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Effect of aging treatment on microstructure and properties of
a new high density alloy NiW750

LIU Guangi' , WANG Chunxu',LIU Shaozun',LI Yong' ,TAN Chengwen’, LIU Zhichao

(1. Special Steel Institute, Central Tron and Steel Research Institute, Beijing 100081, China;
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Abstract: A new high density alloy NiW750 is developed in this study, which is based on faced-center cubic
structure and strengthened by a fine and dispersed phase. After aging at different temperatures, the quasi-
static mechanical property of the alloy was tested, and the material characteristics under dynamic loading were
investigated using the split Hopkinson pressure bar ( SHPB) test. SEM and TEM were used to observe their
microstructures , and the hardness of the microstructure was also tested. The results showed that in the range of
650 ~ 900 °C, with the increase of aging temperature, the strength of the alloy increased at first, and then
decreased obviously, while the change of toughness was the opposite. The alloy had the best performance after
aging at 750 °C. Under the condition of dynamic loading, the alloy showed obvious strain rate hardening
effect, and adiabatic shear bands were formed within the sample. Furthermore, the collaborative deformation
was observed between the deformation bands and the matrix. The hardness of the alloy was also higher after
aging at 750 “C, and the stress in the deformation zone was more concentrated, which led to the adiabatic
shear fracture at the strain rate of 6 800 s ™',
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Fig.1 Mechanical properties of the NiW750 alloy at different aging treatment temperatures
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Table 1 Properties of the NiW750 alloy and common warhead materials

Specimens R,./MPa Ry 2/ MPa A/ % Z/% Aku/(J+em™2)  p/(g-em™?)
NiW750-without aging 1 435 1262 24.5 64 268 11.4
NiW750-aging at 750 °C 1746 1571 14.0 60 113 11.4
93WNiFel 2] 1286 1255 3.0 - 13 17.7
G003 -14] 1810 1 590 12.0 60 67 7.7
2.2 MMEEMNEERHMARNZN B A S BRICAR, £F 850 C LU FHIRAL B, i

2 AR SR T A B OIES, aT LR R RE ARG R AR . HARAE 10 ~ 15 pm.
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2 AREZCEET NiW750 BRI AR
Fig.2  Microstructures of NiW750 at different aging temperatures; (a) without aging treatment ; (b)650 °C ;(¢)700 °C;(d)750 C;
(€)800 °C;(£)850 °C ;(g)900 C
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Fig.3 Morphology of the un-molten substances in NiW750 alloy
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Table 2 Chemical composition of the un-molten substances

Element wt. % at. %
TaM 5.91 4.55
CoK 2.14 5.06
NiK 12.84 30. 46
WL 79.11 59.93
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Fig.4 Morphologies of NiW750 alloy by TEM at different aging treatment temperatures: (a) without aging treatment; (b)650 °C ;

(¢)750 °C;(d)800 C;(e)900 C



- 40 - MoR B e 5 T Z 27 %

R 3PN EGE AR N SR R BRI WRBG, IRRLE 45007 1) b BB DT L.
AE R IR RETE S 6 800 T R L S BRI R SEE S A9

&3 SHPB LR
Table 3 Results of SHPB experiments

Sample State Strain rate/s ~! Dimension ( before experiment) /mm Dimension ( after experiment)/mm

1 Without aging 2700 @4.01 x3.85 ®4.26 x3.55
2 Without aging 6 060 ®4.06 x3.85 @5.45 x2.30
3 Without aging 6 110 @4.01 x3.98 @5.42 x2.29
4 Aging at 750 C x5 h 2 000 @4.02 x4.03 @4.28 x3.55
5 Aging at 750 C x5 h 5000 @4.00 x3.97 @5.14 x2.51
6 Aging at 750 C x5 h 5010 @4.01 x3.86 @5.17 x2.53
7 Aging at 750 C x5 h 6 800 @3.99 x4.01 fracture

(a) AR 3% (b) 750 °C x 5 h IZicab 3

B 5 NiW750 44 SHPB LI Bl /EitHExT bt
Fig.5 The specimen images of NiW750 alloy before and after SHPB experiments ; (a)without aging treatment ; (b)aging at 750 °C x5 h
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Fig. 6 The true stress-strain curves of NiW750 alloy: (a)without aging treatment ; (b) aging at 750 °C x5 h
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