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Abstract

Diffusion cozting(metaliiding) of aluminium on steel from molten fluorides(29.2wt. % LiF —11.7wt.% NaF
—59.1wl.% KF, FLINAK) was studied. The electrolytic cell consists of = steel cathode and a consumable
aluminium anode. Effects of manganese on the aluminium deposition were also investigated. The guality of the
deposit was analyzed by SEM, OM, EPMA, EDXA, and also examined by means of Micro~Vickers hardness
and corrosion tests. Deposit layer was identified as an aluminium-rtich iron alloy czused by diffusion process.
The optimum condition for the metalliding was found to be the current density, 50 to 150mA /cm?, the bath tem-
perature, 570, and the amount of AlF:, 10wt.%. Addition of manganese fluoride(up to 5wt.%) as a co—de-
posit element improved significantly the quality of the deposit layer.
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Fig. 1. Schematic drawing of experimental cefl.
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Tabie. 1. Operating conditions and results of Al metalliding.

l Run no. AlFs(wt.%) Temp.('C) C.D(mA/em?) Time(min.) State of deposit
1 10 575 50 120 Tair
2 10 575 100 120 satisfactory
3 10 575 100 330 satisfactory
4 10 575 140 110 fair
5 10 575 150 120 fair
6 10 ' 575 200 120 rough depesit
7 15 575 50 120 fair
8 15 575 50 240 rough deposit
8 15 575 70 60 fair
10 15 575 70 120 fair
11 15 575 100 120 rough deposit
12 15 575 100 180 rough depasit
13 15 575 150 120 fair
14 15 575 200 40 fair
15 20 575 20 120 rough deposit
16 20 575 20 240 rough deposit
17 20 5795 50 60 fair
18 20 575 50 120 rough deposit
19 20 575 50 240 rough deposit
20 20 575 100 240 rough deposit
21 20 575 140 240 rough deposit
22 20 575 160 240 rough deposit
23 20 575 220 120 rough deposit
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(h) %or Fe

Fig. 2. Qualitative analysis by EDXA; AlF,
15wt %, CD 200mA/om’, and Time
A0min.
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3. Surface analysisi by Scanning Electron
Micrograph with 10wt.9% AlF, added
(750 );

{a) AR, 10wt.%, CD 50mA/cm’ Time
120min.

(b} AIF, 10wt.%, C.D 100mA/en?, Time
120min.

(c) AIF, 10wt.%, C.D 150mA/cm®, Time
120min.
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Fig. 4. Optical Micrographs of Cross—Sectional
View
{a) AIF; 10wt.%, C.D 100mA/cn?, Time
120min. {1000 x )

(b} AIF; 10wt.%, C.D 100mA/cm?, Time
330mir. (400 x ).
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Fig. 5. Quantitative analysis of Al and Fe line
profile with respect to distance in coat-
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Table. 2. Operating conditions and results with MnF, added.

=S

j Run ET Ai}*‘;!(wt.%——riéiip.( T (mA/ cm?) Time(min.) J State of deposit |
] 10 T 187 575 | 150 | excellent
B 10 | 333 575 180 ’ excellent
i 3 ‘ excellent

l

excellent

|
10 | 500 [ 575 180
i 16 | 500 | 575 | 150

(a)

Fig. 7. Qualitative analysis of Al, Mn, and Fe by
EPMA; AlF, 10wt %, Mni, 1.67wt. %, C.
[ 150mA/en?, and Time 120min.

Fig. 8. Qualitative analysis of Al, Mn, and Fe by
{e) EPMA: AIF, 10wt %, Mnf, 3.33wt.%, C.
D 150mA/en?, and Time 120mir.

Fig. €. Surface analysis by Scénning Electron -

crograph of coatings{ 750 % ); 2.0)2= Mnol #EZE ) Aukel] HAR e w)a
{a) AIF, 10wi.%, MnF, 1.67wi%, CD 2 Al ol 5 }
150mA/on’, Time 120min. o) FESI glar, Fe oiais] o) 28] 4
{b) AR, ’l/Owj:.%, MnF, 3.33wt.%, CD ok Bl 9 &% NoddEz glont, M, A
50mA/on’, Time ‘320min e a v EAUE Mool AR
(c) AF, 10wt%, MnF, Swi%, CD  ~Io8cl 33w ST Afeln AT
1B0mA /o, Time 120men. W MnEhgEe Aeler e g, Fe dhge A
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Fig. 10. Quantitative analysis of Al, Mn, and Fe
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Fig. 12. Red rust onget time measurement, in 10

% NaCl solution at room temperature;

{a} coldrolied steel,

(b} AIF, 15wt.%, C.D 100mA/om,
Time 120min.

{c) AIF, 10wt%, CD 100mA/om’,
Time 126min.

(d) AIF, 10wt.%, MnF, 3.33wt.%, C.D
150mA/en’, Time 120min.
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