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Development of Heat-resisting Material by Combination of
Tungsten and Titanium

Hirohisa MASUMOTO, Kazumasa NISHIO, Hideyuki IKEDA
and Hidehiko MATSUDA

Abstract:

The effects of thermal stress (Case A) and post heat treatment (Case B) on the joint bondability of
tungsten and titanium were investigated. Thermal stress was examined using finite element analysis. Even though
the direct bonding of tungsten and titanium was difficult we were still able to obtain the joint strength using a
diffusion bond. The Ti used in this study was layered with a 20um-thick-Ti foil, which consisted of a Ti/Ta/Ti
foil/W/Ti foil/Ta/Ti structure. For Case A, the joint of tungsten and titanium, a maximum equivalent stress of
over 400MP a at the surface of the center was obtained. When the tantalum was inserted in the W/Ti joint, the
equivalent stress decreased and became about 409 lower with a tantalum thickness of 5mm. Case B, the Ti/Ta/
Ti foil/W/Ti foil/Ta/Ti joint, was bonded at a temperature of 1123K for a bonding time of 10ks which showed
a tensile strength of 218MPa. A tension fracture occurred in the tungsten base metal and on the original bond
interface. The joint bonded at 1123K for 10ks was tested for joint strength by post heat treatment at 973K for
180ks. The post heat treatment did not influence the joint strength.

Keyword: Finite Element Method, Diffusion Bonding, Tungsten, Titanium, Tantalum, Equivalent Stress, Joint
Strength, Post Heat Treatment
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Fig.l1 Snapshot picture of the model for analysis of
the direct bond
Size: (X,Y,Z) = (50,50,25) /mm
Cell; (X,Y,Z) = (10,10,25) /mesh
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Table 1 Analysis condition for FEVA analysis
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(a) Flex Cell 3D Generation Controls (b) System Controls
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1. Advanced Controls
VerTex Sniffer
Edge Sniffer
2. Cell Recognition Rules
Neglect Inactive Cell
Neglect Zaro Intersection Cell
Reset Prior to Surface Sniffing
Process Displayed Cell Only
Verify Cells Durring Dragging
Optional Element Smeothing
3. Surface Smoothing
Max Iteration No. : 3
Fast Surface Projection
4, Interior Smoothing
Max ltorationNo. : 3
5. Cell Point Calculation Method
Flex Cell Ray Firing

1. Multi-Physics Controls
Continum Stress / Thermal Hoat Transfer
Dimention Controls : 3D
Solution Controls
« Static / Steady State Analysis
Ceometry Reference Frame Formulation
« Linear / Small Diformation
+ Small Strain
2. Solution Contols
Solver Controls : Initial Direct Solution
Subsequent Iteration Cycles:Sparse Direct Solution
3. Timo Stepping and Result Output Controls
Analysis Start Time / Step HE )
Analysis Finish Timae / Step 1
Max Iteration limit per Step  : 15
Convergence Error Normin % : 2
Initial Time / Step crement 1
0
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Automatic Step size control
Maximun Step Size 8 |
Minium Step Size : 1e-005




A VHRR - W AR : 2 v 7 AT v EF S Y OBEIGIC & BRI OB ==

Table 2 Physical properties for FEVA analysis

Ta Ti w
Tensile Strength (MPa) 450 220 980
Moduluus of Elasticity (GPa) 186 116 400
Poisson's Ratio 0.35 0.34 0.28
Heat of Fusion (J/g) 170 4354 1842
CTE,linear (773K) 6.7 10.1 4.4
Heat Capacity (J/g*K) 0.153 0.528 0.134
Thermal Conductivity (W/m-K)| 54.4 17 163.3
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Fig.2 Schematic illustration for diffusion bonding
apparatus
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Fig.3 Snapshot picture of the thermal distribution
and equivalent stress of direct bond. (a): Ther-
mal distribution, (b): Equivalent stress, (c):
Equiv alent stress of edge
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Fig.4 Concentration profiles of temperature and
equivalent stress of the direct bond
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Fig.5 Concentration profile of strain at the edge of
the direct bond
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Fig.6 Concentration profiles of temperature and
equivalent stress of the joint with Ta sheat
(2mm)
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Fig.7 Concentration profiles of strain at the edge of
the joints with insert material of Ta
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sten and tantalum with Ti foil
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Fig.9 Reflection SEM images and illustration at bonded zone with post heat

treatment

(Post heat treatment condition; T: 973K, t: 180ks)
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(a) SEM images at fracturted area of joint
Bonding condition: T;1123 K, 1,10 ks Joint strength : 218MPa
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Ta ST Fractured surfaces
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i w7
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(b) Schematic illustration
of fractured area

(c) SEM images at fracturted area of joint with post heat treatment

Bonding condition: T;1123 K, t: 10 ks,
Post heat lreatment condition: T: 973K, t: 180 ks Joint strength : 214MPa

Fig.11 Reflection SEM images and illustration of bonded zone after tensile test of joints.
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Fig.12 Reflection SEM images of fractured surface of the joint with post heat treatment.
(Post heat treatment condition; T: 973K, t: 180ks)
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