HBIEO WONT JBE L ERBFREAE LT, F4 VEAMEHCE
END ONT &id, EATIR8KERD T REZLVHBETXZ I L2HLAIZLTVS,

2) MWONT #FE 4 ¥k 4 EFRRAE CIEREEN L L7t BRI AT 2 £I10 & 0 ONT 98T & B AMEL
FUERLL, MRMEEAET ORER, T X U FEHFICEWT MWONT (22, BERSER CRISEMT 5 TiC M3 —2
BLTWAZ E2WRLTVD, L, 1100CEMA 5 HIREGHIZIT, TOBART S TiC DHBENELD &
EBIT, WONT ORTFEN/EZELET T2, £, BTRLOBM S DA A4 REEEAE, BFERICB T
KLU, MBNEBICERAR SCORMERRT S 2 Lnb, ERT S REEMEAR O T6-DTA R L Y BERRT LR L LT
N T AFEARHTO 600°CHMLIRIZ K ) 31 - RETED ZLZHALMMILTNS,

3) ONT 28 ERVIFZ ‘/ﬂé}}ﬁfﬁtﬂﬁﬂi\ UTS; 625MPa, YS; 421MPa (Zkt L C. MWONT2WME /KA & A7
FB EARE (ONT &40, 46wth) i, UTS; 913MPa, YS; 808MPa & 25%%#ix AWEWHBEU4HF LTHh., AT
FUoEEERASEOWE, ROMLL VBRI ERERIT DI LR LT D, KR CER L MICNT SRILT ¥
VEBAMEOMCHME & LT, MWCNT/TIC D 2 o HGRL, BENMMEL, 74 o ~DRRERRIBEZOND,
RIRDMWONT EFEDTF F UHEHI W T, SEMIC K 2ABEEDER(LT — ¥ B LURD (2 £ 28 T EHDFHEHES
W, BIEMACB I A2EMBRTOFESRERITLILZ A, LROEAMEHIB W TH SRR O R
405MPa, %5 2 HHAHGRIL; 349MPa, WERRTFOEEI(L; 54MPa THHZ EEZH LML TS,



—EeSr—

4) WCCTOBRBEHRMIZBE LT, MFZ UMD UTS; 176MPa (o3t LTF & VEAME (INT SHE:0. 91wtk
12 368MPa D UTS 7R LT W BENRMEGEELE L OV 5, BT ORR, fiE CRF &2 L OTHRRNENFIE,
1L.7um A5 400C; 52.0um ~EMALT B3, BETIIERLE 400CTHEERZRETRL 1.4~T. Tun OFFE & 72
3, TOERE, EICFH U ORERIUCEET S TiCHF O Pinning IR THH I L FHR LTV D,

PEDX oo, RBHXTH. MTF ¥ UBRER~OESE MICNT O¥—BE L BRERECLVSESLT A S
N7 Y =@ CONI/TiC BIFHBORET # L EEMERBIL, BSEE L NP MEOBRERIIT T2 Z L TEZ L OFHL
DHEERMAEFLNILTVD,

KoT, FRXEHELRIXE LTUEESZ LD LED D,



