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2 PCV

ṄJAEA-Data/Code 2012 -018
2 RPV PCV
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(2) (3)

Ṅ
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2.3
4Ὦ 5Ὦ 6Ὦ 7Ὦ 8Ὦ 9Ὦ 10Ὦ 11Ὦ 12Ὦ 1Ὦ 2Ὦ 3Ὦ

ФкЅϴϼЕІГϯзрϽᵓṳˢẛ ʿⱧ ộ ᵓṳˣ
METIʺNDFʺMRIʺ

HDʺJAEA

(1) χΰ χθϛχṪ ᵫ

ʹ  ДУзχ ΰ τἰϥ ṫЂрФи ẉό♯ᾓ χᾁ Ṑḩ

ʹ  ṫ ДУзχ ᶘ

ʹ  ṫ ДУзχ ᵔẉό Д˔Ќχ︡

ʹʹa ▒Ϭ Μθ ṫ ДУз ᵔτϢϥ ṫ ДУз Д˔Ќχ︡

ʹʹʹJAEA JAEA

ʹʹʹ Ἰ ˢAּזˣ NFD

ʹʹb ᴈ ТА▒ τϢϥ ṫ ДУз ᵔτϢϥ ṫ ДУз Д˔Ќχ︡

ʹʹʹ Ἰ ˢBּזˣ NDC

ʹʹc ϯиϸз ᵔ τϢϥ ṫ ДУз ᵔτϢϥ ṫ ДУз Д˔Ќχ︡ JAEAᾖᴬᾆ

‮☼ם Ṑḩ
2020 2021

̛ ʾ ᴣὓᵊ ӛ

Ɫ∙ ʾ♯ᾓ

♯ᾓ ᾁ ʾ ṍᵓ›

ṫ ЂрФи ṫ ДУз ᴣ ⁮ ⌠

̝ЂрФи ̝ ᴮᾋ ΰ

Ɫ∙ ʾ♯ᾓ ᵔ♯ᾓʾ ⁮ ⌠

̝ЂрФи ̝ ᴮᾋ ΰ

Ɫ∙ ʾ♯ᾓ

̝ЂрФи ̝ ᴮᾋ ΰ

⁮ ⌠

Ɫ∙ ʾ♯ᾓ

̝ЂрФи ̝ ᴮᾋ ΰ

⁮ ⌠

̝ЂрФи ̝ ᴮᾋ ΰ

⁮ ⌠

ᵔ♯ᾓʾ

ᵔ♯ᾓʾ

ᵔ♯ᾓʾⱢ∙ ʾ♯ᾓ

̝

̝

̝

̝

̝

̝

ṨḩἰṐḩχᵓ›Ϭᵫ℗ΰ ᶎ ʾὼӛⱧᾁ‮ Ϭם☼

̝ ̝

̝

̝ ̝ ̝ ̝ ̝̝

̝

̝ ̝ ̝

(̝)

Ω

⁮ᵓ

(4/15)

̝ ̝
ḩἰּי ›δ



13

2.3
4Ὦ 5Ὦ 6Ὦ 7Ὦ 8Ὦ 9Ὦ 10Ὦ 11Ὦ 12Ὦ 1Ὦ 2Ὦ 3Ὦ

ʹ Ὣᴮχ ᴣ Ṑḩ

(2) ДУз ấ χ Ṫ χᵫ

ʹ HD-JAEA ›δ HDʺJAEA

ʹ ДУз ṫ ♯ᾓ JAEAᾖᴬᾆ

ʹ Ἃ Ⱳ ДУз ⇔ ấ ᵔ

ʹʹᵔ Ὧχᾁ ʾ♯ᵔ JAEAᾖᴬᾆ

ʹʹЪ˔жІЯДиχ Ἰ ˢCּזˣ

ʹʹṌᴁ♯ᾓʾ ДУз ṫ ♯ᾓᵔ ʾםṐᵔ Ἰ ˢDּזˣ

ʹ Ἃ Ⱳ ấ ᴣ

ʹʹᵔ Ὧχᾁ ʾ♯ᵔ JAEAᾖᴬᾆ

ʹʹ ὯτΣΪϥם ᵔ ʾ♯ᾓᵔ ʺἋ Ⱳχ ấ χ Ἰ ˢEּזˣ

︠σЫϱиІЕ˔р

2020 2021
‮☼ם Ṑḩ

̝ ᴮᾋ ΰ

Ὣᴮχ ᴣṍᵓ›

̝ ʾ ᴣὓᵊ ӛ

ˢФкЅϴϼЕІГϯзрϽ

ᵓṳπ ṳˣ
̝ ḧ ⁮ᵓ

ˢ ΰ ˣ

̝ЂрФи

̝ЂрФи

̝ ᴮᾋ ΰ

(̝)

Ω

⁮ᵓ

(4/15)

ὓʾЪ˔жІ ♯⌠

⌠ʾ♯֫

♯ᾓם☼ʾД˔Ќ︡

̝

ᴮ

ᾋ ΰ

ᵔ Ὧχᾁ ʾ♯ᵔ

Ъ˔жІЯДиχ

Ṍᴁ♯ᾓʾ ДУз ṫ ♯ᾓᵔ ʾםṐᵔ

̝ ᴮᾋ ΰ

ᵔ Ὧχᾁ ʾ♯ᵔ

ὯτΣΪϥם ᵔ ʾ♯ᾓᵔ σςἋ Ⱳχ ấ χ

̝ ᴮ

ᾋ ΰ

̝ ᴮᾋ ΰ

̝

Ṍ ἷ Ϭ Μθ ʺ ᴣ︣ ᶎ ♯ᾓ

̝ ̝

̝

ḧ ⁮ᵓ

ˢ ấ ˣ

(̝)

Ω

⁮ᵓ

(4/15)
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AḲ

Ṇ
(1) 

AḲ ṕNDCṖ

Ṇ
(1) 

a 

BḲ ṕNFDṖ
Ṇ
(1) 

b 

CḲ

Ṇ
(2)

ṕ Ṗ

DḲ ṕNDDṖ

Ṇ
(2)

ṕ Ṗ

ṕJAEAṖ

Ṇ
(1) 

a 
b 
c 

(2)

Ṇ

ẇ

EḲ

Ṇ
(2)

2.4

ẇ
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U
U ṕNU Ṗ

JAEAJAEANDC NFD

*

ḱ

ḱ

ḱ
ḱ ṕ Ṗ
ḱ

3. 

ẑ3

ICP-MS

ICP-AES

SEM-EDS

ICP-MS

SEM-WDS

ICP-MS

ICP-AES

SEM-EDS

ICP-AES

TIMS

SEM-WDS

ẑ
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8

ẇU, Zr, Gd

ẇFe, B

ẇCr, Ni

ẇSi

( 1 ) ṕ U Ṗ

* 1 A

FeB B

SUS304 SiO2 C

( 2 ) U * 3ṕ NU Ṗ

B C

U, ZrḲ

Gd Ḳ

Fe Ḳ

B Ḳ

Cr, NiḲSUS

SUS P Sn

Si Ḳ

SiO2

( ) * 1

* 2

ẁ1 UO2, ZrO2, Gd2O3

ẁ2

ẁ3 ṕNFDṖ

3.1
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ẁa1: a2: a3, a: b: c, b: c

2

A

U Zr Gd=a1 a2 a3

B C

+

A B C =a b c

1 500mg
B C =b c

1 500mg

U U ṕNU Ṗ

*

3.1

[ A] [ B] [ C] 

(ZrO2)

99%

(Gd2O3)

> 99.5%

(FeB)

99%

(SUS304 Fe-Cr-Ni)

(SiO2)

99.5%

ẁ

(UO2)
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3.1

ṕXRDṖḲ

U3O8 UO2

ZrO2

SUS304

SiO2

Gd2O3

FeBÅ 5.471ẹ UO2.00

ZrO2

FeB Fe2B
FeB4

SUS304
SUS304

UO2

Gd 2O3

FeB

Zr O2

SUS304

SiO2



-1.5

-1

-0.5

0

0.5

1

0 100 200 300 400 500

ɲ
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3.1

SiO2

Gd2O3

ṕ ḲTG-DTAṖ

Gd2O3

Å250 ~ 450ṹ 300ṹ
100ṹ

SiO2

Å80ṹ 1%

Gd2O3

SiO2
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3.1

SUS304FeB ṕ Ṗ SiO2

ṕ Ṗ

FeB

Å < 850ͫm
100 ~ 200 mͫ 80% 200 mͫ

SUS304

Å 100 mͫ 80% 100 mͫ

SiO2

Å 45 mͫ 80% 50 mͫ
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3.1

U

* 

C SiO2=

XRD

* 20min

1600ṹ Ar 4h

1600ṹ Ar 4h

(ͽ7mm 7.6 t/cm 2)

(ͽ7mm 7.6 t/cm 2)

*

A

B

* 60min 

UO2

* 20minZrO2

Gd2O3

XRD

FeB

SUS304*

* 5min

*

U XRD, TG-DSCṕ
Ṗ

500ṹ

A
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3.1

20A 20Z

A (U, Zr, Gd)O2 1.0022 g -

B FeB 0.7544 g 1.5002 g

C
SiO2 0.2512 g 0.5048 g

SUS304 0.5002 g 1.0019 g

U

* 0.1mg/100mg * 0.1mg/100mg

ṕNU Ṗ

(1) U

a1: a2: a3 Ṭ 40Ḳ55Ḳ5

[ A]Ḳ[ B]Ḳ[ C]

Ṭ 40Ḳ30Ḳ30

(2) U ṕNU Ṗ

[ B]Ḳ[ C] Ṭ 50Ḳ50

ᾕ  ḯ ˢmg/100mg) 

U 20.5 ± 0.1  

Gd 1.7  

Zr 10.8  

B 4.9  

Fe 39.0  

Cr 3.7  

Ni 2.2  

Mnˢ ᵰˣ (0.04)  

Si 4.9  

O 12.2 ± 0.1 

 

ᾕ  ḯ ˢmg/100mg) 

U ᴥ 

Gd ᴥ 

Zr ᴥ 

B 8.1  

Fe 64.9  

Cr 6.2  

Ni 3.7  

Mnˢ ᵰˣ (0.06)  

Si 8.1  

O 8.9  
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3.1

A =(U,Gd)O 2+ZrO 2

Å ṕU(Zr)O 2Ṗ ṕZr(U)O 2Ṗ ṕZrO2Ṗ

Å UO2 Gd UO2

Å (620)

20Û< 2ͧ< 140Û 125Û< 2ͧ< 128.5Û

(U,Gd)O 2+ZrO 2 XRD (4 1 2 )

UO2 (U,Gd)O 2 XRD

(U,Gd)O 2
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3.1

U

NU

U ṕNU Ṗ

ṕ Ṗ

U NU

ṕXRDṖ

NU XRD

[ A] [ B] [ C]

[ A] (U(Zr)O 2 ) (Zr(U)O 2 ) (ZrO 2 )

[ B] [ C] FeB SUS304 SiO2

(a) U

[ B] [ C] FeB SUS304

NU Ḳ

ἲ 200ͫm FeB SiO2

ἲ SUS304

(b) NU
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3.1
ṕ ḲTG-DSCṖ

U

U ṕNU Ṗ

1300ṹ
99.6%
DSC 1360ṹ B FeB

C SUS304
1300ṹ SiO2

500ṹ 99.6% 1300ṹ
100.5% 1500ṹ99%
1360ṹ B FeB

C SUS304 FeB
1300ṹ SiO2

1300ṹ

U NU

(a) U

(b) NU
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3.1

SEM
ṕ (BSE) ễ ṕ Ṗ Ṗ

(U U )

20A 20Z 200 ͫm
100 ¤ 200ͫmFeB



27

(1)

(2) ṕNDCṖ

(3) ṕ Ṗ

(4) ṕNFDṖ

(5) ṕ Ṗ

(6)

(7)

3.2
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U
U ṕNU Ṗ

JAEAJAEANDC NFD

*

ICP-MS

ICP-AES

SEM-EDS

ICP-MS

SEM-WDS

ICP-MS

ICP-AES

SEM-EDS

ICP-AES

TIMS

SEM-WDS

ṕ Ṗ

3.2

3

ẑ
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3.2

JAEA
ṕ Ṗ

NDCṕ Ṗ

 

  

JAEA

ṕ Ṗ

XRD SEM/ EDS

NUCEF

BECKY
U

U

*

ICP-

AES

TIMS

SEM/ WDS
XRD

RFEF
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NFDṕ Ṗ

U

NU

NU

3.2
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(1) 

ṕJAEA Ṗ ṕJAEA Ṗ

ṕU Ṗ

AND1C- 201202 AND2C- 201203 AND3C- 201204

ṕNDCṖ
ṕNFDṖ
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SEM/WDS ṕJAEA Ṗ

SEM-EDS ṕNDCṖ
SEM ED ṕNFDṖ

SEM ṕU : Ṗ

(1) 

SEM

Fe

Si

U

Cr

O

Gd Ni

Zr

ṕú50Ṗ

SEM

Fe

Si

U

Cr

O

Gd

Ni

C

Zr

B

ṕú30Ṗ

ṕú100Ṗ

Cr Fe Ni
O

Fe
Zr Gd U
O
Si

O

U Fe Si
Gd Zr Cr Ni
B C

U Zr Fe Si
Fe Cr Ni

U Gd

B
1 ßm

100 ßm

U Zr Gd
Fe
Cr Ni

ßm 100 ßm
FeB

SiO2 FeB
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SEM

Fe

Si

U

Cr

O

Gd

Ni

C

Zr

B

SEM ṕU : Ṗ

(1) 

ṕ SEM-EDSṖṕ SEM/WDSṖ

 

SEI B Si 

Fe Cr Ni  

Zr U Gd 

SEM

Fe

Si

U

Cr

O

Gd

Ni

Zr ṕú1000Ṗ ṕú1000Ṗ

ṕú1000Ṗ

ṕú1000Ṗ

SEM ṕJAEA Ṗ

SEM-EDS ṕNDCṖ SEM ED ṕNFDṖ

SEM-X ṕJAEA Ṗ

Cr Ni 1
Fe

Fe
Zr Gd U
Si
B 1 Fe
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SEM ṕU Ṗ

SEM-X ṕNDC) SEM-EDS ṕNFDṖ

(1) 

SEM-X ṕJAEA Ṗ

Fe

Si

U
Zr

Fe Fe O Zr

C

5 10 15 20 25 30 35 40 45 50 55 60 65 70
Angstroms80 : 11.175 

WD Data 1
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XRD

ẑ JAEA

XRD

ṕU Ṗ

XRD

ṕU NU Ṗ

(U,Zr)O 2 FeB (Fe,Cr,Ni) ṕ Ṗ

Gd Gd (U,Zr)O 2

2 ṕ Cu-Zn Ṗ

(1) 
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U

Å 4

ṕ Ṗ

Å4

ÅU, Fe, Si
ÅGd, Zr, Cr, Ni

ÅC B

Å Fe, Si, U
ÅFe, Si
ÅỠ Gd
Å

ÅU, Zr, Fe, Si
ÅFe Cr, Ni
ÅU Gd
ÅB

Å

Å

Å

Å

NDC JAEA NFD JAEA

*ṕg) 15.2515 15.1317 15.1944 15.4721

ṕg) 15.2674 15.1417 15.2151 15.4854

ṕg) +0.0159 +0.0100 +0.0207 +0.0133

Å

ẁ ṕ + Ṗ

(1) 
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SEM ṕNU Ṗ

ṕú1000Ṗ

(1) 

SEM

Fe

Si

U

Cr

O

Gd

Ni

C

Zr

B

NU SEM-EDS

SEM

ú30

ṕú1000Ṗ
ẑ NFD

Fe Si
Fe Cr

U Gd Zr
B C
Fe Si
Fe Cr Ni
B
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Å

ṕ Ṗ

ÅU

30 1000

ÅFe, Si
ÅFe Cr
ÅU, Gd, Zr
ÅC B

Å Fe Si
Å

Å

Å

ÅFe, Si
ÅFe Cr, Ni
ÅB

Å

Å

Å

NFD JAEA

*ṕg) 15.5911 15.1073

ṕg) 15.6059 15.1198

ṕg) +0.0148 +0.0125

Å

NU

(1) 

ẁ ṕ + Ṗ
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1

2

3

4

1

2

3

1

2

3

1

2

1

1

1

1

1

2

3

1a

3

1

1

2

3

4

SEM

ṕ Ṗ

SEM

ṕ Ṗ

1

2

3

1

3

1 1b

ICP-MS

ICP-AES

JAEA

NDC

NFD

JAEA

NDCḲ

Ḳ +1

ṧ

1

3

1-3

1

1

1 1

2

U úểṕ Ṗ

U úểṕ Ṗ

U úỄṕ Ṗ

U úểṕ Ṗ

U ú1ṕ Ṗ

2

(2)Ṍ(5)



 

≢│ ∑∏
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(2) ṕNDCṖ

U

ṕgṖ ṕgṖ ṕgṖ

AND1C 0.1004 0.0407 0.0597 0.595

AND2C 0.1007 0.0380 0.0627 0.623

AND3C 0.1000 0.0409 0.0591 0.591

ể
AND1CR-201218

Ễ
AND2CR-201218

ễ
AND3CR-201218

8M 20mL

ú60min
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U

(3) ṕJAEA Ṗ

ṕgṖ ṕgṖ ṕgṖ

AJO1C 0.0998 0.0057 0.0941 0.943

AJO2C 0.0995 0.0158 0.0837 0.841

AJO3C 0.0975 0.0065 0.0910 0.934

8M 20mL 100ṹú6h

1

100ṹú6h
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(4) ṕNFDṖ

U

(ú10000
Ṗ

(ú30Ṗ

SEM-EDS

ṕgṖ ṕgṖ ṕgṖ

U
20ANF0C2 0.0925 0.002 0.0905 0.98

10mL, 8mL, 2mL
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(5) ṕJAEA Ṗ

U

Ṍ

ṕgṖ ṕgṖ ṕgṖ

+ 0.1007 0 0.1007 1.00

0.1440 0 0.1440 1.00

Ni

13M 100mL ú4h

300ṹ

650ṹú1h

ểM

6M

13M Ṍ

Ṍ
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(6) ṕ Ṗ

Å NDC ṕ 8M 60min Ṗ JAEA ṕ8M 

100ṹú6h 1 100ṹú6h Ṗ

Å - -

ṕ Ṗ
ṕgṖ

ṕgṖ
ṕgṖ

NDC
ṕ Ṗ

AND1C 0.1004 0.0407 0.0597 0.5946

0.60
AND2C 0.1007 0.0380 0.0627 0.6226

AND3C 0.1000 0.0409 0.0591 0.5910

JAEA
ṕ Ṗ

AJO1C 0.0998 0.0057 0.0941 0.943

0.91
1

AJO2C 0.0995 0.0158 0.0837 0.841

AJO3C 0.0975 0.0065 0.0910 0.934

NFD
ṕ Ṗ

20ANF0C2 0.0925 0.002 0.0905 0.98
n=1

JAEA
ṕ + Ṗ

AJN1C 0.1007 0 0.1007 1.00 Ṃ

JAEA
ṕ Ṗ

AJN2C 0.1440 0 0.1440 1.00 Ṃ

ṕU Ṗ
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(7)

NU

NU

ṕNFDṖ

ṕ Ṗ
10mL

8mL
2mL

ṕgṖ ṕgṖ ṕgṖ

NU

20ZNF0C2 0.1035 0.0000 0.1035 1.00

20ZFIC1 0.101 0.0061 0.0949 0.94

Ṃ 20ZFICỄ 0.102 0.0000 0.1020 1.00

U
20ANF0C2 0.0925 0.002 0.0905 0.98
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(7)

/ U

Å

Å Gd ṕGdF3Ṗ

ṕ U, Cr, Fe, Ni Ṗ

/ NU

Å

Å - Si

/ NU

Å 94%

Å

0.000g
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(1)

(2)

(3)

(4)

(5)

(6) 

3.3
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Å

( 1) ἲ 

( 2) ἲ 

Å

Å Ḳ

Å

ἲ 4

ṕ
Ṗ

ỳ ṕ 3
SEM/EDS 1 Ṗ

Å 4

(1)
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Å

Å

Å O/M

ṕ Ṗ

(1)

Å

( - )Ṋ
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(1)
(1/2)

אלפּ

= ( )- ( )

AḲ קּ

BḲ BḲ ḭאלפּ

= ( ḱ Ṗ- ṕ Ṗ

ṕNFDṖ

= ṕNDCṖ

AḲ ṕNFDṖקּ

BḲ ḭאלפּ ṕNFDṖ

BḲ ṕNDCḭ ḭ Ṗ

BḲ ṕNFDṖ

BḲ ṕṹṖṕNDCṖ

ṕ Ṗ

ṕ / Ṗ

= ( Ṗ- ( Ṗ

AḲ ṕNFDṖקּ

BḲ ḭאלפּ ṕNFDṖ

BḲ ṕNFDṖ

BḲ ṕ Ṗ

ḬḬḬḬḬḬḬḬḬḬḬḬḬḬḬḬḬṕNDCḭ ḭ Ṗ

BḲ ṕṹṖṕNDCṖ

= ( Ṗ-

AḲ קּ

BḲ ḭאלפּ

= ú /

= ( ḱ Ṗ- ṕ Ṗ

iṕ / Ṗ

= ( Ṗ- ( Ṗ

AḲ ṕNFDṖקּ

BḲ ḭאלפּ ṕNFDṖ

BḲ ṕNFDṖ

BḲ ṕ Ṗ

ḬḬḬḬḬḬḬḬḬḬḬḬḬḬḬḬḬḬṕNDCḭ ḭ Ṗ

BḲ ṕṹṖṕNDCṖ

ọḲ ṕ Ṗṕ Ṗ

ẑ AḲ BḲ
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(1)

(2/2)

אלפּ

ṕ Ṗ Ṭ ú ṕ / Ṗ

AḲ ṕNFDṖקּ

BḲ BḲ ḭאלפּ (NFD)

BḲ ṕNFDṖ

BḲ ṕ ṖṕNDCḭ ḭ

ṖṖ

BḲ ṕṹṖṕNDCḭ Ṗ

ṕ Ṗ

ṕ Ṗ

AḲ

AḲ

AḲ ︡

ṕICP-MS/ICP-

AESṖ

פּ

קּ

קּ

ṕ ︡ Ṗṕ Ṗ

# -,Í ÍÒÅÓ

ẑ AḲ BḲ
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(1)

[b-1]Ḭ ︡ ṇ

[b-2]Ḭ פּ נּ

[b-3]Ḭ ṇ ḭ נּ ṕ QAṖ

[a-1]Ḭ ḱ וֹףּ ḱ

[a-2]Ḭ

[a-4]Ḭ ṇ

[a-5]Ḭ נּ

[a-6]Ḭ ṇ ḱ

[a-7]Ḭṡ Ṣ

[a-8]Ḭ n ṕ ︡Ṗ נּ

[a-9]Ḭ

[a-10]Ḭ

[a-11]Ḭ

[a-12]Ḭ נּ

[a-13]Ḭ נּ
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(2) 

1

2

3

4

1

2

3

1

2

3

1

2

1

1

1

1

1

2

3

1a

3

1

1

2

3

4

SEM

ṕ Ṗ

SEM

ṕ Ṗ

1

2

3

1

3

1 1b

ICP-MS

ICP-AES

JAEA

NDC

NFD

JAEA

NDCḲ

Ḳ +1

ṧ

1

3

1-3

1

1

1 1

2

U úểṕ Ṗ

U úểṕ Ṗ

U úỄṕ Ṗ

U úểṕ Ṗ

U ú1ṕ Ṗ

2

ṕ Ṗ
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ṕ Ṗ

Å NDC ṕ 60min Ṗ ṕ8M 

100ṹú6h 1 100ṹú6h Ṗ

Å - -

(2) 

ṕ Ṗ
ṕgṖ

ṕgṖ
ṕgṖ

NDC
ṕ Ṗ

AND1C 0.1004 0.0407 0.0597 0.5946

0.60
AND2C 0.1007 0.0380 0.0627 0.6226

AND3C 0.1000 0.0409 0.0591 0.5910

JAEA
ṕ Ṗ

AJO1C 0.0998 0.0057 0.0941 0.943

0.91
1

AJO2C 0.0995 0.0158 0.0837 0.841

AJO3C 0.0975 0.0065 0.0910 0.934

NFD
ṕ Ṗ

20ANF0C2 0.0925 0.002 0.0905 0.98
n=1

JAEA
ṕ + Ṗ

AJN1C 0.1007 0 0.1007 1.00 Ṃ

JAEA
ṕ Ṗ

AJN2C 0.1440 0 0.1440 1.00 Ṃ

ṕU Ṗ



ṕNDC, JAEA Ṗ

Å SEM-X

- Fe, Cr Ni ṕFe:Cr:Ni Ṭ72:19:9 Ṗ ṕ
SUS304 Ṗ

- Fe ṕFeB Ṗ

- Zr, Gd U 2 Zr -Gd-U U

- Si SiO2

ṕNFDṖ

Å SEM/EDS

- ἲ Gd

- SEM ṕ10000 Ṗ ἲ 1 mͫ

- EDSṕ10000 Ṗ ἲ 70Ṿ Gd U, Cr, Fe, Ni

Å Gd
ṕGdF3Ṗ

(2) 
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ṕU Ṗ

NDC JAEA NFD JAEA

- 3 3 1 1 Ẕ

- 1 1 3 1 Ẕ

- 3 3 Ẕ

ṕmg/100mg Ṗ

NDC JAEA NFD JAEA

ṧ

U 20.5 Ü0.1 17 Ü0.4 21 Ü0.3 17.3 Ü0.22 16.5 Ü0.8 17.3 Ü2.0

Gd 1.7 1.1 Ü0.1 1.5 Ü0.01 <0.3 1.56 Ü0.11 1.59 Ü0.08

Zr 10.8 3.7 Ü0.1 9.7 Ü0.6 11.2 Ü1.09 8.48 Ü0.71 10.2 Ü0.5

B 4.9 5.6 Ü0.5 4.7 Ü0.1 4.3 Ü0.25 4.63 Ü0.50 4.44 Ü0.20

Fe 39.0 21 Ü3.1 34 Ü2.1 34.7 Ü0.40 33.8  Ü1.6 35.6 Ü1.6

Cr 3.7 0.04 Ü0.02 2.7 Ü0.03 3.5 Ü0.15 2.75 Ü0.10 3.57 Ü0.15

Ni 2.2 0.03 Ü0.01 1.5 Ü0.2 2.0 Ü0.14 180 Ü10 31.0 Ü1.4

Si 4.9 0.2 Ü0.2 1.6 Ü2.1 5.4 Ü0.37 3.40 Ü0.17 3.22 Ü0.16

O 12.2 Ü0.1 - - - - -

-
ṕ 60ṾṖ ṕ 91ṾṖ ṕ 98Ṿ)

(2) 
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* ṕU Ṗ

NDC JAEA NFD JAEA

- 3 3 1 1 Ẕ

- 1 1 3 1 Ẕ

- 3 3 Ẕ

Ṗ EDS

* EDS

ṕmg/100mg Ṗ

NDC JAEA NFD JAEA

ṧ

U 20.5 Ü0.1 20.0 Ü0.6 21.9 Ü1.0 17.5 Ü0.2 16.5 Ü0.8 17.3 Ü2.0

Gd 1.7 1.3 Ü0.2 1.9 Ü0.1 1.5 Ü0.2 1.56 Ü0.11 1.59 Ü0.08

Zr 10.8 11 Ü1.4 12 Ü1.7 11.3 Ü1.1 8.48 Ü0.71 10.2 Ü0.5

B 4.9 5.6 Ü0.5 4.7 Ü0.2 4.3 Ü0.2 4.63 Ü0.50 4.44 Ü0.20

Fe 39.0 22.0 Ü4.8 34.6 Ü3.9 34.7 Ü0.4 33.8  Ü1.6 35.6 Ü1.6

Cr 3.7 0.7 Ü0.9 2.8 Ü0.6 3.5 Ü0.1 2.75 Ü0.10 3.57 Ü0.15

Ni 2.2 0.3 Ü0.4 1.6 Ü0.3 2.0 Ü0.1 180 Ü10 31.0 Ü1.4

Si 4.9 12.0 Ü2.4 3.6 Ü4.5 5.4 Ü0.4 3.40 Ü0.17 3.22 Ü0.16

O 12.2 Ü0.1 - - - - -

-
ṕ 60ṾṖ ṕ 91ṾṖ ṕ 98Ṿ)

(2) 
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ṕNU Ṗ

NFD JAEA

- 1 1 - 1 Ẕ

- 3 3 - 1 Ẕ

- - 3 Ẕ

Ṗ

ṕmg/100mg Ṗ

NFD JAEA

( Ṗ 1( Ṗ 2( Ṗ
ṧ

B 8.1 8.1 Ü0.2 6.1 Ü0.1 7.8 Ü0.2 7.89 Ü0.51 7.49 Ü0.45

Fe 64.9 59.7 Ü2.8 48.6 Ü1.2 62.0 Ü1.5 63.5 Ü4.1 63.5 Ü4.2

Cr 6.2 6.1 Ü0.2 5.0 Ü0.2 6.5 Ü0.2 5.27 Ü0.33 5.77 Ü0.35

Ni 3.7 3.6 Ü0.1 2.9 Ü0.2 3.7 Ü0.1 77.6 Ü4.8 66.5 Ü4.3

Si 8.1 8.7 Ü0.3 6.1 Ü0.3 8.2 Ü0.2 5.75 Ü0.41 6.54 Ü0.39

O 8.9 - - - -

-

(2) 



U ṕ0Ṍ45 /100 )

Å Fe, U

ÅZr

ÅU-Gd-Zr

Å ṕNiṖ Ni

(3) ṕ Ṗ
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U ṕ0Ṍ15 /100 )

Å Zr, Si, SUS ṕCr, NiṖ

Å

Å SEM Si, B

Å + Gd ṕ Ṗ

(3) ṕ Ṗ

60

ẑ JAEA Ni

ṕ Ṗ ṕ31.0mg/100mg)

ẑ JAEA Ni

ṕ Ṗ ṕ31.0mg/100mg)



(3) ( ) ṕNDCṖ

U ṕNDCṖ
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U ṕJAEA Ṗ

(3) ( ) ṕJAEA Ṗ

62



(3) ṕNFDṖ

U ṕNFDṖ
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(3) ṕJAEA Ṗ

U ṕJAEA Ṗ

64

ẑ JAEA Ni

ṕ + Ṗ ṕ180mg/100mg)



ṕNDCṖ

(4) ṕNDCṖ

65



(4) ṕJAEA Ṗ

ṕJAEA Ṗ

66



(4) ṕNFDṖ

ṕNFDṖ

67



(4) ṕJAEA Ṗ

ṕ Ṗ

68
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Å

Å ṕ Ṗ

Å

Å SEM-X

Å Cr-Fe-Ni

(5) 
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Å

- 50 200

- 1000 Cr, Fe Ni Si Zr Gd, U

Å Cr, Fe Ni

ἲ ṕCr, Fe, Ni Ṗ

Si, Zr

Å SEM-X

-

-

Å Zr -U-Gd Cr-Fe-Ni

SEM-X

(5) 
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Å ṕ
Ṗ

Å

Å SEM

-

- ṕFeB Si Si
Ṗ

-

- EDSṕ X Ṗ WDSṕ Ṗ

Å SEM ṕICP-MS/AES, TIMS Ṗ 8 ṕ Ṗ
ṕNDC B Ṗ

(5) 
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Ẇ

Å 60% 90% ἲ 

Å ṕ Ṗ

Ẇ

Å 100% ἲ 

Å ṕNiṖ Na ṕ ICP-AES Ṗ

Å TIMS U, Gd

Ẇ

Å 98% ἲ Gd Gd
ṕGd NU 100% Ṗ ṕ

Cr, NiṖ

Å ṕ Ṗ

Å SEM

Å

Å 7% ṕB 19%
ICP-MS Ṗ

Å

(5) 
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Ḳ

Ẇ

Å U (U, Zr)O 2

Å

Å

Ẇ

Å

Å

Ẇ

Å

Å Na Ni

Å 0.1g 1

Å XRF, SEM, XRD

Å ICP-AES ICP-MS
/

(6) 
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Å

Å

Ẇ

Å U (U, Zr)O 2

U Pu
U Ṅ

Ẇ

Å

ἲ

Ẇ

Å

Å 2

Å ṕNaṖ TIMS
20

(6) 
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(6) 

ṕU BṖ
Zr

(U,Zr)O 2

ṕSi SUS ZrṖ

+

ṕNi Ni Ṗ

Ṍ90%

+Ṯ0.1g
Ṯ0.5g

+

+

100%

>0.5g

ṕU BṖ
Zr

(U,Zr)O 2

Ṍ90%

Ṍ98%

Ṍ98%

100%

ṕGdṖ

ṕGdṖ

ṕNi Ni Ṗ

Ṍ90%

Ṍ60%

Ṍ90% Si SUS Zr
B

Si SUS Zr
B

ḲICP-MS

ḲICP-AES

ḲICP-MS

ḲICP-MS
ICP-AESṕFe Ṗ

ḲICP-MS

ḲICP-MS
ICP-AESṕFe Ṗ

ḲICP-MS

ḲICP-MS

ḲICP-MS

Ṍ60%

ṕSi SUS ZrṖ

Ṯ ṯ

Ṗ
Ṗ Ḳ

ḲICP-AES
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Å

ἲ

Å

ἲ 

Å

Å

ṕ
Ṗ

(6) 
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ï

ï

4.2

ï CFD (JUPITER)

4.3

ï ACE-3D

ï 2
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Å

ï ( )

Å

ï

Å

Å

ï

Å

ï 2 ( )

ï
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JUPITER

JUPITER /

Å

ṧLES ṕ
Ṗ

Å

ṧ

Å

Å

Å (

)

/

Å

ṧ3D-CAD

Å LES

79

JUPITER



ACE-3D

ACE-3D /

Å ṧk-e
ṧ ṧ

Å

Å

Å

Å (
)

* Å k-e ṧ (
)

Å ( )

80

ACE-3D

* 2
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( )

(JUPITER)

(I) 2
ACE-3D

(II) 
V2

Ứa

b

Ứa

b

Ứ

JUPITER

ACE-3D

a
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Å

ï

Å

ï

ï 3D ( )

Å ( )

Å

Å

ï

Å

Å
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Ứ

a

4.1-1

4.1-2

4.1-3

4.1
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* 27 (https://www.nsr.go.jp/data/000186558.pdf)

0.001

0.01

0.1

1

10

100

1.E+10 1.E+12 1.E+14 1.E+16 1.E+18

Q
 [

k
W

]

Ra*

Ra* = 1016

2Áᶻ
Ὣ”‍ήὧ

‘‖
ὒ

: 1.6 m

L:

4.1-1

*

8m
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4.1-1
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SUS

795 mm

605 mm

305 mm

105 mm

8
0

0
 m

m

5
8
0

 m
m

 137.5

192.50
x

y

580 mm 

225

5 mm

790 mm

5 mm, 10 mm, 15 mm, 

20 mm, 30 mm, 50 mm 

805 mm

4.1-2
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:250 fps

:0.004 s

: 0.36 mm/pixel

SHG-YAG 

l= 532 nm

: 3mm

F-80ED ( ) 

D = 90-130 mm

r= 20 5 kg/m3

4.1-2



Ex.No.

180604 391 W

200908 391 W

200910 391 W SUS (0.83)

201005 391 W SUS (0.83)

201014 391 W SUS (0.4) 10 mm

201020 391 W SUS (0.4)

201125 96 W 3D (0.4) 100ϴ

201222 391 W SUS (0.35) 185mm 100mm

10 mm

SUS SUS SUS

4.1-2

87
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(Ex.180604)

SUS

0.41

(Ex.201014)

0.0                               0.4 m/s

SUS

0.35

(Ex.201222)

4.1-2
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4.1-2

0

100
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300 320 340 360 380 400 420 440 460 480 500
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]

[K]

( )

Ex.180604( )

Ex.200908( )

Ex.200910(SUS , 0.83)

Ex.201005(SUS , 0.83)

Ex.201014(SUS , 0.4)

Ex.201020(SUS , 0.4)

Ex.201125(3D , 0.40)

Ex.201222(SUS , 0.35)
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K

4.1-3
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1009 mm

Insulato

r

109 mm

1
5

0
0

 m
m

8
0

0
 m

m
 200

2600 mm
x

y

800 mm 

(z = 0)

310

20 mm
109 mm, 119 mm, 129 mm, 

139 mm, 149 mm, 159 mm,

169 mm, 189 mm 

100

209 mm
309 mm
409 mm
509 mm

1495 mm

80 mm, 

50 mm, 

20 mm

4.1-3
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K

FLOSTAR (EBM ) 

D = 15 mm

r= 1100 kg/m3

4.1-3

SHG-YAG 

l= 532 nm

: 3mm



Ex. No. ṕ Ṗ

210201 1.5 kW

710 
mm

210204 1.5 kW

210217_1.5 1.5 kW
SUSͽ10mm

(0.35)

185mm
100mm

210217_3.0 3.0 kW

210217_5.0 5.0 kW

210316_1.5 1.5 kW

1500 
mm

SUSͽ10mm
(0.35)

210316_5.0 5.0 kW

210317 10.0 kW

210319_1.5 1.5 kW
SUSͽ5mm

(0.35)210319_5.0 5.0 kW

210322 10.0 kW

210325_1.5 1.5 kW

210325_5.0 5.0 kW

210326 10.0 kW

-3

93



SUS

10 mm

4.1-3
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(Ex.210325_1.5)
SUS 10 mm

(Ex.210316_1.5)

SUS 5 mm
(Ex.210319_1.5)

0.02 m/s

0.0

1
5
0
0
 m

m

4.1-3
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