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Abstract: The external aluminium layer was transformed into a ceramic coating by the treatment of

plasma electrolytic oxidation (PEO) on aluminized steel. Characteristics of anodic voltage, thickness

growth regularity, cross-sectional morphologies and compositions of the ceramic coating were investi-

gated. The results show that the anodic voltages of aluminized steel and pure aluminum vary similarly

at the initial PEO stage, but the voltage of aluminized steel decreases at later PEO stage. The alu-

minium layer is consumed, and the ceramic-coating thickness increases linearly. The FeAl layer begins to

participate in PEO process as the aluminium layer is transformed completely into the ceramic coating.

Nevertheless, the ceramic coating grows slowly and many micro-cracks are observed at the Al2O3/FeAl

interface. The ceramic coating is mainly composed of Al, Si and O elements. It consists of γ-Al2O3,

mullite, and α-Al2O3 phase appearing only at the last PEO stage. The hardness distribution of the

coating is regional and the maximum is about HV 1800.
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1q#p�>JL=Q}w"C�LYQ�< #5Q9�YÆ
2 Zz)(�A#H{Yi#� Q235a�{J��
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Fig. 1 Schematic diagram of PEO apparatus
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Fig. 2 Curves of anodic voltage variation
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Fig. 3 Curves of residual Al thickness and ce-

ramic coating growth (δAl: 30µm)
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Fig. 4 Ceramic coating growth at different cur-

rent densities

� 5 5
 PEO l.AL HDA/PEO �K
\XU
Fig. 5 Cross-sectional morphologies of HDA/PEO coatings with different PEO treatment time

(a) 60min; (b) 90min; (c) 120min
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3 ~ .W����`/I1Kw!"|vK�w*{Kn� 537

� 6 5
 PEO l.AL|vK� XRD �{
Fig. 6 XRD patterns of ceramic coatings with differ-

ent PEO treatment time�KqS�{uJ�3
eX℄4;NF�Al �u/Rb n7Z�I 105min � Al �u/Rb℄�� Al J>���${u �I PEO Zek-�\k� γ-Al2O3 
e$>G�`!{uJ�s�G�W�Ik-�}�{uJkg=< α-Al2O3 G��k γ-Al2O3 G�P6V(.�*{�*�K$
yb%P6�"! Al2O32$i
_j n(�ttAW�Ae$>MV($i
k}ri*{2"! Al2O3 G�6W�'�
[2] ,_ α-Al2O3 G�67e~(o ∆G > γ-Al2O3� ∆G, I5(zy7l�6W γ-Al2O3 G�%'k�"! Al2O3 2$i
_j�(�nM℄b�I,[�6W γ-Al2O3, {uJ�3NF��{uJl<(�nMO%�Mg=< α-Al2O3 G�x��PEO��K$�P6�<b%���I<O γ-Al2O3 v)W α-Al2O3 G�
3.5 ^�8-7g�X'�**�
�� 7 VHJ<Ov !{uJ��J�9lWOO7�� Si �8I{uJ,[�,[v℄?�I{uJl< Al O7℄!ÆE�I{u,[
AlO7g=2*���8I{uJl℄!ÆE�I

Al2O3/Al m[kg=�)�AIHJ
 FeAl J��8℄�� Fe �8z,[�.�Z`�zO7�I{uJ
HJl�87.�I Al/FeAl m[k}I�! 10µm ��6�5�� 8 Ng<{uJlF B  ($� 7) [v��W9l��O1f���℄{uJs�( Al �
Si � O 9l�W��k Al $>..��A Si �
O $>.$i
�, 1 hg<{uJ,Jl�F
(A � B) �9l�8�<'f�,_� O � Al 9l�8.%G�� Si 9l��8I 1∼4at%, ,[
A  Si �8Pb. B  �{uJk�*�8 Fe 9l��b <0.5at%, s�$>�o!H'k� Fe Fj
IyH�\k#'�H
k� Fe 9l�AI
PEO k-�\k�(.H0J��

%� FeAlJk Fe 9l℄k#'�{uJk�� 1 _��� A � B #�℄�+ (at%)

Table 1 Element composition (at%) of the

ceramic coating at point A, B as shown in Fig. 7

Elements O Al Si Fe

Surface A 53.32 42.79 3.45 0.44

Internal B 53.23 45.02 1.49 0.25

3.6 �R~'*�
�_,[{u X
�Jz.��,[��J!3O7$� 9 wN��℄�X
�J�!3ZK;℄�5℄O7~ ��k_.�!3 (� HV 120)
HJ!3 ( � HV 55) x�� FeAl J!3�!
HV 928, {uJ!3�b�� HV 1800. G<.�As�{uJ!3�bv 15  �zA���b<.�,[�h
u℄o [11]. x��X
�JkHJ!3��̂ Go3O�����
*���q℄)W
o8�'o3�'� [14]1%*A9O1f�,_�IEK_jG	
%��HJ
*%i�Jm[�3�o3��Q
�<_.?J�JfprZ1A��r�:' �J℄o�

� 7 YÆ�Kz\XPP8�
Fig. 7 Elements distribution along the composite coating profile



Jo
ur

na
l o

f I
no

rg
an

ic

    
    

M
ate

ria
ls

538 , 2 > ? f � 22 �

� 8 PEO mG|vK! B �p{�
Fig. 8 EDS of internal part of PEO ceramic coat-

ing at point B

� 9 HDA/PEO �K
\"4P8
Fig. 9 Distribution of hardness profile of

HDA/PEO coatings

4 bOI PEOk-�}�sH0JM���yHZ��~7$j
{uJNSnM.*<7Z�S�x��
�<�Jb[WTxM��D=��<�5H0J�|��v !{uJ�<O�5 FeAlJ��KB2 PEO �\�IH0J{u �\k�{uJN�
eX℄�bV(.�*{�K$P6�!"H� 0I�J,[ n(�tt�K$�,4;$�b�GG�
 FeAl JB2G��� Fe 9lr&<{uJ�eI{uJkg=�8�,
{uJ6SnMO%�$� PEO k-�Kr�:qS�K$�,4os$:��b�{uJk4d(g=zo℄��,�0I FeAl J2{uJm[*g=b?�QB(�moy#<{uJ��Z℄��,
m[B(�g=��e{uJ�$�Z��U[V
PEO k-�}~7$jZ��i%;��H0JM����,N?
m[B(g=.XZ�{uJ�VD�h
u�℄o��x�H0J�3Vh!�Z{uJ�;
�R�!�\h!{uJ�3
�Z℄�H0J�
*�s��3�%'�!���V� 30µm, H0J$��{u ��KM(dKHJ�3�$EX3�$i
��l
(�
5 BO

1. I PEO k-d}��yH{u �\~7$j) �S2rH{u G��AI PEO k-�}�(.�<�5HJM��(��yH{u �~7$jg=7Z�S�
2. {uJ6SM� Al J� PEO k-d}{uJ�3vgZC℄NS�N� PEO $EX3�

N�{uJ6SnM�
HJM����{uJ6Sn3O%�
3. H0J PEO �\$�O!<O{u ���{u 6e.%`9�
H0J$M����

FeAl J�B2 PEO G���P6�8m[B(�y#<{uJ��Z℄�
4. {uJs�Gfp! γ-Al2O3 2e$>�I

PEO k-�}g= α-Al2O3. {uJ�s�9lWOV Al � Si � O 9l�0�*�8 Fe 9l�{uJ,J� Si �8b.{uJlF��Gim
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