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Fig. 1. The depth distribution of damage and concentration
of He atoms calculated with SRIM for TiB,-SiC-Ti irradi-
ated with 60 keV He* ions to a fluence of 2 x 10'7 ions/cm?.
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Fig. 2. Energy dispersion X-ray spectroscopy of TiB,-SiC-Ti ((the mass fraction of Ti is 3%)) samples (a) and TiB,-SiC-Ti (the

mass fraction of Ti is 6%) samples (b).
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Fig. 3. Raman spectra of TiB,-SiC-Ti (the mass fraction of Ti is 3%) (a) and TiB,-SiC-Ti (the mass fraction of Ti is 6%) (b) under
four conditions: Original state, heat treatment at 1500 °C before irradiation, irradiation with 60 keV to a fluence of 2 x 10'7 ions/cm?

at room temperature followed by annealing at 1500 °C.
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Table 1.

SiC-Ti composites.
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LI W07 B Jem ! PR
TiB, 275, 418 TR
227 i
TiO, 446 i sMRsh
610 Ti-OfiffifiR3h
Si0, 708 Si-OfL iR
SiC 794, 958 Si-CAh 4R
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722 JRIL T PIRD Ti &R ERR TS 1500 C
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TR R S TiB,-SiC-Ti(Ti #Y i & 4> %t h 6%)
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Table 2.  The effective area of TiO, peak at 610 cm L.
s AR Y
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F 3 PR Ti i, AHIR TiBy b H0HE BAL ISR A0 55 5
Table 3. Peak intensity and FWHM of samples at the same TiB, crystal plane index.

i I £ (001) (100) (101) (002) (201) (112)
TiB,-SiC-Ti et 696 1624 2708 244 280 240
(Tirk STt 8 3%) R 0.163 0.244 0.211 0.287 0.332 0.342
TiBy-SiC-Ti e 715 1623 2870 295 290 266
(Tif BT 5N 6% ) e v 0.159 0.210 0.211 0.251 0.315 0.334
— e TiB, G 1500 CiRk
: ”S[‘i1(]§>2 g () ¢ 8iC o o —— 2x10'7 jons/cm? He+4iH
- PO - 2 M E}(C) 2 = o —— TiB,-SiC-Ti
" R v S;O; = (Tl 5R3%)
e S S 0 2
e gadgs- - 3 2 3
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n..}Ej' TiB,-SiC-Ti Q kY
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20/(%)

Bl 4 TiBy-SiC-Ti(Ti i 5T & 4 444 3%) Al TiB,-SiC-Ti
(Ti B BT 22 H0R 6%) BEAE A il (1 X BT A 5 Pl 3%

Fig. 4. X-ray diffraction patterns of TiB,-SiC-Ti (the mass
fraction of Ti is 3%) and TiB,-SiC-Ti (the mass fraction of
Tiis 6%).
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fii#. TiB,-SiC-Ti(Ti 1 i i 53 50Ch 6%) 1T 47 &
T AT SR DA AR B AR TR FE AR E L K T TiB,-
SiC-Ti(Ti B B 43 FCh 3%). TiB, i T (100) &
TET A0 77T S5 0 A R RS 288 T 0.06°, Tl TiB, i T
(001), (110), (111) F1 (201) fb i 4b e 3 2% . A
Ti 75 1 B L6 40 BRGR JOR BATT I S 22 5 A8 K
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Fig. 5. Grazing angle X-ray diffraction patterns of TiBy-
SiC-Ti (the mass fraction of Ti is 3%) (a) and TiBy-SiC-Ti
(the mass fraction of Ti is 6%) (b) at 0.5° incident angle,
including the as-grown, 60 keV, 2 x 107 ions/cm? irradi-

ation at room temperature followed by annealing at 1500 °C.

3.5 HKEE

6 SRR Ti 5 G i A PG B 3 A 1y 52
RERE R, 2 4 s 1 kef(1 kef = 9.8 N) & fif
PR PR S AT P ST XA A DR R R REET,
TiB,-SiC-Ti(Ti BT 40k 6%) B0 5T TiBy-
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SiC-Ti(Ti B E0N 3%). 48 B85 Wi R EE 5 4k
[CAE B ARG K, i}‘é@%iﬁﬂ?@lﬁﬁ*ﬂr@% MBI
TR i i S R AR B R )N,

e LA, IR T

B 6 4k PCAE B A S A B 1El (a) TiB,-SiC-Ti(Ti By
FUEECN 3%); (b) 2 x 107 ions/cm? Het % {48 FR 1Y) TiB,-
SiC-Ti(Ti M R 5500 3%); (c) TiBy-SiC-Ti(Ti i i i 43
Bh 6%); (d) 2 x 10'7 ions/cm? Het 2 i 5% F ) TiB,-SiC-
Ti(Ti B 5T &= 53 80 h 6%)

Fig. 6. Measured hardness diagram of Vickers hardness test:
(a) TiBy-SiC-Ti(the mass fraction of Ti is 3%); (b) TiBy-
SiC-Ti(the mass fraction of Ti is 3%) irradiated with He™ to
a fluence of 2 x 107 ions/cm? at room temperature; (c¢) TiB,-
SiC-Ti (the mass fraction of Ti is 6%); (d) TiB,-SiC-Ti (the
mass fraction of Ti is 6%) irradiated with He* to a fluence

of 2 x 10'7 ions/cm? at room temperature.

a1 kef ST AR ICRERE (B

Table 4.  Vickers hardness value under 1 kgf load.
R HV  iR%E WREL/%
TiBy-SiC-Ti
(Tify b SME0h3%) 290.104 + 0.03
6.9
TiB,-SiC-Ti
(Til BRI ECN3%) (FRIR) SLLA89 + 1.22
TiBy-SiC-Ti
(TilT AR 6%) 344.824 4+ 17.80 0
TiB,-SiC-Ti

(Tt A che%) (dmmy BT+ 0.62

3.6 FHBFERESH (SEM)

TiB,-SiC-Ti(Ti i 5t 1 5 %A 3%) Al TiBy-
SiC-Ti(Ti B B 2 80CH 6%) 1) SEM E& il 7
Fizn. FEAHIRIBE LS 2500 T, 1K Ti & m AR i 2 1 2
W, AV ZALIRAALE, RS, H
AR AR B K. M R T A B 3R T A A D
ANFLIR, ARREREAR BN, B R A 350

P 8 Jo P A it 7 24 FG A R I 5 SR Ak 1Y
SEM E1%, Hrh [ 8(a) F1 (b) KA IR K,

FRIRHY 4 DAL T 2L ¥ B R AR [
TR B LR, WE 8(c)—(f) Fias. 7E1X 4 TR A
o BEEET SRR R, R R A, AR
e, HY LB A (FF b AR PR AL VR
rnbL I 2R FEAR). & 8(c)—(f) HRE i RS B 4y
G254 19 pm, 22 pm, 18 um Al 21 pm, fi Ti &
T T S (R B K

&7 JEERFESR Y SEM B (a) TiBy-SiC-Ti (Ti iy BTt
I3B0H 3%); (b) TiBy-SiC-Ti (Ti B4 i+ 43 50K 6%)

Fig. 7. Scanning electron microscope images of original sam-
ple: (a) TiBy-SiC-Ti (the mass fraction of Ti is 3%); (b) TiBy-
SiC-Ti (the mass fraction of Ti is 6%).

&8 4 RAEEEIIASS IRAL R SEM IR (a), (c), (e) TiB,-
SiC-Ti(Ti B FRIECH 3%); (b), (d), (f) TiBy-SiC-Ti(Ti )
J 2R 6%)

Fig. 8. Scanning electron microscope image of indentation
after Vickers hardness test: (a), (c), (e) TiB,-SiC-Ti (the
mass fraction of Ti is 3%); (b), (d), (f) TiBy-SiC-Ti (the

mass fraction of Ti is 6%).

3.7 EEEEHRNASN

PRl O 2 P IR it 7 JEE 452 5 1 0 e v JBE 4 2R K
5 shns e i pR g th e, PR TiB,-SiC-Ti A 1)
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(a) TiB,-SiC-Ti(Ti A4 i35 3%); (b) TiBy-SiC-Ti(Ti HY R 4350 6%)

Fig. 9. The friction coefficient-time curves of the samples: (a) TiB,-SiC-%Ti (the mass fraction of Ti is 3%); (b) TiB,y- SiC-Ti (the

mass fraction of Ti is 6%).

(a) —— Locationl

12 —— Location2
—— Location3

—— Location4

6l —— Location5

—— Location6

Depth/pm
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10 R B T AR L AR R

(b) —— Locationl

12r —— Location2
—— Location3

—— Location4

6+ —— Location5b

Depth/pm

0 400 800

Distance/pm

(a) TiBy-SiC-Ti(Ti By B350 N 3%); (b) TiB,-SiC-Ti(Ti B R & /35N 6%)

Fig. 10. Two-dimensional characteristic line profiles of wear locations of samples: (a) TiB,-SiC-%Ti (the mass fraction of Ti is 3%);

(b) TiB,-SiC-Ti (the mass fraction of Ti is 6%).
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B 11 BRI ERN E =B S (a) TiBy-SiC-Ti(Ti A5 /050 3%); (b) TiB,y-SiC-Ti(Ti Bl 50h 6%)
Fig. 11. Three-dimensional morphologies of wear position of samples: (a) TiB,-SiC-Ti (the mass fraction of Ti is 3%); (b) TiBy- SiC-
Ti (the mass fraction of Ti is 6%).
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Abstract

Since the 21st century, low atomic number material coating has been considered as one of methods for
treating the first wall of controllable thermonuclear fusion device . The TiB, material with high melting point,
high hardness, low coefficient of thermal expansion, excellent wear resistance and low atomic number has
entered into people’s field of vision. Single TiB, is difficult to sinter and process into other products. Therefore,
adding ceramic and metal additives to TiB, matrix material to effectively improve the mechanical properties
and processability of the material has become a research hotspot. On the basis of the existing researches of
TiB,-SiC, in the present work the metal Ti powder is added as the second additive to improve the properties of
TiB, composite. The TiB, and SiC are mixed at a mass ratio of 2 to 3, then two kinds of TiBy-SiC-Ti materials
with different amounts of Ti content are prepared by spark plasma sintering (SPS) technology. The materials
are irradiated by a Het beam with energy of 60 keV and ion fluence of 2 x 107 ions/cm? at room temperature.
The material is heat-treated at 1500 “C before and also after irradiation. The performances of prepared samples,
the effect of irradiation on materials and the results of high temperature heat treatment are characterized by
energy dispersive spectroscopy, Raman spectrum, grazing angle x-ray diffraction spectrum, Vickers hardness,
wear resistance test, and scanning electron microscope. The results show that the surface morphology and
toughness of TiB,-SiC-Ti material with 3% Ti mass fraction are poor as shown in SEM images. The wear
resistance test indicates that the material surface is seriously worn and the wear resistance is poor. The X-ray
diffraction spectrum and Raman spectra show that the material is oxidized seriously at 1500 “C, which is likely
to be the cause of the poor compactness of materials. Raman spectra, Grazing angle X-ray diffraction spectrum
and some Vickers hardness data before and after irradiation indicate that the material with low Ti content
possess better crystal structure and weaker irradiation hardening. In conclusion, the TiBy-SiC-Ti material with
3% Ti mass fraction exhibits lower density, poorer wear resistance and lower hardness, while the material with
lower Ti mass fraction is more resistant to irradiation than the material with 6% Ti mass fraction at room

temperature.

Keywords: TiB,-SiC-Ti materials, ion irradiation, high-temperature oxidation, mechanical character
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