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Effects of Cu, N, Mn and Al Additions on Structures
and Propertles of Cr-Ni Stainless Steels

Yasuo OToGURO, Yoshikuni KAWABE and Rywichi NAKAGAWA

Synopsis:

An mvesngatmn was made into the effects of Cu, N, Mn and Al additions on structures of
Cr-Ni stainless steels and of the effects of the structures on mechanical properties and
corrosion resistance.

Experimental results obtained were as follows: '

i) Specimens containing Cu were hardened by precipitation of secondary ferrite and those
containing N were hardened mainly by precipitation of Cr:N and by transformation of

austenite to ferrite or martensite. Specimens containing Mn and those containing Al were

bardened by formation of ¢ phase from ¢ ferrite and by precipitation of AI;Ni respectively.

ii) - The grain boundary reaction which was characterized by formation of lamellar nodules
occtirred during aging at 750°C with specimens containing higher N content. Granular
chromium carbide precipitated within grains of 0 ferrite in aging with specimens containing-
higher Al content. ¢ phase was formed more rapidly from 0 ferrite in aging at 750°C with

" specimens containing higher Mn content.

iiif) The nickel equivalence of Cu and N in their ability to extend the austenite region at
high temperature was about 0°5 and 20 respectively. The Cr ‘equivalence of Al as a ferrite
former was about 4. Addmon of Mn to the steels decreased the amount of & ferrlte, but
on increasing the Mn to above 49 it shghtly increased the amount of § ferrite.

iv) Tensile strength of specimens containing Cu and that .of specimens contammg Mn
depended mainly upon the structural conditions. Solution-hardening by N was very large
but effect of structural conditions on tensile strength was larger than that of solution-hardening
at test temperature below 500°C. Tensile strength of specimens containing -Al depended
mainly upon the amount of AIN. '

v) Increase of creep-rupture strength with increasing Cu and N contents was due to both
solution-hardening by Cu and N and decrement of the amount of § ferrite with increasing
Cu and N content. :

Creep~rupture strength of specimens containing Mn and that of specxmens containing -Al
depended only upon the amount of & ferrite.

vi) With specimens containing N, the corrosion resistance to HNOj; reached minimum at
about 0°2% of N and that to HySO, reached maximum at the same content of N.

With specimens containing the other elements, the relation between corrosion resistance
to HsSO; and the content of alloying elements was the same as that between creep rupture
strength and the content of alloying elements. ‘
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Table 1. Chemical ’cobmpo‘s;itions of steels (%).

Steels . C Cr Ni Si Mn Cu : Al Fe
‘ » v . Sol. Insol.
Mn 1 0°027 | 17+81 | 4°31 0°93 2401 . . , _ Bal. ‘
Mn Mn2 | 0°036 | 17261 4°-23 0°98 417 . P
Mn3 | 0020 | 17°85| 4°03 1°00 6°66 o v
Ct 0°039 | 16°89 | 4°02 0°94 192 | 0°83 Bal. .
C C2 0°037 | 16°88 | 4°05 0°93 176 2440 ‘ v ,
: C3 0°047 | 18*13 | 3+94 0°87 | -1°94 358 v
N5 | 0042 | 16°89 | 4°18 0°48 1°66 0°070 | 00004 Bal..
N 6 0°037 | 1833 | 3*68 | 0°50 1°42 , 0108 00004 ”
N N 7 0°047 | 18747 | 425 0°49 1°66 | - 0°207 00002 , ”
N 8 0+033 | 18°34 | 4°10 0°47 1°63 0°273 00002 »
N9 04040 | 18775 | 4-22 1°13 |, 1°85 | © 0004 0°0001 : ”
A7 | 0%032| 17°52| 1167 | 1°03 2°20 1°49 Bal.
A As 0°037 | 17°46 | 11°94 | .1°03 | 1°51 ’ 1+91 » *
A O 0°038 | 17°48 | 12°03 | 1°03 1°64. v 2437 7
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Fig. 1. As-aged hardness versus time curves with
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Photo. 2. Microstructures of specimens of Mn and A groups. (6/10)

@ LA EHER U\ e VT L% 4 LSRRI 133k

BECHHROD B L35, Photo.2(c) (d) it

#FMn2, Mn3 % 1200°C T 1h OWBEE(LAIEIE
EZ U, 750°C T 100 h BEh U 7ot o 2 3.

Photo.2(d) - »Bbrb & 51T Mo BOSVEEITIZ

754 MILBIERETIO LS KD 5
F5. Mn1, M2 WEEHICID 67294 MINER

BARET, BAESLT —~2F F 4 R L CHEHER

WAL TRV ZRT =74 FBHALHBL TV 5. &
721 1250°C THEMAILAER 2 1T 7 D 73083 Mn 812 B8
AR 8 7T A4 MEATRCRBIRIC B LTV 5.
Photo. 2(c)icB N30 7254 bHOEBOERSE
XU Photo. 2 (d) 754 FhOSFRLTWBER
BT LTWB L L ATHD, ZOEE X~
ALRTFT AP - CE R RRE) TIE 7 27
A4 MO CrigEd 5 10% BE CriEERE- T
rE, FERS X OCERERED XBEHRC 5T o M
PHERSND Lo BTHDH T LIALPTH 5.
- Photo.2 (e) it 1100°C T 1h OEHR{LAEELS750
°C T 1000 B LR A9 0BT M BFELR
F. 8T =T 4 MAFABESL A~ AT F 4 bR TS
SEREBAL, NETREAR® CrsCe 2HTHL TV
%. CryuCe v Al BEO/HWENRE A7 T4 — 27 4
MERICOBZBEDPNWL TV, T —~2FF+4 FROFHY
1 Al BoSVRENE ERCEDbNh, ¥RSRCHET
B O TEMIRHED XARE I O L5 2 A& TRMALY

D ALNi LBbhs. 7k OMOWH XL
BRLAR & 2MBE IS L TV 5. X B ic BRI+ -
0TI 4 MESD CresCe 13miz D Kk BHICERE
L, E7cHi ANi 3EEL TW5. o FBIZ500 h i)
BTIXERBEOXBEITIC X VR Ih T 5. FiK
CXHBETE o IR LI WS, tE Ak Rais
TIEREBHD» D 2L, Mo 2EAKRAT L AL
RIS LA EBEICEEXNS. Photo.2 (f)
i 1100°C T 1h OyEH({LaFEt% 750°C T 1000h
L7 A8 2R ECTREL T 2 B EED
BB e HTHS. S

(c) BERDHER

B18E D SERITHEIE, 500, 600, 700, 800°C TFifk-
7o. Fig. 3 WEREV IS L ATLRE L O BRE T
C R CHEABRIREE 500°C £ CIZBBEV#4X1X Cu & &
L HITHAL, 600°C TIXIEE—ET, 700°C BLETR
b Erass Cu BEEdcimds. 2hix Cu g

HOEEIHEV L, HBORE I LbL CugDS

WIEES 7254 FEBRDI X ~ZXFF 4 LB
LT ELIDOTWAIEERLTVS. NRTIX500°C

CETRNEOAVEIISIEEY X ILSE—EBTh BN X

5 NERREIL, HRAEES — 27+ 4 R 52
LEREDBREIIVH UL LLETTS. 600°C BLETi

BERVRIENEL 2 HTHNTS2, ThiXNOERE

HARRIEE NIRINIC X% 0 725 4 N BRASDOHEESHRIC

Y50 THS. Mn FTHERRIEE 600°C % T3]

— 37 —




1764 R = @ 5 48 Eﬁ‘(1962) E145

AIN %}f/)ﬁb, SGFSTIB IR D B %ﬁéiﬁa&é L&z
bN%. BBFs)~F - I FFP—EIT AlEL
LARWAHALTEY, AN @ZIY~7 - 73 7F v~
X TREARER . i
{ﬁﬁftﬁﬂ&nﬁ&glé’fﬁ@3&3@@%%‘&%@@ 500,

600°C THAFMCRANE L biC, WINORBIEET -

LA LAEREEE O BEIE SRR D BB S IR T 5. B
ERIREE 500°C TWX 727 4 hidd — —2FF4 N XD
ﬁ?#ﬁf&@ Lo B LA DIBEO B VI E 0
TIT 4 FEEFSSDTH DB~ FEMF ~ AT+ 4 b
ELMAT LD FOBECHENMIT 5. FHRIRE
600°C TI36 725 4 hOIREMMOIEE VIR 757
W, 37154 NEOEBICXVIBRYBIILILVIE
AR OB WIE SR T 5.

Mn OISR Mn 1 BABHESA —2FF 1 b,
< VFUH 4N, 8754 POSMMERITH oDk

oS s EYErSIETI0LE2 LS. Fig.
4, 5 )~
MGz RT. BEORFIEs 7254 VERFT. Mn
BTEL Y ~F - S F Y~ 13H 5 Mo BICH LG

o T I
: Skgfom®
)
S
-
N
g .
s ?2)
§500
&N
Q
/@5 ‘
005 3 ¥ 5 6
Mn content (%)
Fig. 4. Effect of Mn on creep rupture

strength at 650°C.

A ale A 9&3&1\/[115, Alg_&:@v

| : E z '
o— o0—o0 f.?m;lm te/n,lo.\ i‘loﬁiﬂm £, €, N .
, 3\\ | XX 500° % & UAER 2R3 05, ,
' : N : ’ . a——b %J:CC Mn'3 ix Al Rk 3
; . . C o---0 .
Q\\\. ,h\m \\\owa’mm : LRCTHS. F—RF
§m0 ] ~ - ’ ‘ FAMEOTITALD
g - —o ) ‘
S : s | . ' iR T B2 ART
= <N S| VR BIRES500°C TIIE|
Y \ . N
5 X N , ' BEDIEXIEO 7254 b
NI \\\' ‘\ X /O
& e \ . —>T | ErriwmmiTos
3 901~ : T T e \‘\ sk -- =% § 3, 600°C TR
v ' . | —a——b X~wo ] 2
§ . A Al A - A Wa-—" LTWa. LT d
o —— =~ —— ] L~ —0 )
ool T | it TII4 N EA—RTF
_1—9| o-to— % Rt =il 1=/ . :
o---—- L —o— -- —lo—--te Ty A N DBEEEVX 500°C &
e kil ; 1l | 600°C pRfTHIC DT ;
0 / 2 3 0 05 02 430 2 4 6 /5 20 25 BRI ENb»D &
Cu content N content - Mn content Al conzent : (d) 2 -F 57  1
. Fig. 3. Relation between the tensile strength and the content of ' k?‘ﬁ’—%ﬁ%ﬁ .
additional elements. , B e e S5 PF —
BYMEIT M B2 2 BCHAT S, THIE Mo &D  BBIITST 650°C TRV, BAECHRTIEIke/ -
PVEVEHE e ovT /b‘/f FEDEHENZ LILEDHEDT mm?, N} TIZ 10kg/mm?2, Mn 3&ClX 9kg /mm?2,
BV, 754 FEIEXMIBIREOTHEVLLE  ARTIX 8kg/mm? Xt 11kg/mm? & L. C¥
Wicd, 6 7 =74 b @%ﬁi‘bi& LAEBRDbNERNESE N_&edIY—-F-39 FF Y ~BEIRNTEEE D
Zbnb. e 5. CRTIIBERVABROFBER?D bbb X
AR CIEABRIRE 700°C . ifﬁ%%@%éﬁfﬂ; SEbir CuifMic b0 7274 VEDBSEA ~
L EL L TS, SEREE 500°C ETIXé v AFF4 FEOMIMC L0 LBPhB. NFRTEN
54 FOFELZOREEEN TV, LHDEOR @@%&%&Nﬁmvxéc+&ﬂﬁﬁﬂﬁfm®t
BT o4 NI RS ARSSE DL il THB. CnN OFHIERLICHIMIMCA ST L, |
<bi’§“f@6@f, %}E’T{Rﬂﬂéhf‘” A]. @—‘ﬁﬁﬁgfyﬁ‘f‘ﬁﬁ %ﬁ”bh_é:iﬂ)fé:‘jj XTﬂ"f 1‘73>r9717/f ]\/\@jﬁ% V




ChEZEoRKTs Y
Y, Mn AGOKE

IPESPENGS 7
BRIETEEZD

IR ONCE 2 22Tt A

 HWOERE D S

Cr-Ni 27 U 2 @O & BEE I 2133 Cu, N, Mn, Al O 1765

KEZEL. ZnE - 3w
b5 EITTI4

1000
4000, \O

a
500 \/\1 kgf/mm?

WIEEALEL, 8

Croep rupture time (5
<

waH 9, Eik—F
Mn DEWEEN TR
§7254 inbo

‘7
Al content %)

Fig. 5. Effect of Al on
creep rupture strength at
650°C .

E<%Cé@(“o‘$ﬁ

LEPhB. ART
EEER D AR OBE

LRV, ) —F 5 FF YRR AIBE LD
BALTY S IR AlBEDSWEE I 7T 4 bR

PREINTS 2 &, ALNIFFHEIOBIRBAE WicdD
EOFBERT W LB EFEL LS.
(e) BExER

BRI 40% BRI T 24h B XUV %IHE

BEERFR T4 hiFR VB ERE AR L. CRCIImbE

PCORMARIIAR, Cu BiBRk  LBEWETFTH -

DR R OMARITDTHICHEINL T 5. TibiERE:
i CuBEIbITHYERETS. chixCu BEORE

& Cafic b5 6 7254 b BEAS OIS RIC.

X2bDTH5B. NETHEEAROERELY Fig. 6 I©
RLTCH, EPCORERIINE & & b5
0°27%N ZEFLIZEB TR 22T EAL TS,
Uhlig N oOREBERICNT 2 EZHIICOH 1/2 T
BB LERELTEDY, CrN oL s Cr i
EOETHRR S 2 BNE. 02%N2EHTS L
CHEENRA T 5 OVIHBOE Tl 7z X 5 ks

CTEA AT F 4 MY NOEEESEML, CrN

O EBDIE L2720 TH 5 5. WHEEENEORS
e & 37 5 ML abb 6 725 4 MRAOE
DHETEVMETER, HLBRENLCEEIND LH]
DTURERIIERTS. T OERFIHS»TIEAVHE
B ENINBEPHERECERE 2 S XET0 TRk
W EEZ DD . Mn, AR TIIREER b T Ot A i
B RACERE C S b TRIFCHS. 750°C T 100
h RS OB DWW TIEFER & o3 0 Tiad % 5355

CEEIMIMLTRD. ThiX CruCs, ¢ HOMHICE
S5HDE/bhs. MERTORWERIT AlEL LI

r?——[) - -
./5\0—-0 As sol. -/\\
. a——=a /00 A ; AN
- S00h S \
. - N
’ . \
/0 7 - \\
4 N
/’ N
’/
2.5 .
-
<
NS
S
N
| @ -
S 250 -
BS S
v S/
3 /
~ 200 y
I// /A
= e 7 -~
. —I-g::: """""" = 7
150 u\ = eea
100 h\\\\ ~«///)
or 22

N content (%)

(a) After immersion for 24h in boiling 40% HNO;
(b) After immersion for 4h in boiling 1% H,SOj,.

Fig. 6. Effect of N on corrosion of
the steels.

HEML, Mn 8i05 L TR A TRMER 5. Th
WHX5E 7T 4 bEEHGLTERD, B +5E
HCEBEEORE NS bbb L5 75 4 b
ERELRSIIELTVS.

W DR T % TR VTS R LB I I R R T
BH5HH, WHREMEEERLOEREC > T L Tw
5. NRCTHBEHRCUEBEECLS 07254 FEDOSE
L3z, BERRELAE—ETHS. CHRTIX
ORI TEHEIN LR EBEA D BRI CABEEEOS
WIEEDLTHEEREENRBAS L Tw5E. 2k Cu iz
— AT F A MERTETH 5O THECABEREOE
FEO T4 bhD Cu REXE VDI 7254 b
BRDOMREEIESEATENLL THHEEILNG. &
DERETEPDLIDXIE=A4 20T F 54 F—T Cu &
EBrlEL-EL A, F—2AFF4 " BBVIEVIVF L
B4 FERS O Cu IREIXBARILBBE LI VIZEAE
LS, 7254 o Cu JBEVX 1100°C ©
B CER % L 728810 < 51250°C T b
IR DIGEDEH»H 30% BWEERL 7. (CRER)

Photo.3 (a) (b) EtE C2 iwowT 1100°C &
FO° 1250°C CIEA{LBE AL 7B A2 1% g

— 39 —




1766 ‘ : B r ;ﬁﬁ 48

E(1962) 148

ol

IV.

i) B bixCRTCER7I=I 4 b
OWHIC LD, NFETIZCraN O &
—AFF A4 B T72T 4 MEBVIL
FohA bAOHELIzX VBT, NE
DEVEELT IXIER W B oD B IR

(a) 1100°CX 1h—W.Q. (b) 1250°CX 1h~W.Q. : CroN 2SRRI HT5. Al ZIRL
Photo.' 3. Microstructures of specimen C2 immersed for f’%ﬁﬂ@ 5713 4 MIESIC XD NE

Imn in boiling 194 H,SO,.

A8 B
110 - !

_ 89D )
700 (&) )

o .
<S

\

\

2

Mn 2 ~ o—To As sol.
x——x 750Cx/0 h

2

loss in weight ("Yem®

Fy) S LT SR -

40 %
v

30

0050 7200 7250
Solution treatment temperature (°C)

_Fig. 7._ Effect. ‘of _solution- ~treatment temperature -
on corrosion of specimens A8 and Mn 2
_in b0111ng 19% H.SO0,.
(Testing time : 4 h) ~

BEERIIC Imn REHOM BT B 5o BIICR T
1250°C CIILIER 2 {Ti o7 OB 6 725
4 FOBENERSWT D, Fig. 7 EEMn
2, A8 LOWTHERILAMOE £ &, 750°C T 100h
R L 72300 OB B C OB A B & TSR LAMEIREE OB
BERT. MAORFII 7254 FRE2RT. Wih
OPA D B CERE OB E SRR TV
2. BEOBEEIX Mo R TIHRAL TV, Th
18T T4 hiD o ANOZE(RITED 67T 4 M
BB Ld L Bbnsg. —F Al RTETHOR
 DEERIER TS, IR CERE S B WG AR
B X306 75T 4 MBS OEEOBMAIKZ VD

BEEE LA EELL TR,

— 40

BERD CrogCe HTHIT B2, T

XIRF LA LEELE 2. Mo lRINc k9 6 7=
74bﬂ&om«@TmﬁwBLéL<%Léné#

EFrnicEbRVEXS LATS.

i) BTEORINCES 6 725 4 FEOBRID

Fw7e Ni #7213 Cr MEF Cu, N #4&4& 1/2, 20,

Al 294 TH5. Mn RIMOBEIE6 7254 FED

LA, &5 Mn BN LB/NERS. LEBED

TBEOMuEINIE>TI 729 4 VEEZHEXTS.
iii) BEEVMRXIICHR T Cu BEROBEXLEY

DL ERMEBT bbb~ AT F 4 NE, 7254 b

BORERZT5. NRTRENBEROEEDHLERSI W

7, 500°C LT CHAMOFEOFRKRTHSD. ART
1% 700°C ETHBRVIAX T AL B L & DI H P,

Zhix AIN X %30 &Bbhsd. Mn %“Cl/iMn B

HROEEIF LA LR, FERVBSERIC= VT Y

4 PECED2TVS.
iv) 650°C T2 ) —~7 - 57 F ¥ -k Cu &,

NEX LN TAY). IR TEakRoREL
STEEVRIMC &S 75 5 b OIS RIC X H. Mn,A

RCWEI ) —F I FFY—BINLOT7ZTA4 PEITD

&%%Lfkb,MMﬁ%m57174bg&&%0ﬁ‘

TLTw5.

v) TREEMEE C, Mm‘A+fum%5,ﬁ@kl

% < BIFTH 505, NI C &FRBRCHFEE
RIS mﬁ%ﬁﬁfa ‘
vi) W%@ﬁﬁCuﬁMK;@&%é%é-ikri

DERINES 72T 4 FEERWSZELDOTHHBREEL T

VTR & Bk B e D L TR (L X5, Mn,

TARTIXO 7T 4 PEIKS L THHREREETL T

w5, (FERNS74E 7 F27R)

T [ L
1) Z.8, il g X8, 48 (1962) 6, p. 776
2) Z8, T, Bl & E 8, 48 (1962) 12,p. 1581
3) H. KriNerR & O. Mirt: Arch. ELSenhuttenw o
15 (1941) 2, p. 467




K ﬁemmaeﬁ@aﬁaﬁgeﬁmmzﬁgfg#ﬁm Ti/Al B OB 1767

4) G.F. TsiNal, J. K. SANLEY&C H. SAMANS

* J. Metals, 6 (1954), p. 1259
' 5) C.Hsiao & E. J. Duhs. Trans. Amer. Soc.
s Metals, 49 (1957), p. 655

6) C. Hsias & E. J. Duris: Trans. Amer Soc.

Metals, 50 (1958), p. 773
7) R. Frangs, W. O. Binper & J. THOMPSON
Trans. Amer. Soc. Metals, 47 (1955), p. 231

8) W. G. Rensuaw & R. A. Luia: Proc. A. S.

T. M., 56 (1956), p. 903

9) W O BINDER, J. THoMPsoN & C. R. Bismor:
Proc. A.S.T.M., 56 (1956) p. 923

10). H. KRAINER: Arch E1senhuttenw ‘28(1957),7 .

p. 81

1) K. J. IRVINE, D. T. LLewerLYN, F. B.
PIiCKERING: J. Iron&Steel Inst., (1959)Ju1y,
p. 218

12) Twmeimann: Welding J., (1950) Dec. 581s.

- 13) FREEIRAHE: Bﬁﬁ%%ﬁ“ﬁiﬁiﬁgwﬁl(l%l),

p. 58

i
:
-
]
§

y mm WHASSOMRRERECS XX

wEgEE s TiAl ops

(' AR S S DR HZE—III)

oM E —

Influence of Structural Stability"andTi/Al Ratio on High-Temperature

Properties of Gamma-Prime Precipitated Heat—-Resisting Alloys.

(Systematic studies on gamma-prime precipitated heat-resisting alloys—III)

Synopsis:

Shoichi KaTon

; In the previous report (Tetsu-to-Hagané, 47 (1969), p. 1697~1704), the author first dealt

to Fe-base alloys.

the two series of 1/1 and 4/1.

‘

with high temperature load-carrying ability and structural stability of the various gamma-
- prime precipitated alloys of which. the matrix compositions were varied from Ni-base -alloys

In this investigation, the author stud1ed the influence of structural stability and T1/A1
ratio of the various gamma-prime precipitated alloys containing Fe. The matrix composition
of specimens were varied in Ni content with the alloys with 0% and 20% Co.

Ti+ Al contents were determined to be constant at 4% and Ti/Al ratios were selected in

The specimens used for age-hardening, short-time tensile and high-temperature creep-

was increased.

massive §- phase in Fe-base alloys.

I ¥
B 1D 3 X0 2 8P RV CiE, Fe-Ni-Cr-Co

il

rupture tests and X-ray diffraction test were made from a hot-forged bar (16mm diam.) by a

- double-melting process consisting of vacuum-induction and vacuum-arc methods.

A Regardless of the difference in the Ti/Al ratio, age-hardening and high-temperature
strength properties were remarkab}y improved, as the Ni content in the matrix composition

However, age-hardenability and high-temperature strength properties of alloys with a ratio
Ti/Al=4/1 were superior to those of alloys with a ratio of Ti/Al=1/1.

The deterioration of high- temperature characteristics in Fe-base alloys with ratios of Ti/
Al=1/1 were principally caused by the precipitation of massive jB-phases. )

It was found that the Ti/Al ratio should be selected to 4/ 1 preventing the precipitation of
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