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ZEHIC Introduction

{LETHP RO > E 4 D HTIE, BaARED Top performance from conductive
A OmE Fic kA obiz s biiTsy . electrodes is vital to good productivity
ZHUBIH LT RRRAE &M Ot TS B & a?c; D”?d{;‘d tqua"fy in the chemical and
e e o plating industries.
i :;."}m"m%* - T_" Shinkg Metal Products Co., Ltd. has developed
A A 2o Tk, S IR A B L. MM oorrosion-resistant. highly conductive clad
CFaeH bk =y RHCTREBOKIEN  products that use cores of oxygen-free copper.
WLizkb, 23 Ltz 7 » Faizm  These products are clad by a hot
L3 L1 hydrostatic extrusion process, using
el P R titanium or nickel as clad metals.
o I\’j"?%‘_*“_i‘_mlﬁ CrAREOS G e products exhibit high corrosion
FEREL 23 CAUERRHME MR 2 L TR resistance, excellent COﬂdUC'[fVi'[y, and
i Twzd, UTFictofiZe TR L%%  excellent dimensional tolerance control,
KOERDESEIZHLEWEEZ I T, making them ideal for use in electrodes.
In the following pages, we will examine
various applications of these clad metals.
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Characteristics

High Corrosion Resistance
Titanium or nickel clad metals protect the
conductive copper core from corrosion.

High Bonding Strength
The clad and core metals are metallurgically
bonded for high strength.

High Electrical Conductivity

Perfect lengthwise bonding and complete
interface of the clad and core metals result
in low electrical resistance and high
conductivity, leading to energy savings.

Fabrication Capability

Because Kobe Steel is capable of post-
extrusion bending, drawing, rolling and
welding operations, we can provide
customers with customized fabrication of
the material.

Excellent Dimensional Control

Drawing or rolling processes performed after
hot hydrostatic extrusion provide excellent
dimensional control.
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2. Shapes and Dimensions

x1 WErTiE Table 1. Shapes and Dimensions
5B Rectangle FM# Round
t‘, P N L
27
Shape -
1
b S
o F%> Titanium ASTM B265 GRADE-2/JIS H4600 TP35C
Clad Metal _
Zw4r)le Nickel ASTM B162 UNS No.2201,7JIS H4561 NLCP
it ASTM B187 UNS No. G 10200
Core Metal MBI Quyper-frée oopper JIS H3100 C1020
matt — ——
it Ratio S s#4=2:8 Clad: Core=2:8
it (W) _
Width 20~60mm
(1) )
Thicknoss 4 30mm
=gz 3 u
Diameter @
EN) Eidblinolae (F2> . =95 iAE. Notes: 1) Clad materials other than the above
AE4 YY) I2onTlE, & Hik XTI (such as tltamgm, platinum and
' nickel) are available. Please consult
&E7 with Kobe Steel.
2) BMEHCOWT L IR THERS R THE T, 2) Core metals other than oxygen-free
3) #AOMIE, CEHCNLET2:8~8:2%T copper are also available. Please
T consult with Kobe Steel.
"THET Y o 3) Composite ratios from 2:8 to 8:2 are
4) HFEOWEIZHOWT LIETIZ L) LiRTikons available upon customer request.
ﬂdg rtack LJ-_)_“H!E'C":‘— 4) The width of the rectangle can be
: _ - . increased by whole-number multiples
) WEZ 7 v FillsEHMOME O EKE LIz through welding.
Tid. Sh&CHREIET W& %7, 5) End sealing is available; please

consult with Kobe Steel.
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*2 FREBIWEE Table 2. Shear Strength

Fo— EEFE _
_ 12~ 15kgf/mm?
Titanium—Oxygen-free copper
o — RERESR
: 12—~ 18kgf/mm?
Nickel—Oxygen-free copper

2)REFEERR

G, F5 - —BERE7 7 0 FHO5I55RA5%
BROKRT, F5 > L BRE R L o RifioHEAwIE
(I DGRIE & )<L #922~2Tkgf/mm® X HEE S 4L
- 4y

($ >y |5k5® S #)21 ~ 25kgf/mm?)

3. Properties

1) Shear Strength
Table 2 shows the shear strength at the interface
of the clad and core metals. \

BI7E 7 7% Measuring Method F
4353
Clad
Metal
Y ffr 54 BE e B il
Shear Strength L XW .

F = #ilir ) AUAY o R

Force Core Metal [
L ="t Ea il K & ]

Length of test specimen
W=kl

Width of test specimen

2) Interface Bonding Condition

Photo 1 shows the condition of the test
specimen following tensile strength testing of a
titanium-clad, oxygen-free copper product. The
bonded strength at the interface of the titanium
and oxygen-free copper is greater than that of
titanium and conventional copper (approximately
22-27kgfimm?, compared with approximately
21-25kgf/mm?).

£

23 24 2.5

BRI 75 MEEEORRAREOKS,

EZR D Fr B BEES
(=i — EBREEREIZFRIZ20THE
HItRABOERTT)

Photo 1. Condition of specimen after tensile testing of titanium-clad,
oxygen-free copper
Left: titanium Right: oxygen-free copper.
(Test result of nickel-clad, oxygen-free copper is similar to that shown
in Photo 1.)
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Photo 2 shows a microscopic view of a bonded
interface; Figure 1 shows the result of an EPMA
analysis of this interface. The clad and core
metals are metallurgically bonded, with no
intermetallic compound formed at the interface.

10 um
—

- Fo

FH2 FAHMMMREHER %100
Photo 2. Microscopic view of bonded interface

R
RIERENMEL R 2R LE T,

xR3 BIEMIEHER Table 3. Electrical

Resistance
Ei EHER
Resistance Specific Resistance
(344,19 /m) (#Qcm)
Ti-OFC 22 21
|
L = S—
| |
| Ni-OFC 21 1.9 |
| = i |
i |
| .
Ti-Ti 23 | 24 .
| |
—e — T ‘I
Ni—Ni 21 1.9
_— 1 e — —— ‘
OFC-OFC 21.5 2.0

F1 EPMASREER x100
Figure 1. Result of EPMA analysis

3) Electrical Properties
Table 3 shows the electrical resistances.

BIFE 5% Measuring Method

(1) Ti—Ti
Ni — Ni ; _
| o r
| f
L >
(2) Ti—OFC
Ni—OFC
i L\ A
B

(3) OFC—OFC

i O i

H—‘—Lﬂ
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Table 4 shows the electrical resistance and
conductivity of various materials (for reference).

EHEEZRLET,
F4 ZEHEOBTERCES(CEE Table 4. Electrical Resistance and Conductivity
Fy ] =wirv Ti-OFC Ni-OFC
Titanium Copper Nickel
TRAEHER ! _ .
Specific Resistance rfcm , 4780 T2 a8 21 18
. I e
Ex ' 3.1 100 18 835 86.5

Electrical Conductivity (% IACS)

4 ) iR A2 IR
X2, 3ICHMmAORRERLE T,

4) Cross-Sectional Views of Clad Metal

Figure 2 and 3 show cross sectional views.

2 sEFAORRETE
Figure 2. Cross Section of a Rectangular Product

3 MEAOHERE
Figure 3. Cross Section of a Circular Product
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ERCHERT 2583, Tk K, WEs Y Depending on customer requirements, actual
HIICIS L T2 DM TAUETTO T, WsiA 5 applications require various types of processing
' o ' ; or fabrication for dimensions, shapes, and

NTIR A—FDERICI L T2RML bW LET, structures. Shinko Metal Products has proven itself
capable of meeting these fabrication requirements.
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5. Production Process

A flat rolled plate of titanium or other material is
welded to produce the cylindrical clad shell, a
copper billet is then machined to the required
dimensions. The two metals are then combined
into a composite billet.

After a carefully controlled heating stage, the
billet is processed through high-reduction, hot
hydrostatic extrusion—metallurgically bonding the
clad and core metals. Any defects in the clad
metal may cause oxidation at the interface
between the clad and core metals when heated.
Defects may also allow the pressure medium to
contaminate the interface during the extrusion
operation.

Because of this, ultrasonic testing should be
performed after extrusion. This helps to detect
any bonding defect at the interface, as well as

il D &9, . ,
: any defects in the clad metal itself
{T 0000aC0a0a
-0 0 )—@) CO—|L_ D5
Fadig ] g | f TIG i&# iEE ELwk (si8Lels]eslo]o[s]s]o]
Titanium plate Bending TIG welding Grinding Billet A
Heating
Q= =0
WE Ly b 244l i
Copper billet QOutside machining Grinding
D
TG e
&= AR _ﬂ* s o [
% Fixeq size [ —F=——J<{ Extraction - ;_/
7 || BE )= cutting BE S and elongation N
e Ultrasonic ]
Shlpment Inspection tes[ing R ERHL
L —L @D"‘ |- | Hot hydrostatic extrusion
E RA’A
Fixed size cutting RE"E
ARG Ol
Rough cutting

4 WEZ7vFEBHORE TR
Figure 4. Production Process
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6. References

Physical properties of various metals are shown in
Table 5. Chemical properties are shown in Table 6.

Table 5. Physical Properties of Various Metals

#wFy-
Pure
titanium

FroaE
Titanium alicy
Ti-BAI-4V

Zheazrria
Zirconium

Thi=2 A
Aluminum

TAiZLRE
Aluminum alloy
75S-T6

Iron

18-8
AF LA
18-8 Stainless stesl
AlS1304

NnAF7a4C
Hastelloy C

=
Copper

Nickel

mMs
Melting Point
(*C)

1540~ 1,650

1,852

476~ 638

1,530

[ 1.400~1427

1,305

a i
Crystal Structure

H.C.P.<885T
<BCC.

HGP<990T
I*’-: BCC

HCP<B863T
<B.C.C.

L
® M
Density
(g/cm?)

451

442

6.52

F.CC.

FCC.

le

|B.C.C.<830TC|

F.C.C.

| Feo.

FCC.

FCC

i ‘

| 1455

270

280

7.86

803

BO3

‘ 890

| BF &S
| Atomic Number

22

22(T)

CES |
Atomic Weight

47.90

| R 4
| Young's Modulus
(kgf/mm?)

1085x10'

1155107

40

91.22

911 X107

1308 |

26

26(Fe)

2697

706X10°

728 x10

5585

1960 %10

2032x10

R

2086 X10 ‘ 11.90X10°

|
K7V otk
Poisson Ratis

0.34

| BRI
Electrical Resistance

| {uf-cm, 20°C)

|

| B8

| Electrical Resistance

| (CulztE~, %)
(compared wilhCu,2; )

LSr ¥ 4
Thermal Conductivity
(cal/em?/sec,"C/cm)

SRR
Thermal Expansion
| Coefficient

il

[ {em/cm/C,0-100°C)

—
|t %
| Specific Heat
| lcal/g/"C)

9

0.041

B4X 10"

013

| o018
|

88%107"

0.13

31

0040

|
|
i
|
|
|
|
|
i
|

58107

033

27

0478

230%10°" |

— Y

033

58

300

0204

0.07

021

023 |

031

0.34

|
|
| SN

a7

0.11

72

*

130

0031 0923
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R6 FEEARBECHURFI LA OMEMELEE  Table 6. Chemical Properties of Various Metals

-1 L] b 3 #
X .| 2
. ® & & %N Composition S Corrosion Resistance
b Fi - BMmper
ﬁlE Corrosive Medium (L oy wEI WoLA=mL | 30827LLAM | 31627 LA AZFO4C |
(=] Pure Titanium Pure Zirconium | 304 Stainless Steel | 316 Stainless Steel Hastelloy C |
25 (o] e] £ ) | & B
. === o B { =
O 1 B'*:l x ) X X I
N
Hydrochloric Acid :gg ~ — = 1 S S — |
- (HCI} _ e e - = | | =l
10 R ‘
x ) X [ X kS
ol Boiling [ ) | |
- 25 © © o) | [ a
S : | il [ @ | 8 !
< mm RIS x | x : | |
] % Sulfuric Acid S 5'_';;;___ = _ i .- e f
= H:S0 — e ] . —
2 s 10 e | | [
- b4 Ch o | *
Bal_llng‘ B |
25 5 o .

B | wom 19 E;::* 5 o 0 o] |
Nitric Acid 2';'3 — : S . |
(HNO:) _ B 3 - e

65 ET ] ' I
= o] x
Boiling - |
(134 10 Bﬁu a I ' o [
Acetic Acid — ,:;g = ! et
e {CH:COOH) 60 o & -
) Boiing - — s
10 25 o) ) j
E ¥ M | = __© | C b DI :
F ic Acid (HCOOH :
" e ormic Acid ( ‘ OH) l a0 Boiing _ ® ® td
S avm | 10 25 o . _
© | Oxalic Acid (COOH)) | 25 60 x | A Y —=
& LI 10 BT: 3 ; . .
. . i
Lactic Acid '__JEP&S — = — — i
(CH:CH(OH)COOH) 85 o] o] | x x |
=|. ) Boiling s
Hy—¥ 10 100 e O = =0 2
Sodium Hydroxide | | o = — e
?
wal Moo | % ey |
2 ) . i (I N P
nZ| MERYIL | s - o) &

) | Pottasium Carbonate - - ;;g EER e s e L = —u

(KzC03) 20 8] 3 |
| B A Boiling B : S | S - | e
| mierrysa > | Oe . =
Sodium Chloride 25 | mh . : - g )
(NaCl} - | Boiling
g | BETIE=DL 25 IS Te O | =1
Ammonium Chloride 40 L & ‘- o A i ;-_ >
'ui'g’ (NH.Cl) Boilng
‘6 T B e T — . - |
g H{LFE i | 20 E;#:t o XY o) * * x |
& o | Zinc Chloride ,—__.T;i:L : B )
& (ZnCl) 50 ! (o ] © [ *
it > Boiling ) |
2| mitworxsn 25 [} e

& Magnesium Chloride 2 | am = 1 =5
(MgClz) ol Boiling o . e +
B8 [ 25 | -] | x | X
Iron (V) Chloride 30 | R O u 5 %

EFe_lel inm i_ B(_)l_llp; L_ _—L i




= 5 LG} ® b:3
E £ & & K M an Corrosion Resistance
= 3 " Composition | Temperature
P Corrosive Medium (%) c) HFEy P el TN 304AFXLAM | 316RF LM NAFBAC
o Pure Titanium Pure Zirconium | 304 Stainless Steel | 316 Stainless Steel Hastelloy C
[ Ll Ed VN 25 | :
Sodium Sulfate | 20 | g 1. |
| ¥ (Na:S0:) | | Boiing |
St d— L e ]
= WiEFIIIL | | 25 | © | . o
(®% | sodium Sulfide L0 | e _ ,
| 'E (Na:8) Boiling | | |
52 REEEMSHOL 5 E- | - ) :
£ | Sodium Hypochiorite (NaQCI) 15 25 | i
M| REmTYLA - 25 ; |
| Sodium Carbonate | 30 3 ! ' p | |
‘ (Na:C0s) . 1 | Boiing | . : |
| | *FATRA-N | s i o | ; " | .
| & § | Methyl Alcohol (CH:OH) _ _ - i f
AT FT _ 1 | '
| % £ ; 100 ; :
S Carbon Tetrachloride(CCls) Boiling {| |
= Ol Tz B0 % I ] '
|4 & Phenol (CsHsOH) gema| 4 | _ : =
g FLLFLFEF 5 e 1 . 1
Formaldehyde (HCHO) Boing_|
P
5 % D‘:* 25 x
Chlorine — _—---Y - - 1 WL
| i - | |
# | (Clz) Vot 25 o @s | * b4 * | »
- e —— N = *z'ﬁ_ B S— — __|— ———
S| Wbk b 25 | : r
5 Hydrogen Sulfide 3 _-,E;-’——-—- —Jr——————— — t T
H:S ! 25 |
‘ ! - Wet N ! ||
7oe=7 40 '
1 - k.. T |
Ammonia (NH:) 0 100 @ @ |
— L — — — — S — + B 4
2 & % 25 [ Oe [ ).
¥ 3 — 1 - 1 = T T g
5.5 Sea Water - 100 0 [ . | . e
r E +74 20 R __ s | O« 1_ i e
= | Naphtha L [ weo ] Ji C 5 5 -
(HEERTR> c0125mm/ELLTF 0.125~0.5mm/F
¢Corrosion resistance indication? less than 0.125mm/year 0.125~0.5mm/year
A 110.5~1.25mm/$F % |:11.25mm/FElLE
0.5~1.25mm/year more than 1.25mm /year

# OB TAIBRALIOREERLE-_TBSHHD,

Possibility of local corrosion such as holes or crack corrosion.
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The inquiry of our products

R EEFRF TOKYO OFFICE :TEL.(03)5739-5333 FAX.(03)5739-5335
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Our products guides even the Internet.

URL:http://www.shinkometal.co.jp/
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