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Japan Materials Testing Reactor (JMTR), which served as the core facility for neutron
irradiation research including materials research and radioisotope production, has been
decommissioned. As a result, it has become difficult to continue conducting irradiation tests
domestically, as well as to transfer the operational expertise and irradiation technologies
associated with test reactors, to address these challenges, it was decided to initiate JMTR
alternative irradiation, in which foreign irradiation reactors are utilized to partially substitute
for JMTR’s irradiation capabilities. As a first step, based on the “Arrangement between the
National Centre for Nuclear Research and the Japan Atomic Energy Agency for Cooperation
in Research and Development on Testing Reactor”. The MARIA reactor (30 MW) owned by the
National Centre for Nuclear Research (NCBJ) was selected as the neutron irradiation facility,
a temperature control system, which is one of JMTR's irradiation technologies, was introduced
into the MARIA reactor, and irradiation tests were conducted.

The results of this irradiation test confirmed that the combination of the newly introduced
temperature control device and the JMTR irradiation test system operates without issues even
after an irradiation period exceeding 150 days, it was also demonstrated that the tests could
be conducted while continuously measuring the thermocouple temperature inside the capsule
during irradiation, as well as the output of the LVDT and SPGD.

Furthermore, regarding the constant temperature control of the irradiation capsule at
300°C constant temperature control test, which is highly demanded in materials irradiation
testing, was conducted, during reactor power increases, when temperature fluctuations
become significant, temperature control was maintained within £6.3°C, while during power
decreases, it was controlled within +26.0°C. These results indicate that irradiation testing
with irradiation temperature control system developed by JMTR, can also be performed in the
MARIA reactor, it was confirmed that it can be offered as an alternative irradiation field.

Keywords: JMTR, Irradiation Test, Temperature Control System, MARIA Reactor
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5. MHERBmRROESR

ARETIX, 20248 A 2 HHBALA L, 2025 42 10 A 23 HIZ5E T L7z B O — & il A il

AR O 2~ FEENRGRS RO W THREHT 5, FEF 2T YA L 2024 4£ 7 H 30 A
~2024 48 H9H (BLF %1 RIBHRE] tvo,). 2025423 A 17 H~2025 43 H 22 A
(LT T8 2 MIBEERER) o) ICBIMICHIR L, SFERK T — % 2B L7z,

AEHBRIZHB N T, FAFEOH DB > TH v RO L HIREENRKE L 72
% JRFIF O ) R R OV 747 B TR 351 2 — B TR EE IR & e L 7=, Z DR 5.
JEAIF D EREED 200°C — EHIEIFRERIF 21X, £5.0°C AN, B4R H ) ERERIZEIT 5 300°C
— BRI 1X, £6.3°C IN THIFI CTE 5 2 & 28 L7, 72 JJ 74P H OB FRED 300°C
—EHIERER T, £26.0°C AN OIRERIEINEZ MR T2 Z LN TE 7=,

DT, Mo~ REERRRBR A L, TORET — X5 GENGTC-K Offffiz— K8 9
ZAWT, BGERNER SN TW5, EL.310mm~EL.1435mm O#iPHICI T 5 0 v~ LKL
FEE L7, EORER, RBKRBRICEIT D0~ REK T, K AMEN TC-2 @ EL.310mm Of7E
T 0.90W/g, /Ml TC-7 @ EL.901mm D& T 0.35W/g Th 5 = & Z 8 L 7=, GENGTC-
K OFHli = — RiZBit 5, LVDT i€ 5 /L % Fig. 5.1 KU1 —XOFHii€5 /1% Fig. 5.2 12
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5.1 %1 [ERHRB (2024.7.30-2024.8.9) DOHE

2024 /-7 H 30 A6 8 H 9 HE TOH 1 FIRHEEBR W TL, R H ) EAERIZIH T
200°C — EREHIEIM: & feiB 5 2 72D O TLUR [200°C mmfﬁﬁﬁﬁjkwa)&oﬁ
TAR TEAG D TEER R 33T B 1 v~ R AR e BR & Sl L 7=,

RER A 2L O RETBREE 2 Table 5.1 12, FRGSFRERINE 0O 18 A4S 8 O AR E 214 % Table
5.2 |27,

F7o, % 1 B RSB IR H O HIEEVE HEE & QR IR RV 4 % Fig. 5.3 12T,

Table 5.1 % 1 EIRHFRBRE (MARIA fF 2024 4-% 21 31 7 LV HEE 8/2~8/11)

B A JEF-JF IR A FRBRIN A
7/30 JRF-4F Ak FRE % ¥ 7R L3
7/31 JRF-4F Lk LR R R S D HEfe
8/1 JEF- A 1k JE -4 ) b SRR BR
8/2 AR B F - & BRSO iE 200°C — & L B A 3R
8/3-8/4 JER I R s HH R 200°C — & L B A 3R
8/4-8/5 JER I R s HH R 200°C — & 1L EE il {1 R
8/6-8/7 Ji I TE K HH ) R T 2~ FE RN RS R

A AE TGO IR FE R iR
8/7-8/8 Ji I E K HH ) R T 2~ FE BN RS R

T AE I 7F O IR E R ER
8/8-8/9 - TE RS ) i T~ R R

A AJE S50 1 A B

Table 5.2 55 1 BIRKNBRE IS 2 47 71 B 585 O BRI A

MARIA JFEA&EL ) 20MW
AN A Sk TC-3. TC-7
b — & il 1 1R BE il 2 10°C/5y
I 5 1 H Bl 4
BELZ2 4] I 5 1 FB il
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5.1.1 JFFFHH ERRICRIT 5 200°C —EHEEHIERE (2024.8.2)

2024 4 8 H 2 HIZJRFH ) EARFO— &R R 2 MR 57290, 200°C — & 1L il
RER A EHE L7-, MARIA PO ER-o—4 0 2%, ERIELRO 20 MW {137 £ TBREAIC
P& EHSE50, ZOWBIZBWCHIRHFAN I OZICEL T, BAF 7RSI
PR S ATz, TR ) BRI D HAEENVE SR i VR F-IF BV ) & Fig. 5.4 1277,
F iz, HIEEEE X TC-3 L TC-T D@ & O AR %5 % Table 5.3 12777,

RERIE O HEE LTI, TR PR EAFNCH 50U F v 7 EANE 200°C 12T 57
WD, FEIGIEIC L > CHEEELZHFFEST L L &bl E—XI2XK 5 200°C BNl A FM L=, &
D%, JRFFEH ) ERRRCI WL TE, BRI K> Te — & Hnim S, ¥y AN O
IREEDS 200°C KV EH$5 2 L 2Ma 5, BB, FENHIEIC X 2 B4 EFRREIZ BT
I, B —ZIZ L DIRERIEEHE 2R A T 57201, e — X HNNERKEN LA TRV 6 AR
LoD X HICEZEEE 2000 Pa FREE & Uiz, LU S, IFHA OB KIS T o~ R
HEANL ., 20U X0 HIEBVEXHEE NS BRI 25 2 LR PRI, B —% )2 0A T 200°C
X DAMREMNH Y | b — & OIREEHIEEIH 2 %0 2 2 & 2 BT 5720, FEE 8 10

W ICHIET S LIRNCEZEE 4 4000 Pa FEEICT A#@EZ# U2, b —Z H R OEZEEDH]|
ERE R % Fig. 5.5 (2R~ T,

FRERRS D HRUS % v 72 VINOIREE T, R ) BRI, B v A NORE BRI
FTHTHY, KEmTH TC-3 T 203.3°C, TC-7 T 201.8°C Th -7z, £/, HIKEETHD &
TC-3 T 195.6°C, TC-7 T 195.0°C F CIEN TN o72 & Z A bMER SN2, Figs4d KO
Fig.5.5 O nd X0 Clde BEEZET L EBICLIREZ(LTH LD, i
TR EFEROD 200°C — EIREERIEPEICBEIZ RV LB 2 5, JRF ) ERRRZIS T 2 6l
BVEHEE ORER R 4 Fig. 5.6 127,

ARERNS | R FIFH N EFRICBOLTIE, B —#? 200°C —EHBHIEAZTT S 2 & T, B
X ¥ S EANOIRE%+5.0°C OFHNICHERF TE 5 2 L 2GR L7z,

Table 5.3 2024.8.2 % 1 FIRSRBREHCBIT 2R TIFH A LR KD
HIEZESHRE, v — X MHh., BEZEE, HIEZES O HI &
(FRRIBBER ORBIRE K OBKIKIRE)

— TC-3 | TC-7 | HTR-1 | HTR-2 | JE/ -
(°C) (°C) (A) (A) (PA)
2024/8/2 18:31:25 | 203.3 | 201.5 5.0 5.1 1914.4 TC-3 fx i
2024/8/2 18:40:03 | 195.6 | 195.3 5.3 5.4 3367.5 TC-3 HAKiR
2024/8/2 18:31:41 | 203.3 | 201.8 5.0 5.0 1915.6 TC-7 f i B
2024/8/2 18:40:19 | 195.7 | 195.0 5.3 5.5 3498.1 TC-7 FAXIR
I EE St i) A i TC-3 (°C) | TC-7 (°C)

(BNEE 6 D Fie i 1L K OSBRI DR E 75) 7.7 6.8
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5.1.2 JFETFERHIEEFIZRIT S 200°C —EREHIHEER (2024.8.3)

2024 4 8 H 3 H 0:00 75 24:00 £ TOHFNZIWT, 4 ERs ) ER 2 F 1T % 200°C
— TR R & FE 0 U 7=, BRBRBIRE P, HTR-1 1% TC-3 2 Hl{EEEx & LT, HTR-2 X TC-
T EREEEERHE LT, X rAREEC e — & BB L A IR 2 i LT,

ZOREF, HTR-1 1, b —Z N ERICET 5 Z & 72 <£0.6°C LAN O S G EE 70 1 B #1732
Eniz, — 5, HTR21E, e—X O ERICELT-Z & T, BEEZRFFT 00O —X D
HANE Y 22 o 2720 JRF-IRH ) OMERE I R L 7244.0°C DIREZ(ERR Oz, ZO%F
Gnn . b= HOHIEEFANICINE 5 F v 7B VRERCEZEEOERE T 5 2 LT, EKER
ORI K D IRE~DFE A v — & ) BB X > THifE L T XY mkEE 7o IR )
HRAETHD B2 BND,

i EVEE 5 TC-8 M N TC-T D i i il M OV IR £ %5 % Table 5.4 12~ d, £70, JRFFER
HH 38R O BB cHREE K OVET-HR A ) O ERS R & Fig. 5.7 12, B4R EAS H ) i s
Dt —F MR OEZEEOHERR % Fig. 5.8 IZR7,

Table 5.4 2024.8.3 % 1 FIRHREBRFEICIIT 5 200°C — BB EHIHREREO
HIEZESHRE, v — &M, BEZEE, HIEZES O HI &
(FRAIBBER O BIRE R OERIKIEE)

. TC-3 TC-7 | HTR-1 | HTR-2 J£77
T R fii %
(°C) (°C) (A) (A) (PA)
2024/8/3 5:36:24 | 200.6 | 200.6 6.1 6.6 143291.7 TC-3 fx i
2024/8/3 6:15:24 | 199.5 | 199.7 6.1 6.5 143250.0 TC-3 i B
2024/8/3 0:27:25 | 200.1 | 200.7 6.0 6.7 145000.0 TC-7 =i B
2024/8/4 6:15:23 | 200.1 | 196.0 5.9 6.6 142750.0 TC-7 fe i B
HIIEN A Skt oD ) A o TC-3 (°C) | TC-7 (°C)
(BN F D e e T FE e OVARGIRL S OD 1R 722) 1.1 4.7
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5.1.3 BRFFEERHEERICEIT 5 200°C —EEEHIHRER (2024.8.4-2024.8.5)

BIAICE iz, 202448 H 4 H 0:00 725 24:00 £ TD 1 AR, FEFFERH INEERT 2

(7% 200°C — il AL fAEIRER 4 920 L 7o, RUBRIHT P, HTR-1 13 TC-3 ZHil#EEX & LT,

HTR-2 I% TC-7 ZHl#EGEXI L LT, & REEC e — & BEhHIEIC K 2006 4 FEhi L 7=,
ZTORER, HTR-1 1%, e —# ) ERICET 2 2 & 72 <£0.7°C LA O &k FE 72 15 5 481 23 22
S iz, —J5., HTR-2 1%, AiH OB L FRfkICe —2 O EIRICE L Z & T, B FH A

DOIFHFIZ R L 72+4.2°C DIREZE A R b7z,

T EIZAE X TC-3 LN TC-7 D i E M ORI E % % Table 5.5 (3, £7-. R ERK
H 77 i o oD FRI AR B0 R SR BE M OV AP B ) oI E S B % Fig. 5.9 12, [ k& /) iz

Db —Z ) R OEZEEORERE R % Fig. 5.10 1277,

Table 5.5 2024.8.4-2024.8.5 55 1 [EIERSHBREREFIZ T B 200°C — EiE B Hil BRI D
HIEZESHRE, v —XMHh., BEZEE, HIEZES O HIEEEH
(FRRIBBER ORBIRE R OHKIKIRE)

— TC-3 | TC-7 | HTR-1 | HTR-2 J£71 .
(°C) (°C) (A) (A) (PA)
2024/8/4 6:32:39 | 200.7 | 198.2 5.9 6.6 142916.7 TC-3 fx ik
2024/8/4 6:43:47 | 199.4 | 198.5 5.9 6.6 142958.3 TC-3 f KR AL
2024/8/5 8:53:32 | 200.6 | 201.1 5.8 6.6 125375.0 TC-7 F =i
2024/8/4 6:21:21 | 200.0 | 195.8 5.9 6.6 142791.7 TC-7 FAKIR L
il EV AR et D il A0 R TC-3 (°C) | TC-7 (°C)
(BN K 0D fi e T JEE M OV AT 8 0D 11 8 722) 1.3 5.3
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5.1.4 JBEFFERMHNIEEPICBIT DT ~RARERRRE (2024.8.6-2024.8.7)
2024 £ 8 1 6 H 14:30 7°5 2024 4E 8 [ 7 H 9:37 £ TOHJ 19 B[], JE 45 &k H )&z
mﬁwfﬁyv%ﬁ$%%ﬁ%%%mbtoﬁ%%%@u\t—&omv«U?A#Vﬁ%%v

@%ﬁ%ﬁ®ﬁWWM&U%Vfﬁwﬁ@ﬁﬁ”ﬁ%@%bko%@% B D EEIRE KO
BAKIEEICE LB OBERHEE, b — 2 1), BZE KOS EERNT Tém&%%T@b56
2R,

X v AN DOIRE M OWTIL, ENEAE—Ofh T MA@z, i3 180° 5 %F J7 Ml il
& &7z TC-1/TC-2, TC-3/TC-4, TC-5/TC-6, TC-7/TC-8 DEEX (Fig.3.1 &) 7, AWIZ
TIE R — DRI BV CTHELL ORI 2R EZ L Z R LTV D Z E PR I, P ER
H BRI O BV SHIELE ORIERS B4 Fig. 5.11 12, ¥+ 7R/ T b OEEE BT % BvE Xt
ORIERER % Fig. 5.12 12”7,

2D ORERERSREE AW T GENGTC-K Tl L7=, FHliOfES, ERRo iz v
X, F¥ T EANOT o~ RBARITZ04W/ig 15 09W/ g lREICHMLTWbHEEZ NS, H
V< FEEARO MRS Rl oW T, Fig. 5.13 1R,

DOFERIZ DN TIE, MARIA JF I 54 % OB T & B I @R E 72 5 i &
FHRTHX ¥ T EARGFOEBET —F L LTUEHATE S EEZ 2615,
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5.2.2 JFEFFHABETRIZRIT 5 300°C —EEEHIHFE (2025.3.18)

2025 4= 3 A 18 HIZJE 147 1B NIRe D — & IR EE % 2 fesB 3 2 72, 300°C — & ik il 1)
ﬁ%%imbkoﬁ%wmﬁMTﬁ®%W’*mﬁ% ZERWTIE, MARIA JFOFE A BT
X EAG E R 20MW U555 3~4 MW FRE & € 1~2 HRE CAMICH K T &8, 2o%iTd
BRI IR mMW)féﬁﬁﬁﬁotﬂ JRFHRE ) O B R 2 iz b b 5
+£26.0°C OFH CTIREHIEN TE 5 2 & 28 Uiz, TR H IR TRHZ IS8T 2 hil 2N S i
K ONEAIFEH J ORERE R & Fig. 5.24 (-3, F£7z, HlEHEVEX TC-3 X TC-7 D =i
K OV AR %5 % Table 5.12 (27777,

TR HIEEEE ORI O FEE UTE, JFE DR TICESL D, v 720N %E 300°C OERER
295720, B—% 300°C HEhl# 4 Ik Lz, BEf#EA A LicZ & T, Rtk Ty
WZEBWTIE, S 7 BEANORENMET T2 2Mx b7, e—F MR EAT S, £/,
ZOBRIZ e — X OHABINGIEERE 2 ik 57 01c, B— 2 D 2A BEICR D L H, HZE
FE % 700Pa FREEICFEHIE Lz, b —Z R ONEZEEORIER R % Fig. 5.25 1TR-7,

FREBRIRE D BRI % v 72 VINOIREE T, SR P IR FIRES, B v 72V NOREIZR T L
2L DODORILTYH 274°C TR E D . ZOFRIZ 300°C 75 5°C 22 CIRIEMMK T LZR T 3
U T Thodz, JRIFH B TR 3T 2 HilEHEVE SHEEE ORI ERE R4 Fig. 5.26 1277,

INHDORERNG | JRFFHIETRICR T 5 B —4% ® 300°C —EHENREIZ LV, B X+
T IVNORE %+26.0°C OFFHNICE DL ENTEHZ L xR LT,

Table 5.12 2025.3.18 D 2 EIREKHEBRFFICEIT 2R HFH A TR
HIMZESHRE, v — &N, BZEE, HEZES ORIEEEHE (15 : 15-17 : 30)
(FRAIBBER O BIRE R ORIKIEE)

—— TC-3 | TC-7 | HTR-1 |HTR-2| /£ .
(°C) (°C) (A) (A) (PA)
2025/3/18 17:17:03 | 303.3 | 300.3 | 4.7 5.1 665.6 TC-3 i [
2025/3/18 17:14:29 | 274.0 | 291.7 | 4.1 4.9 660.6 TC-3 Feffif [
2025/3/18 16:50:13 | 301.5 | 300.8 | 2.0 4.1 668.8 TC-7 f i
2025/3/18 17:14:15 | 275.3 | 291.3 | 3.7 4.8 661.3 TC-7 s R
AN A R S 1) TC-3 (°C) | TC-7 (°C)

(BNEE 3t D Fie i 1L K O ARRLE DR E 75) 29.3 9.5
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5.2.3 JFEFFHAH ERRICRIT 5 300°C —EEEHIHFE (2025.3.21)

2025 - 3 A 21 HIZJR7-4F ) B SR — &I i 1% 2 #5879~ 5 72, 300°C — & 1 B il
R A £ Lo, MARIA SO EF-v—7 v A%, EREERO 20 MW {137 £ TEHEAIC
1% RSS20, ZOWRRBIZENTHIR AN OZMICEb LT, — SRS A HE
FFCEDZ L aiER Lz, P ERRRCET 2 R EVE SHEEE I OUR (R 24 H ) O E
F% Fig. 5.27 1Tt £72, HEEVER TC-3 & TC-7 O miiiE k ORKIR %% % Table
5.13 [ZRT,

IRESIEEE ORE o FiE L LT, JRFFHD EFITELS, v 7 EAN%E 300°C DR
B2 d 572, b—% 300°C HEhHIE % K L=, AEH#EZ AN L2 T, BKAmmhE
FRFZBNTIE, ¥y 7 ELANOREN EATHZ 22570, e —2HInmsl s,
Flo, ZOBCE =X OHIMK R Z LR T 572010, e —X & 6 ARREIZ/ D X
9. BEZ2E A 700 Pa FEEICFEIFEIME L2, b —& H R OEZEEORIERE % Fig. 5.28 (27
¥

ﬁ%ﬁm%%%%f?WW@ﬁﬁi\%%ﬁmﬁﬁﬁﬁ’ FRS v R VN OIREE DT H
IZESH L, &&TSH 306.3°C Th o7, AU EFRRHTIS T 2 dHIAEEVE HEEE o I E 5 R
% Fig. 5.29 [T~ 7,

INHORERNL, RS BRI TS B —4% 0 300°C —EHBENHIENC XL 0, RS
¥ 7B ANORE Z2+6.3°C OFIPANICHERF T 5 Z L 2 Lz, S HIZ 300°C —E IR
HZ2IPBHEE DS 80% CTHZEE 700 Pa, b —# MR K 4A Tho7Z &b, BZEpBREN
100% E THOINIRBRHDHZ L L, KXy 7B WTIE, E—XDOH T ERMHEN 7TA R
FECT3ABRERMNH L Z b, HEEZILIZM EXE, e—%0 EREEZ THAZ BT
5T ENTENX, 400°C O—EREFIEH G EBHTEHLEZZ2 1D,

Table 5.13 2025.3.21 D 2 EIREKHEBREFICBIT 2R AFHA ERHERED
HIEZAEXHRE, ©—¥ ), BZEE, HEZAEX ORI (10 : 45-12 : 00)
(FRAIBBER O BIRE R OERIKIEE)

p— TC-3 TC-7 | HTR-1 |HTR-2| JEH -

(°C) (°C) (A) (A) (PA)

2025/3/21 11:47:47 | 306.3 | 302.1| 3.5 4.8 667.5 TC-3 #x iR

2025/3/21 11:49:23 | 2985 | 299.7 | 3.4 4.9 665.6 TC-3 H KR

2025/3/21 11:47:37 305.6 | 3022 | 3.5 4.9 666.9 TC-7 fc i B

2025/3/21 11:49:13 | 298.8 | 2994 | 34 4.8 666.3 TC-7 FARIR B

| A B s o M SR TC-3 (°C) | TC-7 (°C)
(BN ot D e e T P e OVARIRL S D IR 72) 7.8 2.8
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DEBN~OIZAHTFZETIZOWT, B C#E L7 3, AR TIE. F¥ v 7B OFNER K
V2024 £ 8 H 2 H22BBAA L 2025 4 10 HIZ5E T L7z 150 H A H 2 2 BB R Iz o0
THiE L7,

ARIRERBR TN T, B U7 IR IR R S 2 7 A & IO T2 700 O R J OV R e |
BT 5 200°C — &L O 300°C — &2 Efii L7-, ZORR, JRFHH) BRI, B
RSk L C+6.3°C AN COIREEHIE 4 i C & . R4 M1k TRAIZIE, BAERREIC) LT
+26.0°C UIN TR A2 £ 25 2 &N TE T,

IO OFERNG Bl —EIRESIENFTRETH 5 2 & DR S 4L, JMTR O PR ERBREL T 2
A2 Z & TMARIA FIZBWTH ARG 2RIt L 2 5 2 LR TE 71,

IHIZ, BRAESCLLF v T BEANRESMAT — 22K, MARIA JFIZEBIT 50 o~ FEL
RARE LR, 8 1 IR L O 2 [FRARBRICBS N T, v AN T~
FEERIT 0.35W/g 705 0.90 Wig ORI T L TWD Z & 2R LT, AFHKZ W Tk, 5%
O MARIAJFIZEIT 2 S HICERBERREREZ ERT 2% ¥ 7B VRFHIE T O HEMT — 2 &
LUEHTESD EEZ b5,
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