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Effects of Ti Addition on the Properties of Nb-20Si-5Al Ultrahigh Temperature Alloy
Long Wenyuan, Chen Qin
(School of Aeronautical Manufacturing Engineering, Nanchang Hangkong University)

Abstract: Nb-20Si-5Al-2Ti (x=0,18,20,22, %) ultrahigh temperature alloys were prepared by the spark plasma
sintering (SPS) technology. The effects of Ti addition on the fracture toughness and high temperature oxidation
resistance of the alloys were analyzed. The results reveal that the phase composition of Nb-20Si-5Al ultrahigh
temperature alloys is transformed from Nbss,(Nb,Ti);Si; and Al;Nb to Nbss.(Nb,Ti);Si;,Ti and Al; Ti phases.
The fracture toughness and high temperature oxidation resistance of alloys can be obviously improved with the ad-
dition of Ti element, which are both increased firstly and then decreased with the increase of Ti content. When
the content of Tiis 20% , the fracture toughness reaches the maximum value of 7.41 MPa « m'*, which is 56.9%
higher than that of one without Ti, and the high temperature oxidation rate is the lowest, which is 0.72X 107"
g?/(ecm* « h). After adding Ti, Ti;Nb,, O . TiNb, O; . TiO, and so on can be observed in the oxidation products,
which improve the compactness of the oxide film, thus enhancing the oxidation resistance at high temperature.
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Fig.1 XRD patterns of Nb-20Si-5Al-2Ti alloys
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0 3.56 0.192 8 7.33
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MIELS WT LU L B T B H A A o
I/ I o AT DL R R BT A A B T R R AR
O R U T e 40 39 i e O B i AR A R i
22324 Ti &k F) 209% i R 1 S AL 3 B, B
0 i R PR d o ISR AR A T A R T U

e

(a) x=0 (b) z=18

KU Ti & 4 WAL % R K. 7.33 X 107
g"/Cem® « h) IR Ti J5 19 % Ak 3 3% Wik /N, 24 Ti
TR F] 20% B FAL R B B/ ME L 7.2X10 7
g’/ Cem' « h) GRARE P AE AL PERESE = T 29 10 fif .

6 hAAL 4 h 5 AR XRD - #r g 5.l LA
B ERE I Ti o0 & B, HA AL A 41 R T R
Nb, O; JAINb,, O, Fl AL O, %, i Ti £ Z 5. H4E
b B 1 41 K 25 B A Nb, Os L Ti;Nby, Oy . TiNb, O |
AINb,, Oy . TiO, (AL O, F1 SIO, %5, B 7 il B E L 4
h G R ELZ K SEM 5. ol LIE S, 4 K3 Ti
BRI B0 IR AR 2 280 50 m Ti g mA
SR 18% B, Ak R AR 75 58 S0 2 a0 u b, DT AT
BIEXE O W4 B4 T BHLAT L B2 5 JL i b st vk s 2 T
TR 3K B 20 % B, S A0 B e B0 R ar il e b Hos
TP A A IR i X T B3 3 22 % i, Ak e
BT — e N LI, S &, DA R TR T Ak
M AT T AR

vTiND,O, =Nb,O,  «AINb,O, aTiO,
+Ti,Nb,, O, 4 ALND,O,, @ ALO, oSO,

=22

CPS

20/¢)
B 6 Nb-20Si-5AlxTi &4 4 1250 CAA4hE
AR ay XRD A #
Fig.6 XRD patterns of oxide film of Nb-20Si-5Al-xTi
alloy after oxidation at 1 250 C for 4 h

(c) =20 (d) x=22

B 7 Nb-20Si-5Al-xTi 44 &4y SEM H
Fig.7 SEM images of oxide in the Nb-20Si-5Al-x Ti alloy with different Ti content

3 % i

‘o

(1)Nb-20Si-5Al-2 Ti 4 4 19 XRD ¥ 41 73 #r 45
LYK Ti oo R W, & &0 £ 2 M A4 Nbss,
Nbs Si; LA Je AlsNb A 24 Ti & &8 18% I . & & 1 &
FAHAUHE Nbss, (Nb, Ti); Siy . Ti A M2 AL, Nb 424 Ti

282

FRE 20% L DL BB G 9 E S A4S Nbss, (Nb,
Ti)sSiy VT A AL Ti A X RN D Ti o6 2R 9 i BR
T ALND A, 9F HAR s T Al ST R AEROR AL 2L h )5 7
fii o

(2)Nb-20Si-5Al-2Ti & & W R P FEREHE Ti &
A S i Y s 25 T RO 20 % Bk B R AH B



Ti % Nb-20Si-5 Al # & iR &

GYERERE R 30U 5F

Ja A B . B2 T5 3 LA BRI 5RO L W R A

PR AR AE S0 R fige L O L B T

FRBN. R

i B — Ll B MR s L L DL T S R D 20 9% I i
E

R R . Y T

(3)Nb-20Si-5Al-2 Ti & 4 W = IR bo A AL v BE Bt %5
EBEH 20% R, A L&

AR A A A0y RV Rl T AL PR R e . X 2002
T Ti TR INA G AT LR 5 46 3% 111 B 0% 19 41

P+ BE B 4 3t BH 15 4R
it 47

9 2 — 25 7 1. AT 2
HALTERE. AL 4 h ALY T ZOND,Os |

Tiz Nb]o Ozg *ﬂ Tleg ()7 \Alen Ozg \Sl()z T/_;ﬁf o

(1]

(2]

(3]

[4]

(5]

(6]

(7]

(8]

9]

[10]

[11]

[12]

& % X #

RER . I R e A, . BT AR S DTS R LT ). o A R
2014,33(9) :586-593.

et B AR B .55, SPS B 5 T2 il % Nb/Nbs Si; AL & & #
B H A 4B MRS TAE,2010,39(8) ¢ 1 427-1 430.

AT B B L A5 Mo X T Nb/Nbs Sig J5 07 52 & #1 k4 IR
WL L] Ak TR . 2004(4) : 31-33.

SUN Z P,GUO X P,TIAN X D,et al. Effects of B and Si on the
fracture toughness of the Nb-Si alloys[ J].Intermetallics,2014,54;
143-147.

ESPARZA N,RANGEL V,GUTIERREZ A,et al. A comparison of
the effect of Cr and Al additions on the oxidation behaviour of al-
loys from the Nb-Cr-Si system[ J]. Materials at High Tempera-
tures,2016,33(2) . 105-114.

JIA L N,WENG ] F,LI Z,et al. Room temperature mechanical
properties and high temperature oxidation resistance of a high Cr
containing Nb-Si based alloy[]J]. Materials Science and Engineer-
ing,2015,A623. 32-37.

KANG Y W.QU S Y,SONG J X, et al. Microstructure and me-
chanical properties of Nb-Ti-Si-Al-Hf- x Cr-yV multi-element in si-
tu composite[ J]. Materials Science and Engineering, 2012, A534;
323-328.

[ A L 55 5. Cr & % Nb-Ti-Si-Cr 38 &R & & A8 R H A
AP RE A9 S M [T R b #2417 . 2013, 34(5) + 30-36.

ZHANG S M,ZHOU ] R,SHA ] B.Effect of Fe additions on mi-
crostructure and mechanical properties of a multi-component Nb-
16Si-22Ti-2Hf-2A1-2Cr alloy at room and high temperatures[]J].
Intermetallics,2015,57: 146-155.
XIONG B W, CAI C C, WANG Z J.et al. Microstructures and
room temperature fracture toughness of Nb/NbsSi; composites al-
loyed with W, Mo and W-Mo fabricated by spark plasma sintering
[J]. Journal of Alloys and Compounds, 2014, 604; 211-216.
ENYU G,SUDHANSHU S S,CARL M, et al. Effect of gallium
addition on the microstructure and micromechanical properties of
constituents in Nb-Si based alloys[J]. Journal of Alloys and Com-
pounds,2017.,704 . 89-100.
TIWARY C S,KASHYAP S,CHATTOPADHYAY K.Effect of
Mg addition on microstructural, mechanical and environmental
properties of Nb-Si eutectic composite[ J ]. Materials Science and

Engineering,2013,A560: 200-207.

[13] BEFH.8E P W%, Ze S Nb-Ti-Si 4 w4 &4
LR A ERER R[], €841 2015,51(9) : 1 049-1 058.
[14] MA CL,LIJ G,TAN Y.et al. Effect of B addition on the micro-
structures and mechanical properties of Nb-16Si-10Mo-15W alloy
[J].Materials Science and Engineering,2004,A384; 377-384.
[15] CHATTOPADHYAY K, BALACHANDRAN G, MITRA R.
Effect of Mo on microstructure and mechanical behaviour of as-
cast Nbss-Nbs Si; in situ composites[ J]. Intermetallics, 2006, 14 ;
1 452-1 460.

[16] MURAYAMA Y.HANADA S. High temperature strength, frac-
ture toughness and oxidation resistance of Nb-Si-Al-Ti multiphase
alloys[ J]. Science and Technology of Advanced Materials,2002,3
(2): 145-156.

[17] SUN Z P,GUO ] M,ZHANG C,et al, Effect of Ti and Al interac-
tion on microstructures and mechanical properties of the Nb-Ti-Si-
Al alloys[ J].Rare Metal Materials and Engineering,2016,45(7):
1 678-1 682.

[18] WANG F X,LUO L S,XU Y J.et al. Effects of alloying on the
microstructures and mechanical property of Nb-Mo-Si based in si-
tu composites[ J]. Intermetallics,2017,88; 6-13.
RS ERE O Ti A Nb-Si 368 8 1 A 4 4180 BAR B4 19
LI A 4 R AR5 LA, 2012,45(2) ; 387-392.

FE BT AR R SO LS T Nb SE 6 4 TR b S b pe i 52
mi L. o [ A €0 4 J 24 45 2014, 24(8) : 2 044-2 049.

Je 3T, AL Ti % Nb-20Si-5 AL i i 5 B 2 L2 [T 1. 44
B D F 24, 2019.,40(2) ¢ 90-96.

GENG J, TSAKIROPOULOS P. A study of the microstructures

[19]

[20]

[21]

[22]
and oxidation of Nb-Si-Cr-Al-Mo in situ composites alloyed with
Ti, Hf and Sn[J]. Intermetallics, 2007, 15: 382-395.
REWERETHE — PRI R G & Nb-Si R 4 & 1 k& % 1
B I [ DL W JR I I R B3 LK%, 2015,

GENG J, TSAKIROPOULOS P,SHAO G. Oxidation of Nb-Si-
Cr-Al in situ composites with Mo, Ti and Hf additions[J]. Mater.
Sci. Eng.,2006,A441 . 26-39.

[23]

[24]

(455 : X RIE)

-+++++++++++++++++++++++x

+2020 ﬂEEF.EE.ZjJ E%ﬁiﬁéﬂz 41%+

! @mmﬁﬁm%&%ﬁmmwo¢¢mm%#mﬁj
$ 130 JT LT [ L I 8% o i A ER LB IR AR {L
+ 41% , Canalys Wil ,2021 4 o & & H 190 T Eh T
+ FOIME R IK 51% R T ENRE SB E 9% .
+ Canalys ] & # Sandy Fitzpatrick FK , H 3 VK ZE7E 2020 *

B e

+$*I%ﬁ¢u B 5 6.3 % o o K ARSI K i
; B A B BB % 2021 4F 1A B IRICE |

éﬁﬁﬁ%‘mw4H%ﬂl7%mWM%ﬁ%%k+
} 285.8% Ml 238.5% . FTABURINA AL 7 N A RUH A i |
bins, |
sﬁ1u1ﬂﬁmﬁw%%ﬁﬁwmrﬁ@ﬁﬁ§{
DA TR A DR B 6 K BT |
0 T,

e =

e

(B EHRET) }

D S S S st S S S ety S S

283



