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Effect of Boron Addition and ESR Process on the Creep
Properties of Type 316L(N) Stainless Steel
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Ahstract

The effects of B-addition and ESRielectroslag remelting) process on the coreep
properties of 316L{NY stainless steel were inwvestiggted at 550°C in  ar. High
ternperature tensile strength for three heats was srmilar, but creep rupture time of
B-doped and ESR-processed 316L{N) steels increased sigmficantly in companson wath
B-undoped steels Also, the creep rupture elongation increased and minirun creep
rate decreased inversely. Cross section of crept specimen showed the typical wedge
cracks regardless of B-addition or ESE. The size and spacing of grain boundary
cavitation i B-doped and ESR-processed steels were smaller than those of B-undoped
steels. It was concluded that 0.0025% boron addition increases creep rupture time by
delaying the onset of the terbary stage due to suppression of gran houndary
cavitation and wedge cracking,
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Elem ents
c i IIn F 3 Cr Fi Iio B ¥
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E3R 0ozl | 070 097 | 0021 | 000a | 17.30 | 1234 | 238 s 0.10
MEF-E 0.023 | 0.87 02a | 0020 | 0006 | 17.28 | 1243 | 238 [00025 ( 0.10

EZR : Electroslag RemeltingfESR) process in MEP steel

3. 83 % ng
31 Dz EM

Fig. 1 = 316L22] 3 heats 0] T 7o0°c PRA] D2 2@zt EHES Blpd 2S5
LIEMATE 2| tfolzrd e @ 25 51014 3 heats 2 HAMA Y s BHH IF A=
PeoeW, HUTELT L] A so0'c 0]40] HH HFS] FLEHD U0 DEHASE Fig
2 2] B A™E 3 heats EF o] M2 2 AT g 2L ESR 0] U =2 @S
BOCH 32|12 3 heatsd] et SEE D E00F IHE FAHEA HOlE oz gt S0
«”\l%‘ﬂéi = i 2 .1

Fig. 3 < 316 MREF, ESR, MRP-E =] S=.ITA|ZRS] ZAE UENH Z000|0h 1Yo
A 3 heat 2 32| E TH2ES H|WEHH BEH MRP Zol H@ T4 E7HE MRP-B 20
mtohA|Zho] HA S SYHEES € 5 Mt O211 MRP Ao Hl9 dXswd TSR H I



B
Wity BW Fig 4 8 0t O™ s550°C o4 H4

qﬂ] E[:m1mmum creep rate, Emj:;]-%g_"ﬂ HHE UEMH Zle® 24 JEEL = A
27 Fide 3= FHE S E Adet 25T 3" A" 22 S¥IIAA
3EE&5: = MRP 0] M FX MRP-EB Z0] JHFE HoT, Esr 0] IAE Bo|d
SACE mMERA 316l A T4L] @rieE 3ZE FRE YRs ZA Sls A0 24
D Tk ETtESR EEc2E HMET oM MRP TH HlE) 2= 3ZE £ E B
Lt olet &= o thsby SE.oH did 52 %...]-E BHW Fig 5 ol & 5 21%0]
32z #@do] MRF 2o HsH MRP-E ¥ EsR U0l 7] mieE FHEEW, 3 HEH
2HcE T+F HlHcsE ZobA7 dieo A=Y EE @A Esr 0] 2 2=

™o 5 TaE e g ToEo)
Fig. 6 = 3 heats o % T ZhEHHA 52 FEA FU5 TL}EHINDﬂ I 5} TL}

DHMES MRP Z0] HEH BEE HIOME Esr AP0l =S5

ANAMHE @ 5 020 HALAEL MRP o] HFH Z2& U

3= J34ds SAAFIE £00t 1AW, EsR EEE 12 33

ZAE 0]E5HY #HI ZZ=E L2EE O
loglog & UENHSTE 3 heats 2] =48
0T TEHAY 3 heats & 3 2= HE =

=
2 1 JYZLHE 058 2 Y

lgt, +#3 logey, = C (1)
EE data B HAASHLSE fitting T A m, ¢ S A5 m=0874, C=-3.356 ZF A
A nt BEab 25320 As o 2 EAN 020095 B AN, 2Rabs 0 = o215 HYE
Zr= FlzE 9@ A UUr). OelA JEF e m I ELis 0 B 01%3}04 AEEZ oo
AL 3= oS SHE £ 9T

33 mH =3 TE

Fig @ = 550°C oA 300 MPa 59 &l 3= mH
LR AEHER MEEEAE F A0IE €AY 5+ Y
BHoitp 3913 moRd] o] 2o Ed TRl UA T (intergramidar fracture) WEF0] A
2H S7sle BT ER0 0] Eils IAI] d0d a8 OHANs0] Tdists
o & Yx|stl 9t

ZES TEE ZEM AFRI0|T
H, AHdez AT kit

3
=
DEE
2 Hofl
s
=)

Fig 10 & 350°C ol 8] mhetE AlE=] Z5IRES HASHH cavity HES ABHERT 24
T Opd 22 Aot &E 2= 9]3]"3‘:] YAAS 316 AHAHAT2] AEAY wedge
crack 0] EEECH F-BE 0] MEP ZHH H]EH cawity TF0] 849 210 I EIR 2%
MEPZH Bz HE S 9 + SITH E}E}H TahT cavity HES AH S Z 47 S0



=] TFT
=

AP /oW, Esr ZHL A2 208 B ok = gl 316L(H) 2ol B2
7t 8% 9 ESR 4—3*_1 Zatel et YA ZEE AL oA a2l 2EED
2E cavity 9] D7 E 242 oz AL AW 20|Th

[U g

S
r

0.1% F2T 31600 AHUHAZMRRHAY 545 00025% HI2HEE 23 (MRP-EB)
'l ESR Z2ES 71T ESR 7 3 £F72 AHEE HMEdEtH 3= £
E3R 232 ZME ZARIEL 22 JAHE dds 3272 AlHdA
S Pn 34= £BE BFLAE 0.0025% :“J}fﬂ ?*Dﬂ»‘d 3A @EH“
:_|

Y
o

=
o
sl

o rd o
ol
o oX

i .
C

2]

il

=

of
H1ond oy

0 i

"

= o oo

2y
[1EC Ao T
Jﬂh_i.ncl-lx-

|1
o=

A 2] wedge crack =
ATh B2 36Lan AH A#H AT 2
H

AlzHE AW AIZIR, YA AE cavity 844

&

]

s sowoopy gl gl o P 2|
oo o =2 1M =

|2
Hi

HE o |kl rk

P
H1
v
=

o
A

iz
H'” rE.

F= WA AR A }Eﬁ.%
gl

ANEFNEAE T dASEAR N DA Ly
T DB FET0FA 3T A

:I:'.

Lo

I"-|'I:|

3

= g1}

—_

w24 3, HAIEE PEANE MA", KAERFAR 43708, (1993

. T, Makszawa et a, "Relation between creep nyture elongstion and fime-to-nyture in type
304 and 316 staindess steels", TSI, Japan pp 9E-105 (1983

3. T. Wakazawaet al, "Effects of nitrogen and carbon on creep propertes of type 316
stainless steels", Proc. high nifrogen sfeels conf, HNS 55, pp 218-224 [198%)
4. MD. Mathew et a, "Influence of carbon and nitrogen on the creep properties of type
316 stainless steel at BVIRE", Maferials Stiewe aid Engveering, Al4E pp 253-260 (19910
5010 K. Solberg, "The influence of catbon and nitogen on the high temperabwre creep
properties of AIST type 316 austenitic staindess steel", Mafericdls Soiewre @d Engneering,
pp 39-44 (1983

f. P.Mlarshall, "Austemitic Stairless Steels-Mlicrostructure and Mecharical Properties", Elsevier
Applied Seience Publishers LTD, pp 257-238 (1984

7. Hermann BRiedel, e a., "Fracture at high temperabare", Sbring-Ferlag Berlin Heidelberg

Mew Tork Lowddon Faris Tokpo, p 390 (1926)

b2



Fig.1 Tensile strength of 3 heats with temperatures at 2x10°/sec.

Stress, MPa

Rupture elongation, %

800 T 17T 17T 17 1771771
[ —O0— MRP
700 --A— ESR T
| —O— MRP-B
600 1
s 500 uTs B
o - <4
=
£ 400 b
jo2]
c L 4
<
@ 300 B
YS(0.2% offset)
200 1
R
100 1
| IR N | PR [ U N T Y 1. 1

0 100 200 300 400 500 600 700 800

Temperature, °c

500 I T TTTT
B MRP
O ESR
X A MRP-B
400 =
T \\ i
300
NN
[ N
|
|
|
|
|
|
200 I
10 100 1000 10000

Time to rupture, hr

Fig.3 Plots of stress-rupture time showing the effect of boron
and ESR casts on the creep life of type 316 stainless

steels tested at 550°C
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Fig. 5 Rupture elongation vs. applied stress for 316L(N) heats.
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Fig.2 Elongation of 3 heats with temperature at 2x10 /sec.
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Fig. 4 Minimum creep rate vs. applied stress for 316L(N) heats

at 550°C.
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Fig. 6 Rupture elongation vs. rupture time for 316L(N) heats at 550°C.
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Fig. 7 Plots of reduction of area(RA)-rupture time(Tr) of MRP, MRP-B
and ESR casts at 550°C.
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Fig. 8 Minimum creep rate vs. time to rupture
of 316L(N) heats at 550°C.
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.9 SEM fractographs of 316L{N)

MEP, MEP-B and ESFE casts
crept at 300 MPa and 550°C .
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Fig. 10 OM micrographs showing cavity formations of 316L(M) MEF, MEP-B
and ESR casts crept at 300 MPa and 550°C; (&) is vertical cross section,
stress axis is vertical and (b) is perpendicular cross section of stress axis
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