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Initial Entry for Zircaloy-4 Localized Corrosion Tests

L. Yang
D. Bannon
B. Derby

Test Performed by:

Objective: Measurement of localized corrosion of Zr-

M-

Materials: Zircaloy -4

Equipment: See entries prior to the start of the experiment

File: Test_Matrix_Zr-4.xis

e S o o L i i e L S

4 alloy when coupled with other electrodes

—
0.1 M NaCl, CO2-Free Air Bubbled, 50 Days Experiments
FeCl3 H202 Plain
' - P # Measure E(ocp)
e Bare couped with Pt Bare couped with Pt Bare couped with Pt | and coupling
_— 1 current
. Measure E(ocp)
o 1.7 um oxide couped with Pt |1.7 um oxide couped with Pt 1.7 umv?/i)?r? gtc ouped| ™ g coupling
T 2 current
N . Measure E(ocp)
]
3.4 um oxide couped with Pt 13.4 um oxide couped with Pt 34 umx;:;:’i gtc ouped and coupling
s 3 current
o Bare coupled with 3.4 um Bare coupled with 3.4 um |Bare coupled with 3.4 Measure E(f)cp )
- : - and coupling
- oxide oxide um oxide
4 current
A 3.4 um oxide Specimen with |3.4 um oxide Specimen with| o ei:nl;r:v?lﬁ:'? gare
e | NEEM tHIS? Bare Scratch (Internal Bare Scratch (Internal P Measure E(ocp)
Coupling) Coupling) Scratch (I‘nternal
e Coupling)
_ |Materials
! For each environment:
N 2-bare; 1-1.7um, 1-3.4 um Zr-4 electrode
1- large Pt electrode
1-Larger 3.4 um Zr-4 electrode to be coupled with a bare electrode
1-Larger 3.4 um Zr-4 electrode with scribed area
] & Gk We) ot onsde ook Ma’ - \a V.
e on Equipment Lt
e ey 3 electrochemical cells, 3 heaters / 7 / G ‘{
| that allows 6 electrodes plus a reference electrode, and air inlet, outlet '
“WT;;: . (several electrodes may share one port)

Multi-channel voltage measurement equipmnet
[}
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Length:RL (25 FEET TOTAL)

ECCN:1C234

Diameter:0.526-0.531 IN
License Type:No Lic

MICROINCH AA MAX))

LINE NOTES MAY BE CUT TO LENGTHS FOR UPS SHIPMENT.

MATERIAL MUST BE FROM SAME HEAT.

x

GOVERNMENT CONTRATT NG.: NRC0297009

S

Packaged In:WOODEN CRATE -

Number:1
Net Weight:15 LBS

Gross Weight:62 LBS

Export Notes:

. THESE COMMODITIES ARE SUBJECT TO EXPORT CONTROLS. PRIOR

&

UNITED STATES GOVERNMENT APPROVAL MAY BE REQUIRED FOR

THEIR EXPORT AND/OR RE-EXPORT.
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Dimensions:
'Speciflecations:
Date Certvified:
Date Shipped:

. Quantity Shipped:

Weight {1bs.):
Heat No.:
8FC NO.:

San Antonie, TX 78238-531668

Jim Silvers

No.: 28884425
: 1185810
1

Zircaloy~4 Rod

0.5626"~0.581" Dia. x R/L
ASTM BE&s1-92 {(Gr. RGE0O80O4)
August 30, 2002

4807

3 pces.

15

243887 Zr4

1223817

THE TEST REPORT FOLLOWS:

Material Condit
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| INGOT CHEMISTRY ANALYSIS: RESULTS IN PERCENT
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Element: Spec. Rng. 1 2 3
o 0.07-0.13 0,12 0.12 6.12
Fa: 0.18-0.24 0,21 0,22 0.22
iFgHCr o 0.28-90.37 0.84 0.34 0.34
0 0.08-0.186 0.18 0.13 0.13
¢ 8n: 1,20-1.70 1.82 1.82 1.31
YA B A L A N ¢
| INGOT iMPURITIES ANALYSIS: RESULTS IN PPM
"iElement: Spec. Max. 1 2 3
}(AI: 75 31 33 a8
[ B: 0.5 0.3 0.3 0.3
ijc: 270 181 144 155
I ¢cd 0.5 <0.2 <0, 2 <0.2
[ Co: 20 <10 <10 <10
CCur 60 <25 <25 <25
M 25 4 4 <3 -
; %f: 100 50 56 53
Vg 20 <10 <10 <10
LE 80 <25 <25 <25
\o: ' 50 <10 <10 <10
: - 80 25 28 28
i N 7o <35 <35 <35
i 120 82 98 95
, 8.5 <10 <1.0 <1.0
~ 100 <50 <50 <50

PO TOX 480
ALBANY . CREGON §7321-0186°  °
15415 026-421( FAX (641) 467-8681

PR/ B Q[

and P.O.

Annealed and c¢enterless ground.

(&)

C.12 0.12 0.12
0.22 C.22 0.22
0.34 0.34 0.34
0.14 0. 13 0.14
1.31 1.83 1.31
4 5 g
30 46 29
0.3 0.8 0.4
172 179 183
<0.2 <O.? <0, 2
<10 <10 <10
<25 <25 <98
3 4 3
53 62 47
<10 <10 <10
<25 <25 <245
<10 “10 <19
381 27 28
a7 38 <34
gz g8 g4
<1.0 <1.0 <1.0
<50 <50 <50
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Purchase Order No.: 283664388 Qf\ ‘E‘N\ A Affogh-ny Technologies Company
Sales Order No.: 116510 S
ltem No.: ;43687 - t}J%) Y / P.O. BOY 480
Heat No:: r % : . ]
SFC No. . 1223217 &,o"/ \LBANY  CREGON 97321-0128

(541) 028-4211 FAX (541} BE7-0881

PRODUCT CHEMISTRY ANALYS!S:

RESULTS IN PERCENT
Element: Spec. Max. 1 2
H: S 0.00286 <0.0003 0.0008
N 0. 0080 0.002 0.002
0: 0.09-0.16 0.13 0.18
ROOM.TEMPERATURE TENSILE TEST: RESULTS
Method: ASTM E8 ‘
Test: Spec. Min. . Leng. #1 ] Long. #2
Tensile Strength ~ Ksgi; 60 7T7.8 77.8
Yield Strength {0.2% Offset) ~ Ksi: 85 52.8 56. 4
Efongation in 17 - (%): 14 25 24
CORROSION TE&T: RESULTS
Run No.: 8002-8
Method: ASTM G2
Procedure: LP-~C8T-8 Rev. O
FParametersg: 3 days/750°F/1800psi
Sample; Spec.Max.m@g/dm® Wt.Gain mg/dm? Visual Appearance
1: ‘ 22 18 Accept., no visiblte corrosion defects.
2. ‘ 22 18

Accept., no vicsibl!s corrosion defects.
CERTIF1ED BY:

ﬁ/f3y"“~“5
F. J. Budar, Quality Assurance Dept.: @JMMQ/‘S&/O)
mb ¢ .

WC: A Regigtered/Certified Y50 9002 Company.

Format: A1.068.04.19.BLNK
Document: C1.04.20.24
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' o jfs2710
S [ANALYSIAS REPORT] T ] T
e T T T
GENERAL CONDITIONS
e o T T T
Result File JFS2710R —
T File version i1
Background Method : Fit T
T Decon Mﬁthod J : Gaussian
S— Decon Chisquare 75.09 T
Analysis Date 6-SEP-2002
e e Microscope SEM L
comments ZR-4 P.O.
- L2663 \ m// T
T ANALYSIS CONDITIONS “%9’ ;s b
T Quant. Method ZAF/ASAP qféf;1/ o
Acquire Time : 300 secs
T Normalization Factor: 100.00 L
T T T T
SAMPLE CONDITIONS
e meee e T H T
kv _ 20.0
—T— Beam Current 150.0 picoAmps o
working Distance 29.5 mm —
T Tilt Angle 0.0 Degrees
B _ Takeoff Angle : 35.0 Degrees —
' solid Angle*BeamCurrent: 0.8
i ] T T
- Element Line weight% K-Ratio Cnts/s Atomic% N
— Al Ka 0.92 0.0066 32.15 3.03 T
cr Ka 0.15 0.0014 3.14 0.26 N
" Fe Ka 0.25 0.0025 4,28 0.40
zr La 97.65 0.9647 1525.53 95.54 —
‘ Sh La 1.03 0.0069 9.88 0.77
' Total 100. 00 S
-1 T T T
— \ , T T T
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i TEST REPORT
Information potentially subject to copyright protection was
redacted from this location. The redacted material is has
a copyright issues when the entire report is not included.
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S e e e e Coupling type FeCI3, 5 mM, pH=5 H202, 5mM Plain
K ] Measure
& - 1‘ . J\ (‘/QM . Bare couped with Pt Bare couped with Pt E(couple) and
~ =Tl 1 coupling current
— T e Measure -
. Zr_test_Setup4.ppt 1.7 um oxide couped with Pt [1.7 um oxide couped with Pt E(couple) and | _
B Air ! 2 coupling current
B f Ai sl Measure s
n 4 3.4 um oxide couped with Pt |3.4 um oxide couped with Pt E(couple) and | _ |
— A\ 4 3 coupling current
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i T e T R S R T g i i ¥ i e
T Surface Areas for Electrodes e
,,,,,,,, e inches S— ; —_—
e Sample Dia Height Sec A CylA Total A (in"2) S
Previous 0.25 1.915 0.049063 1.503275 1.5523375
S Type | 0.5 1  0.19625 1.57 1.76625 prmmemmeon
— Type |l 0.5 3 0.19625 4.71 4.90625 e
‘ Type lll 0.25 1. 0.049063 0.785 0.8340625
““““ T Type lll-Half 0.25 0.5 0.049063 0.3925 0.4415625 -
A Type llI-Quarter 0.25 0.25 0.049063 0.19625 0.2453125
T Pt Plate W and L) 1 3 3 6 -
— e , -~
cm e
[ Dia Heigt SecA  CylA Total A (cm”2) e
e Previous 0.635  4.8641 0.316532 9.698529 10.01506062 e SR
Type | 1.27 2,54 1.266127 10.12901 11.3951385 o
Type Il 1.27 7.62 1.266127 30.38704 31.6531625 '
Type i 0.635 254 0.316532 5.064506 5.381037625 S R M I R
Type lli-Half 0.635 1.27 0.316532 2.532253 2.848784625 - -
Type llI-Quarter 0.635 0.635 0.316532 1.266127 1.582658125
e -
S Pt Plate W and L) 2.54 7.62 19.3548 . N
T \ ) i I
S B T ] ] i 1 1 1 1 ' \ Y T
i T i ’ ¥ [ ] T T T i ) i [ (Sl I I I ”'T"“ i It
B i 1 i i i V T H T T T 1 i f I i T i I AR |
T T ) T T ¥ i T i T T T T T T T ¥ T I f [N
T T T i i i T T i ¥ T T i T i T T i i T ! )
i ] T T T i 1 ¥ 1 ¥ ¥ 1 | T T T i TTTTTTH [ T 1
[ T T i L f i i i i f v f t i T T T T 7 i T T [ | i T
] L T | T 1 i [ 1 i i i 1~ T i t ! i (A S R 1 R W E e S
I I | [ | S T T i i T ! I T T I T i /e It Iy I S B R
[ T i T i f i Y 1 T ¥ i i T T T i T ¥ ¥ { i i ¥ ¥y [ R M
i T ¥ i I T | S T | T T i) T [N S | i | S T T 1T i | | T
[ R i P ¥ i T I | 1 i i | | B I B i [ S B [ B
i i i ! i T T T T T T T ¥ i i T T T T ¥ T i T T i i [ R
T ¥ [ I T i T ¥ [ | 1 i [ | S R f f [ A
1 ¥ T i 1 1 i V [ R f { V [ ) ¥ 7 i f ) i [ T
T v “r a i i ¥ 1 [ T [ T ¥ T [ A I i [ ¥ i [ T S B
[} 1 1 ] ¥ ) ] H i T L] T T 1 f T . T i 1 ] / 7 - )
[ 3 I 1 T L] 13 T 1 ) ¥ T L T i 1 T T T T T T ] Ei-@r Page N (Lm -
Witnessed & Understood by me, Date "1 tnvented by Date

To Page No.,

Invented by Date
Recorded t . ,—)/ 2}]&-

Book No.._.._ .. .. 17
From Page No. T Y f T T T T T T T T I f [ A e SR ST S i
T ¥ T T T T i T T T T T T T T T T i ¥ ¥ T T
i T T T t [} T 1 1 T T H T 7 T T T [ ¥ T ¥ i 1 I 1 T
1 T T T T T T T




Project No.________ E i ‘ E E L Project No. .
18 : BookNo._____  TITLE TITLE Book No. 19
T T T T T T T T T T T T T T 1 T T | S e f f ) e e o ‘ .
Fro,m F??ge S | M Zirconium Exposure second exposure ;
‘ - ' ; L Date time Set point/Heater C  Internal Temp Pressure (\0 5’5’) FT
S o ——— I 11/7/02 906 50 22 22 ﬁé) 0 ]
Zirconium Exposure L 11/7/02 9:30 75 49 24 0
i 11/7/02 9.55 100 76 31 0 r
e —— Date time Set point/Heater C  Internal Temp Pressure e A I 11/7/02 10:25 125 101 42 0 —
0 SRR B 17002 12:25 150 125 76 0 |
[ 10/22/02 8:22 50 24 24 0 T 7‘ 1702 12:50 175 151 84 0
— 10/22/02 8:40 75 49 26 0 e | e 1117102 1:35 200 175 101 0 ]
10/22/02 9:00 100 4 31 0 ‘ | 11/7/02 2:05 325 201 113 0 ]
10/22/02 9:15 125 103 37 0 ‘ T 11/7/02 2:30 250 227 124 0 '
T 10/22/02 9:30 150 129 45 0 T — 11/7/02 3:00 275 251 141 0 —r—
10/22/02 10:00 200 179 65 0 T ‘ T [N B
S 10/22/02 10:30 250 231 89 0 U i 11/8/02 8:40 310 305 279 1225 B
1022002 1045 275 256 102 0 - 1802 911 310 310 280 1300 o
——T 10/22/02 12:00 275 275 158 0 T e ' S — 11/8/02 928 310 310 208 1375 S
, 10/22/02 12:25 300 275 o172 150 ‘ i 11/8/02 10:00 305 310 281 1400 -
10/22/02 12:45 300 304 184 200 1 T 11/8/02 10:26 305 310 280 1325 ! . L
T T 10/22/02 1:00 300 301 194 225 o A e | S 11/8/02 11-58 305 305 278 1150 —
' 10/22/02 1:30 300 300 209 300 . | . 11/8/02 2130 205 08 578 1000 L
! 10/22/02 2:00 300 300 221 375 o | ' ' T
T 10/22/02 2:30 300 300 323 450 T R 1158002 10:40 315 305 277 970 T
10/22/02 2:45 300 300 236 490 1 o
10/22/02 315 300 0 243 590 | 1110002 10:10 310 315 287 1780 ]
L 10/22/02 3:45 300 300 249 600 | —T— —
R B T J — T 11/11/02 . 715 310 2 ‘ S B
10/23/02 7:12 300 300 274 850 310 82 1050 T
10/23/02 8:00 300 320 280 1050 L ] | — T 11/12/02 710 310 310 989 1050 e
I 10/23/02 9:00 300 320 285 1625 e : o
1 1 T
. 10/23/02 10:17 300 320 288 1675 _— \ 11/15/02 315 310 310 282 1050
. T i . N
T T 10/23/02 12:00 300 320 291 1625 | T Cell /Autoclave was stable until 12/13/02 when we lost our heating
R T T T 1 - T T
10/24/02 7:27 300 320 203 1700 f L B mantel ‘ cell was cooled over thg weekend anq restarted. on 12/16/02
T 1 10/24/02 9:45 300 320 293 1680 B ) e | | _ precautions were taken not to disturb the specimens during this procedure E——
10/24/02 Internal TC i tionable- Pressure is more in line with heater TC - | Repressure checked the cell and system started heating
T miernal 1% 1S ques . 1 —T T 12116102 11:21 325 277 188 200 T
lowering temperature to make pressure agree with 300C ‘ ‘ o
10/24/02 10:13 300 297 288 1100 4 | T ) |
T . i 12/17/02 7:00 310 310 296 1500
e 10/24/02 10:46 305 300 286 1000 s Wt T | ' e
: L 12/17/02 8:00 305 310 291 1100
10/24/02 12:13 305 305 282 975 I 12/17/02 3.45 300 300 286 1100 L
10/24/02 12:42 310 305 282 1000 T : 1
10/25/02 7:48 315 310 284 1000 ¢ T 12/18/02 7:15 300 300 286 1100
S ’ T { SE—— 12/18/02 . 312 300 300 286 1050 e
—— : 1100 1 —
10/29/02 719 315 312 286 ; T 12/19/02 7:15 300 300 286 1050 -
10/30/02 7:20 315 315 288 1050 o U N
] 12/21/02 1:30 300 300 286 1100 .
T . autoclave was stable for the rest of oxidation procedure
11/5/02 7:46 Started cooldown to remove specimens #1-4 type 1 } 1/20/03 .
— o L — _ Start cool down procedure for removal of Zirconium specimens ]
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