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Fig.1 Schematic illustration of the fabrication process for the

network Ti matrix nanocomposites
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Fig.2 Morphologies of powders: (a) SEM image of the original spherical Ti particles; (b) TEM image and SAED pattern of the original
NDs; (¢, d) SEM images of Ti-0.5%NDs; (e, f) SEM images of Ti-1.5%NDs
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Fig.3 XRD patterns of the Ti-NDs nanocomposites
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Fig.4 Metallography micrographs of the as-sintered samples:
(a) pure Ti and (b) Ti-1.5%NDs

FHAR I Ti JCEE & B2 BAR T AR . Si4h, X
FHEAE AT RO (Il Sc 4D, wTBLAE H 7t e JE A
3~5 um, HoRAHHEARZ MR W LG, IR RN
fEAE. 4N, B 5d ¥ EDS 459, 5 TiC FEAMTT .
I HNAT b4 o oml DU VF 22 SO ROk A KA —
&, TG R SRAR RS o XS5 R — D7 T ST PR S5
ERFEST A MR S A IR P, ] R B e L P A
HAHBRKEH: Si—Jrm, B “BeRaii” qerl
A ER TR URL 2 () (R T8, 2% 524 MR B 7= AR

RF i B4

Kl 6 2N 1.5% NDs il &4 i (1) TEM HE A R X
HLPATSTERE . B 6 vhmT LUE 35 AH 2 A 7E 2 MK
SRS AL, SR T 2~3 pm, S0 HE S AV SR g
GI/NRL, SRR, SR L BDLE PR
X T AR I X AT BT (LR 6a A2 R
HED, aTRLAEIL, TiC Pk, HE DO EE, i
K 6b H ] LUE T2 10 5 nm RSP IIgh KNSk 8 45—
L, AT BT s B HA R B 1 NDs A th Al & 845 200
nm S TiC Bk S 7ERR L i, 5> NDs 5
Ti KA TIRAL RN, ABOEACK ) TiC, 1H NDs 1558 5E
HTRE N R Siah, B 6 TR E] LA I s AT
R Z TR T4 B0, IX A U0 W 38 55 A 5 5 45 2 1R 5
B, AL S ] R
2.3 EEMHBSHIEEE

Kl 7 A AN[H] NDs 7 i 5 A ORI BRI #V2 26
M AT DU AR T R B NDs & s n s~
Biadh, SN, MR MEEFEN T 23.79 W-(mK)?
FI| Ti-2.0%NDs ] 19.05 W-m'K) ™', FFET 20%, iMibE%E
WL TR, AR, 400 CH, BRI 2.1%.
X FERPUN R IR, #5 NDs 5 Ti [ WAL T
TiC, fi TiC fIFRL N 17.2 W-(mK) "' FLaiikf, %
4b, NDs FHAMGHA SRR SRR m, B2y NDs
HAEE KA RLA T, PP AEIR Sl SR R A B, A
HFAREIEE, 3~5 nm ) NDs H#AGE /N 10
WH(meK)™" P20, SR ARG R T B NDs £ 13 n
HEMEHOI T REC. teah, s S REmeamS,
BEA&E IR BT, EAEMEHG R REE N,
XIE A 4 1) P R ERARKEE T IR, hibEE IR
FERIT i, & Jm s R AR s, R A EUR LR KK
Bm, SEEG RN WERT] 400 C, FEEIRS
B RIEALT 24% (Pure Ti). 202% (0.5%). 15.7%
(1.0%). 14.8% (1.5%)+ 7.2% (2.0%)-
2.4 BEEMHMESEIERE

P 8 s IS [+) NDs 25 22 ol 46 52 B AR R 4 1o
J1-NAR N2 . BRI LR, AR by, R
HRAEWR, TN 1.0%IT4, HhZe/r N3 0.64 /it i
PUASHT, BLHRE T O TR, (HIFRATR 1.5%. 2.0%
FEGRE LI B 3 e N - AR 2
—BE B E, N4kEk LT, i AR T B, Bl
F G ORAR S SR, S AR IR T (00.0) B W1
I, 3RS T 434, 482, 519, 565 MPa. 54likk(t)
346 MPa LG, AH T IRSRIE 3 HlER & T 25.4%.
39.3%- 50%- 63.3%. IMPUEIRIEMN 1.0%ITF4h, bE&EH
SEAH SRR IR e . 5 SCER0171 S IR0



+ 1072 -

My @A RS TR

49 %

20 pm

200 pum

K5 RIA NDs & 5 FE G 1 SEM [# T % EDS 43 #T
Fig.5 SEM images and EDS analysis of the as-sintered samples: (a) SEM image of Ti-0.5%NDs, (b, d) SEM images and EDS result of

Ti-2.0%NDs, and (¢) SEM image and EDS element mapping of Ti-1.0%NDs

Kl 6 Ti-1.5%NDs A i A FITBOC R 2T 1) TEM [T FIE X7 AT 5T 4E 4T
Fig.6 TEM images and SAED patterns of the as-sintered Ti-1.5% NDs sample at different magnifications

(Fig.6b is an magnification of Fig.6a)
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Fig.7 Thermal conductivity of the composites with different

NDs contents at various temperatures
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Fig.8 Compressive stress-strain curves of the composites with

different NDs contents
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Fig.9 Fracture SEM images of the compressive samples with

Ti-1.0%NDs  and

different NDs
(b) Ti-2.0%NDs
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Effect of Nanodiamond Contents on Microstructure and Properties of Titanium Matrix
Nanocomposites with Network Microstructure

Liu Tengfei, Zhang Faming, Wang Juan
(Jiangsu Key Laboratory for Advanced Metallic Materials, Southeast University, Nanjing 211189, China)

Abstract: Nanodiamonds (NDs) reinforced titanium (Ti) matrix composites with network microstructures were prepared by spark plasma
sintering technique. Spherical Ti particles were modified with polyvinyl alcohol and then crosslinked with the NDs. Finally, the NDs were
distributed uniformly on the surface of the spherical Ti particles. The effects of ND contents on the microstructures, thermal conductivity
and compression performance of the Ti nanocomposites were studied. The results show that TiC particles are in-situ formed due to the
reaction between the Ti and NDs but some NDs are still preserved in the nanocomposites, the NDs/TiC hybrid reinforcements have a
three-dimensional network distribution in the Ti matrix and the size of network is 100~200 um. The results of thermal conductivity test
show that the thermal conductivity of the nanocomposites decreases with the increase of the content of the reinforcing phases. The
compressive tests show that the Ti-1.0wt% NDs composites have excellent mechanical properties; the ductility of the composites remains
high enough while the hardness and strength are greatly improved. The fracture surfaces of the composites show that the cracks propagate
along the network-structured boundary. The network microstructures with hundreds of microns play the role of reinforcing beams, while
the internal matrix of the network still maintains low hardness and high ductility of the pure Ti. Eventually, the contradiction between
strength and ductility of the Ti matrix composites is reconciled effectively.

Key words: titanium matrix composites; network-structured distribution; nanodiamonds; thermal conductivity; compressive properties
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