CONTINUING IRRADIATION OF FERRITIC STEELS: EXPERIMENTS HFIR-CTR-62 AND
-63 -- K. E. Lenog, R. L. Klueh, and R. L. Senn (Oak Ridge National Laboratory)

OBJECTIVE

The objective of this experiment is to evaluate the microstructure, tensile properties, and Charpy
impact properties of irradiated ferritic steels. These two capsules are follow-up experiments to the
ferritic steel irradiations performed in HFIR-CTR-47, -48, -49, -50, -53, -54, -55 and -56.

SUMMARY

The design and structure of the HFIR-CTR-62 and -63 capsules is described, including detailed
descriptions of the specimen materials. The two capsules contain ferritic steel specimens, along with
a few austenitic stainless steel TEMs, intended for irradiation at either 300°C or 400°C until a peak
of thirteen dpa is achieved at the center of the capsule. The two capsules, containing eighty-eight
one-third size Charpy specimens, 208 TEMs, and thirty-two tensile specimens, have been assembled
and are currently scheduled to begin irradiation in the HFIR in April of 1995.

PROGRESS AND STATUS

Introduction

HFIR-CTR-62 and -63 have been designed and fabricated and are scheduled to start irradiation in the
HFIR in April of 1995. The capsules will be irradiated until a peak of thirteen dpa is achieved in
specimens at the reactor midplane. These two capsules are follow-up experiments to HFIR-CTR-47
and -48, which contained Charpy specimens, and HFIR-CTR-49, -50, -53, -54, -55 and -56, which
contained tensile specimens. HFIR-CTR-62 contains only Charpy specimens and HFIR-CTR-63
contains Charpy, tensile, and TEM specimens. The differences from previous ferritic steel irradiations
are described, as well as the specimen matrix and specimen holders used in the current experiment,
along with the thermal analysis required to design the specimen holders.

Differences from Related Previous Experiments

These two experiments contain some important elements not found in the previous irradiations of
ferritic steels (HFIR-CTR-47, -48, -49, -50, -53, -54, -55 and -56). These elements include new
specimen materials and types and new analysis techniques. In addition to the conventional Cr-Mo
steels (with and without nickel) contained in the previous capsules, CTR-62 and -63 contain new
reduced-activation ferritic steels and nickel-doped alloys. In the prior irradiations, one-half size
Charpy specimens were irradiated, and one-third size specimens are being irradiated in this
experiment. Also, sheet SS-3 tensile specimens are being irradiated in these two capsules, whereas
rod tensile specimens were irradiated in CTR-49, -50, -55, and -56. CTR-62 and -63 also contain
- TEM specimens which were not included in the previous experiments. The majority of the TEMs are
ferritic steels, but a few of them are made of austenitic stainless steel; all of the austenitic specimens




are TEMs. Density measurements and transmission electron microscopy analysis of the TEM
specimens will be made after irradiation. In addition, the fracture surfaces of the Charpy specimens
from these two experiments will be examined using scanning election microscopy (SEM) after initial
testing.

Specimen Matrix

CTR-62 contains only Charpy specimens, while CTR-63 contains Charpy, tensile, and TEM specimens.
The layout of the specimens in each capsule and the desired temperatures are shown in Figs. 1 and
2. Both capsules contain flux monitors at the locations shown in Figs. 1 and 2. The loading lists for
the capsules and the alloy compositions of the specimen materials are shown in Tables 1-3.

Specimen Holders

The three types of specimen holders required for the experiment are shown in Figs. 3,4, and 5. Fig.
5, the Charpy holder, is a-configuration and design that has not been used in previous experiments.
The other two holders are nearly identical to those used in a previous series of experiments, JP-9
through -16°, but with slight modifications. Each holder type is discussed in more detail below.

Tensile Specimen Holder (Fig. 3)

Four tensile specimens and eight filler pieces (made of the specimen material) are held against an HT-
9 alloy central core by a two piece aluminum alloy holder. The entire assembly is slid into an HT-9
sleeve. Small spacer tabs on the top and bottom of the aluminum holder are used to maintain the
gas gap required for temperature control. The two notches along the length of the aluminum holder
have been added to allow for gas flow in the case of a blocked control gap and for easier disassembly
after irradiation. Additional gas gap spacer tabs were added on each side of the notch on the top and
bottom of the aluminum holder.

TEM Specimen Holder (Fig. 4)

The TEM specimens are stacked into a stainless steel tube that is held within an aluminum alloy
holder. The tube and the TEMs are kept within the holder by stainless steel end caps. Unlike
previous TEM specimen holders, the length of the holder above and below the stainless steel tube is

symrmetric.
Charpy Specimén Holder (Fig. 5)

The Charpy holder is similar to the holder used for the tensile specimens. Four one-third size Charpy
specimens are stacked together into an aluminum alloy holder that is slid into an HT-9 sleeve. In this
case the aluminum holder is in one piece, but it does have the same notches and gas gap spacer tabs
found on the tensile specimen aluminum holder.

Thermal Analysis

All of the external components of CTR-62 and -63 are identical to the previous JP-9 through -16
series of capsules, and the specimens holders are similar. Due to the similarities of CTR-62 and -63
to the previous JP series, and since the JP series of capsules underwent extensive one- and three-
dimensional analyses, no additional calculations were performed on the capsule components of the




CTR-62 and -63 capsules. See Ref. 1 for a description of the analysis of the JP-9 through -16 series
of capsules.

Due to the configuration of the specimen holders used in CTR-62 and -63 (Figs. 3-5), one-
dimensional, cylindrical geometry heat transfer calculations were sufficient to characterize the
temperature distribution in the holders and the specimens. (This was also demonstrated in the
calculations for JP-9 through -16.") The BASIC code, GENGTC® , was used to perform one-
dimensional analysis of the specimen holders and to determine the size of the control gap required
to maintain the desired temperatures.

The density, thermal conductivity, and linear expansion properties of each material region is needed
for GENGTC calculations. The properties for material regions that contained more than one alloy,
(e-g., a specimen holder with two different alloys), were determined by calculating the actual density
and determining an average thermal conductivity and linear expansion based on the volume fraction
of each material in the specimen holder. All of the material properties were treated as constants for
the GENGTC calculations.

The heat generation rate (HGR) in the CTR-62 and -63 capsules was assumed to follow the profile
determined in the TTT capsule experiment?:

normalized HGR praofile = 0.99768 - 0.00619595z ~0.00687997z>

where z is the distance of the specimen from the reactor horizontal midplane, in inches. The peak
HGR values given in the TTT experiment were modified to allow for the current reactor operating
level of 85 MW, as opposed to the 100 MW operation during the TTT experiment. For the aluminum
alloy components of the capsule, the peak HGR was (34.4 W/g)(85/100) = 29.2 W/g. For the steel
components, mainly specimens, the peak HGR was (54.6 W/g)(85/100) = 46.4 W/g.

The material properties, HGRs, design temperatures, calculated temperatures and gas gap sizes from
the heat transfer calculations are shown in ‘Table 4 for CTR-62 and in Table 5 for CTR-63. The
average and peak temperatures shown are for the specimens, not for the holders.

CTR-63 contains eight temperature monitors, two in the center core of each tensile specimen holder
(see Fig. 3). The melt capsules will be inspected with radiography after irradiation to confirm that
the desired temperatures were obtained.

FUTURE WORK

Once irradiation is complete, the capsules will be disassembled and the specimens, flux monitors, and
temperature monitors will be recovered for testing. The tensile, Charpy, and TEM specimens, and
temperature monitors will be tested at Oak Ridge National Laboratory. The flux monitors will be
sent to Battelle Pacific Northwest Laboratories for examination by L. F. Greenwood.
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Fig. 1. Specimen layout and desired irradiation temperatures for

HFIR-CTR-62.
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Table 1. Loading list for HFIR-CTR-62

Position

O X N O i & W N ==

e o e Y
B Hh W N = O

16

Specimen Alloy Tempetrature
Charpy 12Cr-1IMoVW-2Ni 300°C
Charpy Mix (1, 3, 15, 16) 300°C
Charpy 9Cr-1IMoVNb 300°C
Charpy 10Cr-0.5MoVNb 400°C
Charpy Mix (4, 6, 12, 13) 400°C
Charpy 9Cr-2WVTa-2Ni 400°C
Charpy 12Cr-1IMoVW-2Ni 400°C
Charpy 12Cr-1IMoVW 400°C
Charpy 9Cr-IMoVNDb 400°C
Charpy Mix (7, 8, 9, 11) 400°C
Charpy 9Cr-1IMoVNDb-2Ni 400°C
Charpy 9Cr-2WVTa 400°C
Charpy 8Cr-2WVTa 400°C
Charpy Mix (4, 6, 12, 13) 400°C
Charpy 12Cr-1MoVW 300°C
Charpy 9Cr-1MoVNb-2Ni 300°C

Notes: Each position will contain four Charpy specimens. The positions identified as "Mix" contain '
the same type of specimens as those of the postion number shown in parentheses, the actual alloys
in these mixed positions are summarized as follows:

Pos

10
14

Temp (°C Alloy Mix

5888

12Cr-1MoVW-2Ni, 9Cr-1MoVNb, 12Cr-1MoVW, 9Cr-1MoVNDb-2Ni
8Cr-2WVTa, 9Cr-2WVTa-2Ni, 9Cr-2WVTa, 10Cr-0.5MoVND,
12Cr-1IMoVW-2Nji, 12Cr-1MoVW, 9Cr-1MoVNb, 9Cr-1MoVNbDb-2Ni
8Cr-2WVvTa, 9Cr-2WVTa-2Ni, 9Cr-2WVTa, 10Cr-0.5MoVNb,
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Table 2. Loading Iist for HFIR-CTR-63

Position Specimen Alloy Temperature
1 Tensile 12Cr-1IMoVW, 12Cr-1MoVW-2Ni 300°C
2 Tensile 9Cr-1IMoVND, 9Cr-1MoVNb-2Ni 300°C
3 Charpy 8Cr-2WVvTa 300°C i
4 Charpy 8Cr-2WVTaB 300°C
5 Tensile 10Cr-0.5MoVNbD, 8Cr-2WVTa 400°C
6 ‘Tensile 8Cr-2WVTaB, 12Cr-1IMoVW-1Ni 400°C
7 Tensile 12Cr-1MoVW, 12Cr-1IMoVW-2Ni 400°C ‘
8 TEM All Steels 400°C
9 Charpy 8Cr-2WVTaB 400°C
10 Charpy Mix (9, 9, 9 13C) 400°C
11 Tensile 9Cr-1IMoVND, 9Cr-1MoVNb-2Ni 400°C
12 Tensile 9Cr-2WVTa, 9Cr-2WVTa-2Ni 400°C
13 Charpy Mix (7C, 8C, 9C, 11C) 400°C
14 Tensile 8Cr-2WVTaB, 8Cr-2WVTa 300°C
15 TEM All Steels 300°C
16 Charpy Mix (1C, 3C, 15C, 16C) 300°C

Notes: Each position will contain either four tensile or four Charpy specimens or one TEM packet.
The positions identified as "Mix" contain the same type of Charpy specimens as those of the position
number shown in parentheses. The "C" refers to the positions in HFIR-CTR-62. The actual alloys in
these mixed positions are summarized as follows:

Pos Temp °C Alloy Mix
10 400 8Cr-2WVTaB, 8Cr-2WVTaB, 8Cr-2WVTaB, 8Cr-2WVTa
13 400 12Cr-1IMoVW-2Nj, 12Cr-1MoVW, 9Cr-1MoVNb, 9Cr-1IMoVNb-2Ni

16 300 12Cr-IMoVW-2Ni, 9Cr-IMoVND, 12Cr-1MoVW, 9Cr-1MoVNb-2Ni
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Fig. 3. Tensile specimen holder used in HFIR-CTR-63.
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