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High Speed and Wear Resistant Iron Plating on Aluminum Alloy

Masaki Kgjino, Kenichi Suzuki, Fusayoshi Miura
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Abstract

In recent years, many aluminum parts have been
used for the higher performance and weight reduction
of automobile engines. Wear resistant iron plating on
aluminum partsisimportant technology to apply to
automobile engines. However, conventional hard iron
process had some problems such as the low deposition
rate and solution instability, which affected the
productivity. Therefore, we have developed anew iron
plating process which has a high deposition rate and
uses insoluble anodes. The results are summerized as
follows;

Hard Fe-N coating was electrodeposited from a
ferrous sulfate bath containing urea at a deposition rate
of more than 10um/min. Ureahad aremarkable
advantage not only to harden coatings but also to
buffer the pH of the bath. Additionally, urea stabilized

ooooo

Fe** produced on the insoluble anode in continuous
plating. However, Fe** concentration must be kept
below 2g/L in order to maintain good plating
condition. A Fe** ion sensor was developed to
measure the Fe** concentration in real time, and fine-
metallic Fe powders were applied to reduce Fe** to
Fe™. Asaresult, the reduction was carried out rapidly
and efficiently to put the powders in the bath. By both
methods, we could keep the Fe** concentration in the
bath below 2g/L.

The wear resistance of the coating which hasa
hardness of Hv500 to 700 was better than that of the
conventional Fe-P plating.

This coating is expected to be applied to various
sliding partsin non-corrosive environment.
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Table 1 Standard bath composition and operating
conditions.

Chemicals Conc. O g/L O Condition

FeSO,01 7H,0 0 400
(NH,),S0, 50
NH,CONH, 80

pH 2.0
Temperature 6001
Current density  50A/dm?
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Fig. 1  Effect of urea concentration in bath on

hardness of deposits.
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Fig. 2 Influence of anode materials on Fe**

concentration after electrolysis.

O000000 R&DOODODOOVol. 33 No.4 (1998.12)



54

gooooboooobooooboon

Ubb0rOOOOOOO

DOoDO0FrSOO0OODOO
F'O00D000000FOH),0 0000000
0000000000000000000000
OO0000O00000DDFR*0O00000O02
Ogg/LO0DO0ODDOOD700060000000
O0000FOOOOOOD (B OOOOOOO
OO0O0OF0D00000O0D (90000000
o000

F'0 26 - Fe 000000000 OOOOO(®W)
F'0e - F D0O0DDDODOODODOOOOO(O)
000000000000000000000
O0000000D000000000FRS OO0
0000000000000000000000
O00000D000OFRS0O000DOOOOO
0J000000000000000000000
000000000000000000000O0
0000000000000000000000
000o0o0O0oooooo
000000000000000000000
0000000000000000000000
0000000000000000000000
00oo0o0oO0oooooo

O0O0DOFig. 3000000000F*00O
D0000F0D0000000DDDODOOO0

Function generator

Potentiostat

A.C. Supply
O Detection electrode
Material O Pt Pt
Area [ 1lcm2x 2
Plating bath Distance [J 15mm

Fig. 3  Experimental apparatus of Fe*"ion detection.
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Fig. 5 Variation of Fe*ion concentration in bath with
time and Fe particle size.
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Fig. 6 SEM photogragh of granulated Fe powders

using urea.
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Fig. 7  Schematic illustration of the apparatus for

solution control.
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Table 2 Chemica composition of deposites.

Urea Hardness
0g/LO O O o 0O 0 0 Hv[J

0 0.015 0O0.01 002 021 0.030 365
50 0.045 0.04 011 056 0.072 560
100 0.053 0.06 0.18 0.67 0.087 620

0 0 wt%0O

50nm

Fig. 8 TEM image of electrodeposited Fe-N coating.
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Distribution of cracks on thick-palated Fe-N
coating. (left:near surface, right:inner)
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Fig. 10 Ball-on-disk type friction tester.

Table 3 Plating conditions.

Sample Condition Og/LO | HardnessO HvO
Fe-N1 urea: 50 550, 560
Fe-N20 | urea: 800 standard] 585, 585
Fe-N3 urea: 80, 4501 690, 685
Fe-N4 urea: 80, additive A: 0.01 655, 655
FeN5 | urea: 80, additive B: 005 | 680,675 .
Fe-PO ] Fe-0.7wt%P, 5A/dm? 650, 650
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Fig. 11 Wear amounts(upper) and anti-seizure
properties(lower) of Fe coatings.
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