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X-ray and Nanoindentation Analyses on Plastic Deformation of Galvannealed Coating

Junichi MACHIDA and Takayuki TAKASUGI

Synopsis : Using galvannealed steels rolled at various temperatures (~100°C) and to various reductions (~50%), plastic deformation in galvannealed

coating layer was evaluated by scanning electron microscopy, X-ray diffraction for measuring half width value of diffraction peaks, and

nanoindentation test. By rolling deformation, the thickness of the coating layer plastically decreased and its reduction became more remark-

able at high temperature deformation, suggesting that macroscopic plastic deformation takes place in the coating layer. The plastic strain

evaluated by X-ray diffraction parabolically increased with increasing rolling reduction in both layers of &, phase and I phase, but more sig-

nificant in 8, phase than in I" phase. The F—h curves drawn by nanoindentation test indicate that the plastic deformation is more significant in

order, o-Fe substrate™ 6§, phase>I" phase. Also, Vickers hardness results obtained by nanoindentation test showed that hardness is higher in

order, I" phase>§, phase>a-Fe substrate. Consequently, the Vickers hardness of each phase in the coating layer evaluated by nanoindenta-

tion was irreversibly correlated well with the plastic deformability of each phase in the coating layer evaluated by F-4 curves and X-ray dif-

fraction.

Key words: galvannealed coating; plastic deformation; nanoindentation test; X-ray analysis.

1. #E

ESIAMTE S - XEIL, Bhi-EEtt, B8%ts
FUIMBEVNEEET 2728, BEHORT (/S3 L EMhD L
LTEL DEEFHFTHOOA TS, Hifiid > Z 2L
8, ASMBLEEITS 2L T, ¥ EEFERNOD Znid
Wit E A BLRIBEEL, ¥ - ERENICERO GBI
AYMHEERRT 5, MRS LT, mEgkREE» 5
I’ (Fe;Zn y-bee), I (FeZng-fec), 6, (FeZn,-superlattice-
hexagonal), &), (FeZn,,-hexagonal), {(FeZn,;-base centered
monoclinic) 232 63 ), Zh b &ERELAYHIZ
S FRIZ IR TS S 5 72012, 7L AR L
8y ) vy (BARROHEE) X7 Lv—-F2 27 (B
ROHEE) »EZ 0, KDY, BEEOHLS T L
2GTUNCHEBE A LI MRS B9,

INET, ASLEREHD > X EEOBE - JMEHS
EOVTHRA ZHBBIC K DRSS R TE 27, Bl
OWf7ETIE, FAELBEISRDAMIZKD, B> XEMEEH
ZEWM AL U5 HEICT 288455 WS LT
VB0, e, BRIIBIFERBIED T 7 b/S— 2 b IEIC
BRI L TA U 3 R OIeSER O Y, &b b Higko
BRI T A2MBTEL TWB EDORME R X

7=, —J5, HongldiERIMIEY - & R CO M
WO AVRE &GRS 2 AL X TER L0 - &K
JEDO N &) MR AERE LD, TOER, THOE

EDALELFTREIZEHL TS, 7 7y hDFEHED
IO XY VP BEOT7L—F A B2 L%
EREG LD,

FE O IBEOME T, 5l-KDIBH T TOH - &
BIRIKIE & A EWEIVRE A R & D, [EMRI I T Tl
MUEREERT Z & %, BRMBEORBEPIZFETS
v = —[BPEEE A BTl B vy o 223 Cin-situd: , B
XU X#EHTE (XRD) FOMM L DL ML, Th
EOHIFLIZ TV ARBEL S TIZER6ISES Sy &) v
TRIV—=F VTN BRI UTH UV RERER & 1%
T Tnd, LaL, MEEENEELZHEKT 2888
R{LAMRIZE VT ED LI ITHbRTVEDH, £-7
CTHEL TV BERE— FEOFMLREINETDH S,
AR TIE, BN 26T 5 EEER £ 5 2 72K
WD - ZPRIZOWT, FIAVFVTF— 3 VikR
XRD & HWT, IS4 T 5 &S BELAMMEIZ B
3 VAN RE DR & WA COWRIE & TEME=R % B &
LTHE%T 5.

P87 A 1L A5 FAL184-8 F 28 H 32 (Received on July 11, 2006; Accepted on Aug. 28, 2006)
* KR KZEREBE T2 96R = 7 ) 7 L L2 Br R %654 (Graduate Student, Department of Materials Science, Graduate School of Engineering, Osaka Prefecture

University, 1-1 Gakuen-cho Naka-ku Sakai 599-5831)

* 2 KIRIFSLRF R TEAIRR 7 7 ) 7 L L% 57 BF (Department of Materials Science, Graduate School of Engineering, Osaka Prefecture University)

33



$% &4 Tetsuto-Hagané Vol. 93 (2007) No. 1

2. EBRAE
2.1 M

HERAR SRR 0.75 mm O Ti AR MITRRAIK B 35 8 (2 5 i ol 808
W &%, TIBKX80s TAELUEEL - D &AL
7zo THUEIMR D ALF AR % Table 112/89, F 7z, Table 2
121305 EREOMNEE L ASRBEOLFHE AR ENT
B0, MHERECHELLEM NI LM E Ty
5,

Fig. 1I13AZEER THW 7= 330 O Wi 2 S L 7= %,
0%+ 4 4 - LBTHEL, KEOMEABELZEDT
BB, HEE 23 1 uml FORB O rfHFEL, &
HICED B (7200 Z) RO MEAHFEL T,
RO O _LRGEIZ Id g R & EEICHIROEE T S, A
FAEL Tinfe, A5 ME 5 IBRAILTHS REEDT
bBH, AR IZB O THBISH#RHTE 520 20T,
P#hZhod L CSHEERLT S, MHlb L0 MM
IZOWT AR, O TCIHEETL,

o XEBOBERIZIIBICEDIES2Enph, &2
AEZA2 V=2 —LIFEh3RBEREAKRESHAL TH
BEHAFHEL, HERMICARY — R EEEEE %> Tu
7o

Table 1. Chemical composition of steel substrate.

¢ Si Mn P S Al Ti
0.002 | 0.008 | 0.1 | 001 | 0006 | 0.024] 0.051

Table 2. Coating weight and chemical composition of
coating layer.

Coating Chemical composition (mass%)

weight(z/m?) Zn Fe Al
Front side 1024 88.37 11.04 0.59
Back side 110.4 88.97 10.51 0.52

Fig. 1. Cross section of the coating and the steel substrate
of the specimen used in this study. A sample was
etched by 10% nital solution.
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Fig. 2. Schematic illustration of lap-shear test.
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Fig. 3. SEM images of the GA coating layer. (a) Initial
structure. (b) Rolled at 100°C and to 50%.
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Fig. 4. Relation between coating thickness and sheet thick-
ness.
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Fig. 5. Relation between rolling reduction and half-value
width of diffraction peaks for &, and I' phase lay-
ers.
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Fig. 6. Force-penetration depth curves obtained by nanoin-
dentation in o-Fe substrate. Note that the left row
and right data were obtained from the specimens
rolled at room temperature and at 100°C, respec-
tively.
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Fig. 7. Force-penetration depth curves obtained by nanoin-
dentation in &, phase. Note that the left row and
right data were obtained from the specimens rolled
at room temperature and at 100°C, respectively.
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Fig. 8. Force-penetration depth curves obtained by nanoin-
dentation in I phase. Note that the left row and
right data were obtained from the specimens rolled
at room temperature and at 100°C, respectively.
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Fig. 9. Variation of Vickers hardness in GA coating with
distance.
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Fig. 10. SEM image in cross section of nanoindented coat-
ing layer.
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Fig. 11. Relation between rolling reduction and Vickers hardness of (a) 8, phase and (b) I phase.
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