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Diffusion Barrier Effect of TiC Layer Formed at the Bonding Interface
and Bonding Characteristics of an Explosively Welded Ti/SUS420J1 Stainless
Steel Clad by Heat Treatment

Akiva Cuma, Minoru Nisna, Yasuhiro Morizono and Kihativou Imamura

Synopsis : The high temperature stability of an explosively welded Ti/SUS420]1 stainless steel clad was assessed by studying
microstructures and bonding strengths of the clads with changing the annealing temperature. Compounds formed at
their bonding interfaces consisted of TiC , FeTi, and/or Fe,Ti phases depending on the annealing conditions. The TiC
layer formed at the boundary acts as an barrier for the diffusion of the base metals across the bonding interface under

the 1000°C annealing and prevents the growth of intermetallic compounds, (FeTi and Fe,Ti) and of 8-Ti.

The

specimens formed TiC layer at the bonding interface sustained high bonding strength even by high temperature
annealing. Diffusion barrier effect diminished above 1050°C annealing due to the dissolution of TiC layer in y matrix
and the strength decreased. The diffusion barrier effect of the TiC layer was discussed on the basis of phase diagrams

and physical properties of TiC compound.
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Table 1. Chemical compositions of materials used.

Chemical composition / mass%

Materials C Si Mn P S Cr Ni Fe (o] H Ti
Stainless Steel(SUS420J1) 0.16 037 0.51 0.029 0.001 13.33 0.19 Bal - - -
Titanium - - - - 0.05 0.08 0.001 Bal
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Fig. 1. Experimental assembly for explosive weld-
ing.

v NHIR 2 /B8 L 12,

BEFRFig. 1 R & 5, wERSH E 7 EOERNE
& AT BRI R T ov B R E T AR EREE 6900
m/sHk D W PRI 2 H o 12,

BEZROBUE IR ZAES 7R ICEERAL,
500°C~1050°COIREIL THE 2 DREEIIT - 12, 136 nLicalkt
oW T, BARMORIEBE, SEMAUTEMBE#1T-
720 NSRBI EEHIB AR EICEECY O L, BWEL
72 TEMAE R 3 RBEEEL & Rk, BARE CEE M
CRBESHEHOE LT, 3SmmES, 0.15mmE S CKEM
Tk v oL, 5vol%BIEREE, 3vol%n-7F 7 v
a2—n, 60vol% A X 7 —nh i 5 ERBERT YAV
v METEMRMEBEXIT-12, 29 v FHOBABRERYA
WrakBRio L VEME L7c, T bbb, 412 v BFEER
BARCFROCANAGEYEY T, BETTZ2e~
v FZ2¥—F 1 mm/minT4r- 72,

3. EEBREE

3:1 BEZIoEEFEESREESHE

Fig. 2 13485 2 : OBAREEBOREER 2R T84
REIMFEF BB LKA EEZE L, BECEALT
VB IZEVEIGNS, Fig 3 BEBARGOTEMEEYRT.
(@) ZTIHOMRBRFETH Y, B ST0nmiEEOHARDOE
BBV HERR S N3, 2 DEBKDE FRFT & — 2 (b)id e
—Y U RTILEY, TENZFRMETHY, 6
D7 'NT 7 AW () IIRT & 5 ML 8- Tids5r X
LTw3, 2OROBERSRIEETI/SUSILZ 7 v Nl
DEARBTHEESINTH Y, FXU 275y FfcdbE



$% & §@Vol. 83(1997)No.l |

200

Fig. 2. Optical micrograph of the bonding interface
in explosively welded Ti/SUS420]1 clad.
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50nm

Fig. 3. Bright field image of the bonding interface
in explosively welded Ti/SUS420J1 clad and
corresponding electron diffraction patterns.
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Fig. 4. SEM micrograph and corresponding compo-
sition profiles of Fe, Ti,Cr and C of the bond-
ing interface in explosively welded Ti/
SUS420]J1 clad.
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Fig. 5. Optical micrographs of the bonding interface annealed for 1h at (a) 500°C, (b)700°C, (¢)1000°C and (d)

1050°C.
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Fig. 6. Bright field image and corresponding elec-
tron diffraction patterns of the bonding
interface after 1h annealing at 1000°C, show-
ing that TiC layer is composed of aggregates
of TiC fine grains.
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Fig. 7. Effect of temperature for specimens an-
nealed for 1h on bonding shear strength.
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Fig. 8. SEM micrographs and corresponding composition profiles of the bonding interface after 1h annealing at
(a) 1000°C and (b) 1050°C of Ti/SUS420J1 clad.

Ti wt%

Fig. 9. Isothermal section diagrams of Fe-rich cor-
ner for Fe-C-Ti system at 1000°C and 1100°C.
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