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Effect of Nitrogen, Boron and Phosphorous on High Temperature
Strength of 18Cr-10Ni and 18Cr-10Ni-Mo Austenitic Steels Bearing
Small Amounts of Titanium and Niobium

Takashi MATSUO, Takayuki SHINODA, and Ryohei TANAKA

Synopsis:

It has been previously reported by one of the authors that with the combined addition of small amounts
of Ti and Nb the creep rupture strength of 18Cr-8Ni austenitic steel is markedly increased. In this work,
the effects of further addition of N, B, and P on the creep rupture properties of 18-10 and 18-10- Mo steels
both bearing small amounts of Ti and Nb have been studied.

It has been found that the combined addition of 019N and 0-029%,B to these steels is effective for increas—
ing the rupture strength, and the addition of 0:3%P to 18-10-Ti-Nb.-Mo steel is more effective, giving a
high 700°C-10% hr rupture strength of 17 kg/mm?. The cause of the strengthening effects of these elements
have been discussed with relation to chanages in distribution of carbide M,,C; precipitated within austenitic
grains, and it has been attributed to a decrease in the misfit between matrix and the carbide M,;C;, result—
ing in retardation of the carbide coalescence. Especially, electron microstructures of replicas extracted
from 18-10 and 18-10-Mo steels bearing 0-3%P look like homogeneous precipitations of the carbide M,;C,
and these fine carbide distributions have been considered to be the main cause of the strengthening action
of P.

(Received Nov. 10, 1972)
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Table 1. Chemical compositions of steels used (wt %).
| ! Austenite
Series | Steel C Si Mn Cr Ni Ti Nb Mo B! N ! P grain size
[ number
Al 0-09 | 0-51 1-36 | 17-88 | 9:98| 004 | 004 * * 0°009 | 0°006 4
A2 0-11{0-36| 1-28 | 18-02 | 1010 | 0:05| 0-08 # * 0-061 | 0°006 4~5
A A3 0-11 | 0-48 | 1-41|17-97 | 10-27 | 006 | 0°'09 * * 0-092 | 0°006 4~.5
A4 0-11 {042 | 1-44 | 17-96 | 10-39 — | 0-32 * 0-02 | 0:005 | 0-003 4
Ab 0-11 | 0-52 1-47 | 17-91 | 10-45 | 0-07 | 0-07 * 0-02 | 0-063 | 0-006 5
A6 0-11]0'52| 1-36|17-63 | 10-5t! 0-06 | 0-09 ® 0-02 | 0-095 | 0-006 5
Bl 011 {043 | 1-41|16°89( 963 005 005| 2-32 * 0-005 | 0-003 5
B2 0-10 [ 0-56| 1-38 | 17-26 | 10-04 | 0-05| 008 2-44 * 0-063 | 0-005 5
B B3 0-11|0-52| 1:38(17'93 | 10-37 | 0-04| 0-05| 2-44 * 0-103 | 0-005 5
B 4 0-12 { 0-37 1-42 | 17°25| 9-74| 0-04| 0-12| 2-25|0-02 | 0-005 | 0-003 5
B5 0-10 [ 0°45| 1-41(17:99 | 9-72| 0-04| 0-12]| 2-41 | 0-02 | 0-061 | 0-006 5
Bé6 0-10 (| 0°50 | 1-44|17'91}10-10| 0-04 | 0-10| 244 |0-02|0-114 | 0-006 5
C1 0:08 | 0-48 146 | 17-56 | 10-33 * * * * ¥¢ | 0-007 4
C2 0-10 | 0°36( 1-21 | 18-12 | 10-31 * * * * ¥ | 0-045 4~.3
c3 0:10 | 044 1'52 | 17-88 | 10-24 * * * * Y¢ | 0-084 4~-3
C C4 011 1040 | 1-26| 17-43 | 10-57 * *® * %* ¢ | 0-107 3
C5 0-10 | 0-43 1-48 | 18°19 | 10-16 * * * * ¥ | 0-159 3
Cé6 0-10 | 0-49 | 1:33 | 1772 | 10-42 * * * * ¥ | 0-217 3
Cc7 0-12 | 0-41 1-26 | 17:86 | 10-21 * * * * ¢ | 0-302 3~2
D D1 0-11 | 0-47 1-47 | 17°69 { 10°00 | 0-01 | 0-09 *® * vr | 0-105 4
D2 0-12 | 0-45| 1-48 | 17°64 | 10'16 | 0-01 | 0-10 * ¥ | 0-297 4
E E 1l 0:10 | 0°55 | 1'4618-12 | 12:03 | 0:07 | 010 | 2-33 * ¥ | 0-105 4
E 2 0-10 { 0-40 1°'43 | 18:25 | 9-98 | 006 | 015 2-09 * Y | 0-275 3
S : 0-006~0-012 * : Not analysed. Y7 : Nt analysed but presumed less than 0°019% N. —: Trace
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Fig. 1. Creep rupture curves and rupture clongation of A series steels at 650°C and 700°C.%

a. Al b. A2
c. A3 d. A4

Photo. 1. Electron microstructures of extraction replicas from
A series steels after aging for 3 000hr at 700°C.
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Photo. 2. Electron microstructures of replicas extracted from creep
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Photo. 3. Electron microstructures of extraction replicas from C and D
series steels after aging for 1 000hr at 700°C.

(a) Bl 12kg/mm?2 1 33lhr

(b) EIl 17kg/mm2 1 044hr

(c) E2Z Z20kg/mm?2? 5082hr

Photo. 4. Electron microstructures of replicas extracted from specimens
of E series (18-10-Ti-Nb-Mo) steels creep ruptured at 700°C,
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Fig. 6. Change in lattice constant of austenite
phase due to aging at 650°C of B
series steels.
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and mean diameter of precipitated car-
bide My3Cgs in A, B, G, D and E series
steels.

X DTN HIITRRR D X 512iZ & A E MpaCs D&
T, BWIRFRFEZNC X DR FERORBANT E& LT MG
DOIFHICE B DEEFEZTIVWTESS. Hickbhb
XowERBRCHWOhA 4 fAEL D 650°C, TR
THFERDO ZL3BRLRET T5h0085TH

b, ¥ FERDZE{L & 1000hr T3 RILMHT
Hix g Tiz 70%~80% BELETLTVWE EHATEIWT
bArH5. Fi, CHOXET Bl, B4 0 28FfEL B3, B6
D2IMELBTNENR 1 AT OOMMB CEREIN B3,
B6 ot Bl, B4 ofhffic lb_THEIT kS
BFEREE X TS, Zhid B3 XU B6 2349
0:'1%N &bt Exbhd. L, WHEED
BIEFRROER THE LTWwa Z &5 N RS
LRSS r PICBRELTERD, LAaB>TZD N 23
bt MyCs hp C BB LCERT2EXDED S
ek, MHRILDOBETZD B v ) — XDEER
TREBENRBEVERTINTHAS.

T, Zhvs B v ) —xX 6 R onwt Lo iR
EID LR UFEEIC XD 650°C, 1000hr DL E 3 X O°
700°C, 300hr Bl EDRFEhHHC D CTRINICHT S Lo ik
{bo FigREE2EIE L, Floth s FRE, R
TD o) — THEETRE % 57 —RERTR TR 2~ 5 NI
X 2>Thkd/z. —H, AV ) —XBXR P 2iiimL
7z G, D, E ©0i4vY)—izonTd BshdtoR
{bo PR E s FRE, FRTO 2 ) — TRkl
Exkd, BrY—-xt bbe®TRIELHD FERNE &



916 g &

% 59 F (1972) % 7%

2 ) — PSR & OB MRE Fig. 7 KR L. Hrb
RACMOFERIRE 2 Y — FUEEBTIERE & OB FHRIX Mo %
whnlL7= B, E D2 Y —XpIERROEMETL,
Fi, Mo 4%k A C EBXUDD3v Y -3
LR UHRERLTED, MpPidlickdies o~
) —ZXKkEL 200 ARNTES. TLTCZ D2
RO WTh D, RO Fhr R o 1/d »5431X 10
AT ofEI Tt 1/d OfEpstEms 3 & 2 ) — FRERHaE
RESANT AL, 1/d 239 10 2 X TS Y
— THEFGEEEE R E v i FIIEMmLTLE
5. Tz ENL 1/d BPFII0LLF, Tibb d 238
0'lpm DOKEE X YRKELERTIE RILD FERF
DR E & ) — FREEFIREE & ORI EE OB %R
BV 3rh, RGO 2 V) — PREEHEE OfE) ki
B boeHFHELZLNE. —F, 1/d OfERE 10
Lk, Tbb d 29 0 lum DUF Ol k{bymH
FETHEWC 7 ) — 7 HEAE »xE fafnd s &
¥x, McLean 28 [#7 R FREER NS d 5 F Tk
£ ) — FPEE RFRRT SR TH B £ BT
52 L &AL EIC—ET .

7z, Mo %%y 2°5% iKimL7c B 85X O E » ) —
ZhE Mo #4& ¥ A, C D 03y Y X<
BVIRE L~V ERT O Mo DKERSH FHIHIT &
BLTINEB{LL, £ XD THDIEE L~V DHE
ICHELE LTWBZ 2R THDLERINS. i,
2 DO D VT IIZ DT DT HEBRED DR ED
W 1/d L7 ) — FHEDBEE o & QAR R TEREE
N, BEXUP OWThEFRMLTHDIELAEELT ]
AOEMTEDLINTWS. DI &L1X N OEMENM,
N ¢ B ol xEbeifkms X P oBMEnck 3
PHIL DS ERE FEERILIC X B DT & LTHH
RAEY (Fdic MxuCe) 2L UR{bD O REGEE %
EBOEDZEXIDPTHELHES LTWBHBT LERT D
DEEZELZOLND.

LT P xR LS % RIL o5 HkaErX
BT, P%§0'3%iFmisc E280 700°C @it
¥ 5000hr %8R % C T DOHEURAETE L  BHITHRE
BEEIPZIBADIODLSTHD.

FrROEs L I A — 25 F4A PRAF U LAPEILE
T B BRAL oW KRR Bt AT 5 RE—HTiH s,
A P ETHEH—HHCKELSTLN, &
EAHER 3 XETHEERMEOBE» 5T 5 L I5— TR %
BIITHFPEANELEEZE LGNS, BIRITLD ETRE—I
HaEE L, Pl oy—ii & RE—iH & DEEME
ErEDL HEE D 2EERTw5. FER KEANT

Photo. 3¢, 3 X tR4c ORIAL 7Y HHEFTE? D, P
%49 0°3% L L& UIME ORI 35 X CBIEiHHic D 5
nr-gibh MauCo OFF BB thO W Fh ot & It
LTHF LTSRS, H—HEARLTINWT
A5 Tihbb, [E—HE 700°C THETIE P
DIRINT & 2 TRALM O HARRER R — T s b3 —
MBI T2 LRTCE, Z0X5HExrhiE
Froes LOHE L —FT5. T4bb P ek
HIEEEOWEREE LT P BR{hon— it EE
Bicl, ThoOHMc X2 T LItF S5 T5dhD L%
x6h5.

—%, N HMimmbd 5w N & B 2L S8bER
n U784, Photo. 1 33X 0" Photo. 2 DEIALV LY #
T EICERD N5 R MxCs O HIRBII R
—HEHBZEBTES. Lich>2T, N XU B
LA SRR T B2 T X D RIE MG A3
k5D RINLOBEBEITELZRMTE 2L XDE—
PSR D23/ kdTIiEi, BTl Lk
b MapCs DEEEEIEL LB ETXDHDEE
ibhs.

T, OFiC N XU B 2R MuCs Dk
HEHE DIBE L5 X B E BT 5.

3.9 RHR{LYRBEA - T4 F-R{LDBREO
misfit &~ OEK

AvY)—XEXO B »I)—-XitksWwWwT N & B %
HAEhERMT 5 & RILWEIHA — 27+ 4 MRS
LTHH L, 20X 0Bk HEL B kB2 T3
ZERT TN A —RFF A FAF L AICHT
HiT 5 MyCs [RALMOGEEEOBECE LT, FE
Ll Fns v & MG L OEORE T A LFE—IT
YEEANSZ L, £ LTHFORET F NV —DX/NIME
ABD misfit DXR/NT X 2THEEBEND L OfED» b, #
& Ti, Nb #4% 316H §ii X OF 304H fHic oWl
B> misfit DK/ E RICPELE DEE & OBHRE LS
I, misfit A BIEE R MpCs DEENE L
752 & EBRITIE S Lict?e.

LT CTERRICE VT D FROFET kI MuC
DEEE & misfit & OREIC OWTEREMX, &0

TECLBEELRET S L L Uity i, misht
BRREHVCER L.
misﬁt(%):llMuEsix 100 woeneen (1)

3xa;,

LT Q@ BLU Qumye, W TR Ty #E XU Mg
Cs DI TERTHSB. FEBRTIEB ) - (18-10-
Ti-Nb-Mo_ £9) @ 650°C, 3000hr Eihitic o CH

— 56 —



g Ti, Nb &%y 18Cr-10Ni §Fd kot 18Cr-10Ni. Mo

HOBEBEICE IET N, B 5L P og®E

100
— Containing 002%B | Coniaining 010 ~ 011 %M
2 < o __
. 095 - -
“ o \0
2
090 : ) L ! ' . 10-685
3600 =
o —
[o}
a . - F MzCs Jloeaz  E
S 3598 Mzzcs 23 [t g
-~ c
5 8
% 35981 e 10578 3
= P4
3 ® ¥ ® ic_’
8 3504l / i Jioer s
; : 2
LN
3592 ] | L ‘A | 1 10670
o 005 010 0 001 002
N content B content
in steel (%) in steel (%)
Fig. 8. Influences of N and B contents on the

lattice constants of y and M,3C, phases
and on the misfit between both phases
in the B series steels aged at 650°C for
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