JAERI-M
85-162

iR Z R HBG R ) — T D A 7 VIR

1985%10AR

B HA

H = & F Hh W R M
Japan Atomic Energy Research Institute



JAERI-MU £ — b i3, AXBEFATFRII T AT L TOaHRHEE ST,

AFOMA P, HAK T HFFATE ARSI SRR (T319-11 KR8 HEH) 5 .
BELILLAE G, 4B, S BEENESNLESER LY ¥ — (T319-11 X HIRWER
FEATH A T PRI CRYICLAEWER B A TEN 2T, '

JAERI-M reports are issued irregularly.

Inquiries about availability of the reports should be addressed to Information Division Department
of Technical Information, Japan Atomic Energy Research Institute, Tokaimura, Naka-gun, Ibaraki-

ken 319-11, Japan.

© Japan Atomic Energy Research Institute, 1985

WERAEAT HARTHHRERN
EN & BELEH#HK 24



JAERI—M 85—162

BEAFRERESR ) - TRV 7 Vvl B

RN E AT Rl ek S
mE FA

(19851081 BZH)

LEMESEARERFARBMAE I G- 11 OETRKEHZ2 I —TiRH LT, 2H - AR
BHARDEL TEMLEADHAGRE IS W THN L, WE 36m, SE46m k&
550mOEE 2 ) — 7% 500 TH 52,000 TH A3 2200 CETEHRREESCT/s TN
U EERSEL 2N FNES500E, & 503 1,000 EM#H &AM ERDE L TRE
wr Lk, Tk, BRIER, vV /ROTMAENEL . HEREHONHICET
EIEEE L, SREACY Y IRERD LA, TORIBEFEANDMSEATLE L
LEB L atre CHOEDT EE, BETKORRNR Y -7 CAMKAFERLEDE
LTEELABArRR ) - T OERBRRENENESH S, #Byrda 7 vARICHT
LEAERRAND CENBYWE LI 5T,

(i)



JAERI-M 85-162

Thermal Cycle Test of a Full-Scale Graphite Sleeve
for Use in the VHTR

Hideto MATSUO

Department of Nuclear Fuel Research,
Tokai Research Establishment, JAERI

( Received October 1, 1985 )

A full;scale graphite sléeve whiﬁh_was made of the candidate
graphite'material 1G-11 for a very high temperature gas-cooled
reactor (VHTR), was tested by the application of a rapid heating
and cooling to clarify its endurance for thermal shock. The
graphite sleeve having inner diameter 36 mm, outer diameter 46
‘mm and length 550 mm was heated at an average heating rate of
80 °C per seconds to the maximum temperature of 2000 °C or 2200
sc and then the sleeve was cooled to 500 °C. The thermal cycle
was repeated 500 in the case of the maximum temperature 2200°C
and 1000 in the case of 2000 °C. The dimensions, electric |
resistance and Young’s modulus were measured at room temperature
after the application of a fixed thermal cycle. The measurements
were repeated at a fixed intervals. At the early stage of
thermal cycle length expanded, electric resistance and Young's
modulus decreased, and they were almost constant in the fol lowing
thermal cycles. The results showed that the properties of the
graphite sleeve were hardly changed due to the application of a
rapid heating and cooling and its performance was almost

unchamged.

Keywords ; VHTR, Graphite, Graphite Sleeve, Thermal Shock,

Dimension, Electric Resistance, Young’'s Modulus
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Table 1 Samples used for the present experiment of IG-TI graphite

~Test condition
-Sample NO. . o Maximum number of
Temperature range test cycle Atmosphere
1 500-2000°C 1000 Vaccum
2 500-2200°C 500 Vacuum

Bottom

{50 100 100 150
.. o~

Q_‘r" ________________ —— e = = T
o

—_fF s s = e T o e o — =

350 350
700
Fig.l] A full—size graphite sleeve for thermal cycle test




JAERTI~-M 85-162

Fig.2 Photograph of IG—11 graphite sleeves
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Fig.4 Heating and cooling curves in the case of the maximum test temperature 2000°C
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Fig.5 Heating and cooling curves in the case of the maximum test temperature 2200°C
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Fig.6 Measurements of length and outer diameter

Fig.7 Measurement of inner diameter
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Measurement of electrical resistance

Fig 8
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Fig.§ Measurement of Young's modulus
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Table 2 Experimental results on the measurement of length
and weight for IG-II graphite. Upper and lower
value in each column are the measured value and
percentage change, respectively

Sample No.l No.
Test
cycle Length Weight Length Weight
0 699.83™ | 1353.4% | 699.76™" | 1347.1%
20 699.90 1353.1 699.90 1346.9
+0.01 -0.022 +H).02 =0.015
50 699.85 1353.1 699, 88 1346.8
G ~0.022 +3.02 -0.022
100 659.91 1353.1 695.90 1346.7
+3.01 -0.022 +2.02 -0.030
250 699.91 1353.1 699.93 1346.6
+0.01 ~0.022 +0.02 -0.037
500 699.97 1253.0 - -
+0.02 ~(.030
750 £99,98 1352.9 - -
+H.02 -0.037
1000 659,92 1352.9 - -
+0.01 -0.037

Table 3 Experimental results on the measurement of outer diameter
for IG-11 No.l sample. Upper and lower value in each column
are the measured value and percentage change, respectively.

Test Measured point
evete @ @ © ® ®
0 46.022™ | 46.024™ | 46.019™ | 46,020™ | 46.014""
20 46,030 46.036 46.029 46.031 46.021
+0.02 +0.03 +0.02 +3.02 +.02
50 46.032 46.036 46.027 46.030 46.023
+).02 +0.03 +0.02 +3.02 +0.02
100 46.030 46.036 46.032 46.032 46.023
+0.02 +3.03 +0.03 +1.02 +0.02
250 46,033 46.039 46.035 46.035 46.026
+0.02 +3.03 +0.03 +0.03 +3.03
500 46.034 46.037 46.033 46.035 46.023
+0.03 +.03 +2.03 +2.03 +1.02
750 46.035 46.039 46.035 46.036 46.028
+0.03 +0.03 +0.03 +1.03 +0.03
1000 46.033 46.039 46.033 46.034 46.024
+0.02 +0.03 +1.03 +0.03 +0.02
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Experimental results on the measurement of outer diameter
for IG-II No.2 Sample. Upper and lower value in each column
are the measured value and percentage change, respectively
Test Measured point
cycle ® B ® ® &
0 45.984™ | 46.990™ | 45.996™ | 46.006"" | 46.001""
20 45,997 46.004 46.006 46.017 46.011
+0.03 +0.03 +0.03 +0.02 +0.02
50 46,000 46.008 46.010 46,020 46.014
+0.03 +0.04 +3.03 +0.03 +3.03
100 46.002 46.008 46.010 46,019 46,013
+3.04 +3. 04 +0.03 +0.03 +0.03
250 46,000 46,006 46.009 46.018 46.014
+1.03 +0.03 +.03 +7.03 +0.03
500 46.004 46.004 46.010 46.022 46.019
+0.04 +0.03 +0.03 +03.03 +0.04
Table 5 Experimental results on the measurement of inner diameter

for IG-11I No.2 sample.

Upper and lower value in each column
are the measured value and percentage change, respectively

Test Measured point
cycle 0 @ ® @ ®
0 36.040™" 36,0310 36.031™ | 35.030™ | 36.034™
20 36.053 36.050 16.052 36,048 36.046
+0.04 10.05 +0.06 +0.05 +0.03
50 36.039 36.039 36.041 36.034 36.032
0 +0.02 +0.03 +0.01 0
100 16.042 16,046 36.048 36.042 36.039
+0.01 +0.04 +0.05 +0.03 +0.01
250 36.032 36.042 36.045 36.037 16,032
-0.02 40.03 +0.04 +0.02 0
500 36.046 36.056 36,059 36.048 36.043
+0.02 +0.07 +0.08 +0.05 +0.02
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Table 7 Experimental results on the measurement of electrical resistance
Eor IG-1I No.2 Sample. Upper and lower value in each column are
the measured value and percentage change, respectively

Measured position
Test .

cyele © - ® @ - @ G - @ @ - & T - & @ - ®
x1073Q x10-3Q x10~3Q %1030 x1073Q %1073

0 1.844 1.904 1.862 1.838 7.600 3.824

20 1.866 1.906 1.868 1.837 7.554 3.799

+0.11 -0.16 +0.32 -0.05 -0.71 -0.65

50 1.891 1.916 1.872 1.848 7.064 3,814

+0. 37 +3.37 T4+0. 54 +0.54 +0.05 ~0.26

100 1.891 1.912 1.871 1.842 7.587 3.806

+0.37 +9.16 +0.48 +0.22 -0.17 -0.47

950 1.893 1.919 1.877 1.848 7.620 3.828

+0.48 | +.52 +0.81 +0. 54 +0.26 +0.10

Table 8 Experimental results on the measurement of Young's
modulus for IG-II graphite. Upper and lower value
in each column are the measured value and percentage

change, respectively

Sample
Test No.l No. 2
cycle
x10% MPa x107 MPa
0 9.17 8.835
20 9.01 8.69
~1.74 -1.81
50 9.01 8.85
-1.74 0
100 .01 8.69
-1.74 -1.81
250 9.01 8.69
-1.74 -1.81
500 8.93 -
~2.62
750 8.93 -
-2.62
1000 9.01 -
-1.74 .
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Number 'of Test Cycle

Fig.11 Changes in outer diameter v.s number of test cycle
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Fig.12 Changes in electrical resistance v.s number of test cycle for the sample IG—11 Na1
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Fig.13 Changes in electrical resistance v.s number of test cycle for the sample [G—11 N2

32 10 T j T T . T I T T T
o Sample [G-1i1
= o = NO. |
2 or *:NO. 2 )
=
P 1
é M o) - o Q
£ gl i
W)
=
g_lo L l ] | L ] ; ] i

0 200 400 600 800 1000

Number of Test Cycle

Fig.l14 Changes in Young's mecdulus v.s number of test cycle
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4. T LD

ZHWER A A RBRFHBEMME IG - 11 ORTKEHNR ) ~7iexf L, 500ChofkeE
2,000 TF it 1,000 8], & 2,200 C2 TR 500(HFEHARELE0 T/ s CTMEL 728 &
BISHEIL, 2N ZHOBMEELER L AN L ONRAEEHERETE ~cBREIKD LS iKE &
bHoiLb,

1) Bkl H Mok, ARREMOMNBEIC, REHEBREEHM 2,200C0BEA IR
0.02%, 2000 COBEIIIF 0.0l BEbEFhiclgRET 2008 boni, Lr L, T0%
FAFRAFMEEES { L THELRAD SNEHh- 12, '

2 HARKDOIE B S UNREAEEAEE LA LT O EBELEERD S hiih - i,

(3 ESENERFREAH LU HACEDTIDBED LN, L L, F0BE
AEMBRAMIEEEP L THREAEE LIkt

(4} ¥ v 7 RIFAEREEM OB BEREFR O HE LTH 2 Bad Lo, ToRk
REFEBAEHEEP L THIREASRE LIS,

VIb ok, BRER, v /R LLICET AERERMNS, ETROBHR Y — TiK2BEN

AERAF O LA LSS, BHx) - 70ERERREGELEZT T, B4 2vE
AT HZDMBEHBE B A 7 VEMABHIEREALE ST EBFEO PRI T,

O

FEBAELZTTE2CHLDELOFRLEAUS 20 /283 LcSH ARBMEEIEE
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