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Corrosion Behavior of the" Cladding Tube(AISI Type-31655)
fox FBR in High Temperature Sodium (11) .

Fffect of:Quality of . Cladding Tube and’ Temperature
Gradient in' Sodium .

Shigeki  KANOH,*
Shun-ichi YUHARA,*

. Masaru NAMEKAWA , #
Takashi  NAKASUJI* and
Hideo- . ATSUMO* .

Abstract

' in.relation to the experimental estimation of cdrrosion behavior'of '
AlLSI Type~31655 fuel cladding tube in high'temperature flowing sodium, we
.- clarified the relationship for sodium corrosion as a function of. oxygen
'concentration in the preceding report.(]) .
The present study has ‘been carried out to establish the dependence of
.corroaion behevior on the quality of cladding tube and the temperature A
. gradient in sodium, Two kinds of the aecond fabrication tubes for JOYO
(S-II and K-II) and three kinds of tubes to be used for JOYO MK-I core
(S-III, K-III and C) have been exposured in flowing sodium of 425“0
through 660 C for 5000 hours.
The results obtained are as follows
" (1) The corrosion behavior in sodium is depend on the quality A
(difference of chemical compositions’ and refining) of cladding tube. S¥III'
tube shows the greatest -corrosion rate of all‘cladding tubes tested.
'The.cavity‘which‘nae been observated in the vicinity'of.the surface in
‘contact with'650°C sodium distributes over the whole thickness of S-llI
tube, The a phese has been detected on the surface of 8-II and S-III tubes
but not on C tube, ' ‘

‘(2) The profile of corroeion rate along sodium flow under the continuous

,riee of 'sodium temperature showa the unique shape. it is different from the 1

- test result at the igothermal region in the vicinity of the outlet of heat’
exchanger, |

(3) The beginning temperatures of decarburization and denitrization-
- have been obtained under the continuous rise of sodium temperature.’

The beginning temperature of decarburizetion is depend on the heat

.,.__,‘
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of cladding tube while that of denitrization is depend on the initial
nitrogen content of cladding tube,

| (4) The dependence .of short-term tensile strength and hardness on the
exposure temperature has been investigated at ambient temperature. S III
and K-III tubes show the high level (the higher the temperatute rises, the .
greater the strength and the hardness become) while C tube shows the low

level. It is due to the production of g phase, which will be influenced
by the sodium corrosion.

(5) We have been able to survey and clarify the problems that the sodium

corrosion of fuel cladding tube result in‘to LMFBR.

* Sodium Technology Section, Sodium Technology Division, Oarai Engineering
Center . o
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Table 3 Test Piece
Test Piece for Mass Transfer
) Manufacturer ' | Mark 50 mm Cladding Tube No. Cladding Tube No.
Second Trial Fabrication '
| Tube for dnvn_ SUMITOMO METAL | J GIMG12, J140337 . _ 53797, $3498 | s-It
K K1vK6, K8.K18, K20vK35, PInP3 . K27111, K2717
KOBE STEEL L L1M16, L1834, PAPE K2713, K2717
M | MI"M33, P71P9 ) . K274, K2717 K-111
Tube to Be Used ?or JoYo N NI'W19, N21aN27, N29WN35, PI0nPI2 K2715, K2717
0 01030, 0322034, PINP15 K276, K2717
Q | Q20Q34, VI7aV19 50504, $0509
SUMITOMO METAL R R2AR34, V20my22‘ $0505, 50509 S-111
S S1n833, V23v25 $0506, $S0509 )
T T1AT33, V261V28 $0507, S0509
Dummy Test Piece
Manufacturer |Mark Cladding Tube No.
‘ ‘ . . S-11
second Trial Fabrication SUMITOMO METAL S% | 53775, . §3788
Tube for JOYO KOBE STEEL | K% .-K339?1_ K3238 . : K11
: | SUMITOMO METAL | S* | S0535, S0536, 50537, 50539, S0540,|S0541, S0542 s-111
Tube to Be, Used for JOYO | KOBE STEEL . K* | k2770, K2803, K2812, K2784, K2788,|K2800, K2805 K-111
‘ ‘ - | CARPENTER R* ' C

|
i

B L N Y AN AT B S IO S NS S




PNC TN941 76—17

22 BMEN
RBR B ISR R L - 7KH&thHMMWﬁM@ﬁumr—aw TM 26&%
o TR M = 2 0> gk 2 WICINAEL L B e, ' :
| mg3mmt&ﬁ%&ﬂ&ﬁﬁ&%w-7mmm¥a4v(=~mr$7zka/.TJVM
7f/b¢0ﬁ%ﬁv4/).9u~7.7v/74/7bx0ﬂm3ﬁﬁqu*Tmm*nr
wéo ‘ : . ,
m&4meM 2~ 7ummmy7.@wmmﬂ,ﬁm&mtaﬁ%HmA%fWMb*m
MBEOMLEsND, 2o = 7D IE BRI L 2 660 °C, MEF b Y Obﬁiniﬁﬁt 6£/min 'C’#" P
Y A/J‘fiﬂl!!’d‘%#!z LTI T ~T SUS 316 M"C‘H’Hdcén'cwé /ALy 7» "7 THAb,
-—7)7+)’-/l/-'7°HSU6304i)lbnn’tb‘éo . a
m&smm%ﬁw+ruohmrmwM®vﬁéoMMH%%at 9%&160 mmaut
~9mmﬂﬁbn7LU®&mmmMET& twm#mxé<marmaoé5?ﬂb00Am
mmmmwmmmﬁmw {EBL BT (3 IR SR B & Py RTT oMl i, I F e & % BE ki
39mm@WMMmﬁantommaxb+rvoAmmth«mmm@Mﬁmb.muﬁ; - ?
U+bUﬁAmWTMM«JSmm@MMiT?h1%5mnmhtomm%am—ﬁufwéo 2! | ‘E
ﬂgﬁfruﬁabAZMﬁrmezo¢.LmvmmaspwrvyxﬂésomﬁﬁMT%m |
&(frU&AADm.ﬁ%%)ﬂﬁ%ﬁ(wmﬁmxﬁmﬁwmﬁéntwa)mmﬁén.L

lﬂ?nal tﬁ;a-on creep fre;tlng ::lorrosonlnta'aand pre:sure creep Mass transfer fest section,
——— festsechon fest sectig ‘

l Eﬁ*;zﬁﬁmrq F-g 1 M3 M2 Mi

4 4

Hﬂ

i
¥
{

== _|Sodium _ling, Molher |

—= {Sedium ling, Doughler ioog

o [Volve (Monwol stop voive ) .
Valve {Rermote gtop yolve
voln L__g_ﬂlro !olvll

a agnel .

Elmm - mognelic pump

- [Test Sechion

1 ] Expansion_iank

T [Storage fonk

]
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Table 4 Test Conditions

Sectional Area of Sodium Flow Path (mm?) 4032
Metted Perimeter (mm) : 1419
Equivalent Diameter ' (mm) ' N 1.4
Sodium Flow Rate (2/min) min.1.64, max.2.68, ave. 2.27
Sodium Velocity (mm/sec) min.6.8, max.11.1, ave. 9.4 |
Re Number : ‘ o | min.247 max.394 ave, 334 at 425°C l
min. 280 max.457 ave. 387 at 543°C
min.322 max.526 ave. 445 at 660°C )
Temperature of Test Piece  (°C) 425 ~ 660, . ave. 543 |
Cold Trap Temperature (°c) | min.200 . o : ' ' K N

Total Test Time . (hrs.) ‘ 4728
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Table 10 Estimates of Activated Corrosion Prodiucts in

the Primary System of a 1000-MW(e) LMFBR after 1
30 Years of Operation (by C. A. Erdman, et a1, (11))

Contribution to the primary system activity, Ci
o . Total primary
Formation T Axial Gas Radial system
Isotope reaction 1/2 Core blanket | plenum | blanket activity
50¢o n,y 5,24 years 1,400t 93001 6600t | 2200t 20,000
n,p 1,000 : ,
58Co ‘ n,p 71 days 20,000 2800 300 400 23,000
34Mn . n,p + 313 days 16,000 2400 300 . 19,000
55Fg ' N,y 2.4 years | 26,000 | 1 t ¥ >26,000
59Fe Ny 45 days 300 500 300 : - 1,000
Sigp N,y 28 days 2,500 2800 - 1800 7,000
N,a 200 o ) :
18275 n,y 115 days 800 3200 2400 . 6,000s

* A11 values are based on stoichiometric corrosion; assuming 316 stainless steel,
g Based on only 0.02 wt.% cobalt in stainless steel. (HEDL assumed 0.02%; GE assumed
o

I Cross sections were unavailable for the soft spectra in these regions. It is
expected that the 55Fe generation from the (n,y) reaction would be higher outside of
the core than.inside. The calculation was not pursued further, however, because 55Fe
decays only by electron capture so that the 55Fe activity is of 1ittle importance, :

§ The assumption of stoichiometric coirrosion is believed by HEDL to be particularly
poor here. (HEDL assumed only 1% stoichiometric corrosion.) . , L
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Table 11 Fraction of Isotopes Deposited in Primary o
System Components (by C. A. Erdman, et al,( ))

. 60g s8¢ T $iCr, %9Fe, 19275
Component ‘ HEDL - GE HEDL GE | HEDL GE : HEDL o
Vessel N 0.3 0,51 | 0.06 0.108
Hot-leq piping, ‘ - v v :
vessel to pump 0.249 ‘ 0.20 0.12. ' 0,109 a5 : !
Pump | 0.12 0.08 0.08 0.030
Hot-leg piping pump '
to intermediate heat ‘ : '
exchanger (IHX) 0.04 1 0,03 0.0 0.017
Top half : 0.114 0.114 0.105 :
THX 0.258 .0.168 0.42 - . 0.684
Bottom half : 0.280 .0.280 - 0.333
Cold-leg piping 0.02 0.,145] 0.00 0.145 [0.25 | 0,250 . 0.046
Cold trap ' 0.003 | 0.300 | 0.003 | 0,300 0.03 '] 0.035 . 0.005
Primary tank, inlet: 0.034 0.034 0.059 ' '
Bottom shield 0.127 0.127 0.218
0.160}
Spum
0.155+
0.150}
0.145-
d =3 15mm
{ S 1 ‘ i 1 ‘
"4 5 : 6 ‘ 6.5

Re , x 10*

‘Fﬂg.35‘ Relation between Re and /X
- 38 - , R L 5
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Table 14 ‘Comparison of Present Corrosion Rate Data
with the Results of Other Investigations. -
(by J, Hopenfeld (“9))

‘ Oxyqgen Corrosion| - o
Temperature| Velocity | Material | Content Rate - ‘Source
| (°F) (ft/sec (sS) ;| (ppm) | (mi1s/yr) v
- ‘ 1266 | 20.5 | 316 . <5 0.72 | by J.Hopenfeld o :
é ‘ ‘ 1307 22 304 4 0.5 | Ref.1
1300 17 316 <10 0.29 Ref. 2
' 1200 25 316, <5 0.15 Ref. 3

1. A. J. Romano, et al., "Preliminary Results of Haynes 25 and .
Type 304 Steel with 4 and 12 ppm Oxygen in Sodium at Temperature
up to 760°C," Proceedings of the International Confernece on
Sodium Technology and.Large Fast Reactor Design, November 7-9,
196G, ANL-7620, Part 1, page 151.

2. P. Roy, et al., "Mass Transfer and Corrosion of Stainless Stee!
in Flowing Sodium System at 1300°F," Proceedings of the Inter-
- national Conference on Sodium Technology and Large Fast Reactor
Design, November 7-9, 1968, ANL-7520, Part 1, page 131.
3. A. W, Thorley and C. Tyzack, "The Corrosion Behavior of Iron

and Nickel-Based Alloys in High Temperature Sodfum," TGR Report
*1356 (C), November 1966. '
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Fig. 1 Voltage vs. temperature behavior in experiment with ‘ o
a copper liner and 25g of chromium powder in the : o
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Fig. 2 Variation in the Calculated Oxygen Pontential for
the Estimated Equilibrium Na(&), Cr(s)/NaCr0,(s)
and Comparison with the Na(%)/Na,0(s) and
Cr(s)/CrZO (s) Equilibria,

(by S, A, Jansson, et al, (“))
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‘Table 1 Average Elemental Compositioh'bf Various
Deposits (by P. Roy, et al..(ﬁ)) '

Source of Deposit

Element (%)
(and Temperature)

Fe Cr Ni Na Mn ST Ca C

Impingement 6 35 25 7 - <« A3
Cartr1d?e

1070°F
Low 0,

Economi zer 21 1310 14 - 6 - .
(300-700°F) , ,
(Low 0,)

Ni Filter 5 4 2 40 6 6 1.1n2
(600°F) ‘
(LOW 02)

Ni Filter : .2 5 1640 117 - .
600°F)
High 02) ‘

T B0 Table. 21 XREHRIC & D U o~ SR DI R 57 F s Gross S iy

$7 = $10L 5 L NaCrOy RITHLT b ATET 5 2% BRI AL LSRR (1 ~3ppm) Tit Ko
LD CraaCol LTHAT 20 THME LTIt Cr2a Cold RLIE & 15D QIR D I ASRE S 47,
 1L/23CrmCelSH+ 20 +Na (L) - NaCrO, (S)4 623 O RO 0
~CTRoy BRTMIFH = bEHIIL, 1650 CURD TNy COs & CrOs £ 5L & #TNaCrO,
BIRL, €0 XBUETIC L 5 H-F R (Table, 3ICRT) &5 b Y © Atk ) EIL L7 Particulate
ORFEBH B LA LED, F 1Y v 4 TNACIO, AHET B2 & £Bbic L e,

E1 N DBFTHBRUICIRE LISA 702 M. Ni =Na — O A%12 Na th T I/ Lict
&wﬁmms%@#immumc¢%mmwbt@Feumﬁmw%#éﬁw%—m-omé%w&

BT B EODATY BdtaFe L i< & fh 272e BIIFMIICNa FeOa/lf.lJJZGUi'l150°F‘zj‘m]000

Table 2 Major Differences in Particulates as Determined
by XRD Analysis (by P. Roy, et al, (6)) ’

. Low Oxygen HighFOxygen
Location Constituents 1-3 ppm) | (15-20 ppm)

Hot Leg (1290°F) NaCr0, None . - Major

Cooler Impingement Samples Austenitic Phase| Major - Major

(1190-1000°F)

NaCr0,
a Fe

Minor
Trace
Strong Minor

Major
Minor
Trace

Filter Residue
(600°F) ‘

Major
None
Minor

Major
None
Trace
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Table 3 Structural Parameters of NaMO; Compounds
Indexed as Hexagonal Cells (by P. Roy, et al. (5))

‘ Lattice Parametaers
Compound e
8o - Co

a-NaFe0,* - 3.01 A 15,93 A
NaN{0,* 2.96 & [15.77°A
(High Temperature Mod1f1cat10n) ‘
NaCro,* 2.9 A 15.9 A
NaCr0, | 2.973:0.005 & |15.96410.005 A

* Other Laboratory

PPMOMEALETH Do Mn FITIIBT 27 2 L 2 ML DRIUEINT 2T EMBSNTO 205 (B

MO T 4~ A RINT AT, RO MR ICILE L LR SN B, WAMOMRETEIER
HABEICHRAE L, 1100 ~ 1200 °F THBIMLEREIAME (£ = 27+ 4 AL A —54 b3 X TNaMO,)
é%unm.~&memﬁMmﬁ%ﬁsmmnn(a%ﬁ%)omﬁfn7rdwmmﬁﬁw%ﬂ
EHA BT EBRSATHDBUENOPENRLTGHEICHKIET 5 B 505, Ky b L ITO
HRRLEEOBRWIOYEE S B, BIZH, Hv b L 728 Fe O I2£ D LICCr&Ni # 5
KU L, 2T L ABOBIZBICCr EN B Ulce CRED Ry LI TENaROCE EN ]
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