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Effects of Impurity Elements on Creep Embrittlement of Low
Alloy Steels

Katsukuni HASHIMOTO, Yasuo OTOGURO, Toshiaki SAITO,

Tetsujiro TAKEDA and Tetsuo KIKUTAKE

Synopsis:

The influences of impurity elements on the creep embrittlement were investigated for synthetic heat
affected zone (HAZ) of 1 14 Cr-1% Mo and C- 1% Mo steels.

The creep embrittlement, the decrease in creep rupture elongation was greater with larger CEF (Creep
Embrittlement Factor), which was proposed by Gooch and his coworkers for the effect of impurity elements
on the propagation rate creep cracking.

CEF=P+2.4As+3.65n+8.2Sb (wt)

Addition of a small amount of rare earth metals or Ca to 134 Cr- 1% Mo steel decreased remarkably the
creep embrittlement of the synthetic HAZ due to decrease of impurity elements segregation to the grain
boundaries. ’ .

Commercial 1Y% Cr-1% Mo steel added with 0.004% Ca indicated an excellent resistance to the creep
embrittlement in the synthetic HAZ. While it maintained the mechanical properties of the original
material. Furthermore, the influence of hydrogen atomosphere on the creep embrittlement was
investigated for the synthetic HAZ of C-14 Mo steel. It was found that hydrogen decreased markedly the
notch creep rupture strength, another indicator of the creep embrittlement, unless it was subjected to a post

weld heat treatment. The decrease was more remarkable increase in hydrogen pressure.
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Table 1. Chemical composition of steels used in
the experiment I (wt%) .

C Si | Mn P S Cr | Mo Sb Sn As

A1]0.16 | 0.68 | 0,53 [ 0.005 | 0.007 | 1.22 | 0.54 | <0.002 | <0.002 | <0.002
A2|0.16| 0.69 | 0.56 { 0.042 | 0.007 | 1.23 | 0.53 | <0.002 | <0.002 | <0.002
A3|0.15| 0.67 | 0.56 | 0.006 | 0.007 | 1.24 | 055 | 0.022 | <0.002 | <0.002
A4} 0.15| 0.67 | 0.54| 0.007 | 0.007 | 1.23 | 0.54 | 0.042 | <0.002 | <0.002
A5{0.15] 0.71 | 0.56 | 0.007 | 0.005 | 1.24 | 0.56 | <0.002 | 0.033 | <0.002
A6 0.15| 0.68 | 0.57 | 0.006 | 0.005 | 1.22 | 0.55 | <0.002 | <0.002 | 0.017
B1]0.15| 0.24] 0.67| 0.007 | 0.006 | — | 0.54 | <0.002 | <0.002 | <0.002
B2 0.16| 0.24 | 0.65 | 0.007 | 0.006 0.54 | 0.019 | <0.002 | <0.002
B3| 0.15 | 0.26 | 0.66 | 0.008 | 0.005 0.53 | 0.038 | <0.002 | <0.002
B4 | 0.15| 0.24 | 0.65 | 0.008 | 0.006 0.54 | <0.002 | 0.045 | <0.002
B85 | 0.15] 0.25 | 0.67 | 0.006 | 0.005 0.53 | <0.002 | <0.002 | 0.017
B6 | 0.15 | 0.24 | 0.67 | 0.007 | 0.005 0.55 | <0.002 | <0.002 | 0.042
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BEALHE D570 50 KO 100kgf/cm? Nz, K&
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Fig. 1 wiERExRT5, #E 114Cr-1%Mo i
DNWTIREFNRTHDOFEW RN E <~ AW TH % Al D
WY (47%) TEHRLUMETRL, C-1%4Mo $fico
WThH AR - AT H %5 Bl SHOBEEI{HD (21%)
TRRUME, FEEMETHS. iz v — IR FRE
& LT GoocH B2MREUIREE Hvie.

ChE X OTERTS LETOELDERD 50 ME
PO TH B IV E R T o &b Dle. &
DL 114Cr-15Mo D <—2MThHs Al $HLp
C-15 $DO_X—AWTH% Bl D MO DERHEITE
, 72V —=7HRIERZWIBNZEERLTWBE, 7
Y — ZHEAERR ORI & b I 5 O DE T ER 2L
LTCWB7c, TRFEhOS— AT U Bl
VNLIFEE—D i D> TL 5. FOEKRTEIMY
TEOFEE L RTEROMEIIRENCIEIZHTHS &
#Es b5, Ll As, Sn @ oWTIHRE X 5ES
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Procedure of treatment

Heat treatment conditions

Base metal N, T, PWHT N:

Synthetic HAZ

N, Simulated Heat cycle, PNHT | PWHT : {

920°CXx 2h~Controlled Cooling
T { 720°CXx 2h-Air Cooling *1

" L 670°Cx 70 min—Air Cooling *2
720°Cx 2h-Furnace Cooling *1
670°CX 70 min-Furnace Cooling *2

*] : Steel A1~A6 *2: Steel B1~B6

Table 2. Heat treatment condi-
tions for steels used in the experi-
ment I.
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Table 3. Chemical composition of steels used in
the experiment I (wt%).

C

Si

Mn P S Cr | Mo | Sb |REM| Ca

0.156

0.67

0.56 | 0.007 | 0.008 | 1.23 |0.55 |0.02Q4 — -

0.156

0.67

0.55 | 0.007 | 0.007 | 1.24 | 0.56 | 0.020/0.05| —

0.14

0.71

0.55 | 0.014 | 0.006 | 1.28 | 0.54 | 0.016( — -

0.14

0.70

0.55 | 0.013 | 0.005 | 1.28 | 0.65 | 0.015] — [ 0.001

a|R|8(8|°2

0.14

0.69

0.54 | 0.012{ 0.003 | 1.28 (0.54 0.018[ ~ | 0.003

Normalized rupture elongation (650°C, 1000h)

Fig. 1.
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CEF =P + 24As + 3.6Sn + 82Sb(wt.%)

Relation between creep embrittlement

factor and normalized rupture elongation at 550°C,

1 000h.

Normalized rupture elongation means the divided
value of rupture elongation by standard material’s
rupture elongation.
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Fig. 2. Creep rupture properties for synthetic

Time to rupture (h)

HAZ of steels C1 and C2 at 550C°.
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h #8) FMEOEE HAZ 7 ) — 7R A » DA
v AR oHL, HABREOA — v =5XoHmxT
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Heat treatment

C | Si|Mn P S Cr |Mo] Ca - . .
Base metal Synthetic HAZ Table 4. Chemical composition
D1(0.1410.53|0.59 | 0.007 (0.004 | 1.41|0.63| - N: 930°CX60min | Simulated weld thermal X and heat treatment conditions for

- T:710°CX30min | Cycle (Peak Temp: 1350°C) :

ced by Basic Oxygen

p210.14 053} 0.59| 0.007| 0.004 | 1.41| 0.63{ 0.004] PWHT: 690°CX3N | PWHT: 630°CX3h or free steels produ Y YE

Process (Wt%) .
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Table 5. Chemical composition of steel used in
the experiment I (wt%) .

C | si | M| P S | Mo | Al N
0.24| 0.28| 0.84| 0.015| 0.004| 0.55| 0.018

—_

0.0072

Table 6. Atom concentration on grain boundaries
measured by auger electron emission analysis (at%;) .

C Cr Mo P Sb Fe
Cc3 16 1.0 0.6 6.0 10 72
C5 16 2.2 1.1 5.0 0.5 75

Table 7. Mechanical properties of steels D1 and
D2.

Tensile properties (R. T.) Impact properties
T.S. Y. S. El R A. vEo o Trs
(kgf/mm?) | (kgf/mm?) | (%) | (%) | (kgf-m)| (C)
D1 58.4 42.1 30 74 18.3 —15
D2 58.3 41.4 32 76 17.6 —20
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LTWBDTREWhEEZBRS.

R REM ¥R X 555380 b o< Ca ogf
ZRE L TAL. ZoBEBIEINETSHYT Sb
% 0.015% BRACINZ 7ob DE~— 2% (C4 ) &
LT3, Ca O~ EBIERD THhTNRTHSD
TEIIE L LT 0.001 3 XO* 0.003% iz Z DR %
T,

Fig. 4 = Ca ¥Rin& & 500°C, 1000h 0 2 v — 7§
Wr O, PR X OYIR X 7 Y — FHEMRE OBSR Y T
3. REM RIMOBE L RABCYIR & 7 V) — 7 HERTEE
L7 ) - MO OMI LVWRIER RS RS, Ll
Ca BB STk 0.001% & 0.003% Titigt
AEZERRL, TOBEILADRLES 0.001% 2%
MTIETDDEL DB & hborb.

—75 Ca ¥ C3 AL 0.003% wino C5
DWT 27 ) — SN Y B L CA % & Fig. 5 KR
T X 5B oW 7 ) — FIERREE, SRt
bl A—EBEehsn, HAZ OFER IOYR X
7 ) — 7HEEEERVThd COMoEEmL, HWEIE
HoBwc L EMBLTW3. e HAZ ok
BET T Ca IRIMOBHE/EC L HENEETHOT,
C3 @iz 1000h THIR 5L, LI L~BR T D
XL, C5 $MirERE LA 6~7000h CEE IR T3

dN/dE

120 212 44 5865170
Electron energy(eV)
Fig. 3. Auger spectrum of intergranular of fra-

cture surfaces for the creep ruptured specimens of
steels C1 and C2.
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Fig. 4. Effects of Ca addition on creep rupture
properties for synthetic HAZ of 114Cr-14Mo steel
at 550°C.
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Fig.5. Creep rupture properties for base metal
and synthetic HAZ of steels C3 and C5 at 550°C.
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DETLTE Y, Ca HINGTH YA, Licho
T Ca FIMOFELC,HH LT, WThd 100h ¢
TRER EFEDOREBCBIT L5205, D2 gD Hr
PR LOYIR EPEWEBEOWThEW Vv i
L, D2 oYK SHEHARES D1 ST RgMmeE &
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Fig. 6. Creep rupture properties for synthetic
HAZ with PWHT (690°C x 3h) of steels D1 and
D2 at 550°C.
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Fig. 7. Creep rupture properties for synthetic
HAZ without PWHT of steels DI and D2 at
550°C.

Fr~1ebhs.

D ENDBEFRRMMC VTS PWHT iy
Ca Tz oMmoMELXEL 5z L, 72V -7
(LOBIC B TH D & & HEEI .

33 JU—-THRILICBKETAKETATOEE

ZhETRKFD 7 ) —TEHMARCETE27) -7
RS OREFTHT E s, MBI AEFHRZC
BB EOTHEESFERBR (SERT) kT 214
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Fig. 8. Creep rupture strength for synthetic HAZ
of C-14Mo steel in hydrogen (10kgf/cm?) and in
air at 370°C.
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DRI EW 2B, ,
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AEFHRKFCTORBERIE, 27V — THRIECERET
LYk 25 kA 100h LN THRERL TV S Lk, &
# 20 kgf/mm? TOYRBFERFHME 270h T, FHRO
PWHT %M L7840 1000h J E& HEELTELL
By, b, W HAZ 07 ) — 7HEHEECE X
FTAEZRSKOEEZY, PWHT 2+ociilLcsa
it FoEEI/NE L, PWHT AR+ THE5ES
BB TCREENKREL LD EhbDb.

Biekwe, ENAROBTHEHINDS ASME =2 —
K, Sec. VI Div. 1 o@ZeteFating 370°C © 12.1
kgf/mm? TH by, ZDOIEH VL TORKREEAY Fig.
8 MWHMETBE K 1000h Xy, ZDXHKT
PWHT »EXh T AEBRETCHER IR L BEN
CRWCTCRCHEI ETHZ LR LT 5.

L = AT C-14Mo #Rico\T 370°C, K E4 FE 10
kgf/cm? (I KEBAEDOB A HE 2 S & Nelson fEX19
FTe RERTHS. L L bBEEEFER T
L#ad PWHT ZEXWEBEROWTO T —xikd
7L, BB T — 20 B ERACBITT5 Z L5
fEhs. BE BRENERFREEH (JPVRC), K=
BALEMER STV CHEEFRI TR TS LA
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AETBCLRVWETFRINRG. L, WATDKRE
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Fig. 9. Effect of hydrogen pressure on creep
rupture time of synthetic notched HAZ specimens
without PWHT for C-145 Mo steel at 370°C.
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FEHE TR RCETORBA RS, G 20 kef/
mm? OBEILFIR DO 2 KB OFHEOREBCH 5.

— 7] 20 kgf/mm? CREELRE 2 I/ OEEAEL
Photo. 2 WaRT IS5 AEENES bz AEH
DO DBENEZERC DO TWA., DI L
BRLUI2KREDOBERINADORE=F VF —2\D2%
SET I THAEINE{RETS 2 L23bh b, Tl
B o TR EKERER FEBECHEETT5 DT, KX
E 100kgf/cm? O£ AT TRV, ThEH
LT 10kgf/cm? OBEITREHBERTIIH 205, EN
DME T DIIZ A DT UhBRR LT o, ik
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BEEEHO 7 ) - T RILCE IETHETELAEZEZHIOESE 2099

Mo 50 kgf/cm? TRXIEA — A5 54 FRRCEFOTR
ROBBBRCED bhs. TibbBREIIKEE LB
BIE LT3 2%, EEBE LBV TLIR,
WA SO BRBZIIKRBREDORE R\ LITKLA
F o €7 4 BEEE TORBIOTBEROTHAILTEL
TebDEHEINBD, MAENOBRIFEECTHS >
ZRREBBROBBA T TR RER £ & v~ 7 IVNNE]
BZINTWZ ENLEBEENEHREEZ BDNS. &F, B
R OKRE- W RBEROEE L ARBRDOESE & 2
FRiEh T3 s EbFEL2EHET, MAEREKE
BEDERIE ST, AECIBAE=3A1F—DETF
ZrbsbDLEZBRS.

4. B -

114Cr-14Mo # % X ¢ C-15Mo $§ D ¥ sy 83
(HAZ) © 79— 7k 2onT, MERMY TEOE
EEBOESA, REM, Ca L L2BEDHE, XbIEH
RELTKROEELYHRE L. Bohi-FREYEQT
BEUTFD XI55,

1) 134Cr-%Mo 8L C-14Mo 8o HAZ o 7y
— 7HRILC s JIETHERGH TR OEE T GooeH b

a), d) Applied stress : 40 kgf/mm?
b), e) Applied strees : 20 kgf/mm?
c), ) Applied strees : 15 kgf/mm?

Photo. 1. Optical micrographs of
rupture portion, and scanning elec-
tron micrographs of fracture surface
for synthetic notched HAZ speci-
mens without PWHT tested under
hydrogen pressure of 10 kgf/cm?
at 370°C.

27 ) — 7 XREREECRIET MY TR O E B %t
LTRELLATERETE, 7)) —7HRIGERIIER
RCERTES.

7V — 7 i3 (CEF)=P+2.4As+3.6Sn+8.2Sb
(wt%)

2) 114Cr-1%5Mo $8 HAZ o 7 v — S (LB
0.05% © REM, % -z 0.001% Ll ko Ca ¥Hinas
BWCHD. “OREEL LTiE REM, Ca OREMNC X
hRFIC BT 5 HETMHTERORITAE LS BRI N
BT ENF =T ST OFERE L DT,

3) Ca #n % 134Cr-14Mo $8 » S24F ¥ S 7
Lickoh, BEOHEPREECIEIPEYFXDC
L7, #ie PWHT #%oHE HAZ RBHEDO 7 Y —
THEIENS XOYIRE 2 ) - THEEEEYE L AL
I T,

4) C-14Mo o B H HAZ RBEH o7 v — 7M1k
Kk LT REZRKOFE PWHT %45 fTok
BEXERBEHAATIILED bhighofch, PWHT
ERITCEETEFORECIEZ ) — THEEECET
NHELL, KBEFEFETELILLTI &Rk,

5) KEHTD 27 ) — FRpIIAKREDEME & b iIc
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2100 % L g 72 & (1986) #15%

BHE LD, BERRIENO | BB RGATS. 20
ZEERRBEIC A &V - AT ANREIRNT En
b, KEERICKTS O KERE L OBEMIIZE
R, KRR IBHNADFHE =5 LF —~DETFTHERAL
Ezbhb.
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