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Influence of Temperature, Hydrogen and Boric Acid Concentration on IGSCC Susceptibility of
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Unsensitized 316 Stainless Steel

K] 7] (Koji Arioka) *
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72, C OB IR EE A OBWREREE & B L /- Eiifikp CofG R L EPOEE R L TH
Y, F/-PWREKCTORE SN7-GRMINTSUS316 (CW316SS) OZFh & bHEPL TS,
IRFREEICE L ClE, PWR 1 JGRAKE S BREEPH N TR RIRE O LA L ILICIGSCCgs EAs L4
T AR SNz, ZOMEANEIBEICW 316 SSTESN TV AMEA EFEUL TWwb. F7203
I ERRINO I DOWTIE, BHE 2T BIRIMOZEL RO S, EiREOIT ) BEEEE TIGSCC
B TEATINH S LB AER DG S N 72, IGSCCEES D BREIN T OB 217 5 L) TOEESH
FIFRAEOMEREBRICRIELE COBMILIM O PO THG L TWwE I L ZREL TS D
DEEZLNL. U LOEREIIIAMIIZEOFFMBIZHER D GOEL LR, SHEl 2k
FPVTECTH LA, JERES - FEBEILSUS 316 DIGSCC & IBEFSUS 316 DIASCCIZIELID £ 71 =
ALTHAE - HERELTWLHDLIEESND.

*—7—FK SUS316, IGSCC, /3%, 139k, IASCC

Abstract IGSCC susceptibility of unsensitized 316SS under PWR primary water was studied as a
function of solution temperature, dissolved hydrogen, and boric acid concentration by SSRT
test using specimens with cold deformed hump. IGSCC growth rate was dependent on temperature and the
obtained activation energy was 21.6K cal/mol. Regarding the influence of dissolved hydrogen, there was a
simple monotonic increase in crack growth rate with the increasing hydrogen concentration within the PWR
primary water chemistry specifications. Also, there was a remarkable difference in IGSCC susceptibility
with regard to the effect of boric acid concentration. Within the tested concentration, the IGSCC
susceptibility under high concentrated boric acid solution(2300ppm B) was inhibited in comparison with
that under 500ppm B. These temperature and dissolved hydrogen dependencies of IGSCC susceptibility
were similar to the literature on published data on irradiated 316SS. Although further study is required to
clarify the mechanism, however the similarity of the dependencies suggests that the rate-limited IGSCC
process of un-irradiated 316SS is related to that of IASCC.
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2. RBREEHEAE
2.1 HERM#E

HREEAFHEAERILSUS 316 TH 1, fLFHE D55
Mrisdld 0.049C, 17.1Cr, 2.1 Mo, 12.0Ni, 1.5 Mn,
0.458i, 0.027P, 0.005S (wt%)TdH 5. HE D
ALELIE 1150 CTT 10 miniE R LB R Siffb % L)
B2 EG SNz MEOPERAZIZH 100 xm
T, HATORIIHITHIBIE SN 2o 7.
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(Slow strain rate technique: SSRT) % FI\>C3Eji L 7.
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SR ) BB —E ICE B S 360 CTD
#Bx (0.6 xm/min (~ 5X 10 7/sec)) Z BT 0.12 p
m/min  (~ 1 X 10 7/sec) THEfti L 72. SSRTEAERTL D
HIRES & U IGSCCIE S IESEMBIZIZ L ) 1T o 7=,
Ehti L 72 R BEEE S I EPWR 7T & b D2 Eh £ 1
(H3BO3 ( 2300 ppm as B) + LiOH (2 ppm as Li)) & #&
Kt A 7 v o i AREE 2 #8545 L 72421 (H3BO3 (500
ppm as B)+ LiOH (2 ppm as Li)) T L 7z. RERE
WOERTORRILEEIZ~ 22 4 S/emTH o7z, W
B OKRFZREIIRESY V2 OENBIPRES
ARPEECTHAE L, SRR A TR (FR) RLE
W ORFEEF 2 A ICER Sz, Bl 72
KEEFEFPIZPWR T T~ b OREEHLHPH % 7 N
=955 (15, 30 BLU45cc STP / kgH20) 12
Mz, XOVIEVHEHIPHCTKRREDOREZRE T 55
ZHAYIZ 1cec STP / kgH20 T d Ejifi L7z, F 723 ER
JE T FERE IR S R & 0 IS FE i LIGSCCIEZ D iR
FEMAF T 2 RS 2 H 2 HIYIZ 310, 320, 330,
340 B L U360 CTTHi L 7-.
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Fe304 1AM

= (Fe?*+Fe(OH)*+Fe(OH)24Fe (OH) 3"} + {Fe**+Fe (OH)*+Fe (OH)2*) (1)
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1.E-02
< measured(300C, Sweeton et’al)
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pH (at 200, 300C )
1 Correlation between calculated and measured
Fe304 solubility
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Stress Corrosion Cracking : TGSCC ) ~ZEAL L&Ay ic
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BT IR ASRETE FI SAR E ST L T2 o038l
BE3ND., COBEKREIH -2 HETEED
BRPEAETHRICI VAR ERL, €O
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2 Fracture surface morphology and characteristics
(320°C, 500 ppm B+2 ppm Li +30cc STP DH2/kg H20)

A et
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= IGSCCFHE S (mm) / BEWTHEH (sec) (2)
FERAZ3ITRT. K4S S N7 3B
B2 T Andresen™ & 2% L CTW A KFEEAL L
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R L7z, B2 % 2 IGSCCIESEME O IR LA M 1R
PWR 1 JGRIEHEAKH & AKFEEA L 72BWRAEES K Tl
RO CIRERGEEEZRL, 2% L bKEFEAD
Ze T 3 O B A R UG BE % Pesd T B
MREELOMIETH A I EARBEENE, 2O
HEEAMT T D % D35 OFEM R G 2 B3 275,
EZoNAHHEE L3R LH TORM, MAT
N BLOHIERTH 28R RNOKE - BBFEO
W FE RIS - Kok EORIBrELONL.
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DS, OB L IR AR M S IR IR B A o
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IGSCC L IASCCIZ [ UL HFRFE CHRENERE L Twv
LUHFEMER B L TWALDEEZLNL.

1.E-05
[ m This study (CERT, 316SS, 500 ppm B + 2 ppm Li+ 30 cc/kg DHz)
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3 Temperature dependence on IGSCC susceptibility
under hydrogenated water

3.3 B4 1ESUS316MIGSCCRESMIC K
FTKTE, FOBEEOZE

PWRELHEBREE T DIGSCCREZ MEIC B L ITTKRER
FEARAFIEIZ DWW TIE, Alloy 600 DDV TIEE < D
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TOAYE AR E L THEOR T RNE D
D% L DFEBIDD B, B89,

LA L, KEDHRINS N-PWRERES TO A —
AT FA PRAT ¥ L AMODIGSCCHEE)IZE LTI,
ERTORMEREEPRESI N TN EHHD
AKEBICIEIOBRBEE R EORERTICOVWTOR
O e BT S B Y, 2 2 TPWRY 7 &~ R TO
MOC £ BOC (Beginning of Fuel Cycle, 2300 ppm B +
2ppm Li + DH2) % f#E L 7285 CPWR 7' T ~
b1 JGRAKEE B MERI P & N — 3 B K RIRE
#PH (15, 30, 45cc STP /kgH20) TOXER% 3
i L, IGSCCEEZMEIZ MITIKEEES X NI
BEORBERF L. B, —HKREEORE
XD IREPACHE T A 2 & & H IR S0
(1cc STP/kgH20) TORRERD Ejii L7z, M4 1335
N7HEREZKFREOMEE LTEHLZLDOTSD
. fin CIEEEE KRR ERAEEIEBE S v
HEREREE DR T & 2 F DK GEU I BIE SN, F
P AR 1200w 320 C TR E RGP (15
~ 45 cc STP/kgH20) T, KFEED LF L IC
IGSCCIEZMEA I S T W» LA BIE S NS,
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M\ &) HMERER RO SN D, 2 OO FEH
PEEII)MIREORE XM T 52 L2 HMWIZBOC
SHTOERT EHH L 2R R 5 IR L 9 1IZMOC
St CofEm & P DM DSBS S 7z

M52bREOLNEH ) —DDKRERFFHERIZIGSCC
WZWNREREOA L TIIIREEOREY X
JAZETHY, ZOBRBKAEMZRTERFFEID
RERM L 72 8RR TOIGSCCREMERE 12T S
MBI T OB AMT S O TG L T
WAHILEERBLTWS, AHZALEEDO—BRE
LT, KERMUBEBESEHETTHRET ZBREDE
Ui T & 2 AT I OfLEF & L TRIRTO
F= I HPHFEL TWAHFes04Z LY EIF, ZOEIET
DEREIC T TRERTOEELE LHERE
[ UBRNIR L7z, A2 2 7 = X 2 8E % i
TETFPETHLD, ORI LBRELHTOE
BB O] & 2 ORI G ATRIZ S 5.

—J5ib ) DD RELELTHHIASCCHE X 7
AL EDFEUHEERETT 5 —BRE L CPWRELSER
B4 TOHER 5P G 12D\ T OSSRTHER
KR & (230 CTIHIGSCOtE i % % Fth L CIEMRET
M OKFERERGENE L O T L7226 12
R, A7 X S PWRD 1 KAKE S P < I3
POKFZREREEZRLTBY, MEOMEE XS
SRALZEMORFECHSEG L TnwbsI T
TORBE SN, TWHOEPE L o Bl & e
T4 &% HIZIRE OIGSCCHEH (2 M 1T § K FEik
ARG EZ B L2, 7 IORT L9 ICHmEIciE A
ER VRO B SN, ZOFEREITKE
EEO LR EIICEH L R HERDSBIE IR,
MOBEDIENZ L IZTRHENTORENSFH L THNI
E, B COBBEN S h-722 L ZRLTW
HEZEZONDLZ DD, KEREISVIZEABE
T TOBMIPIEEN I EERLTWDS EER
SNB. TZONBYOHFIEBENSEVIITIE, B
Wi AUTBRZIEI CO BB L T EIGSCCE
SHSEHEANE R LTWS, JOBEREI AR
DRI ZBRE I TCOBEMRIEG L TwhsZ L Z/R
B3 25d ) —DODfRLEEZLND.
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4 Influence of dissolved hydrogen on IGSCC
susceptibility under PWR primary water
environments
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5 Influence of dissolved hydrogen and boric acid

concentration on IGSCC susceptibility under PWR
primary water environments
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6 Influence of dissolved hydrogen on IGSCC and
TIASCC susceptibility under PWR primary water
environments
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Irradiated 316SS ( Furutani et’al )
7 Influence of dissolved hydrogen on fracture surface characteristics of
IGSCC and IASCC under PWR primary water environments
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1.EIMTIC L) EWREFEL S 2 723 K(ESUS 3

16 13 320 COBA ST O ERkH (500 ppmB-
2 ppmLi- 30 ccSTP.DH2 /kgH20) TIGSCCI& 3%
R L7c, RBRBRBRIIIE R S T v 5 B
LA T v L A DIGSCCRE L EAL % & 12T a5
SThHH. 2D EIRIGSCCRESME D BALB il
DT BRT LA BMNOHFAELTRETHDD
THhbH., ZOHBEE LT, MEICHS LEinT
W) REELBIDORBLEZ LS.

. SCCHEIE DILAEIZIGSCCAHT e pT & L CTod: L7214
TGSCCNZAL L, S IEMmRIEST 2 E— M &
RL7z. ZOBEEEEDOZLIZIGSCC & TGSCCOD
EREB LR NHKEEERTIDOEEZ LN
TGSCCHIGSCCIZIER & 0 BB, Eu) st
THRETAWBEE-FTHALZLERL TS D
DEEZLNA.

. IGSCCIESZ MR BT T IREE OMAFVE & i) L 724k
B, BT L= ARORERFEE R L7,
Z DHFHIFIGSCCRADERE DV HE—DILIZ L T
BEENTVAIHELZRLTWS, MESINL L
LT, B TOER, SEKREZEORRT
D, WFEORFILEB L R FANR) % &3
EZ2ONBEDVEHDMFANLETDH 5. KT
HORKESERTEELLZANVF—1L21.6
kcal/mol T V) /K& % I L 727Kk H T Andresen
5 L TWwWAME (15.3 keal/mol) (ZHTVWMEE

AL TWwWA, F-PWRIEEBRE CTOMREH O
IASCCIEZ M D M O BERGEN 2R THI S,
FEHHCW 316 SSDIASCC & FESH i fbSUS 316 @
IGSCCIIBEPD A S = XL TEE - ERL TS
HIEZAONE, $72 2 OHGERIGIZIE ) BEOG
oA L R EUOERLT AV F— 2R
FTIEDS, MNOBRELMETHIZIZF—D AN
ZALTHEE - #ELTVWDLILDEEZONS.
. IGSCCIBAZ TN BN E 3 KRR B DARAF M % Mead L
oG E, PWR 1 KAKDERFEFA (15~ 45
cc/kg H20) T, JESZVEIZHFIKFRED L5
EHRICRELC R BHRPHEONT. FONTKE
TEFEARLE X FBETCW 316 SSOZF L & HHL L Tw
b, — )P EICHEAET B A ¥ ROV IR B AR
B ORFIREMRAEVE 2 WG L7258, i d k3E
WapE D 15 2% AEIDFED S NBEO
HEJR \C BB COEE DB MBULAR S L Tw
LHEERE LTS, ZOBISHEIITECW316
SSDIASCC & JEHHEAILSUS316 DIGSCCHFAE -
HERIIFE U A S = XL CHEARENEG L Tw5
HERBL TV,

. IGSCCORES MR T T 31T ) R FE DRAEME % et
L7558, BIREZ2 139 BRI AT E SRR BT,
. IGSCCEE S I ST § BRI T D B A ERR S
% L ITIGSCCEEE - R A 1 = X 4 L BBl
TOEMOME %2 RET LiERIGEON. 22
THERARE TOBRIIE TR S A R FE K
BB O —F T3 A FesOaDimfE, KERES
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LT ) BRI A FTE L. BREORTR
Hhi R LIGSCCR A & DBRIEMRAT % JLiR L 724G
B, BKFEEE S (1 cc/kg H20) % Brvs CHEDL
DIRFEIRE B & UNNT ) BRIRFE 7 & O BB N 747
PEASRRD N7z,

AHEF

COWFIZETEE S (b)) ORFMFE O —BE LT
EfiL72bDTHA. TZICRHRLTHETERELTT.
T EBEOFTICY 2o TIXEBEE (k) O B4
B, HHEE BLOVERFRSKOEHED 21
ERFELA. CCICRLTEHERLET.
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