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A Study on the Degradation of Mechanical Properties in High
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Abstract

The degradation of mechanical properties in the high nitrogen steel HN3 developed for nuclear
fusion reactor has been evaluated quantitatively using the small punch(SP) test. X-ray
diffraction (XRD) analysis has also been conducted to identify carbides or nitrides precipitated on
grain boundaries of the heat treated samples.

Mechanical properties of the steel HN3 significantly decreased with increasing heat treatment
time and temperature or with decreasing testing temperature. Combination of XRD and
metallurgical observation, revealed that'the material degradation in the thermally aged steel was
caused by precipitation of carbides on the grain boundaries.

While the weld metal showed the lowest mechanical properties among various microstructures in GTA

weldments. By combining SP test and XRD analysis, cryogenic fracture behaviors and aging degradation for
high nitrogen steel could be successfully evaluated in nondestructive manner.
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Table 1. Chemical compositions of HN3 forged plate and weld metal of GTA welded joint (wt%).

Material C Si Mn P S Ni Cr N Mo Nb
Forged plate | 0.050 0.39 21.27 | 0.005 | 0.001 9.15 12.97 0.247 0.97 --
Weld Metal | 0.040 | 0.22 | 21.88 | 0.006 | 0.007 | 10.86 | 12.85 0.16 -- --
Table 2. Mechanical properties of HN3 forged plate tested at 4. 2K.
. V.S UTS Elongation Reduction of JiC
Material (MPa) (MPa) (%) Area &/m2) . KIC (MPam1/2)
Forged plate 1216 1576 44 50 267 241

Here, y.sand
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UTS are yield strength and ultimate strength, respectively.
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Table 3. Welding conditions for HN3 GTA welding.

R R Current Voltage Welding speed . .
Material Plate size @) W) (cm/min) Welding wire
Forged plate 200t X 250W X 880L 170~220 10 5.5~10 stainless
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Fig. 1 Schematic illustration of puncher and dies for
SP test. (1)Puncher, (2)Upper, (3)Middle
die, (4)Lower die, (5)Steel ball (¢ 2.4mm)
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Fig. 2 Load-displacement curves obtained from heat
treated specimens of HN3 steel tested at 77K
and 4. 2K.
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Fig. 3 SEM macro-and microfractographs obtained
from(a,b) base metal and(c,d) 800T-5h
geat treated specimensof HN3 steel tested at
4. 2k.
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Fig. 4 Temperature dependence of SP energy
obtained from base metal and heat treated
specimens- of HN3 steel.
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Fig. 5 Load-displacement curvesobtained from base
metal and diffrent microstructures in GTA
weldments of HN3 steel tested at 77k and 4.
2K.

GTASH %9 Z vlAZA L 4.2KAME Hold
A4E FARE & 5 A

Fig. 6 HN373 GTA 84 %9 zt mAzx& o -
Fo2 4.2KA SPAEE Bt & A Y
R sl eln BA AN g AHE
B, 4.2KANE FE9 N F 23 ZF AT
Fo 24FEE T F T JAFAZEH P
gojzl oA L&Y WFo=2 AHsta 3o
dd¥oz Hid =2eHTS &+ Ak
3T vAzFF 7P ok JAH &
vetd Aoz 55 $54NEAE FEL
848 71E L2 st HAZZ AN /ANt &
AE4&02 4F Y22 ddstn o a3y,
SEANEAAA #Fd 2 ANHEL 8HF
& AN FHeA B2E Aol wE BT HRY=
FEH A7 W A fAM AFLFes 7
do] JAL 33, ol 84 ANFEL £HT
& APRET B2 Fo) 299 E AL $ 94
o) ol2 &< ovistn o ol AAH A
BEFHe nA A Ju L FEYS 2ol
Atk F, 4 2KAME F 23 ZF AFHA A4
Bag Bolx gloy, HAYE R &S WA
Folg Holm gtk SF-AAFAGAN M7
Hold AAAETEL B HN3Z EAS) i

ox Jn
tlo ok

253



126

Fig. 6 SEM macro- and microfractographs obtained
from diffrent microstructures in GTA
weldments of HN3 steel tested at 4. 2K.

(a), (b) Fusion line {(c), (d) Weld metal

Fig. 304} 2.1 v}e} 2o 10mo] o] HE9|d v
§ & HENA S Ze vdo] g3 1 gid, v
Hel| §54 % SHFEAEHY HAgd) do}
e dE9 EL dEE o 5mo e} Aol &
ZEAG. 53], Fig.6 b9 £84A8H 5
He Ao dEuded gAY E£Fo] &
Adn e HsE FHE vz ot ol
SH4A LA E ndd 93 LHAFTEH 2A9
38 AEo] M2 EYH o] &84 2 B3
Z3 & AAAANF7] dEez2 Addd, ),
84 AEHAA Hslg o] BRHY LR
EF3n 3F-AF A A8 ggEge
SHESEY ¢ 7|AA 42 & Holn Ye
g, o= &84 2Wd 68 AL N) FhFl
Z10%tn e}, AixE 1§ 72Eaae o
& AN F=E FUAZlE LS 3] g
ojth. ¥ wakr, & dolHd o3 &£5H B
A7t datd 2H o2 AR, S£HF45I A
9] ST A4 ¥ 884 BYs 29
Hol B 542 RS Ao 3880 1
Hu, B d3x7 bE A8E Yoz 4188
o] 71AH BEA4-& 2ALE AV 2ed, &84
Aol FEL &84 FHAM LA
2t ol 8548 we) g3 AYs o] 13

254

A9E - #4934

4ol dAs Astd A= FAHYAL. 2= &
A 9% 22 F2R9 ) R EH0) g B
AZQRNE HolEE 47 AN E FF oS
e F JE AP Tt dolH Ao
ko] 2]

Fig. 72 HN3% 29} GTA 329 7 nAzx
e 3oz SPAYEE Yot de Eed &%
S¥4 & vetdzlolth. HN3Z 2AE 2E Ay
ZEd o] ST 7 HzA 02N g
Egoll vl 433 22 gt Bola Uk 53] o
Z1M FEETE e §84 AFHAAN Ao
A Exftoltt. €84 A¥HY A 433 o
e e BYS Aok 1ddE B7s
I 8854 AU Eeit e RE AP Ed] gl
EHESY Exqtitt & 3o X8tz Qo
olc HET uts} 2ol 83 doll 3] 44 B
9 9 Hgtd 23E JehAAE, &84
ool A2t 8450 HARFEE NN 2
=2 29k

_!_gl_
&
o
3

N

4
B o
— 3 B
2 (o]
&
[11] a o
- O
5ef ®
g O
= | ::]
e O HN3 BM
1k 0O  Fusion line
B Weld metal
o ] il 1
4 77 293

Temperature, T(K)

Fig. 7 Temperature dependence of SP energy
obtained from base metal and diffrent
microstructures in GTA weldments of HN3
steel.
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Fig. 8 SEM photographs obtained from heat treated
specimens of HN3 steel etched with vilella
solution. (a)650C-5h (b) 700 -5h
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Fig. 9 X-ray diffraction (XRD) traces obtained from

the 700°C-5h and the 800C-5h heat treated
specimens of the forged steel HN3.
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