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New Method of Microstructure Evaluation of Steel by Kelvin Probe
Force Microscopy
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—— Synopsis

Knowing the essence of metallurgical structure is vital for quality assurance and development of steels. Etching has
been widely applied as micro-order evaluation of the structure, however not always reliable especially for fine and complex
microstructures. The purpose of this study, therefore, is to clarify the application of Kelvin Probe Force Microscopy (KFM)
for the evaluation of the fine and complex microstructures.

Potential distribution images obtained by KFM were compared with the various images obtained by SEM, EBSD and
EPMA for a duplex stainless steel (ASTM A 182 UNS S32750) and a Cu contained low alloy steel (ASTM A707 steel).
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The KFM was able to clearly identify a , y , ¢ and a fresh y phase in the duplex stainless steel. Moreover, it is concluded
that the o phase itself does not lower corrosion resistance, but on the other hand, the fresh y phase co-generated with
the o phase can be attributed to the poor corrosion resistance and low toughness of the duplex stainless steel. From the
KFM results for the Cu contained low alloy steel, the surface potential distribution obviously depends on surface crystal
orientation and chemical compositions, which generally correspond to a work function. The KFM is able to directly show
the work function of the surface as the potential distribution. Using the KFM, microstructural features and differences
were obviously detected after the two-phase heat treatment for the Cu contained low alloy steel, which corresponds to a
better balance of strength and toughness.

The present study clarified that the KFM is an effective method to evaluate the metallurgical essence of microstructure

especially for the steel having various phases.
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DALZEMB & R T A AT v L AL ASTM A 182
F53 (UNS S32750) 8 %. Cu & A i & 4 8 13 ASTM
A707 Gr. L5 i % A & LTWwb, Wbk
WCEMBHCHE L 728 2 i L7z M TICZSHAT v L
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(b) Cu FiEA 45

C Si Mn Ni Cr Cu Mo N Other

0.03 [ 035 | 140 | 215 | 0.72 | 1.27 | 046 |0.092 | ALNb
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EBSD f#lls€13. KFM % D& #PH I & b2 72 5k
TH ML 72 AP 80 x 80 um & 40 X 40 um D A
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At (). KETET% (). IPF <y 7 (o).
Phase ¥ v 7 (d) BLUEPMA~v7 (e)

Elc BEY o 286 mV [ 338 mV/ — Fresh y phase
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©IQ
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~ TS FEED o
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TR AL Y Ni A ®EAL
ZRETE L -
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MBERICAER L7270y Yoy Mid, oL EbTHh
BN TH o220, ZMHATF YL AMT oA L
WLET7Ly v ay D BEMMEVEEZ LN
%o o MDA L ZIHEREAETIZOVTIE, oflZ
DObOD, ENDHOHE T o HAREL T 5000

— Freshy phase - & phase

Sl o
(a) AL
B A 32 mass%

17 mass%

2

PMA: Ni ] @

- c) E .r

F10 ZAHRTVVLAMD a - aBEFUTEM L7204 Fresh y4H
DTN () BLO Mo (b). Ni (o).
Cr (d) »EPMA~Y7
25 T T T T T T T
Intergranular o phase

20 3
g 15F Intragranular E
Eo o phase Freah Intragranular o phase

¥ phase
o phase y phase

Ni (%)

T Y IR

1
0 5 10 15 20 25 30 35 40
Distance (mm)

K11 ZAHATYLVASO oM. y M. fresh y M. KANB IO

RS oD Ni BLOY Mo D54 > 40Hi ks H

# 3 EPMA 74 Y5t bR Sh &40 Ni

BLOCr 457
Phase — Chemical composiion (mass?%) N, -
(S Si Mn Cu Ni Cr Mo

o 0.03 0.76 0.96 0.30 4.51 26.55 3.59 5.83 31.29

Y 0.03 0.69 0.98 0.27 7.83 24.14 2.99 9.16 28.16
Fresh y 0.07 0.66 1.15 0.37 8.73 20.93 2.50 11.41 24.42
lar ¢ | 0.07 1.40 1.04 0.18 4.42 25.90 15.12 7.04 43.12

lar 6 | 0.03 1.04 1.09 0.14 4.64 27.82 7.25 6.02 36.62
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FOUNIYBEEZRZICRT, a- aBRICER Lo M
La-yBEFICAER L o MERKBI L, FE TR o HH,
BEFR R o ERIL L & 512 EPMA X e R0
WMFRETHY, EMlREE LS55, — i TRHLTIE
Bt r#Eam LTl MR IEL Wl H
WLRETH D, T TRIRLAEFMBIE, 1
WCR LISV M OGHERZIEE L, av . oBX
N7V vy oy MHeETEEAIEPMA < v 7558
OFH L T 1 OSFHEE KL THIEL. 2 O#IER
BeMwfizR_rLTwb, WihooldbZohoi
LHLTSiE Mo 2 £ ATV FRICK R o
MO Mo IEEIIHD TE . TORER a HOK 4 £
Erolze S HITHN o MiZ a tHEF T C#EEE (K 0.03
mass%) TH o 72DIH L. R o Hl1E 007 mass% & C
BELEP o MR cHETERTLITILY D2y
ME, NiEE2E <, Siv Cr B X O Mo i 2 -
720 7Ly ay MBRR o &I, CEED LA
WRO LN KI2124MD Cr BL NI Y& % &
Y7 I—HR® iz Tay L, KNeMHIZT =T
A MFURICALE L7ze F MR o Mk Cr 4 &EAT484
ThHhH, R EWCIETey bTERW2S, 7254 M
R LR T WL AT b g S Nb, — /T
TLyyay HEBER > SHFAET Sy LD 7 =
T4 PRI T Ty b S, BT A S AR T
5y M EFBRNBRENDSRE D EZEZ 6N, £Z T,

28 F: Ferrite, A: Austenite, M: Martensite

Nigq = Ni + 30C + 0.5Mn

Intragranular ¢ phase

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40
Crey = Cr+ Mo + 1.5Si + 0.5Nb

M12 AT LASOZME T Oy MLz 27 T — N
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DB w72,

Ms =521-353[%C]-22[%Si]-24.3[%Mn]-7.7[%Cu]
-17.3[%Ni]-25.8[%Mo] (D

BULILRET A HAFAET % y O Ms HAT103 K ThH o 72
DIZHLT, 7y yayHOM KIZ13T K &% D,
TV a2y olH34 KD Ms A ER L7z Kk
WI2EBE, a-aBBERICERLEZTZL Y V2 y HIZE
MICARBEERMTH L EEZLND,

U EOFERN S, o HITBMEIETHD. X 5I1T1E3k
MO EELRMTH S EMEIND, — /T, JLlvia
yAE, BALSE L 2D BB ST 5 y &
DHEIIARE R E R D, LIz > Ty fERAE SN T
W5 o AR X BIAEMOKTIX. oMicksdDT
F7 . FICERTE I LY Yo y A EREHERN SN
Bo Gtk MAMECKIZTT 7Ly ¥ oy HOEEEAIC
DWTIXE % 2 ME LT L 7 555, KFEM 12 X %Mk
M X 0. o BRI &k 2 A 5 KT
L% o WG FEA O N L EZ N,

O LX) HERZ. RUENEZROPIFIZL > TES
WCHRECTH Y. WL SRAMZ R 5 ke LTH
N AR OA RS TERE S N7z,

42 CusHERELHMOREEMAIHTEEICLL-2EM
BIGDER

421 £EMABEORER
M5BLU6IRLALIIC, CuAREEMIZH
WCKRMBMAAAARES TP~ M) 7 2o 3 7 aff
BN 2 I0EORR. X 5ITIE M-A & EOEH
DRI IRACAT RIS § 2 BRE VARG bz, Th
5L RMEMOBGREELET S LT, SRMEOARY
1) 72 PR % 3 72

R D 4w A (ag) TOREEITL & BN O BAR
12 (00D) H D BALASE <+ (101) 1 D FBAL A ) 2 7R
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