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The De-embrittlement Behavior of a Temper-Embrittled Low Alloy Steel

Synopsis:

Susumy SAWADA and Tateo OHHASHI

De-embrittlement behavior of 3.5% Ni-Cr-Mo-V steel was studied by rapid induction heating to three
different temperatures above the embrittling temperature range, holding for several seconds, and quenching

Charpy specimens embrittled in advance.
The main conclusions obtained are as follows;

(1) FATT (Fracture Appearance Transition Temp.) is reverted to its original non—embrittled value
within a few seconds at a high temperature and the increasing temperature increases the reversion rate.

(2) FATT cannot revert completely by lower temperature annealing even with long time holding.

(3) Activation energy necessary for the de-embrittling process is about 61 kcal/mol and the process

may be controlled by diffusion of phosphorus.
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Table 1. Chemical composition.

C Si Mn P S Ni Cr

Mo Cu v Al As Sn Sb

0.25| 0.37| 0.37|0.011 {0.009 | 3.83| 1.83

0.45| 0.10} 0.14 | 0.05|0.011 | 0.014 | 0.0031
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Fig. 1. Pre-heat treatment, step cooling and de-embrittlement treatment.
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Fig. 2. A heating curve of specimen
(A : surface, B: center).
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Fig. 3. Variation of charpy transition temperature with deembrittlement treatment.
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Fig. 4. Relation between FATT reverted and de-
embrittling treatment.
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TWwhHD, AT v P — it X2 CRHBWECEBTLT
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U 650°C T 30min JpETIEP O S I3IFEA
EHEE L, POBLshs FLETPORLAIHESE
Lizb D% 500°C CHMET S EHEPDORIESEH S
NHXHCRBENIDOTHY, Thb—EDRERIX

— 42 —

.}it”fﬂ

Ry

-

o<

9

€<



>
>

>

~

Beb & LML L ARG E&MOBRILEBITOV T

647

£ P

660°C X 5sec—WQ
Photo. 1. Scanning electron

: ZHRe
660°C X 45sec—WQ.
micrographs of charpy specimens treated as denoted.
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LR PLER LAY TEHIEETRLTVWS. &
EERIC T SR X slERREOE(LD vy

5 53TV 5.

AL LBE, RIEFSICEPNFmEFETEDX S
HIEESFR DT BT DOWTREDE T S5
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% Cg: Amount of impurity segregated during step cooling

1 €, : Amount of impurity remaining after de-embrittling
treatment

Fig. 5. Impurity (Embrittlers) concentration profile

before and after de-embrittling treatment.
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Fig. 6. Relation between erf-'(AFATT5eom/
AFATTSTC) and 1/]/7 .
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Fig. 7. Arrhenius plot of D calculated.
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DEyoc=2.5%10-13cmz2/ sec), % (2)HA~ACAT 5. [A
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BaE, FATTR S5 —~EORELTECET LAVX S
BEMERLTWS. Tihbb, FATTORTEICIRSE
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5 — W DEFOREEE 595°C T TCRbTrorE—
7 MBI B, 535°C, 525°C & ERPEMICIKIRIC AL BIg E
WRTOE— 2 OF S BARIT M R RIRE QN ¥
L. LI 2TRT v ¥~ XD THRICHIRER
@ LT ichli{b 2 5cEHs 580°C ~OFIET X >
THRBL U, 7 DIRE T O FiRE LD TR IREH
FTBEELTEINVTHSHS. DT Lk Fig. 6 @
580°C T DELIEDS ¢ =ccDiftit 2 HIRATY S Z &5
LI 5.

TRV T E RRLER B 75 “boil
off7 L B Z it OVWTETFSNTRERL V.

Bed & LB L, Tib bR~ DLEFSTROIRL
MBEDL I AD=ZRLLEDDDONILDODNWTIEA —2
= BHHEOFSEIT L ) ZO0BBREINTWS. —D
¥ McLEaNZ X D TIREIN-FHERITHTH D, fib
D—2k JosHr 5T X2 TH x b & RIT- I
RHTHEEHTD 5.

HI&Z13 Gies ORMEFEEHEEDHEXILD LFTLDHD

ThHY, BHECIOTXORADT A NF —&EDBR

FRBAFHCEHEZ L, FTAVF—2EDD D
DR HBbh G C Lt/ . McLEaN i ERHIT
ELRROMEER» DEEARTORE~DOREZ &
WwWiTtwab.
_ Cpexp (Q/KT)
14+Cpexp (Q/KT)
Ceb - RIFRITIREE
Cp : WHTEED Bulk JRE
Q : BFED =D DTEMIL = F V¥ —
EERITSE MDD & LELIERT - A v ¥ —2ET
SR BLRILFECELRICTFEBREFCL2TELS]
LS {DTHB. LOHRTHEELETEORFTOLENE
2, Ni ® Cr 7t EOFETLREPFERIT & A7k S i
W EDRWIBES ik L DTWH I LERTA— U =
SWORERLY, BHTERVAENRD D, LORHEZMH
RO ETHOBBEEOMEREH THS. JosHr LA
— 2 = BT X W BEIEF S TEOMLREF DRI~ D
JEREAEIE RRTRITLTWL & ETIRESI

Cg(,

ZERMAEETL D) ZRHEL, Wbt XoTRhATOEST
SN fE L 5 IR O IRE S A F G R & A i R F 1
EraFssmb2bd s LTwb. JEFERmIT & 3R
LUV IREME» D R 3Nic t EILET S excess
DEILA X DIE VBRI CMEE S35 T &iIT X

b, EI-Ni, Cr R EOE&BERERF-FHMRFOEEM
EOLOTHRRIZENILGEVIDDTH Y, FOFE
FEEHRITOATRHPBTERVWAEZHET 5. it
RENEL LB LB 22 vy — BEH-EBERFOES
TANF —% EEB D, XD XS RIEFERTaES
Rz nicd iy, »ORERITED N0
bRz X< EFRLTVS.

Bl A EHRIT D% X 5 b A 736, McLE-
AN ORP L LPELPR X ST RN OLF 5 LED
FIFEEED LR E & iTiEREEWcRS LT
7 [ BH{EET boil off %] &5 —% D Critical
TRIREE 7 <, NENRE S ERT 5 LR RRTIRE S HE
BHNTIRT L EEBIREO LR R R BE~OBT)
RO RTEUNTE RS DD LHEETE LS. AR
Fw X TR A G E3 BIREL 575, 600,
625°C LELELLDERLTW58E 4FLTw
Bt EETCEDRDECIDIDEELDLNR, TOK
W 2oWTHE McLeany ORIT X W RIFITE S Bulk i
ETRIFEL, Buk RESEHVWHARTEERITEDE L
7B, MRILBETERARD, #FRE LTHERELD
TIRAESEL RS0 EELZ SN X 5. Low!® i1 Sb
% 600ppm £/ B Ni-Crfiioz7 v 77— it X
% FATT 11 —20°C 75 +600°C ¥ T LR Lz &
ELTWER, T bkl tE255535L0DTH
.. ~ .

Jostt HOHERFHITENT, b UKL IEFHERT
DHCKEIMKFLTY BT, Z=I-£EBEREFD
EEA T Z L X — LT 2V — OGRS EEET BIBEL
LCRRIEDREC BT it D, R T & L Bt
EALT LI —ELTWEnwZ &, B LEBETOHK
LTI VE—BEEOBEC L OTREDT WA EEL
b5z L, FERITFOBLICES LTWSH RS
5T LI Eh LR ERITO%E & FRREER OB LIRE
DHEERE 2D LCBERRDS S

5. &

HOMUDHRAT v Ty — X ibEE7 3.5%
Ni-Cr-Mo-V {0 » W —FHRRE #EEImER L
T 580, 620 3 X (% 660°C ¢ 5~45sec [Epafi{t i
L FATT L% 7.
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™~ L7z,

(3) BmEREMbic X v T NAREZ =T, Kk
fift DI X > TR R WEES BT 5.

(4) BMELEEVEIELAE X B R ICET Lok
EF LR (BRBEET) ORF» SR~ LS
HENTWS L% 2 Ly 61 keal/ mol diERE < *
VE-BE LR T LTXOTERPTHEEELD
n5.
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®LET.
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