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Heat Treatment Characteristics of High Strength 21/4 Cr-1 Mo Steel |

Hiroshi SUSUKIDA and Ichire TsujI

Synopsis:

An investigation was conducted to obtain the increased strength of 21/4 Cr-1 Mo steel by quench-
ing and tempering, and were also determined the notch toughness such as Charpy V impact properties
and the elevated temperature properties such as stress rupture strength of quenched and tempered
21/4 Cr-1 Mo steel which exhibits room temperature tensile strength of about 80 kg/mm?2 (equivalent
to the requirement of ASTM A 542 class 1 or of ASME Code Case 1414). ‘

The results obtained were as follows:

(1) When the cooling rate from austenitizing temperature is less than 10° C/min, tensile strength,
yield strength and Charpy V impact values at 10°C decrease rapidly. Tempering in the temperature
range from 600 to 650°C decreases tensile strength and vyield strength, and increases Charpy V impact
values at 20°C.

(2) The cooling rate from austenitizing temperature should be kept more than 10°C/min and the
tempering temperature range should be taken frem 615 to 660°C to meet the minimum tensile pro-
perties specified by ASTM A 542 class 1.

(3) It is expected that the allowable stress values of the quenched and tempered steel up to about

480°C may become more than 6 kg/mm? higher than that of the full annealed steel.
: (Received Aug. 11, 1969)
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Table 1. ASTM A 542-68 tensile requirement.

Class 1 Class 2

Tensile strength kg/ mm?73:8 to 87:9 80°9 to 946

Yield strength*®
min. kg/ mm?
Elongation
min.% GL=2in

*: 029 off set.

.59-8 70-3
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Table 2. Chemical composition of steels.

Chemical composition (%)
Steel Plate thickness (mrm)
C Si Mn | P S Cr Mo Ni
A ‘ 100 0-11 0-27 0-42 0-013 0-009 2-04 0-92 0-15
B ”‘ 150 0-13 0-26 0-52 0-013 0-010 2-41 1-10 0-09
1
max. 0-13 0-27 max. | max. 1-88 1-85

ASTM A 542-68 0'15] /0-32| /0-63| 0035 | 0035 | /2°62| /115 -
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Fig. 2. Effect of cooling rate from austenitizing
temperature on room-and high-temper-
ature tensile properties after tempering
and stress-relieving.
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Effect of cooling rate from austenitizing temperature on light microstructures.
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Fig. 3. Effect of cooling rate from austenitizing
temperature on Charpy V impact value.
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Relation between tempering parameter and tensile properties or impaet value at room
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temperature, and high temgperature after
tempering at 625°C (steel B).
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Table 3. Charpy V transition temperature (°C).
Transition Transverse Longitudinal
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P Surface T /4 T/2 Surface T /4 T/2
T,s —50 —45 —-20 —15 0 +10
Tras —60 —50 —30 —30 —10 —10
Ty —50 —45 —-20 —15 0 +10
Trg: Temperature at which shear fracturc percentage becomes 50%.
Ty35 : Temperature at which absorbed energy becomes 35 fi-1b.
Tr£ : Temperature at which absorbed energy becomes half value of its maximum,
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Fig. 9. High temperature tensile properties of
ASTM A 542. class 1 steel (steel B).
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Fig. 10. Charpy V transition curves of ASTM
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Photo. 2. Microstructures after stress rupture testing of ASTM A 542 class 1 steel (steel B).
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Fig. 11. S-N curves at high temperature of ASTM
A 542 class | steel (steel B).
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:Fig. 12. Stress rupture curves of ASTM A 542
class 1 steel (steel B).
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600°Cx 12hr Furnace cool.

Fig. 14. Creep rate curves of ASTM A 542 class 1
steel (steel B).

KIEDMEHE ST ICERD S, $HRITF I Mo,C,
BLRITHIE MoCe Th B Z L BEFEIFIC X v FEE
Shiz.

Fic, Fig. 13 KARERBRIBELRE LMD Y —F
e ERFE SR IO L % Larson-Miller ,¢5 x — & —~z &
DHBE L7, ZhroEERERIIEE—20dhig
CDDTEY, TLBELELMOFTR LD H12~14 kg/
mm? FHZ EMBERD SN, 21/,Cr-1Mo §Fo 5 Y
—7HEAIICRIET T 4 o OB B ov T, &
ETORVRE S, ~RICFERIOE VLD (L
LTRA >4 MESD WBERR 2 ) — PEERE X &
25 G-I R R ORI A & <, ERRI%CIEE|
REBSOENDD (FELTT7254 b+r9—54 b
B X020 —FHEES R B T LA LT
INTWBED, Lirl, ZRLIZIFEEAED 550~600
°C OHRBMBEVBEICSIS7—2ThHY, AEHRD
X5 CHBPHEWEE LRSI A2RBIIEARNTIRIZE ALY
fTinbihvTvisy.

QT E% {7l D7z 21/, Cr- 1 Mo B *kEHiz 3113
T LHET AL, FEBRF-4RIFNLLY
b 454°C TS kg/ mm? {£<, 510°C CRITEA
ER—Td 5z 0B DLNI.
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Fig. 15. Relationship between tensile strength at
room temperature and high temperature
316°C or 371°C.

Fig. 14 13 454°C 3 X8 510°C iwkiF5 4 ) — S
T RDEDDTHD. ThHHELEERE LMY
BT — 2 WL BT 5 LIBER—Th Y, QT LHic
X020 ) RSO LFRBFTCELRVWZ EBED LN
7. '

DLEDFER» S, HFARSHE ASME Sec. VI Div. 1
DTN 5 &, £ 480°C Z CrisEmpfis FRE X
XD RESh, EROBEEL HoxhXvdiy 6
kg/mm? L LB EMBTESHZ L, 480~510°C
BEMEBTIE Y ) — P X e Xh, 510°CLLE
Tl QT Bk 5%F FRRHFTCERVWC LR LY
BERD L.

ASME Code Case 1414 Tix 700° F (371°C) 3 To
HBEIGH (Sn) % Table 4 iItRT LS5 HEL, *h
LIEIERBED 132 L DTV B LD LHEEZINS. #
LTHEERICBITIBEZIBEDTIEES D I/3D{E L AS-
ME Code Case 1414 WHEINTWAHREHE*
#3555, Table 4 ILRT LS5k, FR~149°C %
TRAEERIK BT H55REE D 1/3 0fEiix ASME - &
BRo% 0°5~2:2kg/ mm? LE>Tk D, 149~371
°C TlX 0°4~0'9kg/ mm? FEDTWBZ & HBEDHL

Tensile strength at 371°C (k3/mm2) Tensile strength at 316°C (ka/mmz)
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Table 4. Design stress intensity (Sy) (kg/mm?).
Temperature °C Room 93 149 204 260 316 243 371
ASME code case 1414 24-6 24°6 246 24-6 243 24-0 238 23:6
Calculated value from this . . . . ‘oa. .
experimental results 268 - 251 242 237 231 - 228
#u ASME OHAEH 2R bibicit, 149~371  »7cb Lhr L LB4, #d & LIEE 610~660°C i

°C IR LEEETH kg/ mm? FH HLEFRDLN
7o. EFEBRITHEWT 316°C, 371°C B L UOHEERIC I
55| EEX DDA & kD 5 L Fig. IS0 X 51Tk v,
ASME Code Case 1414 0#/MiE3EMAS 738 kg/
mm? 3G 5 316°C 35 X 08 371°C 05 BRES I T
Zh§g 65 kg/ mm? 3 LU 64 kg/ mm?, F 7o, FFEIS
71 Sm)VEENENL 217 kg/ mm? 5 X OF9 2173 ke/
mm? 27, ASME Code Case 1414 o h % 1'3~
2'3kg/ mm? TRESZ XKD FERT — 2 ODiIM
THoFThEiFE-FHLTWB L &b, LA ASME
DOHEBESHTIEBEE 5D TREVIEEZL LN D.
AEERTIE 21/, Cr- 1 Mo §ifi QT B ARFTS
BT E EDiedd, 21/,Cr-1 Mo §BiRE FAVCTENERE
2RET BB, SBOREE LTHERTOBE
L LA ODWCRIT D LERDD. i, FELN
RECEDTEF LT — 2 BLETHY, 2/,C0r-1
Mo 8D QT IEiC X 538ELF oW T—ROREL
MHEE LS Z LAFHIN 5.

4. &

21/,Cr- 1 Mo $HOBEAIL HED & Uik X 0TS HIBR 5
E LEMHIC X BEERME, Vv VE—EEMER X
VR 7 oo bEHOreT 5 E EdiT, BIRTIER
3X{ 80 kg/ mm2 L7t b X 5 WBMEE AT/ Dicd D
CoWVT, XOWKEFAEL, ROBREEI.

(1) F—27574 MUBEY LD WHEEEHS 10~
125°/ min OFA TR, SEEEOE R, b LT,
BI3EM®E, WhH, EREXIFLAE-ETHSHP, &
HiEES, 10°C/min X D 3B kd L, TNHRET
THEEDIL, To v 2ROUIT 7 = T4 ORISR
DHNBG. _

(2) BEEED 10~125°C / minD i T, 55K
X, iy, EREEED & UIRE LR X DZE(kL,

if]|

BHEED 10°C / min DLETHIIERED & LIRE LR

e MBS icX ), ASTM Ab542 Class 1 T
HEDOWE (BI5EEX 73°8~87-9kg/ mm?) HFEE S
S5 EATE, e, Bd S URHEEZRES mm

THUERLNRETNED NI

(3) H#iEBIFEME 2549 80 kg/ mm? (ASTM A 542
Class 1| %713 ASME Code Case 1414 Z4gX4) T/
BXOCEAN - ELEL - [GHBRERLELETRD
b DT, LOHBEINE, B 480°C E TITRE
Xz v, 480~510°C OFPH T Y —FESTX D,
FREFRREZNGZ &, FLTH 480°C £ TRHEE
DL E LMOFNE D HH 6kg/ mm® LLEEL
FTBHZLHNTE, 9 510°C DLEOERTEBEAIL - BE

FELICED BELFIWHFHTERY ZEFRDLN
#. 713, ASME Code Class 1414 RHEZI N TS
SHRIET] (Sm) Vi, 149~371°C i\ T, ¥k kg/ mm?
EAXL L HEESINE.
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