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welded Zones of some Cr-Mo steels are susceptible to the embrittlement

when their weldments are used for high
temperature services･This embrittle-

ment appears as the phenomena of thelow-ductility creep-fracture(LDCF)･and

the temper-embrittlementinduced by creep(TEtC)･A system which reproduces

those phenomena inlaboratory was proposedin this paper･This system was

composed of the simulator of weld-thermal-CyCle and the machine for creep-

10ading● The methods and conditions for using this system were discussed in

detail.Some experiments
on the LDCF ofll/4Cr-1/2Mo steel proved this

system to be very usefulfor theinvestigations of the
LDCF and TE=C･

Key Words:CreeP fracturet temper-embrittlement,rePrOduction of embrittle

ment,SimulatedLHAZ,CreeP-teSt maChine,11/4Cr-1/2Mo
steel･

1.=ntroduction

Heat-reSisting low-alloyed steels have excellent creep-reSisting proper-

ties in the medium temperature range′ and are applied widely for boilers and

vessels.However,itis pointed out recently that some welded zones of Cr-Mo

steels.such asll/4Cr-1/2Mo steel,are embrittled under certain service con-

ditions.This embrittlement appears as the phenomena of(1)‖the
low-ductility

creep-fractureH(briefly shown hereafter as LDCF)in the operating time

【1.2,3],Or(2)the rise of transition temperature,Whichis recognized at r00m

temperature[4]･Thelatter may be‖the temper-embrittlementinduced by creep‖

(briefly shown as TE=C).However,the factors affecting those phenomena and the

processes of inducing them are not yet revealed,and a series of detailed

investigations willbe required to clarify allof them･

=n this paperr a basic system for reproducing LDCF and TE=Cin laboratorY

isintroduced.This systemis composed of the simulator of weld-thermal-CyCle

and the machine for creep-teSt･ Thelatteris used for the creep-ruPture teSt
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in case of LDCF;and for creep-loadingin order to prepare the impact-teSt

SPeCimenin case of TE=C･Some results obtained by this system were explained

On the LDCF
ofll/4Cr-1/2Mo steel.

The term.0f ‖creep
e-mbrittlement一一【1′3]or‖creep cracking=【2]has been

glVen tO the phenomenon corresponding to LDCF･However,these terms will not

denote thisロhenomenon adequately or correctly･Then(the authors adopted the

termlLDCFin this paper.

2･Apparatus and method for simulating HAZ microstructure

The best way to examine the LDCF and TE=C would be to test the HAZ portion

directly･This portion,however,is t00narrOW tO be tested byitself.Then the

HAZ microstructure was reproduced allover on a steelbar by the simulator of

Weld-thermal-CyCle andit was subjected to the creep-ruPture teSt Or the creep-

10ading followed byimpact test.

The simulator of weld-thermal-CyCle made bY Fujl Electronic =ndustrial

Company was used･The construction of this simulatoris shown schematically in

Fig･1･The specimen setin the coilis heated by HF current supplied by the ヨF

generator(the maximum output of15kW with70kHz);after its temperature

reached an ultimate one′itis quenched by nitrogen gas or water flowing out

from the coil･Optionalheating-and c001ing rates are programmed and glVen by

a temperature-COntr011ing unit.

11/4Cr-1/2Mo steelplate(J=S SCMV3)shown in Tablelwas used for ex_

Periments･A steelbar of7x12x60mm was machined from the plate takingits

length parallelto the r011ing direction.

Fig･1 Simulator of weld-thermal-CyCle
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A weld bead vas deposl亡ed
on a plate ofllt¶mln thlckness by the 皿anual

arc 甘elding with the heatinput of18kJland the microstructure of coarse-

qrained-ZOne in HAZ was observed･This microstructure vas reproduced in the

Steel bar by
using the slmulator with the fo1lowing conditions which were

Obtalned fro】¶ SOme prelまminary examlnatlons.

11凹axlmuI¶tempera亡ur白:1〕50C■ 2)Time for heatl叩up t01350C:14sec,

3)℡1me fo工'CO011nす from 800 to 500 C;14 sec.

TbeI正crostructure of slmulated-EAZ specirDenis shownln Flq,2(a巨 工ヒis

COmpOSed of martensite(white lath)and bainite(1ath containing fine

Particles)･This microstructure resernbles wellthat of the grain-COarSened-ZOne

in natural-HAZ shownin Fig･2(b)･The hardness of the for皿er(Hv359)is also

Close to tbelatteエー(8∇about 365).

3t Apparatus for creep-loa(ヨ1n9

A leverLtype CreepLteSt maChine withloadlng capacitY Of2 ton shovn in

Fig･3was constructed bY the authors･Details of the furnace
and

fixtures of

SpeCimen are shownin Fig･4･A recorder and regulator of the temperature were

COnneCted with AC-thermocouples which were welded onto the specimen.The

elongation during creep-loading was estimated by the displaceTnent Of the

flXture Whichis measured bY a differentialtransformer.

After a glVen StreSS VaSloaded′ the temperature
of specirnen was raised up

tO a teSt temPerat11re･工n case of the examination of LDCF,the specimen was

Tablelcbemlcalcomposl亡10n
Ofll/4cr-1/2月O Steelplate

C S土 比n p s cu Nl 凹0

0･15 0･06 0･75 0･005 0.003 0.01 0.03 D.52 1.40 0.002

(Wt篭)

表テ重森恵
(a) Natural-mZ (封 SiInulated一甘AZ

一里旦叫

Flq･2 MicrosthlCtureS Of slmulated-HAZ and na亡uraトBAZ(eヒched by
nltal)
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kept at this temperature
untilit fractured･=n case of TEIClthe creep-10ading

WaS StOPPed at a given time periodr and
the specimen was examined around the

r00m temPerature by Charpy-impact test.

4,Test
results of LDCF

The creep-ruPture teSt WaS Carried out on the simulated-HAZ and the base

metalspecimens of11/4Cr-1/2Mo steel.The size of
the specimenis shown in

F19.5.

The relation between the stress(S)and the time to fracture(t)tested at

873Kis shownin Fig･6･Logarithmic scales are taken for both the ordinate and

the abscissa･Two S-tlinesintersect each other at the stress of215MPa.=n
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detail of A

3

Fig.4 Details of furnace and fixtures Fig.5 Specimen for creep-

1.specimen, 2,3.fixtures

4.stainless steel covers

5.heating wire. 6.refractory

7,8.AC thermo-COuPles

rupture test

5 10 50 し00 500 1000

Time to fェucture
,
hr

Fig.6 Results of creep-ruPture teSt On Simulated-ヨAZ

and base metalofll/4Cr-1/2Mo steel

m
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the higher stress rangelbase metalspecimens fracture with shorterlives than

HAZ specimens d01 andin the lower stress rangelVice versa. Nevertheless,

the difference of lives between tw01inesis smallerl and therefore′ the

nature of LDCFis recognizedlittle on the S-tlineitself.

The reduction in area(RA)was measured on each specimen as shown in

Fig･7(a)and(b)･Theyinform that(i)RA values of HAZ specimens are extremelY

Smallregardless of the stressleveland the time to fracture.(ii)base metal

SPeCimen fracturedin shorter time under a higher stresslevelshowlarger RA

Valuesl but RA decreases with an decreasing stressland hencel an increasing

life.

Fractured surfaces of the specimens were observed by a scanning electron

microscope･ The oxide film adhering on the surface was removed by washing in

O･3N HCI with an
ultrasonic vibration for 600 sec at 273 Kl and rinsed by

Water.

The fractured surface of simulated-HAZ specimen exhibits an intergranular

decohesion mode;SOme eXamPles are shownin Fig.8(a)and(b).The grain bounda-

ry surfaces in the photos are sm00thin appearance if some etch-Pits are

neglected･ Those surfaces willcorrespond to the grain boundaries of prior-

austenite[5]･ On the contrary, the fractured surface of base metal specimen

Shows a dimple rupture mode as the result of a slgnificant deformation, aS

Shownin Fig.8(C)and(d).
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5.DIscusslon on the resul亡s

Those results of the occurrence ofinヒer9ranular fracture irl the HAZ

SlユppOrt Wellthe f01lowln9 COnCept On phospho工TuS Segre9aヒ10n Whlcb was lntro-

duced by the auヒhorsln the
precedlng■IepOrtS【5.6】.

(a〉 工nltlatlon of se9rega亡iol-:pbosphorusis s印re9ated in
austenlヒe 冒raln

boundarY bY the rapid-heating processin the weldLthermal-CYCle[5].

(b)工ntensification of segregation:Phosphorus segregationinitiated by welding

is intensified further bY reheatingin a criticalte皿Perature range Of75O to

850 K【5.6】.

(C) Contribution of stress:The stressincreases significantly the concenL

traヒiom of pbospborusln tbe grain boundaエフy【6].

(a) Slmulated-Ⅱ且Z

270 MPa.16 br(57.6 ks)

(c) 丑ase meta1

270世Pa.8br(28,8ks)

(b) Simulated-ⅡAZ

172 比Pa,75 br〔270 ks)

(d) Base metal

172 HPa,137 br(493I【S)

50llm
: :

Fig･8 Fracヒured surfaces of specimens obtained by creep-ruPture teSt
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(d)Segregation
and cracking:Theintergranular cracking at the prior-auStenite

grain boundary occurs whenits phosphorus concentration reaches a critical

Value【6】.

=tis expected that a further systematic examination on LDCF and TE=Cin a

Wide temperature range willrevealwh0le natures and detailed mechanisms of

those phenomena.

6.Conclusions

(1)An experimentalsystem which reproduces the low-ductility creep-fracture

(LDCF)and the temper-ernbrittlementinduced by
creep(TE=C)was proposed.=tis

COmPOSed of
the simulator of weld-thermal-CyCle and the creep-loading machine.

(2)The LDCF
ofll/4Cト1/2Mo steelwas examined

by this sYStem.The simu-

lated-HAZ specimen fractured with very sma11 reduction-in-area and the

fractured surface exhibited anintergranular decohesion mode;this fracture

mode reproduced wellthe nature of the LDCF.

(3)This result on the LDCF supports the concept that phosphorus segregatingin

the grain boundary
weakens thelatter(Which was proposed bY the authors

PreViousIY.

(4)This system wi11enable to clarify the wh0le natures and mechanisms of the

embrittlement of Cr-Mo steelsincluding the LDCF and TE=C.
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The authors wish to thank Mr･K･Ryoke(the graduate student of Mie

University for his cooperative worksin this research.

References

l)T･Takamatsu,Y･Otogur0.et al.:Effect of metallurgical variables on

Creep embrittlement of steels′ Tetsu to Hagane,65-7(1979),851-860

2)M･Nakanishi,S･WatanabeJ et al･:=mprovement of creep cracking

SuSCePtibility,Tetsu to Hagane,50-11(1981).1088-1094

3)N･Abe,M･Nagae:Creep Embrittlement of Cr-Mo steelandits evaluation,

QuarterlyJ･Japan Welding Soc..3-3(1985),582-589

4)T･Takamatsu, Y.Otoguro; Temper
embrittlement characteristics of

11/4Cr-1Mo steels′ Tetsu to Hagane,67-1(1981)′178-187

5)K･Tamaki,J･Suzuki:Comparison
of theinfluences of phosphorus and

Sulfur on the reheat cracking sensitivity of Cr-Mo steelsl･Res･Rep.Fac.

Eng.Mie Univ.,13(1988).21-30

6)K･Tamaki,J･Suzuki,M･Tanaka:Stress-induced
phosphorus segregation and

intergranular crackingin welded zone oflCr-1/2Mo steel,Res.Rep.Fac.

Eng.Mie Univ..14(1989),9-22


