Fe-30.6Mn-6.8Al-0.9C

X 25 3.5wt%
877 10 NaCl 90 N&SO,
Knoop
1000  4hr 11.66x
270u m (FeCr)oN1x CrxCs  CrGC
25 3.5wt%
HK 3414 5qf Cr,Cs
ICT 473.9GPa
38N C

HF1



NSC 89-2626-E-236-006



2-1
2-2
2-3

3-1
3-2
3-3
3-4
3-5
3-6
3-7
3-8
3-9

4-1
4-2
4-3
4-4
4-5
4-6
4-7

GDS 3
LT 4

HRC PN

ICT 2. |
HRC e e e a0 2O
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25 3.5 NaCl
(b) () X e 13
25 3.5 NaCl
(b) () X 14
877 10wt NaCl 90wt NaSO,
@ X (b) X
877 10wt NaCl 90wt Na&SO,4
EPMA (b) (© (d) (¢ X
877 10wt NaCl 90wt Na&SO,4
877 10wt NaCl 90 wt Na&SO,
877 10wt NaCl 90 wt Na&SO,

877 10wt NaCl 90wt Na&SO4
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Chromization
NH4CI
950-1050
Soft Chromizing Hard
Chromizing

HV 1600

(PVD)



2-1.

CI’3C2 CI’7C3 CI’23C6

1
(Chromizing) Laser
Irradiation Plasma Spraying (PVD) Wang
CAE UBM M2
CrsCy Hv2100 4000 730
CrN CrN TN CrN

CrC, 2700 1895
Cr:Cs 2100 1780
Cr23Ce 1650 1520

NH4CI
950-1050

NH;sCl - NH3+HCI
Cr+2HCI - CI’C|2+H2
CrCh+Fe - Cr+FeCb



CrChb+H, - Cr+2HCI
3CrCl, - Cr+2CrChk

Cr Soft
Chromizing Hard Chromizing
HV 1600-1800
Chen
Cry3Cq HV 1600-1800
700
(PvD)
2-2. GDS
(GDS)
GDS DC Source RF Source DC
Source RF Souce
o-ring
10° TORRS
600~1500V Sputtering
V.S
sputting
Rater
Sputting Rate
Surface-madified Surface-coated

TiN TICN coating



2-3.1CT

Ac

ICT

Pu HH
Pu E(IF-h?)

uPE a

1/3

110

S

Er=S+/n/(2b+/Ac)



| lﬂm IHM

at surface under load after unloading
2
hmax
I
|
1
fole |
=)
<
=
=
=
=]
» gl :
= H-controlled
ey
=
o>
-g E-controlled
C=
l1'I.‘
|
1

Indentation Penetration, h

10



max

Load, P

Unloading

Loading

\

S =|dP/dh

h, h,
Indentation depth, h
4
displacement currant | input/output
sensor source —{ controller
coil ___ l I| -

—

— Indenter
_sample

5 ICT

Displacement i
detecting
electronics

r
| table

controller

1

computer




3-1.

30K g
1100 4 1100 1
2.2mm 15x15%x2.2mm
1100 20
Fe-30.6wt Mn6.8wt AlF09wt C
SC 1200 1
M4 m
3-2.
675 30 25
304 310
6
1000 4
SEM
X
Heating Furnace
Cooling  Water  Outlet
gzglﬂess Ar Gas Inlet
Can 14 Thermocouple
Stainless
Steel
m [ TTT] ...‘T
Pack \
Mizture )
Cooling
Tnﬁi}ter Ar Gas Cutlet
Specimen
6
3-3.
lcn?
EG&G Modd 273A 25
3.5 NaCl 1 mV/s
EPMA



(1000 -4hr)
877 10wt NaCl 90wt Na&SO, 100g 48
ASTM G1 60
10 20
/ 100
X
3-5.X
Rigkau DMAX-B X
40KV 100Ma Graphite 0.05
10
3-6.ICT
(UCT-CSEMEX,CSEM ,Switzerland)
Er FEr
Er=S+/n/(2bAc)
S Ac E
VEr = (1-n?)/E + (1-n{)/Ei En Ei n
0.3N 05N
3-7.
CrN REVETEST, CSEM,
Switzerland 7 60N

emm/min SEM

13



Load

Poving
Direction

7
3-8.
CrN Knoop
MHT-4,Aanton Parr, Austria 5 10 25
3-9.HRC

150

14



4-1.

11.66+2.74 m Kirkendall Effect

S50m X 9
(Fe,Cr)2N1x CrxsGCs 50 m
Cr:Cs Cr3Cs (Fe,Cr)aN1x
8 1000 4
a0 #1,1000°C 4Hr.
4 Chromized Layer
© (Cr,Fe);N;
600 — Vv Cr,Cq
5nm beneath & Cr,C,
2 TJsurface
2 00
Q
E
7 Surface
Diffraction Angle(2Q)
9. 5y m X
10(a)
10(b)

(©



10

16

() (o)



12(a)

13(a)
40p m
13(b)

©

25 3.5 NaCl
2
35

25 3.5 NaCl

Ecorr* Epp* Icorr*
(mVv) | (mV) |(uAlcenT)

-727.9 -319 59.27

-481 +908 1.246

1.5

Curves in 3.5wt% NacCl

=

Matrix
1000C-4Hr

Potentiodynamic Polarization }

Log current density ¥ A/cm?2)

17

25

35 NaCl

12(b) (o)




(a) SEl

(b) Cr
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map
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3.5 Na&Cl

25
c)

12

(

(b)

18
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HR1
Al _mar
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15. 8KUY

(©) O
25 35 NaCl
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4-3.

10wt NaCl 90wt N&SO4 800 877
877 10 wt NacCl
0wt NaSOq4 48 3
25
3 877 10wt NaCl 90wt N&SO, 48
(mg/cnt.)
452.24
34.51
X MnFeOs o -MnOS  MnOS
14(a) X MnS «a
-MnOS MnOS «a -Fe 14(b) Fe Mn Al
1 mole MnS AbS; FeS
MnFe;O4
MnS

600

#1 matrix(Black Scale)
x 90%Na2S04+10%NaCl
N hot corrosion at
8770C 48 hr.

400 —

* MnFe,0,

+ a2-Mnos
.ﬁ A Mnos

Intensity
|

200 —

20 40 60 80 100
Diffraction Angle(2Q)

@



14
@

15

Intensity

600
. . 2 MnS
#1, matrix Immersed in
| | 90%Nas04+10%NaC 'x ;‘/l':"ogos
at 877°C, for 48Hr. A gaFe
(residual alloy) by
400 — , =
A
A
+
200 —]| o 3 .,
| A 4e 3 a
. .38
T T
20 40 60 80 100
Diffraction Angle(2Q)
(b)
877 10wt NaCl 90wt NaSO, 48

X (b) X

EPMA

21
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16

"_.-5-"' --F_;-L ;ﬁw*{_ﬁ-.& f_‘\

i RET L gl T
ﬂpm;r J_,E-.B:IF_ 3
(6O
877 10wt NaCl 90wt Na&SO4 48
EPMA (b) (© (d) (¢ X
(FeCr)2 N1x CrxCs CrCs a-Fe MnS

16 17

877 NaCl N&SOs
18

1600

° #1, Chromized at 10000C, for 4Hr.
T Immersed in 90%Na2S0O4+10%NaCl

at 8779C, for 48Hr.

O a-Fe
H Vv Cr,C,
,;‘ @ Cry,Cs
0
ac) 800 — B (Cr,Fe),N,
= ¥* Mns
£

Diffraction Angle(2Q)
877 10wt NaCl 90wt Na&SO, 48

23
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17
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_'_'f

3-.
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877

3 \;#‘_1

10wt NaCl
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SNk
P ‘\‘1
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w1 "
Y %N,
A by
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0wt NaSO4
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(b) Al

-
-
o
N
—

R3
Cr_mar

®

(c) Cr

(d) Mn

25



() O
19 877 10wt NaCl 90wt N&SOs 48

EPMA (b) (© (d) (e) (f)
X
1000 4
877
4-4.
4
38.4+7.9N 38N

(Conformal cracking)
EPMA

26



#1 48.2N

#2 32.6N

#3 37.0N

#4 29.5N

#5 44.8N
38.4+7.9N

4-5,
( 21
Cr23Cs 1200-1400HV  Cr,Cs 2000-2500HV CrN
1100K gf/mn?
5
25¢gf 10gf 5gf
#1,1000 ,4h, 1970+£115 2729+148 3414+164
% ]
g 2800 —
5 ]
§ 2400 —
s
e e L L L
L oad(gf)

27




4-6.1CT

1000 -4hr
0.3N  0.5N 0.3N 1381
473.9448Gpa 0.5N 393.2199Gpa
1468.5
6 ICT
#1,1000C-4hr
0.3N ht hp Ex
1 1.185 0.977 513.9164Gpa
2 1.129 0.877 433.9733|Gpa
average 473.9448Gpa
sd 56.5283Gpa
0.5N ht hp Ex
1 1.486 1.184 453.793Gpa
2 1.49 1111 332.6468|Gpa
average 393.2199|Gpa
std 85.66327/Gpa
| #1,Chromized at 1000°Cfor 4 Hr.
. © 0.5N
(o] 0.3N
s o
'% -
(@]
-
0 —@T; fpo .|“ ) T.' I T
Ilndentation ADepth(mn) | |
22 ICT Loading-Unloading
4-7.HRC
22(a) 23 HF1 22(c)

(Fe,Cr)zN 1-X

28

0.3N

0.5N
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(c) indent2, CrC spalled



(f) CrC cracks in the center of indent1
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(g) spdled CrC

(i) Mn mapping

31



() Cr mapping

32



ear 8 WKW

e

(m) N mapping

23 HRC @ (b)
© (d)
(e) (f) (9)
(h) mapping (i) mapping  (j)
mapping (1) mapping (M) mapping
|E1 HF2

mapping (k)



1000 4
NaCl 90 Na&SO4
ICT
1. Fe-30.6Mn-6.8Al1-0.9C
CI’7C3
(259f)
2.Fe-30.6Mn-6.8Al1-0.9C
3.Fe-30.6Mn-6.8Al-0.9C

4.Fe-30.6Mn-6.8A1-0.9C

5 ICT 0.3N
393.2 Gpa

6.

7.

8. Fe-30.6Mn-6.8Al-0.9C

Fe-30.6Mn- 6.8A1-0.9C

25 3.5wt% 877 10
X
(Fe,Cr)z2N1x  CrsCs
11.66+£2.70p m HK 1970+115
25 3.5wt%
877 10 NaCl 90 N&SO,
4739 Gpa 0.5N
HF1 (Fe,Cr)gN 1-X
38.4+7.9N 38N

1000 4
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10.

11.

12.

13.

14.

7-11CT

PC ICT
30
Change setup Modify data pathname
"Fn offset” (a)30N [ ] (b)10ON][
switch ] ”-00.00”
Adjust sample position/Microscope
ICT I ndenter
Adjust sample position/Indenter Indenter
” " 0.2~0.4mm

Change setup/Penetration depth sensor adjustment  Indenter

Z
-20000
Adjust sample position/Microscope oM Creat
point
Pageup page down home end
"S" "R” review
Creat point | ndenter Start a new
measurement
Instrument setup
a  Selection mode Fmax 0.1N
Depth  range
b  Displacement mode Variable
¢ Loading rate Fmax 0.2
d Frequency factor
e Pause before unloading dewell time-- 15 sec.
f  AE sensitivity 4 1-9



15.
16.
17.

DOS

37

park

ICT



