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The Effect of Heat Treatment on the Creep Rupture Strength
of Low Carbon 2!/, Cr-1Mo Steel

Teruo YUKITOSHI and Kazuhiko NISHIDA

Synopsis:

The creep rupture strength of a 2¢/,Cr—1Mo steel was studied in relation to preheat treatment and micro-
structure. Results were summarized as follows:

(1) Creep rupture strength did not always proportional to the strength at room temperature. In the
short time range, the creep strength was decreased in the order of the OQ (15 mmg bar was quenched
into still still oil), the WQ (15 mm¢ bar was quenched into stirring water), and the FC (furnace cool in
30°C/hr) steel, while in the long time range the order was the FC, the OQ , and the WQ steel.

(2) The greatest creep strength of the OQ) steel, in the short time range, was attributable to the fol-
lowing two points;

(i) it contained much more finely dispersed carbides than the FC steel, and (ii) the ratio of needle-like car—
bides to total number of carbides was higher and the ferrite grains were more stable than in the WQ steel.

(3) The supcrior creep resistance of the FC steel could be due to the stability of the ferrite grains and
the sluggish precipitation of M,C carbides during creep.

(4) The creep stress influenced on the formation of rod-like carbide, the acceleration of softening in
quenched steels and the acceleration of spheroidization of pearlite.

From these results, it was concluded that carbides, especially the mode of precipitation of carbides
during creep test, played an important role in the creep strength, and the shape of ferrite grains was also
important to ensure the microstructural stability at high temperatures, though this effect was in a less degree.

(Received Oct. 12, 1972)
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Fig. 1. Tempering characteristics of 2!/, Gr-1Mo

steel with different heat treatment.
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Photo. 1. Original microstructures of W.Q., O.Q., and F.C. specimens.

T T TITT I T T ] TTTT T T i l TTIT7V
‘ P
« WQ i i
- 0Q
20| « FC ]
< s5F 3
£ - 7
£ - e el ™ .
R AN ]
- 10 R e
8 ol ~pd N " TRRA.600°%C i
“ - Q}ﬁSO"C \‘u:g;:\ 1
6 ‘\ RS
L R \.‘_ ~d
NS ,
4 ] 1 L Ll 1 1 1 1111 1 1 Jt L)
10 1O |10 Ko

Time for rupture (hr)

Fig. 2. Stress versus time for rupture -curves at

600, 650°C.

LAY —Ft B, Pum T LT 23X108 )T —F &
RD LS.
33 JU—THHMRRER

Fig. 2 s —winrsifhiR 4 3. T 9RRIEE
600°C 1z DV T A 3 L ERRIHITIR g Hf, Ak, B
WO 2 Y — FREEIRRTE < 22 D BB BT S

HEFMOBEX (KGH, WweHh FEH) OIELZE
BOTW5S. F-ERREIC & 3 & 15 )1 —RErmea dhis
DEELDD 52 L FE IR EH F Lt L 38X
UIE G 23 —F B R CRERT Lidve s, 4GS oliEic 7
D — PRI EL R D EBE X OIEE 3£ < FE 0
RIT I B 7KL, IS A T RS T — TR R Bh AR oD REL
NAETHS R WThOE4A D 3000hr TR
BB EE LTS, —FIFSHTIEIRETY b
TIRIFEMHITD 5 AT LA DB £ild 3 000hr
FhEw D Fat &0 2R A 4000hr 135 (Pum=
2006%103) It H 5B VTHIZ LCHEDFEBFESDO—I
B (PLy=23x%x108) jz & 5T, Poy D/pE W, 7%
b LEIREREIA~E 5 EMBRD b 5.

650°C iz DWVWTH 5 &, BEIGNHERMBAITRE, P
&, AEH OB HRTERED 48 < 7t B3 KIS IR RFH
HcFEs, @, KM oNEC BRI E<&RD
600°C KIS N D BE L RREEMEZ =Y.

Fig. 3 wwitsktto 7 v — o —EE2RT. ZOE
DEAEMTIIES Y ) — FEBEEFCELERF 2 Y
— FEBRPEVE WSRO 2 ) — FTHlBRERT.



1116 % r & w59 4 (1973) E8 =
; i n
30 % [ I . I i i
L8161 600°Cx|3l<9/mm= 8- °_ 1 i !
B 2 8- 2 -2:600%Cx Ska/mm? l A_ZB-Z- 5 90 I N _-r__":—- _ } _
[ i - o R e e
A WQ c-1} | | 89 80} im0 ! |
- &:0Q ! | v - g |
- C:FC l ': | I J 4 70 - . ; o]
:\; 20 i i ; H v | & 80 = oy e
< : | ’ 5§ eof i . 1
c - ! i 2 -
2 L i A= I - s 40} 7 [ e N
S ! S e —
2 - ! ! | I 8 o 20 ,
=)
w 10 ," }' C-2 100
B ! ’ 1 P - W Q
= / /,l ] 5 80 | - . 00 |
N /,’ ] /:/r ] g; 60 |- N s FC |
[ i i 5§ aof . ]
0o 1 —=+7Tit L) T e s T RN £ e I R j\_. |
[} 10 10* 10° E & 20| | .‘.‘;‘;: ~~~~~ | ]
Time (hr) £ it Ok 1 i PR TR R -‘I___!I:'j‘_l-!-l i -
=z 107 0° 0"

Fig. 3. The comparison of creep curves with
different heat treatments.
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Photo. 4. Microstructures of F.C. specimens.
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Photo. 5. The morphology of needle-like carbides within ferrite (F.C. specimen).

. -

* |

e . R d
»3 L W 3
s .

MR |

(a) :

s

T

A ;

i -ja-" }

‘ * $ . ]
e PR T PR A SR
N T LT Soe L, J—-**‘-U
Plain-tempered time (a) 600°C>< 3 000hr (c) 600°Cx 3000hr (e) 600°C:x 3 000hr
Creep-tempered time (b) 600°Cx 2 732hr (d) 600°Cx 3440hr (f) 600°Cx 2250hr
Photo. 6. Microstructures-tempered at 600°C for about 3000hr.

- - g g < g N R e -
IR SRR -t ""JJF -~ - b g‘\h\ sa T
w_ I3 L .r ) LR 1 PR WO ﬁ(";" e 7 Q’i
- -f . -t N 2" ti ~ O : Q - {1‘1‘:\3

R ULt A el e IRERR
L . £ 5 ) RE X Ji R N VT

e T N e
o L __f'_ il ) b S S 3’};5
A TP T s A ’;. Cra v T

500 CX 3987 hr 600 C ><5904 3 hr 600 C><10395 4 hr

Photo. 7. Microstructure of creep ruptured specimen (creep stress : kg/ mm?2).

RSHIRRILOFRHEBRDONS. TN HABR T LHEERDLE LOBE LY Y — THEM & Tl En
R DA, RWTHFEEZL LT7 =74 MESk  BHOh5. X% Photo. 5 IKFRT. 7Y — FHli
WA EODBOTRLLITHD. ELZDLIIT - HMDE 5200tk & e BIHAMSE Y.

LT7 =54 PRIZHHE LRILBoRIR M2 %  Photo. 61T 600°C x3000hr ££3, & U L i3iFE 3000

— 52 —



21/, Cr-1Mo @D 7 Y — I HEEE RIS samE o g

hr F1LCHMT L7 R B0 O E 88 LT R
KB &S OB D Z 13 HBE s s, e T
BRELZLTHTRD DPBROFLPBERD NG, B
IBED & LML 2 Y — TR ORI DD 23k A
LR TS EVXREL T AVWESTHS. FLHT
¥3 3000hr FREDHEES & LA ZITTH RO RIEH
BEDLND. EFERHMCIREMEL S LME Y ) —
TR TEHRIRAL OFEIRT 35 THE B 51z 2205589
bha. TbbEiikED & LITRERD X8Ot
KREDLDTH DI LT Y — FREEIH Cridoisss
PR EH OB REE LTV 5.

Photo. 71T |5 — RIS ER LD 2 U —
TREEIA ORI B U CRT. K, W L bic
FORBAL DI KIS % 5D TV B, M Dh S
RIERILWETADEL2TWVS. HEMDII S 25kE
e < BRT LRI RIC & 5 M5 R o &1
%?%w.—ﬁﬁ%ﬁf@vla4b¢m%ﬁoﬁﬁﬁ
FVXHEIR D BALAAERD B 5.

3-5 JU— T EBMIE LS LEOD RLY, B
DHE

3-5-1 $HRERITIOTIREILIIT DT

SHRRILIE T ORI+ B A28 5 2 & 28
LT LD #EINIEETH S, Hitims Cr, Mo
LRICEL T L SMbTlE Cr ks M,C, &
Mo »FEEK LS MC DWW FRLEEINTVWEID
LEXD. RO RILIT O WTE LSRR T S
BRESOBRICIOCTEL L LRtk a5t E L
To Mo BOEMARILN Cr BN < 5~NTH
FETHDHTLRADHLNRSE. 20z & LetkEbY
Mo &0 R{ILMDOZELT b b MC O H 3 LUZE
BEMETEEZEZTIVWTSHSS. F72 Photo. 11 i
T X O ZDEHRRIEIIE MC & UTHESERE X h
TYW b XS FMBGREmI LTV,

AR D & 5 EHR R LM D ZEB) IS ATBMER T X DT h
ROBAFIC RS LiciER LTeRbhic 59 58t
KRILMD s F~7o. BIERmE L ) 5 FET
T CEATERICITE T 5 RICIWE & $HR (T 7ikis
K RibotkRE LTt Uiz, Fig. S BsigEd &
LIHIZ DWW T e RIbfrhic & 2 8HRRIL DO R % 53
NIERTHD. BTN Y F131d 505D
DISCRDONE. TihbbKEMOBET L PLu=
20X10% 23 X523 EASRBLDHIIRD ShT L
25D LTI M TR Pun=21x10%35< 5T, {5
BT Pum=22%10% 35 < & TR BILIMDB AT 5
ZEPEbND. Fig 6 iz xbic 2 ) — FRHiM 0B

T
Plain-tempered E wo
= "
3 S SN —-— 00
e . ----- FC
L 80 i — 0GB~ B
e A N
£ a / N
5, 4 \ by
=4 60 7 o \
o 'E II \ \
oo / al\ o
- = |/
=09 \ \
To 40 —= v D
5% o \A \
S5 e \, N
£ 2 20 -0é—a o o <
© 5 i \\ \ N
oc 1 = . i
;6: o—-"" o xu‘ “~a S~.0
18 9 2 21 22

0
7(20+10gs)x10”

Fig. 5. The change in the ratio of needle-like
carbides to total number of carbides on
tempering.

T
T

i
} —— Plain-tempered
--—-— Creep-tempered

e \\ T
L /'\ Y |
/
/ FC A
/ \
¥

0]
(o]
\ J
l
'
J
4
I
i
l
1

EN
(e

n
o

Ratio of needle-or rod-like carbides to
number of carbides (%)
[92]
e}
e}
P's}

o]

20 21 22
7 (20+1log? ) xI1Q°

©

Fig. 6. Effect of creep-stress on the precipitation
behaviour of needle-like carbides.

Pre-heat tregtment
wo oQ FC

Creep= tempered

Pigin=tempered ° a o

n

Length of needle-like carbides ()

o

7 (20+1logt)x10°

Fig. 7. The change of the length of needle-like
carbides on tempering.

FEELE TR L. $HRRILIRZ )~ Al hic k>
THRIC 2 D IR LI U L oL Ty Y
—~PREBIENOEEITILAEHED LRIV

Fig. 7128t RRIEWOES DL E LIt X 5 2L B
MBEDELME S ) — T & THRB LTRT. KE

— 5% —



1120 % & W

¥ 59 4 (1973) 8 S

Pain- NS~ RN o N §
Whisker - like - I
pearlite  |eoepo  pemmm—--m--- T,
——— ¥
Ploin- NN Ny
B B
Plote ~like " O
pearlite Creep-  fr—---~=-
tempered p—===—=————=
18 19 20 21

7 (20 +log# ) %107
NLametlor N\ No~s. $pheroidizotion

Fig. 8. The spheroidization of lamellar pearlite

on tempering.

E XS M TRERRILDOREZD SO ELE
HELILEAHEERIFLAERDLNT, Fs V-7
SR X 5EELTERTH 5. —FIPSHTIaghiko
BAEIEIRE LR, ¥/ )~ AL 5EFTD
BEBRED LS. ZDX 5 RARHEREHOERE
WRTERMHEEBREPORETROERE, SLHEESH
5. TihbbadtihafafmERKE L, Lrdift

L5 BRIEDE VT & B S 5 Lo S Imic i
H L v. —BRESHCIEMH LS BEESENHic
X BRTAHRWE & B XOREBRICEIRCRNT LTI
D7 = T4 MRPRAOREDOHEM R DBRIRIERAT
HMEENIRBFECKFETD L ERECXSDDEE X
bhs.

W M D R DERCIFET 5 2 > ORI R L
CHLOTROBRH (ML HREEZBND.) EHIR
DBt (M3Cs, M;Cs MGG nEEREENRS.)
LT OWCERIRIL D B VIRIEET BB IC OV THA L
wgEe L hnt Fig. 8 tRTEEVTHS BT
Dk 3 o RERBELIERMTIE 2¢/, Cr-1Mo
WD LRS5O TH Y, Hflils Mo 99 ik
Cr-Mo 19 THEDHLIhTWS. WTFhoR{kind 7
) — PN I OTHERREEINBEZ EDBLIrS. U
FIRRIb & R LR iR T 5 & RIR(E O 5
BE2HR LT WIERHLNSE. DEDITHBE L
TW 2 Y — TR hes LTRIERBREHOE 5> BEET
HBHEVZRD. OIS ISATBREBHEENENK BIRE
IR OTIRRIEDOLE R E 72X 1ER & HBIEREEX D D
EWIHMEIEHE D REA L. Baker? H 21/, Cr
“IMo FRTBANES E LEARELES LEDELEE
LCBRIbHOZ{L2 B ITW 588, RILWEEDOEICD
Wi E IR R Twinv. E7- BakEr LOERODY
BRIE—F4 b, RAFA b, 7 =54 PRESIRE
Licio A EBRTELh X 5 LR ERE ohis

)
220 >
\-Jj\'\ {
A - Plain-tempered|
. S i
180 - N
‘\\
D
'\‘___
(2 = ——a
3 140 —
" [ IS " L R e B it Satatutatel -
wn
3]
=
E . wa
£ 180 .« 00
[ Creep~tempered « FC
— s
140 e N
. .
- . Ty -—eiraezca L
|OO A 111 1 £ 1 (] ] [ ll-llll
10° 10° 10*

Tempering time (hr)
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Photo. 8. Optical microstructure of creep ruptured specimem (];Sarallel part).
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Fig. 10. The change in the difference of hardness
between ferritic and gross carbide area.
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Photo. 10. Electron Microstructures of creep-ruptured specimens
(Creep ruptured at 600°C x9 kg/ mm?).
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Fig. 11. The change in the amount of Cr or Mo
content extracted from residues.
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