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Bonding Condition of Rolled Titanium Clad Steels

Seishiro YOSHIWARA, Takao KAWANAMI and Ken’ichi SUZUKI

Synopsis :

Six kinds of rolled titanium clad steels were made by way of trial, and evaluated mechanically and mi-
croscopically. Some of these rolled clad steels satisfy the condition which the JIS G 3603 specifies for the
exprosively welded clad steels and exprosively welded and rolled clad steels with titanium as cladding metal.
These rolled titanium clad steels of high performance are bonded without intermedium and with inter-
medium of iron foil, nickel foil, SUS 304 wooven wire cloth or SUS 430 wooven wire cloth.
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Table 1. Chemical analysis (wt%,).

Material C Si Mn P

S Al Ni Cr

Base metal: SB 42 0. 183 0. 204 0. 666 0. 020

0.013 0.014 0. 020 0. 026 Bal — - —

Cladding metal: TP 28 H 0. 004 — — —

_ - — - 0.013 | Bal | 0.063 | 0.004

SUS 304 0. 04 0.48 0.99 0. 16 0. 006 0.017 9.63 18. 89 Bal - — -
SUS 430 0. 03 0.55 0. 87 0.014 0. 008 0. 019 — 17.33 Bal - — -

Intermedium

Cover plate: SS 41 0. 14 0. 44 0.73 0.021 0.016 0.016 — - Bal - - —

M 60 28 5 7 HZfF (Received Aug. 7, 1985)
* T H AR (b)) MM 2 v & — (Material Forming Process Lab., Nippon Steel Corp., 1-1-1
Edamitsu Yahata—higashi—ku Kitakyushu 805)
*2 A AR () BT E v & — TITi8 (Material Forming Process Lab., Nippon Steel Corp.)
*3  IH AR (BR) S E 2 2 — (Analysis Research Lab., Nippon Steel Corp.)
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Table 2. Kinds of intermedium.

Symbol Intermedium
A None
B Iron foil: 50 pm
C Nickel foil: 50 zm
D Nickel plated on titanium: 50 pm
E SUS 304 wooven wire cloth: ¢0.5 mm, 10 mesh
F SUS 430 wooven wire cloth: ¢0.7 mm, 7mesh

Table 3. Thickness of materials.

Material Thickness
Base metal : 8B 42 150 mn
Intermedium :A~F =1lm
Before | Cladding metal : TP 28H 14 on
rolling Cover plate :8S41 2.5 m
Cover plate : SS 41 2.5 mn
Cladding metal : TP 28H 14 mn
Intermedium :A~F <1m
Base metal : SB42 150 mn
Total thickness 335 mm
Reduction ratio Full thickness
) 48 348 nn
Al‘te.r 57 296 mm
rolling 87 193 m
116 145 mm

Cladding ratio : 854%

Table 4. Method of ultrasonic testing.

Flaw detection apparatus
Method of setting working
sensitivity

Stage of flaw detection

Searching side

Searching surface
Working sensitivity of
transducer

Frequency of transducer
Diameter of transducer
Type of flaw detection
Couplant

UM-731, Made by Tokyo keiki
Bottom echo system

At the time of completion of
metarial manufacturing
Cladding metal side and base
metal side

As rolled

Bg: 80%
5 MHz
20 mm

Water column coupling method
Water
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Fig. 1. Relationship between kind of intermedium
and shear strength.

Intermedium : None Full thickness : 14.5 mm

75=38.8 kgf/mm? Right down portion is taper polished
2:SE, b:0O, c¢:Ti, d: Fe

Photo. 1. Sheared surface of titamium side
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Fig. 3. EDAX analysis near the boundary re-
vealed by taper polishing on the sheared titanium
side specimen.
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Intermedium : None Full thickness 14.5 mm
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Fig. 2. EPMA line scanning across the
boundary.
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Intermedium : Iron foil Full thickness : 14.5 mm
65=24.1 kgf/mm?
a:SE, b:O, c¢:Ti, d:Fe

Photo. 3. Sheared surface of titanium side.

Intermedium : Nickelfoil Full thickness : 14.5 mm
gs=21.6 kgf/mm?
a:SE, b:Ni, c¢:Ti, d:Fe

Photo. 4. Sheared sarface of titanium side.
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BCERIADBRZBWMHIMO AR TR AN ST
BHY, TORBEOME X AW E (Photo. 2 o ETFH
H) WEMIHAT Photo. 1 L3R >CTRL 5.

Fig. 2 ¢ Photo. 1~2 r[AEHDO R D EPMA #
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Fig. 3 & Photo. 1 L[ U # v BT O EAITFELR

B cBEAEAY EDAX kv Ti 258 LTRL
T b, F2 YHIBEE OB BEBCHFE I T3
2, T OBEARRL L#ANRLOT 10 pm OFZE T Ti

Intermedium : Nickel plated ontitanium fullthickness :
14.5mm ¢;=6.2 kgf/mm?
a:SE, b:Ni, c:Ti, d:Fe

Photo. 5. Sheared surface of titanium side.

a:SE, b:Ni, ¢:Ti, d:Fe

Photo. 6. Boundary of nickel plated titanium
clad steel.
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Full thickness : 14.5 mm

Fig. 5. Result for EPMA line scanning across
the boundary of nickel plated titanium clad
steel
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Intermedium : Nickel plated on titanium Full
thickness : 14.5 mm
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Fig. 6. X-ray reflection on sheared
surface.
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Intermedium : SUS 304 wooven wire cloth Full
thickness : 14.5 mm, ¢,=25.3 kgf/mm?
a:SE, b:Cr, c:Ti, d:Fe

Photo. 7. Sheared surface of titanium side.

Intermedium : None Full thickness: 14.5 mm
Left : Searching from the cladding metal side,
Right : Searching from the base metal side.

Photo. 8. Flaw detection patern of titanium clad
steel.

E Full
| thickness

34.8mm

29.6mm

19.3mm

14.5mm

Based on JIS G 0601, R=20mm Intermedium : None
Photo, 9. Side bend test pieces.

Intermedium : None Fullthickness : Above 14.5 mm,
Below 19.3 mm

Photo. 10. Tensile test pieces.

FADDOEDBE LYY A, ThiwANRR
HozE e >THhcEELbhS., COFRRELTH
ZVRE =y F ADOERBLIEAILNL & Ti 04
BRI DOERSD B I HEIAEOB 2, FEIERR
M COBRCILINHFEHE = ¥y LEDHA XD
LIEMTHENLTHSB.

Photo. 7 1 SUS 304 &% ikt & LCHA L2
7 v PO F & vl AR ZRT. BRIk
VERBME AT v v AR OWITE LSS L CHR TR
D, BEIEHEH, FEM, BHErhERET>T
HEATWD. FlAT v v AREME Ti 239/ LT
WBHZEND, F2VYHIEETABEOKMEEEL Ty
WG HEAI LHETE 5. SUS 430 &89 % high &
LTAWEESED SUS 304 oBa L2 AL Ths.

Photo. 8 il & W\ s\ F 2 v 7 5, FEIRD

BEMPLRT. Eii== —KESEO R LRTE
BEHREEIShTROhS L 008H 52, £ 2EUEDE
H= 2 =Pk E VT & L ERGBREER CIEED
HRINTHBH T LD I IRMBEIE LR, FES
VE=ZVADLBWR L D=2 —ThbHLE 2 5.
Photo. 9 Wil BRE I Bla R . M 2 VB
LPER= y Y AVELPEM E LBERIE, FED4
B OEITEASEROISBIE 2N, F£
VIR = » r D OEHE LicEE & SUS 304 2 SUS
430 SEEFA LB ACREASTILBEETED
DOBB TN NIEETRERT SO T, fildh
TRBI MR L 3L FlOBEL L TV 5 3
DTHY, CAMRBLEAROCANBIOIETH
Z0ERL, HETRRIZEST OB MO DIFEE
V. OTERERANELEL O ABASEHRADYE
MEBOERORILLZWBELINET HHEEIL, AN
AREREIIAKE CHLENYELHEFED B, B D

— 142 —



FIERICXBF X2V 75 FHOESIRE 677

60
ke
|3
]
el oot .
§v30_ .g‘ : - H .
e & |
by
S 10
0 ] ] ] ] ] ]
A B € D E F
Type of intermedium
60
5A5U“‘ . $ e o
540 Op=40.8
ug B
£v30
2 St
[
10
0 1 1 1 1 1 )
A B cC D E F
Type of intermedium
60
500 % ¢ . .
-* * ¢ : * .
s 4 -, . .
-0 . °
LN . .
g'van— .
Sw
“op s=a
101
0 1 1 1 ! 1 ]

A B cC D E F
Type of intermedium

Fig. 7. Mechanical properties.
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