days
Zr0.2Nb
Zr0.4Nb
Zr1.0Nb
Zr1.5Nb
Zr2.5Nb

days
Zr0.2Nb
Zr0.4Nb
Zr1.0Nb
Zr1.5Nb
Zr2.5Nb

days
Zr0.2Nb
Zr0.4ANb
Zr1.0Nb
Zr1.5Nb
Zr2.5Nb

SCW - Static autoclave - KAERI
ZrNb Alloys (SCW, KAERI)

Weight gain (mg/dm2)

ZrNb Alloys

—&— Zr0.2Nb

—a— Zr0.4Nb

—o—Zr1.0Nb

—8—Zr1.5Nb

—e— Zr2.5Nb

100

150

Exposure time (d)

200

250

300

0

0.0
0.0
0.0
0.0

395.0
386.8
352.0
384.0

144

1032.9
1010.1
936.0
964.2

1 3

spall

32.4 56.8

35.0 58.6

355 611
36.0 60.0

42

419.5
410.5
366.4
400.3

156

1092.6
1075.9
1001.2
1020.2

48

477.6
460.9
4145
450.6

168

1159.5
1146.4
1066.7
1076.3

100.2

9 12

99.6 1395 1718

135.9 166.2

98.1 1321 1613
97.3 1318 162.7

60

576.6
551.0
483.0
534.7

66 72

15

212.1 2428
205.3 236.5
193.8 220.0
2014 2319

78

585.3 635.3 670.2
5715 608.5 659.8
508.4 556.2 593.7
5533 576.2 627.7

180 192

1222.0 1286.7
12139 1283.2
1137.8 1207.6
1137.7 1201.3

204

1338.6
1336.6
1268.2
1254.6

18

84

719.6
698.2
633.4
678.0

216

1384.0
1390.2
1312.8
1301.7

21

265.7 300.1
263.0 292.7
243.7 264.8
258.3 285.1

96

788.0
759.7
685.7
733.2

228

14354
1439.2
1373.2
1359.6

24

108

850.0
828.9
752.4
799.0

240

1486.8
1496.2
14345
1419.9

30

329.7
325.9
293.4
317.6

120

895.2
877.8
799.6
840.9

132

968.6
941.2
863.4
898.0

mg/dm2

mg/dm2

mg/dm2

mg/dm2




ZrNbSn Alloys (SCW, KAERI)

—~~

/dm?2

(

Weight gai

ZrNbSn Alloys

—&—Zr0.4Sn0.2Nb

—&— Zr0.4Sn0.4Nb

60 -

0 1 2 3 4 5 6 7

Exposure time (d)

days 0 1 3 6
Zr0.4Sn0.2Nb 0 58.67437  75.24797 spall mg/dm2
Zr0.4Sn0.4Nb 0 40.35063 57.87763 spall mg/dm2

ZrsSn Alloys (SCW, KAERI)

days 0 1
Zr0.2Sn 0 spall mg/dm2
Zr0.4Sn 0 spall mg/dm2
Zr0.8Sn 0 spall mg/dm2
Zrl.2Sn 0 spall mg/dm2




ZrFeCr Alloys (SCW, KAERI)

Alloys 11-14

—— Zr0.2Fe0.1Cr(L)

—a— Zr0.2Fe0.1Cr(H)

—o— 7r0.4Fe0.2Cr(L)
N
S —B— Zr0.4F0.2Cr(H)
A
(o))
E
[
'©
(@)
=
o
)
=
I
0 50 100 150 200 250 300
Exposure time (d)
days 0 1 3 6 9 12 15 18 21 24 30 36 42
Zr0.2Fe0.1Cr(L) 0 28.6 spall
Zr0.2Fe0.1Cr(H) 0 384 spall
Zr0.4Fe0.2Cr(L) 0 28.9 486 71.0 781 87.1 948 1000 1064 1124 117.0 1279 1305
Zr0.4Fe0.2Cr(H) 0 295 50.0 77.7 857 948 1039 1139 1279 1511 1906 2353 268.2
days 48 60 66 72 78 84 96 108 120 132 144 156
Zr0.2Fe0.1Cr(L)
Zr0.2Fe0.1Cr(H)
Zr0.4Fe0.2Cr(L) 153.8 183.8 1939 236.6 270.0 319.1 3584 398.2 465.2 483.1 501.0 5314
Zr0.4Fe0.2Cr(H) 323.9 384.0 4016 461.3 5083 563.2 649.4 7117 7827 7948 826.0 878.4
days 168 180 192 204 216 228 240
Zr0.2Fe0.1Cr(L) mg/dm2
Zr0.2Fe0.1Cr(H) mg/dm2
Zr0.4Fe0.2Cr(L) 560.8 5944 6242 6789 6975 736.2 770.6 mg/dm2
Zr0.4Fe0.2Cr(H) 941.7 1004.2 1053.0 11151 11311 1187.8 12195 mg/dm2




ZrCrFe Alloys (SCW, KAERI)

Alloys 21-24 Korea test

—m— Zr0.5Cr

1200 —A—7r0.5Cr0.2Fe
1000 = —o—2ZrL.0Cr

g

E 800 | —8—Zr1.0Cr0.2Fe

()]

£

£ 600 +

@«

(@))

=

(@))

‘©

=

300

Exposure time (d)

days 0 1 3 6 9 12 15 18 21 24 30 36 42
Zr0.5Cr 0 537 10114
Zr0.5Cr0.2Fe 0 288 443 556 66.6 779 889 947 1014 108.7 113.0 123.3 1243
Zr1.0Cr 0 301 464 572 670 76.6 857 905 96.7 1063 1143 1300 133.7
Zr1.0Cr0.2Fe 0 289 446 56.2 675 793 903 957 1020 1095 1121 1254 1231

days 48 60 66 72 78 84 96 108 120 132 144 156 168
Zr0.5Cr
Zr0.5Cr0.2Fe 1421 1664 166.7 1753 187.3 2106 248.0 2829 309.5 3288 3565 3929 4218
Zr1.0Cr 1559 1918 196.1 206.3 2242 2535 2943 3326 354.7 384.2 4019 417.7 437.7
Zr1.0Cr0.2Fe 133.9 153.3 1545 156.3 160.7 170.0 180.2 199.3 208.0 220.2 231.8 246.2 259.0

days 180 192 204 216 228 240
Zr0.5Cr mg/dm2
Zr0.5Cr0.2Fe 450.8 470.4 494.6 5019 5135 506.7 mg/dm2
Zr1.0Cr 4549 469.0 4759 4844 4911 499.0 mg/dm2
Zr1.0Cr0.2Fe 2735 2848 3013 309.6 3245 343.6 mg/dm2



ZrCuMo Alloys (SCW, KAERI)

Weight gain (mg/dm2)

Alloys 31-33

——Zr0.5Cu

—a&— Zr0.5Cu0.5Mo

——2Zr1.0Cu

—8—Zr1.0Cu0.5Mo

0 50 100 150 200 250 300
Exposure time (d)

days 0 1 3 6 9 12 15 18 21 24 30 36
Zr0.5Cu 0 516 796 890 984 109.7 1204 1254 1314 139.6 1435 164.9
Zr0.5Cu0.5Mo 0 847.8 spall

Zr1.0Cu 0 352 552 642 749 86.7 99.6 1084 1170 1252 1318 1439
Zrl.0Cu0.5Mo 0 413 63.1 725 861 1002 1152 1281 1401 1471 1503 173.0
days 42 48 60 66 72 78 84 96 108 120 132
Zr0.5Cu 164.1 219.0 260.7 263.8 264.6 3345 367.8 395.6 459.5 504.7 553.8
Zr0.5Cu0.5Mo

Zrl.0Cu 1458 1894 2418 2428 2543 2842 3403 369.7 4146 4675 4913
Zr1.0Cu0.5Mo 199.2 2904 393.3 409.8 4326 509.3 579.5 spall

days 144 156 168 180 192 204 216 228 240

Zr0.5Cu 581.6 6154 648.7 667.1 6759 692.6 687.4 698.1 699.8  mg/dm2
Zr0.5Cu0.5Mo mg/dm2
Zr1.0Cu 5143 536.0 5550 5749 5878 6039 6107 623.3 638.3  mg/dm2
Zr1.0Cu0.5Mo

mg/dm2



Reference Alloys (SCW, KAERI)

Weight gain (mg/dm2)

3000 -

2500 -

N

o

o

o
|

1500 -

1000 -

500 -

Reference Alloys

—®— Zr sponge

—aA— Crystal bar

—o— Zircaloy-4

) 10

Exposure time (d)

15

20

days 0 1

Zrsponge O spall mg/dm2
Crystalbar 0 spall mg/dm2
Zircaloy-4 0 2461.7 mg/dm2




New Alloys (SCW, KAERI)

New Alloys
—B—Zr1.0Fe
—aA— Zr1.0Fe0.5Cr
2000 —— ——zro.6Fe
—8— Zr0.6Fe0.3Cr
1800 - —e— Z10.6Fe0.3Mo
1600 - | —=—2zr0.6Fe0.6ND
N ——Zr1.0Cr0.5Fe
g 1400 7 | o z10ci05mo
2 1200 -
£ 1000 - A
g X o
4 = o E]
£ 800 | : :
'%_.) 600 7 & &~ - H -
i A =/ Y % &
200 - ’_;.g;_/_.;_—a’ e )
O Y - - I I I
0 50 100 150 200
Exposure time (d)
days 0 1 3 6 12 18 24 30 36 48 60 72 84
Zrl.0Fe 0 56.4 1064 1238 1352 1434 1571 1616 176.0 2026 263.3
Zr1.0Fe0.5Cr 0 496 96.1 1059 109.0 116.1 1188 1212 156.4 166.0 190.7 237.1 260.8
Zr0.6Fe 0 56.2 106.8 1244 1339 1408 1713 1683 2453 2776 370.7 4421 4743
Zr0.6Fe0.3Cr 0 49.1 100.0 105.7 1140 120.7 1421 1532 2348 288.0 338.3 4289 4433
Zr0.6Fe0.3Mo 0 619 116.1 1229 1270 136.3 1595 166.1 2222 257.8 3173 330.3 3517
Zr0.6Fe0.6Nb 0 98.7 1934 256.9 3478 377.1 4431 540.7 579.1 686.0 7812 886.8 1039.3
Zr1.0Cr0.5Fe 0 513 934 1220 748 801 850 850 813 889 1029 1082 1110
Zr1.0Cr0.5Mo 0 458 899 948 995 1083 127.1 1476 1749 2027 2321 2683 2959
days 96 108 120 132 144 156 180 192
Zrl.0Fe 2740 3421 3916 4639 4923 564.0 6565 662.3 mg/dm2
Zr1.0Fe0.5Cr 2715 290.7 309.0 3327 3499 3798 4041 416.2 mg/dm2
Zr0.6Fe 570.6 652.7 6946 7583 7849 8595 9394 9755 mg/dm2
Zr0.6Fe0.3Cr 4512 4859 5355 5989 6444 7112 7855 819.2 mg/dm2
Zr0.6Fe0.3Mo 4894 6194 698.1 758.7 7849 8314 863.7 8828 mg/dm2
Zr0.6Fe0.6Nb 1135.0 1216.2 13045 14135 1488.1 1572.0 17159 1799.2 mg/dm2
Zr1.0Cr0.5Fe 1150 1259 1294 140.0 1500 164.1 171.7 175.7 (Partially spalled) mg/dm2
Zr1.0Cr0.5Mo 3156 338.0 3609 3809 3994 4173 4454 466.9 mg/dm2



SCW - Dynamic Autoclave - UM

Experimental alloys tested in this study.

Alloy system

Alloys and composition (wt%o)

Zr-Fe-Cr

Zr-0.2Fe-0.1Cr

Zr-0.4Fe-0.2Cr

Zr-Cr-Fe

Zr-0.5Cr

Zr-0.5Cr-0.2Fe

Zr-1.0Cr

Zr-1.0Cr-0.2Fe

Zr-Cu-Mo

Zr-0.5Cu

Zr-0.5Cu-0.5Mo

Zr-1.0Cu

Zr-1.0Cu-0.5Mo

Average weight gain (for two samples) of tested alloys after exposure for 24 hours.

Alloy system Alloy Ave. weight gain, 24 hr. (mg/dmz)
Zr-0.2Fe-0.1Cr (720°) 27.9
Zr-Fe-Cr Zr-0.4Fe-0.2Cr (580°) 25.5
Zr-0.4Fe-0.2Cr (720°) 29.5
Zr-0.5Cr 4282.2
Zr-Cr-Fe Zr-0.5Cr-0.2Fe 32.0
Zr-1.0Cr-0.2Fe 38.0
Zr-0.5Cu 3966.5
Zr-0.5Cu-0.5Mo -1669.2 (spalling)
Zr-Cu-Mo Zr-1.0Cu 550.3
Zr-1.0Cu-0.5Mo 576
Reference Zircaloy-4 disintegrated




ZrFeCr and ZrCrFe Alloys (SCR, UM)

Weight gain (mg/dm2)

SCW - dynamical autoclave - UM

—&—Zr-0.2Fe-0.1Cr (H) - alloy 12

—&— Zr-0.4Fe-0.2Cr (L) - alloy 13

—o— Zr-0.4Fe-0.2Cr (H) - alloy 14

—&— Zr-0.5Cr-0.2Fe - alloy 22

—0O—Zr-1.0Cr-0.2Fe - alloy 24

0 l I I I I I I
0 20 40 60 80 100 120 140 160
Exposure time (d)

Alloy 1 2 3 6 9 15 21 30 60 90 120 150
Zr-0.2Fe-0.1Cr (H) - alloy 12 31.7 0 469 577 65 77.8 86.5 98.1 130.3 1574 1818 210.7
Zr-0.4Fe-0.2Cr (L) - alloy 13  26.2 0 423 517 594 732 811 91.8 118.1 1446 163.6 183.5
Zr-0.4Fe-0.2Cr (H) - alloy 14  31.7 0 488 606 68.8 844 944 108 146.1 197.8 2427 305.8

Zr-0.5Cr-0.2Fe - alloy 22 33.2 429 471 581 66.1 788 882 1005 1252 1579 179.8 204.1
Zr-1.0Cr-0.2Fe - alloy 24 38.1 472 538 648 73.8 91.1 1056 1229 168.1 260.8 341.6 4227

days
mg/dm2
mg/dm2
mg/dm2
mg/dm2
mg/dm2
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