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Characterization of Porosity Development in Oxidized Nuclear
Graphite

WANG Peng, WANG Yao, YU Suyuan
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Abstract The High Temperature Gas—cooled Reactor (HTGR) is one of the candidates for the next generation nuclear power plants. A
huge amount of nuclear graphite is used to serve as the neutron moderator, the reflector and the structural materials in the HTGR.
However the graphite’s thermal and mechanical properties will be degraded in the oxidation process caused either by the oxidizing
impurities in the coolant or the air ingress accident. The change of the pore structure inside the graphite materials is believed to be the
key reason for this degradation. Parameters for characterizing the oxidized graphite’s pore structure include the porosity, the burn—off
degree, the pore size distribution and the BET surface area. The methods and applications in the characterization of the porosity
structural development in the oxidized nuclear graphite are systematically discussed, including the direct —method and the indirect—
method. The former includes the mass—volume method, the Hg porosimetry, the gas adsorption method, etc; while the latter includes the
optical image method, the X-ray radiography, the micro CT, the ultra—sonic microscopy, the electron microscopy, etc. The limitations,
the advantages and disadvantages of these methods are discussed. With the development of the microscopy and the computer techniques,
the computer—aided microscopy will become an effective and powerful tool to characterize the pore development of the oxidized nuclear
graphite.
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graphite measured by Hg porosimetry
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measured by Kr sorption

AR IR B DA Sy S D AL B R T R B D7 LRI
SCHR 28t A LG 2 TR0 38 3 2 by AR B T I Y bR T
L, (ER MR B I i B BRAG T 500nm , A~ AE IR o5 208 K 3
3 ROSH B R FL AN OR8] 2 B, DA AN RE I 6 R i B L B
A H A5 R — R, UM I B AR I T AL B 21
O, I AN BE A £L B A 204 4 2

3 REMERHE
31 EFERAEG

I S T A A R IBORA AT T G, IR EDE
2O T 4R 8 R B AR I By v & B 4 1 5 B T LA
FH 0—255 8 3Rom  Hh 0 RoR2 8 255 RoveH., ;T
FLBRZE R T O 1 2 SR 55, IBE AL ARG /) 5 T 28 41 D' 1 Tkl 4 2
I3 R PR K BEAE W K . AR B A 3l R 43 A e wl
PLE B X3 FLBR I R/ MO AR o 2Rk 220 iR AR | /]
PLBE A [ F A7 1) 5 5k K R 181 3 2 h 5 B o IR At v LA
X5 em B GIAE S ART AT VLSS, LL E £L B 5 4 1 S5 A 15
B, Kane SEUVH] BG5BT 80 R RAE T PGX NBG-18 Al
PCEA S A 25 WAL B R AT FE AR 43455 o Burchell 5]
FHILERE T Jh 250 BB B ) iy A2 81, Contescu 4¢P
AR AR S A S e o B R 456 1 T B8 8 T PCEA
A1 25 TE 25 B AL TRLEE 2R F R R 1 R A SR AE 1 2R
T 3 1 B0 LA Tk A Ak DI AL BB R RS 1 A
A g O, AN 3P R . AT LA TR 600°CHT AL T LI
5 B BB S AR B, R 3 TR P Y LR /N SR AR A
W), A5 IR B 1 T e, S Ak 32 B4R P LR AR i SR T, T I B
Ak, ik 5RIRNR BE T 29 5 S AR A s A o6

B R Ak PR AR O3 Bl R ™ AR JF 2 R T 19 i
22 60 AFAR H E Bl A BN TR Tl s, D' i BUR
5 TT LA B WL I S e 3 A ot 29 T B AR 1) 1 AL B R R
N AT IR O, OF R AR AR AL B T AR TR SR AE B X T
A SR W) By B AL AR AR AT AL, ST BB i

21 I



] jcmik

% @it 3 (Special Issues)

B S 2012,30(20)

SCIEACE & TECHNOLOGY REVIER

5% at 600°C(#13) 10% at 600°C(#14)

200 - —— 200

15% at 600°C(#3) 20% at 600°C(#13)

20011 — — 200

100 100

100 100

L S A L PR S P
4000 8000 4000 8000

) S P S ) S P i
4000 8000 4000 8000

5% at 650°C(#10) 10% at 650°C(#9) 15% at 650°C(#1) 20% at 650°C(#17)
200f— | ||| 200 [ — i | 200 [ l l 200 .| ety
= 100 100 100 1 100
ol P PO P P B Py PO I B P I e v
4000 8000 4000 8000 4000 8000 4000 8000
5% at 750°C(#12) 10% at 750°C(#11) 15% at 750°C (#7) 20% at 750°C(#16)
200 [ ‘ ‘ 200 | ‘ ’ 200w ‘ ‘ ‘ ‘ 200 ! T 1
= 00 100 100 100 1
P P A P P P P e v P PR R P A I
4000 8000 4000 8000 4000 8000 4000 8000
HEf/um HEf/um BB/ um BB/ um

3 AERMBGEFINPCEARRAEENREEENARES R
Fig. 3 Porosity distribution of oxidized PCEA graphite measured by image analyzer
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Fig. 4 Porosity distribution of a certain graphite
measured by X-ray radiography
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Fig. 5 Porosity distribution of certain graphite measured
by X-ray radiography
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