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Oxidation resistance and ablation behavior of
refractory alloy at high temperature
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Abstract: The pure molybdenum and MT alloys were prepared by powder metallurgy process. The oxidation behavior
and ablation behavior in oxyacetylene of pure molybdenum and MT alloys at 1200°C were studied. The results indicate
that the oxidation of pure molybdenum arises from defects such as grain boundaries or pores, then it corrodes the inside
and ambient area gradually, forming volatile molybdenum oxide, whose volatilization causes the step by step oxidation of
pure molybdenum as a whole and significant mass loss. The ultra-high-temperature light phase and alloying elements
added into the MT alloys can form high-temperature oxidation coatings with excellent thermal stability on the matrix
surface, and can obstruct the intrusion of oxygen to the substrate. As a result, the oxidation resistance and ablation
resistance of MT alloys increase, its oxidation mass loss is only 1/3 of that of pure Mo, the linear ablation rate in
oxyacetylene for 120 s is just 0.17 X 10> mm/s.
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Fig.1 Curves of oxidation mass loss of pure molybdenum and
MT alloy at 1 200 ‘C

100 200

22 MT &S HEHERERD T
2.2.1 HHE S Z PR #T

Kl 2 fros i MT & 4R E7E 1200 C4AL 60,300
H1600 s i £ TH ) XRD . MT 5454k 60s J5,
Al I 22 (K HE MoOs it &It & A YI(MO,)
A RO 2(a)); MT 444k 300 s J5,
iR AR Z 1 MoOs I, &8 a8 WHIAEXT
AN, JF HH T R TAHOLIE 2(b): MT
Ha5A 600 s JG, FEMEEDEEICEAMDIHEE
ARSI, HATHER BT T MoO; i, I Hk
(AR ST (AT SR W AT — e i O T 2(c))» Ut B B
FHRAMB TR, SETRE8 o Egt2,
I 78w AR T
2.2.2 ALK SEM JESUEFE

K 3 Fonor il aitl. MT #4454k 60, 300 FiI
600 s J5 1) SEM 5. HIKE 3 iTLUE Y, AHEAHE
A RS LA e R g Wi AR i, I HA
Py P A A L AR A TR I — 28, MT A4
Ak 60 s i, RITHRA/NYZERARIER, (A2
IMRZ s A 300 s 5, EAGFE TR T R 48
ANFIURL I 5, R L — 2RI 44k 600 s
J5, AR IR B B TR 2 7 I 2 2 45
MHETTH Y XRD ZIAH vl 401, MT G420 300 Al
600 s A5, FERE SR THE i B 4 70 3 AL Rk
B2, SRR G SR E Y. MoO; F



572 A G R

2011 453 H

(a)
. o — MOO3
. -— M02
*+— Mo

-
=

H
. M_ JJ\‘L s o dl = = 1
40 0 70

10 20 30 50 6 80
20/(%)
(b) H
*— MoO;
-— M02
*+— Mo
A— MC

() s
o — MOO3
-— M02
4— Mo

10 20 30 40 50 60 70 80

B2 MT &EAE 1200 CHALA RN ] 54 b K D ) XRD
i

Fig.2 XRD patterns of surface of MT alloys oxidized at 1 200
°C for different times: (a) 60 s; (b) 300 s; (¢) 600 s
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Fig.3 SEM images of surface of pure molybdenum and MT alloys oxidized for different times: (a) Pure Mo, 60 s; (b) Pure Mo, 300
s; (¢) Pure Mo, 600 s; (d) MT alloy, 60 s; (¢) MT alloy, 300 s; (f) MT alloy, 600 s
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Fig.5 AG curves at different oxidation temperatures
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Fig.6 AH curves at different oxidation temperatures
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Fig.7 SEM images and EDS spectrum of ablation MT alloy:
(a) Edge; (b) Center; (c) EDS spectrum
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Fig.8 High magnified SEM images of ablation MT alloy: (a)
Edge; (b) Center

4 it

1) 2li£H7E 1200 °Capi A fb iy, Ak paAk anfLRR
AR, SEAE TSR R R, 6194 e
HE— 2 ] AN A o, A DA R R S22 S A

2) MT G415 1 200 C il S80S, Bepk py
fenL R AN A5 4 T S AR AR A I R rh 2 AR AR A
IRIRL, AR A RO B A A I D) 1 K A 1
TEBEEAIIE,  MIfTREAG T8 SRR N, ff MT
G BN ERPUREAERE, A TR R
A 13 it

3) MT &4 FE e mibeud #erh, R IE R
AN R BB, HIEAR FEA RIS, X
KRG T A A AR AR I8, AR T 484k
¥R, 155 Shubeimtkie KR = .

REFERENCES

[1] SQUIRE T H, MARSCHALL J. Material property requirements
for analysis and design of UHTC components in hypersonic
applications[J]. Journal of the European Ceramic Society, 2010,
1:11-13.

21  JFKE, EHST GEE SRR ERDIFELR0]. L
2 k22 B4R, 2006, 23(1): 35-37.

ZHOU Yong-jun, WANG Rui-dan. Development and research
status of Ni - base super alloy[J]. Journal of Shenyang Institute
of Aeronautical Engineering, 2006, 23(1): 35-37.

B3] HEEZR, ™ %, B, RS G SNASAE ST

2EPERE[T). B A4 E, 2005, 26(4): 160-163.
SHAO Wei-dong, YAN Biao, MAO Peng-ling. Structure and
mechanical properties of newly developed co-based
superalloys[J]. Shanghai Nonferrous Metal, 2005, 26(4):
160-163.

[4] B, TR ERAPER N L R R[], HUBCCREATEL, 2004,
28(1): 2-8.

XIE Xi-shan. The development and appl ication of high
temperature materials in china[J]. Materials for Mechanical
Engineering, 2004, 28(1): 2—8.

(51 VIR, ZPHE, Eidh, SRR, TIAl 25 ST R[],
BURHIERA, 2009, 3: 35-38.

FENG Xu-dong, YUAN Qing-long, CAO Jing-jing, SU Zhi-jun.
Progress in TiAl-based alloys[J]. Aerospace Manufacturing
Technology, 2009, 3: 35-38.

[6] pewl, Y&, X %, BREM, MR TZM HE 6%

AR LWk ). P E N, 2008, 32(6): 40-45.
CHENG Hui-chao, FAN Jing-lian, LIU Tao, CHEN Yu-bo,
TIAN Jia-min. Preparation and research development of TZM
molybdenum alloys[J]. China Molybdenum Industry, 2008,
32(6): 40—45.

(71 ToEGE, exwl, Sk, A, BEEEL Ml e eIiR

Ti. Zr %f Mo & <eMERERLR AR SEWT]. M e @+
5T, 2008, 37(8): 1471-1474.
FAN Jing-lian, CHENG Hui-chao, LU Ming-yuan, HUANG
Bai-yun, TIAN Jia-min. Effect of alloyed elements Ti, Zr on the
property and microstructure of Mo alloy[J]. Rare Metal
Materials and Engineering, 2008, 37(8): 1471-1474.

[8] COCKERAM B V. The mechanical properties and fracture
mechanisms of wrought low carbon arc cast(LCAC),
molybdenum-0.5pct titanium-0.1pct zirconium(TZM), and oxide
dispersion strengthened (ODS) molybdenum flat products[J].
Materials Science and Engineering A, 2006, 418: 120—136.

(91 /S Wbd, JEsE, Bl X ¥, HAEE, WA T
Mo-Ti &< 3B X AL AR ] op A 5 o



576

A G R

2011 453 H

[10]

[12]

[13]

i, 2008, 18(3): 409—413.

LU Ming-yuan, FAN lJing-lian, CHENG Hui-chao, LIU Tao,
TIAN Jia-min, HUANG Bai-yun. Effects of Ti on tensile
strength and microstructure of Mo-Ti alloy[J]. The Chinese
Journal of Nonferrous Metals, 2008, 18(3): 409—413.

PENG D Q,BA XD, ZHOU Q G, CHEN X W, LIU X Y, YU R
H, DENG P Y. The oxidation behaviour of molybdenum
ion-implanted zircalloy-4 in air at 600 ‘C[J]. Vacuum, 2004, 75:
121-131.

Hoo H R LA SR, B S e N ] E A,
2002, 26(4): 32-34.

HAN Qiang. Analysis on molybdenum and molybdenum alloys
of oxidization protection and application at high temperature[J].
China Molybdenum Industry, 2002, 26(4): 32—34.

ALY, R, EEUK, B OW, A T SR R U
Re I IWFFERIL[T]. MRHREEE R, 2008, 37(24): 125-128.

ZANG Chun-yong, TANG Hui-ping, WANG Jian-yong, GE
Yuan, SHI Ying. Research survey on oxidation resistance of
molybdenum at high-temperature[J]. Material & Heat Treatment,
2008, 37(24): 125-128.

JAANE, IBER, B WL R e R IR 2 R ).

SIEMES R 4 T2, 2008, 36(2): 6-10.

[14]

[15]

[16]

[17]

ZHOU Xiao-jun, ZHEN Jin-fen, ZHAO Gang. Preparation of
oxidation resistant coating in high temperature for molybdenum
and its alloy[J]. Metal Materials and Metallurgy Engineering,
2008, 36(2): 6-10.

KUMAR K S, ALUR A P. Deformation behavior of two-phase
Mo-Si-B alloy[J]. Intermetallic, 2007, 15(5/6): 687—693.
KRUGER M, FRANZ S, SAAGE H, HEILMAIER M,
SCHNEIBEL J H, JEHANNO P, BONING M, KESTLER H.
Mechanically alloyed Mo-Si-B alloys with a continuous a-Mo
matrix and improved mechanical properties[J]. Intermetallics,
2008, 16(7): 933—941.

FANG Wang, SHAN Ai-dang, DONG Xian-ping, WU Jian-shen.
Microstructure and oxidation behavior of directionally solidified
Mo-MosSiBy(T>)-MosSi  alloys[J].
compounds, 2008, 462(1/2): 436—441.
b - OS2l BV 2 TN M) RS R, AP0, REE
P, Jbat: A HARAL, 2003: 209-1804.

BARIN I. Thermochemical date of pure substance[M]. CHENG

Journal of alloys and

Nai-liang, NIU Si-tong, XU Gui-ying transl. Beijing: Science
Press, 2003: 209—-1804.

(mig  IF15)



