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Preparation of Thin Specimens of Chromium-Nickel Austenitic Steels

with Various Combinations of Carbon and Nitrogen Concentration

Makoto KikucHI, Tohru TANAKA, Takanobu NISHIMURA,

Shu-ichi TAKEDA, and Ryohei TANAKA

Synopsis:

A simple method, in terms of gaseous equilibration, has been developed to prepare spécimens of Cr-Ni
austenitic steels with various combinations of carbon and nitrogen concentration. Specimens were first
nitrogenized up to the desired nitrogen concentration under the controlled nitrogen pressure with the aid
of experimental studies on the activity of nitrogen in Cr-Ni austenitic steels. The nitrogenized specimens
were carburized in a sealed quartz capsule, using hydrogen as a carrier and a plain carbon steel as a carbon
supply. In this method, the carbon concentration in the Cr—Ni austenitic steels can be controlled within
+0.019% at the concentration level of 0.3% with very rough estimate of carbon activity in the specimen.
The method was successfully applied to a study of the effect of nitrogen on the precipitation morphology
of M,,C, in a 25%Cr-289%Ni-2% Mo austenitic steel.
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Fig. 1. Solubility of nitrogen in iron and two
Cr-Ni austenitic steels as a function
- of p,2/% at 1200°C.
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Qc: Activity of carbon
Fig. 2. Solubility of carbon in iron and two Cr-

Ni austenitic steels as a function of car-
bon activity at 1200°C.
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Table 1. Carbon concentration in the nitrogenized steels with 259,Cr-289,Ni-29,Mo
after carburization at 1200°C in a sealed quartz capsule.

X (wtos) Xo(wi%)
x& (%) w®(g) W (g) w® /W* Xy (Wt%)

calc calc exp
1 ) 1.705 5.356 0.318 0.05 0.04 0.11; 0.13
2 | 1.750 5.495 0.318 0.45; 0.40 0.1, 0.12
3 0.40 0.907 2.513 0.361 0.25 0.23 0.13 0.15
4 J 2.664 7.027 0.379 0.09; 0.09 0.13; 0.14
5 0.898 2.379 0.378 0.45; 0.40 0.13 0.15
6 0.85 2.938 8.856 0.332 0.05 0.04 0.25; 0.24

°CTEMxEsbDEL, 50cm® ONFHEEEE>H T
N EEE 5.0g ANA L0 L THIE, BEZRRE
%0.40% &+ % 72T i, MR B L 2T 0.45% 0%
ERELITREIVWE LD ZOFDITE, 0.50
atm OZEEET 1250°C, 30 min j2EEFIE X\,

ZOX ST LTREL-RABORE L ERETRY
Mk, —EEROZORBEEEMHBBE L ICH T
WHCHA LT, BEEEA T 5B FIEDIRE D Bk
FERIZRTSH. 2T, RFEWHREL LT 0.40 B &
O 0.85% REREDREME M. WkE L URE
8 &AL LIk R A Lk H T e RICHAT 5. kR
DEHAFE NI FHEEHRE 1200°C TR XL latm
ERBHXS, FIBT 0.2atm BRELTS. o7t
W% 1200°C, 30h (4% L, sURHCiRIREfTS. ZOR
el 0.3 mm FXORMEOHE, RERSITERIK
B LT R AsER b b ic okl Td 5. ik,
REOBIIIS LI A2 T AEBLCITTbREBDL
Ex BND. BRE, h PR RS SKEAR L
TEBLRAREES.
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SHEPOBERIBEIR, HEEIPLTOTVWEHEEOH E
WEBICLDOC, BRRLAEXSEEE Xyn(cal) &
ERER—FT 52PN TWVWHDT, EIFE T
TR & Thisr 27 0%

* A, 15%Cr-209%Ni, 15%Cr-309%Ni 35 X0 259 Cr-309%Ni %
—~Z2F 54 M1 250°C, 0.2%3atm TRZEL, FRAFILhOEEEE
% 0.107. 0.076 35308 0.305% & LcE N %2, »FehikHAL
1200°C CTEEFI 2 L. ERAFERENFH 0.099, 0.072: 1
0.;?1;6 WEA S NEOBEIRIIOKX L ARLSATHRELIEE
— 3

Rt X5, HAHTeBEERACLRTRE
BXUOEEICE LU TER & AR & ORIICER 2 ER S
®C, PO OB ARTRIRE ZHIE T2 51k
TH5H. ZOFETIEETLETCORMEEL T51D
v, e EOmBRbEEEIR D ALK T 5 EBNE
Lid, COBWT, #HAL LR VEERT BIZY DT
WO LS WIEBEILDTWD.

¥, —WEHUCTCHEEEEDO N v s LTHA
4% Fig. 3(a) OA#S%E 1000°C i gk L T—B®K
EiE KL FTHR LRSS ZAETS. g, ReHE
REMBIETHLEEMES® Fig. 3(c) WTRTLHK
—e BT o &, IhE g LIKEF AL
EHHREERICHATS., ZokE, Fig. 3(a)nB
TRTY v 2 —FAOMCAREIFRRCHATS. 7y
2 —TiEe Ao KERWTWASD, ThIZEHALR
B RVAROBEREEZREL, BILEF v rvE2 T
FHORIEFCHENDE. o X —2EHI S LE
1%, Fige 3(b)eFRT Xoic, =7 4229 LBEWER
23k 900°C LT —BEREGET%. 20L&, ¥
ERTIXOCMVWERERZHALTHEDT, =753y

a) ‘ B :@_Mq
—r"

_<dimai-)

Fe-C  Cr-Nisteet
Fur =y
7 i ;o
by (oo am) o () I
V ///jﬂ /SpEcimen N Wi
i

Fig. 3. Specimens of a Cr-Ni austenitic steel are
arranged with sheets of a carbon steel
in a way shown in c) and are sealed, as
shown in a), with purified hydrogen in
a quartz tubing. After heating, as shown
in b), magnesium at 900°C for 30h to
getter impurities in hydrogen, the part
A of the quartz tubing is cut off to make
a capsule for carbon and nitrogen equi-
libration.
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