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Improvement Effect on Corrosion under Heat Flux in Nitric Acid Solutions of Anti-IGC Stainless Steel
and High Cr-W-Si Ni Base RW Alloy

Masamitsu DOI, Kiyoshi KIUCHI,
Masaya YANO* and Yoshio SEKIYAMA**

Department of Nuclear Energy System
Tokai Research Establishment
Japan Atomic Energy Research Institute

Tokai-mura, Naka-gun, Ibaraki-ken

(Received February 8, 2001)

In the advanced purex reprocessing equipment, the higher corrosion resistance is required for
materials because of the high corrosive environment caused from the thermodynamic decomposition of
boiling nitric acid. The authors group has been developed the two types of new corrosion resistant
materials for application to the reprocessing equipment. One is the type 304ULC stainless steel with
controlled microstructure and decreased minor elements (EB-SAR). The other is the nickel base alloy

with the ability of forming stable oxide film by addition of Cr, W and Si (RW alloy).
In this study, the heat transfer tubes applied in diminished pressure was postulated. In addition to the
dominant factors of heat conducting corrosion by the nitric acid solution, the effect of the heat flux and

the concentration of the corrosive vanadium ions were investigated.

Keywords: Reprocessing, Heat Transfer Tube, Stainless Steel, Nitric Acid, Corrosion, Vanadium, Heat

Conducting Surface, Boiling, Intergranular Corrosion
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1. #5

BRREROBBINAREFOHHEEFERINSL ATV L AMBKE T, A1MH
REAFHARLEOKELEEL 2o TwzY, Figl LBEBRED—FIERT, REFHE
#1213, R-SUS304ULC A7 v L AR OBEARED L 512, Kb sl X 28R
B OB EFEMPFEA STV,

BAOBRARAT v L ARMORHESEOEBEFMIZIZ, Huey 388k (ASTM A262 Practice C)
% Coriou RE% LORBREF HRICHOL, HEOBREMfTODATEL 2 7%,
LaL, RREDL) LHREASFG T, HEBEORE-BAFBICLIIBRERLERTF v v
MAMBREIIBOWTER S, PEBAEFZERLLT W Np 2 Ru $08B A 4+ 0fE
WEDVBAEMEES N D, BREAEBEOKREIIT Cr(+6)1  ~ BEEWBIB W Z A\ 728K
SOHES T BB LA, EABREBEICRIZTRERCEICHERERA + VBED
HEIIOVWTIE, BEAERITERTOVRY,

EFHEOE, BILHEFEOMBIM L LT, EFE-LABRBEMIALAEECRABEY
%) L 72 SUS304ULC HEEDK R ATV L AMPL, EETEZHEESRMLLE Cr-W-si &
Ni 2 RW E&%50REZT->TETWSEE 9, KFFETIZ, %3, R-SUS304ULC A7
YV ARIIOWVTEBRFOFRLAERMER A 4 L OLEE VTOHERE L -HBEREH
WT, B EZ TRERRCAOBERBEER L, 2OEEPOCBAEXERT %
LT, BRFNLERAEFEEAREFLBELC. LEHERMOHAEANLED R+ LK
FFfE L 7=,
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2. EERFHE

2.1 e

Table 1 (2R DILER ST Wt%) % & FIZBE ST AL RT, K4 OMEOEREARK
% Fig2 2”7, 304ULC A7~ L AMTIE, 3HEOREM % H\272, EB-SAR &, EFE
— 2 (EB) #TCTHERZ, AMEEL., MITALE (SAR LFE, 50%% BHEE—~575Tx15hr
BE—775Cx5hr FAE&) 2RL7-0 0T, MMl e EBMEEA L TV 5%, Ref. Steel 1 137F
fAB51C ESR (Electro slag re-melting) ALFE? 3 L7, ROBEORK L WEAICFEHS
N5 FERAAEA . Ref. Steel I (WAL TH D, wihd R-SUS304ULC MY DHE
LB (Mill Annealed)#f TH 5, RW &&I3. EB &R &RIHEARLAEZ ML Ni &
EETHL, EREBARBRHIE. £4O 8~12mm EOHRAM 55 ¢ 70mm x 6mmt DK
#Y)D ML, FMMifE T 2 ) —HFESK 1000 FHI CTEIMEL &, 7P TEER
e L. SRR BRAUBRICHE L 7o

2.2 {REATE R AR

ZHRARAERBREEOBEAN Y Fig3 IRT. RBFIER,»rLOMET Y FEAHLT
Bz s NG, 79X VARIE, BESZICI)., RBEBEOBEE 65TITHIE Lz, &K
BR{f1Z, Table 2 (27”7 9mol/l DHIEMNERAEHRE AV 7, EHPIZEESNS Np IZHL
Tid, B — BT EMOE WV CHEEE L2, V200mg/L 75, ERPICEAINSD Np BEIC
LT 5,

BERBRI BT, REBAOBERBIZL2BRHAROEEEMHIET 272012, 48 BFEIL
WBHEFETON v FARE L, 72, BNy FBOBAEREL RO L1012, KB
BOBWE YTV LT N A4 VBEXERE T AELSH (ICP) LW ERE
SHLTEAERE*EEL, V &, AR, RAREOZELHARLGEI2E, KB
% 48 BRI x50 /v F (B 2400hr) & L. AEHIE P OEREENE b € TIT- 7
37, BEABRZOROMROENOEEME FHEMBCEMBREF  EM L 72, BITE
13, ERORKRATRE EREAREREORDALEORVEHORARECHEEL T, 20~
128kW/m? EFMNOBMEHTER L2, 2B, EROEHAEORKHILEIL 60kw/m? F2E
ThHH, FREEBORABRKFIEROH 2HEORFHIXNTH L,

23 HARAFE S ORE

Figd N ARARESOMEFEL R T, BEXBRTHORBRR 2 RTYM L, KF
BT 200 SIS CHHEBIR21To 72, HEEREOKRBRRSITHMEL. &40
oW THEL,
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3.1 RRARBEEEICRIZT VERUTRLEOE

Fig.s CIZAEMAEEICRIZT V RME. ARADOLEBLFMLHERERT. BR
HEIZERENE L ) KD, #XMIE Tablel | IRTHUEHBD Ref.Steel 1 V72, &
WO V BEICKE L BAREOEMERSRD S, Fl— V REDEE, BEOL
S WVBRBRESHEMT 2EMER L, a)ld V IBEA SOmg/L TH KA 20kW/m?
DOWA. b V IBEDT 200mg/l TEMHEDT 128kW/m? DFE DK KEANEETH 5,
Fig.s5 THRUVWEAEE*/RLA ayTREBOFHEAIZ > T»aH0Il3 LT, BVEREEE
¥RLED)TIR, FEELTAT AR OBEIEI o T0D I EPEFIIRDOOLNL,
I, ERRER. RBEEBEELLOERBHELINORECRD, BEXIEOBRL
% BRI R L7z DUBTICER L 228 ECHMBRALR Sl 7 0 2 GRINEEER O (2 24 i 8 & 58k
BREEBLTY O BH-BAEEFEORVEBLEHEEA TR, EREHEINTLIERE
REOHFENKE (, MAOBRBEMEN —RBIHEE L ko7

32 AEMOEZATBR
BABAKEOEATBENVEE L ARKIKFET LI EPFALRL IR o122 b,
BSEH O A DM, Fig2 @ b) LFEL V=200mg/L DFERZA VT, RRARK
(128kW/m?) DFM4THEEHEL 72,

Fig.6 |- KM SEMBIZAE R % /R ¥ Fig.7 \CHTHI O R FHBMBEERER © R 1Ml 304ULC
. FALEARE 304ULC ML DI, HRABREPEL TS, —7, SUS304ULC X B4t
(EB-SAR) B LU RW 44 Tid, BEXBRZOXKEMKS . KEAVFEMIIBRI AT
LI Tdh o 72o SUSI04AULC L Bt (EB-SAR) Tid, Fxh—HHESLEIZL 5, AR
WO/RBIZL D EZZONZBEOHNZE, BLU RW G TREBIEREZATHLE
(Cr, W, Si) OHARMZ X APAEMES 13, LIANIER L 72E ERRERLAIN Ml 7 7 4
WIS EE O ZAAEIE A ABR L FAkIC, BERINERERIZEABTORBERD TORARRKEIC
BLTHTHIRFESND EEZ LN S,
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33 HARKES LY EE

FLFRAEAH D O 72T 304ULC S8, BAEMAE 304ULC D2 FIZoWTHRER
RSEWELLART Fig8 ([IRT, FHONRBRES X, HHMAT 2um THH0DIC
MU, BRBARETIE STpem &8 15um BENSWEEZRLZ, $7-, TRBOER
REDORKMEIZ, # 400pum BETH- 03 L. FOEAHETIIAN 2004m &L
FTH o7,

Fig.9 (23— (general corrosion) &K RERFESIOREIZIOVWTHEL-HER2EET,
HeEHt & HXT, 304ULC cLEAF (EB-SAR) K UE Cr-W-Si & Ni # RW 2D EESE
L HIEFESO L, BEFIHECERWELERLE, fiETIR, Z0LBIBECRE
BETIZERNT 2 BAHEAROKIEPHEL D0, KRABAERREORZFICL ),
—WEREME LY, BREEOWHINRIIL VARSI RWEENDL Z P50 o7,

34 BEWAHHD L RO EERRE &L ERERA D 5 KD 728 A EE DA

Fig. 10 \ZFAFRM B & CHEBHM O Ni HHED 5 RO - BEEE ORBZEIL % R$ .304ULC
T, VIR D RO E v BAEZ I LR T 575, 304ULC K B4 (EB-SAR)
T#) 10 2¥v F (480hr) F2RE. BALEAHE 304ULC S TH 30 /¥ v F (1440hr) 8. TR
#TH) 40 737 F (1920hr) FERE THEMEE I — & % 5 72RW 84 TI3.50 /¥ v F (2400hr)
TR -EDEVBHEEL R LI,

Fig. 11 [ZABRBRHEN Y FICBIT LB Ni 14 VBEPOROLBRAEE L EZRI DS
ROTBEAEEDORIRERT, FRUEAEE 304ULC $(Ref.steel 1), Hi ik 304ULC 48 (Ref.steel
I 3, BUXEOCBENEL L0, BEERIPOROBEEEIKE L 4 595,
H-BEEMZR L 2BEOBERBTIIFERI ML OROLBEEE L EEBRHL 2 H KD
TBEEEN L KT D,

M TREAZF ) MEEAOBEFELZ 20 THEGTUIE, +32RBF—50
EHEHELBERT AV LEET LN, AR MO L) 2 —BEEZRTHETIE.
BROMICLDBREDE=Y ) VI HFUHETH Y, ERTHIFBESHTHLLEZONS,
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AR TIZ, BLEEBORRLBEIRICEHTIREEREGICBV TR EELRE
Lo TWAIZAEREAEKNMOB A2 O ERBEOBEMER F2RF L. THETICH
% T & 72 SUS304ULC O EB-SAR MLEB§E, B Cr-W-Si & Ni & RW &£ICBL T, BuH
HAED R-SUS304ULC M (HfRH) & HHBGFMABR 2TV, UTFOREHL ML,
(1) WM TIZ, BEBEEFIIBVTH, PBIAAEBRTED V E0ORERFRTESF
DBEBEN KRG LT, MR A - B XREOZATSA OBMBE NGRS 2,
() BRETIE, H-BAZHLTRL. HEBRIRO LN Lh o7
(3) EB-SAR HEEMOBRAEE L, THBOBRAEAELOESI D1, RW G —HUTOE
N7z %R L7z, 304ULC S8BT % SAR MEBOFHEEB LU Ni BEASIIBITLR
@R DO ELTE (Cr, W, Si) DRMOA MR RR BIH OB S HHERR S N,
R AMIERTEZLEIOND,
@) ¥H—BAETHER SN S SUS304ULC O EB-SAR UHEM, & Cr-W-Si & Ni & RW 6&T
., HHTRHR, KRBT OBEERELZBRINILLZE= S ) VI PERHTHLLE
Zbhb,

EiN
AFFEOFZITICY 20 . KR TEROBEAMERICIABRROMT - FRIIBVT
WAL TR EE Lz, $72, WAMBMES V- TDK %% 6 I (#k) Ok
K, RBRERICIABRET BTG NZHRE I L, SIKERCHEERLET,

% 3K
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Table I  Chemical composition of the materials used (wt%)

. . Refining Heat
No. C Si Mn Ni Cr  Fe Others Process Treatment
EB-SAR R-SUS304ULC Developed 0.015 0.14 0.10 127 193 Bal 0.26Ti EB SAR*
Ref.Steel | Super grade 0011 034 171 108 19.0 Bal ESR MA**
Ref.Steel II Conventional 0.014 040 1.07 104 197 Bal Conventional. MA
RW alloy Ni base Developed 0.005 270 0.10 Bal. 301 Tr. 10W EB STH***
* SAR Strained Aged Recrystallized
** MA  Mill Annealed
*** ST  Solution Treatment
Table 2 Composition of the Nitric acid solution used
FEEILARI R A A > T DHAEY HNO 3
TRU FP Fe(+3) Cr(+3)
EREBEBH 900 mg/L-Np(+6) A&RTE 1200mgL  300mg/L  9mol/L
BEABRE T 200 mg/L-V(+5) 5 mg/L-Ru(+3) 7k 7k BN
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Fig.1 Shematic view of the nitric acid recovery evaporator
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Fig.2 Microstructure and Vickser's hardness(Hvssv) of the specimen materials



JAERI-Research  2001-020

Cooling
Water

Nitric Acid

Solution

687C)

¢ 70 x 6mm Thick Heater

(#1000)

<«

120torr

[ ]
s
b;i

Specimen — L=

....................

=~ Heating

Rod

- AC

Fig.3  Schematic view of the corrosion test apparatus
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Fig.4 Measuring method of the intergranular corrosion depth:dn
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Ref.steel |
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Ru =5mg/L
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Heat flux , kW/m?

Effect of heat flux and vanadium content on the corrosion rate (Ref.steel I)

_11,<



JAERI-Research  2001-020

Fig.6 SEM photographs of the specimen surface after the corrosion tests
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Ref.Steel I

200 u m

Fig. 7  Cross-sectional photographs of the specimen after the corrosion tests



Frequency

200

150 I

JAERI-Research 2001-020

R-SUS304ULC - super grade

(Mill annealed)

0

\
\
\
\
N

N
\
\
\
\
\
..
\
\
\
\
]
\
\
\
\
Wi

N=563
ave.=57 um
\
N
100 200 300 400 500 600

Intergranular corrosion depth, um

Fig.8

Frequency

200

150

-
[=]
o

50

0

SUS304ULC - conventional

(Mill annealed)

N=657
ave.=72 um

A s A

d

Ju—

0

O WA fr e dr i

—
o

200

300 400 500

600

Intergranular corrosion depth, xm

Histograms of the intergranular corrosion depth



Total corroson depth, mm

Fig. 9

0.8

07 -

0.5

0.4

0.3

0.2

0.1

JAERI-Research 2001-020

T

Intergranular
Corrosion

D General
Corrosion

| —

RW alloy *
=Ni base=

EB-SAR

Ref.steel | Ref.steel Il

SUS304ULC

Materials

Boiling 9N-HNO 3

Fe 1200mg/L
Cr 300mg/L
VvV  200mg/L
Ru Smg/L

Tempeature =68
Pressure = 120torr
Heat flux = 128kW/m?2

Time 2400hrs

* Inclusion attack

Total corrosion depth of the specimen after the corrosion tests (2400hrs)
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1.0 [T TPt —TTry
[ | —©— Ref.Steel | (304ULC)
| | —&— Ref.Steel Il (304ULC)
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0.4

Dissolution rate , g/m 2 hr
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Periods (48hrs x N)

Fig.10  Time dependence of the corrosion rate evaluated
by the nickel content dissolved in the solution
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Fig.11 Relationship between dissolution rate and corrosion rate
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