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An Bvaluation of Gas Generation from Metal Wastes

Ryutarc Wada*, Tsutomu Nishimura®
Kazuo Fujiwara®®, Takashi Furuya*®,
and Makoto Tanabe**

ABSTRACT

As the first step to evaluate quantitavely the hydrogen gas generation rate
due to corrosion of metallic materials contained in TRU wastes, literatural
survey was performed on the corrosion mechanism and hydrogen gas generation
behavior in diposal environments on zircaloy and stainless steel composing the
hull end pieces. In addition, immersion tests on these materials was carried
out in anaerobic synthetic sea-water (pH10 and 12.5) using enclosure-type test
vessels held at 30C and 50T, and time variation of hydrogen gas generation
rate was measured during test duration of 180 days. Test solution and test
pieces before / after immersion tests ware also analyzed.

(1)Equivalent corrosion rate calculated from hydrogen gas generation rate due
to the corrosion of zircaloy-4 (based on,Zr+2H:0—ZrQ2+2H-1) ranged approx-
imately from 107¢ to 107° xm/y.

In strongly alkallic solution of pH12.5, however, increase of equivalent
corrosion rate was observed presumably due to the formation of complex ion

(HZl‘Oa _) .

(2) Equivalent corrosion rate calculated from hydrogen gas generation rate due
to the corrosion of Type304 stainless steel (based on, 3Fe+dH:0—Fes0.(+
4H: 1) ranged approximately from 10™* to 107 4m/y in strongly alkallic
solution of pH12.5. In weakly alkallic solution of pH1Q, however, increase
of equivalent corrosion rate was clearly observed presumably due to the
generation of pitting - like localized corrosion, especially in the test

at 50C.

(3)Future Works
Based on the results of study mentioned above, several thema to be in-
vestigated hereafter were proposed, i.e. evaluation of hydrogen generation
behavior due to the corrosion in very strongly alkallic solution (pH-13),
evaluation of localized corrosion behavior of stainless steel in reducing
environment, hydrogen gas generation behavior upto long period, and evalu-
ation of effect of materials’ factor.

Work perfomed by Kobe Steel,Ltd under contract with Power Reacter and Nuclear

Fuel Development Corporation
* _Nuclear Plant Engineering Dept., Engineering & Macinery Division,
Kobe Steel Ltd.
** [ Chemistry & Corrosion Research Department,
Contracted Research Division, KOBELCO Research Institute. Inc.
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eRERF ISP ICBRERFE L EEREL TV,



&6 BERRFOARINZOERZT(LATHESR

—r e | = srEae | orEes —_—
gEAE | Bl aifﬁ aiﬂfﬁ E%%% | 526 %ﬁiﬁﬂ"
g) (g) mg)

30 |[63.50671 [ 63.50760 | 0.89

% 180 [ 63.00649 | 63.01338 | 6.90

10 30 |63.55541 { 63.55950 | 4.09

vwwﬁ44 %0 180 | 63.35169 | 63.35199 | 0.30

30 |[63.31403 | 63.31580 | 1.77

125 30 180 | 63.22296 | 63.23499 | 12.03

| 30 | 63.25267 | 63.33973 | 87.06

% 180 | 62.99974 | 63.00093 | 1.19

. 30 | 74.21180 | 74.21002 ] -1.78

10 . 180 | 74.57984 | 74.58032 | 0.48

30 [75.18409 | 75.17610 | -7.99

A5 L A5 °0 180 | 73.94080 | 73.94325 | 2.45

(SUS304) 20 30 74.73900 | 74.73920 | 0.20

s 180 | 74.60530 | 74.60538 | 0.08

30 | 74.94764 | 74.94720 | —0.44

°0 180 | 74.46217 | 74.46458 | 2.41

* D 1EFSREL) 2HEORBRAFOSEER

— 10 —



3.2.3

BHEER OZAL

ABRHBROFEBICOVWTpHEZAELRERZER T, REWLBEEPICBITS
BRI BROERBESIHHERERBILRT,

(1)

INHOARBE LB
IAATA - 4R BB LEHORBRHBROSHRREELDODLRDES T

b5,

- pHIiZE %leOw%Akuw¢n®ﬁﬁmﬁf%ﬁ§&L%¥opH@ﬁ
THEERLNZN, BEpH1 2. 5 TCRERNBATp HoZLIIBEED LML

f."") f\:o

50T T3 0 HRADERAZDBERTOLEETHFTEEZHETZ2E, pHI

(2)

O DBEWTIES nDBFE TRV TRERHI B CTHELZELEZED b b o 7255,
pH1 2. 50BBETERBRIIZr L Sn0ENPEDLN, Vbl s
HLTWwEIEERELTWVS,

- 1 8 0 HREDRBRBEORBREBOABRLZEBETHEL. pH1 2. 5 DEHE+

WZ7 4V ARDEBAZZOHON, ROV ITAPFBRLRBEETIGL
TwWwh,

A7V ASEBEBEL-BHR
ATV VA (SUS304) #BELI-BROBRRBRNBZROOHERT T LHEEX

DEITHb,

-pHm**leOw%ALﬁw?nOﬁﬁmET%ﬁﬁ&L%$®pH@ﬁ

THBOONIZE, REPHL 2. 5 DBEEIIIHARIETp HOZ{LIZFALE
Dok ol,

- 50CT3 0 HROABRMERDERT OSBRI GTTHEL R T5E,. pHI

0. pH1 2. 50WThOBHEFTHIERRAETHEELELZEZED oo
y AN

- 18 0 BEOEBRBEORBRBEBONBARAEHETS L. pH1 0 0BHTHE

125 0 COBBIWELFEIPoBRSBOLN, AF YL AEAFBHELTY
BILERBELTWA, I/, ZOZLRAEZENAREENTH I 0 HLEICA
BLTWBEHES (F8) Ll Twa,



77 SARABOBRDOp HDEAL
HREREE | RERERM E§lp H”
= i %7 pH T
('C) (H) SERET | HAEREE
30 9.95 9.75
30
180 10.2 9.86
10
30 9.95 9.57
50
) 180 10.2 9.95
VvhoAd-4
30 12.3 12.2
30
180 12.4 12.4
12.5
30 12.3 12.1
50
180 12.4 12.3
30 9.95 9.75
30
180 10.2 9.87
10
" 30 9.95 9.11
AF L AR 180 10.2 9. 89
(SUS304) % 30 12.3 12.2
180 12.4 12.3
12.5
. 30 12.3 12.2
50
180 12.4 12.3

* (A7 ABBEICX Y ERTHE




=8

KEOEBRDICE TS RRNBOLER SRR

AR E EERDBE (ng/l) *
HESA AL e pH DHTEE —T '
o (C) Fe Mn | Cr Zr Sn
SRERHET 40 5 26 <1 <1
10 50 -
) 30BEEkE | 38 - - <1 4
UNnhoAf-4 -
HERE] 38 5 28 | <1 <]
12.5 50 -
30HRABRE | 38 | — -1 6 18
RERE] 40 5 26 <1 <1
10 50 -
AT v L A 0ERERE [ 40 | 7 16 — -
(SUS304) SERET 38 |5 28 | <1 | <«
12.5 50 —
30EEERE | 40 5 20 - —
SAERRT 40 5 26 <] <1
10 30 —
L | oEFEBE | - | - | - — | —
777 —
SERED 38 5 28 <1 <1
12.5 50 —
IBRBRE | — - — - —
* — ST




3.2.4 BMbZETEA (Eh) DEFEFEAL
ERBEICLAXEREOA N AL 2BRT H-bD—EL LT, RE&EiED
BROBILETEN (Eh) Ooflg%7o7. ELEHT (UDESH) THLE
BEHAVWTHELRBROBEROBLETEN (Eh) I, —300 (mVvsN.
H.E.) THhoto INIIHLT, 14 BREBTER L/-BOBROBILETER
(Eh) IFHBAFUDESHTHIEZALERFEALTHEL:, RBRMWH%RD
B BLBENBERERT T LOTRILFT,

FE1 7y ARBROEROATHEBL VDT TE LV, ROFERIE
BDoH5 T t#ﬂ%

(1) #RoOBE. BESB LU D HIZX bBROBILETEN OB IZEmA %< .
BLACFEEZRRDLh R d o1,
(2) ABHBROBEDOBRILELEN (ERh) 3—-299~—-534nVvsN.H.E.
' DHEBTH Y, WThOFHFTTORTLBERNEOBTER TH oL LERLT
Wb,

£9 30 BRBHEOBROBR(LETER (Eh) OIS

_ . . |FREREE |FABRFFE[Eh @V vs N.HE.)
Run Yo | SRR [BROPH | (0) | (@) | wew | mee
Runl- 1 30 -368
10 30
Runl- 2 50 -454
VhhaAq-4 -300 :
Runl- 7 30 -526
12.5 30
|Runt- 8 50 517
Run2- 1 30 -362
10 30
Run2- 2 50 -299
AT ¥ VA -300
Run2- 7| (SUS304) 30 -534
12.5 30
RunZ- 8 50 -316




3.2.5 #HEMBOEEENOEBREL . .
STEBECIAKRFREDA T AL ZBIRTA2-D0—&L LTHBfER L

AREE (H2) 2AVT, 30HRADEERMNBROEHRDE h B MERAMEORE
BANEFHILIERZE]L 0ITRT,

i

%10 30 ESEBHEORACSY3EAEN (Ecorr) SHIRE

Y AR | BN @ vs N.H.E.)
Run No. B opH | BE
- MR (C) |EeE ) 0 30
Eh 140 141
Runb-1 10 50
: - BB -478 | -459
ThATA -4t
Eh -312 ~-259
Run5-2 L 12.5 50
. . ' | mewe | -312 -699
Eh 51 50
Run5-3 10 50
ExEt | -142 -130
A5 VA
(SUS304) Eh -81 -81
Run5-4 12.5 50
gserts | -336 -409
(1) ¥nwhoad

VNAuA—-40BEENMIZ. 3S0BEFARET—459nV vs. NHE (pH1
0) . —399mVvs. NEE (pH12.5) TdY, Zr—H:0RDEN—pH
D ERSIARETAREOTFHEN LV ETHL, CRRBESESE
THEThPoll-dLELBRD,

(2) AF v VA#R

A7V LA (SUS304) OBEBMIZ3 0 AMABRET—1 3 0nV vs.
NME (pH10)., —409mVvs. NME (pH12.5) T, Fe—H:0%®
BEM—p HEER? EXPSRAENAREOEHEEMIVETH )., ThIBER
PR ETE TP ol EEZLNS,

(3) BEIPAGELE TP 272013, K2 IR L-REEBEOHEE LEHEST

KR THolcbEeEZ LN, RAFHEAT TOSBROBEIEL TR, Zhb
DEIETEETLELEFDH S,



3.2.6  SRERFELAAO K ETREEHE
SOBHBBRABZBOIVNVITABITRAF VY VAFEILOWTELEROAESES
EREET AMBIGEFRETHN Lz KESEEOSTREYER 1 112571,

(1) €EBPOAZEEEEOLNVEINVATL —450.0015%, X7 L2
# (SUS304) #0.0006%DLVTHY., REALRBIETIE, TE
FICIZ L AL ES L VWEFE L R,

(2) HL, PVAARRATF Y VABOBREIC L 2 KEFNAREBRBUETH L7
D, EEFIIRBE SN -BHEOKENSAZETFAREZCEELEES RIZTH
BRIV TIEISBORFTORHPED 5,

#£11 BRBRNEOLETOAESXSERAFEE

R sy 11 gg %% KFEEHEE (ppn)
B A D {m 5z - . v
(C) (B) ST HETE
30 30 15 13.5
10
50 30 15 15
VAo A-4
30 30 15 15.5
12.5
50 30 15 14
30 30 5 6
10
AT v L A8 50 30 5 6
(SUS304) 30 30 5 6
12.5
50 30 5 7




3.3 EE
DEDOBBRERFILETE, "V - LUV FY-ROBHEESEHBETHLI VI
ARVRAT VY VABEOBRTHEFETIEBIIABERICIAKETAREZRE ICONT
EEZTINZ 5,

3.3.1 PNHTALDPLOKEFABEREEGICONT
FREBIIBUIBIONV I UL, —4ADBRIZIAKRETABEROZEZEL L b B
B SMEAERE (MOE) EHL, BEBRRACY LT oy PLAERESE]
0. FEEMBAE*RABRBICH LT oy PLAERYE L 11377 T,

(1) SEREEEIRRERCRTLORBRESE T TOIEEN ICEL L, Zh
FZr+2H:0-ZrO:+2H:tDORIBICE Y VN hu s OFRECRESEEE
FEETA-OEEZLNS, | |

(2) FEPpH1 0 DBEWPTIZ1 8 0 B ORERMM H M AEE LR T 7
P HEPH]1 2. 5DBEPTES50COBRSLI0OER,. 30CHOESHL 2
0 HRISHBEEEEFSETIHEEFBDON:, JOER EABRBRSIE
RRLTANWLROEBYFBREIN - FELEL2HETELILE, Zr —H:0%D
BN —-pHPFERICESRD LH1ZY, pH12. 50k 27NV 5 HiEks
TRZr+3H:0oHZrO: +H'+2H 1 ORIBICEIV Z r A F L E L
TERLATREEIELONS,

(3) TRUEEHOLSIMIAICBIIA LAY FEHADODPHIZ1 2.5k B ITE
WIBEESHLOT, BREHTOBRT VA UBBERIIBTAYLIOAL O
B DRRETARBEZB I OWTHSBREIRFAZ NI AL EFHLEE LS
nas,



3.3.2 AFVLVAEILOKEHN AREEGITONT
AREICBIFAATFT VY VAE (SUS304) OBEBEILIAKETNAREZORE.
BEbs Y RENLSEREEE (BaE 8B L. ERIFEIIY LT oy b
LR N1 2, ARSABERELRBIRICH LT oy FLAKRERL 3
~1 45T (H141E381 3D0HKE)

(1) EEBEEERBREERAICRVTRLOBRREG T CHERHBIIBAS L, Ch
B3HIZIE, 2Cr+3H:02Cr:0:+3H 1 ORIBICEDATF Y VARHOE
BICAHBERPERETLI-DEZZONS, o

(2) E %lez5@@%#1@1soaoaﬁ%ﬁ¢%ﬁﬁﬁﬁﬁwﬁ&%ﬁﬁ
7275, ZEPHIODBHEFITIXS0CHESHI AL, 30CHEHEEH12
O HEICSMEAEE IR LED, 25 0 CTRARVBAPHER LET 2,
REBEORBHEHEIZ, HIZ5 0 CoEe. ILEROBREEOHEFRD b
EELHETCELLL, pHI0DBHREFPTCOEMBERFEOZHIIIALD
Ek%&ﬁWTW%%ﬁﬁ(%ﬁ\ﬁﬁﬁﬁ)@%Ekﬁ@?%%@&%x%ﬂ
-5 (F1588K) ¥,

G)“ELZ%VbZﬁ@%ﬁ/@EEﬁHhE# <&5ﬁ%¢b%< o5
HDODHIFEL 23 LBELELL I LFFLENTEY, LREOEABERIEZ
NOEDHEROIMAL b —HT 5,



LEREEE (b y)

A, 0E-03

(L]

L AlE-03

[

L OE-03

L. HE-03

[. OE-03

5. OE-01

0. 0E+00 E

-5. 0C-04

T A A 730°C it
—=— b 07l
s Sz /300 plt
== YL A0 plt

e LL A A SR0C il

—0— ST SH0Cpll

—f— LS SO0 pll e 1Y
—— e S0C pli- L
—A— LA e R0/ pll 1
3 0t oA FR0C pli= 12,
—O— b dp e SA0C/pll- 1

e el A SB0TC

—_——

o

r:l M annn

%10

0. 0005

0. 00041

0. 0003

0. 0002

BRI A (fem)

0. 0001

KEAZXAREENSEHL

100 150

B (day)

FMEREEOREEL (BHE)

—o— Uk A /A0CHIFI0 |
—B— koA LA0°C/pli=10
—h— )l e A /30'C/pll=10

== Sk u A /30°C/pll=
—— vy e o /R0'C/pl=
—8— Il A /50T pll=
—— S a4 /30°C/pli=
—o— Uil £ /T pli

—&— YLl af S0/ pli= 12,

—o— LAl A JR0°C/pli=
—O— -l u A /50°T/pli=

A Sk 1 A /50T /pll= 12,

10
]
10
2

L2,

12
L2,

lan o noanoan

12

100 150
IEERT (day)

F=TI A O

200

200

KFEHAREEBHLSEHLAY LHOTD
RIEEREOEBET(L



L. OE-02
A aTC/pil

FR 50 ¢ pll -

9. 0E-03

/50 /pll
5070/ pll

8. 0E-03

7. 0E-03

o

. 0E-03

o

. 0E-03

. 0E-03

EAEE (Lm/y)

3. 0E-03

2. 0E-03

1. OE-03

0. 0E+00

0 a0 100 150 200
FHE (day)

12 KEHRREBHIPLSEHLAEXT UL IEO
FMEREEDOREFEL (W5HE)

0. 005 i e e STICRASSERPRS

—— A F UL AHAT/ pl=0 |
—E— X5 2 L ZH/A0T/pli=10
—— R F L AFYB0C/ =10
== AT L Z/E0C/ pll= 16
== AT v L AF/E0C/pll=10
0. 004 —0— A F 3 L AF/ENC/ ol 10
—— X L AHY 0T/ pll= 12,
| —o— AT 2 L AMY/AC/pli= 12,
| —E— AT AT/ pll= 12
—o— AT L AMADC pli=
—B— X5 L ARY/A0T/pli=1 2
0. 003 AT AT L L AR/ANT/pll=L2

u

@

RSB A E (1m)

0. 002 £ /“

0. 001 P /

& /-r:\
# u/
o

| 5
[ ;}/
i — ) " e
0 @Lmﬁiﬁzﬂm = —
0 a0) 100 150 200

1 (day)

X1 3 KFEHIABREBHSEH L AT L XFD
REEEEOREZEI/E—1

e 2 (j' ¥




FHEIIE A (12 m)

B
0. 0001

X

X1 5

0. 000N

1
=10

1o
=10
“1o
-lu

106

AN 12.
0. 0002 —0— AL J'Z:EH.-’-":U C/pll=1iL
—Tl—= R b AR R0C/ pll= 12,

——

bam o ur o s

0 50 100 150 200
50 (day)

14 KEHAREEDPSEHLAZXT L AED
REEREOEEEL—2 (HKEH)

H v — FRs
0, +4H*+4e —2H,0

\ 1L
BV — ¥R Fe?*++H,0=FelH" +H*

2H* +2Ze -—H 2

7 7 — FRE
Fe—Fe2+t+2e-

FEBE REHERIC & 1 2 KRH ARERT DR



3.4 FBEROEN
TRUBEPDONN - TV FY-A2BRTIEBMETHLEION L RUA
TYLVAE (SUS304) iZ20wT, BFHEHFLAVTEITEET O kRER
BWFAK (pH1O0KRT12.5) Fi21 8 0HRBICE» TEERBREZTV. £BEL
X BRETAREBOEREMNLAET S L HIC, BBRUBROBHERTRARAIC
DVWTEEFME IR 720 ELRBREREVENCERTHLERDES TH B,

(1) Ynpaficont

@x»ﬁn4®%ﬁhiéxiﬁx%¢i#%ﬁ$L#%ﬁ@ﬁﬁﬁ(Zr+2
H:0+ZrO::+2H:t &%) &, WFhoEsLt (pH: 10, 12.
5% 307, 50t)Tf%1805%®ﬁﬁ&110“~10 *un/y
DEHEHTH o 770

®pH10®@ﬁ¢f®%m%ﬁLFu1soaﬁmﬁﬁ%ﬁ¢ﬁﬁmkﬁ9%
BTz, pH1 2. 5DBWEPTEHIFCS0TCTH 0 HERICRETLIHESH
ROoh, RBRBEROSHEREL VBTV ) EBEEPTORA T OER
(HZrO:7) RXavnrufniahicisdosi#Egsns,

(2) RAF UV ABIzonT - '

@XT/DZ@@EEVI%K?%Z%EE#Eﬁ&Lt%ﬁEﬁLE(3Fe
+4H:0—>FesO«+4HtEEE) &, pH1 2. 50BHFPTIZ30T.
S50COVTIhOBETH 1 S0BMORBRBET]1 0 *~1 0 un/yOHET
Holzo —H. PH1 0DBRPTHOEMEBEEEIIFIT5 0 COBHETH3
OHZLIVEHWLAD., 13 0HEORBRETIO *~1 0 un/yDF—¥—
Eh oz, :

@pHl 0 DBEHEPTCOHEMBERELVEBE L2013, RBRBEORBH OBEEE
%%xUﬁﬁ%&ﬁ¢k&ﬁ%ﬂﬁﬁﬂﬁ%ﬁﬁmﬁikﬁﬁ?%%@t%m
a2z,



4. ¥ DRUSHEOBIRE

TRUBRENZHER T IEBMEOBEICLAKETFARERY BT 2 1
DOEIBRRELT, MV Yy FE—XOBBEHETHEINIUA RTAF VLR
BMOBERIE P KEN A BEZLFE I OVTIRAELZITH &3z, ThHORBRKIC
DVTEBTEEET CHARLREREETA (pH10, 12.5) PIKREL T (30T,
50C) KEFVAREEOEET{L% 1 80 BHIICE - THE L. 4T, BERAR
B ORBAERPRBRE IOV TEESN 24T 270

(1) SAhof—4DBEICIAZREFAREEPLER LS AEE (Zr
+2H:0-Zr0:+2H.1) &, KEE10'~10  un/yDA—¥—THho
7oA, pH12.50%7AAVEBERFTIEIEAL Y (HZr Q™) DERICE
R 2 EEEERERKOTHEEIRE S L,

&)XT/vzﬁ(SU5304)@Eﬁhi%iﬁﬂX%&g#%%&L%%m
BE#EE (3Fe+4H:0—-Fe:0:+4H:tEIRE) &, pH1 2. 5057
MAVRBEERPFTIZLI0 T ~1 0 un/yD A —F—Tho725. pH1 0 DER
PTRILEROBRBEORACERET 2 LEZ S5 SR AREDHE KN,
BiZ5 0 CORBRICBWTHEIIED b,

(3) BLEOoRAE - RBFER LI VFISBORIBEEL LTEXLbNAEEEEITS
ERDEHITH B,
@Ea?WﬁUﬁaﬁ¢r®ﬁﬁkxémiwx%$$ﬁ®4m

TRUBREHOHBASIZELTIR., XAV ' HO7 VI I ESOBRICZE
S>TBETVAIUE FILiE. pH>13) OB TRIIBEINITEE S S
DT, TOLH) LBEBAF COBEZEFH I OWTHFHLRHILETH S,

QBTLEHETICBIT B AT ¥ L AE O BLRE ASEEEE

BB EFCRAT VYV VARFRBERTE LD LEEBOKETAFREET
DT, ATV VAAFPBHBEETE LABRREF I OVWTORFEBELETH
%,

QORI 5 FmAER

ARBRCOARTAREEDP CEE LASABEEREI—HOMNEBRANT
KBHERRI ZHET S, BRUICED L ) RETEELTIPIIOWTE
BEHRRICL > THRETHLEF D5,

O BRI E F 0 28l
EBEOTRUREY LB T SEBEMEL, FFFOEHRRICHAERE. K&
I, BEBEALSIC L AMBHNL2EE®ZIITEN. 2hbLOHBEIEFK

EHTARERBHICRIITEEBIOVWTHEBLTBLEYH 5,
® IhLOERFBEIC2VWIE, BEAEOSVHEHPLIEICSERT 2 ED
TV EETH 5,
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2) Marcel Pourbaix ‘Atlas of Electrochemical Equilibria in Aqueous Solutions”

3) HERXE | SR ASH L aB &RET - lLEm, WHS447A, p.5, BERE
£ v ¥ — BERER





