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ABSTRACT: The work aims to prepare a micro-arc oxidation ceramic layer with high bonding strength on the surface of car-
bon steel. The aluminum-steel welding-brazing method was used to obtain an aluminum layer with a high bond strength on the
surface of Q235 steel. Then, an oxide ceramic layer was fabricated on the surface of the aluminum layer through micro-arc oxi-
dation. ER4043 welding wire was added as the brazing filler metal and the intermetallic compound layer was mainly composed
of [Al,Fe,Si] phase, AlgFe,Si phase and a few Alj3Fe, phase with an average thickness of 7 um. The bonding strength between
the aluminum layer and the Q235 steel was 181 MPa. In the electrolyte of 2 g/l KOH and 4 g/L Na,SiO;-9H,0, the ceramic

layer was composed of loose layer and dense layer with main components of a-Al,O; and y-Al,O;, and the content of y-Al,O3
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was higher. Oxygen and silicon in the electrolyte were all involved in the reaction during the micro-arc oxidation process. In the

micro-arc oxidation process, the thickness of the ceramic layer increased with the increase of time. The discharge holes on the

surface were "crater"-like after micro-arc oxidation process for 20 min, and the size of "crater"-like holes increased with time. At

different frequencies, there were a few cracks on the surface of the ceramic layer, and the cracks were generated near the "cra-

ter"-like discharge hole. At the same time, as the frequency increased, the hole size of the ceramic layer decreased, but the

thickness increased. However, when the frequency reached 600 Hz, the thickness of ceramic layer did not change obviously. The

bonding strength between aluminum layer prepared by the aluminum-steel welding brazing technology and the steel substrate is

much higher than that between those made by other composite surface technology, which has a certain significance to solve the

problem about the easy spalling of ceramic coating on steel materials. During the micro-arc oxidation process, the thickness of

the ceramic layer increases continuously and the density of ceramic layer increases with the increase of micro-arc oxidation frequency.

KEY WORDS: Q235 steel; aluminum-steel welding brazing; micro-arc oxidation; ceramic layer; density
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Fig.1 Welding diagram
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Tab.1 Welding parameters

Welding  Welding
current/A  voltage/V rate/(m-s™")

Wire feed Welding speed/ Gas flow/
(mm'min™)  (L-min™")
90 13.2 0.32 140 10

K2 JREEES
Fig.2 Welding bead
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Tab.2 Parameters of sample
Sample Parameters
1 30 min, 200 Hz
2 30 min, 400 Hz
3 30 min, 600 Hz
4 30 min, 800 Hz
5 20 min, 400 Hz
6 10 min, 400 Hz
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Fig.3 SEM figure of the intermetallic compound coating
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Color Coded Map Type: Phase

Total Partition

Phase fraction fraction
B Anuminum 0.002 0.002
I Zinc oxide 0.014 0.014
[ ] Aluminum Iron silicon 0.523 0.523
B ALFe, 0.062 0.062
B ALFe,si 0.119 0.119
[ ApFe,si, 0.002 0.002
B AL, Fe, 0.257 0.257
[ AlsFesi 0.007 0.007
[ 1ron (Epsilon) 0.015 0.015
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Fig.4 EBSD chart (a) and phase analysis (b) of weld seamand
intermetallic compound layer
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Fig.5 XRD pattern of ceramic coating on sample surface
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Fig.6 Morphology (a) and EDS spectrum (b) of cross section
morphology of sample ceramic coating
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Tab.3 Ceramic coating thickness of samples
pm

Sample 1 Sample 2 Sample 3 Sample 4 Sample 5 Sample 6
20.5 24.4 24.7 25.1 14.7 9.9
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a 10 min

b 20 min

¢ 30 min

Bl 7 RIEEE T B %2R M SEM &

Fig.7 SEM figures of the ceramic coating prepared at different oxidation times

¢ 600 Hz

3 it

1) RHB-TIEEHRER, 7ER)Z5 Q235 Mk
KZRIER T — 24 RmuEW =, &R Ewz
FEH[ALFe,SiJf . AlgFe,Si FAI/D Y AljsFey #H
AR, FHEREER 7 um. fRZE5MIRE S5 R E
e, PIRTIRIE(EIAE] 181 MPa, it T HME &4
AR R 2 R SR 9 25 5 5

2) WORNEAL R &2 A E BUEZ AR, F
B8N a-ALOs Fil y- ALOs, H y- ALO; FAY & 4%
=, ORI R AR P AR TR S ST
SN o

3) WAL FR T, P )2 5 I A s i) £y 34
hnmsshn, W g R R LI R B BEE
A AT AR, B & 2RI, {3 Y4585k
F] 600 Hz i, JEEASMCATEILE . HURATR G T,
Wi )2 R AL LAV, B & R BRI =

(1]

(2]

(4]

d 800 Hz
K8 NIRRT Bt b e J= 1 SEM [£]

Fig.8 SEM figure of ceramic coating surface at different frequencies
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