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Effect of Heat-Treatment on 18-12 Stainless Steel Containing Zirconium.
(Study of 18-12 stainblessb steel containing zirconium—I)

Toshisada MoRr1, Masaharu ToXiZANE and Yutaka ADACHI
Synopsis: ‘

Thirteen kinds of austenitic 18-12. stainless steels containing zirconium up to 2°81% were
melted in vacuum. The behaviors of carbide, nitride and some other phases in the forged.
specimens’ of these steels during heat treatments were studied by examining the austenite
grain size, hardness and microscopic structures.

At the same time, these phases - were extracted from these specimens: electrolyt1cally and
identified by the X-ray analyses or electron-diffraction method. Results obtained are as

3 follows;

(1) Austenite grain size of 18-12 staxnless steel is refined by the addition of a small
amount of zirconium such as 0°02%. :

(2) The microstructures of each ingot containing zirconium shows the precipitation of
ZrC and the quantity of ZrC is increased as the content of zirconium is increased. An in-
termetallic compound Fe,Zr is found in the steels containing zirconium higher than 1°15%. In
addition to these phases, some zirconium nitrides of cubic structure are found in each steel.

(3) In the specimens solution-treated at 1100°C for-3h, M23Cs dissolves into the matrix,
but, even in steels containing a small amount of zirconium. a part of ZrC remains as the
undissolved carbide. -

Though the solution treatment at higher temperature such as 1300°C causes the austenite
grain growth and decreases hardness, it is impossible to dissolve ZrC completely. ,

(4) Burning structures are found on the‘ austenite grain boundaries and the intermetallic
compound Fe.Zr is dissolved by the solution freatment at 1300°C for 3h.

(5) 'The precipitation of MyCs is observed in the specimens containing a small amount
of zirconium by annealing at 600°C for 100h, but the quantity of this precipitant is decreas-
ed as the content of zirconium is increased, and this carbide is not observed microscopically
in the specimen containing 0°87% zirconium. _

(6) The precipitation of MgCs is accelerated by annealing at 900°C and the carbide is
already observed at this annealing temperature within 5h. '

(7)  MsCs cannot be observed in the specimens annealed at 1000°C while ZrC seems to
be precipitated at this temperature within 100h. '

(8) This carbides MazCs is identified to be (Fe-Cr)ysCe from the results of electron—
diffraction pattern.
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Table 1. Chemical composition of ingots. (%)

Sﬁgge c Si Mn P s Cu Ni Cr Zr 30 SN
1 ) 0°096 067 1496 0°008 0*012 0°01 1204 1762 0 - 0°0057 0° 0056
A 0067 0°60 176 0°011 0°010 002 11°96 | 17°08 0-02 0*0032 - 0*0058.
2 0°077 0°59 179 0010 0°013 002 11°99 1695 0°02 0°0056 00062
3 0°089 0°66 169 0°011 0°014 002 12°04 1700 004 | 0*0028 0°0049
B E 0076 063 176 0°010 0°014 0°01 12°09 1705 " 021 ‘0°0053 0°0039
4 0114 063 174 0°010 0012 0°02 12°03 17°05 020 00026 00049
5 0°100 071 1"8'5' — 0°013 0+02 12°02 17°57 0*56 | —_ -

6 0°091 0°68 1°84. . 0°009 |. 0°009 | . 0*0! 12417 | 16°64 087 00049 0°+0030-
7 0092 071 1+84 —_ 0+012 O'OI 12°09 17+70 1°15 — b
8 0°053 | 074 | 1°88 — 0°016 | “0°0% | 11°82 | 1816 | 1°73 — —
9 0-076 070 180 —_ 0°011 O’Olv:, 1217 1784 2°39 _— _
10 0°099 0°70 1°81 — 0°012 0+02 "11+89 |. 17°82 2°*75 0+0023 0°0039
C 0°070 070 1°74 0011 O'OlZ 0°02 12+14 1772 2°81 0°0038 \0'0039
L = Z®5BEE No. i, 5, 7, 8, 9 IXEILE 52U L
1. =
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{64, L Z DIOFEARDZALC D TR L.
L% B #

4Gk, W NI, [RRET7 v o—a, B Mn,

&8 Si &8 Zr AV CEARSEMER sk HZE
VEMRGEYEMEEIC 1 ) Table | WRT L &MAD Zr
B2 4030 Ske 458 (65mm § X160mm) A VAH
U7e. 0B No.t iZHEH E LCRIT 5 ETEI L2
AISI 304 $0THB. |

L £ B A
SRS 5% I U 7<% 20mm § 38 L 7o,

PEMBOBRENITH U7, B sURNI O R Z B D T
BT 2451, 1100°C x3h 750N 1300°C X1 h
TIRLAEE 2 F575 0, 1100°C X3h AH{LAL 8 %775
SEEEHT DWW, 600°C X 100h $ X% 1000h,
1000°C X 100h DEEHZ TV, T DDA IOV T

R, w2 v VEREE, BRGEEMEEELSS

C—ERORIT IOV T I — R L 7Y HIEC L B
ETMRET 24T, HTHDHROMRE TR 27,
st EORIE I —E RO (100mm) 5] 5 FEdwk

COEB (2R 100 HHWIE 250 Tk b)) & L HER T >

DRSBTS AT S D DI L EER

VAW, BIRESEE 20~25mA/cm? TH) 70h BRSEEE

WTHERE 1 A5 25 FiEFEF 50 Al owTH x, Th
L CONERSCHME TS HED 2d b
CEBA, B, ClkowTikEsic 12mm § WS

R DT LR 21T 78 27 DBy 1100°C X 3 h ¥ i b:
B % AT DT DWW T iE Table 2 R T L&
ATV, ThH 0% 10mm § XFEE 50mm.
CHEEIL, RAERMD 2T 10% BERT VT L

iz, EFESEEREC OV CXREHTZ1TE 27k,

Table 2. Heat-treatment of specimens.
Annealing . .
temp. °C Annealing periods (h) Note,
600 5, 20, 100, 500, 1000 | Air-cooled
900 5, 20, 100, V4
1000 - 5, 20, 100, ) 4
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(a) No. 1 Zr none
*(b) No.5 Zr=0'56%
(c) No. 7 Zr=1'15%
(d) No. 8 Zr=1'73%
(e) No. 9 Zr=2'39%

(1: 1) (1/2)
Photo. 1. Macrostruc—
tures of ingots
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ZRENIV TS B REBIC I LR 2 T 2 IREH K
fLLT WA, FDRBILFTiR o7z 600°C X 100h D

mmhf@%&ﬁﬁﬁ%%ﬁmm%%tfwéﬁ,zh
ﬁ%ﬁﬂhkkﬁéﬁﬁ“®ﬁw%ﬁm EF X DA

10 |
N As forged
8
1100°Cx3h WR.
N 600°Cx /0004 A.L.
< O]
*§ 6 //W"cxj’/l @ )
N //404‘13/7 wa
g A 0| ‘f\]h
3 o |
3 0 C" 3
RS 4 ,00
S o flomogeneous
2 grain
o Duplex grain
0_ | N 1 i - { 1 i
0 0.2 04 06 28 L0
% Zr
Fig. 1. Relation between zirconium content
. . - (a) Sample No. 1 Zr none, etched by
and grain size after various heat Kingwater & glycerine, X100
treatments. (b) Sample No. 5 Zr=0.56%, unetched, x100
: (c) Sample No. 7 Zr=1.15%, unteched, x100
- < ; < N ) (d) Sample No. 8 Zr=1'73%, unetched, X100
E2) ﬁﬁﬁ?fkiﬁﬁb%&ifﬁﬁ%?iﬁfny CRaE e (e) Sample No. 9 Zr=2'39%, etched by
% }ifﬁé% BR2RNL !XBU IN3 75>E§'C ZEE S H kingwater+ glycerine, X1000 (2/3)
T, ' Photo. 2. Microstructures of as-cast specimens.
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R{EAAERER T 5 ONT 100 h BESI DB AT RIS Lok 1000°C X 100h BESIDIFE Zr 2 & F i ElEs Lot
8 ‘rﬁéhtk&bky/l\fﬂﬂrbw\%*%#ﬁt@fwj:m% WE Zr ORI CRBERLAERIEL D Wb 5 L <A
.&%z%hé ﬁxsz%é@ﬁﬂK%me#w$ K7D T B, Zr EHENRS s D LU0
®%ﬁ%ﬁm2% ﬁ%TL,ﬁEW®&ngorw Rg & %5ﬁ<a5

foes ol Co S o : 1300°Cth{ﬁ{ﬂifb@f§% T DT AW VI Zr 0°87%
- ' ’ ' DREIEDE X, VWFRORBHT
BWTH 1100°C X 3 h yEH b
HOEA XD b7k DEKIE R
L, ME Zr RN X 58RO
fcfﬂﬂmim;/ué;‘n.mngt 7%
DTW5.

# Zr o3bp No. 10 It
BEE OV AR DT, W
(a) Steel No. 1(Zr=none): (e ool N . : 750, - i’bzﬁ#aa I#H%ﬁ’)&’)f!ﬂfﬂﬁ><ﬁ

Photo. 3 M 10! tructures of 'fo‘g d 'pemmens. 3 E?E%SU\J: B BE, HBD

FeZr HANRIEL T\ % 72 i)
WIRIC LB A — 2T F A SR

BE DRI AR RET H D 7.

3. DRUSEALIR
Zr % & E R VEELT 1T SRR
" $8T Photo.3(a) WRT &<

RLFC Cr AL 2348 B IR

LTWBR, Zr 2450 cr
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BV TERIE O TEE TH

D, Photo. 3 (b) R TTEL
R UL PR DTG 7 T H 0 O i §

EIREEEP TR Lok

D Zr At EaE SR

TREFTICEEL TV 500880 5
. b Zr & BARMT

AL L FRSIC FeZr 4R
BeLbhs.
1100°C X 3h B MLz X b

Solunon treated at 1100°C for 3h (Zr=2"75%) X200 - RIBROMEIR B AL 13 & <%k
; Solution-treated at 1300°C for 3h (Zr=2'75%) x200 o Wt B e A =
’ Annealed at 600°C for 500h after solution treatment . . L *i??-#i?ﬂ@{ﬁ;ﬁﬂﬂﬁ*ﬁﬂj?@% e
- at 1100°C (Zr=0.02%) x200 . EAEE H5E5TH5HP, BT
(d) Annealed at 600°C for 1000h after solution treatment {ﬁﬁ@"ﬁ“ o j 7% B
at 1100°C (Zr=0029%) x 200 BORBRICINIFRE TS X 5T
(e) Annealed at 600°C for 500 h after sclution treatment R —— .
: at 1100°C (Zr=020%)-x200 - ' v BB, THLEBBLIAERRES
S (f) Annealed at 600°C for 1000h after solution treatment s ° - i = S
DL at 1100°C (Zr=020%) x200 @/3) J1300°C. KL Thize A &L
She : -Photo. 4. ‘Microstructures of heat-treated specimens. v L. & Zr OoFF No.9, 10,
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C T 1100°C X3k YAH(LAEI X2 TIE & A EAIL

3 Photo. 4 (a) KFTTL SABRALMELRD

Fe Zr 55380 BB A5 1300°C X 1 h V{8 21775
5 & Photo. 4 (b)ITRFTE LA~ 2554 MfAS
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BT Zr e & E R L ARICHTICEEL T
%D Cr BT 558 (Photo.4(c), (d),
(&), (£)), Zr0°87% LLEDOBEITIE 2B OFfH
Pid RO LIF, ZrC d5\ i FelZr 2Hx b
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4. W E | o
Fig. 2I0RTCE < 1100°C X3h HEk({LAm Ciis
RIBCH LW FRa v H TS L <IKIEL, Hik{bamg
BEAS 1300°C 1072 % L EE X 5 IS T 5. Chiig
1LIE DIOIBERILDOEFTIC S X 523, T& LT
DEECHEET b0 LELOND. _
OEREREETIE Zr &EESHEINT BIC L VR
B IR B S,
HLSH LV, 1100°C X3h' XU 1300°C X L h k(L
BT SRR ETRT L5 ChB. -
|600°C HEBNIC 35\T 5 BESIFSRTIC & & 7 5 B Lo BEE %
Fig. 3 R L7c. ZOREC 3 1 5840 TVE BepaRi

100h FTIT Zr & EHR VT MesCs OFFHIZ LD
CIFE A LT LASETL, £0% 1000h £THE UL

(a) 1100°C 3h. W.Q.
600°C 100h. A.C. x1000 (2/3)
Photo. 5.

~0* 87% -zirconium.

iz Photo. -

WO Zr S RO/NLBHEH T

(b) 1100°C 3h. w.Q.
600°C 1000h. A.C. %1000 (2/3)
Microstructures of annealed specunens contaxmng

& l
;-?70 i As forged -
« 60 cx/UM’ W
Q o _/Q”_" ———— | —
%50.‘ Tvenao -__x,/_170°05,—‘!$7f006}3"—”'£/” [
§40; ~ I— il g ’
30— :
7 0.5 ] L5 20 - 25 20
i % Zr . ° ‘
Fig. 2. Relation between zirconium content
and hardness after various heat
treatments ’
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o Table 3.. X—ray analysis of residues extracted.
T Sample No. : ; ;
P A (Zr=0'02%) | B (Zr=0°21%) C (Zr=2°81%)
Heat treatment T ‘ ~ ‘
1300°C X1h.W.Q. ZrN, ZrOy ZrC, ZrN ZrC ,
1300°C X3h . W. Q. . . 4 4 4 : 14 7 (Fe2Zr)’ ZrC
1100°C X3h.W.Q. o % // % ” . A
- 1100°C X3h.W.Q., 600°C x 5h.A.C.| ” v oy 7 : o Vi
” - 600°C X 20h.A.C. 4 4 ” % K 4
7 - S 600°C x 100h.A.C.| ZrN, ZrO; M3Ce | ZrC, ZrN, Mngs - V4
a - 600°C X 500h.A.C. M23Cs, ZrN 4 7 o v
4 © 600°C x 1000h.A.C. ” 4 ZrC, Mzgc6 v ” 7.
” 900°C x 5h.A.C.| 7 Y v N ”
4 900°C X ZOh.A.C. M:23Cs v . v 4
7 .900°C x 100h.A.C. 4 E % ” V v
e 1000°C X = 5h.A.C. ZrN,  ZrO, ZrC, ZrN 4 7
4 1000°C X 20h.A.C. 4 4 ” v % v
4 1000°C X 100h.A.C. 4 a % VR v y
de)ﬁlmmw’kVT% BB, Thbhb BRI D ONCREO BB b N BT AT 51
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On the Precipitatlonv Process during Aging of Gamrria—Prime
Precipitated Heat-Resisting Alloys

(Systematlc studles on gamma—pnme precipitated heat-resisting alloys—II)

Synopsis:

Shoichi Katon

In the previous reports, the author 1ntroduced the age-hardenable characteristics and high
temperature load-carrying ability of the various gamma-prime precipitated alloys varied froms

Ni-base alloys to Fe-base alloys

In this investigation, the author studied the precipitation process during aging of these:
alloys by X-ray diffraction tests and electron metallography.

By the X-ray diffraction tests on the electrolytic extracts from the various specimens after
up to 1,000 h' aging, MC, M;Cs, M23Cs, 7', ¢ and B phases were identified. High-Ni alloys preci-

pitated M-C; besides MC, M:3Cs and 7' phase.
the massive § phases.

On the other hand, high-Fe alloys precipitated
The matrix, 7' lattice parameters and 7'- matrix lattice mismatch of

the alloys comprizing no § phase were hardly changed in the precipitation process during
1,000h aging. The 7'-matrix lattice mismatches were increased with the Co contents, and
were decreased with the Fe contents. 7' particle sizes were increased with aging time, but
the growth of 7' particles were retarded as the Co and Fe contents of matrix composition
were enhanced. . The amount of 7' particles were. increased with the aging time and the Co—

contents, but were decreased as the Fe content of matrix composition was raised.
© It was presumed that these precipitated 8 phases changed as follows by agmg
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