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For the High Temperature Bngineering Test Reactor, HTTR, the control rod sleeve is
made of Alloy 800H for which a particular process is imposed when the reactor needs to
be scrammed. The process rises from the limited heat resistance of the metallic alloy.
The less restricted operation of the reactor as well as the even more reliable integrity
of the control rod would be attained if there would be the comirel rod more resitant to
high temperature and neutron irradiation.

In this respect the use of C/C composite for the control rod for HTGRris believed to
be aspired, though there still remain a few difficulties to be overcome towards the
actrual use of the material in the reactor: evaluation of the effect of neutron
irradiation on its properties, fabrication of the elements, structural integrity of the
elements, etc. This report summarizes the results which have been obtained as of March
1596 in the course of the development of the C/C composite control rod.

Materials ased were pitch- or PAN-based fiber-reinforced 2-dimensional carbon
composites, from which preforms of the elements of a cotrol rod were fabricatd. The
preforms were carbonized at 1000°C after being impregnated with pitch, Then they were
graphitized at 3000°C, followed by a purification treatment with halogen. The elements
included the pellet holder, lace truck and pin. The pin was fabricated by the fiber
laminating technique. A control rod is to consist of pellet holders which are connected

by the lace trucks with pins.
Various strength tests were carried out on these elements, An irradiation of the
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elements made of PAN-based material was performed in JRR-3 at 900X£50°C to a neutron
fluence of 1x10%% n/m’ (E>29fJ). As for the strength tests on the elements, there were
éome differences between PAN- and pitch-based composites: In general, elements made of
PAN-based composite showed the more plastic behavior before they fractured, whereas
those of pitch-based material behaved in the more brittle manner.

Fracture tests of the irradiated elements showed that frature load and fracture
displacement enough for assuring the integrity of the control rod structure were
maintained even after the irradiaion. It was also found that if the applied load was
parallel ot the fiber felt plane both fracture load and strain increased, whereas the

load increase and strain decrease were observed for the applied load against the plane.

Keywords: C/C Composite, Control Rod, HTIR, Irradiatiem, -Strength



JAERI-Research 96-043

EEEAMEERA W/ HT TREIERORRE (1)
— HIEEE RO L EREREER —

BAE A S RS S R LA
@R HIB « DLFTRER - FTHHIALF

(199645 7 H 8 B

HTTROEHEESIEIT OA00HTAESNTHE . A7 F LBICIE, TOMBMEEHEEL T, &l
QSRR VE R ER( RAHASEED) ROEERE (FOME) ~o BEEATITON D, JOLIQ
G AR OSREBRT 5700, LD HBWHCEN 2 REEAMREH O GIHBORREE £
Wi, REEOSVEIZH - TEBICEHRWES 2720103, MEMSIC IR ORED
I . HIEREERORE LB OESE  OEBIC SWTHIREREL LD 5 0ENH 5. A
e R AMEE B WSO E BN E L TR L HIEREROBHAIROBEHRO
HBRATLEDLLLDTH S,
 PANZRUE v FREMARR & T3 2 DREEAME RO, FREMMCE y FERL
HAH L 7o, 1000°C THRE(LAEE, X 5123000°CTESMAIE L 7o, EMELid ay L7 2%
AT o oo HIHEERE L TRy bh—F, L—ATy 7 RUEVEEFLI, Tho
DEZIZHOWTHEA DBRERBRAIT - 7. BHARIZP ANEHEHC DWW TOHAJ RR- 32V
T =1. BEBRERUCBHERIZ. £4900250°C, 1x107°n/n" (B>29f1) TH %,

PANBEUE v FRMEAE RO SERFERHHMOBERBOMER. —MICP ANRJHMETHE
VEL - BEEOBHEEE TOLTHRIRZ VI 00D - 7. P ANSMREER O BHRERD
$hE R EROERE AR HEBEOREMAFE DDA TH L EPY SN T,
4. AEHEAEROBRM 7 ) NEICTETTH A58, KERE. BEE TORERES LITH
ME B E. BEOESICIE, WEFEOMMEEHREORDIEEXNS Z &0 -1,

BB T19-11 RIREFMEEEHALORE — 4



JAERI-Research  96-043

Contents

1. Introduction
2. Experimental

3. Results and Discussion

3.1 Comparison between the PAN- and Pitch-based Materials ----orrrresomeememmmmremeeeeees
3 9 TResults of the Irradiation Bxperiment on the PAN-based Material ----oooveeree

4, Conclusions

References
H 7
1. FANE
2. EBH®E
3. R EHE

3.1 PANZEMEEEy FHRHMBEOHER
3.2 PANFMHOBEHBROME

4. FED
S AR

D s Q2 DD BN = e

[ 5 I S U B



JAERI-Research 96-043

1. INTRODUCTION

High Temperature Engineering Test Reactor(HTTR) has been under construction at
JAER], Oarai Research Establishment since 1990 and is supposed to attain criticality by
the end of 1997. As is shown in Fig. 1 the core of the reactor consists of arrays of
stacked fuel or replaceable reflector blocks made of graphite. In the normal operation
conditon the maximum temperature of the graphite blocks will be around 1300°C when
the temperature of the helium coolant at the outlet is 950°C [1]. To control the
reactivity control rods are to be inserted into appropriate holes in the core and
reflector blocks. In the event of a scram the control rods are inserted into the core
taking advantage of the gravity. Nine out of 16 pairs of control rods in the reflector
region are inserted immediately at the time of scram, while the other seven pairs in the
core region are to be inserted 40 minutes later when the tempeature of the outlet
coolant becomes lower than 750°C. The two step inserting method is employed mainly
for the purpose of preventing the control rod sleeves in the core region from
overheating. Fig. 2 shows an overview of the present control rod system 1o be applied
for the HTTR. In the system the control rod sleeves are made of Alloy 800H.

Since the carbon-carbon (C/C) composite material is believed to be the more heat
resistant than Alloy 800H, it would be lessen the restriction imposed on the reactor
control procedure, if the control rod sleeve which accommodates boron carbide/carbon
pellets is to be made of the material. The prominence of the C/C composite has been
widely recognized as a high-strength heat-resistant structural material. Effect of
neutron irradiation on thermal, mechanical and other properties of the composite has
been fairly extensively examined by a number of investigators[2-9] so that the data on
the material have been accumulated fairly abundantly enough to commence to think
about its application to high temperature components of nuclear facilities.

In consideration of this situation a concept of control rod to be made of C/C
composites has been proposed by the present authors in quest of the even better
performance of the control rod for the HTTR. On the basis of the concept several
elements for the control rod have been prepared from C/C composites and their
mechanical strengths have been tested both before and after neutron irradiation. This
paper summarizes the results of fracture tests of the elements to evaluate the
applicability of the material to the control rod, aiming at the further development of

the more heat-resistant control rod.
2. EXPERIMENTAL

PAN(polyacrylonytrile)-based or pitch-based carbon fibers were used for the

preparation of elements for the control rod. These elements were shown in Fig. 3. The
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textile preforms were enforced two-dimensionally. After being impregnated with
pitch, the preforms were carbonized at 1000°C and graphitized at 3000°C. Then they
were purified with halogen gas. The pellet holder and the lace truck were preformed
by the combination of the cross-knitting and filament winding techniques. The fiber
lamination technique was employed for the fabrication of pins. Fig. 4 shows a
schematic for the control rod when these elements are assembled.

The strength of these elements was measured at room temperature in air using a
screw-driven tensile test machine. Compressive tests of the pellet holder were carried
out in its radial direction or axial one, as shown in Fig. 5(a). The lace truck was tensile-
tested in a manner shown in Fig. 5(b). Bending strength of the pins was measured by
three point method in either the against or parallel direction, as is shown in Fig. 5(c).
Cross-head speed for these tests was 0.5 mm/min. Some of these elements were
irradiated at 900+ 50°C in JRR-3 to a maximum fluence of 1 x 1023 n/ mZ(E>29fJ).

3. RESULTS AND DISCUSSION

3.1 Comparison between the PAN- and pitch-based materials

Fig. 6 shows the results of the bending test of pins made of PAN- or pitch-based
material. The fracture strain for each material in the present case is several times
larger than that for most materials which have been examined before[8-10]. The
strength is also larger or comparable to that of the materials previously investigated.
The fracture strength and strain of the materials in the present study seem to be
comparable to those of PAN-based materials examined by other researchers who
prepared hybrid C/C composites with surface treated fibers[11]. Comparing the
present materials with each other, the pitch-based material showed the less brittle
behavior, though the fracture strain seemed to be large enough even for the PAN-
based material. The parallel specimens, which imply that their felt plane was
parallel to the applied load, endured fairly larger stress comparing with the against
specimens, whereas the fracture strain seems to be larger for the latter. This
suggests that the felt plane bends more readily when the load is applied against itself,

Fig. 7 shows the results of the fracture test of pellet holders. Here, the ordinate and
abscissa represent the load and displacement of the cross-head, respectively. It is
seen in Fig. 7(a) that the axial fracture load does not differ much between the two
materials, whereas the amount of deformation seems to be a little larger for PAN-
based material than for the pitch-based one. The radial fracture load is much larger
for the PAN-based material than for the pitch-based, which is seen in Fig. 7(b). On
the basis of its larger fracture load and deformability observed in the case of radial

fracture test, only PAN-based material was chosen for the irradiation experiment,
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since the space which was to accommodate the element specimens was limited in the
reactor.

3.2 Results of the irradiation experiment on the PAN-based material

(1) Pins

Fig. 8 shows stress-strain curves obtained from the bending test of pins made of
PAN-based material. Loads were applied to the specimens either (a)parallel to or
(b)against the felt plane. It is to be noted that the strength increased very
pronouncedly when the load was paralle] to the plane. This is probably because the
strength of the specimen parallel to the felt plane would be less influenced by the
weakening of the bond between the felt planes which might be caused by the
irradiation. Though there was no large difference in the bending strength and
fracture strain between the parallel and the against specimens before irradiation,
they behaved diferently after irradiation. As is seen in Fig. 8(b) for the against
specimens, the bending strength increased after irradiation, whereas the fracture
strain decreased, which seems to be characteristic of irradiated carbon materials. In
fact, the most materials examined in the previous experimant showed this general
trend({8,9].

Peak stress(bending strength) versus fracture strain is plotted in Fig. 9 for both
irradiated and unirradiated pins of PAN-based material. It is to be noted in this figure
that the strength of parallel specimens increases with increasing fracture strain,
whereas that of against specimens decreases with increasing fracture starain. It is
interesting to find that the solid lines drawn in the figure fit to the data points for
both irradiated and unirradiated specimens.

(2) Lace trucks

The results of the fracture test of lace trucks are shown in Fig. 10, where one can
see that both strength and displacement, which was estimated from the movement of
the cross-head, are larger for the irradiated specimens than for the unirradiated. A
tendency similar to that observed for the pin was also found for the lace truck, which
is shown in Fig. 11, since the felt plane of the lace truck was parallel to the loading
axis, i.e., the strength increases with increasing fracture starain, though in this case
the strain is not the one derived from the strain gage but from the displacement of
the cross-head of the tensile test machine.

(3) Pellet holder

Load versus displacement curves for pellet holders in the cases of axial and radial
loadings are shown in Figs. 12 and 13, respectively. It is to be noted that the fracture
load for the axial loading seems to increase after the irradiation, even though the
curve is rather rugged, which is probably because of the inclination to the buckling
during the test. In the case of radial loading, fairly large decrease in the fracture

load as well as in the fracture displacement was observed after the irradiation,
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though the values of both load and displacement seem to be large enough to apply the
material to the holder.
(4) Dimensional changes caused by the irradiation

Results on the dimensional changes caused by the irradiation are shown in Fg. 14
for three kinds of elements. The dimensional changes of the control rod elements
here are rather large comparing with those of the C/C composite materials, which
have been reported in the references[8,9]. In an irradiation condition similar to the
present case, dimensional reduction larger than 1 % was caused only for a uniaxial
material and most materials showed reduction smaller than 0.3 %[8,9]. However, the
dimensional reduction of about 2 % caused in the present irradiation conditon is
believed to be tolerable for the design of the control rod of C/C composites. Moreover,
it is very probable that the future modification or improvement of the material, of the
preparation technique of preforms and/or of the heat treatment procedure would
increase the stability of the irradiated elements. Along this line, the elements the
concept of which is different from that for the ones tested in the present study were
also considered and prepared for the future evaluation. This is shown in Fig. 15.

(5) Young's modulus

Fig. 16 shows changes in the Young's modulus of irradiated elements. Here, the
data on the pin are derived from stress-strain curves obtained using strain gages
during the bending test. The rest of the data are relative values calculated from the
load-displacement curves.

The results on pins which indicate that there is a rather large difference in the
modulus change between the parallel and the against specimens are reasonable if the
fact that the against specimen can bend more readily than the parallel specimen is
taken into account, i.e., the lower modulus of the against specimens. The apparent
decrease in the modulus of the lace truck may be fortuitious in consideration of the

method of calculation described above,
4, CONCLUSIONS

Elements for the control rod to be used in the HTTR were prepared from two kinds
of carbon-carbon composites, pitch-based and PAN-based, aiming at the development
of the more heat-resistant control rod which is believed to lessen the restriction on
the operation and shut-down processes of the HTTR. The elements included pellet
holder, lace truck and pin.

Main conclusions are;

(1) For the unirradiated elements those of PAN-based material showed the more

deformable behavior than those of the pitch-based.
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(2) Elements of PAN-based material irradiated at 900°C to a fluence of 1 x 1025 n/m?

(I>29f]) maintained the fracture load and fracture displacement which may well be
believed to be enough to assure the integrity of the control rod made of the material.
(3) The dimensional changes of the elements were at most less than 2 % after the
irradiation.

{4) The strength and fracture strain increased after the irradiation when the applied
load was parallel to the felt plane, whereas the strength increase and strain decrease

were observed for the load applied against the plane.
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hoders of pitch- or PAN-based material with the load applied
(a)axial or (b)radial.
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Fig. 8 Stress-strain curves for irradiated or unirradiated pins of PAN-based material
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Peak stress(bending strength) versus fracture strain curves for irradiated
or unirradiated pins of PAN-based material.
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Fig.10 Stress-displacement curves for lace trucks of the PAN-based material
irradiated or unirradiated.
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Fig.11 Peak stress(strength) versus fracture displacement plots for lace trucks.
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Fig.12 Load-displacement curves for pellet holders of PAN-based material
loaded axially. '
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Fig.13 Load displacement curves for pellet holders of PAN-based material
loaded radiallv.
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Fig.14 Dimensional changes
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Fig.16 The modulus changes of the elements after the neutron irradiation.




