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The Effects of Ni and Co on Microstructures and High Temperature
Properties of 10Cr-2Mo Heat Resisting Steels

Synopsis:

Kosuke YAMASHITA and Toshio FuUJITA

Addition of nickel up to 3% and cobalt to 2% have been made to lowC-10Cr-2Mo—0.1V-0.05Nb steel
and the effects on mechanical and high temperature-properties were examined. Microstructures were
also investigated by transmission electron microscopy. Results obtained are as follows;

(1) Increasing the nickel content up to 19 improves both creep rupture properties and tempering
resistance but high nickel addition has a deleterious effect on them.

(2) The low nickel steels exhibit the maximum tempering resistance when they are normalized at
1 100°C, but high nickel steels have almost the same long time tempering resistance though they are nor—

malized at various temperatures.

(3) Cobalt addition has no significant effects on creep rupture properties and tempering resistance.
(4) Increasing the nickel content gives rise to a significant increase in the ultimate tensile strength but

progressive decrease in ductility.

(5) 'Their creep properties are clearly related to Ac,; temperature.

According to the micrographic

examination, the coagulation of the carbide is retarded but recovery of matrix is accelerated in the temper—

ature range from 550°C to Ac,.
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Table 1. Chemical composition of steels (wt%,).

Cr Mo v Nb Ni Co N

Specimen C Si Mn P S
S1 0.052 | 0.51 0.52 [<0.002 | 0.013 | 9.45 2.04 | 0.10 | 0.046 | 0.53 0.0158
S2 0.063 [ 0.50 0.53 0.002 | 0.011] 9.63 2.04 [0.10]| 0.046 | 1.01 0.0213
S3 0.055 | 0.49 0.52 [<0.002 | 0.011| 9.55 2.06 10.11| 0.048 |1.96| — | 0.0165
S4 0.061 | 0.51 0.52 0.002 | 0.011 | 9.87 2.05 | 0.11| 0.049 | 2.90| — | 0.0168
S5 0.056 | 0.51 0.53 |<0.002 | 0.010] 9.77 2.05 | 0.11| 0.050 | 1.00 | 1.88 | 0.0149
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Photo. 1. Optical micrographs showing influence of

nickel content on microstructure after
air-cool from 1050°C: (a) S, (b) S4.
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Table 2. Transformation temperature As, Af,

Ms, Mf (°C).

Specimen As Af Ms Mf
S1(0.5Ni) 831 903 361 210
S2(1.0Ni) 802 870 376 195
S3(2.0Ni) 731 842 334 115
S4(3.0Ni) 635 830 302 51
S5(1Ni, 20) 782 868 351 142
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Fig. 1-a. Effect of nickel and cobalt on creep
rupture properties at 550-600°C.
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Fig. 1-b. Effect of nickel and cobalt on creep
rupture properties at 650-700°C.
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Fig. 2-a. Effect of nickel and cobalt on tempe-
ring resistance at 550-600°C.
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Fig. 2-b. Effect of nickel and cobalt on tempe-
ring resistance at 650-700°C.
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Fig. 3-a. Effect of normalized temperature on
tempering resistance of S1-S2 at 600
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Fig. 4. Effect of nickel and cobalt on room
temperature tensile properties.
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Fig. 5. Effect of tempering temperature on
tensile and impact properties.
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Table 3. Identified precipitates in tempered speci-
men by X-ray diffractmeter.

s1 | s2 | 83 | s4 |, oo
(0.5Ni) | (1.0Ni) | (2.0Ni) | (3.0Ni) (zj oco>
652( ?h MG | MpsC | MpsCg | My G | Mg G
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X10h | MgG | MgC | MysCg | My Ce | MsC

7 | MG |MsC | M¢C | MeC | MyCog
X 100h | MysCs | MpsCe | MysCg | MpsCe | MG

” MG | MiC | M,C | MsC |M,C
X1000h | MysCg | MasCg | MpsCes | MysCo | MpsCo
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a

Photo. 2. Electron micrographs of tempered specimens;

(a) S2, 600°Cx 1000h, Hv : 271

(c) S2, 600°CGx100h, Hv

(e) S2, 700°Cx100h, Hv :

W B BRI DRV, R o v T
600°C L [FiE S2 X1 S3DIEd NS Do —IThy
L TW5.

DEDX S CESHOBEMEDL S LM TH 2 Y — T
BHHiC B VT h, TRBA Ay HMEW 2~3%Ni #Clit
DOETORETES®, YV — F2iTbEd L, RILWO
BEIXENSS < MY v 7 RAOEEERERSE L ET
LT 552 L¥5bhb.

3.6 £ =

1295Cr RTHESHOBIRREZ L5 70ic Ni, Co %
BN RIS ST -2, 2R b
BELDTHLE Y Y — THETREIC DV T1E450~650
°C EERT 19%Ni DL EORMEZ ¥ 5 & BECHRERT

(b) S3, 600°Cx 1000h, Hy : 222
989  (d) S4, 600°Cx 100h, Hv : 249
244 (f) S4, 700°Cx 100h, Hv : 282

23 725 LEMEIMII S AT 5. F72 Co bl
%% TIXETOWME FABZLNEBNLHh ETRHE
DEIESE . D Y LEEI OV CERHEBRED E L
i3 Ni g oEinc oW CEER k235, LrLE
REREAE 3 & & (i (<450°C) TR ERIE D K L L
BoEmEzRL, ThE EORETIHET Ni 88550
LABMICEENMET 52, X5 Ay A2BX5IRE
T Nimogwd OOEEIR B33 5.

AE DR HIFIECH & FRREM 25225 0.5~ 1
9%Ni It ROt INi+2Co iz FEARE Lo TW5%
892 " X Wi D EWY U — THITERESE S .
U LERRESET SN, #ikdHr 22 TERWER
DT LEY, oD & LIRER 800°C iz EFCdh
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Photo. 3. Transmission electron micrographs of creep ruptured specimens;
(a) S2,600°C, ¢=22kg/ mm2, {,=947h
(b) S4, 600°C, ¢ =12 kg/ mm?2, t.=704h
(¢) S82,650°C, 6=12kg/mm?2, t.=1019h
(d) S8, 650°C, ¢=06 kg/ mm?, {,=1408h

FIRREVL 70 kg/ mm? ) b, MEHEE 259 DT, v
WE—EI T %L X% 4kg-m DITF L7 0 BLvikE
EHBRI W e, Ni, Co RITMOEMRAA 5 R~
OHEAEELDTHLVWE Bbhs. 7L BIETD
ITHERDE VREE LS W (o — 267k

E) TR LT, RS ESER T — 2L 0B
TH5H5.

TRz X S CRHEROWFE T NifghEEZ ST
5L ) —THEIEENE LTS5 2 LB REINT
W5, TORKICOWTIRHEIHIN TR LT,
L d L OFAICE N THERER A [ET & R{LMic &
LEPOLTHEICX S~ MY v 7 RDOEZEHZERITL L
b Twinhof. IRVINED 513 Ni % 5% % CHAN
LELOERMED L LEEEZTRL, NifEOEZWD
DR 2LWELDOE— 7 BPREL RILWOFTHED % v
ZEmn, Nimi<ehly 2 Z0EECEZED L
M7Cs, M,X OWfHIZIRET B EFEHALTWS. LI L
Z OHBAIF B EREICRE S h Tk W SEIDFE
BRD X 575 550°C DL L, 1000h FEEEDRERE & DT
SEEL IR TV V. %7~ MarrisonNID &3 500°C
OFEE»S NI Jhns MX oFBEBEE2FREL
M,3Ce DEFEHAILE 75T 72D 7 Y — FTRENFHAEDS

THBBEBRRTVWS. LrLZD MX bk HiM &
X5 EERES QTM (Quantitative Television
Microscope) i X % L 7Y BHEHED MyCs OHFAERD X
PHEREBEETVE LT 5 2 & clE»EIh
TWb.

LA DOIFZETIE 550~700°C OEIFH T2 U — FREKER
BRROBED & LHEEREZ 7oL T h, Ay ZREBAT
TIXZNETOFR0~® LR Ni 2 19 DLE-dhn
T5LRBTRENKTT 5. (Fig. 1-a, b, Fig. 2-a)
SHICEER S LIBES2ELXE 600°C THED & LEFT
Dk b, (Fig.3-a, b) 29%Ni #f, 3%Ni #i3iEmRE
I CIE R S LIREOBE VD DT EEWEK{LIRBTE &
®EH, T EDEI L ) EREAITIRA L gk
S5UBEOEEINEELTLES. 2EDEWELRS L
RETEBRCELZS LED FLEKEL ORILYE
HEETh, £OEEIEED & LOETTHEWELTL
Fv, RIEMEOSZ DT X 5BREEDLDTNIVED
LEzbh%. 2T 600°C, 650°C iwk W TiH L
YA, BECX VRS <Y v 2 RTOWTHE
Bz fToc L 25, RILIMTEE R WE Nitfoiz
SHME Niff L B LCX Vil — /L Tns
OWRFERIN, < MY v 7 A2V CidE Nifto

— 89 _



1914 % r

% 65 4 (1979) w13%

15 AME Ni# X b A 23570 0T LT DVIRMHE
PR VELEDOTVSE. ZhIIZRBEATIEED Y Y —
THERECRE D £ LiBR 2 TR T 3 BRI RO X 5
RO B TP INT, < ) vy 2 2ZDHDD
HILBBRICEELTCVWE 0 EELLNS.

H NiptoR{EIIME Ni #f0 3 D X b s —a8
LTWHDII—RAEHTHE2, FEEDIIIhb<b
)y P ADRBLEECLEIDOEELD. —fRiTE
RO W TCRILMOVTH Y4 bE LTELBN
LD, vNF U4 FDOTRER, Hrii, AN
DEERL, ZBIFE, KA R REBRHBRE 0L HEES
hoORIErRRES RFERTHY, IDTEREL
7 BRAL SR 5 O b RHEE O TFOT ZEM S h
LT oD LT w5 o8ERTH S (Zhid
EECERE X 5 MR T RS hTwd). L
ZZTRZFOHERBEIVWTRS»REVWIIVT YA b
DI ABERCFHLTHSL. FRA2IVF 44 bOREIE
BV, E2T5 APBBAOBENC X D W o DiRfi
WEGFEL, RVERERT SERAOFEINC X DY
TALLCHRREZ DL ) s bHEEHERD, O
KSR OBENC X ) —REEGEZRE T URTEXEL T
<. ® Niffo X5 cEEEEIPBBCEES IO~
WF ¥4 bOIAERRCRIVEEDBEIISH D,
ZOBERCR VRIS HFITRERZ LEWT I ZA
B VRICEINTLEVHNTRE LA Tk
V. ZO XS iilEEER{bE Photo. 2-(d), Photo.
8-(b), (d)HLLHEIhS. MhHE NitfokS
e b Y y 2 AORERE VD O RIES S AR K
VR VEBEIC R W R ICREEZ T2 LB TE, FRe
LTH ARV NTHEE LCE Nitfx KRB LT
WHT LIRS,

TR O X O RZERRE TR O BIE OBRE 2
EMICEE L TWS D OBV T AIZED#
FaR 25 S D TH VML ERNLIEEIS LTV
WO E D DESLE UTHIR Lcw. EEOSK KO FESL
HEDTNTF LI A NERBOVIET, T NFHA D
EZERRLMERIC I T RERBRR L LT TFORLEL
eI Tw5. FlziE Kerier? 513 NbySn &4
@ bee—bet BRRIT R W CBHIREIC X D EIERZ kD
D LEREAETIEEAL0 LD, T TRELEKIEL
LTW5bZ &t b &R T v 5. Hasicur® 53 TiNi
B & EFERANT X 2 NIRER L HEROBIEX D,
HARHBIZERR DR S AT TR OIRE R L% T
OELE R LTS Z L 2R LTS, E/ Fe-Ni
B4 OWT HEBEWEC X 0 EEER OB ERFES

g sh2~20, ZEREMIL L THMERRRE RS
5 EDRERINTWS. T CorNeLs?) ~29) 353 Fe-
32Ni, Fe-8Cr-1C, Cu-50Au %L ro&4&0<vF W
4 MERBO L ZEBHEBRE A TWD &, ZREATICHES
100A BEOAS X OEBOBER L L'TON D D&
£, ZRINCHEETFERLECE DTV DI
ELDLBRLTNS. D EDX S BZERBITOETO
AREEHEVOBRL, SEIORD Acy HTULEET
DY v 7 AL LTS OGRS S O TR
PEBEbhE. Ly LT OIE I B i ER R o
2L D TIEAEL, Y v o 2DE1E, Bt @
BITE, ISHORE R SO ER ST B UM
BESBE RS LEEOX S BERMELNZEE LD
, GBI L IR ZIT .

4. =1

HLWEA S BEHEmeE LR Sh7 0.05C-10Cr
-2Mo0-0.1V-0.05Nb §fdD & v — FREREREE B OEH: %
th¥T 570, Ni B Co OFMEFOTCEIEREL
AR 2 AT oR 252,

(1) Ni % 0.5~3% ¥TilmT5L 1.0%Ni £HE
CHBED Y — 2235 bbi, £hI LommTiiERR
ElAMcET 5. %7 Co Iihmi s Y — FRNHEE
OB E TV Z .

(2) BIEUEEDS Y — FTRFERE & RROMER
2550, 1%EEz 5 NiRMIRLIERZ L2 5%
ZREM A, Rz SIRE CREERE ORI RS,

(3) s UIREOED & LEE T % B8,
19Ni DUFORINCIREED & L OERRHIT 2 0%F
BB, TN ETRIZEAEHREI L 5.

(4) WIBSIPEMME: Nifhne L dicimL, e
R TTS. Feld FURER LTS L EMTE
FhEEINDD, BEHEIPED XL ELTV.

(5) NiFImcX5BEEOKRTIX A ERADOHET
CHRIS L, Ay SETCOMO TR RIEDORKE
EENSS, < b v 2 ROBEEFEEERSZE L EEX
hTwsz Lashiolk.

&b 0 BB O EBLTEIR O W 72 73 73t B AR kiR
RAH B RERHEFT O Z BB BRIRECL X D EH
72 LET.
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