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Effect of Laminated Structure on Mechanical Properties of Composition-modulated Co-Ni Laminated Plating

Kohei IsHpA, Takayuki NAGATAKI, Takuo NAKADE, Tsutomu MoRrIKAWA, Masao MiYAKE and Tetsuji HIRATO

Synopsis :

A composition-modulated Co-Ni laminated plating has been developed to extend the lifetime of molds used for continuous steel casting. We

have investigated the relationship between the laminated structure and the mechanical properties of the plating films. The tensile strength

of as-plated film increased with increasing thickness of the constituent layers, while the elongation did not depend on the thickness of the

constituent layer and remained almost constant in the range from 3 to 5%. Heat treated at 400°C improved the tensile strength and the elonga-

tion. The improvement in the elongation was remarkable, and the elongation reached 13% in the film composed of layers with a thickness of

0.8 um. The layer with low Ni content had an hep structure, and that with high Ni content comprised two phases of the hep and fee structures

in the as-plated state. By the heat treatment, the high Ni-content layer turned into the single fcc phase, while the low Ni-content layer kept

the hep phase, and accordingly, the film structure changed into the one where the lamination of the hcp and fec layers was distinct. The fact

that the fcc layers, which was easily deformed, were formed continuously in the lateral direction, was seemed to contribute to the significant

improvement in the elongation after heat treatment.

Key words: Co-Ni alloy plating; composition-modulation; elongation; continuous casting mold.
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Fig. 2. Stress-strain curves of composition-modulated Co-Ni
laminated alloy plating before and after heat treatment.
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Fig. 3. Relationship between mechanical properties and thickness of layer constituting composition-modulated Co-Ni laminated alloy

plating.
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Fig. 4. Relationship between mechanical properties and volume ratio of high Ni-content layer in composition-modulated Co-Ni

laminated alloy plating.
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Fig. 5. Cross-sectional SEM image and composition line analysis of composition-modulated Co-Ni laminated alloy plating.
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21

431 I



. 432

$% &80 Tetsu-to-Hagané Vol. 105 (2019) No. 4

50 - ;
As plating ' 400°C Heat treatment
S . :
5 40 | :
& A
S 30 B A
5 o3 i%f
520 0
o EI :
% o ] *(001)
~ 10 | a(101)
(@) E A1l
O 1 1 1 T
0% 5% 10% 15%

Elongation after fracture

Ratio of crystal face(%)

>0 As plating : 400°C Heat treatment
40 b i * (0001)
! 0(2110)
30 L Lo 4(1010)
e
20 ‘: i .
10 + e | B/
(b) oB | R
0 o, v —2,
0% 5% 10% 15%

Elongation after fracture

Fig. 10. Relationship between elongation after fracture and crystal orientation of (a) fcc structure and (b) hep structure in composition-

modulated Co-Ni laminated alloy plating.

EMPNIZ 1) B A fec il LU & hep HIZ 2 A TH
%, EVEERT O OVREPE M VIRRE T, S S A 1
ffe 22 NS R B e b o 7o, — 5, BULERS O OREER
EOVIRETIE, BHIOAFAEEIE 2MEIE— 2 E % 7R il A3
50, Filhep (0001) M CTHIE MK T 2 HAAE S
720 hep MEED T RO L (0001) DA TH 5728, ¥
AR Z DIZ< v, 51RO QW M2 & BG4,
WoXE XTI (0001) &5 ¥ & LRATH - 7=
A%, BULEEIC X 0 3RS REL A (0001) A& L, 5k
JiAESFAT IS (0001) DSFHRFIIZREIN L, 2T A5k &
R0, ThABMORECHFG L THEZENFLL
N5, ZORUFHIRZEN A, KUFFEH ORI %8 2 Tn
5728, SHhOMEBIEREE L 72w,

4. #E

FHAZE FARIRLRE Co-Ni A& - % OBV i $% T o I
FEEIC DWW THRE 247V, W O 5 S 21 B MR O B
MRS RIESBICOWTRET L, UM ORR &7,
(1) B X IR DL X AN X WVEETEL, o E &

F TR EE X 0.8 pm DBF, £ K780 N/mm’® %78 L

720 72, 400C T 2 Z LT, GIREE I3 >

ZEEDLOXD, 150 N/mm’ &< 72 - 7=,

) [MOHEEL, B> % F 2 ORBITIIMKRIEOE X121
WAFET, 3~5 % LT EDOMPTH 7z, LHL
400°C TEMILEE U 72308 T, O PE s K 1 B
L, FRICHREE X 208 um DR Tl 13% 123 L
7=

(3) ZCHICTE RS S ¥ S & RIR & L7256, »-o &
F F TIEENI G REOEELEREL &S I22hTH|
TR X ZHER 22 E5 U 72, 400°C TEMILEE L 72 30K
id, ENiGAROTFALED LR & & 3 I25[5RE & D
LRBR SN, 67% TR AR L7z, —JF, U

22

Rk, » -2 F20BCIE, SNiGAREO R
BD 6 $H4% ThH - 7245, 400C TEHLEE L 723808 T
id, ENiAHEOGELRED ER e e i2 ESL, 17
TELEE 67% DL E TS B %R L 72,

(4) 400°C TEMUFEL 730K CI3, RIBEX A< 5L &
BT, FEREAVNE L KBRS, KRR
X AN L LEEAICEIERE K E L & % BRI
ROt Th B L EZ N5,

(5) 400°C TELEL L 72508 T, Nig A HE A 28 fee
FoE D ANEZ L, NigHEOMK I3 BRI &
[fl U hephigi 2 n L 72 Z & T, hep & fee 2 HIRIZAE A
ICHERE L 72N e 28 b L 72,

X (D3

1 ) M.Kawamoto and T.Nagira: Tetsu-to-Hagané, 100(2014), 472 (in
Japanese).

2 ) K.Takatani: Tetsu-to-Hagané, 90(2004), 751 (in Japanese).

3)J.Yamaguchi, T.Nakashima and T.Sawai: Shinnittetsu Giho,
394(2012), 12 (in Japanese).

4) K.Ishida, S.Miyoshi and Y.Ebisumoto: Cobalt-nickel alloy material
and articles coated therewith, Japanese Patent N0.6048429, (2016) (in
Japanese).

5)K.Ishida, TNagataki, T.Nakade, T.Morikawa, M.Miyake and
T.Hirato: J. Surf. Finish. Soc. Jpn., 69(2018), 458 (in Japanese).

6 ) R.Ozdemir, C.A Korkmaz and I.H.Karahana: Electrochim. Acta,
137(2017), 1045.

7) R.Ozdemir: Electrochim. Acta, 132(2017), 770.

8) Y.Li, H.Jiang, W.Huang and H.Tian: Appl. Surf. Sci., 254(2008),
6865.

9)M.Kimura, K.zawa, M.Fukunishi, G.Kobayashi, Y.Sato and
F.Matsumoto: J. Surf. Finish. Soc. Jpn., 63(2012), 769 (in Japanese).

10) M.Fukunishi, F.Matsumoto and Y.Sato: J. Surf. Finish. Soc. Jpn.,
62(2011), 681 (in Japanese).

11) S.Yoshimura, S.Yoshihara, T.Shirakashi and E.Sato: J. Surf. Finish.
Soc. Jpn., 44(1993), 1189 (in Japanese).

12) H.Ohtsuka, F.Asa, K.Kobayakawa and Y.Sato: J. Surf. Finish. Soc.
Jpn., 53(2002), 953 (in Japanese).

13) N.Fukumuro, M.Chikazawa and T.Watanabe: J. Surf. Finish. Soc.
Jpn., 50(1999), 441 (in Japanese).



