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EFFEgg OF yASSI¥E NEICTROW EXK)SUHE OH TIIE DISTORTIOM OF BMCTOR GBAPHITE"^ 

J . ¥<, Helm and J . M. Davidson 
Hanford Laborator ies . , General E l e c t r i c Compar^^ Richland^ Washington 

ABSTRACT 

Distortion of reactor-grade graphites was studied at varying neutron 

exposures ranging up to 1^ x lO'̂-'- neutrons per cm^ (nvt)* at temperatures 

of irradiation ranging from ̂ 4-25 to 800° C. This exposui'e level corresponds 

t,o approximately 100,,000 megawatt days per adjacent ton of fuel (l^d/At) in 

a graphite-moderated reactor. A conventional-coke graphite^ CSF., and two 

needle-coke graphites,, NC"7 and NC-8., were studied. At all temperatures of 

irradiation the contraction rate of the samples cut parallel to the extrusion 

axis Increased with increasing neutron exposure. For parallel .samples the 

needle-coke graphites and the CSF graphite contract approximately the same 

amounts In the transverse direction the rate of contraction at the higher 

irradiation temperatures appears to be decreasing« Volume contractions 

derived from the linear contractions are discussed. 

Iffl?HODUCTION 

Graphite is currently being used as the moderator in a number of 

production and power reactors» In all these reactors it is used to some 

degree as a structural component» Radiation-induced dimensional changes 

of the graphite moderator may therefore distort the reactor core and lead 

+"¥orF'perfor^d''"for the Atomic Energy Commission under Contract AI(Ĵ .5~l)-1350, 
Presented at the Sixth Conference on Carbon, Pittsburgh^ Pa«j June 17-21.? 19^3^ 
and to be sabmitted for publication in Carbon„ 
*A11 neutron exposures refer to the number of neutrons with energies greater 
than 0,l8 Mevo 
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to operational problems. In those reactors using large graphite blocks., 

differential distortions may also cause rupture of the bars due to stresses 

or strains exceeding the graphite ruptiire limits 

The effects of temperature of irradiation on the distortion of nuclear 

(l) 21 

graphites have been previously reported^ ' to neutron exposures of 2.3 x 10 nvt, 

Since that time considerably more data have been obtained on radiation-induced 

dimensional chaiiges, and neutron escposures have been extended to a maximum of 
21 

1^ X 10 nvt. This exposure is eq.uivalent to lifetime doses in many 

graphite-moderated reactors» In this paper the effects of these high neutron 

exposures on graphite distortion will be presented. 

BACKGROUID 

Different graphite types show considerable differences in distortion 

behavior as a function of exposure. Fig, 1 presents data on three nuclear-

grade graphites irradiated near room tenrperature. The neutron exposures to 

the samples have been ejctended to llj,000 Mwd/At since these data were 

(1 2) 
presented at the last two Conferences on Carbon, * The properties and 

manufacturing parameters of these graphites have been described previously. ' ^ 

The expansion observed in the transverse direction is continuing except In 

the case of the KC graphite. The flattening may be partly due to an increase 

la temperature in the facility where the irradi^ions are carried out. The 

contraction in the parallel direction continues at approximately the same 

rate. 
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The rate of contraction of two graphite types at irradiation 

temperatures from ii-50 to 1200" C has been reported for exposures to a 

maximum of 2.3 x 10"" nvt. The contraction rate decreased with increasing 

temperatui-e and went through a minimum at approxiimtely 800* C. The 

needle-coke graphites^ MC~T and VC^ contracted at a slightly lower rate 

than the conventional-coke graphite^ CSF, in the samples cut transverse 

to the extrusion axis. There was no significant difference between the 

two types parallel to the extrusion direction. 

EXiEHMSKTAL 

Irradiation experiments are being conducted in the high'-flixx testing 

reactors on the distortion of several types of graphite, Two needle-coke 

graphites^ NC-T and 1IC~8̂  and a conventional-coke graphite,, CSF;, are being 

studied in a series of experiments designated as H'-S" The HC-T graphite.̂  

with a density of l.TO g/cm-j is a prototype material for the moderator of 

the Experimental Gas Cooled Reactor (ESCR).^ and was manufactured from a 

Continental-lake Charles needle°°coke. The production-run material for 

the 1G0R moderator, NC-8j was also manufactured from a Continental'-Lalie 

Charles needle coke^ and has a density of 1«T2 g/cm-'. The transverse 

samples of the EGCE graphites are taken from the outer k inches of the 

bar., with the long axis of the sample perpendicular to the edge of the 

17 by 17 in. extrusion. Three orientations of the parallel saniples are 

talien.j the first at the cross-sectional center of the extrusion., the 

second half-way between the center and the edge, and the third at the edge 
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of the bar. These are designated as lL.j 12., and 13 respectively for the 

IC-T parallel samples,, and as PI., P2., and P3 respectiveljr for the IG-8 

samples. The transverse saniples of the CSF graphite are taken along the 

cross-sectional center line of the 1|. by li- in. extrusion» The parallel 

saiirples are taken along the extrusion axis half-way between the center 

line and the extrusion edge. 

The H-'3 experiments are being irradiated in the E-T position of the 

General Electric Test Reactor (GETR)» A cross-sectional view of the 

reactor is shown in Fig. 2. The GETR is a light-water-moderated reactor 

using fully enriched uranium fuel. In the E-7 test position neutron 

21 exposures of 2,5 x 10 ' nvt are generated in four to five months. 

Heutron escpos'ores for these experiments are given in terms of 

neutrons having energies greater than O.lB Mev^ whereas the ejcposures for 

the samples presented in Pig. 1^ which were irradiated in a graphite-

moderated Hanford reactor., are given in Mwd/At. Conversion between the 

two units is not constant but varies with the reactor spectrum under 

consideration. Considerable effort is being expended on methods for 

measuring neutron fluxes and on -a. better understanding of the effect of 

differences in flux spectra on radiation-induced changes in graphite. 

The neutron spectrum in the £"7 position of the GETR is shown in Fig. 3» 

The spectrum, ̂ (u), was calculated through the use of the GHU-II computer 

code modified to include 20 energy groups above O.lB Mev. GMJ-II is a 

one"dimensional (radial) diffusion code using the continuous slowing down 

ik) 

theory. ^ The dip at lethargy 2.0 is caused by the homogenlzation of the 

beryllium located in the same radial increment as E'»7« The lethargy, u^ 

is defined as u - In 1Q/E, where E^ is 10 Mev. 
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Further refinement of the spectrum is being nade through use of the 

2D2CI code. This Is a two-dimensional transport-theory code. At present 

a factor of I.5 x 10 ' nrt^ E > 0,l8 Mev « 1 Ifed/At is being used for 

converting neutron exposures generated in the E-7 position to exposures 

expected in the EGCR. Since use of such conversion factors must take into 

account the flux spectra., they are specific to particular reactors. 

The construction details of a typical H>"3 capsule prior to assembly 

have been described previously.̂ "'-'' The appearance of a capsule after 

irradiation in the as-opened condition is shown in Fig. %» Four individual 

gxmrter->rouBd samples, 0.5 in- in radius and 3~T/8 in. long.5 are assembled 

into a cylinder and slipped into a graphite sample holder. Six such 

assemblies are arranged along the length of the capsule. The samples are 

heated solely by the gamma heating in the reactor. The heat transfer 

paths from the sample to the aluminum shell are calculated by means of an 

IBM 7090 computer so that the desired irradiation temperatiare can be 

achieved as closely as possible. Sample temperatures are measured by 

means of nine thermocouples. 

As will be noted in Fig. k some transport of carbon from the samples 

to the outer can-wall has been observed.̂  particularly at the lower end 

of the capsule. X-ray analysis shows the deposit to be carbon^ and it 

is probably a form of carbon suboxide. The mechanism for the transfer 

is not known at the present time. 

The primary length measurements on the samples are made from end-

to-end. The appearance of the end of a typical irradiated sample is 

shown in Fig, 5. The ends of the sMiples show no evidence of gross damage 

even after irradiation in several capsules. 
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HIGH TEMEEBATUIE COITBACTIOH 

The results from the samples irradiated in the first five H-S 

capsules are presented in Figs. 6 through 9« Heutron e,xposures are based 

on an average flux calculated by isans of the H3Q computer code.^ ' The 

H ^ code is a two-dimensional diffusion code using continuous slowing^down 

theoiy. The average flux was normalized along the capsule length by the 

use of flxix-'jaonitor foils of nickel., iron., and titanium., irradiated in 

the first two capsules. Counting of the foils irradiated in the remaining 

three capsules is in progress. 

The contraction data for samples taken transverse and parallel to 

the extrusion axis of the bar are shown on separate figures to reduce 

the number of curves per graph and thus minimiae confusion. Both 

orientations for one graphite type sho'uld be considered together. 

The data for the transverse CSF samples are presented in Fig. 6. 

The peak neutron flux and peak gama heating occurred at the capsule 

mid-position so that the saanples with the highest neutron exposure are 

those irradiated at the highest temperatxire. Over the temperature range 

studied^ ^ 5 to 800° C., a definite temperature effect on distortion 

continues to be evident. The samples irradiated at the higher 

temperatures contract at a lower rate. These differences in rate are 

attributed to the effect of teEi)erature rather than the effect of flux 

intensity. It appears that the length change of the trans-yerse saniples 

at 800® C has reached a maximum contraction of O.85 to O.9O per cent. 

Conversely the samples irradiated at ii-75* C show an increasing rate 

of contraction. 
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Fig. 7 shows the results from the CSP graphite samples cut parallel 

to the extrusion axis. The effect of irradiation temperature is not as 

pronouneed. Saŝ sles irradiated at 625 *o 800** C all show nearly the same 

contraction behavior. At all irradiation teiaperatures the contraction 

rate is increasing with increasing escposure. At ^75* C the parallel 

saniples are eontx'acting about l"l/2 times and at 800*̂  C 2 to 4 times the 

transverse samples. 

Fig. 8 presents the results for the transverse samples of the EGCB 

needle~coke graphitesj 1C"7 and IIC-8. The effect of irradiation temperature 

is again evident with the exception that the samples irradiated at 725 to 

800° C show the same contraction. There-is a significant difference between 

the SC-7 and SC'-'8 materials although it had originally been thought they 

would be q.uite similar. The IC-7 contracts less than the CSF while the 

1C~B contracts about the same or slightly more than the CSF. Since the 

IC"? and, IC"8 tfere made from the same raw materials and by the same 

•processesp there are no apparent differences in the manufacturing methods 

which would ipdicate there should be differences in distortion behavior. 

It is interesting to not.e that the 800® C sample expanded significantly 

during the last Irradiation period. The sample shows no outward damage or 

oxidation that might account for this expansion. Both the physical end-

tO'-end lengt.h measurements and the optical hole^to-hole length measurements 

C'.onflrm the results shown. The apparent crystallite size as measured by 

L̂^ continued to decrease d'uring the last irradiation period. 
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Results from the lC-7 and IC^B samples oriented parallel to the 

extrusion axis are shown in Pig. 9» For the 1C~7 there is no temperature 

effect from 625 to 800** C but the IC-8 shows some effect. The samples 

irradiated at 800* C contracted less. The contraction behavior of the 

lC-7 samples is nearly identical to that of the CSF parallel samples. The 

lC-8 samples contracted less at 800* C than the CSF and about the same 

amount at the lower temperatures. At all temperatures the contraction rate 

increases with increasing exposure. 

Although a large effect of neutron-flux Intensity is not expected, 

it is possible that part of the effect attributed to ten5)erature may be 

(1) due to flux intensity differences. However^ data presented previously 

tend to confirm the presence of a temperature dependence on contraction. 

The contraction data at 8OO® C were obtained from samples irradiated in 

two separate experiments. In one experiment the 8OO** C data were obtained 

at the position of maximum flux intensity^ and in the other at the position 

of ffdnimiom flux i n t ens i t y . A factor of 2 between the Bmxlmusi and minimum 

flux was measured; however.s the contraction rates agreed reasonably well. 

Further information on the effect of flax intensity will be 

obtained from two esqieriments presently underway. The first is a modifi" 

cation to the H^S experiment so that the position of Biaximum, flux which 

was formerly operatiiag at 800** C is now operating at ̂ 50* C. Thus data 

will be obtained at k^O^ C from samples irradiated in fl\3xes differing 

by a factor of three. The second experiment is a re-irradiation of 

•twelve samples a t a controlled teiBperature of 65O® C in fluxes varying 

up to a fac tor of 3 . 
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YOmm COITRACTIOI 

Using the data presented in the last four figures an investigation 

was imde into the combined effect of the transverse and parallel 

contractions on the change in volume. The model used was a sample of square 

cross-section with both width and thickness taken as transverse directions 

and length taken as the parallel direction. 

The resultant equation is shown on Fig. 10 with the calculated volume 

changess The volume contraction of all three types falls into a narrow 

band for each irradiation tenrperature with the greatest divergence at 

800* G. The relative contraction among the three types of graphite varies 

for each temperature but in all cases except at k23'' C the needle~coke 

graphites^ NC-7 and NC-8^ contract less than the CSF. At 575* C the volume 

contraction of HG-7 and HC-8 is exactly the same. It appears that HC=8 

may be more temperature dependent than the other two types since it 

contracts at a faster rate at the lower temperatures and at a lower rate 

at the higher temperatures. The NC-7 volume change at 800^ C appears to 

be starting to sattirate. Irradiations of these materials are ccrtlnuing 

&r.d as farther iafoxmatioa. is developed these results will be extended to 

higher expos'ores. 
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FIGURE 1 

GRAPHITE LENGTH CHANGES - 30 C 
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Figure 2. RADIAL LOCATIONS OF GETR EXPERIMENTAL FACILITIES 
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FIGURE 3 

NEUTRON SPECTRAL DISTRIBUTION IN E-7 
THE INTEGRAL BETWEEN LETHARGY 0 AND 
4 HAS BEEN NORMALIZED TO ONE NEUTRON 
P E R cm2 P E R SECOND 
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FIGURE 4 

POST-IRRADIATION VIEW - GRAPHITE IRRADIATION CAPSULE 
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Fast Neutron Exposure, nvt x 10"21 (E^O.18 Mev) 
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FIGURE 6 

CONTRACTION OF CSF GRAPHITE (TRANSVERSE) AS A FUNCTION OF EXPOSURE 
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FIGURE 7 

CONTRACTION OF CSF GRAPHITE (PARALLEL) 
AS A FUNCTION OF EXPOSURE 
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Fast Neutron Exposure, nvt x 10-21 (E >0.18 Mev) 
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FIGURE 8 

CONTRACTION OF EGCR GRAPHITE (TRANSVERSE) AS A FUNCTION OF EXPOSURE 



Fast Neutron Exposure, nvt x 10-21 (E>0.18 Mev) 
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FIGURE 9 

CONTRACTION OF EGCR GRAPHITE (PARALLEL) AS A FUNCTION OF EXPOSURE 
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FIGURE 10 

VOLUME CONTRACTION AS A FUNCTION OF EXPOSURE 


