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Swelling of F82H irradiated at 673 K to 7 dpa in HFIR -Y. Miwa, E. Wakai, K.

Shiba (Japan Atomic Energy Research Institute), N. Hashimoto, J. P. Robertson and A. F.

Rowcliffe (Oak Ridge National Laboratory)

OBJECTIVE

The objective of this work is m study the effect of neutron irradiation on swelling behavior

of reduced activation ferritichwtensitic s teels for fwst wall applications in fusion energy

system.

SUMMARY

A reduced activation fet-ritic/marten sitic steel F82H (F82H-std) and a heat with the addition

of isotope ‘“B (F82H+’ “B) were irradiated at 673 K to 7 and 51 dpa in HFIR. The

swelling behavior of these alloys was examined by transmis sicm elecn-on microscopy. In

the F82H-std irradiated [o 7 dpa, small cavities (- 8 nm in diameter) were observed in lath

cells, but not on the interfaces of lath boundaries or precipitates. The cavity number

density (NC) was about 4X102” nl”3. The swelling was about 0.2%. In the F82H+’OB

irradiated to 7 dpa, smaller cavities (- 6 nm in diameter. ) were observed in lath cells, and

some cavities occurred on the interfaces of lath boundaries or small precipitates. The NC

was about 1.5x 10Z2m-s, and the swelling was about O.2%. In the F82H-std irradiatedto51

dpa, large and small cavities were observed in lath cells, but not on the interfaces of lath

boundtu-ies or precipi[akx. The NC was about 1x102” m-3, and the swelling was about

0.6%.

PROGRESS AND STATUS

Introduction

The reduced [Ic[ivil[ ion fcrri[ic/lll:~rtellsitic steel F82H is one of the candidate materials for

the first wall struc[uw of fusion reactors. The effect of neutron irradiation on mechanical

properties and micros uwctures in FX2H is being examined in the Japan/US collaborative

program on fusion reaclor materials. The swelling behavior of F82H irradiated at 673 K up

to 51 dpa is presented in [his report.
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Exr)erimental Procedure

Two types of F82H, one containing a low concentration of normal boron (F82H-std) and

the other containing an addition of isotopic ‘OB(F82H+’OB), were prepared to examine the

effect of helium on the micros tinctures. The them ical compositions and notations of these

alloys are given in Table 1. C 106 and FM 19 are F82H-std specimens, and C205 is the

F82H+*0B specimen. Heat treatment conditions of each specimen are listed in Table 2.

Standard transmission electron microscopy specimens of 3 mm in diameter were punched

out from O.25-mm-thickness plates. These specimens were irradiated at about 673 K in

HFIR target position in the capsule of HFIR-MFE-.TP1 2/position 8 [1] and HFIR-MFE-

JP20/position 9 [2]. The res~lltin: thermal and fmt neutron fluences, taking into account the

specimen position in reactor we 1.08s 1027 n/m2 (Ed). 5 eV) and 3.65x 102s n/m2 (E> lMeV)

for HFIR-MFE-JP12 [3] and 1.83x 10~” n/n12 (E<O. 5 eV) and 5. 16X1025 n/m2 (E> 1MeV)

for HFIR-MFE-JP20 [4], respectively. These fluences correspond m 51.3 and 7.4 dpa for

HFIR-MFE-JP12 and 1-1F] R- MFE-.I P20, respectively. The dose dependence of He

generation in each specimen is shown in Figure 1.
. .

Microstructural observation was carried out using a JEM-2000FX”tmnsrnission electron

microscope with a LaBK gun oi~erated at 200 kV. The root mean cube of CaVItY radms, r~MC,

w:is obtained by

r,~c = [(Xr~)/N)”3

The distribution of cavities was not uniform, so that dle cavity number density (NC) :ind the

swelling were measured in ca~’i[y rich region in order to estimate the maximum swelling.

Results and Discussion

Swelling in F82H-std (C 1(M] irrwiia~e~lto 7 dml

Figures 2(a)-(c) show [he ~i]vit)l distribution in F82H-stci irradiated to 7 dpa. The

calculated He concentration is about 8 appm. As seen in Figures 2(a) and (b), small cavities

were observed in lath cells. and aligned along dislocation lines. Small cavities were also

observed on dislocation loops that were forme(i during irradiation. A few cavities were

observed on the interfaces of small precipitates, but no cavities were observed on larger
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precipitates. Cavities were not observed on the lath boundaries (Figure 2(c)). The width of

cavityfreezone ftwn Ml boundarieswas about 50 nm. Relativelylarger cavitieswere

facetted which suggested some conversion to bias-driven voids was occurring.

Figure 3 shows thes ize distribution of cavities. The diametrd size distribution had a peak at

5 nm with a maximum diameter of about 20 nm. The r~~lcand N. were about 4.3 nm ~d

about 4.OX102’ m-3, respectively. The swelling was about ().2%.

Swelling in F82H+’ ‘)13(C205) irradiated to 7 dpa

Figures 4(a)-(c) show the cavity distribution in F82H+’OB irradiated to 7 dpa. The

calculated He concentration is about 330 appm. Cavities were observed associated with

dislocations within [he lath cells. The average diameter was smaller and the number density

higher than in the 1: S21-1~std (Fi:ures 4(a) and (b)). Some cavities were observed on the

interfaces on lath Imlndaries or small precipitates (Figures 4(b) and (c)). All cavities were

spherical with no evidence of facetting.

Figure 5 shows the size distribution of cavities. The diametral size distribution had a peak at

about 4 nm with a maximum diameter of about 15 mn. These are smaller than those in

C106. The fraction of larger cavities (- 10 nm in diameter) was smaller than that in C106.

The r~~c and NC \vurc :tlxN1t 3. 1 nnl iilld ;tbou[ 1.5x I 022 m“3, respectively. The swelling

was about O.2%. The tNClvas higher un(i rkllc:was smaller than that in Cl 06, swelling was

about the satne w that it] C 106. The adclition of ‘0B resul[s in He genemtion of about 320

appm from ‘“B(n, cx)7Li reaction in steel at an early stage (about 1 dpa) of the neutron

irddiation up to 7 dpa. ~“he rapid generation of helium in ‘“B-doped material (Figure 1) is

thought to be directly rcsponsi ble for the four rimes increase in the measured cavity density.

Swelling in F82H-std (Fivl 19) irraciiarecito51 dpa

Figures 6(a)-(c) show (he cavity distribution in F82H-std irradiated to 51 dpa. The

calculated He concentration is about 26 appm. As seen in Figures 6(a)-(c), cavities were

observed in lath cells, ami no( on lath boll ndaries or precipitates/matrix interfaces. The

width of the voici free zone at lath boundaries was about 50 nm, which is similar to that in

F82H-std irradiated m 7 dpa (C 10(i)- Small and large cavities are shown in Figure 6(b); the
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larger cavities were frequently observed at dislocation kinks or bowed-out dislocations.

Many of the small cavities occurred in close proximity to a large cavity, frequently less than

a small cavity diameter away.

Figure 7 shows the size distribution of cavities. The (iiametm] size distribution has a peak at

about 8 nm, and the maximum diameter is about 55 nm. These are much karger than those

in C106. The r~~c and N= were about 11 nm and about 1X1021m-3, respectively. The NC is

lower and r~~c is larger than that in Cl 06. The swelling was about ().6 %, significantly

larger than that in the 7 dpa specimen.

The details of micros tructurcs of a series of I%2H alloys it-radiated at 673 K to 54 dpa are

reported by Wakai et. al. elsclvhere [5 I in this report.
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Table 1 Chemical compositions (mass %)

c Si Nln P s Cr w ~ Ta T. Al T. N Ni Ti B

FM19 0.100 0.14 0.49 0.001 0.001 7.44 2.0 0.20 0.04 0.019 ().002 tr.”1

C106 0.097 0.09 0.07 0.002 0.003 7.46 2.1 0.18 0.03 0.014 0.004 0.03 0.008 0.0004

C205 0.098 0.17 0.5 0.001 0.001 7.23 2.1 0.22 0.04 0.021 0.002 0.0058”2

*1: ~. means trace (]UalltiI)’.

*2: all boron is 1“B.

~lble 2 Heartre:~tment conditions
.................................................................... ..................... ............ .................. ...................

Norrn:dizing Tempering............................................................... .......... .................................... ............ ... .... . . ......

FM19 1313 K/().5 h/AC lo13K/2h/AC

CI06 1313 K/ O.667 h/AC 1013 K/1.5 h/AC

C205 1313 K/().5 h/AC lo13K/1.5h /AC.. .. ... . ........... .. . .... .. ......... .... ..... ... ......... . .. ... . . . . . .
AC: air-coo lins. Nornxilizing and tempering was carried out in vacuum.
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Figure 1 Dose depcndcnm of He concentration in F82H-std (Cl 06, FM1 9) and F82H+*0B

(C205). He con~entril[ic)ns ;we 8,
~~ ;illd ~~() appln in Clob, Fh4 19, and C205,

respectively.
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Figure 2 Cavities in F82H-std irmdiated at 673 K to 7 dpa.

The calculated He concentration is about 8 appm. (a) and (b): Underfocus and overfocus

image in the same position of matrix. (c): Cavities near Ia(h boundary. “
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Figure 3 Cavity size distribution in F82H-std irmdatcd at 673 K to 7 dpa.
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Figure 4 Cavities in F82H+1 “B irmdaited at 673 K to 7 dpa.

The calculated He corwentmtion is about 33(.) appm. (a) and (b): Many cavities were

observed along dislocations. (c): Some cavities on small precipitates and lath boundaries.
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Figure 5 Cavity size distribution in F82H+] “B irmdaited at 673 K to 7 dpa.
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Figure 6 Cavities in F82H-std irradaited at 673 K to 51 dpa.

The calculated He concentration is about 26 appm. (a): Cavities in the matrix (s>>0). (b):

Cavities in matrix (s4)), and large cavities were observed at dislocation. (c): No cavities

near lath boundaries.
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Figure 7 Cavi[y size distribution in F82H-std irradaited at 673 K to 51 dpa.




