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Abstract: The symmetrical steel/titanium/titanium/steel billet assembly and vacuum hot rolling
bonding process were adopted to investigate the effect of rolling reduction ratio on the interfacial
microstructure and properties of TA1 commercially pure titanium-EH40 steel composite plates. The
micromorphology and element diffusion behavior at the titanium—steel interface were characterized by
means of optical microscopy (OM) , field emission scanning electron microscopy (FESEM) and
transmission electron microscopy (TEM). Meanwhile, the effect of interfacial microstructure on
mechanical properties under different reduction ratios was analyzed. The results showed that the
interfacial bonding strength increased significantly with the rise of reduction ratio. When the rolling
reduction ratio increased from 3 to 6, the interfacial shear strength and bonding strength increased by

84 MPa and 67 MPa, respectively. The interfacial reaction layers were composed of B-Ti, TiC and
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FeTi phases under all reduction ratio conditions. With the increase of reduction ratio, the interfacial

bonding quality was improved, while the total thickness of the interfacial reaction layer and the

thickness of the brittle layer showed a decreasing trend. The reduction of interfacial defects and the

thinning of the reaction layer were the microstructural factors responsible for the improvement of

interfacial bonding properties.

Key words: titanium-steel composite plate; rolling reduction ratio; interfacial void;

intermetallic compound
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Table 1 Chemical Composition of Experimental Materials (Mass Fraction) %

B R C N H 0 Si Mn Nb N Fe Ti
EH40 0.0970 0 0 0 0.24 1.42 0.023 0.001 1 HAy 0.016
TAl 0.007 1 0.011 0.0012 0.13 0 0 0 0 0.012 Higx
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Fig. 1 Diagram of Steel/Titanium/Titanium/Steel

Symmetric Composite Plate
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Table 2 Rolling Process Parameters of Composite Plate
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mm (j(

3 60 6 60—55—50—42—34—27—20
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4 60 7
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Fig. 2 Schematic Diagram of Sample Testing (mm)
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Fig. 3 Mechanical Property of Titanium—steel Composite Interface under Different Reduction Ratios
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Fig. 4 Microstructure of Titanium—steel Composite Interface under Different Reduction Ratios
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Fig. 5 Low-magnification Morphologies of Titanium—steel Composite Interface

under Different Reduction Ratios
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Fig. 6 High—magnification Morphologies of Titanium—steel Composite Interface

under Different Reduction Ratios
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Fig. 7 Brittle Layers Morphology of Titanium—steel Composite Interfaces

under Different Reduction Ratios
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Fig. 8 Layer Thickness Dimensions of Titanium—-steel Composite Interface under Different Reduction Ratios
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Fig. 9 EDS Mapping of Titanium—steel Composite Interface with a Reduction Ratio of 3
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Fig. 10 EDS Mapping of Titanium—steel Composite Interface with a Reduction Ratio of 4
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Fig. 11 EDS Mapping of Titanium—steel Composite Interface with a Reduction Ratio of 6

x3 BRENUZERS (RFESLL)
Table 3 Chemical Composition of

Each Position (Atomic Percentage) %

(A Ti Fe C

=8| 84.2 7.6 8.2
2 70.0 8.4 21.6
M3 81.2 9.5 9.3
w4 62.2 3.6 34.2
M5 80.5 8.7 10. 8
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Fig. 13 EDS Mapping of Titanium—-steel Composite Interface
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Fig. 14 Calibration of FFT Diffraction Spots in Different Regions of Titanium—steel Composite Interface
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Fig. 15 Secondary Electron Morphology of Titanium-steel Composite Interface under Different Reduction Ratios
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