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Resulls Ubtained Lo Dale and FuLuro Research SUhjécLs
on Ili gh Performance Neulron Absorbing Materials

Shigeki Kano (%)
, ABSTRACT
PURPOSE ,

To creale high performance neulron absorbing materials possecssing more
excellent propertlies than convenlional B4C Lo prolong the lile of conlrol rod
material, as one of the Fronlicr Rescarch Thema Lo create new materials by which
superior pcrformuncc will be attained on fast reaclors,

EXPERIMENTAL METIOD

BqC/Mclal‘composilcs(34C/Ni, BaC/Z%r, B4C/Mo, B4C/Cu-Ni), borides(EuBe, SiBs,
TiBz) and B,C/SiC whisker have been investigated as the candidatles of high
performance nculron absorbing malerials, Sintering conditions of temperature,
Lime and load have been optimized to develop Lhe manufacluring process of pellels
made of Lhesc materials,

Microstructure, crystal struclure, element distribution, microhardness,
thermal conduclivity and unti—thcrmql shock properties have been evaluated on
trially manufactured pellels, These properties have been compared with those of
B4C.

TEST RESULTS

(D As results of overall cvaluations, Lhe following materials have showed nore
excellent properties than B,C by the order of B.C/Cu~Ni>B,C/Mo>B,C/SiC whisker
=>B.C/%r,

(2 BaC/Cu-Ni has showed Lhe most excellenl propertlies among Lested malerials, [
has been clarified that prevenlion of crack gencralion during irradiation and
pellet creep al the event of ACMI could be expected on this malerial,

(3) Un B,C/Mo and B,C/%r which‘haye showed cxcellent properties next to B,C/Cu-Ni,
BsaC/Mo has possessed superior unti-thermal shock property to B,C/Zr, on Lhe other
hand B.C/Zr has possessed superior Lhermal conductivily to B,C/Mo,

(@)  B4C/SiC whisker has showed more cxcellent unti-thermal shock property than B,C.
(5) Sillc has posscssed Lhe lowest thermal conduclivily among tested malerials, but
showed more cxcellenl unli-Lhermal shock properly than BC, Til, has possessed

Lhe highest thermal conduclivity among tested materials, but the significant

improvement of possibility Lo prevent crack generalion has not been recognized,

% Technology Development Division Frontier Technology Development Seclion
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EuBg has showed crack generation more casily Lhan B4C,

CONCLUSION

Through the research up to dale, the prospect has been obtained to create high
performance neulron absorbing materials posscssing longer life Lhan thal of B,.C,
Fhrthermorc, it has been clarified that these ncw materials had possessed Lhe
applicability to in;rcactor as control rod materials and the future research
subjecls have becn liétem

As Lhese results havé been obtained, Lhe rescarch theme on the creation of
high performance neulron absorbing malerial has been tranéferred from the Frontier

Technology Developmenl Seclion to the Fuels and Materials Deveiopmcnl Division,
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@ B.C/CuUu-=-NifMAEMIZRSHEEBMLABC/ MoRELUBCAZ T H
HEMIKOWTH. Mo 2 r RICIE~XTH BRI ICER, Z r RRMEERISEN

Ttl\éo

M) B.C/SiCu4Rh—MAMIIR.CLYBNLEMEREERL L,
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SWRMEHOIRERBIE RO —

# 1 B.C/&MWaH
BA M (vol)) ® M (g/cl)
(C)Hwt9) B itk 45 bk B T A AR B
' MB&Er | SRy (X SE ks 1)
B.C | &BR% (MMM ()M Er
B.C 40 60 | 1000 X 350kg/cdf 6. 31 5.76~5.77 | NiBs, B.C.C
N i (16) (84) | 60min shw F 7L 2 (91, 2~91, 4)
80 20 | 1700°C X 350kg/cnl 3,31 2.96~2.97 | ZrBa., B,C,C
(61) (39) | 60min ko + 7L (89. 4~89.7)
B.C
60 40 ] 1700%C X 350kg/cd 4. 11 3.69~3.71 | 2rB.. B.C. C
Zr (37) 63) | 60min kv 7L 2 (89, 8-~90. 1)
40 80 | 1800 x 350kg/c 4,92 4. 41~4. 46 | 2rB,, IrC. C
(21) (79) | 60min ko + 7L 2 (89.8~90.7)
8 0 20 [ 1800%C X 350kg/cd 4. 05 3.67~3.70 | Mo.Bs, HoB,
B.C (50) (50) | 30min &y k7L 2 (90. 4~91.2) | MoB, B,C
Mo 60 40 | 1800%C x 400kg/cdl 5. 60 5.08~5.11 | Mo,Bs, MoB,
(27 (713) | 30min ko F 7L 2 (90.8~91.3) | MoB, B.C
60 40| 960%C X 400kg/cd 5.07 3.79~3.93 | Cu, B.C, Ni (B,
. (30) (70) | 80min + o F 7L % (74.8~177.6) | ¢
B.C
50 50 | 960C x400kg/cd 5. 71 4.56~4.67 | Cu, B.C, Ni(Bs
C u-Ni (22) (78) | 60min kv P 7L 2 (79.8~81.7)
50 50 | 1040%T x 400kg/cd 5.71 4,96~5.06 | Cu, B4C, Ni(B,
(22) (78) | 30min kv r oL 2 (86.8~88. 6)
B.C 100 1950°C x 350kg/cd 2. 51 2.21~2.31 | B.C
(tbeem) | (100) 9Qmin sy F LR (88.0~92.0)

. MIEQEMIZHARRY (%1 2)

_— 10__
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# 2 WM O ERRIEEOQ — hoRRI{ILSY
® o (g/cd)
8 it 4% OB A VMR I
TR @I | A (X BB 37 &S B )
(()Mias we
2000°C X 350kg/cd 1.02~4.11 | Bub, HRESD
30min h v F 7L R (82. 4~84.2) Y 18um
EuBs | 2000%C X 350kg/cd 4. 88 4. 42~4. 44 | Bubs KIKE® b
60min sk oy b P LR (90.6~91.0) ¥ 7.4 um
1900 x 400kg/cd 4.35~4. 40 | Bubs
[50min sk y k7L 2 (89. 1~90. 2) BE T.4um
1850 X 350kg/cd 2. 14~2.15 | SiBe SiBie | BB PF L
45min kv b T LR (86.6~87. 1) | Si,FeSi, B 26 um
S iBs 9. 47
BaH | 1800C x 350kg/cd 9. 18~2.19 | SiBe SiBye | FX 8 5um
{0min sk v P 7L R (88.3~88. 1M Si,FeSi,
TiB. | 1350C x 350kg/cd 1.5 1.02~4.07 | TiB,
60min sk w P 7L A (89.4~90. )

*] HIREIRS i Bi1.&SiOWESH.

.._ll_.
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#£3 SREMOMERBRERIG - 9420 -WaH

Wl (g/cd)
T Y S LR o=

| | mrwmr | maaEr (XsBrsR) 0
(REEMA)| () mins @

BERH—-L I VRS _ , SiCliEHD
*112000°C X 350kg/cd 2.36~2.37 | B.C, B- SiC | S i CHIRI
B.C 0min kv PFLR | - (89.3~89.7) '
‘ 2.65
SiC |[ARH-A LIRS
94ah- | 1900°C x 350kg/cal | 1 2.31~2.39 |B.C A- siC
90min # » k7L 2 (89.7~90. 1) |

*] REtk B.C:5iCHoah- 80 : 20 (vol¥) (75 9:24.1(wt§)) |

—_ 12_
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= 4 AL MEHESP RIRERFE SR D E & ¥
i # o O & B ( B & M )
No % mok | HEumET| BiE ¥ E HEEEE B “ oa ¥
(vol%) | (%TD) (BRAED)

Nid0 BiC /N i 4 0 : 6 90 X 106 8 fir O 4 1 X
2r60 B:C/Zr 60 : 90 © 4fr O s O 4z © aff

20 90 © 2fr 6 i GEEET) A
Mo80 B.C/Mo 0 2 90 X 9fI (FEET 8 fir (FEEET)
Mo60 6 0 : 4 990 O 5 fir © 2 fir O 4 1 © 24
Cu60LD B:iC/Cu—-Ni 6 0 : 4 80 X 1061 GEEET) © 1 fif GE@RET)
Cus0LD 50 : 5 8 0 T () © 1 (GEEET)
Cus0 50 : 5 90 © 3 ® 14 ® 3 e 1
Eu EuBs _ 90 O 5 fir X 1041 O 761 X
Si SiB, BAH" S— 90 X 128 o & 9t o
Ti TiB: —_— 990 © 161 6 6L (FE@EET) A
SiC BiC/S i Cy4in- 8 0 : 2 90 GEmE9) © 3 6 (ML) © 3fI
— I B.C (&R _— 90 8 fir 8 fr 10fr S

*1 J3IFNIE.

%2 K EIIS 1 BunéESiDEEH.
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‘ . * vol %Ik
70.0 T
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- Research on Creation of V
New Materials for Innovative Improvement
of Fast Reactor Performance

by
Shigeki Kano

[ Tel 0292-67-4141(Ext.3110)]
Fax 0292-66-3868 ’

Frontier Technology Development Section
Power Reactor and Nuclear Fuel Development Corporation

4002 Narita, Oarai-cho, Higashi-lbaraki-gun, Ibaraki, 311-13, Japan
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What is the Frontier New Materials Research ?

The O-arai Engineering Center (OEC) of PNC
started the projective materials studies for a

demonstration fast reactor several years ago.

In the mean time,the seeds exploring research cf
new materials (the Frontier Research) was
additionally started in 1988 based on the Long
Term Program for Development and Utilization of
Nuclear Energy issued by the Atomic Energy
Committee in 1987, which encouraged the
governmental research institutes to change

their activities from the catch-up style approach
to the creative approach to break through the

existing nuclear technology. As a scope of
research, it covers from the fundamenial

research to the mediation to projective study.

0LT-€6 OI¥6NL ONd
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Foundamental | >
Research

ITransfer of
Research Theme

Projective Research ‘

Frontier Research

N\
Start

Excavation of New Research Theme
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Research ltems of the Frontier New Materials

. Creation of New Materials
*(1) New Ceramics (Engineering Ceramics)
*(2) High Performance Radiation Shielding Materials
(Composites)
*(3) Functionally Gradient Materials (FGM)

*(4) High Performance Fission Reaction Control Materials
(Composites)

(5) Super Refractory Materials
(Nb Base & Mo Base Alloys)

. Data Analysis and Evaluation

"*(1) Net-Worked Materials Data Base (Data Free Way)

*

Cross-over Research for Interexchange with Other
Organizations

“* Net-Worked betvreen PNC, JAERI and NRIM

0LT-€6 OI¥6NL ONd
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Demonstration Fast Reactor

Structural Materials

« 316FR(Low Carbon-Nitrogen Added)(«— 304 SS)

Reactor Vessel, Piping, IHX, Pump, etc.

+ Mod. 9Cr-1Mo («— 2 1/4 Cr-1Mo, 321SS)
Once-Through Steam Generator

Core Materials (Fuel Cladding, Wrapper Tube)
* Advanced Austenitic Steel(PNC 1520)

» Ferritic/Martensitic Steel
* High Nickel Alloy

- Oxide Dispersion Strengihened Ferritic Steel

Projective Materials Siudy for %

0LT-€6 OIV6NL ONd



Research on

High Performance Fission Reaction Control Materials
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Background

Problem Life Limiting Phenomena  Countermeasure
He Generation —» Increase of Internal Pressure -—---—— +» Venting
Swelling

Low Thermal Conductivity

Low Thermal Sho_ck Resist

o >ACMI GAenerationﬁ |
Hardness —

New Absorbing

Relocation |-+ .
Materials

»»Pellet Crack —J
ance |

%PNC
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Crack Relocation ] ' Relocation j
+ low L high
Relocation
‘»l

v v

[ Isotropic j [ Anisotropic
Deformation Deformation

Fig. Relation between Pellet Relocation and Tube Deformation Mode

&> PNC
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Reséarch Purpose

‘ Cost Reduction

T

Extension of Life

T

Mitigation of ACMI

( Prevention of Cracks and Their Relocation )

T

Creation of New Absorbing Materials

Higher Thermal Conductivity
/ Higher Toughness \

Higher Thermal Shock Resistance

Higher Qreep Ductility
K Lower Thermal Stress /

Lower Swelling

S5 PNC

_.27_.
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Research Goal

Present Goal
Burn up 80X10® |  >400X10”
| cap/cm’ | cap/cm®
Temperature of o - o
Cladding Tube e
Life a year ' >4 years

S5 PNC
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Research Subject

Creation of New Absorbing Materials
(1) Selection of Candidate Chemical Compositions

(2) Investigation of Pellet Manufacturing Process
(3) Characterization of Pellet |
(
(

4) Evaluation of Out-of-Reactor's Characteristics
) |

5) Screening of Promising Materials

Research Flow

Q’resent Material )—®| Servey of Candidate Materials
] !
Materials Design

'

Not Enough Manufacturing Process
Overall Evaluation | ¢
Trial manufacturing
Good | (Irradiation Test) l
Y Pellet Characterization
High Performance i
Ab i ial
sorbing Mate”‘?‘ > Evaluation of Out-of-

Good | Reactor's Characteristics | Not
Enough

PNC
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|Research Schedule

- Characteristics

Fiscal Y a | . N |
tom —_ | 1988 | 1989 | 1990 | 1991
‘Manufacturing B.C/Ni.B.C/Zr i |
| Process E4CB:/MO BB4C/Cu N
ot uBs,Si !
|Characterization B. C/Génc \7V|sker ?
of Pellet - TiB: ,
B4 C/SIC Wlsker

Evaluation of
Out-of-Reactor's

T e e e e e e e e e s ol G e o ot o o

_____________________T______

e s e e ot 2 e o fe e e s o =y o]

-
Z
O
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/Pressjng Equipment ]

A Ar . i
| Heating Coll

/Coolinvg Pipe -

A

Sample

| Jacket ,

o~
1,
| =y
—
\

M,
Iy

‘Fig. Hot Pressing Equipment

S5 PNC
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- e M e et i e Bt o e G e R e P v mep G et G P By S 4 e M bs e e e S S e

‘ B4C | Metal

§ .powder ] powder. E?(fmple ___ Powder of mixed
| o ‘ i Y raw materials
‘5 Weighing Weighing i
& Mixing | Mold
(Ballmill : 100rpm) ‘
Weighing : <Filling>
D Filling T |
' er plunger
(Graphite mold) i _*_-:A/ Ifcg)wdgr J
Hot pressing 44| lL.aMold
(350-400kg/cm?) T
‘ | [ - Lower plunger
&P Inspection 2

<Hot pressing>

E5 Grinding
T <Finishing> Grlndsto e(Dlamond)

/

na & D ‘
Examination .

<Dimension> Pellet
<Appearance> <Grinding>

Final product

|

Fig.  Manufacturing Process of Pellet
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Table Results ofB C/Metal Trlal Manufacturmg

Compo;smons Density (g/cm?)
volo Yo manufacturlng | X-Ray
(Wi%) ‘condiitions |+ Pensity of Pellel| pifraction
B,C |Metal| =  {Smear Density)
B.C | 40 | 60 [1000°CX350kgiont 6.q1 | 576677 NLB. B.G.G
Ni [ (16) | (84) |60min HotPress |~ [(91.2~91.4)|N+Ba.BC,
80 | 20 [1700°C X350kg/cn? '3'31 296~297 |
| (61) | (39) | 60min Hot Press | " |(89.4~g0.7) | O2:B4C
BsC | 60 | 40 [1700C X350kg/icn? 4q1] 389871 e
Zr (87) | (63) |60min HotPress | (89.8~90.1) MB2:Bab,
40 | 60 [1800°C X350kg/cnt sop| FAIAE |
(21) | (79) |60min HotPress | "~ |(89.8~90.7)| <224
80 | 20 [1800°C X350kg/cnt 4.05 | 367~3.70 |MoB; MoB,
B, C (50) | (50)" | 30min Hot Press | (90.4~91.2)| MoB,B,C
Mo | 60 | 40 [1800°C X400kg/cn? 5 go| 5:08~5:11 [Mo,Bs, MoB,
(27) | (78) | 30min HotPress |~ |(90.8~91.3)| MoB,B,C
60 | 40 |980°CX400kg/cr? '507 379~3.93 | CuB.C,
(30) | (70) | 80min HotPress | = (74.8~77.6)| Ni,B,;,C
B.C | 50 50 [960°C X400kg/cm £ 71| 456467 | CuB.C,
Cu-Ni | (22) | (78) |60min HotPress | = (79.8~81.7)| Ni,B,
50 | 50 [1040°C X400kg/cm g 71| #96~5.06 | CuB.C,
(22) | (78) |30min HotPress |~ ' |(86.8~88.6)| = Ni,B,
B.C | 100 ~ [1950°C X 350kg/cnt 5 54| 221231 5 G
(Ref.) | (100) 90min Hot Press |~ [(88.0~92.0) !

‘ ,-33“

R PNC
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Table Basic Charactenstlcs of Metals to Be Used for B. C/metal

Composites

‘Metal~ 'Ato_mic Theoretical Density| Melting Point | Thermal Conductivit}/%

- ‘Weight (g/ems) (C) (W/m-K)
N | 587 8.8 1453 o1

zr | 912 65 | 1852 23

‘Mo | 959 10.2 2617 138

Cu | 636 89 1083 398
(Re%?gce) 55.2 25 >2300 35 |

¥ Room Temperature

0LT-€6 OTF6NL ONd -
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Mo,B;s :
© ‘ | MOBa
°© | MoB
B,C

X > @ O

FOEIE NS

20 30 40 - 50 60 70
Diffraction Angle | '

Fig. X - Ray Diffraction of B.C/Mo (80 :20)

%&b PNC
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B.

/

Fig.

Microstructures of B,C cermets (SEM image)
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Table Results of Borides Trial Manufacturing

Density (g/cm?)

0LT-€6 OTI¥6NL ONd

manufacturing X-Ray
. ; : : Notes
conditions D Density of Pellet| Diffraction
(Smear Density)
2000°C X 350kg/cm? 4.02~4.11 EuB Grain Growth
30min Hot Press | (82.4~84.2) “Ss | Raw Material 18 zm
£ug. | 2000C X350kg/cm? 4.42~4.44 N Grain Growth
- EUDBs - 4.88 ' ' EuBs .
60min Hot Press (90.6~91.0) Raw Material 7.4 ym
1900°C X 400kg/cm? 435~4.4 - ;
_ grem : 0 EuBe Raw Material 7.4 um
~ 150min Hot Press (89.1~90.2) o _
1850°C X 350kg/cm? 2.14~2.15 SiBs,SiBss Cracked
- 45min Hot Press (86.6~87.1) Si,FeSi, | Raw Material 26 zm
SiBs 1800°C X 350kg/cm? 2.47 2.18~219 | SiBs,SiBu Raw Material 8.5
40min Hot Press (88.3~88.7) Si,FeSi, aw Material .o pm
- 1350°C X 350kg/cm? 450 4.02~4.07 T'B
| .
"2 1 60min Hot Press (89.4~90.3) B2

R~ AN
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Table Results of B.C/SiC Wisker Trial Manufacturing

Density (g/cm?) — —
Manufacturin X-Ra o
N J : ' : y Notes
Conditions 0 Density of Pellet | Diffraction| |
(Smear Density)
Dry Ball Mill :
%¥1| 2000°C X350kg/cm? 2.36~2.37 B“? SiC granulate
. (89.3~89.7) B-SiC -
B.C 30min Hot Press
. 2.65
SiC Wet Ball Mill 037939 ' B.C
Wisker| 19007 X350kg/cm® 8;97 961 p ‘fSiC
90min Hot Press (89. 1)

*¥1 Mixing Ratio B.C : SiC Wisker 80 : 20(vol%) (75.9 : 24.1(wi%))

&> PNC
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°g!s

flogn3

llos:09)1N-nD/0%E
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ai(s:08)!N-n23/0"9g
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1a7(0r:09)IN-nD/D"8
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(0¥ : 09)oN/ D79

e

a_N 1 08)OIN/ D49

:09)4Z2/07%49
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3000
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(- o Q ()
Lo ) L0 o
N ™N -— —

AH SseaupJeH
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Hardness Data of Sele_cted Materials

Fig.



S UPNC TNOALO 93-170 -

¥ vol% Lt

700 ———

Sample Size 10*X1.5"|
B6800F ~0 | .
£ 50.0f. T SRR .
- I ~ B,C/Zr=40/60
3 A o 4 T
2 400} /  B.O/CusNi=50/50 -
S | | | (High Density) B
g B N —— T
N - : ‘ o
© : ~< =
S 300} N T~ B.C/Zr=60/40
O
©
S
o 20.01
o
| (o
10.0}
0.0

0 100 200 300 400 500 600 700 800

Temperature

«©

Fig. Thermal conductivity

S PNC
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Thermal Cycle to Cracking

50

40

30

20

- 10

T
oo

!

14.5

700°C X 15min <—=Water 2min _

(in Air)

>50

225

Sample Size 126X 12.4" |

19

16

5

B4C/Ni BaC/Zr B.C/Zr B4C/MoB4C/Cu-NXi EuBs
40:60 60:40 40:60 60:40 50:50 - 80:20

Fig. Thermal shock Resistance

SiBs  TiBs BsC/SICW B.Clref)

5> PNC
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Table Overall Evaluation of Out-of-Reactor 's Characteristics

Materials Evaluation (Ranked)
No. Chemical  [Mixing Ratio [Smear Density *1| Thermal |Thermal Shock| Hardness | Overall |
Compositions|  (vol%) (%TD) Conductivity| Resistance | BEvaluation
Ni40 | BsC/NI 40 : 60 90 X 10 8 | O 4 X
Zr60 | B4C/Zr 60 : 40 90 © 4 | O 5 | O 4 O 4
| , 40 : 60 90 O 2 - 6 |(NotEvaluated)] A
Mo80 | B+C/Mo 80 : 20 a0 X 9 {Not Evaluated)| -8  |(Not Evaluated)
Mo60 60 : 40 90 O 5 O 2 O 4 O 2 |
Cus0LD| BaC/Cu—Ni| 60 : 40 80 X 10 |(NotEvaluated @© 1  |(NotEvaluated)|
Cu50LD | 50 : 50 80 7 |(NotEvaluated)) @© 1  |(NotEvaluated)
Cu50HD 50 : 50 90 O 3 O 1 o 3 © 1
Eu EuBs — 90 O 5 X 10 O 7 X
Si SiBg*? — 90 X 12 O 4 9 O
Ti TiB» _ 90 O 1 6 (Not Evaluated)] A
SiC B4C/SiC 80 : 20 90 (Not Evaluated)) © 3 (NotEvaluated)] © 3
Wisker
— | B4C(Ref.) — 90 8 8 10 —
¥1 Nominal Value *¥2 Mixture of SiBy4 and Si

&> PNC
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Table Specification of Control Rod

Reactor Number of B, C Control Rod| B'Enrichment | Density
w/o | v/io™* (%)
JOYO 6 | 90 | 90.6
Fine ControlRod* 3 | 39 | 408 | 95
MONJU Coarse Control Rod ™ 10 39 40.8 95

Backup Control Rod™* 6 | 90 | 90.6 | 95

Large Scale Reactor |
(60 /7KW Class)

19 90 | 90.6

¥ Pellet Size 1224 X25°
* % Pellet Size 14.2¢ X30°
¥ ¥ % Calculated Value Conszdenng Mass leference between B” and B"

SF> PNC
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Mixing Rate of B".C in New Absorbing Materials | | |

| Mixing Rate of B":C in New Absbrbing Materials |
B8°Enrichment of B.C | (vio) | |
(V/O) 90.6v/0 B10 R ' 972\//0 B‘O
| Enrichment B ,C Enrichment B ,C
JOYO 90.6 1000 93.2
" FCR 40.8 45.0 42.0
MONJU| CCR 40.8 45.0 42.0
BCR 90.6 100.0 93.2
LSR 906 100.0 932

B" Enrichment 90w/0—90.6v/o0
B" Enrichment 97.2w/0—97.2v/o

0L1-€6 OTP6NL ONd -




PNC TN9410 93-170 .

Table Appllcabnllty on New Absorbmg Materlals

~as Neutron Absorber

| Composmons
v/o (w/o) Applicability
B«C | Metal
B«C| 40 | 60 o
Ni (16) (84)
80 20
(61) | (39)
B.C| 60 | 40
“zZr | (37) | (63) N
40 60
21) | (79)
80 20
B.c | 59 | 50 O
Mo | 60 40 |
(27) | (78)
60 40
(30) | (70)
B4«C . 50 50 O ‘
Cu-Ni| (22) | (78) |
50 50
(22) | (78)

Compositions
v/io (w/o
(wio) Applicability
SiC
B«C 1l \wisker |
BsC | ,
_ 80 20
SIC | (75.9) | (24.4) O
Wisker
Compositions Applicability
100%
EuB, O
SiBs O
TiB2 O




--9‘, — '

Conclusions

(1) Manufacturlng process of new neutron absorbrng

materials pellets : developed

(2) Evaluated microstructure, crystal structure

‘density, hardness, thermal conductivity,
thermal shock property

(3) Selectlon of materrals more excellent than B4C

% PNC

: 0LT-€6 OTP6NL ONd . -




._Lv__

Residual Research Subjects

- Neutron lrradiation Test

Cracking Resistance
- Swelling |
He Release Rate

mprovement of Manufacturing Process

Compatibility between Pellet and Claddlng Tube

‘Creep Deformation Property (ACMI)
| Phase Stability (Thermal Agmg) B

' %D PNC
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.~ PNC TN9410 93*170

~ Table Specification of B.C Raw Material

ltem | Analytical Results
Total B (wt%) 75.0
Total C (wit%) 20.9
o | Total N (wit%) 0.26
S | Total O (wi%) 2.62
= 'B.O; (Wt%) 0.39
1o » —
g— B/ C (mol Ratio) 3.99
3 Fe  (wit%) 0.40
o Ti  (wt%) 0.006
2] Co  (ppm) 51
@ Cu (ppm) 21
‘S Mn  (ppm) 49
Na (ppm) - 32
Cl (ppm) < 25
F (ppm) < 25
Ave. Grain Size (um) 14 |
%) | - |
§’ 4H3803—’28203 +6H20
S| 2B,0,+7C—B,C+6CO 1t
o PR |

&> PNC
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Table Specification of Metal Raw Materials

Catalogue Data

ltem
| Ni Zr Mo - Cu
Purity  (wt%) =99 =97 | =99.8 | =998
Ave. Grain Size 37 3~7 5.3 1OD~200
(um) — | mesh|

- 0L1-€6 OTV6NL ONd




‘Table Specification of EuBs Raw Material

Item Analytical Results
Purity (wit%) >0909.9
Ave.Grain Size|3aW Material (a) 18.4~18.7
(M) |Raw Material (o) 7.4

Process

Eu,0, +3B,C — 2EuB,+ 3CO 1

0LT-€6 OTV6NL ONd




PNC TN9410 93-170

N Table Sp‘eCificatiOn of SiB, Raw Material

ltem Analytical Results

2| Total B (wi%) 755
2| Total Si (wi%) - 221

Q| Total C (wit%) 1.64
|E| Total N (wit%) 0.04

%’ Total O (wit%) 0.34

9 |

E| B/Si (mol Ratio) 8.87

S| Fe o (wio%) 0.51

X-Ray Diffraction

SiBs,SiBi ,Si

Raw Material 26
Ave.Grain Size (a) |
(um) Raw I\(/Iba)lterial 85

~5l-




Table Specification of TiB. Raw Material

ltem ~ Analytical Results |
2| Total Ti (wt%) > 65
= | Total B (wi%) > 29
9| Total C (wit%) 0.12
cE> Total N (wi%) 1 0.16
| O Total O (wit%) 1.78
| QE) | Fe (Wto/o) | 015
IS Ca (wi%) 0.06
Ave. Grain Size (um) 2.75 |

&> PNC
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Table Specification of SiC Wisker Raw Material

| ltem

Catalogue Data

| Granular Material (wt%)

Raw Material (a) | Raw Material (b)
o| S0, (wi%) < 05 < 05
=o| Co  (wi%) < 0.15 < 015
O=| Ca  (wi%) < 0.05 < 0.05
gg Fe - (wi%) < 0.05 < 0.05
cg| Cr (Wt%) < 0.05 < 0.05
8 Mg (wi%) < 0.05 < 0.05
Al (Wt%) < 0.08 < 0.08
| Crystal Type B B
Diameter ~ (um) 0.1~1.0 - 1.0~14
| Length  (um) 30~100 - 20~30
| Aspect Ratio ca.50~500 15~30
Content of | < 1

Wb PeNe
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