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Effects of Niobium on Microstructures and Hardness of
15Cr-14Ni Heat Resisting Steels

Takemi Yamapa and Toshio Fujita

Synopsis:

The effects of niobium on the microstructures and hardness of 0-15C~15Cr—14Ni heat resisting steels,
after solution treatment and isothermal aging, have been studied by means of optical and electron mi-
croscopy, electrolytic, isolation technique, X-ray diffraction method, and Vickers hardness testing.’ The
results are as follows:

The carbon solubility for the Nb free steel, and the solubility products of niobium carbide for the 1-03
9% Nb steel and the 2-:029,Nb steel are determined by the electrolytic isolation method. The undissolved
carbides, mainly NbC and M,;C,, tend to become coarse with the increase of solution temperature or with
the increase of the niobium content. The distribution density of undissolved particle has a maximum at
1-09%Nb, and decreases with the increase of the solution temperature. The distribution density of undis—
solved carbide affects the hardness and the austenite grain size of the steels solution treated. On aging
the steels with niobium less than 1:03%, in the range 600° to 750°C, massive, cubic and libbon-like My;Cg,
and thread-like NbC precipitate. In the 2-02%Nb steel, only thread-like NbC precipitates. From the
results of the microstructure observation and hardness testing, we find that there is a direct relationship
between the distribution density of cubic M,,C¢ and the increase in hardness. The measurements of the
change in the diameter of cubic M,3Cg and the change in the width of thread-like NbC during isothernal
aging show that the coarsening process of cubic My;Cq is controlled by the diffusion of chromium in ma-
trix, and the coarsening process of thread-like NbC is controlled by the diffusion of niobium.

(Received May. 4, 1973)
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Table 1. Chemical composition of steels investigated (wt-2).

Steel No. | +C Si Mn P S Cr Ni Nb Fe
s-1 | o016 040 © 168  0°008 . 0010 156l 1403 |  — | Bal
s-2 1 019 043 | 1:24 | 0:007 . 0012 1539 14°22 | 010 Bal
S-3 | 019 | 044 | 1:35 | 0:006 | 0-012 1543 | 1422 | 020 Bal
S-4 i 018 | 046  1'36 | 0006 | 0012 1543 1417 054 Bal
S-5 ¢ 0719 | 045 ! 1'35 | 0006 | 0-014 15-39 14-22 ;. 103 Bal
S6 ! 018 © 049 137 | 0006 | 0014 | 1571 1408 | 2:02 Bal
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a) 1050°C-1hr, WQ
d) 1200°C-1hr, WQ

b) 1100°G-1 hr,
e) 1250°C-1hr, WQ

¢) 1150°C-1hr, WQ
f) 1300°C-1hr, WQ.

Photo. 1. Electron microstructures of S-6 after solution treatment.
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Fig. 8. Age hardening curves of S-5.

Table 2. Age hardening properties of S-1, S-2, S-5, and S-6.

Steel No
Aging temperature
S-1 S-2 S-5 S-6
i 600°C 10 000 hr 10 000 hr 3000 hr 1 000 hr
Onset of ‘ 650°C 3000 hr 3000 hr 1 000 hr 30 hr
over-aging 700°.C 300 hr 300 hr 30 hr 10 hr
750°C 30 hr 30 hr 3 hr 1 hr
Amount of 600° C 50 Hv | soHv 30 Hv 35 Hv
mount o 650°C 43 Hv : 39 Hv 28 Hv 31 Hv
max‘}:n“(;n . 700° C 39 Hv 38 Hv 20 Hv 23 Hv
age-hardening 750° C 39 Hv 37 Hv 19 Hv 16 Hv
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a) aged for 1hr. b) aged for 10hr. c) aged for 100hr.
d) aged for 1000 hr. €) aged for 3000 hr. f) aged for 10000 hr.

Photo.2. Electron microstructures of S-2 after aging at 700°C.

a) aged for 1 hr. b) aged for 10 hr. c) aged for 100 hr.
d) aged for 1000hr e) aged for 3000 hr. f) aged for 10000 hr.

Photo.3. Electron microstructures of S-5 after aging at 650°C.
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a) aged for 1 hr. b) aged for 10 hr. c) aged for 100 br.
d) aged for 1000 hr. e) aged for 3000 hr. f) aged for 10000 hr.

Photo. 4. Electron microstructures of S-5 after aging at 700°C,

p— ..~

a) aged for 1 hr. b) aged for 10 br. c) aged for - 100 hr,
d) aged for 1000 hr. e) aged for 3000 hr. f) aged for 10000 hr.

Photo. 5. Electron microstructures of S-6 after aging at 700°C.
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Fig. 11. Relationship between mean width of
thread-like NbC and aging time for
S-6, solution treated at 1 200°C.
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Fig. 12. Relationship between distribution density

WL, RAGHBEELXRLALDDL, #RIETI2E
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5 &, 5-5 woWCRIERAAELIRE s X ORI 0 #EFH T
13, S-2 OSTEEE S-5 OFhicd 5b_FELLAE
, BRRSHBECRLL ETHHENERT.

Fig. 13 1z 1200°C C@EE{bsB@ 225G Lz S-1, S-5,
S-6 @ 650°C FEghrh DR EB H X CEOTIDZE
2R L7z, 2hbOCEOMITBREMBEEEOLES
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¥¥ Table 3 iRTZTLL{TH5. S-1 & 855 kW T
VT3 hef DU BRI T 5 & MaeCo HSHTHIL, S-5 & S-6
R WTIHBHRICAERIREEIZ 5T, § Tz NbC H3E8
HHEND. S-S5k vTil, XERFERBIOETFH
eSSk ERZE (Photo. 4, 5) 2 SATHIRILEET MssCe
LiNbC,THBDT, HBEDND HT OV TOHIHRR
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Fig. 13. Changes of undissolved carbon content

of cubic M,;Cg¢ and aging time for S-2, of §-1, S-5, and S-6, during aging at
solution treated at 1 200°C. 650°C.
Table 3. X-ray analyses of extracted residue from S-1, S-5, and S-6.
As solution Aging duration at 650°C (hr) )
treated 3 30 300 3000
S-1 M,3Cs — O O O O
S_5 M,3Cs — O O O O
NbC O O O O O
S.6 MyC — — — — —
' NbC O C @) O O
QO : presence — : absence
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FEH® MpCe # R THCEL Lie. S-1 TRRHFHEC
BT T RT MyuCs & LTI L, 3~830hr T3 86,
30~300 hr G306, 300~3 000 hr Tl 1057 17 Ho B L
T, S-5 TRITHCERESOETIZE bisvbT
PITHET. S-SR VT, MpuCs 2R T5 C I3 x
NENOEERT 104, 1037, 015 i JF LTS, 7o
NbC 2T %5 C BERIRHOETICLE IR VWb TR
3. —7%, S6itk T, HIHCEX+<T NbC %
KT 250T, BRhOETIER LTIFEEAEEELE V.

4. E &=

41 FibnEREOMBEEME

Nb #&ELA— 25+ 4 FEMEAOBRRI2E X
55 2T, BE{CAEREEBIC k15 Ck LU NbC o fF
B, rRR, REBRIEMOEKSHE2MSZ LT
O TEELR T L THS. GLEND® L IRVINE 57 DR
KEBETH E, BIRE ST 317 5 Bistash
R, SEENE, HROME L LTAET 5 BEHLER
R &, WTHSHRZ SRR 2 BENLERESIT X
DEBHEN 5.

NbC DEEERMERICOVWTIE, 4R ET, D
ZELMREINT B899, 20D % X r-Fe dind NbC
DUERREE KD DD T, ERAFERIEILBETSH
By, NbC #EBLLFEMICHEET 5 HEY, Nb&FE
DRI DMz OWT, H-CH IBRER & O FHIRE % 8l
ETHHEY LESIEIETH5E. ML,
& AronsoN'D (X Zh 50D 7-Fe thadd NbC B#RE 1T
DT OEEFE L, 900°~1300°C 1z kiF % Ty
7z NbC DEEELX T TIROX SBRERELTVS.

log (26C)087(9,Nb) =3-11—7 520/T 40"1

NORDBERG

SHLEEDIIEME 0-2%KEMic 0°02~0-09%Nb
UM Lo RHT o=, 925°~1200°C T 1 35 X8 6hr
nEEKSEAN Ui R % 6N-HCl thTiEf L, B
Br M) o Lg = MR NERRIC X D Nbs &
Nbjnsor ZXNETNERSIT L, 7 H~D NbC 0B »
T OBERERE kDR EBTVWS.

log (%Nb) (%C) =758 — 14 000/ T --------- (11)
%7z Deicaron' (¥ 20Cr-25Ni-0'6Nb $HoC4H &
% 20~1000 ppm DFiFH TZE{L X1 72 §HiIC DT, 900°
~1300°C T 1~2hr A L7000 L, BFFAMSSHEBE
FKEfTlev, NbC OFME ST, C OBEHEY KD,
K2/ T5. .

log (C ppm) =8°326 —8 358/T ---veevloene (12)
AW TH DN B ERCLAIIRAEIC 317 5 C DIEHEREE
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1]
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Fig. 14. Relationship between solubility product

of NbC and niobium content for 0*15C-
15Cr-14Ni steels, solution | treated at
1200°C. '

B X" NbC OBEfREFiIE. NORDBERG } ARONSON D
kD7 FHgH NbC OBFBERY b, SHLEH
DFER? B XU DeicaToNn O COBAREY IR WE
Y.

AT TRV 15Cr-14Ni RTEGE O A bR
RBIC k1D CORMEX Tig. 4, Fig. 7 » 585607k &
51, Nb £ FEOHEMIC & b WK TT2EAE =T
%7z Fig. 4, Fig. 5 » LR FCTFRENLLZATHD
% Fig. 14 w7nd X 91T, NbC o EfEEfT 1'09%Nb
THRAEZRT LMo Nb &FEEKE®EE2RT. L
PO TCH A ETHEMIE LT, —D0OBMEREZTTR
AW, MRDEL DB OBKRILAEIREE 17 5
NbC OBMEREF L, EiRiEE & NbC oRBE
DEEFRERUTE LD, i, Nb SHEMSERSES,
ChiEbDTRMEZETHS.

BB EZEOMB L EEX DX S RFIc X DX
BENTWEEHS Z LV, TEMITD, 2 38
BRIRWZ & THD. T, BHIEES L REFERILDD
FAEEDOBMRIC>WTRETT 5. Fig. | CTREBERL
WMOTi4E Uiy 0%Nb o 1150° & 1200°C k(b
HREBICRONOIEIDEIINI3 THIDEH LT, 1
REOTHITF 280, THS. Lizs>T, YROZ &
TH5HH BIBXET r EOHRTIET T/ X
HOT, FEAEERTLIENTESDELEZONRD.
LT, 1150°C CHE(LME L S-1 DOF X 2 A #E
BIEL, TXTCOMBOBKRILES OES & REER
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Fig. 15. Relationship between increment of solution

treated hardness and distribution density
of undissolved carbide.
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AHv ¥ n OBEERTERREZRD B LROTEL
ww.

AHv =46 (ng) 0¥ . ---(18)
%%Bm?rmlxmmm,+mﬁ%®ﬁmmﬁtﬁé
KEIET T OBELH~S, mwm@g@ﬁ%omw
axﬁrrm%(%ce:Mﬁ&)oﬁﬁ%E(MOﬁﬁ

" AHv= 64(711)0 .56 ...(14)
B BIES B D L L RH LY. L7e#soT, Hithe
LRREOEHICL D, @é@ﬁﬁmf@fmm%ﬂ%c
TiC, MMMCDOmme%ﬂﬁwﬁﬁklbm%é
ns.

T, 7R ERL LU IR, 2 Y
< P SRR A EERRTTHE LEXBNT
Wb, EHIEERE» D, rRE (Fig. 1) LREGERE
MOSHEEE (Fig.3) OBfRE S0 » b3 5L Fig. 16
DX Sicikd. rRE (D) BHAEE (m) ol
LAV L, BEOBRERTERRERDD L,
ROTEKED. o | o

Dy=8-2(ng) —063 B P ¢ 1)) P
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OEBRRAEZB TV 5.

Dy=7-6(ny) -6
F, BRI SL0EIHEN, THECEIETRE
BRIDOMHERIFERRLBARIACX > TRENS-
GLADMAN } PICKERING' I REFDF — R FF 4 &
BROBA(LRERL 35 X T Nb OMEETR, ROT
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Fig. 16. Relatlonshlp betwecn mean gram diameter
) and- distribution density of undxssolved
carbide. "~ b
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XN T WA Fi- 700% 750°C TREhL7: S-5 K&
Ob\f&,ﬁ%ﬁéﬂ’bfc'b ﬂ-“/ﬂk M,,Cs 13 Kmzen® 33 304
252 URSRICHTHT 5 MaCe OIZRESHISIHR L7
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BT T T MGy T3, sub-carbide DOERRIITE
BTEL» D, i S-5 WL HEY MyCe DiFH
I=AIK MasCe 347 H T 5 235, TEARE & WILLIAMSIS)
%% 16Cr-10Ni-1Mo-INb $RRighikc R Biss %
fI>Tw5. %, NbC DO EEET + 0iitiicix
FRIRITHTH L, B EATIC & 3 7 WRE L, 9Bk 25
LT %235, ZHITHRik NbC BRE LR TH D, =&
BB —20 R ThHoLE22 RETH55

TEARE & WrirrLiams!® |3 18Cr-12Ni-1Nb $M, 18Cr-
12Ni-1INb-1Mo o 700°, 800°C %) dhiz, JENKINSON
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L 2RO 630°C mEhifkic, M5V 347 25
R 650°C Emp 2 Y — FREdfiEkic, HapDrILL
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BHELMIEhEFh 347 25 L 2D 650°C & 1) —
TR, 600°~700°C & Y — FRERTEERE; 650° C By
ThABI A BIEE LT, MABRIIR NbC 23475 & & %8
HELTWS. KEH NbC LT LMk NbC %
RIS A T LR EbDTHELRZ L THD,

¥k NbC D437 % $EEHHIIC IR LT, FOHFEYER

UTHIoH, BHRILAAERIREE & BahikEEC o kit NbC
O MEEOEILIER IR LD, LizhsoT, &
WEOHFTIE, B NbC o HicowT, ThEk
REb»< LT MBI ERHLLAV. FEE oW
VIRTR O T, KREWE NbC 5 ERIRELN I 13 42
LT RRC D 2 LR BV LT WS, AHET
T, R OREE NbC OoFEFhizowvwT & itk L
TobF TS VA, S-6 DORhiEk Tr %Ik NbC 738
PDOBETIZ E B VITHET DT d0b b7, BHoE
TTEIRSKEBFICHBCEDOMOT(LITITE A
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Elig NbC oFEESZEShHRICE Z 2T VWA i b H
BH, IS LTRETOLERDS . T, =iF
(LR 347 $0. 600°~700°C & ) — FRERTHLELED
BEELTIL VS, $HK CrsCsy B LTcwaz L ZRHL,
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% 3¥rfH8 L, BARFORD & MyEers?2 23 850°C KT %
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SON LOFERWEZIK L TH D &, §iEE CrnC, L
FLTH I WA, HEIE CrsCy 355 b d Nb(C,N)

TR R 755 &,

JEHEL T oL F —

ERIE LARIZ SR WYTHS. CrC, DIFHARIED TV
% BaARrOrRD : MYERsS?) DEERITEFHEITIC X 05
HDRIZDDTHY, Z50norhHETlE CryuC & Cry
Co LORBNIIEFITH L. EFFK T 700°~750°C T
REEh L7z 8-5 R 6N 5 U K ik MpsCs R =
IF & 714, BARFORD L MyERs?) D CryC, CEALL L
TWHIEERH 5, BT HENT, —HHbiBEEoXE
BT X O T D E 2T D755, FEREHIC CryCe
OITHZ T 5 BRSNS, A% cizchz

2306 &I—JZE L7z

DERILIEIK MasCs &4tk NbC o REHAIS
BIZOWTHIT 5. ZH 593 LirsHiTzZE-WAGNER D
HEROWIDOhD, BHETOFHNFEERT 5TTEZ0E
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L7c, TREESE THEST LT vw A T o Ga R il

75 Em,

A-'(73_703)1/3=(% Vaexp(_&).p/a
e e - (17)

X, Ti %’ﬁ;ﬁ%”“ﬁ:é%t 15Cr-14Ni g D32 %

IR MsCs ORREBEBEZRE LAFER, ChO0Mo

RERh TP DL Rk MgeC DFE@ERRE r EHrho Cr

DI XD FEINT WS Z L 2ELPI LY. Z

TTT IR L BT BRAE, 7o 1T =0 iTHIF S5
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