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steels NM and NNM were found to have less resistance to both solutions of 19, HCl and
5% HySO,, and are still not inferior to the steels VM and AM against the 5% H;SO, solution.
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Inﬂuence of Melting Atmospheres on Corrosion Resistance -
of 18-8 Stainless Steels.
(Influence of melting' atmospheres on various properties of 18-8 stainless steels—II) )
Ryohei TANAKA and Rokurs FujimoTo

Synopsis: g

Influence of melting atmospheres on corrosion resistance of 18%Cr 89%Ni stainless steels
was. studied. . Main results obtained were as follows.

(1) The steels NM (0°158%N) and NNM (0°177%N) both melted in 600 mmHg nitrogen
atmosphere showed a better resistance to boiling aqueous solutions of 19, HCI, 5_%HZSO4 and
62°7%HNO; than those of the steels melted in vacuum (VM) or in air (AM) at both states
of as SOlution—quenched and as sub-zero treated. After a cold-rolling at 30% reduction, the f
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“(2) In steels containing martensite, irrespective of the formation process by solution
quenching as in VM and AM, or by cold-rolling of all steels tested, the corrosion resistance
of the steels was found to be markedly deteriorated by tempering at 600°C, but that of the
steels consisting of austenite only as solution-quenched NM and NNM, was scarcely affected

- by the tempering treatment.

(3) The effect of high nitrogen content in 18-8 stainless steels on susceptibility to inter-
‘granular corrosion was investigated by corrosion in boil_ing 699 HNO; solution added with
6°2 g/l of CrO;, and the amount of corrosion was found to be far less than the corrosion amount

in commercial steel containing carbon.
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Table 1. Carbon and nitrogen content, Ms and
Md temperature of the 18-8 stainless
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Table 2. Chemical composition of the commer-

cial 18-8 steel used as comparing
material.
C% Si% Mn% " Ni%
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18°20 | 0060 ] 0°004 0°064

L = B & &

L e L BRI B i A
VR | 96HREIC R B I AR B i B Fig. 1 1R

1050°C -1 h 7KGDERILIREE, B ITXORI 7€

v ER L 7oRAETIE AM OABERESVH TS LS
K<, VM, NM#XONNMO 3 % ORICiEk S/
RS BRI TAM Y DI 0 A7, BRIE
EOHEE B CERLRIEETT TCBEROSVAM
T LEREEC XD TIEE AL HERZHEX 2,
'NMkiUNNM@ﬁﬁHgMA%FLk;OTﬁ%m
OFEEL DB EINLTYS. UL VMOSZTkEE
DA B TR I B LT A A R L 7.
VM X RAMTIERED G~/ X 5 1Cy 7 ¥ n
}EV XoTvNVT U4 RS D B INT R D TH D
5, FEROEESSIHERET I X > TILERE
%%Hf,ik;é<7wiyﬁ4b%iuthM%
FONNMb b bBA4 7 € 0 AHIc & ) iRk

W Epbrr b, L LM TORE I nic k.

DOTHBEDTNT vHA bERETHVM, AMTIIE:
Jo EBLAERD BRI, T X2 T &L
P2 T 34 FERAEUMWNME LOCNNMIZWT
VB UB LWIHERIEO%{LE T L TR D Bk 5 BIR

300

rt/zzfér venched ‘
7:
) W tor-gienched and
~ 250¢ —7T A Jﬁbzeroy ggo/eji “r
X @ Water-guenched and
s 30% cold- rolled
> 200 N
g N
w /501
hed
N 5
/00t v N
S st \B N
. v : N
L LAl [
17 AM Y V77

Mark of the Steels tested
Results of corrosion test for 5h

Fig. 1.
: in boiling 1% HCI solution.

200k 3 iater-guenched
— [ hinter-guenched and subzero-cooled |

750k N #ater-guerched and 3% cold-zrolled
] S N
] NS ‘ﬁr_lﬁ |
N z | R

T2a0t | PR ;

850} 7

™ 7 :

/00 . oA

¢ AN

S9N N ’—r
RERZNERAO BN\
174 AM M WNM

Mark of the steels tested
Results of corrosion test for 2°5h

Fig. 2.
) in boiling 5% H:S0, solution.

Th 5. ‘
2. DS 5 UBRERICH ¥ B K

Fig. 2 1358l 5 %HRRIC X 5 B RERT. KM
mﬁ@@@%ﬁl%m&@% Ll DERTFRRR D,

1050°C -1h K#IkRES X O E 0%y T ¥ n RE LR -

BT VMOBRBENSHTEDL S <, AMM IR
75, NMk X ONNMIZ E b 2475 0 itz 3 <
VMoD# 1/3 OIFABEZRTICGEE L. L LR
5NMks L ONNMIZGHnLZ G § & 2 ORBRRE
V1 %iaOBA E FREICAMOBERE & FAEECE

CTHNT B iV Mis X ORA MR RIIT LT b R

OB & FRTFREE D3 & A EBb L.

3. PBEEMRRSERICHT T AR

Fig. 3% 62°7% WhIERIHRIC X 2R TDH 5.
VERRLANEE, T m R, 7r 5 ONTE T TIREE OV

LUBLL%E<, AM, NM¥ X (O'NNM® 3 ZFDRic
@%%@%m%@%ﬂ&ﬁot.L#LTVMTM#?

%fﬁ%%mm&#écammw%htﬁ fthod 3 FHix

14
o 121 [ Hater-guenched
§‘ 104 | B arer-quenched and subzero-cooled
£ 5’ N Hater- guenched and 30% cold-rolled
~S 6\ {
RS
S
| l% [% N
; .

7% M WM
Mark of the stezls tested

" Fig. 3. Results of corrosion test.for 50h in .

" boiling 62°7% HNO; solution.

— 46 —

y

FRICI T VMO BT & S TR




18-82 7 ¥ L AMOM AL I 2 13T BBB I & 0l 1w

7 B %5wﬁml®ﬁﬁk%@ﬁﬁ<%bkﬁ
VIV R R R L .

Dk, BEREOEEC X 06T LD SR — ﬁf&v
25, NE—BRCH el E X3, BHR(UEANLIh:
F—ATF A4 FEHOKREETIET LA NITHE 2 -

&L@émﬁ155&V9;&#T%é L»>LNME.

NNMEZTRCOBATREFBREOHEESRL,
NEHEDEZ DT X2 2R MB T & p3HSER Ok,

4. %%5%?%Kﬁ¢5mﬁﬁkki@?&ﬁw

BIIAR
s

mg4kiomg5ﬁ%h%hl%m01thﬁb
b0, BICLOBILI 30% OREELIEE T

Lh%@ﬁomf%ﬂCifwémﬁmxhgﬁbf h

ERlommEEt:ORBERTH .

Fig. 41045 X5 CHEHILIREET= VT v 94 b a4
LVME XCAMZEEELOMRZ R L 400°C £T
DBER U TR A E 7 0 k3 S5 p2 500°C 2
BHEPDTHAINLT IR, 600°C CRHEEES
<, mchﬁwﬁFfwwmﬁ L ITIEE L WMEIC T

B ThEH LT —2FF+4 FEMETHENM, NN
MH&E%&Viofﬁ&&&maﬁ@”m%&&wﬁ‘

BHkD B HETHS 5. |
ERILEEAR 30% OWRIELEZ I Z i 4 fEV§
b Md ERERM ETH B ENENES LD IVT
YA MEREATVER, IRLHORPNE Fig. 4 @k
5 VM, AM & RIBIC# DF 2 TH 400°C & T ORER
X EE oW E SN S EmICH
MRS HEL T 600°C ICHERT L B ADBEELY T

R VA

R '

§ v

wawg\\\\\ i

3 \\<\\\./<m\

s

S 7 3

3 —

= : /y-'/;:-w‘
10— = r—

1 Y

00 S 20 40 600 80 /oW
Tempering  temperature (°C)

Fig. 4. Effect of tempering. Tempered for
1h at each temperature after solution
treatment at 1050°C for 1h. Corrosive:

~ Boiling 5% HySO,. Testing time : 2°5h.

h, 400°CLLET -

700

662 ' |2
. / E:X»A/M

500 U-

NAM
Vi

400 !

/f

Weight loss ("Yem?)
- N

/

/
==

N

i

—

200

e

700

i

y .
0 200 400 600 500 /000
Tempering temperstore (C)

Fig. 5. Effect of tempering. Tempered for 1h
at each temperature after solution-quenching
at 1050°C for th followed by 30% cold rolling. .
Corrosive : 5% H:SO,4. Testing time : 2°5h.

FTIEDL. TDXS5E=NF 44 hEEUEHE O E
2% 400°C ETORRAIIC X > TAL <Bh‘ESh,
F 7z, 600°C ML TO BERIC X DT 2L <fitEME»s &
L4523 FHO—AN BT T HEL 7L 2HTH
59,

5. KrfEE AR

1%&04hW%*%Lk%ﬁchwt%WC%;@
750°C T 1~1000h DFFHEICEABEE T/, CrOs
6'2g /1l ZEHELME 9% RIEEET 3h OFAERRSY
1D THRA OERBDZEE L 7. Fig. 6 132 0E
BROZSEUEICT L TR L2 O TH 5.

MELTHWE 0006%C Z &t 18-8 257 > L AT

VX 650°C TOMBIIAEL 55 & &b TBEmARNC
BERLZHML, KWT 30h <HLVALBEEERRHLET
RMEBEREEOEEZRT. Ll T OB ogiit
B OMIL Photo. 1 (b) IKFD 1 flEHB L5
RS 2> TRALM 23 HEBRAEAE U 7288k 2 L T Y
LTWBOPR8EDLNS. ZHIH L THho 4 Eostkl
T d PR VBERERDEL, EECHEBIVUCND
FEH AV AM B X OV M insie s ic X OEREBE
DEALPTE A LRDLNTREBEEZ FX L. &
7eNMis X 0NN N M 8 L i I OTEERERD
L<ﬁML,w%hmﬁ*mﬁvbb<ﬁﬁi%ﬁ&?

— 47 —




1060 ‘ o o & \‘ﬁﬁ 2 48 4R (1962) OB

.40

750°¢
X\

30} Commercial /-8 steel i

20
= VM
%/0 e //,41” :
) w % S (a) NNM ) (b) Commercial alloy
g } | ‘ Photo. 1. Microstructures of steel NNM and

@ T Tewr ’ commercial 18-8 steel both sensitized at 750°C
§, . e for 300 h. Etched electrolytically with - 10%
§30 //%mmera}z//ﬁ*c?siee[ \X oxalic acid. x400(2/3) -

" KECTHLL R, WHRIET 3 S5 3 < AT
fxéﬁ‘ s , L. L LRSS, $7 € n MBI OTvT 4
PN N A PEHIL TS, 5 iamTalL T 4

-0 . U S . . - o
S CHPT AW EEIRIE LA S LIV, _
T 70 0576 C(2) HEFEARTHERLT 0°16~0"18% ON#%

Sensitizing time (h)

Fig. 6. Intergranular corrosion as a function
of sensitization time at 650°C and 750°C
measured by weight loss of the steels
immersed for 3h ‘in boiling 69% HNO; .
containing CrO;z of 6°9g/l.

DA%, HEHIT < SNSRI AR B TS L <

TLNTWD T A D, 750°C THBILAB AT
D7cd Db 650°C OB L FERBEOEMAED B

%, CONMEEU NNM B 0°16% H 5\ iE 0718

%D7s ) ONEE 2, SEIHAFLT X 5T Photo. 1

()i BB X5 Ty MRICE( = BN 5 B ETho

ELENINIRS 3 MH OB IEESANICX U TR LIRAG S

X, Tty 7 ¥ u QEELT 27ROV ThICE .

VT B KGR & D\ B & FSE D L X
DT SRR R L. L LERImT 21774
21 L OEEEMIC L HIERE S X OB D5 s
R BN, FRTHRKPERMICE L TR Y5H,
IRERERER 2 002\ TIXELZR IS AR I < BT (5 TR A

V@ﬁVWﬁ%%ﬁLt,

(3) BHLEATT TRV TF ¥4 PERTHEZE

VIR 5 X UK SRR I HERIC X B R O ZE (s

WHBLBLL, &<IE 600°C BRTHARENRAL

BLIRAFE DB D I BB S h B b b b ¥, X
LTI REERE LRI, NBRCEERDIZE
A ERBEEOERE LIV &Rk D A HETH

DT, FOBERIC OV TR 35 5T\ a8, UnLie?

HSHE LTV D38 D RO X 5 7R & 2 b T
WAEOARES = ORI ARCEE L BERE Lo bok
EZ 5. '

IV, &

T

ELZEVERE, KA R X R ARIC X0 TR
L7 ATRIED 18-8 27 L LAMICOWT, | %R,
5 %R R KON 62°7% REERVCITT BT AR X O
Bt & BRI L OBIRE LB, EL LTHOE
EoE B AT AR S LIS TS OV TR L. ©
noORREENTSE -

(1) BIZeVHM & KA & 2 g, WTE

Mﬁﬁ@ﬁfﬁﬁﬁb?Chfwéﬁ,%%ﬁmﬁ@ﬁ

B, FRICH L TR A B R LEEA T — 2
FH4 NEARETE D 600°C L AT e R T LA LA AHT
H3 2123 0 b b3 iREBThOLTT LA LD 5
NIV, BRI A 30% OWTILELIE L - iEt
RTOREET T YA P RED XS CRY, ThE

BER IR BRERE O Z LD K& <, 600°C FER THRAD

BREEZRTICES.

(4) BEZEMb S LORKPIERMIZE bicC, N
DEBERVD LD LDk HMBERFHITEE A
b Lot SRR RN b 650°C &5
Wik 750°C T OFPAYLEIC X 2T < b ok
BEEEZRTORT, NIZCLERVELACRBREE

ORAE &L B L BRI B S TED,

S2(L 4 & BALS O TR OFBRIC B IEV R 55 b
DEHEINS. o
&0 T SR IA RS I E R B b 0 & LA E

SRR R LE . B, SUBOERIC o




CEED D £ i BRI | 2

Zr WIN 18-12 257 v L 28CH I IET MM OBE ; 1061

SHAERRBBETFLL S O APREOH HFARE 14 (1940), p. 71 |
B < AL E T E (FR364E 12 A ) 3) H. H. Usrie: Trans. Amer. Electrochem.

Soc., 87 (1945), p. 193

X O® | 4) AECNE): BASEELEE, 18(1959), p. 396
1) WA, EA, G g, 46 (1960), p. 1405 T 5) k@, B HAGBRFXHEEEE(BA2ER)

p. 55

Zr N 18-12 = 5 > v 2§t ck.zi“@“,mﬁ&fE@%%
| (Zr M 18-12 25 ¥ L 2 BOHZE—D) |

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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