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The study on the Thermal Fatigue and Wear Resistance of
Submerged Arc Martensitic Stainless Steel Strip Cladding

Student - Iang-Chern Kuo Adivisor : Chang-Pin Chou

Department of Mechanical Engineering

National Chiao Tung University

Abstract

The aim of this study was to investigate the effect of chemical
composition and post-weld heat treatment on the thermal fatigue and wear
behavior of the submerged arc martensitic stainless steel strip cladding.

Stainless steel strips used for deposited metal were PFB-131S and
PFB-132. Cladding on a carbon steel substrate (SS41) was performed using
a submerged arc welding proc¢ess to make bead-on-plate welds. Then the
specimens were tempering for post-weld heat treatment at 625, 650 and
675 degree Celsius. The deposited imetals were measured using the
Rockwell C scale. A newly designed thermal fatigue testing apparatus was
used to evaluate total crack length, maximum crack length and crack
distribution.

An Amsler type wear testing machine was used to investigate the wear
behaviour. The weight and dimension loss were measured after 20,000
revolutions. In addition, the thermal fatigue and wear resistance were
evaluated in different strips and tempering temperature.

In order to understand the effects of chemical composition and
tempering temperature on the microstructure, hardness, thermal fatigue,
wear resistance and failure mechanism. The microstructure of the deposited
metal such as as-welded, tempering treatment and thermal fatigue test were
analyzed by means of optical microscopy, scanning electron microscopy

and transmission electron microscopy. The spectrometer, X-ray energy
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dispersion spectroscopy and selected area diffraction pattern were used to
examine the chemical composition of substrate, strips and deposited metals.
In addition, the quantity of chrome and nickel in the deposited metal,
crystal structure and morphology of the precipitates were also evaluated.

The results showed that increasing the tempering temperature not only
decreased the hardness but also improved thermal fatigue and wear
resistance. Besides, the PFB-131S specimens were significantly higher than
that of the PFB-132 specimens. Deposited metal on both specimens were
martensitic structure. When tempering treatment was finished, the
microstructure with columnar grains can be decomposed to form
alpha-ferrite and the precipitates became fine particles.

The precipitates of martensitic stainless steel had a chromium-rich
FCC (Fe,Cr)»Cq structure, ,Thet ECC (Fe,Cr,Mo) ,3C¢ complex carbides
were associated with high moélybdenum content in the deposited metal.
Furthermore, the precipitation temperatures of molybdenum carbides were
lower than that of chromium carbides. The fine carbide particles relatively
evenly distributed in the ‘mateix; which exhibited a favorable hardness,
thermal fatigue and wear resistance. Nickel can reduce the Ac, temperature,
which tends to have a significant tendency toward temper softening.
Carbides can easily develop along the grain boundaries as Ac; temperature
decreased. As a result, grain boundaries became weaker and had a negative
effect on hardness, thermal fatigue and wear resistance.

The mechanism of the thermal fatigue failure was the precipitates
along grain and sub-grain boundaries were formed at high temperature.
Due to the thermal cycles stress and the residual stress, micro fissures or
cavities appear near the precipitate-matrix interface, the microvoid grows
with increasing thermal cycles. Because of the microvoid linking occurred,
caused grain boundaries cracks under combined the action of thermal stress

and corrosion.
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BFPAREERN AABMHABERGKAGRS  mABEER - Bib
SLJBRE LA KGRI > LA PR NG ) 0 3045 BAS 40 8K R By o 1B 4R AR RLAR
A o Rl Sk At b T BA A A R H AT 4 60 T KRR B AR



& 2.1 BRI B AR R 454 2 AL 4 R [33]

i UNS A% B % K
# 3 A5 C Mn Si Cr Ni P S Orther
EREE
403 S40300 0.15 1.00 0.50 11.5-13.0 0.04 0.03
410 S41000 0.15 1.00 1.00 11.5-13.0 0.04 0.03
414 541400 0.15 1.00 1.00 11.5-13.5 1.25-2.50 0.04 0.03
416 S41600 0.15 1.25 1.00 12.0-14.0 0.04 0.03
420 S420¢0  0.15min 1.00 1.00 12.0-14.0 0.04 0.03
422 $42200 0.20-0.25 1.00 0.75 11.0-13.0 0.5-1.0 0.025 0.025 0.75-1.25Mo:
0.75-1.25¥:
0.15-0.3V
431 S43100 0.20 1.00 1.00 15.0-17.0 1.25-2.50 0.04 0.03
440A 544002 0.60-0.75 1.00 1.00 16.0-18.0 0.04 0.03 0.75Mo
4408 544003 0.75-0.95 1.00 1.00 16.0-18.0 0.04 0.03 0.75M0
440C 544004 0.95-0.20 1.00 1.00 16.0-18.0 0.04 0.03 0.75M0
kbt e
CA-6NM  J91540 0.06 1.00 1.00 11.5-14.0 3.5-4.5 0.04 0.04 0.40-1.0Mo
CA-15  J91150 0.15 1.00 1.50 11.5-14.0 1.0 0.04 0.04 0.5Mo
CA-40  J91153 0.20-0.40 1.00 1.50 11.5-14.0 1.0 0.04 0.04 0.5M0
a. ¥ —EATRGLE
|
L = | Liquid
1500 s T -
THb4y_|—
s a// = flf\\\N L+y
1300 e
T — =
#1200l i b=
i 1| !
B el L] . :
(oc) - ( //:\ = y+C; !
" >{/\ = \i"*c' :
- G T 1——M
awpnn4y+cf-l-_____ :\\T“~~,_ on
uLC{ c+CI§+C, e cl-:C,'
7 [ | !
0 01 02 03 04 O0O5 06 07 08 0% 1

C':M;C Cz:M:Cs3
C{ : M23Cs

2.3

4~ 13% Cr % Fe-Cr-C F47E [35]
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| ] llflm! I ﬂ]lllq A Ilmr[ HIIHII [ Il]llll[ [ IIITIU

1400

4
A+F+C :
-

1200

e M e i e i

500:__—M‘M,,o —
400: IT =
L 15 1/ 1R 138
Lol | HTd | nlu
05 1 « 5 10 104 10% 108
H%F'a‘? , &
& 2.4 410 fi =@ Méﬁ%%z&ﬁ%ﬁ A& & [33]

522 B K& ﬁiﬁ«ér)(,%‘é: 12%Cr )#Lea,guﬁimfsﬁwﬁ@kaﬁ*[34]

Tempering Anount of Dislocation density
temperature(’C)  Type of precipitates precipitate Localization of matrix
Up to 150 martensite without very high
precipitates
150-350 dendritic probably M3C moderate mainly in very high
martensite laths
350-500 in situ transformation moderate mainly in high
of M3C to M7C moderate martensite laths
550-650 N7C3 moderate martensite laths
* reduced*
M23C6 moderate interfaces
650-750 M23C6 abundent interfaces
+ very low
M2(C,N) moderate martensite laths

Y ABHEAR SR AT B AR
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222 B BBUAREMNGRE S

Fi B HARA R4 B R S ARALAE 0 AR HR AL BET 0 B
R AL G AR AR GR I BEAGAMES
5 B AT 095245 45 % (Cold Cracking) - # & 76 #7 4 (FeS) 849 & At B 7%
WRANBEABE S > QIE 5 kK (Hot Cracking)[35-38] 5 2 ¢ % ik
EHRA RS E L B ER > FREBABRNE BT ETHE
FASTHAT R SD » WERATAEAT TR A BARIF LA AR E AR B & B R A
(Interpass Temperature) & R 7] st #2869 ; —fkm = » AABE AU T =4
ZAER[39] -

1~ R ETESRMBEX LR  BRYGEARD -

2 BARARBOR AARECEBEZ AM 0 T Ao a9 3RAH
%‘ o

3B IRSF BB RBDERZAE » it -

ARAE XBR[11,31,39,40,41] > #% 410 45 % Jif 8 B4R R 45 4R421F TR 24
2 250CeTR2@EFHERZIAE - MARKBERAYERZ
R~ BmEHN > THRKRGES > LS 0 —A&H R EHEE R
8% SR 47 F HRBUR B A2 600°C ~850°C #2 [ M » #]~ 85 = K ik 32 (Tempering)
Z 424% # % 32 (Post weld Heat Treatment)[38,39] - ¥ & 2 ¥ 2K &
BRSEREKEBEBHKBS] EREUKREHRELH  AIHBREDE
KR e

— B IR AR R ¥R AR S B AN IR A B B KB E A 550°C ~650TC - |
KFEHEIEE 2B MREE FABRRSE  RIE XL F([39] 0 4%
HRAZEEBOGEEEE Ms A L) BT 5B E KEEENF » K%

12



BWAEEZRR  BHTERGAREZARAD KM B > M L b eF v
A8 AR AR S R At Bl R e 4% MBS B MMM E &£ £
HEBERRE S - BbERTIRARERN » LAKEHLHER
o UAFR R E AN > BATE KR IE 0 DT R AT R a9 AR

H o

2.2.3 &% 4R oL 1) 8Lt

85 8RR AT AT ek B BRAL SR A AR A A AT i R 89 AR AL ] AR
F o ARFI B RGMAELAR A R B & A X B RfA - R Ry
b e T [42] ¢

1. R &7 @487 R 45 4R

K AT o R AT AT A LR B R B A7 A = 4648

(D#cdy -
B AT B4R (y F8) R aEAE A TR 0 F 2a 2/ 0.03%08%
RIT BB ARE T E o 2481 0.03% @ 280 Z BB RF
LT @ MosCo sAbdth > B 36 LABRIR 240 > Rl s bt R AR
BRRIEH H > Fidtafem 2y BlER > EM ok E v+ MpuCetd
SREENIFE 0 g E 4549 MxiCo 48 o 7 F 48 amAbdh it
BAAREBET it A EALREE ~ BB R BFRR
S PRI IR 0 RSB G B ERUR 0 A8 Ak B SUL
(Sensitization) - MR L4447 B iR E A 550~800C = i » %
BHEHBROAMBEE  HERATECRBBEER M H R
R AL % > Al A7 R -

(2)o 48 -
RET AR RS T A AL MyuCe 89 A% » @7 G183 o

13



g BECRERBEH BB REZEELEMN -0 HE
AR IR R IR 0 AR B o KRk
T hohE o ABTFAE Y EIRGRE A b K38 38 B A AL R FE

(3)3 Rk
8K~ SRR BRI U E 0 A R T BRI AL L E A
Mt ~ REEZA MG - BFACHERMILILERGRES > 2
g RH) 0 FER AR AN B K R R AR T RS BUL RSB A
JR &R o

R Y L N
HR BB REBAE » BREZAT — R IEFIAE

(1ASTC eI A -
R R AR A R 45 SR A8 AN 1290 A E B R 32 B B £ 400~
540°Co% > 4% £ A S FFIRBP Al » B ATHCHREZ LR
F g 4400 o fnsdaCo ) fivd et & o AfdhbEblg 2 %
&> bR R 2 R FEHF RS MAp 2] 600C A ELCGRER
= BRPEHIRRE ) 0 R PRRASBET -

(2)o +a Bt te ] 48
cHAE—HBHWUKELBMAE  BHEEFZEKRNE B
1 REESAENE » L RATERME c FRAA T o 483 > T
LATEIRSS ~ 4822 » 7T L4 Ao #43) 900°C 24 £ (% FR 78 L 2A
£ AR RIRAEPBP T o

(3) & A b F] 28
RS HMERENBAR TE > w2 H0CHUE > &
M B RS Y o R B T B B A S EMEME o &
o~ SRR E RULRIRR o 58 Au k2] T50°C ~850°C 4 & 412

14



TR L o

(4)H AL A2 -
o B R 07 B AR A R AR 4R — Ak o HA B R T ik R TR e B
48 0 4B E T50°C ~870°C 48 5 Pl 4R B B 7T o

TR R N ok

Ji B BB A R 85 4R B e SR RAR B 2 4R iR E A O kiR &
R ooy ZHEREE  FRESTHRBIEAEL  &dm KRE
7T LA AT R F] Z ) K 48 Bk R AR JE By A1 B PR AR o B B HURA! R4S 4R Y
BALP AL EA R AR RTAEEH  AMAERPSRERT
Jo B AR T R 45 4 R AT W e E A 0 Ak EbE R B e[ 34, 42] -

M b B AR H AR RGN BUL R AR R R E LR 51

R

%o BEE -

23 BRZART RBABBETR

RS RKHAER T RRLSBZHBME 0 R DTE &R
oo 3LBMARTE X F R %R % Rk L AS - EAF4ARE E 4 2 A4

R EIR O BIFRBAZITRIERZ AIER o bk A GiR E
TR EABKBRIES > BABE - —&MmE 0 LIFMB/ G
B EFE A 400°C ~650C - 1E4F 84 & A 2% 4 #% R (Thermal
Fatigue Cracking)[12,30] o & ~ F3f3en Al B 5B ~ B8 > E A3 E -
BA o~ ek~ BRIBEB A K@K S E EF[11,21,22]

M T TR > &R B SRt HOR 5 Ak R R A B AT E X E
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B W AP 2 R R A SR I8 R (12,15,30] - R Fl4EH 2 4
§2 4% MR TERJE A AT 7 N AT — IR o SIS
SRS 2RI TR RIA LA sk o L3RR
LT LIRS o P AR R L A SR H B AL -

DAE ST U AGUR S 2 B BRREH 0 A AR Kok
[43,44] > {a 5 BB &L B2 5 A AR B H[43] 0 {2 bk Rl
IeEhE g 0 ERBRIE - REF D ATRAKARKAEARA B2
ok BB BRIE (45w ST 0 B IRIE TR TR A AL A SR SR 4R

SR BRTRRZER

24 BHABTREY

WM ETFREATERBRLE Bt R BDER - EHETHRE
BMIEREE TRNEHERERG A EKR - BIbk AR - AEH
A BB A0 R R — BRI BUEAT - [46]

B A B A R @A BB RS o ik AR R A A
BB T K 2 B AR SUBKBR30] » A @ 47 BB AT 16 v K
#

(1) B4 #(Abrasive Wear) © 45 4 & @ % 51 1R § BRI 45

—RBRANDL  ARAYIERGR T LAER  TEABK

o B R Tk o BB SN A BISEAE R iR bR G > SO R A

A R S S O S S R4 A B L

(2) 7% # B #6(Sliding Wear) * v 845 47 828 2 [d] 09 48 # 75 £ € 9) AT 18 R Y
A @K

16



(3) 4k #£(Erosion Wear) : dg 7 ] #% & o 9175 82 ok 8 % RU0R P 89 MR AR
VE A PR3 A B B BE & m At R R R

(4) #% %y B #6(Fretting Wear) © 75 %% JB 46 8) — #4547 - R X R A A& RE#%
AR AR Z R o IR B A BB R IR A R B AT AR B A

Bl 8F > Eyre K[4717 1978 it K 4B BEaedsb v 45 > AT ¥R
A L B #£ ] 28 LA 3 4% B #£ 7 (Encountered Wear)®! X 5x % » #4E 50% -
FEBAAEF M B 15% 0 Bt 35% RESA BRI it 4B
# ~ 38 B #£ (Fretting Wear) ~ J& % & #£(Corrosion Wear) % % -

5% B (Adhesive Wear) & 4 B thAR 24 7 @ % /B 1 47 - o
PR AR THEANRIE T RBR KB Z B ™AL RERE > B
EESTEE SRR L s TR TS
BANGAH T REZNEED  BR Y — AR BTEALE S —
Bt AR A o

& @R 5 B #(Surface Fatigue Wear) & #4#+ £ & #8724 & /1 15
TR ER SRFHERRE U RGN EABR
NEEL  LEBREHRKR > §HRELEWE R T > BERERFRG K
B WRBHRIIMERTREIN AR XD AREZIERRG bR EREE
bR~ R L o

JEER AP RBILEREZG > BEBMAEESD
1 R mBE R B -

RTHEEH-AERE—BREN L2 AHATIEER AN ER
B > BETZARMF TR A4 > 40 J. C. Majetich K[13]45 & > F1 A
BINSR R TR MR A M > HPE AR ERMENR EAELLE K

17



o AREIER  SFERER C ERATREMER -

J£ 75 8 35 45 J& #£(Rolling/Sliding-Contact Wear) % & » % B 82 ~
HEEAEE > BEERBALINANET MBS S —REANE
BMaZBRRN > CRAMNBEEARA—RLEEAENNE - F—0N A
HERA > v FraPangda  wWEHZE#22R LA RmE
e T E QBT 0 B RS SRR S AR L b ) F o R B
BB —RIRREIET 0 2B ERGHA A 1/4~1/3 2 F[48] -
MAABARIE SN Fd > T4 1881 4 > H. Hertz K& e #IABMEA 5
M E AR AT 0 HBMEE G XATA o AFFILKET - RE R AR
BT ZJE ) 3540 B 2.5)F7 5T o 5 Bl A8 RT3 A B4R > &
KB JEH Bl & F R & ow[49,50]

P, =048 2 2B A (1)
LxXR

o Py R F AR E A (kg/mm’) > P AEH & (ke 0 B &R b k8%
fh#t(kg/mm’) - R R #3K A 2 ¥4 (mm) > L & E %5 E (mm) © @M%
KBRAEANBEBRBZ T L L 2B 2.50b)FF 7 » KRB 2.5)
PRBREEATES T RHANREREGNE  LHATEH%
7 0.304P, °

18



J& 71 (Stress)
-po-0.8po  -0.4ps 0 0.4po

TN
AR NEANIA
N
" \ /
. %I
2% 3 e g IP-:::
e B 4b W
L=l \
32
g s
6b
Pes=max contact
™= pressure
/7 I N

Q) JEH BT b % e h A

(b) Be A% & LB & 7 84 55

B 2.5 mFATE #5388 T X & /1 otk
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B=% KMy LA

AARES B (DEBEEH QRETHR Q)E FHER
DFt BT G) TR B 3.1 ARARZAEE > A T#HEIRA

FERAEF D NA TR L858 -

HHHERH
PFB-132 |PFB-131S | S$8400 | SUJ2

o~ |

<

SAW #g _F e F A7 A
Y — A X
: @ X -
625 | 650°C | 675%C | | &
A
A 4 &
A A L
; BAZFAS | BHAY
Z ! N
B | HAESER BT TR

&4 F 5% | SEN#E 55 \TENE 25 | EDS 947 | SAD 47

v
FBER D

3.1 FRinAEE

20



3.1 B H e

RA R AT A Z MR Z 4o & 3.1 Ao 0 B4t & CNS SS400
w4 EAR 0 H R #AE A 270mmx80mmx30mm - 3 % 4% & B K4 P
Hampr ey 410 % FU Rk B AERA RS54 B INSE B AR A & 0 PFB 132 2
PFB-131S 4% 4% #(Strip) - 8 ®@ R~ 4 0.4mm Ex50mm % > #| A &
AL R B hetr L3 F542(Bead on Plate) » 408 3.2 Ao ° 2k % B 5
FIETMAe A — 8 = B 473 » BT WA G —E XN R 878 0 R
FBACRAR AT 23 — o ST ATSH R R 4T B35 18 250°C Mg F oo
3UNBFRA L UETRRR o SRETARRE RIR G A 250C » sl %47
BRBE LSRRG MEELR - HRRXBHRACERRAARLEZ
bk sk o 428 A B A E EA%(Direct Current Electrode Positive ,

DCEP) » LA hox 38 R 5 {&# 2 2 (Rate of Dilution) - H T 428 % #
do & 3.2 AroR 0 BINEEHERIGSR T IR IR 40 B 3.3 AToT -

* 3.1 FBM A2 iy &owmtds)

Materal C Si Mn P S Ni Cr Mo Fe

PFB-132  0.065 0.59 139 0.022 0.006 2.02 1347 0.028 Bal.

PFB-131S 0.140 0.68 099 0.021 0.011 098 1242 037 Bal

Base metal 0.190 0.13 0.84 0.01 0.007 0.032 0.019 — Bal.

SuUj 2 0940 026 044 001 0.013 — 1.46 — Bal.

FIRWEE: 3 S §3

) Preheat and interpass
Polarity Current  Voltage  Travel speed  Input energy
temperature

DCEP 650A 24V 19c¢cm/min 49(KJ/cm) 250°C

21



Deposited Metal

: T‘K “i
- ~-

E 3
é Base Plate 55400 s:gI E

(2R % & B A 4744

/— Deposited Metal

N
P'\F"ﬂ-\

A
2}
3
—
__.:—q

E
t E
Base Plate SS400 & ?

OVBRER A 57 4
B 3 Eﬁﬁ%@ﬁlﬁﬁ £ H

B 3.3 BT M BT =

o
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32 REABKRBEBGFHBRE

BAEAR A R TR ey s F it RIBORTA  BHRTBIEHEUARE
WA mERLE 0 BERARBEZHDKAE - RRERXHBEAZR
TERIE > BKEBEE A 625C ~650C ~ 675°C =42 > 2R IFARF B if47
HRAVEN B ZE R KB > 358 2N > KRB AENE T 4572 200°C A
T BEREZEAS B 3.4 77 o

625°C, 650°C, 675°C
L Keep 2 Hours
2
<
5, Cooling in Furnace
o
=
)
H
Room Below 200°C
Temperature, Air Cooling
Time
3.4 8244 R IERTE
33 K Y

ERTREESMAEZ RN CERRSE RN TERE B2 K
Ko GERRSERRE BERTRAL S - AR SRA SRE R
i B R R 4o B 3.5 A R[51] 0 KA 49305 @ 48 # 800 Bk o B
FIRRARARE R BF BBR A BBRABETARZER -

23



BAHFTRIRE BRXP B E AR 4B 3.6 Fime BAETRA X
PR RA SUT 2 ZHapssdn o A R&TN&31 ¥ kAL
WIRKARGERE > RERELEFEEE > BRUENT > H R
3.6()FF T~ Z R~FA £ 4 H Ra{E7 0.7~1.0> 28 & /5 7 HRc60
~64 2 o

Deposited metal
R g0
f——'(_::___i ________ . h_}? I q'}_"jﬂ I
: : = | = |
é s 1t |
(RS ST SRR i el Ig:.;
1 !
Base metal 1l '

és ] Unit:mm

() A TR

B 3.5 AR 5ANBRHMER N ZERTHE

24



$30+0.05
PL6HT

> unit:mm

1.0
”“i
_ Js00s ]2

L e J

(a) A B ERT £

(b):X R A2
Bl 3.6 B4t h B &N ZRTH

34 BRERR

BHEETREE KEREHZRE » G KAEE R4 Z R LR R
RRE o ERlA &4 10kg 0 E &4 % 150kg ¢

25



3.5 #k R

IR FE BB o B 3.7 Afow 0 SblE R R K AT [45] 0 BEE R M
Ao B 3.8 AWMA MR LT EER(EA THEE) TREDERRT
1010~1040°C > XA £)E ¥ Aol > SE A EABR EIEE L & 2.5mm F
RZBE > EBEESOCH BPaEHEBEIN B ERBEEKRSL

2000 R » BRBBIFR R A 2~3 48 AR LR VR R B &8 %

B ZHEN - BRIERA R BEANBERRHEZEE -
VAEE %, B 2 T AH AR KL AT T AL KB » BB F BT ARL 0 R
KA ERBBRERERKE RS, TR R o 3.9 ATz tnB[51]
VAHR B 47 18 AR AR T AR E E BTy 9 3R SR A A 2 F T o

3.7 BIR 5B RIE
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Baffle Plate

Sprayer //

. | /

Thermocouple — % |

B ‘ NN

i | i \F a.—-.—jr:

(a) Cooling (b) Heating

3.8 BRAAGE G TR ()RR LHRASHFH 0)AA %
& E 47 18] fo B 15 S
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Welding Direction

-
A A Deposited Metal
- —
L
/\ :
N~ ~
~ScSN~—
- >
A A A-A

Cross Section

3.9 A HEAE T &+ EH

3.6 B#AmR

IR ZEFR R EATEFRE > R B AR EEE - &
‘A~ EEHAME o BRENE 3.10 From BiEBER X 4B B ARR
BETER B3I ATARRRETEER - TBRIKIDZIFEHLL > 48
g 115mm/Sec 2 A8 ¥ H 83k B > B4 /1 & T5Kg » SS400 2 SUT 2 ¢
28 . 4 8K 2948 ) Bp BE=2.1x10"Kg/mm’[36] B % 4} & 30mm> & 8mm
2 WM T > AR A P=47.9Kg/mm® > & K3 B/ Tha=14.56Kg/
mm’ o BHAEEB 20 FH > BNSF 2% 68108 15% -
20 B30t > SRR TR EZAESHRANMEL E -

28



=

B 3.10 B v A &R % B AR

@ 30mm

Smm

_ @16mm - -

PFB-132 &
PFB-1318

SUJS 2

B 3.11 # BB RARTETEE
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3 A2 oHRAREFHEBZHREETA

HEREEAE KR4 BE] ~ 4832 ~ Wk - Hekik
UAZBMGERELSMER - WTHRAFTHERKRERRE S TR
R2IER LB emER

BOR AR TR T ARG - AR EE PR  AR
#ATRER > FIAAZEMEBRELREAE - XL ALK A
HRBEARKENRBBRRGERE > UAAZRMEREL 24
A SR REZEN - i BEXR S RXITAEERT2AMEE
BUGBRBHGRERNE SO EARBEABBOALE AREASE
80mm ST E M X # B ° FekAT A JEERE & Vilella(SccHCI+1g & ok B
+100CC BEH) » B R BF Rl = 548 e

38 BeFHIrHAEFRMERE
3.8.1 R

H R B 28R H BERIE B Z IR AR 0 A BRUE 648 HAHR ey SUD
20 FIA 5 RAREIT RO Z 0 » AR SEM /N& 3% EDS » &1 Fkif
FETE LR BANSE LB R A ST HEZEN > A THEREMHZ
AR ER

PR BB L IR S H AR B RS M B > MR R TR
Rt A B L PE SUR S0 0 FAT A B AN R A @ 0 B SLHETE
TR AR 0 BB LR R AR -

30



3.8.2SEM & &

HHAET BHXREZARBRFERZeMBRAR - AIALETR
i# 0 % SEM R H e n ikl ~ REAE ~ B Ra et th

/I‘%— ﬁ} o

3.8.3 TEM # 2 (4 SAD)

BERFIEKERZHRA - ARRRMA# > R Ee g =
B R FATARE R @R 0.24mm 2K AR F R 2 HKA 0 A
FIHR A 2Bk & @ 0.35mm R (%% Rk 5 REFE)  F4TR
@A 0.24mm 2 3 R > B 4Gk B -t B 6% 0 B Ak 0.05~0.10mm
Z ERE o ML EREIP AL SMMZ XA 0 BA R E 4 Jet)E AW
WA FRMAEFILE E(EARS 3 Hassk+11 47 F B © LR A F
A TEM % 5 B~ JOS R Aty > 34 A #8441 (SAD) %
SATHT 2 AE -
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FwmE ERFHHH

41 FEFTRER

B 4.1 Frw AR ETHE > KBRBRGERR > TR 247
e A REE > REMMIKAEFES B 32)EH#E[14,15] - HETEH
HEEMEEAER H50mm £4 0 HEH 11~12mm > #fE47 =
PPeTi2 R REFGE AW R 2Rk > B NFE R BEFF » 8T RD 47
BT g BARA REEL GNERE)  BRILEERRE

# (Fire-Cracking) X s Mt 2 G éE Mk man § 2 B & Ak
A&t kA PTBE

AT INAT A K 60 b R AR TR B AR K35 4 2
S PSR BRI M R B BRSNS
AT BT A -

42 mu o

BB BARM Z B 4o %k 3.1 Ao PFB-132 4344 & 410 74549
hu 2%Ni» B 4% 0.065wt%C>PFB-131S 424 B 2 410 R 4548 hv 1%Ni-
0.37%Mo > B4 % 0.14wt%C -

BFEBETEAXINEEAENBE  BESB VR FR
MM > MAVRE XN - HBRSG 0 Ry BIELEFM - B 4.2
B BEMAREABE TG ERINI~Cr a8t B PTHE > 8 %
—HEA B REBOURETRE EHBAERSATFOCREMHRE
ZHE > AT REERGEINETSFREAEE SOHE
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o HHMES-E FOEEIRTZIER-

SFHETRR(FZR)IEE 2R BAUSAREREILE RS ok
4.1 om0 SbR GBI AR T 0 I Cr T EHARIF B A RIFATE ahiE
b9 B FE (12wt%) BA 5h » PFB-132 434+ £ 244 1.69wt%Ni &
0.069wt%C > PFB-131S R] 4% 0.87wt%Ni ~ 0.33%Mo 24 & 0.13wt%C -

gh 1'.:_:‘-__;:: 185§

EETEY T AT

)

4

(@

() — BN R AR L3RS
B 4.1 SFHFRE
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0 2.0
£ 416 ~
9: 16 | g
8 I 412 Z
2 12 T i . “6
- | v 40.8 €
g s | : ! ; Base meata| 5DEmsnled rnetatg —_—Cr . g
E /| S Ni 404 £

// |& Fusion line 104 £
| SN Y N TN TN NN [ AN T S I I_—_— _— 0.0

4 ;
2-101 2 3 4567 8 9101112131415
Distance from fusion line (mm)

(a) PFB-132
20 2.0
. i g Base metal  )Deposited meﬁtals .
E’_\c: 16 - % -1 1.6 §
G 4o i Fusion line lio 2
5 | | ; "
S 8fF P / Jos E
o L I G N ,} Cr g
S oap [N e T Ni {04 E
0 - 1 1 1 1 1 1 1 1 1 | 1 1 1 1 00
2-1012 3 45 67 8 9101112131415
Distance from fusion line (mm)
(b) PFB-131S
42 IEEAFR S KHFHIE
k41528 F = R I5HE 4 B 162 sty & (Wt%)
Material C Si Mn P S Ni Cr Mo Fe

PFB-132 0.069 0.596 139 0.022 0.011 1.69 1347 0.028 Bal

PFB-131S 0.130  0.58 098 0.023 0.009 0.87 12.14 0.330 Bal
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MR E T ey B KRR M TR SRy B RRBEM
MBI AR RS RE RS EE BRI ERETERBE
AUNI~-Mo 2 C A EE TR WEAALHERHA DK P » ——

2H -

4.3 BE S H

WA RAR B KBk 2 A4 SS400 ~ BB R SUJ 2 » AR 47
BRGBEESBRE > GHEASTABHRIEZZIRA 0 AT HEE
FKBEHEZESBREZILE  FaRkh SHM=h > REFHHE
R Fo@ 43 pim - BEHBEEAHRBT3  SHE L BRE Y & > AT
F > PFB-132 & HRC35 . PFB-131S & HRC44 - #4244 R F4324%
B K R AR 0 AR R AR R A FER 1 AR B 1 I ) KGR 3 & M K 0 b
B %5315 ARG 2 i B R B B B K M skt 2 R o BB A AT
R 484744 B KR 32 - PFB=132 4214 J53H 4 8 &4 78 £ %Rtk PFB-131S 4244
RAFAK

HAM B Z R ERLRRIEYEN  REZBAN LIRS
A AR o B AR T BRI RBRE R EAREE Ay
BRI HZHE - HRBEEEAREHARR - FRRE T EMEA
KU EHBA R G A EBAEE - BE P OB E LS
EWBE  hu g 0.6W %L T8 o Jif 45049 52 B 15 A5 & 3 hu M
W m[52] &k 4.1 THo {478 TR 691538 28 + > PFB-131S & 555 &
% 0.13wt% > PFB-132 #4455 & 1% 0.069wt% » SUJ 2 R & i 0.94wt%C °
3 L B B 3R AR 2 0 B PFB-131S & PFB-132 » ) SUJ2 $ &%
SR
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40 T T T

38F —e— PrB-131S Base Metal : HRB 73 .
36} -©- PFB-132 As Welded 7]
34 PFB-131S : HRC 44

PFB-132 : HRC 35 7

Eé 32 -
T
w30 -
@
5 28 A
©
I 26 -
G"—_.\
24 "‘-~e_._ —
22} Ty -
20 | | 1
600 625 650 675 700

Temperature(°C)

4.3 4315 T KB SIS A A B AR 14

e o o AR 3B Andrews[ 33184 i $048 %5 & /B & (Martensite Start
Temperature, Ms) &) i, 71 72 R &

Ms=539-423C-30.4Mn-17.7Ni1-12:1Cr-7.5Mo................ (2)
BRI Z R AT 0 AT ARSI B R AR A B
MSprp.132)=339-423%0.065-30.4x1.39-17.7x2.02-12.1x13.47-7.5%0.028
=270C
Msprg-1315= 539-423%0.14-30.4%0.99-17.7x0.98-12.1x12.42-7.5%0.37
=279°C
# PFB-131S 2 Ms 57 PFB-132 - m £ % & X 252 MRS B o)s7 1
BRBESE T @ RMmEBSEEBREA A

o

MSprp.132)= 539-423%0.069-30.4%1.39-17.7x1.69-12.1x13.47-7.5%0.028
=274°C

Msprp-1315= 539-423%0.13-30.4%0.98-17.7x0.87-12.1x12.14-7.5%0.33
=289°C
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Bt R 2R RAMBEIEIE S B » PFB-131S 89 B i 4
BEE 3N PFB-132- A4 2 Ms &8 3 £ 7% 9 AN @488 A48 7B
BARSGMEHBE REFRS 44U LRI A7 T PFB-131S
6978 FE S 7 PFB-132 & & &6 4K -

W KRR S & 0 @t Ni AR EE e Rt T AEHH
SRR E Act BIRZZOR([54-57] > ™ PFB-132 )5 & B oA
1.69wt%Ni » # PFB-131S % 0.87wt% % & » R stik 43 PFB-132 4 # 43
% 2 B KBALZOR » JbSMRIE Maratary[SS]R %45 i 0 s dbindn ih & 2
HALR R o Z MR T

90Carbide=12.33(C%)+0.55(Cr%)-15.2....ccovvviiiinnan . (3)
ook o B RS AT E
%0 Carbide (pFB_1315)>C%Cal'bide(PFB_132)

F] 8% H PFB-131S % .7 0.33%%) Mo>Mo 7% & fe ks bt %
EGEEH I Ac > 3RV E KRG A |0 - B4 3 Mo 51k
2591 H A7 8 8 Cr s /b4y B4k > s & % 248 13 PFB-131S BL#%
BB S M EREE > B A BAFEH & RIER A 4E B B KA
T A ASRARE R PFB-132 A4 3 -

4.4 BRI

UEERR N EHBERARRBRETELREREFTHEATR > N4
RAYERZIETERARERIIMMERY EARFEE B 4ok 4.2 P o
R EM=h o REFHE - A PT AL SUI2ZERA X8

% E% AR g etk o @ PFB-132 -~ PFB-131S R4 1t48 % A > SLEBEEEA 5
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w B e R KEH U SU) 2 af B A48 #1488 RAT -

®42 HeBEBRBEABEAEL

Post-weld Surface Reduction of
G Kinds of heat treating | Hardness h Weight 1
roup specimens | temperature (HRO) FOUSANESS 105 (mg) . externa
C) (Ra) diameter(pum)
1 PFB-131S 625 35.5 1.3 182.3 65
SuJ 2 60.0 0.7 2.5 10
2 PFB-131S 650 32.0 1.4 161.5 70
SUJ 2 61.5 0.8 4.3 15
3 PFB-131S 675 29.5 1.3 114.0 60
SuJ?2 60.7 1.0 8.2 5
4 PFB-132 625 24.7 1.4 971.6 330
SUJ 2 62.2 0.8 3.7 10
5 PFB-132 650 23.9 0.9 458.0 300
SuJ 2 62.0 1.0 5.0 20
6 PFB-132 675 22.2 1.4 410.8 175
SuJ 2 61.0 0.7 3.0 15

K ERERB S > wB 44T 7T & & &3 & PFB-132
PFB-131S > £ &N » HKEERESE > BRI LK TFEp
i i FEPEARST o PFB-131S 72 & 5] Bl oKUR B e ey B #6E 2 R 3B R K >
PFB-132 R 42 &) K@ B 625°C B - f B F6 1 K2 &k 55 © sbsh > 4248 )
B KB T 0 PEB-132 4344 2 & JB #6138 4 % PFB-131S - R & 42
T34 E 0B EERR LWL - 2BE 42 FRAR
ERERAESE  WHEEREEE QK 12448 B 2R 44T » PFB-132
$7 4 2 47 18 AR L % 82 PFB-131S 4744 A 4& - 1R 45 Archard[60]/7 4% i 49 B
#aX I W=KxPL/H» £+ W BB % > K B BE#GE P A&
fr L BB H AR E - RERERMRABHERNDEFE U
gh 0 AR BB ES A BB FALGEL o ERESEHM R 0 BRE f At
BAAMERIEAR R > 2/ FISEM ) RE & E 0 AT EBAER M E

B KB AR % SR AR A0 A B AR A o T S
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% KR AR 5% G JE S D R RE o {2 R BISRM M AR 5w B A R
o RES EAWBEUARBILE AR BE - ARXL  BRELFRA
Mokt A 2 o — $5AR[61] 0 AR AR Rl B R KBRSk ARF] 0 T
BERaRA B EEHR mMEBAA oAl A $4 0 &4
ARA A AEREHRRRE  EUH B @mE > RBAEAE
2% M WE -G ahE AR BN AT AR

1000
I O ® 625C
0 m 650°C
800  ava e75°C
A= PEB.131S
5 PEB-132
£ 600
()]
()]
(@)
|
=
2 400
=
200
|

25

Revolutions of Testing (10

44 SFHEKBE - BHEEEMEIE KT WA
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4.5 FIR F ARG HR F M

BRGRABRBEZ AR ETERBHESL  BERAE AR HEK
fE o B 45~E 48 R A MAESE S AR F R A AR BT E LI AR
HE AL Hek - BRFPTHRAMRELARLLE - FHRORE
RERERK > BELEECH @MW > oH o XRE B o
ZREAREBK TR XRG RPN HFRHEN R ERRE
PRI AL S B S IR S KUK B AT B > AT B P 3R
AMEAREREAABZ WA -

Bk HRA K BAEUSEMBE - &R wE 49~8 4.11 Aiw ° K

WAATHESEM » R REBREYR A H BT > AT HRILERGY
FAE(B 4.9 28 4.10(a)) 2B 42 PEB-132  7Lek ey $1 B A 8 37
PFB-131S ° ig #7045 5 5 5 42 oo B9 B SR A R 45 40 3R > B L i o9 K
WA PR GAMEBAAN - ARG ARMBMBNT LT £H
KAGIBAZF 0 S H R R S AR R B A R T A s 4R £ AR T >
LR Bk AE 1 BAR A AR AR 4L 8 7T R Ay At Ju 0 MY R FLER o BRAR R G
RAT AR R FUER A R A9 E B 0 M AERT 5 AT 0 PFB-132 89 2% G AAT B4 E
JEZ %> PFB-131S » S LIk S L RER -

B 410 AERETBRERZAT  BRABRNRGERETAEL
Fo BH &M 2R HRRR - B 411 Al ABXRE 4%
RZBE  BAMEGYGEE BRETHEZRENH LD -
TR T B Bk A A8y Cr s Mo Eaib st » £5 8T
PR m AL AT o SLEEAT HHIF BN B R RRER - M e E B
& B A ALK > RT3 Aokt 09Ik 5 38 L [62] 0 1255 & B AT

Blamiit » R HE AW TG EZE > ARBERAER T
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B2 W o1in g mzbi i i 2 £ RiR > B1RIZHER - B
MR R - BRI REN B MFEN R BHLE B EHRES
Wk BmARRE  BARS X KGR KM AR S F4 - Bk
ME T ERHF BT EECHERILE S REI63] M &M R4
Atk REESSHO SN B EEF MM 4T @ 2 £ RE) 0 B
AR K 478§ % (Persistent Slip Band, PSB) » it & 4 3 HBRIBEAE > KRB
ho [ 4.10 Ao~ ZFEHE AR o [62]

(b) €. J5 £
B 4.5 PFB-132 48 650C ® K##Jk 543 F A BT %R R
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(b) &5 £k

4.6 PFB-131S #4& 625 CE KL Bk %143 h A @4 R Hid
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(b) &R £k

22X Bl §~I¢Q
47 PFB-132 & 625 C O K #E %X A mBE SR Hig
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(b) &R £k

4.8 PFB-131S 2 675 C B X #E SRR 2 @B R H 4k
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4.10 PFB-131S & 675 C &) K #13h %k 5515 BRI B H 44
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(b) PFB-131S » 625°C = kK

B 4.11 EBEERBEA@BEBZRE B EHMEL
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XA B 3.10 Arrtn g4 > &4k~ Bek > RAZEMERT
G wE 4120884137 B P ITHELEELARELRKRD
R@ MR XZEL 0 AR 4120 THREARAF L REERAE
RofEmA R R RRLE ] o bR HOR S HERE > TH
3, PFB-132 &9 R 4815 &y 48 KK > B K3 s R 404K > M PEB-131S 1R 548
mm&d o

W H% AU SEM B R RS wE 414 18 415w - ££
OM A K20 tm R S5 b ey REWIK £ £ > LIS P A B8 - LI
ISR, 0 & se L PEB-132 4744 2 PFB-131S 4344 » £ R &N R L
ALY AR EMEEFL KATEROR I S Rk ey it £
ST e dr R AR o LS HATE R R M T > AT E R
Bre~ 2% ~ fte - MEEG G FHE B > M HE T eh KAl
FPHRENETHRRAAEMROZE  SRNEFTRBER > RER KR
R o BhEHRESESERET » RERK B HEEME
FEBeRRRAEE A RERERRFRYE  ARERELKR > &R
o Rz HeR| XMk o LI AL @ e H AR Rk 43t it

AT BRI -

HEAT SR S A R 0 R B B O 45 48 00 Bk 25 ok 2 A -
TR BBBE RO > PRELEBRARER > MG
GBS AR SIERIE A R FER T o AR A I B @ A A
B0 SR AGETEAEA MR R B ARME A » R BIETIE S LR
TR > BARRMAEE o AL L AET 0 % AN BH
s BE RO A HRE BRI ATEUR BN > B RMKERA -
RZ 4 HMRA ~ RRAREAE Bl 6 &R o RS A&
S B B XIS B AR B 4634 R A TEMBLE & B K 2o
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(a) 625C = X

(b) 650°C &K

(c) 675 CEl Xk

412 PFB-132 2k % R 2 218
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(a) 625C = X

(b) 650°C Bk

(c) 675 CEl Xk

4.13 PFB-131S #Jk % H 4 5448
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(a) 625 C =k

(b) 650°C s |

|
=i

(c) 675 C = kK

4.14 PFB-132 524+ #h &k % % 48 SEM 448
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(a) 625 C =k

TUum

(b) 650°C &k

(c) 675 C = kK

4.15 PFB-131S 534+ #J% % % 48 SEM 448
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BER R BR S AR BN EEA TR L2 L RE B AR
BRE > FaXhEM=h  REPHE -  FRSHBRFRERE
Z ot E 4.16~8 4.18 Aiom 0 LkR=ZB THHR > B KBERZE
RR&2EAH) > R2 > BXREQKREY > REL2EAKRS > B
£35© KB E A1T ? PFB-131S 6744 64 # 45 % 8 PFB-132 6244 A 43 > sk
LT E 412~ 415 228 PEREZR -

AR S RETHR - o BERE R HEREZIIMN K 43
B 419~8 421 A AR E KB ERBRENR - BHEBEERER
RARGREZMMG HARGERR BADKBEELS > &R
A AR AGH o M PFB-132 43442 625°Cos A A0S S ey Rk BT %
650°C oy > MMM Y AR  BEASINZEOOSCHALHKRET
A2 S B O b 48 Fu o 48 ¥ 32 PEBL131S 424 2 & A8 =) KB B o) 48
B ERT  MARBRERRRRRERERR » THEREH

& & BFAML o

50 T I T l
401~ -—-- PFB-132 |
—— PFB-131S
kY.
S 30 .
5
©
£ 201 i
-}
(@] /]
E ,A\\ //
10f K N
7
_____________ -
0 | | | | | | | |

0 30 60 90 120 150 180 210 240 270 300
Crack depth (um)

B 4.16 625CwE K#Ek % HeRkEnth
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50 1 F T I
40= ---- PFB-132 |
—— PFB-1315
£
S 30f 3
E
5
£ 20f A
3
(@)
=
<
10 -
e T
ol 1Y [~y Sy? |
0 30 60 90 120 150 180 210 240 270 300
Crack depth (um)
B 4.17 650CE kA% 5 H it &k E nth
50 T T | | |
N ----PFB-132 |
- —— PFB-131S
Q2
S 30
5
)
£ 20
=5
Q
£
=
10
0

0 30 60 90 120 150 180 210 240 270 300
Crack depth (um)

B 4.18 675CE K#RE % Nt Rk E ik
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%43 BEFHRESRIT R

625C 650°C 675C

PFB-132 97 82 79
Total quantity of cracks

PFB-131S 76 70 67

PFB-132 15.82 8.63 8.91
Total length of cracks, mm

PFB-131S 3.87 4.25 3.27

PFB-132 0.59 0.48 0.47
Largest crack depth, mm

PFB-131S 0.10 0.15 0.16

120 T | I

100~ =1

S
i
|
|
I

|

®
I

Total amount of cracks
l
|

60 ]
a0t — @ — PFB-132 i
B —O— PFB-131S |
20 | | 1
600 625 650 675 700

Temperature(°C)

4.19 4748 B KUB A R B 4
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The carck depth (um)

Total length of cracks (kum)

20

T |
181+ .
sl o - @ - PFB-132 |

N —6— PFB-131S
141 N 7
12+ \\ m
N

101 N —

>~—————-0
ot |
sl |
4= &’/’_6\9 )
ol N

0 | ! |

600 625 650 675 700
Temperature(°C)
420 4B T KRBT AL 8K B M4

1000 T T

ol - @ - PFB-132 |
—6— PFB-131S

L —
600~ .~ __ B
= ~ ~— — — o ]
4001 n
200 e/e o n

5 | | |

600 625 650 675 700
Temperature(°C)
B 421 4344 @ KBEHERAEEREM A
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B bk 2 B w845 7T 2537, PFB-132 424+ 89 & KB E 2L 650°C L
Lk &4% > PFB-131S 424 B 48 625°C sA L BP T » i R &4 > PFB-131S
24 2 A ok B4 SRR PFB-132 4241 o

AT E TRy T4 BKRELSE > BE Kb @
4B AR E 84K > ™ PFB-131S 424+ 6972 & X Z 7> PFB-132 §24f > 7T
%o b JEAR B B % RBRE A BRI LET  ARAR R R[64] 0 B
BHRPEAEZREFOIEEIMZ A BRE - HHEHAE - R BRYR
NEBMMZ ZHBBEE

LY STIA FTS TS GEEY T TY VI'e B Y
G ARIES EAT » RGEAAA AR PR S MR E -
G I ) 8 k) X5 KBABSR R © R Y & 0 B
o BRI AR IR R £ Bk H AR R -
PR R R -

) KB 838 g R KSRAL R > AR %Y’ > kB
MEARAR B o AW H AR R B BOR BT R 0 LB E KR
AR ERTWE ? FRERERFLE  2EERENBEIG R
o UATHREKBEELE M T > BIK5%YGIE D o) E & AR
W ERTE L 60 B AR > HE KR ARG o AR SR ARKT o

MokE Act BEBEN BT HMESY]  AcBES > TS
HERR o MRS REE HIAAREARRYE - RZ >
B H AT R R BN BOR M o e AT A R ARy
Al gimt BALPEARE] > 35 AT W IR B Rk R REUK > Rl @ & B
SPRG R RENEE - R HDRE - VE > B39 5H
Rl A ARSI SR 57 1
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MAESEH B A sty £ & > PFB-132 4 8.3 15 Aci /BB /K89
Ni 7t % PFB-131S # A #8518 Ac) 1% & # oty Mo 7t % ° B st PFB-132
W s e 6 S R AT B o PFB-131S #4847 1 Mo s 4tdy » B4 BB E
BAK > Mg 54K > B Mo R R SMHSHREE - KA
B KA&# T > PFB-131S 4244538 4B 64 % £ % 57 PFB-132 > A A
BB o 6 AR A5 M DR T B R o E A ERAL eI B AL B AR
R > AR\ SH T AT LT R PR -

4.6 @48 o7

HEHEEET - FRIEKRIE » AR RE K T2 & E]
SEIE ~ WL~ HARIR 0 A F RS - SEM ~ TEM BB H A 4a 44 -

AL EERBETINE 422~F 435 B 422~ 4.23 Ao
HRMESH A A THRAESBZSEA%  dB TRE  BHTEE
oOBE SRS AR EERER - BNEN TG o o sk A
ZHEMEE EAERERK o mE P 0 ReRE Rl 2 RIFBAK 0 ™
B SREBESB Y ORI QR AMME > HUAE —EA
ROAFE o 4K S AT AR AR B R P AR T @ ATiE AR, 0 SRR AR K B 4B H
KB EM T EREFCREBI O RE - ME— > —EeEE 4
BRABEABNRERBNAPER > NLESHMBREM MR HHE
T8y O Rek k2 T ey A RE AR

B 4.24~8 4.29 Fio~ B RS EREIBE MR EE KRIESR Z
BEHE B e HEFTER - ZE8 0 R EMEE LA
Mf = BA K RBRWR M AUARDERE 675CHK > 28 A
TRZAEKG DY T H ¥ £ 20 PFB-131S 888 - a7 K &
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R ALY SRR M RERR - BARERER
metBRE > R KRR o ARFEXFRIR[37,65] » sbiERek i th B
BB TAR S LALEHRRET  FRFLENEARKM > £8 600
PE B E KR R AR T EL R &Y -

© %—&

B 422 PFB-132 B4R TR 4B A2 448
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(b) % —i&

() %—i

423 PFB-131S H43 T1HE 4B L 448
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(b) % =&

() %—i

424 PFB-132 & 625°C & K4 4B 1244
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(b) % —i&

© %—&

425 PFB-132 & 650°C & K4 4 B 1244
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(b) % —i&

© #—i

& 4.26 PFB-132 & y W 44 e
@ 675°C W KB A4 L8 24

62



427 PFB-131S & 625 C & K& K 4 B 2 448
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EN

CaX&EHELELE L4 -

& 650

4.28 PFB-131S %
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(c) %—i&

429 PFB-131S & 675C @ K4 K 4 B % 448 -
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430~8 4.31 From A RAESEHEHE B EHRBOIEESLE &
8 BB PR BWATESEM B KEBE » & 2000 R #4538
% MEMBAKRE RS T LR BRSO IT -

(2)625°C B X

(b) 650°C & X

(c) 675 C ™ k

430 PFB-132 #uR % RIS B £ E 24
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(2)625°C & X

(b) 650°C = k

(c) 675 C = k

431 PFB-131S #uR 5 RIS HE & B £ E 24
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£ SEM B E @ 0 HERBrnE 432~B 435 B 432~
A33FF T~ ARSI A HEE T HE® KR IEHR ZISHE 4B SEM £484
2 BE TR BRAMESH  EESFTERERIT LY > 88
ST KRIESL > i dr Rl > BESMEE KB E RS MY
o o T AEAR ) 09 B KB AR T 0 PFB-131S s ik % Bdm - B
ok A e Bk K o M PFB-132 B47 th b - MR @ &k > [
B 2% d S AT d 09 AL B A PR R o $74F 8 2000 R 2B IRAR X I 2B
SEM 4488 £ 77 B 434~F 435> b B Tho > RHTHEELH » 4238
2000 & #hAE 2R > AT B & K& 38w - PFB-131S 8947 4 4 2 B AAA K
K25 Hbm> RS HFATEER > ERZE+ 45 0A# - PFB-132 &4
it B R ~ RiFAK > BERYD 0 BRSSO d a9 R AR R e A
BRo Hap B R Loy £ RS L E R A - ATZ 047
TR 4B ¥ > PFB-132 89 & Ni & % 1.69wt% > tk PFB-131S %
% 0 sbsh s PFB-131S 42481 % T.0.33% 49 Mo ° Ni #93%8 hofE #1kH8g Ac
B EAR s bt e & o & R 591t - AR A RIFH R
K RREREANEF AV K2 & B E A 2R 5 - @ Mo

ERAMMHBBEORAMEFFEDBEE RS THRAAEMER
it BN o BIRAZATSY BB R RBE 5 E T > PFB-131S 424489
B EEN PFB-132S 43469 R & > SR W ETAXR -

#£ TEM 8587 @ > & RETHE 4.36~8 4.47 » G4 AREF ~ of
REFRIFHLS 0 £ SEMBE T HRI RG> £ TEMBRTEA
BABA - B 4.36~FE 441 AR KRIEZZIEESE TEM 4
A8 RIITRESIM 0 BB B KAEESL BEEKBEMNIRS - BT
B ey E R IE ho 0 AR R 5 R (Sub-grain)BA B A & S 0 A 4
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(€)650°C & X () 675CE X

432 PFB-132 434 H 42 T A K4 EIE 4 /E SEM 448
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(€)650°C =k (d) 675C = X

4.33 PFB-131S 424+ B 42 T A & K4 53E 4 B SEM 448
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434 PFB-132 524 #uk %1553 4B SEM 448
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(2)625°C = X

(b) 650°C = k

(c) 675 C ™ k

435 PFB-131S 534 %k %14 538 4 /5 SEM 4 48
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e R ER B o A b PFB-132 4244 & PFB-1318
24 > TR AEAE B KA&MT > PFB-131S 42 8947 R % ~ &itm
H A FakK > PFB-132 AR & s & BA B8 49 Ba 7 PEB-131S 4744 - B
HEAr gD ~ BK~ ZREK > BIRFEEER ~ REFAH B 9RML
8% PFB-131S f & @ sL L% R B 4o ATFF 3 > 75 B PFB-132 424t 2 8% %
89 Ni» 4E Aci 8 B 4K s bl 5 47 7% & - PFB-131S 42442 Mo »
fE MR AT Mo bty - B HAF iR B AK BB % T e it g AL fE -

B 4.42~ 8 4.47 A434 48 2000 R #4533 1% 2 TEM 448 - &% 1T
M BRARFHOABRERABLRE > REFREAL > B H
Wy BB KL TR 4 K M B 3 hu o PFB-131S 4324447 th 447 & Fak ik » @ PFB-132
SEM KA B R B B FEHR LR E > B 444 B
R GREFM B E &L R — 4 R ENT Y E A
BAEFTRMA  BARERFHIE Bk REFE > HEE4ANRARMER
1o By R A 675 - B X Rl A AVR 5 R & R PEB-132 &y mt 2ok 7
WK PFB-131S » A $ RBWRFEEEH- a9 47 4 A A& - AT Rk B 38R R
SESRER I BVR B AR KM AER T R A At B R R ER AR 0 B
AR TRMEAAZGREA LR GER » ERAM A BN @E L
MR B EFRERENER MR K - SBRMRLE  RELBRMBER
BAEEGHEREFEEEAT > RERkEBRME R OHFE

By 3 i #E 31 o

2 3% 4% 41 B (Selected Area Diffraction Pattern, SADP)&& 447 » £ &
WA 0 BIWFTAEEEM > FTREE KGN > E@FRERESER > FET
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