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SUMMARY
- ‘ An array of specimens (type 347 stainless steel, zirconium alloys,

and. titanium.alloys), exposed in the Blanket region of the HRE-2 during

runs 13 and lh as well as during some prior hiéh temperature Qperaﬁions,
were examined and wéighed° The visual dbservations and weighp$déta are
presented together with the chemical analyses of scale remove&tfrom some

qf these specimens° The evidence indicates that the corrosion of the speci-

mens was moderate. Some possible interpretation of the results of the scale

analyses as related to core tank corrosion; are also reported.
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A set of twenty-four assorted tensile and impact specimens, desig-
nated Blanket Loading No.'l'waS'installed in the blanket region of the
HRE No. 2 on 12-30-57 &nd removed on 4-8-58.. A .complete record of the
metallurgical data and fabrieatiOn'history of the specimens and array has
been reported prev:.ously.l 'ThiS-report will eover only the post-exposure
surface examinations, weight data and chemlcal analyses of the scale |

The specimen array was removed from the reactor at the completion
of HRE .No. 2 run ih, the second power run. Dﬁring the exposure the reactor
' logged approximately 375 Mwhr. The specimens were exposed only to D20 with-
out'added'oxygen vith the exception of a very short period of time at the‘
end of mun 14 when some core»solution entered the blanket through the hole
1n the core. The total time at temperatures higher than 250°C was 752 hours,
and at temperatures between 100°C and 250 ¢ was 227 hours.

After removal from the reactor, the array with the specimens in place
was separated without difficulty from the blanket source thimble and flange,
using the equipment in the maintenance pool at the reactor site. The array
was then transferreduto the Corrosion Examination Facility for examination
and further disaseembly-operations;

The array was photograpned and examined, both through the cell win-
dow and with the aid of the low power magnification of the stereoscopic
periscope. ATne holding screws were sawed off, and the speeimens were re-
moved, weighed ‘and re-examined. The tee mounting heads from one type 3&7
stalnless steel one Zircaloy-2 and one Tl-AhO titanium specimen were removed’
by sawing, for chemical analys1s of the retained scale Some of the specimens

were then transferred to the Metagllurgy group for testing and evaluation, The
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remainder weré stored fof futnre examinaﬁion°
| Two 6ne-inch long sections were then deed from‘the center of each

station along the holder. ¥Four of these sections were transferred to the
Chemical Technolog& Division for decontamination stﬁdies and four were
stored for fnture examination° The remainder of the hnldér was sent tq
the.bnrial ground. No unusual radiastion or contamination difficulties were
encountered during any of £hese operations. |

Figures 1, 2, and 3 are phofographs of the assembly as it was rémoved
from the reactor. All of the spenimens with one gxceptiqn wére coveredeith
a very thin, dark, adherent film. The one exception, Zircélpyéz‘weld'SPeci—
“men”w?Snd, in station L position i, was known to contain poor.material on
each end as evidenced by the formation of white corrosion product during
pretreatment prior to installation in the hnlder and by metallographic exami-
nation of similar speéimens,? The amount of white oxide was greatly increasgd
during the in-reactor exposure. This was the only sample of tne group to shqw
a weight loss. Individual samnle descriptions togetnef with the weight"data '
are presented in Table I. The titanium holder, webs, welds and fittings'were
generally.covered with a dull bronze=-colored adherent film with some écattered
darker colored stains. There was no visual evidence of any mechanical or
corrosion damage to any of the components of the a,rfay° |

After ‘weighing, the tee tips of specimens A-3-d (Zr-2), 0-3-c ( 347 Ss)
and J-3-b (T1-A%0) were removed. (nsing the abrasive saw), rinsed, dried and
weighed. These tips were then transferred to the Remote Analytical Chemistry
group for scale analysis. The analytical procedufe, developed for in-pile

corrosion test coupons, involves the pickling of the sample in a mixed, con-
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centrated acid solution which dissolves scale and some base metal. The
exacﬁ conbination of concentrated acids (HNO3, HCl,AHF and HESOM) varies
with the materisl and the tenacity of the film. The resulpiﬁg4solutions
are analyzed both chemically and speétrographicaily. The results of

these analyses are reported in Table IT. |

Since none.of thesg specimens were defilmed, a corrosion rate can-
not be assigned. However, the weight gains and the_appearance of the
specimens indicate that the ‘corrosion was very smail, probably no more
than would have occurred under similar conditions outside of radiation.

The primary purpose of the chemical analysis of the retained scale
was to determine the amount of uranium in the sample. Analyses for other
constituents, indicated transport of oxides from one material to another.
The one uranium analysis dn the titanium specimen, showing g/zg/cm? may
or may not be significant.. This sample may have been-contaminated to.this.
low level during the remote handling.

The zirconium oxide on the stainless steel specimens fepresents a
large portion of the weight gein. The source of this zirconium was proba-
bly the outer surface of th¢ Zircaloy-2 core tank, which was reportedly
coated with a white oxide when cbserved between runs 13 and 4. If one
assumes that the average of liﬁ/ug of zirconium per square centimeter of
area, on these samples, is representative of all the surfaces in the
blanket high-pressure system, thenAthis scale represents épproximgtely 58
grams of zirconium oxidized and/br transported during reactor runs 13 and
1%. If uniform corrosion of the blanket side of the coré vessel is assumed,

this represents 0.13 mils of corrosion penetration.
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On the bases that the averaggspower level during these runs was 3 Mw,
and that this"édrroSioh occurred during radiation, the rate for 375 Mwhr
would'be'dppfoximately 9 mils/yr. ~This é&;éulation’ignOres any zirconium
oxidized but retained on the: core wall. -The 9 mpj rate is in disagreement
with the reported rates of 4 to 5 mpy and 0.4 mpy for in-pile autoclave
experimentS”ORNL'15;53'and ZwlITA, respectively. ORNL 15-5 was an experiment
.in'ﬁhiéh distilled water with an oxygen over-pressure was -exposed at an esti-
mated temperature of 295°C:ih a Zircaloy-2 autoclave, with machined surfaces,
in a besm hole &t the MIR. Z-117 was a similar experiment with oxygenated

DoO in d Zircaloy-2 &utoclave, with machined surfaces,’ exposed at 280°C in

the HB-5 facility ‘at the LITR. The powér-density, due to absorption of'fast
neutron energy in ORNL 15-5, was estimated to be L w/ml'while that in the
HRE No. 2, at 5 Mw core power, is probsbly less than 0.5 w/ml and more in
agreement with Z-117. Thus, the radiation enhanced corrosion rate expected
for the blanket side Of'the core tank would have been more nearly 0.5 mpy for
machined Zircaloyr-é°

Since the system had been at temperatures between 250 and 3OOOC for
approximately 1900 hours prior to run 13, tﬁe nén-radiation corrosion pene-
tration may have been significant.. In-pile loop'experience has sho&n thaf :
zirconium oxide under radiation is removed from the area of high irradiation
and. deposited on areas of lower irfadiation° Out-of-pile corrosion data in-
dicate that, initially at least, sandblasted Zircaloy~2 corrodes faster than
as-machined Zircaloy-2 as indicated.by‘the development of white oxides.
>

Available data” on out-of-pile experiments employing good quality Zircaloy-2

with pickled surfdces show;ﬁenetrations of 0.02 mils in 29OOC H50 and 0.03 mils
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in HxO at 315°C for 1900 hours. Another experiment with machined surfaces

in 0.17 M UOgSOu solution showed O 02 mils penetratlon in llOO hours at
250°C,‘and 0.025_mils penetretlon'at 290 °¢ in 1000 hours. In these experif-:
ments only adherent, derk colored £ilms were?fermed én the metai surfacee:';
Thue, only a reasonable increase‘inlrate for theisandblasted core tank

could have produced most'of the indicated‘penetration; with the remainder .
being produced during the‘koo hours of ‘runs 13.and 1k,

It is alsofpossfble‘that part of the zirconium may have been derived.

from the phenomenon'which produced the hele in the core near the end of

run 1h4. Thereldoes-not appear to be any nethod of evaluating this possibility

at this time.
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Weight Changes Observed for HRE No. 2 Corrosion Specimens Exposed in the Blanket Region of .

The Reector During Runs 13 and 14

(T) Tensile Specimens
(I) Impact Spec1mens

* This sample has white corrosion product accumulatlons on both ends.

%% There is no visual evidence for this high weight increase.

The orlginal weight way be in error.

. Original Pretreatment As Removed Weight Weight Change

Specimen Station and Weight Weight Weight Change. =7 per Unit Area

No. Material - Position (gm) (gm) (gm) (mgs)  (mgs/cm®)
A=3-a (T) 2Zr-2 Core Tank J=2 18.9854 18.9862 18.9917 ¥ 6.3 4 0.28
A-3-b {T) " " " K-2 18.9818 18.9828 18.9898 - " 8.0 " 0.36
A-3-c (T) " " " L-2 18.9120 18.9129 18.9184 " 6.k " 0.28
A-3-d4 (T) ." " " M-2 18.8886 18.8892 18.8927 "oh,1 " 0.18
B-3-a (I) Zr-2 Allegheny Ludlum K-6 21.0355 21.0363 21.0391 " 3,6 " 0.14
B-3-c (I) " " " M-6 21,0601 21.0611 21.0645 "ohLh " 0.17
0=3-a (T) 347 88 J-k4 22.7730 22.7737' 22.7769 " 3.9 " o.17’
0-3-b (T) " K-l 22.6657 22.6657 22.6687 " 3.0 " 0.13
0-3-c (T) " Ll . 22,7548 22.7537 22.7566 " 1.8 " 0.08
0-3-4 (T) " | M=L - 22.9327 22.9328 22,935u "o2.7 " 0.l12
W-3-d 2T) . Zr-2 Weld L=l 18.6778 18.6877 18.6705 ~;.i7°2* - 0.76
Y-3-a (T) " J-1 18.9522 18.9529 18.9577 $ 4.8. % 0.21
Y-3-b (T) " » M-1 19.117h . 19.1183 - 19.1211 " 2.8 " 0.12
E-3-a (T) Zr-15% Nb-Sponge J=5 20.0780 R 20.1807 1102, T¥¥* " L,55
E-3-b (T) " om L-5 - 20.2366 -- 20.2383 "o1.7. . " 0.08
E-3-a (I) " " K-1 22,3114 - 22.3183 " 6.9 " 0.26
H-3-a (T) " " K-5 20,2766 - 20.2828 " o5.h "0.24
J-3-a (T) Ti-ALO J-3 12.9710 .- 12.9753 " 4.3 " 0.19
J=3-b (T) o K-3 12.9676 - 12.9737 " 6.1 "0.27
J=3=c (T) " L-3 13.0308 - 13.0370 "o6.2 " 0.28
J-3-d (T) " M-3 13.0290 “= 13.0323 " 3.3 " 0.15
J-3-a (I) " J=6 14.4958 -e 14.4993 " 3,5 " 0.13
J-3-b (I) " L-6 14,4708 - 14. 4757 " 4.9 " 0.18
N-3-a (T) Ti-110AT M-5 13.0796 - : 13,0861 " 6.5 " 0.29

4
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As Removed Surface Appearance

Thin gray Iilm with some interference colors, machlne marks visible.
1 1 3] " 1"
1 1" n 1 L1 I 1 | 1" L1} " )

n 1" " 1 1" 1n L] 1 u 1"

Thin gray film with some interference colors, machlne marks v1sible,
B .y . " -

Dark bronze covered with a
11 11 114

thin dark gray fllm on all surfaces, machlne marks visible

Al

1 1" 1" 1" " 1" 1" 1 i 1" 1 " X " "’ 1
1" " 1" 1 17 1" 1" )1 " 1 1" on 1 3] 1

Streaks and patches of loosely adherent, cream white scale from each end to welds, center
Very dark gray fllm on all surfaces. ,
1 1"

Dark gray almost black fllm, with occasional interference colors machine marks visible.

1"
1" 1" 1t L 1 L 1 " : . 1" . " n . ll

Metallic gray film on all surfaces with some " " L v

Thin metallic gray fllm on all surfaces with some interference colors°
1 1 1 " 1 .oon o

Thin metallic gray film on all'surfaces with some interference colors.

gray
covered w/dark/film.
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Table II. Chemical Analysis of Scale from Specimens in HRE No. 2 Blanket Loading No. 1
Following Run 1lh

i

Scale -Source Weightl Analytical Analysis (Wt. %)
(Specimen No.) Material (mg) Procedure U Cu Cr Ni Te Zr
0-3-c 347 88 347 Chemical 0 0 11.4 8.6 641 0.9
Spectrographic - 1.0 12.3 8.0 51.5 0.6
A-3-b Zr-2 303.8 Chemical - 0 . 0.0] 0.07 0.2 0.2 38.5 - -
: (Core Tank) Spectrographic - ND 0.1 WD M 132.4 1 ND
J-3-b , © Ti-AkO 31.€ Chemical  0.02 O 0. 0.6 0.2 1.2 - -
' . Spectrographic - - ND ND ND ND 0.3 ND 4.9

1) The weight of sample analyzed is determined by the loss in weight of the specimens durlng pickling
in a mixed acid solution.

Note: The‘area of each specimen is estimated to be 3 cm2, ignbring the surface produced by cutting.
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STATION

Position 1
Position 2

Figure 1 - HRE No. 2 Blanket Loading No. 1 as removed from the Reactor
following Run No. 14.
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STATION

Position 3
Position 4
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Figure 2 - HRE No. 2 Blanket Loading No. 1 as removed from the Reactor

followiag Run No. 14.
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Position 5
Position 6
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Figure 3 - HRE No. 2 Blanket Loading No. 1 as removed from the Reactor
following Run No. 14.
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