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Heat Resistance Properties and Erosion Resistance to Molten Zinc of Fe-W Alloy Films Electroplated
Using lon Exchange Membrane-multiple Anode System

Kohei Isuipa, Takuo NAKADE, Tsutomu Morikawa, Masao Mivake and Tetsuji HIRATO

Synopsis

: We have investigated the heat resistance properties of Fe-W alloy films electroplated using an ion exchange membranes - multiple anodes

systems. The room temperature hardness of Fe-W alloy film increased with increasing heat treatment temperature and reached HV1200 after

the heat treatment at 700°C. While the film was amorphous in the as-plated state, it was partially crystallized by heat treatment at over 600°C,

indicating that the increase in the hardness was caused by mechanism of precipitation hardening. The high hardness of the Fe-W film was

maintained even when the hardness was measured at high temperatures. Wear resistance of Fe-W alloy film was lower than those of electro-

plated Ni-W alloy and Cr films in the as-plated states. However, the wear resistance of Fe-W alloy increased and surpassed the values of the

Ni-W alloy and Cr films after heat treatment. Fe-W alloy film with a higher W content showed higher resistance to the erosion by molten zinc.

No erosion by molten zinc was observed for the Fe-W alloy films containing W more than 35 wt%. The Fe-W alloy film was found to form

layered oxide phases on its surface. The oxide layer formed on the surfaces of the Fe-W film, including the inner surface of the cracks in the

film, seemed to work effectively as a barrier to the molten zinc erosion.
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Fig. 1. Changes in hardness of plating films with temperature of

heat treatment for 1 h.
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Fig. 2. XRD patterns of Fe-W plating films before and after heat
treatment at various temperatures for 1 h.
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Fig. 3. Changes in wear volume of plating films with
temperature of heat treatment for 1 h.
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Fig. 6. Cross-sections of various plating films after molten zinc
erosion resistant test.
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Fig. 5. Appearance of Fe-W alloy plating after molten zinc erosion resistance test.
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Fig. 10. Cross-sectional EPMA analysis of Fe-W alloy plating film after thermal shock and subsequent molten zinc erosion resistance

test.
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Fig. 11. Thickness of oxide film on Fe-W alloy plating film formed by heat treatment (a), and GDS depth profile for the film heat-

treated at 600°C (b).

L2 DTHD, ZDOTENIWRURL L 72 LiE » T
RENTWBREEEGSTWbEEEZLNS, ZDXIH K&
FRALIRORSE SRR ENB Z LT, - ZRIEIZY T
2 AR U T VARSI IR ES S, ARL 72
N7 79 Z7ICBALEVWEHEREINS, 2D XS5 Xk
Fe-W&E® - ¥ DA S EIEIZERSn TR 51T
W32,

Fe-WHE > 213, RO WERBEMN35 wit% &5 5
EHSORESRONLEL BB Eh 6, HAMBHIRE
HERTHE - OBRRIEBEHOEHNWERERICH DL
AbN b, FEBEOXRMEBL THRBEREL AW L
I, RIEEH B XY 5y 2 N TORILERKIZED,
M e OFMNEL &0, HIORAZHVTNELEH
Abhd, ZTh6 “DORERKIZK D, B2t E Rz
BEMERBLTCWILEELBNS,

4. ¥

il

A% VR — R 27 5 & O TERL 7=
Fe-W A0 - % OB 5 X OvA i R & iz o u
THETL, LT ORER &G 72,

DOFe-WAEY > FFANFIZ LD XD EHBRE G,

700°C DFEALFR A i U 72308 TIZ HVI1200 2L R & 7 5 72,
QOBW->XFETETENLT 7 A AR L 72, 600°CLLE

OEVLF T, XEREPT/ S & — VIS ¥ — 2 hifgsg

I, AR L TB Y, kL Tnhs Z e

o7z,

@Fe-WAEE®H > ZEERFHATTEEHWH X TH -

720
DFe-WHE9 - X DOMEFEMERE, > X FFTEINI-WH

BHHOERCrH-> E XD A 5 7228, B % fii§ Z

ETCHLEL, i > & &8 A DM EFEMEZFBIL 72,
®Fe-WAEW - ZLIEHOW AR %281 &8 % LA

ARSI L, WEBRHEAN 35wt T, &

itk ARENROhEL Ko7z,
OBHMPEZ L 72 Fe-WAETH > ZDEAL IO T v

NI & h, 2 AR S 7 &

UTHNZI 2 &2 HERR T & 72,

X [73

1) M.Nakagawa, J.Sakai, T.Ohkouchi and H.Ohkoshi: Tetsu-to-Hagané,
81(1995), 989.

2 ) E.Ogawa, K.Shimizu, S.Hamayoshi, N.Kumagai, Y.Ohtsubo, N.Noda,
Y.Takase, K.Kishi, K.Shobu, T.Tabaru, E.Maeda, S.Koga and
T.Matsuda: Hitachi Met. Tech. Rev., 28(2012), 50.

3) WET4 RSB, HASGE W, E, Hat, (1982), 1417.

4) A.Brenner: Electrodeposition of Alloys, vol.2, Academic Press,
NewYork, (1963), 345.

5) T.Hamada, K.Ishida, T.Morikawa, T.Nishimura and T.Nakade:
Electroplating equipment of Fe-W alloy using cation exchange
membrane, continuous plating method and film by this equipment,
J.P.Patent JP2006-213956, (2006).

6 ) T.Morikawa, T.Nakade, M.Yokoi, T.Hamada and K.Ishida: A4bst.
112th Meet. Surf. Finish. Soc. Jpn., (2005), 35.

7) T.Morikawa, T.Nakade and M.Yokoi: J. Surf. Finish. Soc. Jpn.,
57(2006), 882.

8 ) K.Ishida, T.Morikawa, M.Miyake and T.Hirato: J. Surf. Finish. Soc.
Jpn., 67(2016), 489.

9) T.Omi, K.Nishido, H.Matsumoto and H.Yamamoto: Hyomen Gijutsu,
40(1989), 1287.

10) T.Morikawa, T.Nakade, Y.Sato, M.Yokoi and K.Ishida: Hyomen
Gijutsu, 50(1999), 1169.

1) B8 - E8OR, BxPEEEam, H L3RR, 5,
(2011), 218.

12) BHBESD > E BROYITE, BXPEEIIE 2, H L3R AL,
WL, (1986), 71.

13) T.Takawa, T.Takamoto, H.Tomono and K.Tada: Tetsu-to-Hagané,
74(1988), 2130.

14) T.Omi and H.Yamamoto: Kinzoku Hyomen Gijutsu, 24(1973), 612.

15) Y.Ruan, M.Kowaka and S.Yao: Hyomen Gijutsu, 41(1990), 1044.

16) T.Watanabe and M.Watanabe: Hyomen Gijutsu, 48(1997), 549.

17) N.Tsyntsaru, J.Bobanova, X.Ye, H.Cesiulis, A.Dikusar, I.Prosycevas
and J.-P.Celis: Surf. Coat. Tech., 203(2009), 3136.

18) T.Yamane: Tetsu-to-Hagané, 48(1962), 967.

19) N.Takata and M.Takeyama: Tetsu-to-Hagané, 100(2014), 1172.

20) T.Morikawa, T.Nakade and M.Yokoi: J. Surf. Finish. Soc. Jpn.,
58(2007), 52.



