%50 4%
2021 4 2 A

BAEEREMBISIRE
RARE METAL MATERIALS AND ENGINEERING

o552 10

=B 316H NNV E T 4 58 1L
& B, X B, 5 Kk K
(B T B4 TR 5T B [ B BB T BB AR BE o0 R Pz 58 B ARE ALK =, KiF 300180)

 OE. WX E 316H AN 1 I A8 B 430, )P T I 2 ORI LA 1 A R AR AR T B AR AR DG
VRTS v, W T ARG AR AT R AL S S 27BN EEE A A, o AT 316H ANER AN AR N ) -RTP 2 H- 1 &
JEE R B - A VE N ) -l SR I 2R . 455 ASME VR AT, e T 316H ANEBENTE 550~700 C FIAEVEN J) . 474
FW], LT RMBUSE B {5 A8 A 7 R 100 R 1 7 T A0 - LA A% e 2o 0 0008 249 457 0 73 T 5 A6 25 00 45 2L 1

Vol.50, No.2
February 2021

99.7% EAR X IF) A o IZARBY AT DUELAF MU P4l 316H A5 AN i AR 2 AL 1 58 K AR VRN )
KRB 316H AMEM; IRAVERE; EREESHBR, 2724, HTFNI)

hEESES: TG142.71; TG111.8

XERFRIRAG: A

TEHE: 1002-185X(2021)02-0531-06

S Gk EMLL, Pep o RONHE (B BT
HB = AR ELR R (60%~70% ) 5K 75 iy 1 i
R ) e AR M R AR BETE L AR BE B 2 AR AR i Y,
J2 S R BR8P BRI B 1) S B 1 it 2
—, R ERRE R RS o0k s BAT
P HIFHRHEA HIA TR H R 500~550 CHT,
FEGE I K HERZ HL) 35 FHE 3041 3161 B [CARANER AN &
ANRERS AL i Lol NIk sk . SR P TR
FH 48 00 B E AR AN 5 40 v i 5 Sk 1 7 V2R B v R I 1
TEPERE®). 316H ANEEH PRI 3L R U (1) i di o 3 e s A i
FIT )2 N T BN HE R H A Lt g 2 A

S P ALY A2 (1 T S K S5 M A AR AR o R g 2 A
BATR ST ROCEZMAER . % 18 20 HE N MR IR 1
Wl B A7 40 4F) IS B, 4] DTk 4% 3k
SR RHE IRAS 25 AR K N i ol v e B T HE T, 2
TR B U KM ORI ST G T A ) 2 —
Whittaker 2515 i Wilshire 2 50804 316H ANEEEN 1)
RIS (<5000 h) WGEARKHG, SMHER 2] T H R 2 4
17 10° h IVEIR 1. exd b, % VPAG 45 55 R 1%
45 MH B HE S () e 4 ) 3 A —5. Esposito 214
L5 25 I AR R R K AR T S LI SL T BE I
AR A, ARG IL I N T 316H ANEB AN 1) ik AR
W97 . Davies 251 O 1 I 8] 41 ¢ 2k 24V 22 I (TDFAD)
T T HE 500 °CF 316H ANEANIGE AR Ay g LK
[E 3 Aa=0.2, 0.5 mm B Jr%f N IR 5 I IR), R 3R

fs HEA: 2020-03-19

BEI IR AR B B M 5 2 2% N E S IR AR RGN A E
I T) 7 A 8 ok B 35 TR S« Boerman Z5UIHF 9T T 316H
ANBITE R T 800 CikhE F iR Wi R /e, 45k
BH, ARHE UG A2 T B B (0 A8 T 3 2 0] LR R o Y g
il A IS 1) < Y0 RE Y R &2, 5 10004 1200 #11300 °C
RGBT AT S N 374.1 kI/mol, iZAH I & T
BRIR 7 By ERE s i b G AR WOE e b 1758.5
kJ/mol, VTAE T 208K I Tl . H AT K 316H A
B AN A T A 2 30 BN R AR PR e CRe i AR S
IR AR A VEAL 7 T8 (R R v 2D A R

ARAFFE G H A E LA RS (NIMS)D 2 FF 1)
et A F R U1, SR AT S B R PO Ay s B HE
H 316H B G AEVERE, @Ik T 2223 R
IR AR T REPERTAY, Ay M Bl 43 BOVE 6 TR RE DR AL 45 R
SEMRR S o X b A R o e AR ek R AR IR 14220
TIE AN [1] 05 A% A5 28 7 5040 0L A5 R o SR P T D M i
P 454 ASME KPP B, s A RHG 2 B )
R ERI G R, 568 RNVHER 316H A5 4N i it
PEREVEAL . MR OL AT T 1A DG B R B T v
1 ETEBRES

T BT AR AR AR AT Ay, R A U A S e N S 5 Uk
FETT AR A5 R B T W 25 6 S A0 RIS 50
RTP) P02, [IHX AN S Hhl s o B ) R s 5. W
PRIAL P(o) 55508 B3 430 B 250 RTP UG o 1 3 i 26

EEWH: PEEHEFERA I REIENH (CNNC2019YTEP-IPCEO])
EEEN: & B, 5, 1985 4, mit, S LR, BTV TR, K 300180, HLi%: 022-58231665, E-mail:

kenshin0209@sina.com



.+ 532 G AR

%50 %

D5 FEREA T VRS A IR A 45 1 N AR I AR 1 it

T 316H ANEEANIK o-RTP £k 7 fE,
I JE S HRTP) EFEAN S 5L H ) RMB' S %21
MR AT A S5 A, N TR EL P(o) e Sk — B X £k
NH 2. XN o-RMB' I il 25 5 F2 1 26 ik 8 28
(1) P

~lgé, —lgz, - T
(T=T,-{a))

s & MEMBHARESTHERREE (hD; o RELK
N3 (MPa); T AZXTERE (K)s lgtys Tas g~ ag~as
P EEI. M q>0 B, <g>=q; 4 q<0 i}, <¢>=0.

ZIRAL G 75 i PR J5 o6t Z ZHP e X, St
RS SRR, S T 3G H TR AR 2 h] 5
Yo bri z2250, HLAKRFRIE LI (2!

Z'=RTP-a,—a/lgo—a,lg’c—a,lg’ o (2)
P Z7ZHORAE GG A B e 25 & i i F2E, RTP
RS BT A I8 260 S, ag~as 3890 H H . W
Z'ZHUE ) F ARG A AR T DLk — 5 i e R R I AR
IR 28 RRI B W] HE T R K

2 316H A FNAYIE T & A

2.1 316H FENAIM RIS RIS T

ARWFFOCR I 316H AN il i 2 His i B 1
NIMS [f) 7 2 P R At PEUS ), B B b 316H RAB4N
B 3 MRRRIRAS, 200k BebF . MR . A
SCAER RS 316H B Hdls IT RE 1 BE VAl - NIMS 22 T 1
316H B IHE AR Kt 73 o0 3 NI, BRI R AL 2
By M FAAE B T2 2B AN, e 1 MR 2 s
el AR URE (R IDCRE I 1) R SRR 55 R 7 1) o Pk e VP A 48
(I AR K L 63 A, 439l B E Ui B2 95 L 500~800 °C
NV 3G 20~471 MPa [R5 AZ B, FLAA R I A2 H
SAT I 1 TR .
2.2 EFRFRESHMIZTTALAIRE

M 316H ANFN M Fa Ak AR %4, R £ o
LRPENNH M IS B E T BT (D P&
Bl 285, BARIGEAM RS A (3):

=a,+algo+a,lgoc+algc (D)

lg&,=—21.0943T %" — (T —567.234)"* - (0.0201 -
0.08461gc +0.05271g 6 —0.01251g ) (3)

Kl 2 B TG AAR TR (3) WHHAGEIN é-0
2k, ]I AR TR H A HEO AR S D05 2 2 K
VNS EIEE R TRtV S E R N E RV L 3
A I S B O S IR G, AR IR A B H A
L AT AEXT AR T Y é-0 2P

F 1 316H TN (R BILFER S

Table 1 Chemical composition of 316H stainless steel

(plate) (/%)
Element Reference code
AaA AaB AaD
C 0.06 0.05 0.05
Si 0.74 0.74 0.7
Mn 1.7 1.74 1.1
P 0.038 0.035 0.034
S 0.011 0.006 0.003
Ni 13.04 11.19 12.6
Cr 17.31 17.6 17.05
Mo 2.56 2.32 2.24
Cu 0.30 0.28 0.31
Al 0.005 0.005 <0.003
N 0.0192 0.023 0.017
B 0.0011 0.0007 0.003
Nb+Ta 0.04 0.03 0.001
Ti 0.011 0.014 0.03
Fe Bal. Bal. Bal.

T2 316H FHW (M) MMIRALETZ
Table 2 Processing and heat treatment system of 316H

stainless steel (plate)

Reference code Processing

Thermal history

AaA Hot rolled 1050 ‘C/40 min+water quenching
AaB Hot rolled 1050 *C/80 min+water quenching
AaD Hot rolled 1100 C/30 min+water quenching
- 01
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Fig.1 Distribution of steady state creep rate of 316H stainless

steel
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Fig.2 Creep rate versus stress curves fitted by creep data of

316H stainless steel
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Table 3  Test results of logarithmic difference data by RMB' model

o Normality test Outlier Test
Model Statistic
P Decision at level (5%) Max (r22,7'22) Dy .95 Decision at level (5%)
RMB' 0.427 0.304 Obey 0.19 0.32 No outlier
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Fig.3 Creep rate data and o-RTP-R curves for 316H

stainless steel
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Table 4 Comparison of RMSE values in different creep

rate zones
Model £<10°h! £<10°h! £<10”h! £<107h

RMB' 0.5394 0.5571 0.5335 0.5024
Wilshire 4.3296 3.7749 3.2163 2.9165
BE 0.8697 0.6949 0.5919 0.6338

Standard
0.9108 0.8054 0.6944 0.6588

Norton law
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Table 5 Prediction of steady state creep rate of 316H stainless steel by different creep models

Experimental Prediction of creep rate/h”
Reference  Temperature/  Stress/

. rate data/ RMB' S

code C MPa 51 Wilshire BE Standard Norton law
x10”h R=50% R=95%

675 137 428 5.87x10°  3.57x10*  3.43x10° 5.21%107 1.18x10™
AaB 775 41 2.59 1.26x10°  1.22x10*  7.55x107 1.5x107° 1.26x107

850 20 1.04 5 _4 % 5 %

3.37x10 4.60x10 2.03%10 1.93x10 4.13x10

AaA 850 20 3.27
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Fig.4 Variations of elevated stress with temperature expressed
by Eq. (4) at &=10"h" and ¢ =2.85x10°h™" in different

reliabilities for 316H stainless steel
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Table 6 Comparison of allowable stress results at 10° h of type 316 stainless steel by ASME BPVC Section 11

Creep stress at £=10"h"'/MPa

Creep rupture strength at 10° h/MPa

Allowable stress/MPa

Temperature/C

Average Averagex0.67 Minimumx0.80 316H (plate) 316H (pipe) 316 (plate)
550 226.8 139.9 146.9 139 89 105
600 137.0 88.30 88.06 88 68 80
650 79.31 53.12 48.88 48 42 50
700 40.69 29.80 25.33 25 25 30
750 19.53 16.75 14.46 14 14 18
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Creep Data Prediction for Type 316H Stainless Steel Served in Nuclear Power Plant

Li Ang, Wu Fu, Gao Wei, Zhang Yi
(Innovation Center of Nuclear Materials for National Defense Industry, Science and Technology on Particle Transport and

Separation Laboratory, Institute of Physical and Chemical Engineering of Nuclear Industry, Tianjin 300180, China)

Abstract: Creep life prediction is an important issue for components used for nuclear breeders at high temperature. Through analysis on
creep data of 316H stainless steel served in reactor vessels, the steady state creep rate equation was obtained by rate temperature parameter
model. Reasonable statistical test results supported the reliability function of creep property. o-RTP-R curves and 7-[¢]-R curves were
proposed for 316H stainless steel based on the distribution of Z'-parameter in this research. The allowable stresses in service temperatures
from 550 °C to 700 °C are also obtained according to the standard methods specified in ASME BPVC. The results demonstrate that RMB'
model has not only good precision in comparison of other existent creep models, but also high prediction accuracy. The experimental creep
data completely drop into the 99.7% confidence interval of predicted results by reliability function. The steady state creep behavior and
allowable stress of 316H stainless steel in experimental conditions can be well evaluated by the present model.

Key words: 316H stainless steel; creep property; rate temperature parameter model; Z’' parameter; allowable stress
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