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Mechanical Properties and Corrosion Resistance of PM High Nitrogen Stainless Steel
Tetsuro Kariya, Hiroki lkeda and Tatsuro Isomoto

Synopsis: High nitrogen stainless steels (HNSS) were produced through powder metallurgy (PM) route by hot extrusion,

using nitrided stainless steel powders which had the original chemical compositions corresponding to TP410 and
TP316L. Low pressure nitriding was given to powders put in a can, which was followed by encapsulation. The cap-
sules were successfully hot extruded to straight bars by the Ugine-Sejourne method. An alternative experiment
was conducted to study the characteristics of low pressure nitriding along with the production of HNSS.
Consequently, it was found that nitrogen contents of martensitic and austenitic stainless steels could be controlled

by the Sieverts' law up to the nitrogen contents for precipitation of Cr nitrides. The consolidated TP410 with nitro-
gen content of 0.34% showed better mechanical properties and corrosion resistance than conventionally produced
TP410, while austenitic TP316L with nitrogen content of 0.56% including Cr nitrides exhibited poor pitting corrosion

resistance.lt was, however, demonstrated that excellent corrosion resistance could be achieved by employing solu-

tion temperatures higher than the conventional ones.
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Table1. Chemical compositions of atomized powders,consolidated and conventional materials.

BERMRIT VL ZEOHWHIME R

(mass%,N:ppm)

Grade C Si Mn P S Ni Cr Mo N*! N*2 Process
PM410N 0.130  0.33 0.47 0.032 0.012 0.30 11.70  0.11 3400 434 PM

TP410 0.128  0.33 0.56  0.031 0.011 0.28 1156  0.10 332 = Conventional
X65Cr13 0.695  0.30 0.65 0.030 0.010 0.11 13.24  0.10 219 = Conventional

PM316LN  0.019 0.84 1.29 0.016  0.016

1255 17.45 2.10 5600 467 PM

TP316L 0.019 0.28 1:.27 0.038 0.013

12.06 16.20 2.01 322 —

Conventional

*1) Consolidated powder material
*2) Nitrogen content of powder before nitriding
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Fig. 1. Effect of nitriding time and pressure at 1050°C on N content
of TP410 powder.
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Fig. 2. Effect of nitriding time and pressure at 1050°C on N content
of TP316L powder.
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Fig. 3. Relationship between N content of TP410 and TP316L and
N, pressure of nitriding.

B, EPDBZREII—EMB/IEDTLAHY, Py,A48X10°MPa
DISE, BEEBORBICEHE, BERSEEISEBAER
175,

Fig.3ICZE{LRE1050C, ZEALEFR120minlcd1F5TP410
BLUTPIOLOEZESEEEPN,EDBEFEERT . TP410
DNEREZEEBIIPVLELFIBRICHD. 2T, PLATR
£ (Pn,7=0.32) KREBDEEDIBE, TPAI0RDERI,
F—2T7F 4 MEPICEB LIIKETHEEL, Sievertsd
EANCHRES T, [IN%]=13(PN,2) EVWVSBRICEDE, B
FHAEFEIREICHDEEZEZOND,

—7, TP316LICDWTIE, Pn,A'40X 103MPa
(Pn,7=0.20) AT TlE, BEXRZEEF, TPAI00DHBEEEE
#R(ZSievertsDEANCHELY, [N%]=3.2(Pn,'2) & NVDBIRIC

1o ool |
0-- -'O'-._O___O.-~
O

[
o(\% 0.8 |
g | --O-- TP316L, nitrided for 90 min i
N —@— TP316L, 60 min
€ 06 -{}- TP410, 90 min _
2 —l— TP410, 60 min
S i ]
o
P

0.4 W=O—O~——0——0—0—]

i Capsule size : OD 30mmXlength 300mm

02 | 1 | 1 | 1 | 1 1 1

0 50 100 150 200 Bottom
Distance from Top (mm)

Fig. 4. Distribution of N content of TP410 and TP316L powder
nitrided in capsules.
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Fig. 6. Microstructures of PM410N and conventionally produced
X65Cr13 il quenched at 980°C and tempered at 150°C.
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Fig. 7. SEM photographs showing microstructures of consolidated
PM316LN solution treated (ST) at 1100 and 1250°C.
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Fig. 10. Pitting corrosion test results of PM410N, conventionally
produced TP410 and X65Cr 13 stainless steels.
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Fig. 11. Effect of solution treatments temperature on hardness of
PM316LN.
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Fig. 12. Pitting corrosion test results of TP316L and PM316LN

3)

8

8)

9)

solution treated (ST) at 1100 and 1250°C.

DIENBREREELTELTND,
7RI ARXEINI=ZAT L AWMHARDEEZLRIRIC
BIFBEREEEIL, SievertsDERIICHELY, PATIC
TIBRAICLVI MO—-ILTED,
TP410 : [N%]=1.3(Pn,"2) (PN,<90X 10-*MPa)
TP316L : [N%]=3.2(Pn,"2) (Pn,<40X 10-*MPa)
TPAIONDEZDFMIZE, 8E, MEMEZETICAL
=, EF20.34%DPM410NIZ, X65Cr13[ZLeNTR
HREMEMEZRT,
BREBICN BN BEACANIEREDERICELY,
PM316LNDEE H K UM EMIFTP316LICLENTEN
EDERD,

Xk

Special Issue on High Nitrogen Steel : ISIJ Int., 36 (1996), 7.

5th Int.Conf. on High Nitrogen Steels, Abstracts, HNS, Stockholm, (1998)
H.Berns and W.Trojahn : ASTM STP 1195, (1993), 149.

H.Berns and G.Wang : Proc.1993 Powder Metallurgy World Congress, Part 1,
Kyoto, (1993), 513.

Japan Industrial Standard G 0578,(1998)

ASieverts : ZPhysik.Chem.,183 (1938), 19.

B ME, #wEF=, —HEE, #EE B AXERFERE, 27
(1963) 2, 49.

V.Ragharan : Phase Diagrams of Ternary Iron Alloys, Part 1,Indian Inst.of
Technol.New Delhi, (1987)

K.Frisk and M. Hillert : International Conference of HNS, HNS, (1989),1.

Sanyo Technical Report Vol.6 (1999) No.1





