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Characterisﬁcs of First Loaded IG-110 Graphite in HT'TR Core

Junya SUMITA, Taiju SHIBATA, Satoshi HANAWA™,
Masahiro ISHIHARA "2, Tatsuo IYOKU and Kazuhiro SAWA

Nuclear Applied Heat Technology Division
Nuclear Science and Engineering Directorate -
Japan Atomic Energy Agency
Tokai-mura, Naka-gun, Ibaraki-ken

(Received September 12, 2006)

IG-110 graphite is a fine-grained isotropic and nuclear-grade graphite with excellent resistivity on
both irradiation and corrosion and with high strength. The IG-110 graphite is used for the graphite
components of High Temperature Engineering Test Reactor (HTTR) such as fuel and control rod guide
blocks and support posts. In order to design and fabricate the graphite components in the HTTR, the Japan
Atomic Energy Research Institute (the Japan Atomic Energy Agency at present) had established the
graphite structural design code and design data on the basis of former research results. After the design
code establishment, the 1G-110 graphite coniponents were fabricated and loaded in the HTTR core.

This report summarized the characteristics of the first loaded IG-110 graphite as basic data for
surveillance test, measuring material characteristics changed by neutron irradiation and oxidation. By
comparing the design data, it was shown that the first loaded IG-110 graphite had excellent strength
properties and enough safety margins to the stress limits in the design code.

Keywords: HTTR, 1G-1 10 Graphite, Strength, Graphite Structural Design Code
» fl Technology Development Department, Oarai Research and Development Center

*2 Policy Planning and Administration Department
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1. I IC®»IC

EIRO N A B FEAMC S B BRI AR EA ORI b ERTRAFE E LTEST b,
B2 950°CEA LOEIROF 2 ZH Y i Z & & BAE & L7o@EIRA A4 (VHTR) 1%, H0 R
FIE 2T I (GEN-IV) D—2 & UC, HEERIC bR PRSI N L 5 L LTWD,
WBAETIE. HAEF IR CIT., RFAEE LK) KIEMERBE L 4 —0n
18 T2 BRIF IR (High Temperature Engineering Test Reactor : AT, HTTR) LB&9) & VT,
ENELY A B ORISR & D TV D, HTTR iZEH S 30MW, BEEGE, ~U U LT ZAHHIDRK
REGOEEY ZAFT, 1998 4E 11 AICHIRICE Lz, HA ERRBRRE OERY A F OB
DYreM % BT AR R 2D, 2004 4F 4 B 2D CTHETFF H S HBHRE 950C%
ERLTWD, 4%, ZetEERBREME T2 Lo, BB L 2RELARRREZHIEL
T2 BB A NE DHART EAE DR Je OB A F DT OB E L E ORI AN LN TET
» 3 (1)-(5)o ’ '

ok PEERSY) . PGX By (RTIFRUESH1ERSN) K UVASR-0RB (kFE (BrEMERR) BHV
SR TWB, FFEREREEY & Uik E ¢ & 2 BEhoRGFHERENENICEN 2D, HTTR

BEHEHECEY DIAB ORI 2 RIET 5720, BMRERLEL ED 20, Tablel.1 o, Btk
R E ORI — & 1281 B 1G-110. PGX. ASR-ORB DRFERIZ KM Z7TO®, Eants
EEH e CIE. ENBMEEW L. 0 %E R LR OF I 88 A FHE LRV E LSRR
SnkEYED L | O L — ERIRE AR T AR D BIMEEY L ICOEL TV D, BIZ,
950°CDEIRDH O H R IELEE & FER 3 B IIEm WO BYG S5 it 2 5 B REE D> DR BRAE, iHE &
D BEFIEISE T, T D7D RPEIRFEIRELOD 1G-110 B (HECHHRME, TG Rtk O
) % HTTR OREHE, SIEHBRNT 1 v 7 SO0 BEEDRY R— bR R FMEDIF LR

N BREE R . BN ORI A2 D VHTR FARBED ~OBAPRF S TR TH 5,
A%, HTTR FPREEMIC W CEs P 7 IR, BMESIC X B M, SREES OREEL
ERRZYP—_A T ARBROERT —# L LUERATAZ L2 BME LT, HTTR OFRNIZE
SN 1G-110 240 (BAT. TR IG-110 Egh) &\ D) OFFEHEIZOVWTE L DD & & BHIZ,
BEOEERI FE CHRESN TV AREHET — % LHBBRN LZbDTH S,



JAEA-Technology 2006-048

Table 1.1 Typical properties of graphite and carbon in design data of graphite structural design code

for HTTR®®),
(unirradiated material)
IG-110 PGX
, graphite graphite ASR-0RB carbon
Bulk density(Mg/m®)" 1.78 1.73 165
Mean tensile strength(MPa)" 25.3 8.1 6.8
Mean compressive ’strength(MPa)‘ 76.8 30.6 50.4
Young's modulus(GPa)’ ‘ '
1 " 7.9 6.5 8.7
& —Sy) | |
3
Mean thermal expansion coefficient 4.06 234 4.40
(293~673K)  (10°K)
|Thermal conductivity(W/(m-K)) 80 75 10
(673K)
Ash(ppm) max.100 max.7000 max.5000
Garin size(pm) ' mean 20 max.800 max.2000

*: at room temperature

*%; Determined from the cord joining two points (one point is the one-third of the specified minimum
tensile strength and the other is the one-third of the specified minimum compressive strength) on the
_stress-strain curve.
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Fig.1.1 Bird’s-eye view of reactor vessel and core of HTTR™,
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2. WIEERT 1G-110 SR OB

IG-110 Bépik, AMHRa—7 A& FRLE L, $/KERIZ(Cold Isostatic Pressing), —WRBERL. t°
v FER. TWBERL. B, S0 TRAR CEYESN S SRR THH HTTR DR
DT ANICE L TED b BERELEN O T, BSMoBHRE S LT, FbtoBk
BECH#imiRE (FUBORE) . R OB CHRRRE (O SmE, BAEG, RREE, K.
HFIR S | MR, BE) . AHMRE (035 RYE, BEHEHERMY) | BRRRERE (5]
WK, EMRES) 2452 L& L5, ZOHT, RADBENRHELREICOWTIE,
RAETEDVBILOTHDE I LMD, BHREREICEIT 5AL ClE— R RE THES
NTHRY ., BENRLORMBICTRIN TS, |

HTTR DHIERT IG-110 B oW T, B L7 REBR B BHHET — 2122V T, IRz~
o

(1) gaiRE
1) hEEBE '

EREELRT O B (2 YR X TE L v AR 2B L., ik, BEEZJE L ThIHBELKR
¥z, Table 2.1 ICHSHE DN & 2 OERREL T, BRIRELE T, D SEEOHELE
O EAERR BRES LT 1.74g/em’ (1L74Mg/m®) BALERREH TV, Table 2.1 IZRT & 512,
HTTR OFEER 1G-110 BERD ) SEBEEDOEHEIL 1.77Mg/m’ & BEES EEY . 2o, iEHo%
BORNBDEROTND,

2) EAHEH , _

ESLEEGRT O B YRS U T & 0 Ry ORBRA 28 L BER THHRIC X D RISk
JEAERE RS, BmARECIE, BEEROMEEED BEMNRBERME LT,
1300pQem (13pQm) PAT RSN TS, Table 2.1 {9 X 512, HTTR OFEEA 1G-110 Hn
O BEA IO EHFEIE 104p0m (BEFH1A) KO 11.3u0m (Ehm) & HZEEZ S TESZ HDT
b5, B, BHAEEEMOKTES@E, BN L IEEMOHRESREE D,

3) PiIRIREL

B LR OB (a2 2YRRE I TE & Rk ORBR T BRI, 55 3 CORERE TEIR
e 63CETRIB L. RBAOMO% A LEER L 6735CH 2 AR OBIEHERE L R =, Bp
R RE T, BUZRMRER O E RO AR B LIS LT, FR~400°C ORI T 3.4~
4.6x107CRRENTWVS, Table 2.1 IZ/RT XK 512, HTTR OHZER 1G-110 B OBRZIRIRE D
SEHEIE 3.89%10°%°C & B LEOHENIZH 5,

4) [R5y :

EMELATORM (0 ) THML VBB LEZBMHERER 800°CTKILEE, KoBEERDI,
Table 2.2 127 DFEEE T, ROIEAR T 8ppm TH Y, BLMETH S 100ppm 2 kX FEIY B
HRRERE 2> TWS, 2B, ROBEIZEMNOBLAEICRE SERL, KD 720 O
BLFEOENT- LD TH D, '

5) HiTmS
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EREEACRTO R (2 YRS T T X 0 BB ORBRA I L, TresRBEE 2 AT 3 [
FIEIC & 0 BT IR 2 WIE Uz, B 3ke/sec DRI — i BE CAMF L7z, Table 2.3 12 #1IT 30 S D FHy
CIERRELZ R, BOHBRE R TIX, fTES oWEEED BARNRBRMEE LT, 320kg/cm’

(31.4MPa) UL EDREN TV D, Table 2.3 (R & 5, HTTR OFJEER IG-110 Bn o 758
XOFEHEIL 41.6MPa L HELE XLV b 3FILL LGS Ro TS,

6) BRF , ‘
2) TR LIz B A B OR TR T D BF ROk R L B Lz, Table 2.1 [ZRT L5
WWRFHOERIIHN 1.09 THY, BRETHD 115 2 THEILZHDTH S,

(2) Rl
D IZORER

HTTR 281 DR OBLE N . BRIEBEORMIZOVT IZ I FEB). F FY =7 5(Gd),
P U 7 ASmBEORD FI U ACHDARMPZHIR L TWD,BIZOWTIXZ V7 I UBEEETE,
Gd, Sm, B Cd iZ2oW Tk, BERE T AR IFRBAINECLIVELRELER L. B
RRERMETIL I ) RYROHEEED LA BLZEL LT lppm LF/REN TV 5, Table
221277 X 512, HTTR OFIER 1IG-110 B nix > %é%m Ippm Z+5THEDLZ D TH D,

2) ﬁiﬁﬂ:tﬁf #i

BEMRAE L TIX, BUHMEERSHORETR & LT, Si, Fe. Al Ni, V. Ca RUfLi ##&
LTWABR, (DEHARED 5 b 4)DIRSRE THIE L72R43 88 90ppm BLF Gt Li 2T
B LTz, LidFERA T T AP GHEC LV ER L, LIE N FULDREFRDO—
DOTH Y BIRERECIIHEEREORAFNRAREL LTERTE S TRETHS 0.01ppm
AT AR & TV 5, Table 2.2 12783 & 5 ICHIERT IG-110 T 2T 0.01ppm AT & 722 TV %,

(3) HERAIREERRE
1) BlEmRE

AT DI (1 27 THEEE X 0 % OB % 5K L 77 AL 2 B CRENIR O ik
TE I U7z, PEI 3kg/sec DB —HE THNM L7z, Table 2.4 & HTTR DO#JEERT 1G-110 Bp o
BRI S DR R ONERERE, IOV BEEER S ORENT — & 2oRd, HIEEH 1G-110 B
DF— L, FHRENE  EREO/NSRBFR LD TH B,

BORERETIE. SANVREICROCEERSOEERIZHET 5 L5 FREOHELHE
LTwWd,

- N k »
X=>S +(k +—% 2-1
u ( 1 Nﬁ;)o. | 2-1)
X L FPBRRBRIC L Y B B BRE S — # O I S (MPa)
Su : ZLHETR X (MPa)
o BRI VB o RET —% ODF@ﬁﬁ(MPa)
n : MREEST— & DR
K : 2.326(99% IR EERERIZARE)
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ks D 1645(F T Y U IR HREERER L. %ﬁ@%%ﬁ%biﬂ%ﬁi@
EER AL R U & LIBE 0l 95% DS HEEE 12 H )

T, BERE S, oW TTRMEERFHICRHAT S L LTREN TN D 198
kg/em® (19.4MPa) % V), 7= Table 2.4 [ORTF—# 25 &, -1)RDAITIX 23.0MPa &
72 %, Table 2.4 12553 X 512, HTTR DO FJEERF IG-110 BEAD B3R S O FEHIHEIX 29.6MPa TH 5
7o, BERERECRINZR-DAR AR I T3,

2) JEfER S -
| EMELATOFRT (2 7)Y FHREE X 0 BB ORBT IR L A VA b SRS RBR 2 L
THEWSE OB AREL I L2, NED 7 1 A~y FEENR Smm/min D¥—HE CTH 5, Table 2.4
IZ HTTR D HJEERT IG-110 BN DEMETR & O FH  OUEHERZE, WO BEEERRE et R BICH
W BT F 2R, IR 1G-110 BESRDT — 1, FEBRENE < RO/ S R B AR
HDTH D, : _ :
C ESVRERETIE., EFERSLIIRRE L ERICH e EEo BAN R BRMEE LT, 2-1) K
PRENTWD, JEMHOREERS S, oV TiE, BIEERE 8Tl 626 kg/em® (61.4MPa)
AT —F L LTRENTND, 2D S fE & Table 2.4 I[Z7TF— & & VW TRG-DO AL %
R D L 67.2MPa L 725, Table 2.4 (2R T X I, HTTR DHIEER IG-110 BERDEMR S DIEH
fEIX 82.6MPa TH 5=, BIREBEEE CTRENEQ-DAB AR I TW5D,
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Table 2.1 Typical properties of HTTR first loaded IG-110 graphite.

. Average Standard deviation |Number of specimens| Design standard

Bulk density(Mg/m’) 1.77 0.0068 64 >1.74
Electrical resistibility 10.4 (radius) 0.35 (radius) 64 <3
(uQm) at RT 11.3 (axial) 0.45 (axial) .
Coefficient of thermal
expansion(10°*/K) 3.89 0.16 64 3.4~4.6
at RT~673°C
Anisotoropy 1.09 0.039 64 <1.15

Table 2.2 Impurities of HTTR first loaded IG-110 graphite.

Lower limit - measured (max.)

Ash (ppm) <100 8
Boron equivalent (ppm) <1 0.59
Lithium impurity (ppm) <0.01 <0.01

Table 2.3 Bending strength data of HTTR first loaded IG-110 graphite.

Average

Standard deviation

Number of specimens

" |Bending strength (MPa)

41.6

2.13

64

314

Table 2.4 Tensile and 60mpressi’ve data of HTTR first loaded IG-110 graphite.

Tensile strength (MPa) Average Standard deviation |Number of specimens S, value
HTTR first loaded data 29.6 1.49 640 26.1
Design data 25.3 2.43 362 19.4

Compressive strength (MPa) Average Standard deviation | Number of specimens S, value
HTTR first loaded data 82.6 2.36 320 76.9
Design data 76.9 6.41 373 61.4

Design standard
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3. BE

3.1 FHAER S
\\\\\ AREEEREF N IIT 5 1G-110 BHOKEHERE S 1T, MERRIVGEOIET—F 00V
VFY I X BEELER LT, HEMEERER 99% TCED DILDEIIRM S LOEMRS & LT,
UToOXTED B:nﬂ\é@“”

S, = X—(h +2)0 3-1)

Jn

KPP OEEIFQ- DR LR TH 5, Bt TERERD HTTR OREFHT—FICBT S
1G-110 /D S, k. Table 2.4 [Z/R L72 & B Y 5138 19.4MPa, 4 61.4MPa, (3-1)AA2H KD 7
PIERT 1G-110 B> S fEIE, F19R 26.1MPa, [EHE 76.9MPa &, BFHRFD S, fHICHA~T:1.2~1.3
fERRAER & <, AR 1G-110 BEIIMEORETVEARRMER>TVA HITR OR$HT 1 >
7 O BRSSO FHEHIOEERIREE 1 ROV ISR 2B/ O HIRME(1/3S) &R LieD
M Fig. 3.1 TH B, PEERREIO SERKRE S RolzZ &b, REMFORIE A ORIRAE & ik
LTRENAX 20, BIEEMOEMERE OWRMNH S Z L IVREh,

32 SRR R D R e R

3.1 TRDIAZHEEE 95%/FEREERHESR 99%DEED FAER X S I H-D & | R IHIBRMEIC R4 5 Rk
R 2 R LT, i SRR ER S0 % a(ﬁ}ﬁﬁ%ﬂﬁ&{ﬁ/%ﬁ%éﬁ )& LA, JEBEREE P XU TOXT
WRDBZENTES, '

z=X% - L 3-2)
(o}
R
p =—fe 2dx (3-3)

Lo T, WERRP I TORTERIND,

ro.

P =1-P G4

Bl & OVEMR X120 T, e HIRRERE & iEEREsR & DBtk % Figs. 3.2, 3.3 IORT, FIEEAT
1G-110 BBER DT — & [XaREHE DT — Z T~ T DRI BRI X 2 IEM RN IEF ISV R
FRbOTHDEZENDND, £, BHEERFEHCBO T, HEERBIROIIZET 2
ST A RARIIEANARZERTH Y, EMOBERVCEEELZR L T, LA
T3, FLEEBBRHTCII 4 ICHESN TV, FHER IG-110 B Tix. BB D o=1/3 KT 1/4
WM 5 L 2 AT, BEREIED NS RDZEEFHBTH S,
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3.3 MEOCHERGNE
%ﬁ®i5tﬁﬁﬁﬂﬂﬁu‘Mﬂmainéwmﬁmﬁéﬁw%i-E%K%#LH%%E
R E 2 B, Rl—OMEFCIE, BRI NRROBRENDRITTEEIIRE VO T, #
B & BEIXAIT 2EMERTEEXOND, €T, HIEER 1G-110 BT OWT, HMEL
WMEOBRERMN U, BELHTRE, SERE, EMHRERS OBRLZ £ T Figs.34-3.6 1
T, HAE T A0, FF—F BB ESNET -2 OFEHE B L TH D, thifms
B LT, SBEORMMCAEV TR S bENT 32BN R 55, WiFRSid3 mihiTR ;T
-MﬁLT%D\M%mﬁﬁMbéﬁﬁﬁiﬁmk%%%ﬁﬂﬁ%éK@@K%@%ﬁik&%%
ENb, —F. BIERIFEOEHERSICOVWTIE, HFRES CRONE L D RBEE 2B EKFE
IR DRV, FIEERF IG-110 B oWV TRk, BEROBEDIXL X RP R BFRBOTH
Tl BlERS R OTMHRS CHEEREERR LN IEERERBEDIZLOX Tidho
Ll hs, £, EHEESICOVTE, RS, SIRRSICENTF—2 062
ERDRNZ RS,

PLEDS ., Bl 2 IZHE & RE & OISR EBIBIES R bhiud, BEREIC LV BERE
BB LT A E B EZIONDN,. ZO L) BRBOHB TOREOEWVIIREREOCHBLICE
B TERWZERHLNERoT,

3.4 TRET—F OWEERN A

IG-110 BEORET—F 2 U A TNV, Eﬁ%ﬁ%;@ﬁﬁmﬂ%ﬁAfn/bT5 &T
Z DM B RS LT, Fig.3.7(1)-G)EZE N ENAEERT 1G-110 B0 5IRBET —F DU A
ey b, E7ey FBLIOREER 7wy b ThD, 28, FIIRME I FHIRE THME
LLTEY, EHEEREEREZ R LTS, Figld 7)Y U1 TAEBIE m=247 TH Y,
WA SRR & i L ORI D o X OO RNT —F Thotz, BB, r 3MABEREERL
THY, BIEMET —Z I XEHARIA~DOBEEIKD RN EB¥bMD,

JEREIREE T — Z IOV T hRERRICV A A7y b, B oy FBXUOREHIER 70> b2
Tolr, ENEN%E Fig3.8(1)-GNRT, JEMIBE L FHIRE CHRIEI L TR Y . ERIIREIE
Mﬁﬁ%%bfwéo®¢‘rﬁﬁ&%ﬁ%%bfﬁb‘E%%£?~5KOwT%EﬁﬁﬁA
BRbLEABRN EB¥DYD

Thbb, utmﬁﬁm% %ﬁ%@&%%+%mAé% Wik, BRI ES S B
AT 2ORENTHDZ L3bnD

3.5 VA v PIGFIOHIR

HEAMRHIBEEMBIERS LV WS HAEEE T 2HITRESEVERE LR, %@Lb 2o
R 7 eHO IS ) AR T OMBERE & L CIIS 3 KON+ TR ) (A v MIEA)
BHIRL TS, —Reic, MRS AR T COMERMEIZ OV T, <5 Weibull
SMEFERICL VBB S T& R IV, 22T RA Y MEHOHIRIZ SN TS, Weibull S H
Wiz X v iREtT 5, 2Tkl FMEETS NV LCOERMEE AT S 3 Al e L, #iidishicsl
WIS A B RRFICIEAT 2 BEORA > MEHORIRMEZRET %, Weibull frEE T A —F L L
7B DRSS & BA ¥ M iOBEE % Fig3.9 RT, FRLYD ., Weibull RED /DS VIEE,
ThbLBEMEL DHMBHEERA V MG LIEE DI REL RDZENEMRIND,
I, FIEERT 1IG-110 BEADRA ¥ MESACHH i dhiR & BEEERE 7 CRET DIEH
 HIFRME % T 5, Fig.3.10 1%, Weibull BEEERZRIC & ¥ PRI L 7= 0467 1G-110 Beh DORERMIR & |
HEEER SO THIE L TV B IF LB ED OERIRBHI O R A o MES LRSI
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B LOISHHREOBRER L b0 Ch b, 728, AR 57 DICHE Weibull
{#%0E m=24.7 T, Fig3.7(NL VEDIAETH D, R LY, FEER IG-110 REHTSFLRMNE
YOG EOISAHIREICK L THAREMCH D Z RO,
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75 | Present data
S
% .
S 5 | Residual stress Design data
o
| \
)

25

0 | : I i
0 2 4 6 8 10

Neutron fluence 10%*n/m%(E>29fJ)

Fig.3.1 Example of calculated residual stress for graphite blocks during HTTR operation
and limit of stress ‘
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" HTTR first loaded data
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Fig. 3.2 Fracture probability of HTTR first loaded IG-110 graphite (tensile).
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Fig.3.4 Bending strength and density of HTTR first loaded IG-110 graphite.
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Fig.3.5 Tensile strength and density of HTTR first loaded IG-110 graphite.
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Fig.3.6 Compressive strength and density of HTTR first loaded IG-110 graphite.
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