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ABSTRACT Micro-mechanical properties such as nanohardness, elastic modulus, fracture tough-
ness, ete., of a composite coating on hot—dip aluminized steel, which consists of AlsO3 layer, Al layer
and FeAl layer, were evaluated by using nanoindentation method. The morphologies of nanoindenta-
tion were observed using SEM. There are some pores with micron scale or sub—micron scale within
ceramic coating formed by plasma electrolytic oxidation, and the effects of pores on load—displacement
response and crack propagation were analyzed. The results show that elastic modulus and hardness
of ceramic coating are about 226.4 GPa, 19.6 GPa, respectively. Mechanical properties of ceramic
coating are very discrete when the nanoindentation depth is 250 nm. The propagation resistance of
crack in AlyO3 layer is larger than that in FeAl layer. Radial crack emerges from the corner of residual
impression of FeAl layer and propagates along straight line. For ceramic layer in addition to radial
crack, lateral crack also appears in nanoindentation.
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Fig.1 SEM micrographs of ceramic coating on the hot-dip aluminized steel Q235
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(¢) high-magnified image of ceramic coating
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Fig.4 Load—displacement curves of different positions in
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250 nm (a) and 500 nm (b)

2.3 ATERBEHHAKEATA

B4 REERFREARET, BEEHERSF - (1#
TR HHEE. WA 4a TH, HENREN 250 nm, ME
B8 - (BHAEEERA. WA 1 WEARFRK
(~20 mN) , 4yKRELN 20.8 GPa; WillA 4 BIE
AU (=8 mN) , H4UEEE BRK (4.1 GPa).
L AR N 500 nm([E 4b) i, MEEHR - Bt
LR/, BRBEFNT 55—65 mN. fILAT I,
MEREMXE LR DS HREIAIEIRES. BEA
BERUNY, BT RRERSTMEAN R XS5, EiE



122 z B

2 f B un

i I Mt B 2 R O A B 2
2.4 EMEBRGKERIEEAFENTL

5 RESREMBERE (B 5a, b) MYKE
B (M 5¢, d) FEENRER B, 7] LIERNSVIEH
BB (1—10 nm) , BABIEA SR &I HH—R
. XTFEERHF Berkovich TR/ BE B LA
R RSB A R N (17,

BHE 5a AW, FEVIEEEARE, FeAl BMHEE
EHE; MEAREREN, HEmRERE TR YE
ANRERT 50 nm Bf, FeAl B EpEHIEEA BT
EH, BRFEM A& BT

M 5b 5[ H, PEO %2 RRMK M A HE 5
K. BEANFEE @ 150 rad B, 20l X824l ¥
PABT 3 100G, B EAFES st B TR
(TRE#EZEL % 0.12 GPa/nm). 5 FeAl EREIRYE,
PEO MERAGKEAIBFHAT REHL. ik
Brex, MEERHER/D (=135 GPa) ; £ 10—150 nm
X6, BYERCEREEARE R R BRSO, 4 EA R
E# 150 nm 7, RAEMHBESEENSERM FKEE
PEO &R &H AR RERNMRILE, 24 EREM &S
THIFHFE—BRILRN, BEEE SR NRK, B
Frlf e B . HEE R IR gkt i, FE5F)

B ERBE AR, BT EE R RIS .
XA LMEERILFAN PEO T EMMIEER T
&2

ME Sc AT, HEAFERET 50 nm J5, FeAl B
MAREEEEHZRB TR B 5d R, ALO; BEAR
BELE) 500 nm BY, AR SHBEEEDAET -8 (i
F 15—20 GPa Z[H]) , EEMEERLIATHEEAR
ERREELHZ. qJR, MERNBUREMZERE
R B AR BRI B,
2.5 EREHRAETHEMNE

B 6a-—c ;Rifi AlC3 FEERAFEANRER SEM
IR, B ENIREE N 250 nm #f (& 6a) , HREHIHA
K FE S5 B A (sink-in) %, FEEABERE
Ry =g, B ERRSHEN (08 1 um) , X5 PEO
&AL R BEAR 2, BT S B0 M % 2 A T8 B e
WESEHRKR. YEAREHR 500 nm([E 6b) B, K
FENRERH M, MERNERRHAM, £90%
FERFAE LB T MR (lateral crack). EENREH
1000 nm (/& 6¢) B, BEREMEMER TN 5 pm’, &
KRTHEZRARLRKRT. ERABAUEERT Mtz
g, FIRAEERRDURHIR T 2L (radial crack) , X
B « Palmgvist » gy 18],

500 500
(a) FeAl layer
400 400+
5 300T & 3001
= 2
3 3J
3 1 H
g 200 £ 200 e
) 8 7
g 100+ — Position-1 i} L Abnormal fine — Position-1
o 100
- - - - Position-2 - - - - Position-2
------ Position-3 ..+--- Position-3
ot ----- Position-4 ol ! ----- Position-4
1 I\ L 1 J— i 1 1 1 i 1 1
0 100 200 300 400 500 0 100 200 300 400 500
Depth, nm Depth, nm
35
30| (@ FeAl layer () ALO, layer
30 r
25+
o s 25
O 20t o
@5 - 20
] 1]
15} g
g ' - "'-"'\-';'.'\:\::-"-S._:,ﬁ{::.:,:--;_T_-‘_-_-‘f.:‘-.r- -E 15
£ 2
g 10 - 210+
Zz ", ©
5 —— Position-1 | = Abnormal line — Position-1
L - - - - Position-2 Sk - - - - Position-2
...... Position-3 -+ Position-3
ol _—— Position-4 0r- - Position-4
1 1 1 1 ] B S — | 1 1 1 1
0 100 200 300 400 500 0 100 200 300 400 500
Depth, nm Depth, nm

5 BESENEERENRENEL

Fig.5 Variations of elastic modulus (a, b) and nanohardnesses (c, d) along the indentation depth measured at four positions
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Table 1 Summary of fracture toughness of coatings

Layer (E/Hardness)l/2 Prax €, pm K¢

mN pm MPa-m!/2

FeAl 4.15 415.69 10.70 0.79

Al203-1 3.74 187.08 3.85 1.48
Al 03-2 3.43 196.22 4.19 1.26
Al203-3 3.59 192,73 4.37 1.21
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